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Introduction
This publication results from the EPOCH workshop “The Integration of Location Based Services in Tourism and
Cultural Heritage” organised in Brussels, Belgium on November 21, 2006, in cooperation with Westtoer and the
Flemish Heritage Institute.
This workshop focused on the use of Location Based Services (LBS), such as GPS and position detection on
mobile phones or wireless LAN in both indoor and outdoor use, in tourism and cultural heritage interpretation
from the point of integration, workflow, feasibility, sustainability and supporting policies.
This workshop talked about the conception and creation issues of such systems, about possible hardware
platforms, about the collaboration between the content partners at different levels, about the management of routes
and route information, about the impact of LBS on route design and exploitation, about the feasibility, longevity
and sustainability of such systems, about the implementation and maintenance of such systems within a touristical
infrastructure, about quality assurance and data protection, about the creation of a two-way communication with
the user/tourist, who can give feedback and personal interpretation.
International developers, companies, policy makers and responsibles for tourism and cultural heritage gave
their view on the state-of-art, the goals and the issues of creating integrated Location Based Services that can be
used in touristical and cultural routes, city and monument visits, and site and landscape interpretation.
EPOCH has created a new network her-IT-age.net that wants to support the practical use of IT (Information
Technology) in cultural heritage and tourism. This workshop brought together both specialists on LBS and people
from tourism and cultural heritage that want to use LBS in their daily practice. Her-IT-age.net will continue to
support these people through a thematic cluster on LBS, providing training, publications and thematic meetings
(see http://www.her-IT-age.net/).
We hope that his publication gives a better insight in the potential of LBS in tourism and cultural heritage and
helps to make cultural heritage available in an appealing way to the wide public.
Ir. Daniel Pletinckx, Visual Dimension bvba

The message and the medium;
the presentation of the Muiderslot story
GEESKE BAKKER
Hogeschool Utrecht, The Netherlands

Abstract
Last year a new museum concept was implemented in the Muiderslot Museum in Holland. The staff
of this best preserved medieval castle developed for several target groups different ways to visit and
experience the museum by using a mixture of old and new media. They did this for cultural, historical,
marketing and museum management reasons. A year after the opening we can come to the conclusion
that the museum succeeded in reaching most of its goals, but that there are still some problems to be
solved.
Keywords: Museum concept, Guided tour, 3-D reconstruction, Location – based audio tour,
Computer game

Introduction
In May 2006 the Dutch Queen Beatrix opened the new presentation of the Muiderslot Museum in Muiden, Holland.
By using all the appropriate media that are available today a new museum concept was implemented in this best
preserved Dutch medieval castle. The museum staff developed for several target groups different ways to visit and
experience the castle.
Walking around in the castle the visitor with a specialist interest in building history can listen to an audio tour
with information about the building history and the restoration, activated by sensors on several spots. At the same
time the children can play video games and try to beat the enemy who wants to capture the castle, while their
parents can visit a guided tour.
In the following I would like to discuss this concept: the message, the goals, the target groups and the media
they used. (Fig. 1)

Figure 1. The Muiderslot castle, 2007.
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The Muiderslot castle
The Muiderslot is one of the earliest square castles in Holland. It was originally built around 1285 by the Count of
Holland, Floris V. Probably Floris took as an example the square castles in Wales, built by his ally, King Edward
II of England, or maybe he was directly influenced by King Philippe August of France who introduced this type
of castle in Western Europe in the beginning of the thirteenth century, just after he returned from the third crusade
(1189–1192). By building this very large and strong type of castle Count Floris V showed himself as one of the
most powerful lords of his time in Western Europe.
In the beginning the Muiderslot was merely a military camp, but later living quarters were added inside the
walls. Count Floris V did not live here; he had his residence in The Hague. The living area was meant for his bailiff,
who was in charge of the soldiers and established the authority of the lord in the surrounding district
The Muiderslot castle had been destroyed after Floris V was murdered in 1296, but was rebuilt around 1370 by
Count Albrecht.
The castle served as the seat of the bailiff until 1810. Then Napoleon, who occupied Holland, decided that the
castle was not useful anymore for military purposes. The bailiff was dismissed from his post and the castle ceased
to function. It fell into ruin. After the French left Holland, the Dutch government decided (1824) to dispose of the
ruins as it would be too expensive to restore. However, many citizens protested and King Willem I decided that
the castle should remain as it was.
The Muiderslot Museum (Fig. 2)
At the end of the nineteenth century the Dutch authorities finally decided to restore the castle and to establish a
museum inside the walls. It was dedicated to the Dutch 17th century writer, Pieter C. Hooft. He was the bailiff of
the Muiderslot castle from 1609 until his death in 1647 and became one of the most famous writers of the Dutch
golden age. The exhibition was also dedicated to his friends and colleagues, the so called Muiderkring, a circle of
the writers, scientists, musicians, diplomats of the Dutch Golden Age who often visited the Muiderslot. Most of
them were the children of extremely wealthy Amsterdam traders of the 17th century.

