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Abstract

Geo-information has many applications in various sectors and is used by public agencies
as well as the private sector. A key method for sharing and visualising geo-information is
through web viewers. Extensive infrastructure exists for creating web viewers to publish 2D
geo-information without the need of coding, much of which is based on OpenLayers.

3D geo-information is becoming increasingly important for many use cases, such as urban
planning, asset management, and disaster management. Consequently, there is an increasing
need to publish 3D geo-information in web viewers without the need of coding. Since
applications to do this for 2D geo-information are widely in use, it would be useful to be
able to effectively integrate 3D functionality into an existing application.

This research investigates the needs for integrating 3D functionality into an existing Open-
Layers based GIS web application that allows the user to publish geo-information in web
viewers. This includes both the technical needs, e.i. how to integrate the necessary code,
and the user needs, e.i. what features does the user need to make the application useful and
user-friendly.

A proof of concept was developed to investigate the technical needs. The proof of concept is
an extension of the existing application Tailormap. Tailormap is based on OpenLayers and
allows users to publish geo-information in web viewers without the need of coding. 3D func-
tionality is integrated into Tailormap to allow the users to publish 3D vector data, such as
buildings, alongside 2D OpenLayers maps. This integration was achieved by incorporating
Cesium functionality to load and visualise 3D Tiles datasets.

To ascertain the user needs, interviews were conducted with Tailormap users and the cre-
ated proof of concept was tested with them to gather feedback. The interviews and testing
sessions revealed that the most critical type of 3D data for publishing in a web viewer was
vector data, specifically buildings. Furthermore, specific functions were identified that make
the application useful for the users.

The developed technical methodology and the identified user needs are primarily applica-
ble to integrating 3D functionality into Tailormap but can also serve as guidelines for inte-
grating 3D functionality into other OpenLayers-based GIS web applications for publishing
geo-information in web viewers.
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1. Introduction

1.1. Motivation and Context

Geo-information has many applications in various different sectors and is used by public
agencies as well as the private sector Castelein et al. [2010]. One important way to share
geo-information is through the web. With web GIS applications it is easy to share maps and
make them accessible to anyone. It allows people to view the geo-information without the
need of le transfers and speci ¢ software. Web GIS applications were originally focused on
2D geo-information, but web GIS for 3D geo-information is a topic with rapidly increasing
interest. Agrawal and Gupta [2017]

The interest in 3D geo-information has grown a lot over the last few years. More and more
use cases and applications are being developed, such as asset management, 3D cadastre, and
urban planning Coote et al. [2017]. It has become clear that 3D geo-information is becoming
an important tool in many elds of study and private sector developments Biljecki et al.
[2015]. Research by EuroSDR has shown that the use of 3D geo-information can be econom-
ically viable Coote et al. [2017], and a continuation on this study has shown it creates public
value Ho et al. [2018].

For these reasons, sharing 3D geo-information through web viewer is a natural development
in the eld of GIS. There already existing examples of 3D geo-information being shared

through web viewers, such as Kilden Nibio Nibio [2023] which shares a terrain model of

Norway, the BRO 3D I3S web services by TNO TNO [2023] which visualises soil models of
the Netherlands, and the 3DBAG viewer TUDelft3d and 3DGI [2023] which visualises the
buildings in the Netherlands. However, the existing examples are mostly made by experts
in the eld of GIS or they are not based on open source software.

In the last decade, there is research being carried out on the development of web platforms
that facilitate the dissemination of 3D geo-information (Mete et al. [2018], Guardia and Ko-
eva [2023]). Although more and more studies and prototypes are developed in this direction
(Vincent Jaillot and Gesquiere [2020], Brovelli et al. [2018]), 3D web platforms for publishing
geo-information based on user needs are not explored yet in detail. Publishing, in the con-
text of this thesis research, means using existing datasets of geo-information to create and
share a web viewer that shows this data without the need of coding. This includes select-
ing the data sources, setting up a web viewer with layers from these sources, and possibly
adding some styling or selecting which tools and options are available in the viewer. The
user, in the context of this thesis, is the one who publishes data in a web viewer.

There is already existing infrastructure for publishing 2D geo-information without the need
of coding (B3Partners [2024], esri [2024]). Potential publishers of 3D geo-information most
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likely already have a working process for publishing 2D geo-information. For these reasons,
research into integrating 3D functionality into existing GIS web applications for publishing
can add valuable knowledge to the eld of GIS.

A lot of the existing infrastructure for publishing 2D geo-information is based on the open
source library OpenLayers OSGeo [2023b]. There are existing tools based on Openlayers
which allow users to publish 2D datasets in web viewers without the need of coding, such
as Tailormap B3Partners [2024]. Tailormap is an open source application that allows the user
(the publisher of the data) to select data sources, both from databases and external services,
and use these to make a web application. A website is then created on which visitors can
view the created web application with maps.

The context and motivation presented in this section lead to the following problem state-
ment: Although the interest in 3D geo-information has grown, and publishing 3D geo-
information in a web viewer is more and more useful for various use cases, the research into
the needs of the user that publishes 3D geo-information has been mostly focused on speci ¢
use cases (Nemoto et al. [2020], Cejudo et al. [2024], Nishanbaev et al. [2021], Mazzei and
Quaroni [2022]). Therefore, the objective of this research is to investigate the enhancement of
an existing 2D web application for publishing geo-information without the need of coding,
Tailormap, to include support for 3D geo-information. This thesis will focus on identifying
both the user needs and technical requirements necessary to allow users to publish 3D geo-
information within this established 2D OpenLayers-based framework without the need of
coding.

To solve this problem statement, a research question will be answered, which is given in
section 1.2. Section 1.3 explains the scope of this thesis, and section 1.4 gives the outline of
this thesis.

1.2. Research Questions

To solve the problem statement written in 1.1 this thesis will answer the main research ques-
tion:

How can 3D functionality be integrated into an existing OpenLayers based GIS web ap-
plication to ensure that publishing is both useful and user-friendly?

To answer this research question, the following sub-questions need to be answered.

