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Abstract. The creation of a 3D city model is usually a very time-consuming process and due to the constant development of the city it also
has to be updated accordingly. One of the problems with large 3D city
models is that they contain a huge amount of data that has to be stored
and processed when it is used. The storage and management of the
models are therefore a very important issue. The management issue is
often that many people are collaborating and working on the 3D city
model at the same time and are located at physically different locations.
In this paper we present an application for collaboration, maintenance
and storing of 3D city models using an open-source subversion controlled system. It is a client server based with a file-based structure on the
client side. This system is not as complex as the Oracle database and
is not limited to a specific file format. We have integrated the revision
control system into our VR application but it is also possible to have
external revision control using a default file manager, such as Explorer
in Microsoft Windows. The system has been tested in three different
virtual reality projects, all applied to urban planning.
Keywords. Collaboration; 3D city modelling; management; visualisation; virtual reality.

1. Introduction
3D models of cities are more and more common and are often used in urban
planning, building design, virtual reality and virtual tourism, etc. (Horne et
al., 2007). In urban planning and building design there are communication
difficulties between planning authorities and designers and this problem leads
to uncertainty and lack of consistency in the design process, according to Hall
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(1996). This may be the main reason why VR is more and more used in urban
planning and building design (Greenwood et al., 2008; Horne et al., 2007;
Kjems, 2005). VR is a good communication tool that allows different actors in
the planning process to understand the project and hopefully each other better.
This gives them better opportunities to identify and analyze problems and also
to coordinate the project together in order to improve their decision making
and thereby the final built environment and the drive for a sustainable city.
The development of 3D models of the city and effective 3D visualisation
tools such as VR, that assist planners and decision makers, is of importance
for improving the quality of building design and sustainable urban planning as
well as ensuring effective communication with the general public. The creation of a 3D city model is usually a very time- and cost-consuming process
(Jobst and Döllner, 2008; Lubanski, 2007), and due to the constant development of the city it also has to be updated accordingly. One of the problems
with large 3D city models is that they contain a huge amount of data that has to
be stored and processed when it is used. The data is often aerial photos, façade
photos, geometry of the terrain and buildings. The storage and management
of the models are therefore a very important issue. The management issue is
often that many people are collaborating and working on the 3D city model on
the same time and are located at physically different locations. One solution
to the collaboration problem is to use external reference and split the model
into different parts or work sets. But this gives management issues: Where is
the model stored? What is the latest version? Who changed or created that part
of the city? These issues also have a tendency to become even worse during
the deadline rush of a project as more people are assigned to and working in
the project.
The CityGML file format tries to be a 3D city model standard and by
connecting it to an Oracle database it is possible to get a version-controlled
system for management of the 3D city model (Kolbe et al., 2009; Stadler et al.,
2009). However, this type of system sets high demands on the end user such as
high cost and high level of knowledge expertise in the field. The setback with
CityGML is that it is text-based and fairly complex to implement. It uses an
XML schema, and for that reason the files get very large in size (Curtis 2008;
Stadler et al., 2009). The processing of data from a 3D city model in a Oracle
database takes a very long time and it is therefore not the best solution when
different users are working towards a deadline and in daily work. In this paper
we present another solution for collaboration, maintenance and storing of 3D
city models by using an open-source subversion-controlled system called TortoiseSVN (Küng et al., 2009). This system is not as complex as the Oracle
database and is not limited to a specific file format. It is a client server based
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system with a file-based structure on the client side which gives the user the
possibility to have external revision control using a default file manager, such
as Explorer in Microsoft Windows.
1.1 THE CONSTRUCTION OF 3D CITY MODELS

Today most of the geographic information about the city is created from using
GPS and airborne laser scanning or aerial photos. The aerial photos can be
used with a technique called stereophotogrammetry which makes it possible to estimate the three-dimensional coordinates of points on an object. The
result from these techniques gives a spatial data model that contains the threedimensional space of the city. This data is often integrated into GIS applications that often are used for a more large-scale or macro usage of the data.
The result from these types of data is often 2D maps or processed images of
different analyses. New technologies such as Pictometry (Wang, Schultz, and
Giuffrida, 2008) use semi-automatic image processing for applying façade
photography on 3D buildings in the 3D city model. The façade photography is
taken from airplanes and helicopters and is a fast way to process and construct
large areas of the city. The limitation with the technique is the resolution of
the photographs. These types of 3D city models works excellently when the
viewer of the VR model is located about 150 meters away from the façade
texture. However, if the 3D city model is used in a VR application in a context
of urban planning and building design the important part is to capture the
experience from a pedestrian point of view. In this case the mentioned technique lacks in resolution and looks blurred and diffuse. The façade texture
is particularly important because it provides visual cues for orientation and
determining the scale of the model and for obtaining an accurate sense of
motion in VR applications. The Pictometry textured model works great when
the viewer is a distance away from the façade. In our projects when we have
used Pictometry textured model we have replaced the façade textures close
to where the viewer is supposed to be viewing the model with more detailed
façade textures.
In urban planning and building design projects it is very common that creation of new and modification of existing 3D environments have to be done.
The creation and modification of these 3D environments often ends up with
hands-on modelling where different 3D artists or users have to collaborate and
work on the same 3D model.
1.2. COLLABORATION AND MAINTENANCE

