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“To
������������������������������������������������
make the GeoFort the symbol and promotional�
centre������������������������������������������������
of geo-information”. This is the mission statement of the GeoFort. In September 2007 an international group of eight MSc students in Geomatics
at Delft University of Technology started working on
a eight-week synthesis project to bring this ambition
closer to reality. The educational goal for the students
was to combine the knowledge gained in the first year
of the master’s programme. The results of the project consist of digital models of the GeoFort, in past
and present situation, and a technique assesment for
a real-time visitor tracking and tracing system, all to
provide future visitors with a challenging and interactive ‘geo-experience’.
GeoFort (Figure 1) is one of the fortresses of the Nieuwe
Hollandse Waterlinie, previously known as Fort bij de
Nieuwe Steeg, located near Leerdam in the���������������
centre��������
of the
Netherlands. This fortress will be transformed into an interactive knowledge and exhibition�����������������������������
centre����������������������
for geo-information,
for a wide variety of visitors. Many aspects of geo-information will be combined in the GeoFort project, such as posi-

tioning and navigation, cartography, and 3D������������
modelling��.
Geo-information is the basis to make the GeoFort mission
reality. Many attractions at the GeoFort will be based on 3D
models of the interior and exterior of the GeoFort; of present and past situations. Furthermore, an interactive tour
will be provided to the visitors based on a real-time visitor
tracking and tracing system.
Delft University of Technology cooperated with the GeoFort
to develop 3D models of the GeoFort: as it was designed
in 1885, as it was built in 1904, and as it is now, in 2007.
Furthermore, a photo-realistic model of the interior of one
of the buildings of the GeoFort is created. Finally, a theoretical and pilot-based technique assesment was made for
a real-time visitor tracking and tracing system, to provide
location-based information to the visitors during their tour
through the GeoFort.
3D models of the GeoFort
Since its construction in 1889, the fortress has undergone
several changes, both in geometry and purpose. To���������
investigate������������������������������������������������������
these changes, three models have been created of the

Figure 1: GeoFort in November 2007 after removal of exceeded bushgrowth. Foto: GeoFort / Peter Möller
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Figure 2: Historical impressions of the GeoFort. (a) As designed in 1885. (b) As actually constructed in 1904. It can be seen that some buildings that
were planned in the construction phase were actually not built in reality.
fortress. The first model represents the planned construction of the fortress in 1885. This model is created by manual�
digitisation���������������������������������������������������
of a design map of the GeoFort, scale 1:1000, dating between 1882 and 1885. The buildings are reconstructed
on the basis of technical drawings from the same time period, containing distances and heights at a scale of 1:200. The
final model consists of the combination of the terrain and
the buildings, shown in Figure 2a. A similar approach has
been applied for the model of 1904, representing the fortress how it was actually built (Figure 2b).
For����������������������������������������������������
modelling������������������������������������������
the GeoFort in its current form, the AHN
(Actueel Hoogtebestand Nederland) was used to create a
rough model of the GeoFort. This model is improved with
the use of Real-Time Kinematic (RTK) GPS, a technique used
in Geodetic engineering to acquire �������������������������
centimetre���������������
-level 3D position information using a geodetic GPS receiver. Furthermore,�
tacheometry����������������������������������������������
was used to measure the outline of the buildings (i.e. the boundaries of the walls). Tacheometers measure
distances and angles to determine the location of the measured object, with comparable high precision as with RTKGPS. The AHN, the RTK-GPS measurements, and the tacheometry measurements were combined to create the model
of the fortress in 2007. This model is presented in Figure 3.
3D interior model of one of the buildings of the GeoFort
The requirement for the 3D model of the interior of one of
the GeoFort buildings was: as accurate and realistic as possible. To this end, a model has been created with������������
centimetre�level accuracy and a photo-realistic appearance. The basis for
this model was an accurate ‘skeleton’ of the rooms, doors,
windows, and corridors present in this building. This frame42
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work was based on tacheometric measurements. To add
more detail to this model, a laser scanner was used, which
makes 360-degrees scans of its surrounding environment,
each containing approximately one million points. A total
of twelve scans were necessary to model the entire building,
which were combined in one large scan by referencing them
to the tacheometric data. The result is shown in Figure 4.
The final model contains photo-realistic textures that were
acquired by a digital single-lens reflex camera. Figure 5 presents a view on this digital, interactive model.
Real-time tracking and tracing system
It is GeoFort’s ambition to provide visitors with handheld
devices when they enter the GeoFort. This handheld will
have the role of information and positioning device, so that
users will know where they are located within the fortress.
The position information can then be used for location-based
services, thus providing the visitors with a������������������
personalised�����
and
interactive tour around the GeoFort. For this, an indoor and
outdoor positioning system is required. After an assessment
of possible positioning systems, WiFi (wireless networking)
positioning and ultrasonic positioning have been selected
as candidate techniques for indoor implementation at the
GeoFort. For both positioning systems, a pilot has been setup at the GeoFort to test the positioning accuracy, reliability, and general performance.
The WiFi positioning system consists of three parts: the
handheld of the visitor (WiFi-enabled), the WiFi access
points throughout the GeoFort, and a main computer that
monitors all visitors and computes the position of the visitors. Positioning is based on a fingerprint of the received
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Figure 3: 3D model of the current GeoFort (2007).
signal strengths of different access points by the handheld.
These signal strengths are then transferred via the access
points of the wireless network to the main computer that
does the actual position computations by comparing the
received signal strengths with pre-surveyed data in a database. The location will then be sent back via the same network to the visitor. The test results of the pilot showed that
for the indoor environment of the GeoFort, the positioning
accuracy achieved by WiFi is in the order of 1–3 m. Owing to
the properties of the WiFi fingerprinting technique, the visitor will certainly know in which room he or she is, but this
pilot showed that navigation within small rooms is limited.
The ultrasonic positioning system works with high-frequency soundwaves that cannot be heard by humans. It uses
the propagation times of three ultrasonic signals that are
transmitted by small transducers on the ceiling of a room.
These signals are received by a handheld device that computes the position. A test was done with this system in one of
the bunker rooms at the GeoFort. The accuracy was found to
be of decimetre level. It is concluded that this positioning

Figure 5.View of the final 3D model of the interior of one of the GeoFort
buildings.
system is very useful for implementation at the GeoFort
where a higher accuracy is required than is possible with
WiFi positioning.
For the outdoor environment, WiFi should be integrated with GPS and/or the upcoming Galileo for a sufficient
accuracy.
Conclusion
The results of this project can be used as a basis to make
the GeoFort mission reality. The 3D models of the fortress
form the basic data sets, from which other products can
be derived. The tracking and tracing system can use these
models to provide visitors of the GeoFort with a real geoinformation experience.

The goals achieved in this eight-week project bring the
GeoFort one step closer to becoming the best measured
part in the Netherlands.

Figure 4. Combined laser scans of one of GeoFort’s buildings.The colours indicate differences in intensity of the reflected laser light.
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