1. What types of 3D datasets are available and which are the most relevant use cases for
3D web GIS?

2. How can you make it useful to publish 3D datasets without the need of coding?
a) What features and options do users need to make publishing 3D data useful?

b) What are the necessary manual steps users must undertake in the publishing
process?
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3. How can the code for 3D functionality be effectively integrated into an existing Open-
Layers application?

4. What should an effective data ow for 3D datasets in a web GIS environment look
like?

a) How should 3D data be stored?

b) What processes should be handled server-side and client-side in the management
of 3D data?

The answer to this research question consists of two parts. Firstly, a set of technical rec-
ommendations on how to build up an extension to an existing OpenLayers based GIS web
application that allows the user to publish 3D geo-information in a web viewer. Secondly,

a set of capabilities and functions the application (with its extension) should or could have,
along with how important they are.

1.3. Scope and Set-up of the Research

In this thesis, the needs for publishing 3D geo-information is investigated. This includes the
user needs and the technical needs. The user needs, such as which data types are important
and which functions are needed, were investigated through literature study, interviews, and
testing sessions with potential users. The choice was made to do this through interviews
and testing with selected people from different parts of the eld of GIS. The reason for this

is that extensive conversations give more and more extensive information about the needs
of these users. Through this format, they can give their ideas about what they need and why.

The technical needs were investigated through the development of a proof of concept. Based
on this development process technical recommendations were made. These recommenda-
tions are speci cally about the integration of 3D functionality into an existing OpenLayers
based GIS web application for publishing to a web viewer. The recommendations do not
necessarily hold for creating a new application from scratch, or for integration with applica-
tions not based on OpenLayers.

This research was done in collaboration with B3Partners, who have developed the Tailormap.
Recently, there has been a marked interest from clients in incorporating 3D functionality
into Tailormap. The value of this thesis for B3Partners lies in pinpointing what their clients
require in terms of 3D capabilities in Tailormap and understanding how to seamlessly inte-
grate these capabilities. For the company, this research results in a proof of concept for 3D
functionality, an initial version that can be further developed and re ned.

It is noted that the company's role in this initiative is twofold. First, B3Partners will provide
essential guidance in developing the proof of concept, ensuring that the integration aligns
with the technical framework of Tailormap. Second, the company will provide contact with
current and potential users who are interested in publishing 3D geo-information, thereby
supporting the practical application and evaluation of the new 3D features. This collab-
oration will not only enhance the functionality of Tailormap but also reinforce its market
position by meeting the evolving demands of its user base.
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1.4. Thesis Outline

The further content of this thesis is divided into ve chapters. In chapter 2 the literature
study is presented. This chapter provides context for the research by illustrating relevant
background information about the key concepts of this research. Related studies are used to
identify (potential) users and use cases of 3D geo-information on the web.

Chapter 3 describes the methodology that was used to answer the research questions. It
explains how this thesis goes from the research questions to the answers. This includes the
user and application research, the technical methodology, and how these two parts feed into
each other.

In chapter 4 the design of the proof of concept is shown and discussed. This chapter shows
how the 3D functionality is integrated into the code of the existing application Tailormap
B3Partners [2024], and it shows the design of speci c functions that were included in the
proof of concept. It also discusses the capabilities and limitations of the proof of concept.

The results of all parts of the research are presented and discussed in chapter 5. This chap-
ter provides the information to answer the research questions. This includes the technical
guidelines for integrating 3D functionality and the capabilities and functions that are needed

to make the implementation useful.

Chapter 6 provides the conclusions for this research. This includes a discussion of the
answers to the research questions, the limitations of the research, and the contributions it
has made. This chapter also provides recommendations for future work.



2. Related Work

To develop the proposed solution it is imperative to rst comprehend the signi cance of
3D geo-information on the web and identify the key users and use cases for this technol-
ogy. Additionally, examining the existing research on the requirements for sharing 3D geo-
information on the web is crucial. In this section, the results of the literature review that has
been conducted are presented. The topics of this literature review are the following.

The value of 3D geo-information is examined to emphasise the need for infrastructure that
facilitates sharing 3D geo-information. Previous scienti c research is discussed to determine
the current knowledge of the technical requirements and the user needs for publishing 3D
geo-information in web viewers. Furthermore, potential use cases for 3D geo-information
on the web are identi ed. This exploration helps in understanding the diverse applications
of 3D GIS technology and tailoring the solution to meet the speci ¢ needs of different user
groups. This exploration of needs for speci c use cases is continued by analysing existing
web viewers that show different types of 3D geo-information. The state of art is examined
by analysing existing GIS applications that allow users to publish 3D geo-information in
web viewers without the need of coding.

By exploring these topics, the research aims to lay a solid foundation for the development of
a 3D web GIS application built on an existing application that is not only technically viable
but also aligns with the practical needs of users and leverages the latest advancements in
the eld.

The relevance of 3D geo-information is discussed below in Section 2.1. The existing research
into the needs of sharing 3D geo-information on the web is discussed in section 2.2, after
which potential use cases are considered in Section 2.3. In Section 2.4 four existing 3D web
GIS applications sharing speci ¢ datasets are analysed, after which section 2.5 explores ex-
isting solutions for sharing 3D geo-information on the web. Lastly, section 2.6 summarises
the main takeaways from the related work.

2.1. Value of 3D geo-information

Between 2015 and 2017 a EuroSDR project analysed the costs and benets of 3D geo-
information for public mapping agencies [Coote et al., 2017]. Two case studies were used to
do this: Flood management and urban planning. They found that "The cost-bene t analysis
demonstrated in both of the selected use cases that bene ts outstrip costs by a multiple of
between two and three times even when considering each use cases in isolation.” [Coote
et al., 2017]. The project shows that, for these two use cases, investing in 3D geo-information
is economically bene cial for public mapping agencies. Further research was done, using
the data gathered by the EuroSDR project, by Ho et al. [2018]. They looked beyond eco-
nomic value and analysed the public value created by 3D geo-information, which includes
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more general bene ts for society. They concluded that investment in 3D geo-information
can generate public value in many different ways, such as quality of life, safety, and trans-
parency of public organisations [Ho et al., 2018]. This further encourages investment in 3D
geo-information and infrastructure for 3D geo-information.