Figure 2. Restoration, 1895.
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Although at the early stage they had decided to restore only the area of the castle where Pieter C. Hooft used
to live (the part of the castle they needed for the museum) and to tear down the rest of the castle, they eventually
restored the whole building, leaving the part not in use, empty. Seven rooms of the castle were kept open to the
public and they could only be visited on a guided tour of about an hour.
Of course they changed the exhibition in the Muiderslot museum during following decades, but the museum
– concept was kept more or less the same until last year.
The aims of the new presentation
Cultural and historical
The most important reason to open the whole castle to the public was for cultural and historical purposes. During
the last century, opinions about the value of the castle have changed. The castle itself came to be considered more
important than the fact that Pieter C. Hooft used to live there. A new exhibition, set up in the part of the castle that
had stayed empty before, could underline the importance of the building and its history.
Museum management and marketing
They also had museum management and marketing reasons. The capacity of the guided tours could not accommodate
the number of people who wanted to visit the castle. During the high season, despite the fact that there were four
tours per hour, many people had to wait for more than an hour to enter. More tours would be impossible and
besides, the museum exhibits were too delicate to survive so many visitors. So, the management would have liked
to have fewer visitors on the guided tours. On the other hand they wished to attract more visitors for economic
reasons as more visitors would mean more income.
Apart from these practical reasons, the management sought new ways to arrange visits to the castle because
their research had learned that there was a public need to walk more freely around in the castle, looking around for
themselves, without a guide.
The target groups
Children
The Muiderslot castle is very popular for school trips and although the guides in the museum are specialists in guiding
children, the research showed that the schools would prefer a more up to date way of presenting the castle. Except on
school trips (especially primary schools) many children visit the castle with their parents or grandparents.
Visitors with a general interest in cultural history
Another target group are the visitors who have an interest in cultural history in general. Mostly they are over fifty
years of age, well educated with a higher income and plenty of spare time. These people go on day trips and visit
a museum, a castle, a historic city centre etc. They would like to know about the castle in general, who lived there,
how they lived there, but they would like above all to have an enjoyable day out.
Specialists
The third target group of the museum, the people with a specialist interest in the castle itself and its building
history, was not served at all by the guided tour as it was not directed at presenting the castle, but at the stories
about the most famous inhabitant of the castle. They would like to know the results of the research and of the
restoration in situ.
The media
Because of the reasons mentioned above, the museum staff decided to open the rest of the castle and to personalise
the visits employing all the various media available today.
The guided tour (Fig. 3)
The guided tour has stayed more or less the same as it was before, with the presentation of furniture, books,
manuscripts, and paintings collected about Pieter C. Hooft and his circle in the former living area of the castle. The
visitor can take this tour every half hour.
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Figure 3. The guided tour, exhibition dedicated to Pieter C. Hooft and his circle.
The ‘ridderroute’ and the ‘torenroute’
To open the whole castle it had to be adapted to receiving visitors by creating new stairs, better entrances, fire
escapes etc. It turned out, however that it was physically impossible to make one route through the whole castle.
Medieval castles had been built to defensive purposes and not for the reception of visitors. If the enemy managed
to come in, he could not go straight through, but he was hindered by thick walls. Of course it was not permitted to
take down the walls in this important monument. The defence system is essential for this type of castle and it had
to remain. So, the idea of making one route through the castle was skipped and it was decided to make two: the
‘ridderroute’ (the route of the knights) and the ‘torenroute’ (the route of the towers). (Fig. 4) The visitor can freely
walk around. He can climb the defending tours; he can see the structure of the wooden roof and the brick walls
and can admire the view over the former Zuiderzee (now the IJsselmeer), de river Vecht and the Dutch landscape.
Because the castle itself is the main focus of attention, there are just short points of information displayed.

