
MSc thesis in Geomatics

Automatic building permits checks 

by means of 3D city models

Jialun Wu
2021





MSc thesis in Geomatics

Automatic building permits checks by means of
3D city models

Jialun Wu

September 2021

A thesis submitted to the Delft University of Technology in partial
fulfillment of the requirements for the degree of Master of Science in

Geomatics



Jialun Wu: Automatic building permits checks by means of 3D city models (2021)
cb This work is licensed under a Creative Commons Attribution 4.0 International License. To view a
copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

The work in this thesis was carried out in the:

3D geoinformation group
Delft University of Technology

Supervisors: Dr. Francesca Noardo
Dr. Ken Arroyo Ohori

Co-reader: Prof.dr. J.E. Stoter

http://creativecommons.org/licenses/by/4.0/


Abstract

Most construction work requires building permit checks. Therefore, to promote sustainable and high-
quality urban development, it is necessary to improve the building permit application process and ac-
celerate the digital process of building permit checks.

Many studies about the digitalization of building permitting use the Building Information Modeling
(BIM), mainly coded in its reference open standard Industry Foundation Classes (IFC) by A worldwide
industry body driving the digital transformation of the built asset industry (buildingSMART), to check
compliance. However, many regulations need to consider some building context that is not supported
by the current buildingSMART. This will affect the permit checks of these building contexts. The use of
3D city models for building permit checks is an alternative to BIM. 3D city models are powerful tools for
city-level analysis and they can do extensions on different City Objects which able to cover the building
context in the regulation, therefore it has good applicability to problems related to urban planning.

At present, there are little researches on building permit inspection based on 3D city models, so this
study aims to provide an approach to use 3D city models and its extensions to support digital building
permit checks. CityJSON has advantages over the CityGML data format in the development process, so
it was selected as the 3D city model used in this study.

The first step is to choose the regulations for building permit checks. This involves the interpretation
of the regulations, formalization process. In this study, the use case research method was selected, and
the parking standards for cars and bicycles in Rotterdam were selected as the research object. We built
a logic-based mechanism to map the content of the law to the corresponding 3D model. Next, we built
the CityJSON conceptual model, which included four types of urban objects and expanded them. Then,
the data we obtained and the data model will be stored and extended in a CityJSON model and then
used for calculation and analysis in the developed tool.

Finally, through the tools developed, we successfully carried out a parking legal building permit inspec-
tion on the new building test data and stored and visualized the results. By using the framework and
tool developed in this research, we can replicated the process to different places and regulations.
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1 Introduction

1.1 Background and motivation

Most construction work requires a building permit. This includes constructing, modifying, or demol-
ishing buildings or changing their use [Eirinaki et al., 2018]. In the Netherlands, municipalities issue
building permits, supervise construction work and inspect permit applications for new development
projects under the Building Decree [Decree et al., 2012]. In actual situations, in the face of more com-
plex construction work, permit applicants may need to spend a lot of time studying relevant laws and
regulations, application procedures, and required documents. This process is complicated and inef-
�cient [May, 2005]. For the government, the review of building permits requires the cooperation of
multiple departments. The slow work process will cause unreasonable waste of resources, which in-
creases the risk of inadequate building supervision and ultimately affects public safety [Agyeman et al.,
2016]. Therefore, to promote the sustainable and high-quality development of the city, it is necessary to
improve the process of building permit checks.

The traditional way for doing building permit checks is based on the manual work of experts to review
building permits of documents and 2D plans presented in paper or PDF formats. This method consumes
a lot of manpower and material resources and cannot ef�ciently obtain results.