Lei et al. [2023] investigated the challenges associated with urban digital twins. One im-
portant challenge that was identi ed is that “the lack of data sharing network within and
between municipalities, public institutions and private companies limits the amount and va-
riety of available data” [Lei et al., 2023]. This project will not be a solution to this problem,
but making it easier to publish digital twins on the internet could help improve the amount
of available data and help the development of solutions to this problem. Another challenge
that was identi ed is “participation’: not all users of the digital twins are incorporated in the
creation process [Lei et al., 2023]. If more 3D geo-information datasets are shared through
the internet, the amount of participation and feedback can be increased. Lastly, one identi-
ed challenge is the accessibility of software that is needed to view the data [Lei et al., 2023].
When data is shared on a website, no specialised software is needed to view the data.

2.2. Research on Needs for Sharing 3D Geo-information on
the Web

There has been a lot of research on the technical needs of GIS web viewers to show 3D
geo-information. As far back as 2004, de Vries and Zlatanova [2004] looked into whether
the Open Geospatial Consortium (OGC) speci cations then were adequate for publishing
3D geo-information on the web. In 2008 Abdul-Rahman et al. [2008] looked into the system
components needed for 3D functionality in a web GIS application. More recently, Mete
et al. [2018] built a 3D web-GIS viewer based on open source libraries. They tested the
functionality and performance of Cesium and they found that the CesiumJS library was

a good option for building a 3D GIS web viewer. Furthermore, Guardia and Koeva [2023]
looked into the combination of different kinds of data and the combination of different scales

in a web navigation model.

The research on the needs of the users publishing the 3D geo-information is mostly focused
on speci ¢ use cases. A study by Zhan et al. [2021] proposed a method based on 3D Tiles to
ef ciently visualise BIM models in a web-based GIS viewer. A study by Nishanbaev et al.
[2021] explores the needs for sharing cultural heritage data in a web-GIS viewer, which in-
cludes the integration of linked open data. The needs for a web GIS solution for disaster
management and emergency response was explored by Cejudo et al. [2024], in which the
need for real-time data in the 3D GIS web viewer was emphasised. Mazzei and Quaroni
[2022] used a 3D web-GIS viewer to visualise the risks of earthquakes by including ani-
mations of the impact on certain structures. For the eld of Geology Nemoto et al. [2020]
have developed a web-GIS platform for the visualisation of geological voxel models. These
studies take into account the user needs for a speci c use case. They incorporate both the
publisher of the data and the visitors of the web viewers. However, they aim to investi-
gate the needs that apply speci cally to one use case. Their purpose is not to provide an
overview of user needs. An overview of common user needs that could be obtained from
these studies, would therefore not be a complete general overview of the needs of users for
publishing 3D geo-information in web viewers without the need of coding.
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2.3. Users and Use Cases of 3D Geo-information

The purpose of this section is to identify use cases of 3D geo-information and to asses if
they could bene t from publishing to a web viewer without the need of coding. To iden-

tify the use cases the EuroSDR project was consulted Coote et al. [2017], as well as a study
by Biljecki et al. [2015]. These studies identi ed multiple use cases of 3D geo-information.
Some of these use cases that are potentially relevant for 3D geo-information of the web are
highlighted here. The discussed use cases are listed below.

* Asset management

» Management of pipes and cables
* Flood management

» 3D cadastre and valuation

 Urban planning

In asset management, speci cally management of utilities , the utilization of 3D geo-information
offers a signi cant advantage by reducing utility strikes. 3D data detailing the locations of
cables and other utilities would reduce damage and danger caused by excavators hitting
these utilities [Coote et al., 2017]. Sharing this data through a web application could present

a viable solution. This approach allows personnel on-site to access up-to-date quality data,
without the necessity of specialized GIS software.

In ood management , 3D geo-information can be used by municipalities to visualise ood
risks. With this, they can inform decision-makers in government as well as citizens [Coote
et al., 2017]. Online 3D GIS could be a good way to share these visualisations, since most
citizens and decision-makers do not have GIS software and knowledge. If the visualisations
of ood risks are shown in a web viewer, any citizen or decision-maker can easily view them.

In the case of 3D cadastre and valuation , the most important identi ed bene t is "Allowing
citizens to review and contribute to the data held by the tax authorities about their prop-
erty creates a crowd-sourcing production ef ciency for tax authorities as well as improving
citizen trust in the authority's data holdings.” (Coote et al., 2017 [Coote et al., 2017]). A prac-
tical solution to accomplish this could include the use of a 3D web GIS application. The tax
authorities could use this to share the data with citizens. The citizens could view the data
and perhaps contribute using this web application. 3D cadastre was also named as a use
case for 3D city models by Biljecki et al. [2015]. It states that there are ongoing developments
towards 3D property registration.

In the urban planning use case, informing the citizens is again one of the most important
bene ts of 3D geo-information. (Local) governments can use it to visualise plans and devel-
opment to better show citizens the results and impacts [Coote et al., 2017]. They could share
these visualisations with citizens with the use of a 3D web GIS application. Urban planning
was also identi ed as a use case for 3D city models by Biljecki et al. [2015]. Speci cally "vi-
sualisation for communication of urban information to citizenry” [Biljecki et al., 2015] was
named as a use case. This further emphasises the urban planning use case identi ed by the



2. Related Work

EuroSDR project. Additionally, a study by Haraguchi et al. [2024] investigated the maturity
of city-scale digital twins and their use cases. This research emphasises the potential of dig-
ital twins in improving urban planning.

2.4. Examples of 3D Geo-information Datasets on the Web

This section shows four examples of different types of datasets made available in a 3D GIS
web viewer. These four examples were chosen because they represent four different types
of datasets: a terrain model, a voxel model, vector data, and a point cloud. In subsection
2.4.1 the web viewer showing the terrain model of Norway is discussed. Subsection 2.4.2
analyses the web viewer published by BRO showing soil models. In subsection 2.4.3 the
3DBAG viewer is discussed, and in subsection 2.4.4 shows the web viewer for the AHN

point clouds.

