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Background
-Importance of building permit

Image sources:
https://images.app.goo.gl/GLPGnYGsTwjczUrd8

https://images.app.goo.gl/GLPGnYGsTwjczUrd8


Motivation

Building developer

Image sources:
https://images.app.goo.gl/uQP4fxxEbdMd3dbf9
https://images.app.goo.gl/GLPGnYGsTwjczUrd8
https://images.app.goo.gl/HMtUfhyG3J5SmmbBA

Consulting company

Documents in paper or PDF 
formats

Government officials

Low work efficiency

Big costs

Bring trouble for data 
management

Digitization and automation

https://images.app.goo.gl/uQP4fxxEbdMd3dbf9
https://images.app.goo.gl/GLPGnYGsTwjczUrd8


Related research & research gap

Building permit 3D city model Extensions of 3D 
city model

Research gap/challenges

Checked the building 
permit through GeoBIM
(Noardo et al., 2020c)

CityGML 
&

CityJSON

Urban planning CityGML ADE
(Ishimaru et al., 2020)

Noise CityJSON extension
(Dukai, 2018)

Some building context is not 
supported by the current 

buildingSMART

Specific urban planning applications 
are not yet available
Only a few applications at the 
moment



Solution

Scope

Use cases method : start with a few regulations and part of 
Rotterdam

Consulted the officials for ambiguous rules

Automatic building permits 
checks by means of 3D city 

models

Benefits: 

■ Improve work efficiency

■ Speed up the working process

■ Save costs

■ Better data management



Research Objective

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

the information
Store and extend 

information
Test the 3D city 

model-based tool 



Methodology

Interpretation and formalization of regulations
01

02

03

04

Build conceptual data model

Develop a program for automate the check process

Use cases



using 3D city models 
and its extensions to 

complete building permit 
checks, and develops
tools to automate the 

process

Aim:

Methodology 

Workflow



1. Interpretation and formalization of regulations

Purpose: Understand and translate regulations into rules/algorithms

A working process that can 
be applied on some basic 
regulations is proposed:



2.1 3D city model

  

CityGML         versus           CityJSON

3D city models are powerful tools for city-level analysis, 
so they can be used in building permit checks

Friendly to 
developers

Simplified encoding& 
Easy decoding 

Supported by many 
programming languages

More 
compact



2.2 Build conceptual data model

Purpose:  Build CityJSON data model and write CityJSON extensions to extends 
different City Objects

■ Add new attributes to existing 
City Objects

■ Create new City Objects and 
define their geometry

■ Add new attributes at the root 
of the document

1.Data pre-processing Convert source file into CityJSON file and 
extract data in Rotterdam

2. Conceptual model

3. Write schema of 
extensions and check 
validity

Classify all the City 
Objects

Existing 
objects

New 
objects

In Ledoux et al. (2019), 
three ways of extending 
the core data model are 
specified:



3. Develop a program for automate the check process

Using the PyQt module in python to develop a GUI program

design of the GUI program

● Create and organize icons, widgets 
that are displayed to users.

● Define the function that will handle 
user and application events.

● Associate specific user events with 
specific functions.

● Write the main code.



Use cases for regulations 

1. Selection of regulations

2. Interpretation of parking regulation

3. Formalization of parking regulation



Selection of regulations

Zoning plans, structural visions and general rules implemented in Rotterdam 
can be found on this website:  Ruimtelijke plannen

https://www.ruimtelijkeplannen.nl/


Selection of regulations

In Rotterdam, the municipality government announced a policy regulation on
parking standards for bicycles and cars based on different building functions. 

