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abstract: Application of 3D models in urban planning practice is still limited to visualization of existing or newly designed situations. Municipalities are looking for possibilities to
communicate the transition process of the urban development area with the citizens. A
prototype system was developed to investigate what the technical requirements are of
such a tool and what the organizational consequences will be. As an example, screenshots
are shown of a district in Eindhoven at different moments in time. Finally, recommendations are given on what is needed to turn the prototype into a professional tool.
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résumé : L’application de modèles 3D à la pratique d’urbanisme demeure limitée à la visualisation de situations existantes ou nouvellement conçues. Les municipalités cherchent des
possibilités de communication du processus de transitions des zones de développement urbain
aux citoyens. Un prototype a été développé pour explorer quelles sont les exigences techniques
d’un tel outil et quelles en seront les conséquences organisationnelles. À titre d’exemple, des
images d’un quartier de Eindhoven sont montrées à différents moments. Finalement, des
recommandations sont données sur ce qu’il faudrait faire pour que le prototype devienne un
outil professionnel.
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1. Introduction

Geographical Information Systems (GIS) gradually develop from plan analyses
tools into plan design tools. Plan developers embrace this new functionality to
improve the communication about plans with stakeholders in de decision
process such as politicians, architects and inhabitants (Dokonal 2008; Nakapan
and Yindeeyoungyeon 2008) . Traditionally plan developers prepare their plans
as 2D sketches and drawings accompanied by text documents that contain the
detailed information and the motivation. After formal approval the urban
designer develops these rather abstract plans into spatial models. A smooth
interaction between these two phases is hampered by organizational and technical restrictions (Ryan and Donn 2006; Borsboom-van Beurden et al. 2006).
Recently governments demand more interaction between municipalities
and citizens on urban development or renovation plans through the use of
internet technology. Traditionally discussions about new plans take place at
meetings between members of the municipality and the citizens on location.
These meetings aim at getting support for the new plans, but the influence of
the citizens is usually limited, because the plans are already in their final stage.
Internet technology opens up the possibility to involve citizens more directly
and at an earlier stage.
For the municipality in Eindhoven (the Netherlands) a prototype system
was developed to investigate the possibilities of today’s GIS software for 3D
dynamic plan visualization. Usually, changes are visualized in 3D GIS systems
by replacement of one model by the other (Kaga and Sugawara 2008). However,
in this research we aimed at developing a real-time visualization of the state at
any moment in time.
2. PROJECT AIMS AND EXPECTATIONS

The municipality of Eindhoven owns and maintains an extensive database with
geographical data that are used for urban design and analyses. Up to now these
data are primarily 2D. For a specific urban area the correctness and consistency
of temporal data is very diverse depending on when these data were updated.
Only a small part of the geographical data are public because of privacy and
legal issues. Like many municipalities Eindhoven also experiments with 3D
models in Google earth mainly for public relations services.
The department of civil development was not satisfied with the traditional
way of developing new urban plans because it has a very technical approach
mainly oriented on the internal experts. Moreover the transition processes
from existing situation to the new desired situation is often very complex and
the spatial and social consequences are hard to interpret from the textual and
graphical descriptions. The officers of the department of civil development felt
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that the application of 3D models could help to overcome these problems.
There were some commercial tools available for this purpose but they were
very expensive and did not meet there needs. Although there was a strong belief
about the usefulness of such a tool, it turned out very hard for them to express
the exact functionality. Therefore it was decided to do a pilot study with a few
members of the department. In this pilot study through rapid prototype development a better description of the required functionality should be obtained.
After the pilot study the department officers should be able to decide whether
this is a feasible new urban plan development approach, and if so, what the
functional and technical requirements of such a system are. With the software
descriptions, implementation within the Geographical Information System of
the municipality is then only a financial and organizational issue.
Initially the following aims of the 3D plan modeling and visualization tool
were formulated:
•
•
•
•

Dynamic presentation of transition scenarios in urban areas
Presentation of new plans inside and outside the department
Discussion about the plans inside and outside the department
Decision-making support on different plans and transition scenarios

For the pilot study a district in Eindhoven named ‘Stratums Peil’ was
selected. For this district recently new plan was under development, which
means that part of this new plan was documented in the traditional way in
reports with data and drawings, and part if this still remained in the heads of
the urban planners and designers. In cooperation with the employees that
worked on these plans the new prototype tool was developed and fed with data
about the existing situation and the desired new situation.
1. The following deliverables on the pilot study were agreed upon:
2. A prototype tool for dynamic visualization of urban area transitions
3. Application of the tool for the Stratums Peil district
4. A report on maintenance of the 3D model
5. A report on software implementation
3. FORMAL DESCRIPTION OF A URBAN DEVELOPMENT PLAN

The description of the urban development model is split in two parts, namely:
the development plan structure and the development plan dynamics.
3.1. Development plan structure