Figure 1.1: A Pre-Permit and Permit System Eirinaki et al. [2018]

With the development of computer technology, automated process based on computer technology with
models has become a trend. The digital building permit is an application of 3D city data management.
Currently, some cities provide online permitting platform for users to submit applications and inquiries
online. For example, the platform of online application and noti�cation of The Hague in the Netherlands
which shows in �gure 1.2. On this platform, you can quickly apply for permits or reports digitally, and
you can also inquire whether permits are required for related construction work. Digitizing the building
permit inspection process can improve work ef�ciency and provide more objective results. In �gure 1.1,
it shows a Pre-Permit and Permit System which simpli�es the process required for building permits
to bene�t the end-user. With the advancement of technology and human cognition, regulations are

1



1 Introduction

also being updated at the same time. For a new building in some cases, in order to obtain a building
permit, it must be veri�ed whether it meets the new standards as expressed by regulations. However,
different standards in various places and different interpretations of the regulations make the automated
checking of building permits a very challenging issue [Eastman et al., 2009].

In the framework of automating the inspection of building permits, the ambitions/speci�cation of
European Network for Digital Building Permits ( EUnet4DBP) aims to accelerate the digital transforma-
tion of the building permit process [EUnet4DBP, 2020]. Its vision is also the direction of the digital
transformation of building permit inspection. One of the ambitions is to make regulation simple and
machine-readable to achieve standardization of interpretation and eliminate unnecessary ambiguity
[Barberis et al., 2019]. Machine-readable data is data that can be read and interpreted by a computer
automatically. It must be structured data [Open Knowledge Foundation, 2019]. In an increasingly digi-
talized world, the storage and interpretation of laws and regulations are still based on human language.
Because there is no uni�ed standard, different people can have different interpretations of the same laws
and regulations. This makes the administration and application of regulations complex and ambiguous.

Figure 1.2: An online application and noti�cation platform, Municipality of The Hague

Another vision is to ensure the openness and reusability of data by using common storage and exchange
formats. By doing this, it allows of�cials to visualize and check the buildings follow the open standards.
Many studies about the digitalization of building permitting use the BIM , mainly coded in its refer-
ence open standard IFC by buildingSMART , to check compliance [Noardo et al., 2020c]. However, many
regulations need to consider some building context that is not supported by the current buildingSMART .
buildingSMART tries to solve this problem by leaving jurisdictions free to add local information require-
ments and implement their own checklists and rules which are still under construction now 1. Therefore,
we need an alternative way to do it. 3D city models are digital representations of 3D geometric entities
found in urban environments, such as buildings, roads, rivers, bridges, vegetation, and city furniture
[Billen et al., 2021]. In comparison to typical 2D maps, 3D city models can depict realistic city scenarios
with texturing capability Wendel et al. [2017]. Urban visualization can be achieved with 3D city mod-
els by simulating the urban building environment and it can be used in many applications. Figure 1.3
shows various application of 3D city models. Therefore, 3D city models are powerful tools for city-level

1https://www.buildingSMART.org/regulatory-information-requirements-activity-proposal-out-for-consultation/
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1.2 Research objectives

analysis and they can do extensions on different City Objects which able to cover the building context
in the regulation, therefore it has good applicability to problems related to urban planning [Stoter et al.,
2010].

Figure 1.3: Various application of 3D city models [Biljecki et al., 2015]

This study aims to provide an approach to deals with the digitization and automation of the building
permits checks under the guidance of EUnet4DBP. To automate this process, this study uses the 3D city
model and uses its extensions to support automated building permit inspections. The purpose of �nal
output results is to supporting government of�cials to check building permits through automatic tools
in real situations, which will improve work ef�ciency, speed up the working process and save costs with
better management. The results can also be used for reference to architectural design and developers,
and to participate in the process of architectural design.

To achieve building permit checks using a 3D city model, several aspects need to be taken into account.
Before conducting building permit checks, we need to choose the regulations for inspection. This in-
volves the interpretation of the regulations, formalization process. Then, the data we obtained and the
data model will be stored and extended in a 3D city model and then used for calculation and analysis
in the developed tool. After getting the checking results, the �nal data visualization is also realized.
These aspects together constitute the main content of this research, and they are integrated into a tool
for automated inspection eventually. By using the framework and tool developed in this research, we
can be replicated the process to different places and regulations.