2.4.1. Kilden Nibio

Kilden is an online resource made by research institute Nibio in Norway. It has a function to
switch to a 3D view. This function then shows a terrain model of Norway, with the option

to display many different maps draped over it. The website is shown in gure 2.1. The
terrain model is a 2.5D dataset. To display the data in 3D, Cesium Cesium GS [2024a] was
used. The application sends terrain to the client based on the zoom level. This means actual
terrain data is streamed to the client, but not the whole model with the full detail and full
extents that is stored on the server. When zooming or panning, the client requests a new
terrain model from the server. The nal images are created on the client side. Cesium GS
[2024a], Nibio [2023]

Figure 2.1.: Kilden Nibio [Nibio, 2023]
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2.4.2. BRO 3D I3S Webservices

The BRO 3D I3S web services are made by research institute TNO in the Netherlands. The
service allow users to view soil models of the Netherlands online in 3D. The website is
shown in gure 2.2. The web viewers are made using ArcGIS Scene Viewer Esri [2024], and
they use the Indexed 3D Scene Layers (13S) standard OGC [2023]. They have two different
types of data sets: GeoTOP, which is a voxel model, and REGIS I, which consists of 100x100
meter blocks that have layers of different sizes. For the voxel dataset, the entire model is
sent to the client when opening the web viewer. For the REGIS Il dataset, only a part of the
model is sent to the client, and new requests are sent when zooming or panning. The nal
images are created on the client side. TNO [2023]

Figure 2.2.: BRO 3D I3S web services [TNO, 2023]

2.4.3. 3DBAG Viewer

3DBAG is an automatically generated 3D dataset of buildings in the Netherlands. An online
3D viewer was created to show this dataset. This viewer is shown in gure 2.3. The viewer
displays the 3D model along with a background map from a different source which is ob-
tained via a WMTS. The 3D model itself is streamed to the client using a batched 3D model.
Only a part of the model is sent to the client based on the position of the camera, and new
requests are sent when zooming or panning. The nal images are created on the client side.
TUDelft3d and 3DGI [2023]
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Figure 2.3.: 3DBAG viewer [TUDelft3d and 3DGI, 2023]

2.4.4. AHN Point Cloud

The Actueel Hoogtebestand Nederland (AHN) point cloud is a point cloud dataset covering
all of the Netherlands. It is made with LIDAR measurements from aircraft. The dataset
is used to create digital surface models (DSM's) and digital terrain models (DTM's) of the
Netherlands, but the original point cloud dataset was also made publicly available. The
online viewer showing the dataset is shown in gure 2.4. To be able to ef ciently stream the
point cloud data in parts to the client, the library Potree is used. Sch (tz et al. [2020], Actueel
Hoogtebestand Nederland [2024]

Figure 2.4.: AHN4 in a web viewer Actueel Hoogtebestand Nederland [2024]
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2.5. Existing Applications for Publishing 3D Geo-information

This section analyses three existing applications which can be used to publish 3D geo-
information in a web viewer. This is done to review the state of art and to see what func-
tionality they have.

2.5.1. MapStore

MapStore is a product made by GeoSolutions, and it is based on open source software. It
allows the user to publish geo-information in web viewers, and it also has some 3D func-
tionality. Mapstore is based on the open source libraries OpenLayers, Lea etJS, and Cesium.
The user can add a 3D Tileset and a terrain model as a layer to a viewer. The 3D Tileset can
be added to a viewer using a URL to the service providing the dataset. There is also some
functionality for styling the 3D Tileset. For this, there is a style editor interface in which the
user can colour objects. The viewer also provides the ability to perform measurements in
3D, such as distances or areas, the ability to add annotations to the map in 3D, the ability to
click objects to see their attributes, and a compass showing where north is while viewing in
3D. GeoSolutions [2024]

2.5.2. Cesium Stories

Cesium Stories is a part of the Cesium lon services. Contrary to the Cesium libraries used in
this research, Cesium lon is not open source. There is also no integration with OpenLayers.
Cesium Stories can be used to publish 3D geo-information that is uploaded in Cesium lon
to a 'story’. The story can include multiple 3D scenes with 2D and 3D geo-information
along with added texts and pictures. When 3D vector data is uploaded, it is converted to 3D
Tiles which the web viewer can load and visualise. Cesium Stories provides some additional
functionality when publishing 3D geo-information. It is possible to colour 3D objects based
on their attributes and to click on the objects to see their attributes. Furthermore, in the
viewer there is a north arrow that shows which way is north when viewing in 3D, and it is
possible to perform measurements in 3D. Cesium GS [2024b]

2.5.3. ArcGIS Online

ArcGIS Online, which is not open source, also provides the ability to publish 3D geo-
information in web viewers. It can be used to create a 3D viewer that show both 2D and
3D geo-information. Data types that can be used in the 3D scenes include 3D Tiles, BIM
models, and Terrain models. In a 3D viewer, some functions can be added, such as a com-
pass, measurement tools, ltering, and shadow analyses. There is also functionality to style
the 3D layers before publishing, and in the viewers it is possible to click objects to see their
attributes. esri [2024]

11



2. Related Work

2.6. Main Takeaways From Related Work

In this chapter the value of 3D geo-information on the web as been established. Further-
more, potential use cases of publishing 3D geo-information in a web viewer were identi ed.
These include asset management, management of pipes and cables, disaster management,
3D cadastre, and urban planning.

Some existing examples of web viewers were analysed to obtain technical information and to
identify existing use cases and their data types, which include terrain models, voxel models,
soil models, point clouds, and vector data of buildings.

Some existing applications to publish 3D geo-information were analysed to determine the
state of the art. In all three analysed applications, 3D Tileset is a very important data type,
as are terrain models. They also all provided the ability to style the 3D layer, to perform
measurements in 3D, to add a compass, and they have the ability to click objects to see their
attributes.