Figure 4. The two new routes in the castle.
The 3-D visualisation of the building history and the story of the castle
The management of the museum decided to visualise the building history by 3-D re-constructions of the most
important building stages. (Fig. 5)This type of presentation gives a quick and very easy accessible guide to a
10
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Figure 5. The castle around 1285.
complicated story. These re-constructions are shown in a DVD production which shows not just the building
history, but also tells about the people who lived and worked here. This production is meant for all visitors as an
introduction to the castle and is shown in the former chapel on the ‘torenroute’. People are free to walk in and out,
the DVD restarts automatically.
In the chapel itself and in a room next to the chapel a small exhibition is staged about the building history with
lots of drawings, paintings, plans etc, of the castle.
A location – based audio tour for people with a special interest in building history
For people with a special interest in building history an audio tour is available. It is a location based service that
provides information using an audio devise that visitors can receive at the reception of the museum. Jan Veldhuis,
a building historian and specialist on this monument, describes interesting details. The information is activated by
a sensor at various locations. The Muiderslot museum did not decide upon an audio-visual tour. The management
thought that the visitor would be distracted by the visual information and would not give his full attention to the
castle itself. To see the 3-D re-constructions and other visual information, the visitor has to go back to the chapel.
A guide book, games and interactives for children
Not just the adults but also the children can freely walk around. A very attractive guide book, with simple questions
and answers is available.
At several points on the tour they can play games. A very common and effective way of giving the children the
‘castle feeling’ is to let them dress themselves as a knight or a lady. The Muiderslot uses this medium. There are
lots of clothes, but also arms for the knights and the possibility to take photographs.
A more modern way to give them the castle experience is the interactive materials that are available at several
points in the castle. There are computer games that can be played, for example riding a horse or using a bow.
(Fig. 6)
Did they achieve their purposes?
Museum management and marketing
For the marketing department the new presentation is very successful. Before the re-opening the Muiderslot had
120.000 visitors a year. After the re-opening there is an increase of 40 %.
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Figure 6. Playing children in the Muiderslot castle.
But: for the museum management the new presentation has failed. Less than 40 % of the visitors stay in the part
of the museum where they can freely walk around. So, in the end, there is not a decrease – as the museum staff
should have liked – but an increase in the number of visitors who take the guided tour.
Next to this problem there are many security and technical problems to solve.
The newly opened part of the building is rather big and has lots of rooms, staircases, steps, passages etc. It is
very difficult to get the overall picture. More guards are needed than foreseen.
Besides this, the staff of the museum is not equipped to solve the hardware and software problems in the
presentation. Especially the digital games for the children cause many problems. Sometimes the technique fails,
but most of the problems are caused by the children themselves. The games invite them to fight the enemy who
wants to conquer the castle, but it turns out that they also fight the games themselves.
Cultural and historical
The story of the Muiderslot is told by the DVD production, and most of the visitors stay 15 minutes in the chapel
to watch this DVD. To the museum staff it was surprising that not just the adults, but also the children stayed.
At an earlier stage they had preferred a production of 5 minutes for this target group. But a month after the reopening they decided not to use the shorter production, although this had already been made. So, telling the story
of the Muiderslot castle by a DVD with 3-D reconstructions of the most important building stages turned out to
be successful.
When the children leave the chapel, they are supposed to use the guidebook to visit the castle. However, they
don’t, unless they are forced to do so by there schoolteachers, parents or grandparents. They take it back home is
a souvenir and play the computer games on the spot. They just love these games and because they are invited to,
they treat the castle like a playground. This causes lots of damage, not only at the games itself, but also at the castle
and its surroundings. The museum has to solve this problem in the following season (the Muiderslot museum is
closed during the winter).
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The target group with a general interest in culture is quite well served. Although sometimes distracted by the
playing children, they enjoy walking around in the castle, they have a rest in the chapel to watch the DVD, they
visit the small exhibition and very often they decide to stay a bit longer and visit the guided tour. Meanwhile they
can have some refreshments in the café inside the castle. If the weather is nice, they sit down on the terrace in the
courtyard and visit also the restored 17th century garden and the surroundings of the castle, overlooking the river
Vecht and the IJsselmeer.
For the people with a special interest in building history the audio tour inside the castle is quite adequate and it
is a pity that there is not such a devise for the outside. The available information (small texts) in the restored 17the
century garden is suitable for the former target group, but not for specialists.
The professional information inside the castle invites the visitor to watch the castle precisely. And that is what
he wants! However, because the tour needs full attention, this group is more distracted by the children than the
public that is just walking around. Sometimes it is even impossible to be able to hear the information because of
the noise the children make.
So, a year after the re-opening of the Muiderslot museum we can conclude that the museum succeeded in
reaching most of their goals by implementing the new museum concept. To serve various target groups by using
different media turned out to be possible, but there are still many problems to solve.
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Abstract
History Unwired was a multi-year investigation of the narrative uses of mobile technology in historic
cities. In 2004-2005 a team of researchers from MIT in Cambridge, Massachusetts, and University IUAV
of Venice, Italy, worked with local artists, citizens, and academics to develop a walking tour through one
of Venice’s more hidden neighborhoods, delivered over location-aware, multimedia phones and PDAs.
The tour is a 3 km circular walk starting in front of the Giardini site of the Biennale, and looping through
the Castello neighborhood.
HU was presented in conjunction with the 2005 Biennale of Contemporary Art and tested on over
200 users during a two-month trial period; over half of these users filled out extensive surveys. It was
available in English and Italian from September 1st until November 7th, 2005. Devices were offered free
of charge from a distribution point in front of the Biennial Contemporary Art Exhibition.
The main goal of the project was to explore how the audio, video, interactive media and positioning
capabilities of portable devices can combine with rich visual landscape and street life of Venice to create
a new narrative form of media that is both cinematic and physically immersive.
Keywords: mobile technologies, localization technologies, cultural tourism, participation, walking tour
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Figure 1. The interface: at any moment, visitor can look at the map
and choose to listen one of the five characters.
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Figure 2. The picture on the screen shows how the neighborhood looked in the past.
At the same moment the interactive laundry in front of the user changes its appearance: the bluetooth activates
an electronic circuit and the profile of the landscape appears on the clothes.
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Figure 3. Fisherman Garbizza and tourists in front of the residents only courtyard where his house is located.
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Abstract
This work was motivated by the goal of building a wearable virtual tourist system that could guide people
around in large complex environments. It must yield a precise localization, even in situations in which
Global Positioning Systems (GPS) cannot provide navigational information, including include indoor
locations and narrow streets where there is no line of sight to the GPS satellites. Because installing active
badges or beacon systems involves substantial effort and expense, we have developed a system which
localizes solely based on naturally occurring landmarks. As sensory input, we only use a panoramic
camera system which provides omnidirectional images of the environment. During the training stage,
the system is led around in the environment while recording images at regular time intervals. Offline,
these images are automatically archived in a world model. Unlike traditional approaches we don’t build
an Euclidean metrical map. The used world model is a graph reflecting the topological structure of
the environment: e.g. for indoor environments rooms are nodes and corridors are edges of the graph.
Image comparison is done using both global color measures and matching of specially developed local
features. These measures are designed to be robust, respectively invariant, to image distortions caused
by viewpoint changes, illumination changes and occlusions. This leads to a system that can recognize a
certain place even if its location is not exactly the same as the location from where the reference image
was taken, even if the illumination is substantially different, and even if there are large occluded parts.
Using this world model, localization can be done by comparing a new query image, taken at the current
position of the mobile system, with the images in the model. A Bayesian framework makes it possible
to track the system’s position in quasi real time. When the present location is known, context-sensitive
touristical information can be given to the tourist, or a path to a target location can be carried out using
the topological map.
Keywords: computer vision, localization, omnidirectional camera

