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And you?
Name, experience and interest in 3D modelling



Course contents

• How is the built environment modelled in 3D? 

• Fundamentals / concepts 

• Data models and data structures 

• Guest lecture: reconstructing a city in LoD2 

• Applications



New-ish course

• Continuous improvements 

• 2020: Entirely new contents 

• 2022: 3D book 

• 2024: More info: Minkowski sum, new lesson 

• Feedback is appreciated!



Prerequisites

• GEO1000 or knowledge of scripting/programming (in any language) 

• GEO1002 or basic knowledge of (2D) GIS 

• Optional: GEO1015 (Q2) covers complementary topics (2.5D vs 3D)



Blended learning

Beginning of contact hours: 

1. Short lectures, demos, discussion 

2. Hw intro, hw/exam feedback 

3. Discuss hw progress, common 
issues

Rest of contact hours + your own 
time: 

1. Answering questions, help with 
hw assignments 

2. Study materials 

3. Work on hw assignments



Contact hours?

• Per week:  

• Monday & Wednesday (13:45 - 15:30) - with ~1h of content + ~1h of help 

• Friday (10:45 - 12:30) - 2h of help 

• Note: different classrooms! (check schedule) 

• At other times, you can still ask questions on Discord. We might just take longer to 
answer.



Friday help sessions

Help with C++ setup and 
assignments 

Fridays 10:45 - 12:30 

GeolabHidemichi Baba

student 
assistant



How to make the most of it

1. Keep up with the course schedule 

2. Study (or at least skim) lessons in advance 

3. If you have any doubts, ask questions 

4. Make sure you can answer questions (at the end of book chapters) 

5. Optional: read one or two external sources (in notes in each chapter) 

6. Spend more time on assignments than on lessons



Lessons
• 1.2: Intro [K] 

• 2.1: B-rep [K] 

• 2.2: 3D DT / Voronoi [H] 

• 3.2: Voxels [K] 

• 4.1: ISO 19107 [H] 

• 4.2: 3D city models [H] 

• 5.1: MAT [K] 

• 5.2: Curves [K] 

• 6.1: CSG [K] 

• 6.2: BIM [K] 

• 7.1: LoD2 reconstruction [R] 

• 7.2: G-maps / c-maps [K] 

• 8.2: Applications [K]



Assignments
• Programming tasks using C++ and open source libraries 

• 10% hw1, 20% hw2 and hw3 

• 0: C++ preparation (no deadline / not marked) 

• 1: Simple polyhedron processing (May 12) -> available from Monday 

• 2: Creating a 3D city model from public datasets (May 28) -> available in week 4 

• 3: BIM processing (June 13) -> available in week 6



Two exams (in person)

• Mid-term 

• Lessons 1.2 - 4.2 

• May 21 

• 5% of final mark

• Final 

• All lessons 

• June 23 @ 9:00 

• 45% of final mark

• Weighted average of 50% to pass the course



External help, plagiarism and AI
• You are welcome to use external help or AI assistants (eg ChatGPT, DeepSeek or Gemini), but in 

your final submission: 

• all significant parts of the work that you submit must be done by you, and 

• how you use form of external help is documented and acknowledged in the submission. 

• If significant work not done by you… 

• and it is acknowledged: penalty on mark 

• but it is not acknowledged: considered as plagiarism with disciplinary action. 

• How we check? by asking you to explain any part of code or report



External help, plagiarism and AI
• Examples of good prompts: 

• How do I compute a normal 
vector? 

• What is the difference between a 
surface and a polygon? 

• How do I write to a file in C++? 

• How do I use the function …? 

• How do I fix the error …?

• What should the sections of my 
report be? 

• What are some interesting plots 
I can include in my assignment 
about …? 

• Rephrase this paragraph in a 
clearer way: …



Resits

• One resit for both exams together (50%) 

• One resit per assignment (mostly likely redo of assignment with modified tasks) 

• July 14 @ 9:00



Course website

• No Brightspace! 

• Everything is here: https://3d.bk.tudelft.nl/courses/geo1004/



Questions?

• In person during contact hours or Discord anytime: 

• Don’t hesitate to ask! General software/programming questions are fine too 

• If possible, use geo1004 channel -> everyone can benefit from answers 

• E-mail or Discord DM for personal matters



Introduction to 3D modelling of the 
built environment



Introduction to 3D modelling of the 
built environment



3D modelling of the built environment

• creation of 3D representations 

• …of anything, real world or not 

• …for animation, films, video games, 
industrial design, etc.

• focus on representations and 
techniques that are useful 

• …for real-world objects and fields 

• …in applications within geomatics 
and related fields



Why 3D?