12
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This chapter describes the methodology that was used to answer the research questions
stated in Section 1.2. The methodology has been split in two parts: user and applications

research to answer sub-questions 1 and 2, and a technical methodology to answer sub-
questions 3 and 4. These parts are not separate, they were executed simultaneously and
their results fed into each other.

In section 3.1 an overview of the methodology is given and the way the research questions
are answered is explained. Section 3.2 explains the user and applications research, and
section 3.3 describes how the proof of concept was made.

3.1. Overview

An overview of the methodology and its connection with the research questions and the
answers are shown in gure 3.1.

To answer sub-questions 1 and 2, research was done into potential users and use cases
of 3D online GIS. To answer these questions it is necessary to nd potential use cases of
3D online GIS and discuss them with parties that will potentially publish 3D datasets on
the web. Publication options (sub-question 2) also need to be discussed with them. This
part of the research was done in three steps: Literature study, interviews, and testing. The
outcome of this was a list of capabilities and functions that an application to publish 3D
geo-information should or could have, along with their importance. This includes what
data types and le types the application should be able to handle, what functions should be
included for the publisher of 3D geo-information, and what functions should be included in

the web viewer.

To answer sub-questions 3 and 4, a proof of concept was made. This is an application
with which one can publish a 3D geo-information dataset on the web. This application
was made within an existing Openlayers based application which is used to publish 2D
geo-information on the web. This existing application is Tailormap made by B3Partners
[B3Partners, 2024]. Tailormap uses Openlayers to display 2D maps. To be able to also dis-
play 3D data, Cesium was integrated into the application. Cesium is used within the Open-
layers application to display a 3D dataset together with a 2D map. This proof of concept is
made for three purposes. First, it proves that an application which can be used to publish
3D geo-information is technically viable and shows that it is possible to extend it with the
capabilities and functions described in section 5.4. Second, the developing process of the
proof of concept provides answers to the technical side of the research question, speci cally
sub-questions 3 and 4. These answers consist of guidelines in three parts: recommendations
for integrating 3D functionality in an existing GIS web application for publishing, recom-
mendations for integrating 3D functionality in an OpenLayers based GIS web viewer, and
recommendations on the data ow and standards. The third purpose is to allow testing with
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users, the results of which feed into both the user and application research and back into
the proof of concept.
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Figure 3.1.: Overview of the methodology and the connection with the research questions
and the answers
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3.2. User and Application Research

In this section the three steps in the user and application research are described. For each
step, it is explained what the focus was and what kind of information was to be obtained.
For the interviews and testing it is also explained what parties were interviewed and why.

3.2.1. Literature Study

First, a literature study was conducted to nd already identi ed use cases in other studies.
Some existing examples of 3D geo-information in a web viewer were also identi ed. In these
use cases and examples the following things were identi ed if possible:

» Types of 3D data (point clouds, vector data, voxels, terrain models, etc.)
* Who is publishing the 3D data on the web?
* Who is the target audience for the published data?

» What options could be needed for this application? (viewing, editing, styling, clipping,
Itering, etc.)

The ndings of this literature study can be found in section 2.3 and section 2.4. The results
of this part of the research mainly feed into the part of the conclusions about which types
of data are most important to be able to handle. The use cases that are found also feed into
which functions are important, since some functions are mostly important for speci c types
of use cases.

3.2.2. Interviews

Five interviews have been conducted. The interviewed parties are listed below. They are
different types of parties to have as much variety in users and use cases as possible. They
include a municipality, a safety region, the Dutch Cadastre, and two private companies. In
addition to these interviews, there was a Tailormap users day, during which input was also
obtained about use cases, data types, and functions.

* Municipality of Gouda

« Safety Region Brabant Zuid-Oost
+ Kadaster

» Stantec

* Antea

The selection procedure leading to the choice of these parties was done in consultation with
B3Partners. All the interviewed parties, with the exception of the Kadaster, are using Tai-
lormap at the time of writing. With the purpose of obtaining user needs from a varied
selection of users, the chosen parties are of different types. A selection of parties was ob-
tained that work on different scales and with different purposes. A municipality works on

a municipal scale and is mostly concerned with urban development. A safety region works
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on a regional scale and is focused on safety-related use cases. The interviewed private com-
panies work mostly on projects pertaining to a single building project. The Dutch Cadastre
was added to the selection to provide insight into the developments of 3D geo-information
on the web on a national level. Within their organisations, the interviewed persons were GIS
experts or working in a GIS-related team.

The purpose of these interviews was to determine what kind of 3D datasets users want to
publish in a web viewer, and what functions would be important for the publisher and in
the web viewer. In the interviews, the following questions were used as starting points:

» What 3D datasets do they have and what 3D datasets do they plan on obtaining in the
future?

What do they plan to use the 3D datasets for, and with what type of people do they
want to share the data?

» Can an online web application be a good solution to share the 3D datasets?

» Who would need to be able to publish or edit the online 3D GIS application, and how
much knowledge do they have of GIS?

What functions (viewing, editing, styling, clipping, ltering, etc.) would they need in
the online 3D GIS application?

These questions were used as talking points for all interviews, but more speci ¢ questions
were also asked based on what the interviewed party does, or on the answers to these
questions.

3.2.3. Testing Sessions with Users

The proof of concept was used for testing with potential publishers of 3D geo-information.
The purpose of the testing sessions was mainly to better be able to answer sub-question 2.
Through the testing sessions, it was determined whether the proof of concept was easy to
use and if the process of publishing 3D geo-information made sense. The functions and
capabilities that such an application could have were also discussed, and the parties were
asked how important certain functions were for them. This was also partly done in the
interviews, but it is often easier to understand and determine what functions you need
when there is an example application in front of you. Testing was done with the following
parties:

* Municipality of Gouda
» Safety Region Brabant Zuid-Oost

» Stantec

During the testing sessions, the users were taken through the process of publishing a 3D
dataset in a web viewer. The users were shown each step of the publishing process for 3D
geo-information and the different possibilities within the process were discussed. The user
was asked for feedback for each step and potential additional functions were discussed. The
process consists of adding a data source on the 'Admin - Catalog' page, creating the web
viewer on the 'Admin - Applications' page, and checking the created viewer. The discussed
steps and functions are listed below.
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* Admin - Catalog - data source Here, the user enters the connection details for a service
with a 3D dataset.