1.2 Research objectives

This research aims to use CityJSON format to construct an urban building data model and develop its
extensions to support automated building permit inspections. The data model store the building infor-
mation which is needed in further calculation and inspection process. There can be different city objects
according to different regulations. The main research question of this research is :

• How to do building permit checks automatically by developing a tool in form of the 3D city
model?

To achieve the automation of building permits check using tools, the following sub-questions are de-
rived:

• How to select and obtain the information needed by building permit checks?

• How to store and extend the information needed by building permit checks?
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• How to test the 3D city model-based tool for the building permit regulation checking?

1.3 Research scope and challenges

The scope of this research is to use 3D city models to check the regulations for building permits issuing,
rather than some commonly used building models such as BIM , IFC, because the 3D city model covers a
larger spatial extent and can model a variety of City Objects in 3D.

Another dif�culty in this research is to interpret the regulation and translate it into machine-readable
language. In the process, this research will explain how to interpret and formalize speci�c regulations
and the corresponding operations. However, human interpretation will produce misunderstandings
and deviations, leading to different calculation results. For the ambiguous rules in the regulation, they
need to be consulted the of�cials or the expert who makes the regulation.

On the other hand, the available datasets sources are relatively few, basically from the Basisregistratie
Adressen en Gebouwen Basisregistratie Adressen en Gebouwen (BAG) data which provides information
on the main registered address and buildings in the Netherlands and OpenStreetMap ( OSM) data. They
lack the necessary attribute information to check certain regulations, which makes the research unable to
expand to more regulation at this stage. To solve this problem, the project will be limited to case studies
in Rotterdam and start with a few regulations. In this study, we selected the parking regulation on the
minimum number of parking spaces for bicycles and cars of Rotterdam as the target. Useful information
related to building permit checks (such as different City Objects and their attributes) involved in the
regulations will be stored in the 3D city model. However, this step may involve unde�ned City Objects
and new attributes in the existing 3D city model. This can be solved by extending the existing model
with the CityJSON extension.

1.4 Thesis outline

The paper consists of 6 parts and is structured as follows:

• Chapter 2 reviews the technologies and research related to this research. Most of the concept and
de�nition is explained here. It focuses on the development of the automation of building permit
check and the extension of the 3D city model;

• Chapter 3 gives the research methodology and the whole pipeline of how to carry out the build-
ing permit automated checking process. A detailed description of each step is elaborated with
diagrams and formulas;

• Chapter 4 provide the use cases of this study to test the methodology;

• Chapter 5 described the conceptual model of CityJSON format;

• Chapter 6 focuses on the implementation process of the research, tools and data sets used, as well
as the functions and commands used in the process of realizing building permit automation is
present;

• Chapter 7 shows the main results of the research and provides relevant analysis and discussion;

• Chapter 8 gives the conclusion of the research and answers all research questions together with
the future work.
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The purpose of this chapter is to provide relevant knowledge and work related to building permit checks
and 3D city models, which are the key technical points for completing this research. The chapter is
structured as follows: Section 2.1 explains what a building permit is and the signi�cance of digitalization
of building permits. Some research related to building permits is also introduced. Section 2.2 focuses
on the translation of regulations related to building permits for the purpose of the automatic building
permit checks process. Section 2.3 provides a brief overview as well as two major open data models
and sharing formats for storing and distributing virtual 3D city models. Finally, section 2.4 presents the
research gap.

2.1 Digital building permit

Urban planning is based on the premise of development vision, scienti�c demonstration, and expert
decision-making to plan the development of urban economic structure, spatial structure, and social
structure, such as land use control and natural environment protection [March and Kornakova, 2017]. It
has been promoting the creation of a sustainable urban climate, avoiding urban chaos, and supporting
infrastructure development. To cope with new social issues, regional places need sustainable growth,
which necessitates effective urban management [Akahoshi et al., 2020].