1. Introduction and related work
Nowadays, the number of location based applications is growing exponentially, in tourism and other application
fields. As localization system, the GPS system’s popularity is growing rapidly. However, there are reasons why in
many cases working with GPS is not the best option, or even impossible, as explained further.
In this paper we describe an alternative localization system with unique specifications. It is applicable in both
in- and outdoor environments yielding a very high accuracy (typically less than one meter). It also shows to be very
easy to train to a new environment. To be able to use it with minimal effort in new environments, our navigation
solution does not need to alter the environment. Setting up beacons, markers, badges etc. is time-consuming,
expensive and in some cases unaesthetic or even impossible. This is certainly the case for historical buildings and
protected monuments.
We developed a localization method which offers an alternative to the very popular Global Positioning System,
or GPS. GPS consists of a constellation of 24 satellites whose transmitted signal can be used to find the location of
a mobile system by trilateration. GPS has lots of advantages. It is free for use, invisible, markerless, fast, and can
be integrated in a very small device.
21
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The accuracy of GPS is also quite good. Given that the signals come from about 20000 km away of the earth
surface, the acquired accuracy of about 15 m can be called astonishingly precise. Nevertheless, a number of
applications – like ours – exist that need higher accuracy. That is why methods like DGPS [Hurn] and indoor GPS
[vanDiggelen] are developed. These methods yield an accuracy up to a few cm, but the price that has to be paid is
installing extra base stations, what we try to avoid.
For our localization system, we choose not to use GPS as the main sensor. One reason is that GPS only works
if there is clear sight to at least four satellites. In indoor situations and in narrow streets this is certainly not always
the case. Alternatives to GPS have been proposed, including RF devices [Bulusu] and systems that use signals of
the mobile phone network [Wolfle]. But, these methods also need artificial changes in the environment, don’t work
inside buildings, nor yield an accuracy which is good enough.
A solution is found – as in many cases – in imitating nature. People as well as many animals localize themselves
in a known environment mainly by using their eyes. Visual information is especially suited to recognize a place or
location. That is why we propose a localization method based on computer vision. The advantages of such a system
are numerous: the hardware needed is becoming cheap with off-the-shelve components, it is easy to train in new
environments, the installation is simple, ... But, imitating the visual skills of humans is not an easy task. People are
surprisingly good at coping with illumination changes, viewpoint differences and occlusion.
Figure 1 offers an overview of the described system. Our, and most other attempts to build a vision-based
localization system acquire a collection of images of the environment during a training stage. Later, a new image
taken from an unknown position is compared with the images in the database. The most resembling database image
is then considered to give the location of the system.
A main issue in vision based navigation is how to represent the world model. Many authors propose 2D or even
3D metrical maps (e.g. [Davison]). But these methods have a few disadvantages. The detection and recognition
is mostly very computationally expensive and memory consuming. The major problem with it is the cumulative
error built-up. A more robust alternative is the use of topological representations of the world. In every humanmade environment, a certain topological ordering can be observed. Cities can be represented as a graph of streets
connecting each other at crossroads. Indoor, a similar graph can be found where the nodes are the rooms that
are connected by doorways and corridors. Localization methods that use predefined topological maps include
the methods of Ulrich and Nourbakhsh [UlrichNourbakhsh] and the method of Tapus, Heinzer and Siegwart
[Tapus] propose. It is clear that it is a great advantage if the system itself can construct a topological environment
representation using a series of training images. One mathematically sound approach for automatic topological
map building is formulated, with very limited experimental validation, by Vale [Vale].
To be able to construct such a topology and to do localization therein, a method must be found to recognize a
certain position in the environment while solely using vision. Global methods exist who look at the entire image,
other techniques work at a local scale, extracting and recognizing local features. In our approach, we will combine
these two approaches.
Straightforward global methods as histogram-based matching, used by Ulrich and Nourbakhsh [UlrichNourbakhsh]
and correlation-based template matching [Matsumoto] seem not always to work. An other popular technique is the
use of a eigenspace decomposition of the training images. This gives the advantage that the image database is very
compact, because only the most interesting dimensions of the eigenspace are retained (PCA). Recognition can be
done easily by projecting the new image on the eigenspace. Jogan and Leonardis [JoganLeonardis] experimented