ISPRS Int. J. Geo-Inf. 2015, 4 2843

1. Introduction

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 [1–4]. A typical
3D city model is derived from various acquisition techniques, for instance, photogrammetry and laser
scanning [5–8], extrusion from 2D footprints [9,10], synthetic aperture radar [11–15], architectural
models and drawings [16–18], handheld devices [19,20], procedural modelling [21–26], and volunteered
geoinformation [27–29]. Seemingly, visualisation dominated the early uses of 3D city models. However,
as the technology developed, 3D city models have become valuable for several purposes beyond
visualisation, and are utilised in a large number of domains [30–35] (Figure 1). Such diversity and
the increasing number of applications render it difficult to keep track of the utilisation possibilities of
3D city models. It appears that, despite the near-ubiquitousness of 3D city models, a comprehensive
inventory of 3D applications does not exist (examples of previous efforts are presented in Section 2).
Because each 3D application requires its own specific 3D data, a comprehensive inventory can help
linking the requirements to specific applications. Contributing to these efforts, as we do in this paper,
helps identifying the requirements emerging across domains to generate 3D data that is fit-for-purpose.
Such an inventory also provides a reference for user testing, thus contributes to identifying the eventual
understanding of the models’ fitness-for-use.

Figure 1. 3D city models may be applied in a multitude of application domains for
environmental simulations and decision support.

In Section 3 we present the methodology of our survey, and discuss barriers we encountered. It is
important to note that throughout this manuscript, we focus on the state of the art regarding the utilisation
of 3D city models; however, we also use the terms 3D GIS and 3D geoinformation when the context
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Other applications

• Visualisation (eg for gaming, tourism, navigation, etc) 

• Energy demand estimation (and potential for retrofitting) 

• Computational fluid dynamics (eg for wind speeds, air quality, effects on buildings, etc) 

• Shadow casting (eg for building permits, visibility analysis, improving energy demand/
solar potential calculations, etc)



Some nice recent-ish results



Property valuation

 

 
Figure 11. From CityGML to CityJSON results 

 
The second phase involves merging the output files from both 
the IFC2CityJSON and CityGML2CityJSON processes using 
the "cjio" tool. This consolidation results in a single output file 
that contains the indoor daylight data, facilitating the creation of 
the extension data file that aligns with the extension 
requirements. 
 
The final step includes the implementation of the indoor 
daylight extension, which is constructed based on the CityJSON 
output generated during the processing phase. This extension, 
incorporating indoor daylight and daylight quality as new 
attributes, is enriched with semantic and geometric data. The 
results are visualized using Ninja visualization software, as 
shown in Figure 12. Subsequently, the data and schema model 
codes undergo validation on an online platform for syntax and 
schema compliance. The results are edited to ensure validity. 
 

Figure 12. Data integrability results for indoor daylight test.  
 

5. Conclusion 

Modeling and integrating data for 3D property valuation is an 
active area of research. Within this article, we have navigated 
through the intricacies of it within the context of CityGML and 
Industry Foundation Classes (IFC) integration. 
 
Our methodology encompasses the conceptualization, design, 
and development of the model, extending CityGML 3.0 

enriched by IFC data. Despite encountering challenges in data 
integrability, highlighted by our exploration of the CityJSON 
standard, we persist in our pursuit of precision and specificity, 
developing independent ADE data models for each specific use 
case to ensure accuracy across diverse valuation scenarios. 
 
By categorizing requirements into indoor and outdoor variables, 
we showcase the model's versatility and applicability, grounded 
in a modular structure that extends CityGML 3.0. This structure 
introduces the innovative concept of the "Property Unit" and its 
intricate connections to indoor and outdoor variables, ensuring 
flexibility and adaptability across valuation scenarios. 
 
While progress has been made, challenges in data integrability 
persist. We remain committed to overcoming these obstacles, 
exploring alternative data formats like CityJSON. In our future 
work, we aim to extend the model to incorporate outdoor and 
interactive variables, alongside an official GitHub release and 
the development of an API platform.  
 
Through a preliminary implementation using CityJSON, we 
have demonstrated successful integration. Future works also 
include polishing the implementation, uploading the extension 
to an official repository, and developing an essential API 
platform, which will facilitate the practical usability and 
scalability of the developed model. 
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Importing 3D city models into Revit
Figure 1: 3D City Model of Southampton,

England created via CityJSON im-
porter plugin

Figure 2: Visualization and selected geom-
etry information from Southamp-
ton City Model in Autodesk Revit
Software

within the BIM environment. This gran-
ularity enables more precise analysis and
evaluation of how each specific element in
the BIMmodel interacts with the surround-
ing environment. In addition, it allows for
easier isolation and manipulation during
analysis. Users can focus on specific ele-
ments, make adjustments, and explore vari-
ous scenarios, fostering a more flexible and
detailed examination of the BIM model’s
influence on the surrounding context.