According to Mouratidis [2021], there is a connection between the built environment and city quality
of life. Buildings, as one of the city's most critical components, may provide valuable data for urban
planning. A building permit is a permit required for building activities involved in Building Decree
[Decree et al., 2012]. A building permit must be obtained for most construction work. A permit is
needed to build, modify or demolish a building or change its use, regardless of whether the structure
is to be used as a dwelling and whether or not it has foundations. A standard application is used
nationwide. Even simple construction projects may require multiple permits. Once the building permit
is issued, construction work can start. Figure 2.1 shows the building permit procedures in Turkey. It is
also a legal offense to undertake construction work without a building permit if one is required. This can
result in a �ne or in certain circumstances an order for the building to be returned to its pre-construction
state. Therefore, in order to avoid potential safety hazards, the inspection of building permits needs to
be supervised by the government. Since the process of building permit inspection involves different
laws and requires the joint participation of many departments, it also has many problems, such as low
work ef�ciency, complicated and slow work procedures for permit application generation, and dif�cult
to track Eirinaki et al. [2018].

Therefore, the automation and digitalization of building permits procedures are important since they
can improve the quality of permits checks thus the quality of buildings. Many countries give importance
to the improvement of the building permit processes. One of the most signi�cant developments in this
regard is the European Union's 2002 action plan, which recommends the automation and digitalization
of the public services to improve its ef�cience [Guler and Yomralioglu, 2021]. The digitalization of
building permits mainly goes through BIM and related open format IFC, building information can be
stored maintained, and queried using these model [Beetz et al., 2010; Mazairac and Beetz, 2013].

In the architecture, engineering, and construction ( AEC) industries, comprehensive research has been
performed on automated and semi-automated regulatory enforcement inspections in recent years.

Manual inspections of building designs are required in most of countries such as the United Kingdom,
based on a collection of constantly evolving and increasingly complex building regulations. For builders
and departments in charge of implementing building codes, this is a huge challenge. As a consequence,
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Figure 2.1: Building permit procedures in Turkey [Guler and Yomralioglu, 2021]

there is always uncertainty, contradictory estimates, and �nancial loss. As the AEC industry moves
from 2D ccomputer-aided design ( CAD ) drawings to more semantically rich building knowledge mod-
els, automated compliance inspection systems for building codes become feasible BIM [Malsane et al.,
2015].

According to the �ndings of Malsane et al. [2015], the IFC format is well suited to automated enforcement
tests, they created a semantic-rich object model speci�c of building �re regulations to meet the needs of
automatic enforcement checks in England and Wales.

Dimyadi and Amor [2013] pointed out that due to high-performance personal computers, ef�cient web-
based technologies, and new initiatives in legal knowledge representation modeling, commercial com-
pliance checking systems could be more feasible than ever.

Software reviews that are automated have the ability to save a lot of time and money. It was proposed
that the client or architecture �rm create the building's procedural criteria and specify basic rules as part
of the project design and construction planning and review standards. Eastman et al. [2009] provides a
general framework for the implementation of rule-checking systems. It uses a method that translating
terms in written statements into the logic of testing conditions and obtains the properties and relations
needed for rule queries.

Lee [2011] developed Building Environment Rule and Analysis ( BERA), a computer programming lan-
guage that can be used to help de�ne, interpret, and evaluate rules during the design process, to resolve
the issues with the building model.

Preidel and Borrmann [2015] established the minimum criteria for automating regulatory compliance
checks and introduced a new approach for automating the process known as Visual Code Checking
Language (VCCL).

However, the uni�ed approach to seeking industry recognition does not seem to be over yet. Noardo
et al. [2020a] states: ”It is widely recognized that a multidisciplinary, multi-stakeholder, and interna-
tional approach is needed to achieve relevant outcomes in a reasonable amount of time through the
exchange of results, expertise, and efforts”. With the ambitions and visions, EUnet4DBP was developed
in early 2020, bringing together experts from all over Europe in BIM, 3D city modeling, building regu-
lations, urban design, and software development [EUnet4DBP, 2020; Noardo et al., 2020a].

In the framework of automating the inspection of building permits, the ambitions/speci�cation of the
EUnet4DBPaims to accelerate the digital transformation of the building permit process. Through exchang-
ing experiences and accumulating information, they aim to develop �exible, scalable, and re-usable dig-
ital and (semi-) automated building permit resources and methods in a collaborative effort and under
the umbrella of an open science system [EUnet4DBP, 2020; Noardo et al., 2020a].