Figure 1. Overview of the localization system.
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with this technique. However, these methods proved not useful in general situations because they are not robust
enough against occlusions (partial coverages of the field of view by an other object) and changes in the illumination
of the scene.
A classic approach to recognize images using local features is adding artificial landmarks to the scene. To be
easy to detect and recognize these features have special photometric properties (e.g. colored patterns or LEDs) or
special geometries (e.g. squares, circles or even 2D bar codes). As said before, the use of these special landmarks
is in some applications perfectly possible, but in the general case it is not ideal. In our solution, we use only natural
local features that are already present in the environment.
We propose a LBS system based on vision input only, which builds automatically generated topological maps
of an environment. To get training data, a portable system including an omnidirectional camera is guided through
a new environment. While walking around, images are captured at constant time intervals. This yields a sequence
of images which the automatic method described in this paper transforms in a topological map. Later, this map can
be used for localisation, by comparing a new incoming image with the visual data in the map.
The outline of the remainder of this paper is as follows. Firstly, in section 2, the prototype of the mobile test
platform is presented. Section 3 details the core of our approach, the advanced image comparison technique,
coined SURF. How the topological map building algorithm works, is detailed in section 4. Section 5 introduces our
Bayesian localization approach. We end with a description of real-world experiments in section 6 and a conclusion
in section 7.
2. The test platform
2.1 Camera
In our implementation, we opted for an omnidirectional camera system realized by a color camera looking at a
hyperbolic mirror. This system, depicted in the top left of figure 2, produces images with a very wide viewing angle
(180°x360°), which is suited for location observation. Using these wide-angle images together with viewpoint
invariant matching techniques, it is possible to train an environment with substantially fewer images compared to
other methods. An example of a recorded image is shown in the top right of figure 2.

Figure 2. Omnidirectional camera system (top left), example omnidirectional image (top right),
transformed image (bottom).
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Figure 3. Our wearable virtual tourist device
(prototype).

2.2 Wearable system
For experiments with the virtual tourist application, we
developed and built a wearable platform prototype, depicted
in figure 3. On top of the aluminium structure, which can
be conveniently strapped to the user’s back, is mounted
the omnidirectional camera system. From this position a
large field of view is guaranteed, without occlusion by
the user itself, while maximising manoeuvrability and
user comfort. Lower on the framework, the battery pack
powering the camera is mounted, meanwhile acting as a
counter-weight enhancing stability.
The 1.7 GHz laptop is carried by the user and connected
with the camera. On the laptop, all image processing and
navigation computations are performed. Context-specific
information is given on the screen and via the sound
system.
Of course, this relatively heavy laptop is to be
replaced with a lower-weight PDA-type device, offering
equal input/output capabilities, but having restricted
processing power. Next to optimisation of the existing
algorithms, solutions to this limitation can be found in
including GPS information (reducing the search space),
and using a communication link to a remote vision mass
processor.

3. Image comparison
3.1 Finding robust image correspondences with SURF
SURF (Speeded Up Robust Features) is a scale- and rotation-invariant interest point detector and descriptor. With
this algorithm it is possible to find robust image correspondences that consist of local square patches that can be
detected in images to be compared. Given enough matches found in two distinct images, one can assume that they
show the same scene or contain the same object(s).
3.1.1 Interest Point Detector
In contrast to SIFT [Lowe], which approximates Laplacian of Gaussian (LoG) with Difference of Gaussians (DoG),
SURF approximates second order Gaussian derivatives with box filters, see figure 4.
Image convolutions with these box filters can be computed rapidly by using integral images as defined in
[ViolaAndJones]. Interest points are localised in scale and image space by applying a non-maximum suppression
in a 3 x 3 neighbourhood. Finally, the found maxima of the determinant of the approximated Hessian matrix are
interpolated in scale and image space.
3.1.2 SURF Descriptor
In a first step, SURF constructs a circular region around the detected interest points in order to assign a unique
orientation to the former and thus gain invariance to image rotations. The orientation is computed using Haar
wavelet responses in both x and y direction as shown in the middle of figure 5.

Figure 4. Left to right: the (discretised and cropped) Gaussian second order partial derivatives in y-direction
and xy-direction, and our approximations thereof using box filters. The grey regions are equal to zero.
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Figure 5. Left: Detected interest points for a Sunflower field. This kind of scenes show clearly the nature
of the features obtained from Hessian-based detectors. Middle: Haar wavelet filters used with SURF.
Right: Detail of the Graffiti scene showing the size of the descriptor window at different scales.
The Haar wavelets can be easily computed via integral images, similar to the Gaussian second order approximated
box filters. Once the Haar wavelet responses are computed, they are weighted with a Gaussian centred at the
interest points. In a next step the dominant orientation is estimated by summing the horizontal and vertical wavelet
responses within a rotating wedge, covering an angle of PI/3 in the wavelet response space. The resulting maximum
is then chosen to describe the orientation of the interest point descriptor.
In a second step, the SURF descriptors are constructed by extracting square regions around the interest points.
These are oriented in the directions assigned in the previous step. Some example windows are shown on the right
hand side of figure 5. The windows are split up in 4 x 4 sub-regions in order to retain some spatial information. In
each sub-region, Haar wavelets are extracted at regularly spaced sample points. In order to increase robustness to
geometric deformations and localisation errors, the responses of the Haar wavelets are weighted with a Gaussian,
centred at the interest point. Finally, the wavelet responses in horizontal d_x and vertical directions d_y are
summed up over each sub-region. Furthermore, the absolute values |d_x| and |d_y| are summed in order to obtain
information about the polarity of the image intensity changes. The resulting descriptor vector for all 4 x 4 subregions is of length 64. See figure 6 for an illustration of the SURF descriptor for three different image intensity
patterns.
More details about the SURF algorithm can be found in [Bay2006a].
3.1.3 Image matching
Once SURF has detected interest points and described their neighbourhood, different images can be matched
against each other. This can be done with the aid of visual distance measures as described in more detail