The plugin’s advancements in directly in-
corporating 3D Geo-data encoded in CityJ-
SON into Autodesk Revit, rather than con-
verting it to IFC for import offers a more
streamlined workflow by eliminating the
need for an intermediate format conver-
sion. This direct integration saves time and
reduces complexities associated with data
transformation and data loss of workflows
that can read IFC files but that cannot im-
plement customised choices. In addition,
the plugin offers a specialized solution tai-

lored explicitly forAutodeskRevit, optimiz-
ing the integration process and ensuring
compatibility with Revit’s features and ca-
pabilities. This targeted approach provides
a more efficient and effective solution for
Revit users compared to the more generic
IFC-based method.

Based on a CityJSON file’s coordinate ref-
erencing system (CRS) and metadata, the
plugin reprojects and translates imported
data fromCityJSONfile for implementation
within the Autodesk Revit environment.

This paper starts with a description of re-
latedwork. Then the challenges that needed
to be addressed for the development of the
plugin are described. We finalise the paper
with conclusions and future work.

2 RelatedWorks

The integration of 3D geoinformation with
Building Information Models (BIM) in the
context of GeoBIM has been a subject
of considerable research and development.
Numerous studies have explored different
approaches to achieve seamless interoper-
ability between these distinct models. In
this section, we review some of the relevant
related work in the field of GeoBIM and
data integration, upon which our plugin is
built.

2.1 GeoBIM Integration Tools
Evaluation

Noardo et al. [1] conducted a bench-
mark study on tools for GeoBIM integra-
tion, focusing on IFC (Industry Founda-
tion Classes) georeferencing and conver-
sions. The study evaluated various tools for
importing 3D city models into BIM plat-
forms, including methods for georeferenc-
ing and transforming spatial data. The au-
thors highlighted the importance of harmo-
nizing different data models and discussed
the challenges and opportunities in achiev-
ing efficient GeoBIM integration.

3



3D metrics to characterise neighbourhoods

diverse building forms. As input data (3D city models), we used 3D BAG,8 an up-
to-date open dataset containing 3D building models of the whole of the Netherlands
(Peters et al. 2022). It contains 3D buildings at multiple LoDs, which are generated by
combining a point cloud with building footprints. The 3D BAG was selected to test
our implementation due to the open availability of the data, the vast geographic
scope that it covers, the various LoDs, and the relatively low level of geometric errors
in the data (as confirmed by Dukai et al. (2021) with the tool developed by
Ledoux (2018)).

The result is a series of 2D and 3D metrics for each of the 823,000 buildings in the
study area containing the four cities. We ran the full analysis with LoD1 and LoD2
data as well as the Boolean comparison between LoD1 and LoD2. We release our
work as open data under the licence CC BY 4.0. Our resulting dataset is available at
https://doi.org/10.7910/DVN/6QCRRF. The data is released as a set of CSV files, one for
each LoD.

The content of the dataset will be showcased in the subsequent sections in tabular
and visual ways, and also as part of two use cases in which we demonstrate the usability
of the metrics. Figure 5 gives insight into the generated dataset. The building-level metrics
(e.g. see the ones in Figure 1, which have been computed using our tool) have been
aggregated at the government administrative level (i.e. the generated dataset was associ-
ated with a government instance (neighbourhood area))—it shows two statistical measures
of an aggregation of one of the metrics, aiding in understanding the spatial distribution of
the building form of a city, i.e. central tendency and and dispersion in each area.

5. Data analysis

5.1. Errors

3D calculations are not trivial and errors can occur for two main reasons. First, the
input data can have geometric errors that were introduced during data creation.

Figure 5. The 3D urban form of a city. Aggregations of one of the 3D metrics (hemisphericality) at
the level of the administrative neighbourhoods (buurt) of the municipality of Amsterdam—mean
as a measure of central tendency (left); and another one (standard deviation) indicating its disper-
sion within each area (right). The maps highlight the difference between the historical city centre
with the well-known canal houses (ranking low on the hemisphericality index) and the newer
neighbourhoods. The administrative boundaries and the basemap are courtesy of Statistics
Netherlands, Stamen, and OpenStreetMap contributors.

INTERNATIONAL JOURNAL OF GEOGRAPHICAL INFORMATION SCIENCE 47



Applying versioning to 3D city models

main

lod/1

lod/2

(a)

main

lod/1

lod/2

(b)

lod/1

lod/2

main

(c)

Figure 4. Evolution of the repo using our methodology. In (a),
after the repo is created, the main branch contains the initial

commit with geometry-less city objects and the LoD branches
derive from the initial commit contain the respective geometries.