In the department there was no existing data structure for a district plan. Of
course there is a common understanding of was a district plan is but for a
computer implementation an explicit formal description is needed. After dis-
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cussions with the department members the following data structure was drawn
up:
figure 1. data structure

In the data structure the following data elements are identified:
Function: A function is a service that is offered to the citizens like: healthcare, library, etc. A function is not necessary restricted to one building. Therefore it is it included as a separate class in the diagram. For example, in the
district area several instances of the function ‘teaching’ can exist. Each of these
instances can be accommodated by one or more buildings. A function is visualized by an icon that is hovering above the object. Clicking this icon will show
additional information.
Building: A building is a physical object that exists on a certain location in
the area. This means that when a building is demolished at a certain location
and a new building is constructed at that location, we are dealing with two
buildings. A building can consist of different sub-buildings, for instance in case
of row housing. A complete building block can be demolished or constructed
in this way. A building is visualized by 3D geometry and textures.
Area: An area is a part of the plan that is under development. In principle
this can be anything, but this data element is mostly used for roads. An area is
visualized as a shaded polygon.
User: A user is a person, a group or an organization that implements a
function (e.g. school board). Information about a user is included in the information balloon the is shown when clicking the function icon.
Owner: The owner is a building is the person or institution whose property
it is. A building can have more than one owner. Information about a owner is
included in the information balloon the is shown when clicking the function
icon.
The relation between the data elements (classes) are in all cases many to
many relations. Only the Area has no relation to any other element.

CAAD Futures 2009_compile.indd 730

27/05/09 10:47:11

Dynamic plan modelling and visualization

731

3.2. Development plan dymnamics

Even more challenging than the definition of the data structure is the definition
of the dynamics. Transitions take place in time to change the original state of
the urban area into the desired state. The changes are the outcome of actions
that are undertaken. The actions and the resulting changes need to be visualized
in the 3D model. For most actions a start date and end date needs to be specified. Obviously actions refer the related elements in the data structure (See
Figure 1). Some actions require additional information for positioning geometry or images or 3D space, namely fences around buildings and place markers
for function icons. Following, each of these actions discussed and how the
changes are visualized.
Construction: The construction of a building is visualized by raising the
building through the ground plane and by adding a green fence around the
construction site. Construction is executed from a start date to an end date
within the development plan timeframe.
Development: The development of a area, such as a road is visualized by a
shaded polygon with an icon for additional information. The shaded polygon
becomes transparent when the development is finished.
Demolish: Demolishing a building means that all relations with function
and owner are deleted. Demolishing is visualized by lowering the building
through the ground plane and adding a red fence around the building during
this period.
Reconstruction: A building is reconstructed to fulfill new functions. Reconstruction is visualized by adding a yellow fence around the building.
Invoke: Invocation of a function in the building. A new function is visualized by showing the function icon.
Clear: Clearance a function from a building. Deleting a function is visualized by removal of the function icon.
Move: Movement of a function from one building to another building. The
movement is visualized by an arrow from the old place mark of the function
to the new place mark. The icon is shown during the whole movement
period.
Join: Join removes old functions and replaces them by one new function
in one operation. Join must be used in conjunction with Move. This means that
first the functions are moved to a new building and then they are joined
together.
Split: Splitting one function into several new functions. This is the reverse
operation of join.
Execute: The user starts executing the function. This action has no visualization, but the related data are show by clicking on the accompanying icon.
Quit: A user quits executing the function. This is the reverse operation of
execute.
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Invest: A new owner has bought the building. This action has no visualization, but the related data are show by clicking on the accompanying icon.
Divest: The owner sells the building. This action has no visualization, but
the related data are show in the accompanying icon.
With the preceding actions a development plan can be constructed. Initially
the start and end date for the plan must be set. Within this area all relations
must be set between the elements of the data structure (See Figure 1) that are
part of the area. Setting relations is implemented through the Invest, Invoke
and Construct actions. For all transitions that are part of the development plan
during a specific period, all the previous described actions are used.
4. IMPLEMENTATION OF DYNAMIC PLAN MODEL

For the visualization of the dynamic plan model Google Earth is used. In this
section we describe the required input to generate the Google Earth input files,
namely kml files and kmz files. A program is written in Java that reads the input
files en generates a Google Earth input file. We discuss here only the most
important files.
4.1. Environment files

These are the kmz files the constitute the surroundings of the development
area. These files contain the 3D models of all the buildings and other objects
that will not change during the development period. These kmz files can easily
be created with SketchUp.
4.2. Models files

Kmz files containing 3D models that are part of a construction action or a
demolish action.
4.3. Geographical files

These files contain the geographical information for visualization excluding
the 3D models of the buildings. This is the geographical information of the
place marks, of the polygons for the development areas and the location of the
fences. These data are edited directly in Google earth. The link between these
features and the plan is maintained by naming convention.
4.4. Development file

This file contains all the information about the dynamics of the plan. Obviously
it is strongly related to the model files and to the geometry files.
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Development file is writing in XML. The main structure of this file is shown
in Figure 2.
figure 2. xml schema: plan elements.