Figure 6: The descriptor entries of a sub-region represent the nature of the underlying intensity pattern.
Left: In case of a homogeneous region, all values are relatively low. Middle: In presence of frequencies
in x-direction, the value of sum{|d_x|} is high, but all others remain low. If the intensity is gradually increasing
in x-direction, both values sum{d_x} and sum{|d_x|} are high.
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Figure 15. Three steps of a typical localisation experiment for the Begijnhof dataset.
The line width of the circles around the topological places is proportional to the location belief value.
Our state-of-the-art technique to compare images, based on SURF features, is highly robust against illumination
differences, viewpoint differences and partial occlusions.
We presented real-life experiments in a large historical site, proving the validity of he method.
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It:
– attracts talents: “beautiful places” go back
to their traditional role as generators of
economic value.
– multiplies the objects it contains: “Our most
invaluable cultural heritage is the framework,
the continuum linking monuments, cities
and individuals; the framework includes not
only museums and monuments, but also the
culture of conservation that have allowed
them to survive up to our time” (Salvatore
Settis).
– is a form of intellectual protection: it gives
its products a historic connotation, a specific
difference, the feeling that they cannot be
easily imitated from outside.
Not hard to notice that, despite all this undoubtedly positive aspects, there is still NO STRUCTURED AND
SYSTEMATIC APPROACH TO OPPORTUNITIES STEMMING FROM INNOVATION (technology, contents,
processes, methodologies, …) IN THE FIELD OF CULTURE AND TOURISM.
The need for a (brand new) approach to tourism and to its innovative dimension is stronger than ever.
Preliminary Conditions for a Successful Initiative
In other words, creating a cultural tourism destination takes strategic planning built on an understanding that there
are different degrees of motivation for culture and that most “consumers” are looking for a variety of things to do
when they travel, or even for an original motivation to do that.
People may travel because of business, personal matters or interests. They may not be particularly interested in
culture but would attend an attraction or event if made aware of the opportunities, if it were convenient and offered
good value for time and money spent.
But for most heritage or dedicated tourism organizations and facilities, meeting these needs of tourists is easier
said than done. Organizations, as well as public bodies or local government often do not have the financial resources
to be able to build awareness, create the conditions where it is truly convenient for tourists to visit, and offer the
value for time and money spent in an increasingly competitive tourist marketplace.
In effect, local government may play a key role in the conservation of cultural heritage. The sector’s appreciation
of the importance of cultural heritage and involvement in its identification and conservation can be seen to have
increased over the reporting period, though it is clear that there are still some significant problems to be addressed.
Many submissions acknowledged that the vast majority of heritage places and landscapes are the responsibility
of local government, and that effective local government action is essential to the conservation of the heritage of
the community, but also to its promotion toward any potential market.
Using Rome as an example, the development of an 1. innovative governance approach to the territory – a
real “task-force for the innovation of tourism in Rome” for the entities and the organizations to counter the
present fragmentation of delegation and information, will be the first step. Firstly, local government actions have
a major influence on the historic environment as a whole, through management of the strategic planning at local
level and their day-to-day management of the historic environment. Secondly, they exert a major influence on the
management of heritage items through the development assessment process. Thirdly, as major owners of heritage
places, they can demonstrate leadership in best practice management of our rural and urban historic environment.
Their influence on local private investors may also come useful...
The task force is intended as direct expression of the project team. It deals with the coordination and promotion
of innovative solutions, by creating a unitary approach to the analysis and experimentation of new technologies
and methodologies on the territory, thus overcoming the present fragmentation. Among its main tasks:
– Scouting of innovative opportunities (Observatory) and turnkey project proposals (rationale, business plan,
funding schemes).
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– Monitoring tourist-oriented innovative projects through a control-panel
– Creation of an interface with opinion leaders (mainly the press and destination hub of cultural tourism) to
communicate “novelties”.
In response to the existing situation at heritage sites, characterized by limited involvement in decision-making
by local stakeholders and a lack of understanding between various layers of stakeholders (local government,
organizations, etc.) the Task Force will provide a forum for dialogue. By strengthening institutional platforms and
providing options for sustainable developing cultural assets, coordination between actors will be enhanced, policy
planning improved and clear work management plans developed, thereby ensuring better management of heritage
tourism sites and the optimal use of resources.
In addition to the task force, the
2. creation of an “outdoors laboratory” to test infrastructures, services and business models involving tourists, not
only in terms of validation but also in terms of planning, seems to be the step forward, to be then completed by the
3. implementation of a “project-oriented approach” in order to ensure consistent vision, objectives, project rationale
and communication formats and, at the same time, to extend the solutions developed to other territorial contexts.
Why Rome ?
It is a cosmopolitan city – one of the great examples of “universal” sites – that has maintained its specificity. It has
incessantly and consistently produced culture. Epochs and styles coexist in harmony.It has an important tradition
in designing experiences, in the field of cultural heritage, tourism, film-making and the use of state-of-the-art
technologies. It is has a major tradition in the audiovisual industry (multimedia and ICT).
Rome is a fast moving city. Its incredible assets are match with a flexible structure which aggregates the best
available expertise in the university research, the demand of innovation coming from companies and professionals
with the aim of advancing professionalism, research and creativity, giving new answers to the continuously
evolving technological, productive and professional contexts. World widely known as the capital of history and
home of most of the world’s cultural sites, Rome is “ by nature” entitled to conceive the best possible approach to
cultural destination management.
The approach that is being implemented is aimed to assert the importance of the cultural sites vs. Tourism
development and of the value a city like Rome – and a country like Italy - may add to a comprehensive, innovative
approach to the development of cultural tourism.
The expertise, the skills, the invaluable resources that are part of it may be of effective use for any other city – or
site – wishing to increase their success on the international cultural tourism scenario. In other words: “creating a
project-oriented approach to deliverables (technological platforms, marketing solutions, regulatory schemes) that
can be easily used in other “art cities” or other sites with a high tourist and cultural value (including music, food
and wine…) so as to build, develop and disseminate an “Italian way”.
Concrete Initiatives
1.
2.
3.
4.
5.
6.
7.
8.