« Admin - Catalog - database connection Obtaining a 3D dataset from a database con-
nection is currently not possible in the proof of concept, but the users were asked
whether this would be useful for them.

* Admin - Applications - settings Here, the user can turn 3D viewing on and off for a
viewer.

« Admin - Applications - layers Here, the user can add layers, including 3D layers, to a
viewer.

* Admin - Additional functions  The users were asked what additional functions would
be useful for them on the admin website.

» Viewer - Switch between 2D and 3D The switch allows toggling between 2D and 3D
viewing.

* Viewer - Additional functions  The users were asked what additional functions would
be useful for them in the web viewer.

The results of testing were used, together with the results of the interviews and the liter-
ature study, to answer sub-questions 1 and 2. The feedback was also used in the further
development of the proof of concept.

3.3. Technical Methodology

The answers to the technical side of the research question, speci cally sub-questions 3 and
4, are a set of technical recommendations. To be able to nd these recommendations, and to
show that they are well-founded, a proof of concept was made. This proof of concept was
made as an extension to the existing OpenLayers based application Tailormap by B3Partners
B3Partners [2024].

In Tailormap the user has an admin website on which they can select data sources and cre-
ate web viewers. On the Catalog part of the admin website, the user can select data sources
either from a web map service or a database connection. They can then create web viewers
using layers taken from these data sources. The extension for the proof of concept allows
the user to also select data sources for 3D geo-information. When making a web viewer they

are also able to add 3D layers taken from these sources, and they have the option to turn on

3D viewing. In the web viewers themselves, the 3D layers are visualised and the user is able

to look around in 3D. There is also a switch which toggles between 2D and 3D viewing.

In this proof of concept, choices had to be made in the design and focus of the extension. The
most important of these choices are explained and discussed below. First, the choices about
the data types are discussed. The choice was made to focus on vector data and to use the 3D
Tiles data format. This is explained in subsection 3.3.1. The choices about data storage are
discussed in subsection 3.3.2. The choice was made to use data stored on an external server,
and to stream the data to the client using 3D Tiles. To visualise 3D geo-information in the
viewer, Cesium was used. This is explained in subsection 3.3.3.
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3.3.1. Type of Data

There are different kinds of 3D data such as vector data, terrain models (which could be
called 2.5D, because there is only a single elevation at each 2D point), point clouds, and
voxel models. The choice was made to focus on vector data for this research. In most of
the use cases identi ed in the related work in chapter 2 vector data would be used. Most of
these use cases are focused on buildings, and pipes and cables are also stored as vector data.
Furthermore, the interviews and testing sessions also determined buildings were essential

in most use cases.

There are many different formats to store 3D GIS vector data, such as CityGML OGC [2021]
(can store more than just vector data), COLLADA ISO [2022], 3D Tiles Open Geospatial
Consortium [2023], and Indexed 3D Scene Layers (I3S) OGC [2023]. The choice was made
to use 3D Tilesets for the proof of concept. The main reason for this is its tiling capabilities,
which allows to stream the datasets ef ciently to a web browser for visualisation. This
will be further discussed in the next subsection 3.3.2. 13S datasets also have this capability,
but this standard was made in collaboration with Esri communities and is therefore better
supported in Esri software, while 3D Tiles was developed with open source communities
and is therefore better supported in open source software, such as Cesium which is used
in this proof of concept. Furthermore, some interviewed parties that were already using
3D web viewers, were using 3D Tiles. The relevant capabilities of 3D Tiles are discussed in
subsection 3.3.4.

3.3.2. Data Storage and Transfer

To store and retrieve 3D geo-information, the data can either be stored on an external server
or in a database. For the proof of concept, the choice was made to use connections to external
servers. To be able to ef ciently visualise 3D geo-information, the 3D datasets need to be
streamed in tiles to the client. Sending the entire dataset to the client, a thick client approach,
is not feasible. Streaming only images to the client, a thin client approach, does not allow
smooth viewing. By using 3D Tilesets hosted on a server, ready-made software such as
Cesium, can be used to stream and visualise the 3D datasets, which makes it well suited for
a proof of concept. Streaming 3D data in parts from a database is possible by using database
formats, e.g. 3DCityDB Yao et al. [2018], and retrieving the data in parts. This would require
a far more complex set-up and is therefore less suited for a proof of concept. Furthermore,
the interviewed parties have expressed more interest in using 3D Tilesets on a server, than
in using 3D data from a database.

For future applications and use cases that require constantly changing or adding to the
data, a database connection is a better option. However, in this thesis the focus is only on
viewing and viewing related functionality, thus changing and adding to the data is outside
the scope.
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3.3.3. 3D Visualisation

Cesium Cesium GS [2024a] was chosen as the library to use for 3D visualisation. Other
options were also considered. The considered options are listed below.