The collaboration and management issue appears often when many people are
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trying to collaborate and work on the same 3D city model at the same time
and the users could even be located physically at different locations around
the world. One common solution to this type of collaboration problem is to
use external reference and split the model into different parts or files that later
have to be joined together. The external references or files have to be shared
between the different users by using email or ftp. This process could be problematic and give administrative problems such as: Where is the model stored?
What is the latest version? Who changed or created that part of the city? Have
you sent me the latest model? This type of process is very sensitive when
people are absent or are not able to answer the requests from the other users.
The outcome from such process is unnecessary delay and wasted time for different users. These issues also have a tendency to become even worse during
the deadline rush of a project as more people are assigned to and working in
the project. In software development projects they are solving this type of
issues by using a version control system.
2. Subversion (SVN) as version control system for 3D city models
Version control system, such as SVN (Collins-Sussman et al., 2007), were
initially created for software development when different users are collaborating on projects that consist of line-based text files, such as program source
code. In the source code projects the users are collaborating by using a “copymodify-merge” approach. This means that the users have a local copy of the
source code on the local computer and when changes have been done they
merge or check in the changes to the server version of the project. This type
of approach works great with a line-based text file but does not work when
the files consist of binary data. The binary datasets are much more difficult or
impossible to trace changes in. The mentioned approach could be used when
it comes to text-based 3D file formats such as VRML or CityGML. However,
there could be problems due to the fact that the 3D software could re-order
the information in the file during usage and as mentioned before this type of
text based files could become huge and therefore could take very long time to
“copy-modify-merge” in the version control system.
The most common way for working with binary data files in version
control system are the “lock-modify-unlock” approach. The guideline for this
approach is that only one user is allowed to change or work on a specific
file at a time. This is accomplished by the users by locking the specific file
before modifying and unlocking the file then the user is finished modifying
it. The outcome from this is that the other users only have read-only access
to the file during the locking and modifying phase. The downfall with this
approach is that the user could forget to unlock the file and therefore cause
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administrative problems such as unnecessary delay and wasted time for other
users. The locking approach can also cause unnecessary serialisation of the
creation process of the 3D model. However, this can be solved by separating
the 3D model or project into multiple files. If the user forgets to unlock the
file, another user can use the force unlock command to solve this problem.
However, when this happens the users are taking responsibility over the
version control of the file.
Another interesting feature in the SVN system is that the administrators for
the SVN server could give different users different access and authorisations
for different files or sub-file directories. What this means in reality is that the
3D city model could be split up into different users or user groups with different access levels. The access could be either read-only or read/write or no
access at all to certain part of the files or sub-directories. If this tool is applied
on a 3D model, which is split up into different external references or files, the
access control could be achieved on different sub-files or sub-areas of the 3D
city model. By creating user-groups that are specific for different project and
sub-area of the 3D city model a similar “PlanningManager” as described by
Gröger et al. (2005) could be implemented. However, in comparison, Gröger
et al. (2005) used CityGML and an Oracle database for this purpose.
All the above mentioned features in the SVN system are possible to use in
Microsoft Windows file manager. The next section describes our approach to
integrate SVN tools into a VR application that handles the editing and version
controls of the 3D city model.
2.1. IMPLEMENTATION

Our aim with this study was to try to find a way for different users to collaborate in the same 3D city model. The issue with huge 3D city models is
the amount of data that has to be processed by the computer. Our system
is arranged in a hierarchical structure with multi-resolution of textures and
geometries of the terrain. Handling textures of arbitrary size is done by splitting the aerial photos into smaller sub-textures, each sub-texture being small
enough to be displayable by the graphics hardware. The geometry is cut and
simplified against the sub-texture boundary. A paging system is used in combination with a level-of-detail system to makes it possible to render huge terrains or 3D city models that exceed the graphic memory. The editing of the
3D city models has been solved by using the above mentioned database with
sub-files and sub-directories for different areas of the model. Each sub-area
is arranged into sub-directories that contains sub-files with files for different
level of details for the area(see figure 1).
The user interface for editing the 3D city model is created in a way that the
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user has to load the sub-area of the model. The main reason for this is to make
it possible to load the sub-area of the model that is small enough to be editable and displayable by the computer hardware. The interface for loading the
sub-area is through an “area-palette” were the users choosing what sub-areas

Figure 1. The 3D city model has been cut up into sub-areas. Each sub-area is arranged into
sub-directories and sub-files as described in the figure.