In (b), a new commit is introduced in main containing the
updated semantics of the model. Finally, in (c) a merge occurs

towards every lod branch to update them with the semantic
changes.

Figure 5. Example of the hierarchy of two buildings from a 3D
BAG tile, as shown in ninja (https://ninja.cityjson.org).

Object NL.IMBAG.Pand.0355100000734847 contains only
one volume, while NL.IMBAG.Pand.0355100000735006

contains two.

4.1 Initializing the dataset

To prepare the data we used cjio to create individual files: one
without geometries, and one for every other LoD. We initial-
ized a repo using cjv (our prototype software described in Sec-
tion 2.3.1) and committed the file without geometries. Then, we
created one branch for every LoD and committed every filtered
file to the respective branch.

4.2 Updating the model

To test the update of one attribute we updated one property of
a city object in the geometry-less file and committed it to main.
Then, we merged the respective change to every branch. Fig-
ure 6 shows the output of the history from cjv and the diff that
was created by the merge. We finally extracted the updated
LoD0 model by checking out lod/0 and inspected it in ninja,
so we validated that the change has actually applied.

We also tested the effect of updating a geometry, by altering
one vertex in the LoD2.2 geometry of an object then merging

(a) The history of main and lod/0.

(b) The diff shown by cjv on the lod/0 branch after the change from main
was merged.

Figure 6. The status of the repo after updating an attribute in main 
and merging the change to lod/0.

main with the updated attribute. Figure 7 shows the history of 
lod/2-2 after this operation is completed.

4.3 Extracting multiple LoDs

To test the extraction of multiple LoDs we decided to export a 
CityJSON file containing LoD0 and LoD2.2 geometries. We 
first created a branch named multilod/0/2-2 based on lod/0. 
Then we merged lod/2-2 to multilod/0/2-2. Finally, we 
checked out multilod/0/2-2 to a CityJSON file and inspec-
ted its content with ninja. Figure 8 shows the resulting model 
containing just the two LoDs.

5. DISCUSSION

From our experimentation we concluded that cjv, despite be-
ing just a prototype, has been proven quite reliable and relat-
ively straightforward to use, in order for the proposed work-
flow to be applied. We believe that this highlights the robust-
ness of the versioning solution, which can be attributed to its 
simplicity. The data structure that is designed to work on ver-
sions and branches, as inspired by Git, is hard to break as there 
are no redundancies in the model; and Git, using a similar data 
structure, has been used successfully in large source codebases 
which share similar characteristics to large geographic datasets.

As mentioned before, certain functionality had to be implemen-
ted in cjv to support the proposed workflow. Most notably, a 
more comprehensive diffing and merging mechanism had to be 
put in place, so that changes between attributes and geometries 
conducted in different branches would not raise a conflict and 
could be handled by the system itself.

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-4/W4-2022 
17th 3D GeoInfo Conference, 19–21 October 2022, Sydney, Australia

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-4-W4-2022-177-2022 | © Author(s) 2022. CC BY 4.0 License.
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Calculations for building permits(a) Detecting the parcel of the building

(b) Detecting the adjacent roads to the parcel

(c) Simplifying a floor into its OBB

Roa
d 1

Roa
d 2

Ground Floor footprint
Parcel limit
Roads

Check each side of the floor

Get the normal of the side’s face
  originating from the centroid of
  the OBB

Check if normal intersects with
  an adjacent road

If normal intersects, get
  overhang from side to
  ground floor

(d) Checking if a side overhangs over a road - case that does overhang

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIII-B4-2022 
XXIV ISPRS Congress (2022 edition), 6–11 June 2022, Nice, France

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIII-B4-2022-529-2022 | © Author(s) 2022. CC BY 4.0 License.
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Homework 0 intro



Lesson 1.1 (intro)

• More of a glossary than a lesson. Read to know some important concepts and revisit it 
if you have doubts later in the course. 

• Concepts behind the 3D modelling of the built environment: 

• Different ways to conceptualise 3D modelling process (abstractions vs. chain) 

• Geometry, topology and semantics: links to branches of mathematics 

• Objects vs. fields 

• Data models and data structures



What to do next?

1. Today: 

• Homework 0 (install required software for C++ assignments) 

• Go to geo1004 website and study today’s lesson (3D book Chapter 1) 

• If you have extra time, study Monday’s lesson (3D book Chapter 2) 

2. Monday: short lecture on b-rep, intro to homework 1 and help with any questions 
about this week’s lessons or C++ installation



https://3d.bk.tudelft.nl/courses/geo1004 

https://3d.bk.tudelft.nl/courses/geo1004
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