» Cesium Cesium GS [20244a]
» Xeogl Xeolabs [2022]

* three.js Threejs [2024]

» BabylonJS BabylonJS [2024]

All of these libraries are able to display 3D information on the web. However, Cesium has
the most support for geo-information. It is coordinate system aware, and it projects the data
on a globe. Since the built product is a proof of concept, it is best to use the library that is
already furthest along in visualising 3D geo-information. Furthermore, Cesium is a widely
used 3D visualisation tool on the web and therefore has a lot of available support and infor-
mation. Cesium GS [20244a]

Another reason to use Cesium is the existence of the Ol-Cesium library. This library helps
with the combination of OpenLayers and Cesium. This library has the functionality to use
an OpenLayers map in a Cesium scene. The relevant capabilities of Cesium and OI-Cesium
are further discussed in the next subsection 3.3.4. OSGeo [2023a]

The utilisation of the Cesium library facilitates the visualisation of an OpenLayers map
within a 3D scene along with 3D layers. In the context of this thesis, a 3D layer is an instance
of a 3D Tileset or another 3D dataset that can be loaded and visualised using Cesium. A
3D layer containing a 3D Tileset represents the entire tileset including all of its semantic
information. Theoretically, one 3D layer can contain tiles of different formats. Cesium's
functionality for 3D Tiles is made to load and visualise any tileset that adheres to the OGC
speci cation, so this case would not cause any issues Cesium GS [2024d]. However, the
datasets used to test the proof of concept only contain one tile format.
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3.3.4. Capabilities of Used Libraries and Standards

This section summarises the relevant capabilities of the libraries OpenLayers, Ol-Cesium,
Cesium, and the OGC standard 3D Tiles, which are used in the proof of concept. In Tai-
lormap OpenLayers is used as a mapping library. In the proof of concept, the OpenLayers
map is used as input in Ol-Cesium functions to insert it in a Cesium scene. Cesium cre-
ates the 3D scene and loads the 3D layers. It loads the data from a server providing a 3D
Tileset.

Openlayers

OpenLayers is the mapping library used within Tailormap. It is used to load and ren-
der data from WMS, WMTS, WFS, and Tile Map Service (TMS) servers, as well as from
databases. The layers from these services and databases can be loaded in the viewer and
used to create an OpenlLayers map. The OpenLayers functionality allows the users to, among
many other things, add and remove layers in the map. This map should be displayed on the
ground when viewing in 3D, which can be done with Ol-Cesium. OSGeo [2023b] B3Partners
[2024]

Ol-Cesium

Ol-Cesium can create a 3D version of the OpenLayers map using the OLCesium class with

the OpenLayers map as input. The OLCesium class has a method 'setEnabled’, which can
be used to turn 3D viewing on and off. The Cesium scene can be obtained using the method

'‘getCesiumScene'. With this Cesium scene, the Cesium functionality can be used. OSGeo
[20233a]

Cesium

Cesium is a platform for software to visualise 3D data on the web. The CesiumJS library is an
open source JavaScript library made for visualising 3D geo-information in web applications.
The CesiumJS library is used in the proof of concept. The Cesium scene, which can be
created as stated above, can be used to visualise the 2D map and additional 3D data on a 3D
WGS84 globe. The CesiumJsS library has functions to load 3D Tiles, Cesium terrain models,
and other 3D data types. These datasets can be added to the scene and visualised in the web
viewer. In the proof of concept, it is used to display the OpenLayers map and 3D Tilesets.
Cesium GS [2024d]

3D Tiles

3D Tiles is an Open Geospatial Consortium (OGC) standard. It is made "for streaming and
rendering massive 3D geospatial content such as Photogrammetry, 3D Buildings, BIM/CAD,
Instanced Features, and Point Clouds” Open Geospatial Consortium [2023]. The standard
de nes a data structure that is built up of tiles. The tiles can be streamed and visualised
separately. The purpose of this is to be able to stream and visualise only the parts of the
dataset that are currently needed. This allows using massive datasets in web viewers. A
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3D Tiles dataset is called a tileset. Within a tileset, the tiles can be of four different types:
Batched 3D Model, Instanced 3D Model, Point Cloud, or Composite. The Batched 3D Model
format is storing heterogeneous datasets. This is the tile format which is used for buildings.
Within a tile the objects, such as buildings, are features. The tile also contains a batch table
with properties (or attributes) of the features. The proof of concept was developed and tested
using tilesets with tiles of this format. The other tile formats are not used in this proof of
concept but can be used in future developments. The Instanced 3D Model tile format allows
using multiple instances of the same model. This can be used for city furniture to use put
the same tree or bench in multiple locations. The Point Cloud tile format can be used for
streaming point clouds, and the Composite tile format allows combining different formats
in one tile. Open Geospatial Consortium [2023]
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In this chapter the technical design of the proof of concept will be shown and its capabilities
and limitations will be discussed. There are two main aspects to the design: The admin part
and the viewer. The admin module is where the connection with data sources is set up, and
where web viewers can be created. The viewer takes the settings and layers that were set up
in the admin module and uses them to display the layers. Section 4.1 gives an overview of
the design. The Admin module and its connection to the back-end are discussed in section
4.2, and the viewer is discussed in section 4.3. The full code can be found on GitHub * 2.

4.1. General Design

This section gives a general overview of the extension to Tailormap which integrates 3D func-
tionality. Tailormap consists of a front-end, 'Tailormap-viewer', and a back-end, "Tailormap-
api'. The front-end contains the code for the admin website and for the viewer. The ad-
min website is where a user can select data sources and set up and publish viewers. The
Tailormap-api back-end regulates the connection with the database where the data sources
and viewer settings are saved. The code for the viewer uses these layers and settings to
create viewers that the user can share.

A functional overview of the extension to Tailormap that integrates 3D functionality is given

in gure 4.1. On the admin website, there is a ‘catalog’ section. In the catalog section, the
user can select data sources on an external server by entering the URL and choosing the
protocol to use for this source. A new protocol '3D Tileset' was added to facilitate using
data sources with 3D Tilesets. In the back-end a new schema 'Tileset3DLayerSettings' was
added. This schema is used to save layers that have '3D Tileset' as their protocol.

On the admin website, in the 'applications' section, the user can create web viewers. In the
settings form, where settings for a new viewer are set, a new setting 'Enable 3D viewing'
is added. This is saved as a boolean in the application settings. The user also can also add
layers, which were obtained from data sources in the catalog, to the applications. Some
changes were made to allow the user to add a 3D Tileset layer to an application.

The viewer then uses the back-end to obtain all the viewer settings from the database in-
cluding which layers are in this viewer and the settings of those layers. The 2D layers are
used to create an OpenLayers map. This functionality was already in Tailormap. In the
extension, the 2D OpenLayers map is used to create a 3D scene in which the OpenLayers
map is projected on the ground. The 3D layer settings are used to create the 3D layers using
Cesium, which are then also added to the 3D scene. A function was also added to allow
switching between 2D and 3D viewing.