Figure 2 and 3 are graphical representations of the XMLSchema [http://
www.w3.org/XML/Schema] of the plan. The plan element contains the definitions of the buildings, functions, users, owners and area’s as discussed in Section
3.1. These can be referenced from the actions by referencing the IDs using the
url attribute. The next part of the plan is the init section, containing the invest,
invoke and construct actions, that defines the status quo. The actions section
contains the actions that describe the dynamics. The actions contained in the
init and the actions section are defined by the actionType and are discussed in
Section 3.2. ActionType defines the general structure of an action, but depending on the action type, only a subset of its elements will be relevant.
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figure 3. xml schema: action elements.

During the processing a doc.kml file is created that references all kml, kmz,
icon, images, models, template, geographical, development, and styles files
directly or indirectly. The doc.kml file is the main input file for Google Earth.
5. VISUALIZATION

After opening the doc.kml file/ with Google Earth the screen below will pop
up (see Figure 4).
figure 4. google earth opening screen with icons.
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In this screen we zoom in on the district area Stratums Peil in its current
state, and we can notice the icons that represent specific functions in the buildings underneath.
figure 5. 3d models and balloon text.

In Figure 5 we changed view point to get a perspective view of the district.
From the image one can see the difference between the flat houses in the
aerial photo and the 3D models of the building that were inserted. One of the
function icons that is hanging over a building has been clicked, which makes
the balloon pop up containing additional data about that building.
figure 6. time slider bar (left from compass).
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Figure 6 shows the district at the start of the development period, namely
1 January 2008. On the top of the screen, left from the Google compass, a time
slider bar is visible. Dragging the time line that corresponds to a specific date
over the slider bar will visibly change the state of the district. In the screen
textured and non-textured buildings are visible. Most of the buildings were
created especially for this project in Google Earth. These are the row houses
with simple geometry and textures in Figure 6. For other buildings 3D models
were used that were provided by the architectural offices. These models did not
have textures and are visible as white buildings in Figure 6. In general, models
provided by architectural offices were not suited for visualization in Google
Earth and thereby causing performance problems.
figure 7. red (dark in grayscale) fences appear when building are demolished.

On 30 March 2009 old buildings are demolished surrounded by red (dark
in grayscale) fences and new buildings are constructed, surrounded by green
fences. While slightly move the time line around this date, the construction
and demolishing activity is visualized by raising respectively lowering the
building through the ground plane (see Figure 7). The white building blocks
in front are already finished. These models were provided by the architect.
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figure 8. arrows appear when functions are moved to another building.

On 20 September 2010 functions will be moved from one building to
another. Function movement is visualized by arcs pointing from the old building to the new one (see Figure 8). At the top of the arc an arrow symbol in
visualized. Clicking the arrow symbol will pop up a balloon text with additional
information about the movement. The thick red (dark in grayscale) lines represent roads that are under construction and thus not accessible.
figure 9. red (dark in grayscale) bands appear when roads are under development.
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The final state on 1 Aug 2013 is presented in Figure 9. The transitions have
ended and all citizens in the district are in their new place now. New buildings
are visible as textured and non-textured 3D models while the roads are still
under construction.
6. CONCLUSIONS AND RECOMMENDATIONS

After the development of the prototype system, the members of the department
of civil development have a tool to experiment with dynamic plan modeling
and visualization. The prototype will be applied for internal and external communication to support decision making. To test the prototype a new district
plan was implemented successfully. Through the development the municipality has a better knowledge on the organizational effects of using and maintaining 3D development models and on the technical conditions.
To prove that the prototype system really contributes to a better communication and decision-making on urban plans, an experiment must be conducted. From literature it is know that proving whether a product or a process
is better because of the use of a new tool is very difficult, because it is very hard
to objectively measure these effects. Nevertheless a serious evaluation of the
prototype system is needed to decided whether is should be developed and
used further or not.
Because managing and maintaining a 3D model of a city is technically
complex and labor intensive, serious thought must be given to these aspects
before up scaling the prototype system into a full size operational system.
Especially the production and maintenance of the 3D models of the buildings follow strict rules. Also in the Stratums Peil project the models provided
by the architectural offices were not suitable for use in Google Earth, mainly
because they contain too much detail. Today many companies already provide
or create 3D models for institutes like municipalities on a large scale for the
existing situation. An interesting option is to investigate if such a company can
provide the 3D models according to the 3D modeling rules of the municipality. For new urban models the municipality can ask urban and architectural
offices to deliver their models in the requested format.
A serious limitation of the current prototype system is the (lack of a) user
interface for editing the development file. Currently a simple XML editing tool
is used for this purpose, but a dedicated program can make this an easier task
and reduce errors. Such a program can publish the new development file
instantly for visualization through Google Earth.
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