High training school for ‘designers’ and ‘managers’ of cultural experience”
“Access Gate to Archaeological Rome”
“Wireless initiatives”
“Infomediary of technologies for cultural heritage”
“Personalized circuits and emotional narration”
“Integrated touristic Card”
“Geolocated Web marketing”
“Sperimentation centre of new digital languages in order to narrate the territory”

Firts Concrete Initiatives
1 “High training school for ‘designers’ and ‘managers’ of cultural experience”: a school designed to train new creators
of tourist–cultural products. It will be characterised by highly multidisciplinary contents and by a high degree of
internationalization. It will be implemented together with the prestigious design school Domus Academy.
2. “Access Gate to Archaeological Rome”: creation of a “point of departure” in the archaeological heart of Rome
in order to visit its archaeological heritage. This place will be used as a “destination management site” to
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receive and guide tourists in the extraordinary – but fragmented – archaeological reality of Rome. It will also
be designed to understand and appreciate this asset.
3. “Wireless initiatives’”: creation of individualized contents and location services for tourists and installation of a
Wi–Fi network in areas with a high tourist and cultural value. Moreover, this will serve as an important tool to
test contents, services and terminals.
The (New) Initiatives
4. “Infomediary of technologies for cultural heritage”: Creation of a permanent infomediary service in order
to point out and follow up business opportunities entitled by innovation technology. It will plan and develop
standardized ways to spread innovation opportunities, it will test ways and service processes able to reduce the
organization impact and the costs connected with spread actions on firms.
5. “Personalized circuits and emotional narration”: Use of the new digital media (web tv, “flying bird” satellite
maps, print-on-demand) in order to narrate to future tourists with higher effectiveness and personalization the
territory and its beauty.
6. “Integrated tourist Card”: Creation of the italian tourist Card that represents an integrated and systematic
approach in order to support the tourist during his stay in Italy. This Card will supply personalized services to
the tourist and it will maximise his expense ability.
7. “Geolocated Web marketing”: Use of this new technology to “accompany” high visible initiatives,
“multiplying” the participants
8. “Sperimentation centre of new digital languages in order to narrate the territory”: Creation of a
sperimentation centre of languages and expressive forms enabled by the new digital languages in order to
narrate emotionally the historic and artistic beauty of the country (
)
The expected results in the short and medium term of these projects will be: recognition by the foreign press of
the leadership of Rome as a laboratory on cultural tourism, enhancement of the perception of Rome as a cool
tourist destination, not only linked to its great past (fascinating but belonging to the “past”). Third, growth of the
sector linked to the protection and upgrading of cultural heritage, the so-called “production sector” of Cultural
Heritage. However, in the long term there will be an increase in quality tourism (and, in particular, growth of
the average expenditure for tourists), a longer average stay of tourists and an increase in private contributions
(deriving from the growth of the overall value of the sector) in funding the conservation of cultural heritage.
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Why Do It in Rome?
– Rome is an international metropolis which maintains his specificity (one great example of local –”universal”)
– It has created and it interprets universal values: law, religion, global infrastructure and organisation.
– It produces all along culture endlessly. Different ages and styles cohabit tunefully. It permits the recovery of the
diachronic dimension of the world.
– It has an important tradition in projecting experiences in Cultural Heritage, in tourism, in cinema (always using
vanguard technologies)
– It is characterised by a strong audio visual culture (both multimedia and also ICT)
Rome represents the ideal learning setting to allow a cultural experience design master to become itself a memorable
experience.
“Access Gate to Archaeological Rome”
Creation in the heart of the archaeological Rome of the “access point” to the visit of the archaeological heritage of Rome.
The “Access Gates” represents a powerful instrument of destination management in order to orient and enhance, also
emotionally, the tour experience in the extraordinary – but fragmented – archaeological reality of Rome.
Its main functions will be: firstly, an orientation Centre for tourists to guide them through the great archaeological
heritage of Rome (“the point of departure for each visit”). Secondly, reconstruction of main monuments (“as they
were”) and of what happened there (“how they lived”). Thirdly, creation of narrative circuits providing a context
( historic, artistic, scientific, literary, fiction …) for artistic creations and monuments. Fourthly, it will be an icon
to present the Roman archaeological heritage in a unitary and consistent framework (like the Louvre Pyramid).
Lastly, a Point of sale for cultural “merchandising”. (
)
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Traiano Markets represent an architectural complex of high historical and artistic value. It is formed by halls,
