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3D City Models

● Functionality
○ Visualisation

○ Analysis 

and more…

● Applications 
○ Urban planning

○ Energy modeling

and more…

● Data Management

○ CityGML → OGC standard
■ Storage

■ Exchange

○ File encoding

■ E.g. XML, JSON (CityJSON)
○ Database encoding

■ E.g. SQL (3D City Database)

Photovoltaic suitability, Berlin 

Determining the impact of wind circulation 
with 3D city models, Sanchez (2017).
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Database encoding

3D City Models = Large amounts of data (usually)

Database functionalities:

● Dedicated resources (storage, processing)
● Easier queries of large data-sets
● Search, update, insert and delete operations
● Data structures (“native” index support)
● Organize and access data directly or via APIs

and more…
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File 
encoding

“3D City Database” (1/5)

● Open source software

● PostgreSQL (and Oracle)

● Supported by the “3DCityDB Importer/Exporter” 

tool and others

However!

● Indirect data usage

Editing tool File 
encoding

Export Import

Load Save

Database

Update/View/Analyze
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“3D City Database” (2/5)

Complicated direct data usage:

● 66 tables for 1 scenario (“citydb” schema) → 
Possibly multiple scenarios in the same database

● Attributes are split over multiple tables

● Complex geometry table structure

● Features do not conform to the “Simple Feature Model” 

(SFM)

Resulting in:

● Requiring complex queries,

● Overall difficult interaction with the database
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“3D City Database” (3/5)

Complicated direct data usage:

● 66 tables for 1 scenario (“citydb” schema) → Possibly 

multiple scenarios in the same database

● Attributes are split over multiple tables
● Complex geometry table structure

● Features do not conform to the “Simple Feature Model” 

(SFM)

Resulting in:

● Requiring complex queries,

● Overall difficult interaction with the database

CityObject

GenericAttributes

Building

ThematicSurface

SurfaceGeometry

AddressToBuilding

Address

ExternalReference

…
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“3D City Database” (4/5)

Complicated direct data usage:

● 66 tables for 1 scenario (“citydb” schema) → Possibly 

multiple scenarios in the same database

● Attributes are split over multiple tables

● Complex geometry table structure
● Features do not conform to the “Simple Feature Model” 

(SFM)

Resulting in:

● Requiring complex queries,

● Overall difficult interaction with the database

3DCityDB documentation - 3.2.3. Geometry schema

7



SFM layer example

“3D City Database” (5/5)

Complicated direct data usage:

● 66 tables for 1 scenario (“citydb” schema) → Possibly 

multiple scenarios in the same database

● Attributes are split over multiple tables

● Complex geometry table structure

● Features do not conform to the “Simple 
Feature Model” (SFM)

Resulting in:

● Requiring complex queries,

● Overall difficult interaction with the database
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Example query of building roofs constructed after 
the year 2014

Roofs after 2014
Roofs
Buildings
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Objective - Research questions

How to simplify user interaction with the 

3DCityDB in terms of: 

❖ Visualization in 2D/3D of multi-LoD 

geometries?

❖ Accessing and editing attributes (if 

user is allowed)?

In terms of implementation:

❖ How to create a bi-directional 

interface between QGIS GUI 

(front-end) and the 3DCityDB 

(back-end)?

❖ Can we “restructure” data in 

3DCityDB in order to conform to the 

SFM?
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Related work (1/3)

QGIS plugin: “3DCityDB Explorer” (08-03-2021)

Functionalities:

● Load data from database
● Update attributes
● Handles data size

Limitations:

● Loads ONLY the “Building” class of LOD2
● Updates ONLY the “genericAttribute” class
● Works only for the default “citydb” scenario
● Does not account for multiple users/privileges.
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Related work (2/3)

QGIS plugin: “3DCityDB Viewer” 
(16-06-2021)

Functionalities:

● Load data from database

Limitations:

● Loads ONLY the “Building” module (of all representations)
● ONLY the geometries of “Building” module classes are loaded.
● Works only for the default “citydb” scenario.
● Does not account for multiple users/privileges.
● Does not handle data size
● Confusing GUI (IMO)
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Related work (3/3)

QGIS plugin: “CityJSON Loader” (23-03-2021)

Functionalities:

● Load only CityJSON files
● Allow for multiple layer representations
● Allow use of standard color schema

Limitations:

● It is not possible to store updates back at the 
original file.

● Does not handle data size
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“3DCityDB-Loader”

Client-side

Assessment

Testing

Methodology (1/2): Requirements

Explore/discover requirements:

● Meetings with “TU Delft” and 
“VirtualCitySystems” supervisors

● Iterative process (4 iterations)

Primary requirements:

● “Data layers” able to interact with 
3DCityDB data

● Multi-user with different privileges 
(Read-only, Read-write)

● Allow multiple scenarios (“citydb” 
schema).

● Edit ONLY attributes, no geometries
● Deal with multi-LoD, multi-geometry 

representations
● Operate from a GUI (QGIS)

 

Supervisors

Supervisors

Me

Me

“qgis_pkg”

Server-side

Me
Supervisors
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Methodology (2/2): Design decisions

Server-side PostgreSQL: “qgis_pkg”

❏ Create and manage layers as:

views (for attributes) + materialized 

views (for 3D geometry) following the 

SFM.