As part of their research, the 3D geoinformation group at TU Delft developed a tool and methodology
to help the municipality of Rotterdam with building permit regulation tests using digital solutions in
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the project GeoBIM for building permits 1, starting with digital standardised databases, in 2020. To
resolve the building permit problems, they used a combination of BIM and 3D city models [Noardo
et al., 2020c,b].

Guler and Yomralioglu [2021] provides a reformative framework in Turkey that intends to enhance
building permit procedures, 3D property ownership registration, and update 3D city models. It is pro-
posed to link the building permit procedure, the 3D registration of property ownership, and the 3D
city model through the effective use of the 3D digital building model to become a new system concept.
The reformative framework for building permit procedures, creating 3D city models, and registering
property ownership in Turkey is depicted in �gure 2.2.

Figure 2.2: Reformative framework that combine 3D city model and building permit process [Guler and
Yomralioglu, 2021]

2.2 Translation the regulations

One of the dif�culties in conducting building permit inspections is the process of interpreting, formal-
izing the law, and translate the law into machine-readable language. Machine-readable data is data that
can be read and interpreted by a computer automatically. Therefore, it must be data that is organized
[Open Knowledge Foundation, 2019].

The inherent inconsistencies in the rules, as well as the breadth of circumstances to which they must
apply, are major roadblocks to effective rule testing. There are many ways to code the process and lots
of rules that can be de�ned, it's important to systematize the rules which help users to test on them.
Using criteria that extend across all current facets of automated rule testing, the author develops a
general classi�cation of rules across program domains [Solihin and Eastman, 2015].

1https://3D.bk.tudelft.nl/projects/rotterdamgeobim bp/
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To interpret the regulations, Lee et al. [2016] invented a logical rule-based mechanism, re�ning the
objects/properties and predicates of sentences from the Korean Building Act into a database known
as the ”logic meta database.” They identify each object and its related properties in accordance with the
Korean Building Act. A test server framework has been set up to ensure that this technique complies
with the most recent building permit legislation. Figure 2.3 shows the comparison between the rule-
making process of their logic-based system and the traditional method.

Figure 2.3: Comparison between the rule-making process of a logic-based system and the traditional
method Lee et al. [2016]

In Noardo et al. [2020c], they also provide a reference to formalize the regulation, through de�nitions
and rules designated as true for building permit inspections to translate regulations into codes that can
be used for building permit requirements. They both mapped the mechanisms between regulation-
speci�c objects/properties and those in standards (e.g. IFC, BIM , and other 3D city models) needed as
shown in �gure 2.4.

Figure 2.4: An example of mapping information to BIM model [Lee et al., 2016]
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2.3 3D City Model

2.3.1 Background of 3D city model

Biljecki et al. [2015] said that “A 3D city model is a representation of an urban environment with a three-
dimensional geometry of common urban objects and structures, with buildings as the most prominent
feature”.

The 3D city model needs to collect the information of various features in the city and then build the
model. In Suveg and Vosselman [2004]; Haala and Kada [2010]; Tomljenovic et al. [2015]; Blaschke
[2010], they used photogrammetry and laser scanning to build a 3D city model. You can also use existing
building models and city drawing data to build models [Donkers et al., 2016; Yin et al., 2008; Lewis
and Séquin, 1998]. Use extrusion from 2D footprints get applied in [Ledoux and Meijers, 2011; Arroyo
Ohori et al., 2015]. Besides the above methods, there are more other technologies together support the
construction of 3D city models. Extrusion from 2D footprints to get the 3D model was adopted in this
research. We get the footprint from BAG data source and get height information from 3D BAG data to
do extrusion.

3D city models are used in a wide range of applications. In Batty et al. [2001], Batty's team provide
a conceptual study on the use of 3D city models, focused on visualization and spatial planning. The
visualized virtual simulation of the 3D city model presents the real scene, which can observe the entire
city in a macroscopic view. It also supports various analysis functions based on visualization, which is
of great help to urban planning and urban construction. They have helped urban development in many
areas.