Image source：https://www.pexels.com/zh-cn/photo/753876/



Interpretation of parking regulation



Formalization of parking regulation

Image 
source：https://www.pexels.com/zh-cn/ph

oto/2462015/



Implementation 

● Tools and Datasets Used

● Overview of experiments
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Datasets

■ viewing and pre-processing of data

■ JSON schema validator

■ Coding

■ 3d visualization: Cesium-cityjson

Software and tools

■ Basisregistratie Adressen en 
Gebouwen (BAG)

■ 3D BAG - (height information)

■ OSM - (buildings with 
different functional 
attributes)

Cjio Val3dity

Hardware
MSI Codex S 8RA-003XEU - Gaming Desktop

Intel Core i5 processor at 2,8 GHz
8 GB of RAM

240 GB of SSD memory 



Implementation



Data pre-processing and input 

1. Obtain information from datasets

2. Georeferencing the digital version of the 
zone classification map

3. Create new building datasets

4. Query OSM data (transportaion)

5. Extract test area
 

6. Buffer analysis on transportation

   



Obtain information from datasets



Georeferencing the digital version of the zone classification map



Create new datasets 



Create new datasets & Query OSM data



Implementation - test area



Buffer analysis on transportation

This analysis is based on the special exemptions from the parking requirement in 
the regulation. 

1. Get the layer which contains tram/metro/train station

2. Using the criteria to do the buffer analysis on those facilities to get the 
discount factor (0-400m;400-800m;800-1200m)

3. Overlap the two layers (join the attribute of discount factor to new 
buildings)



Buffer analysis 



Buffer analysis on transportation



Bicycle parking regulation 



Car parking regulation 



Validation and Evaluation



GUI program application



Results and 
Discussion
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■ Formalization of the chosen regulation (parking standard of Rotterdam)
■ Georeferencing the digital zoning map & Buffer analysis on transportation

■ The developed CityJSON extension and the extension schema

■ Results in CityJSON file (building permit checking results of new buildings 
and old buildings )

■ Specification of the CityJSON extension model/Guidelines to users

■ A GUI program tool to automate the checking process

Overview of results 



Building permit checks of old buildings (only for test)



Building permit checks of new buildings
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The developed CityJSON extension
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The developed CityJSON extension
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The developed CityJSON extension
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Store the regulation in data model and write specification for it

The developed CityJSON extension



Schema and its validation

The developed CityJSON extension



How to use it?
Tool performace

Input:
A buffer map we provided 
(transportation buffer analysis 
of Rotterdam)

new building (geojson file)

Output:
A CityJSON file which contain 
the results

https://docs.google.com/file/d/1lXvOH4UyfjX3dM2HCjV5GzzRbbC7Gpfu/preview
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Discussion

 Limitation

■ The automation of the inspection process needs to be improved 
(Running speed and ability)

■ Fewer data sources and fewer test datasets (especially new

Buildings）

■ The shape and structure of new buildings is simplified (need the 
model of the new building from the construction developer, which 
can be in BIM format or 3D model format)
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Discussion

 Contribution and application

■ Construct a 3D city model in form of CityJSON extension

■ Test the whole workflow with use case regulation and design a GUI 
program tool

■ Improved from previous work

■ Can be applied in other cases

● Extends the scope 
● New datasets for test
● Better interoperability than BIM

● Use of CityJSON extension to 
extend the 3d city model

● Provides convenience for 
analysis and data processing 

Checked the building permit 
through GeoBIM

 (Noardo et al., 2020c)

Urban planning CityGML ADE
(Ishimaru et al., 2020)



Application



Conclusion
● Overview of research

● Future work



Research Objective

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

the information
Store and extend 

information
Test the 3D city 

model-based tool

Conclusion

Interpretation and 
formalization of 
the regulation

Constructed a 3D model 
based on CityJSON and 

extensions

 User case method on 
parking regulations



Future work

Applied to more cases (other 
regulations and cities)     

■ Other regulations (e.g 
environmental aspect)

■ expand the test area
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Improve the construction of 3D data 
model  

■ Test on the consistency and 
stability

■ Data visualization improvement

Improve the performance of the tool     

■ More powerful computer machine
■ Improve the code
■ Better pre-processing of the data
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