❏ Manage users and privileges

❏ Include default users

❏ Manage multiple scenarios (“citydb” 

schemas)

Client-side QGIS: “3DCityDB-Loader”

● Manage database connections
● Manage “qgis_pkg” installation
● GUI-based layer creation and management
● GUI-based management of multiple 

scenarios (“citydb” schemas)
● GUI-based attribute editing via “attribute 

forms”
● Include CityGML generic attributes, 

enumerations and codelists.
● Set up relations
● Structure a hierarchical QGIS Table of 

Contents
● Apply standard colors per types of feature 

Joint iterative development
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“3DCityDB-Loader” 
Workflow

Connect

Install 
“Main” 

schema

Install 
“User” 

schema

Disconnect

Create 
User

Grant 
privileges

Connect

Select 
schema

Select 
extents

Select 
advanced 

options

Create 
layers

Refresh 
layers

Select 
extents

Select 
Feature 

Type

Select 
LoD

Select 
layers

Import 
layers

Disconnect
Administrator User

PostgreSQL
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“3DCityDB-Loader” GUI

Administrator User
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“3DCityDB-Loader” in practice (1/7)

“citydb” schemas
(scenarios)

“Main” schema

“User” schemas

Database administration example

Default users

Custom users

Aux. schemas
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“3DCityDB-Loader” in practice (2/7)

● Blue square: scenario extents (“citydb” schema 
in database - e.g. citydb_dutch)

● Red square: User-defined layer extents (layers 
in database) 

Use example as database regular user
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“3DCityDB-Loader” in practice (3/7)

Use example as database regular user
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“3DCityDB-Loader” in practice (4/7)

● Blue square: scenario extents (“citydb” 
schema in database - e.g. citydb_dutch)

● Red square: layer extents (layers in 
database) 

● Green square: User-defined layer extents 
(QGIS layers)

Use example as database regular user
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“3DCityDB-Loader” in practice (5/7)

Use example as database regular user
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“3DCityDB-Loader” in practice (6/7)

2D

3D

“3DCityDB-Loader”

Log Panel

AttributesToC
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“3DCityDB-Loader” in practice (7/7)

Attribute form
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Conclusions (1/5)

How to simplify user interaction with the 

3DCityDB in terms of: 

❖ Visualization in 2D/3D of multi-LoD 

geometries. ✅
❖ How to access attributes and edit 

them (if user is allowed)? ✅

In terms of implementation:

❖ How to create a bi-directional 

interface between QGIS GUI 

(front-end) and the 3DCityDB 

(back-end)? ✅
❖ Can we “restructure” data in 

3DCityDB in order to conform to the 

SFM? ✅
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Conclusions (2/5)

How to simplify user interaction with the 

3DCityDB in terms of: 

❖ Visualization in 2D/3D of multi-LoD 
geometries. ✅

❖ How to access attributes and edit them (if 

user is allowed)? ✅

Qgis2threejs
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Conclusions (3/5)

How to simplify user interaction with the 

3DCityDB in terms of: 

❖ Visualization in 2D/3D of multi-LoD 

geometries. ✅
❖ How to access attributes and edit 

them (if user is allowed)? ✅
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Conclusions (4/5)

In terms of implementation:

❖ How to create a bi-directional 
interface between QGIS GUI 
(front-end) and the 3DCityDB 
(back-end)? ✅

❖ Can we “restructure” data in 3DCityDB in 

order to conform to the SFM? ✅

  

“3DCityDB-Loader”
Layers

Semantic query Complex 
operations
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SFM layer example

Conclusions (5/5)

In terms of implementation:

❖ How to create a bi-directional interface 

between QGIS GUI (front-end) and the 

3DCityDB (back-end)? ✅
❖ Can we “restructure” data in the 

3DCityDB in order to conform to the 
SFM? ✅

CityObject

GenericAttributes

Building

ThematicSurface

SurfaceGeometry

Building
CityObject attrs. GeometryBuilding attrs.

GenericAttributes
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File 
encoding Editing tool File 

encoding

Export Import

Load Save

Update/View/Analyze

Database Database

Editing tool

“3DCityDB-Loader”

Update

View

Analyze

Setup

Connect

DirectIndirect
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Example query of building roofs constructed after 
the year 2014.

Roofs after 2014
Roofs
Buildings

Using vanilla 3DCityDB

*this queries all of the roofs stored in the database scenario.
The image shows only a small sub-area
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Example query of building roofs constructed after 
the year 2014.

Roofs after 2014
Roofs
Buildings

Using server-side of ”3DCityDB-Loader”

*this queries all of the generated roofs stored in the database 
scenario.
The image shows only a small sub-area
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Example query of building roofs constructed after 
the year 2014.

Roofs after 2014
Roofs
Buildings

*this queries all of the generated roofs stored in the 
database scenario.
The image shows only a small sub-area
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Limitations

● Not developed to insert or update geometries

● Custom users (along with privileges) currently can only be set outside of the GUI workflow

● No maximum size limit for layers (large datasets)

● Base-map tool to select extents by drawing a square on map is unavailable

● Potential issues with 3D visualization due (probably) to precision loss from projected 

coordinates
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3D Visualization issue
✅ 

Google earth 

(as KML)

✅ FME

QGIS
🆇
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Outlook

❏ Further testing with more and heterogeneous data-sets

❏ Add management of the CityGML “Appearances” class

❏ Collect more feedback from selected early adopters

❏ Explore and add new functionalities

(tracked in the project’s GitHub repository)
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Feedback from test
users
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Thank you for your attention!