Ross's team offers a taxonomy of 3D use cases as well as a list of applications: (1) applications based
solely on geometry; (2) analyses based on geometry and semantic data; and (3) analyses based on
domain-speci�c extensions and external data [Ross, 2011].

3D city models have become useful for a variety of purposes other than visualization and urban plan-
ning, and they are used in a wide range of �elds. For instance, Sinning-Meister et al. [1996] investigate
the applications of 3D city models for CAAD-supported analysis and design of urban areas. Shiode
[2000] talks about digital mapping and rendering of urban environments in three dimensions. Ulm
[2010] studied satisfaction through sustainability using Virtual 3D City Models. Besides, Ahmed and
Sekar [2015] using volumetric analysis of 3D city model in everyday urban planning processes. Lem-
mens [2011] analyzed the 3D city model that can be used to calculate the sunlight and shadow of the
building.

From the above application scenarios, we can �nd that 3D city models are powerful tools for city-level
analysis, so they can be used in building permit inspections. In Guler and Yomralioglu [2021], they
proposed a framework including building permit procedures, 3D registration of condominium, and
update of 3D city model.

2.3.2 Representing and Exchanging 3D City Models

We need to provide a common description of the basic entities, attributes, and relations of a 3D city
model and store it in order to represent and exchange 3D city models [Kolbe, 2009]. Here, two main
open data models and exchange formats for storing and exchanging virtual 3D city models and their
extensions will be introduced.

CityGML

CityGML is an open data format for storing and exchanging virtual three-dimensional city models. For
various thematic areas, it includes a geometry model and a thematic model. It recursively decomposes
a city into semantic objects in CityGML 2.0.0. It describes the groups that are most commonly found
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in a city or an area. Each class in CityGML has �ve levels of detail, enabling practitioners to use ac-
ceptable city representations depending on the application [Gerhard Gr öger, Thomas H. Kolbe, Claus
Nagel, 2012; Ledoux et al., 2019]. The geometry of the objects is realized using a subset of the ISO
191073 geometry concepts [ISO, 2003]. It is possible to add new classes to the list, as well as de�ne
new attributes. Application domain extension ( ADE) is a method for accomplishing this, and it entails
developing new XML schemas that inherit from the CityGML schemas [Ledoux et al., 2019]. Figure 2.5
provides overview of the UML diagram for the core of CityGML. The public site of CityGML is available
at http://www.citygml.org/ .

Figure 2.5: Overview of the UML diagram for the core of CityGML [Gerhard Gr öger, Thomas H. Kolbe,
Claus Nagel, 2012]

CityJSON

A subset of the OGC CityGML data model is encoded in CityJSON, a JSON-based encoding (version
2.0.0). It speci�es how digital 3D models of cities and landscapes should be stored. A CityJSON �le
includes a CityJSON object, the type of which is always ”CityJSON,” and the minimum acceptable
CityJSON object must have the four elements listed below:

f
” type ” : ”CityJSON ” ,
” vers ion ” : ” 1 .0 ” ,
” C i tyOb jec ts ” : fg ,
” v e r t i c e s ” : [ ]

g

The value of the member ”CityObjects” is a set of key-value pairs, with the key being the object's ID and
the value being one City Object. A City Object's ID should be unique. For compression purposes, the
member ”vertice” holds a global collection of 3D vertex coordinates. The aim of CityJSON is to provide
an alternative to CityGML's GML encoding. It is built to be lightweight (with real-world datasets, it has
a compression factor of around six) and friendly for web and mobile growth. CityJSON strives to be easy
to use, both for reading and writing datasets. It was created with programmers in mind, allowing for
the rapid development of tools and Application Programming Interface ( API) to support it. Via the use
of a simpli�ed JSON encoding, CityJSON signi�cantly reduces the dif�culty of designing applications
for the CityGML data model. JSON is a basic data exchange format that many programming languages,
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