Figure 2. From the “area-palette” the users are choosing what sub-areas to load and edit.

to load and edit.
As the database used in our software for 3D city models is essentially a
number of external references stored on disk, it is very well suited for use with
SVN. The next section describes our integration of SVN.
2.1.1. Integration of SVN
The implementation of SVN support was integrated into our software MrViz.
This was done mainly because we wanted to create a semi-automatic user-
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friendly interface to the SVN system. The main framework for the version
control system of the SVN was implemented in the area-palette. When the
user loads a sub-area of the model, the implemented SVN framework looks
for updates at the server and if anyone else is working on that specific sub-area
of the model the user get a message that there is limited read-only access. If
the user gets read/write access, the sub-area from the server and its sub-files

Figure 3. In the “area-palette” in MrViz a semi-automatic interface to the SVN system is
implemented and the system is checking for updates and if anyone else is working on the same
specific sub-area of the model that the user wants to load.

get locked by the user which gives limited write access for the other users.
If another user is working on the sub-area the user could send a message
and ask if it is possible for the other user to unlock area. If the other user has
forgotten to unlock the sub-area the user could force unlock but if he is doing
this the users taking over the responsibility over the version control of the
specific sub-area and files.
We first started using the SVN as external revision control using a default
file manager, Explorer in Microsoft Windows. However, this approach is
setting higher demands on the end uses. This was the main reason why we
further implemented a semi-automatic user-friendly interface to the SVN
system. Our implementation has been tested in three different Virtual reality
projects all applied to urban planning (for more details see table 1). The size
for the different 3D city models was about 8 × 8km. The most common editing
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activity during the projects was the applying of façade textures on the building
geometries. The average file size for the geometry files was 0.3 Mb and for the
façade photos about 0.76 Mb. The final database size for the SVN server for
Project 2 was about 2 Gb.

Figure 4. The figure show one of our test models that have been built using the implemented
SVN-framework. Top image: Shows the user-interface for editing of the sub-areas through the
area-palette. Bottom image: The final result when the 3D city model is viewed with a pagingdatabase. The paging-database makes it possible to view huge3D city models.

Only the most detailed level-of-detail of the sub-area and its files was
added and processed in the version control system. For example Project 2 had
an actual total file size of 3.16 Gb if the complete level-of-detail system was
considered. As the statistics in Table 1 show, the implemented SVN framework was very useful during the deadline rush of the projects when it came
to handling many updates and number of versions of the model. The statistics also show the large amount of individual files that typically have to be
managed when large urban 3D-models are considered. If this has to be per-
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formed manually, the management itself easily becomes an issue. Compared
to our previous approach, using external references stored locally, less time
was spent on collaboration and management issues as the current state of the
complete model is managed at a single location.
Table 1. SVN statistics from the three test projects.
Project statistics
Duration (week)
Number of users
Number of files
Number of file changes
3D model in file size (in the SVN Database) (Gb)
Number of versions during project
Deadline rush statistics
Max number of versions updated during one day
Number of files changed during one day

Project 1

Project 2

Project 3

27
4
2886
5509
1.17

91
5
4186
6527
1.62

5
3
1040
2280
0.451

256

406

156

76
331

64
302

54
263

3. Conclusions and future work
In this paper we have presented a simple and efficient approach for multi-user
management of large 3D city models. The solution is based on the open-source
version control system Subversion (SVN). This system is not as expensive or
complex as the Oracle database and it is not limited to a specific file format.
In order to make the implementation more user-friendly we have integrated
the version control system into our VR application MrViz. However, it is still
possible to use the power of SVN manually. The only requirement is that the
3D model in focus be represented as a number of external references. Given
this, the version control system can be managed through Windows Explorer,
for example. As such, it can be implemented for any type of project where
multiple users are working on the same dataset together. Although the manual
approach puts more responsibility on the actual users, it is still effective and
helpful in order to have global revision control of a large dataset.
The system has been tested in three different Virtual reality projects, all
related to urban planning. Compared to our previous approach, using external
references stored locally, less time was spent on collaboration and management issues as the current state of the complete dataset is managed at a single
location.
For future work we would like to utilise the functionality of giving different access and authorisations to different users and test how this would work
in practice. In a certain way this would be similar to the “PlanningManager”
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as described by Gröger et al. (2005), but with the use of Subversion instead of
an Oracle database.
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