Ihttps://github.com/B3Partners/tailormap-viewer/tree/cesium
2https://github.com/B3Partners/tailormap-api/tree/cesium
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4. Proof of Concept

Figure 4.1.: Functional overview of 3D functionality in Tailormap

4.2. Admin and API

The admin side of Tailormap is built up of two modules, admin-core and admin-api. In the
admin-core the pages of the website are set up, and the forms for user input are created.
In the admin-api models and helpers are set up that are used by classes in the admin-core
to ensure ef cient communication with the back-end and other parts of the program. An
overview of the functionality on the admin side is given in a UML diagram in gure 4.2.
This diagram only includes things that were changed or added for 3D functionality, and it
was slightly simpli ed to keep the diagram clear and understandable. Everything in purple
text already existed, and everything in black text was changed or added. The forms in
the admin-core were changed to allow user input for 3D data sources and the option to
enable 3D viewing. The models and schemas in the admin-api and in the back-end were
extended for the program to accept and save these new input options. The handling of
input for 3D data sources is discussed in subsection 4.2.1. The settings for creating viewers
are discussed in subsection 4.2.2, and the regulation of con guration in the back-end is
discussed in subsection 4.2.3.
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Figure 4.2.: Overview of 3D functionality in admin

4.2.1. Admin - Catalog

In the catalog section, the user can select data sources. Here the 'geoServiceForm' is used
to get user input for a connection to an external service, as can be seen in gure 4.2. The
user needs to input a title, URL, and a protocol. The protocol determines what type of
service the URL is for. The protocol can be chosen from a dropdown list, as shown in gure
4.3. The protocol for 3D Tilesets was added by adding it to the 'GeoServiceProtocolEnum'
enumeration. This enumeration is also used in other classes to handle the different services
separately. Once a service is saved, its layers are automatically saved as well. In the case of
a 3D Tileset, this is just one layer for the entire dataset. There is also a form in the catalog
section to change the settings of existing layers. Some small changes were made to make
this work for 3D Tileset layers as well. Other 3D layer types, such as terrain models, can
be added in the same way. If many 3D layer types are added, it may be better to create a
separate form for 3D services.
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Every time a service is added or settings are changed updates are sent to the database using
the back-end of Tailormap. In the back-end schemas are used to ensure everything is stored
correctly. These schemas are further discussed in subsection 4.2.3.

Figure 4.3.: 3D Tileset option in for adding a data source

4.2.2. Admin - Applications

In the applications section of the admin website, the user can set up viewers, which can
then be shared. To create a viewer the user needs to set some settings and add layers to
the viewer. In the form with the settings, the 'ApplicationForm' in gure 4.2, a new option

is added to allow the user to enable 3D viewing in the viewer. The new option is a toggle
button for the user, which can be seen in gure 4.4. To add this option to the form, it was
added to the JavaScript code of the form as an option to be saved as a boolean, and to the
HTML document as a slide toggle.

As can be seen in gure 4.2, this form is an attribute of the 'ApplicationFormComponent’
class which also has the attribute 'application’. This attribute is an instance of the 'Appli-
cationModel' class and contains all the information about the viewer. Whenever the appli-
cation changes, the ApplicationFormComponent updates it in the database using the Tai-
lormap back-end. The changes in the back-end to enable saving the 3D viewing option are
discussed in subsection 4.2.3. The ApplicationModel uses many other models to save all the
information, one of which is the 'AppSettingsModel’, which contains the 'uiSettings'. The
‘enable3D’ setting is saved in the uiSettings as a boolean.

Apart from the settings, the user also needs to add layers to the viewer. The user only gets
to see the layers that match the projection that is used in the application. The 3D layers of
course use a different projection. Some changes were made to the functions that check this
to allow the user to also add 3D layers to the viewers.
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Figure 4.4.: Option to enable 3D viewing in application settings

4.2.3. Back-End

Additions were made in the back-end in three places. First, in the schemas that regulate
saving the settings of a viewer, the setting to enable 3D viewing was added. Second, in the
schemas that regulate saving layer settings, additions were made to accommodate 3D Tileset
layers. Lastly, in the Java code, a method was added to set the layers of 3D Tileset services.

Viewer schemas

A set of schemas is used to check if the information coming from the front-end to save
viewer settings is correct and complete. The schemas are then used to save the information
in the database. The schema AppUiSettings was extended to include 'enable3D' as a boolean
property.

Layers

Every layer type, such as layers from WMS, WMTS, and WFS services, has its own layer
settings schema. They inherit some of their properties from the general layer settings schema
which includes properties that are needed for every layer, such as title, URL, authorization
rules, etc. The new schema for 3D Tileset layers only uses the properties from the general
layer settings schema.

In the back-end there is the class 'GeoServiceHelper', which contains methods for loading
the layers and capabilities of services. Its method 'loadServiceCapabilities' rst checks the
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type of service, and then sets the layers and capabilities of the service. A new method 'set-
Tileset3DCapabilities' was added, which is called by loadServiceCapabilities if the service
protocol is 'TILESET3D'. Since the 3D Tilesets are loaded in the viewer as just one layer, this
method just sets the tileset as a layer.

4.3. Viewer

In the core and map modules of the Tailormap viewer, the settings set up on the admin page
are used to visualise the layers and create a GIS web viewer. In the core module the 'Ap-
plicationMapService' retrieves the settings and layers that were set up for the viewer from
the database. It uses the layers and settings to initialise the 'MapService' which manages
the map and its layers. The MapService contains an '‘OpenLayersMap' which creates an
OpenLayers map (‘OIMap’) and manages the 2D layers. With the extension it also contains a
‘CesiumLayerManager' which creates a 3D scene and manages the 3D layers. An overview
is given in gure 4.5 in a UML diagram. Only the classes that are relevant to the extension
for 3D functionality are shown and the diagram is slightly simpli ed to keep it clear and
understandable. Everything in purple text already existed, and everything in black text was
added or changed.
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