gardens and outdoor spaces, ideal to host an Access Gate. Traiano Markets have also been recently restructured
in order to widen the accessible areas and to increase security. Based on the architectural characteristics of the
Traiano Markets and on the planning logics of the access gate, it is possible to preliminarily identify: a division of
the tour areas in thematic units, the visit route, the installations to be introduced in the different settings and the
connected applications coherent with the objectives of the thematic units, service areas for welcome, relax and the
tourists purchases. (
)
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The exhibition “Imagine Ancient Rome” has been a first
experimentation with tourists concerning the use of digital
applications in order to reconstruct and “visit” archaeological
sites. It has shown how great instruments are innovative
digital applications to encourage visits. This exhibition, that
took place at the Traiano Markets, has decupled the number
of visitors. It hosted, in only two months, more than 28.000
visitors. (
)
“Wireless Initiatives”
The wireless initiatives concern a set of services for tourist
assistance before, during and after their visit to Rome, using
new technologies and modern devices. The proposed content
and service architecture is articulated in four blocks connected
with the following needs:
Where am I and where I want to go?
The instruments used in order to satisfy this thematic area are:
– Position and route maps. They allow the tourist to localize
and contextualize the presence and reach the chosen destination.
It is important that geographic information will fit to used
devices.
– Information for the tourist (or citizens). These are information connected with museum/exhibitions, cool
and night events, restaurants, pharmacies, etc. It will be extremely important to implement localization and
automatically profiling mechanisms that allow to personalize the formative content.
What am I looking at?
– Narration of cultural objects. This is probably the most innovative part of the project. Indeed using WiFi
it is possible to create an out-and-out “outdoor museum”. There will be 3D reconstructions that will display
the ancient monuments using audio-video contents too. It is fundamental to integrate traditional philological
explanation with narrative and emotional mechanisms to create out -and-out memorable experiences.
How can I remember what I’ve seen?
– Travel albums. Both digital contents produced by tourists (i.e. digital photos) and digital contents purchased
(i.e. digital brochure, podcast, ...) will be picked up using digital containers in order to allow the collection of
digital memories.
How can I recount and share what I’ve seen?
– Digital tourist communities. Travelling, above all for youths, is often an opportunity to meet other people. As
a consequence it is important to use new technologies with the aim to support this activity too. The creation of
a tourists community is fundamental to generate loyalty mechanisms to a particular place which can encourage
the tourists come back.
The “Wireless Initiatives” project is actually covering a second phase which goal are:
– Empowering wireless infrastructures and management software
– Developing ad hoc historical and cultural contents: “Imago Urbis”/underworld Rome, Virtual Rome
– Developing integration software that will permit to use software and technologies already available.
The benefits that the project will generate are:
– Easy connection, rich contents, the fullest and deepest fruition of the City in all its aspects enable the economic
and tourist industry to make Rome more “attractive” and worth visiting for longer periods of time and to
promote a new Journet through … Rome.
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– A high-tech environment provide our ICT companies a competitive advantage even with respect to the international
market; the same for the collaborative working environment which attracts innovative and creative enterprises.
“Geolocated Web Marketing”
Geolocated Web marketing allows to “accompany” high visible initiatives, “multiplying” the participants.
A successful testing of the potential connected with this technology has been done at Rome during the “Notte
Bianca” event (
)
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Abstract
In this paper we present ARCHIE, an interdisciplinary research project of the Expertise Centre for
Digital Media (Hasselt University) and the Gallo-Roman Museum of Tongeren (Province of Limburg),
which aims to discover how a handheld guide can be used to enhance the museum learning experience.
In ARCHIE we stress on the important role of social interaction as a prerequisite for intellectual, social,
personal and cultural development. One of the main objectives of the ARCHIE project is to encourage
and stimulate interaction with the museum, the PDA and fellow visitors. We created a framework that
takes these three interaction channels into account and that supports the creation of arbitrary mobile
guide shells. Designing a shell that incorporates social interaction is a real challenge however and asks
for a new approach different from designing shells that pass information to the individual visitor.
Keywords: Collaborative learning, social interaction, mobile technologies, museums, PDA

1. Introduction
ARCHIE is an interdisciplinary research project in which the educational staff of the Gallo-Roman Museum
collaborates with a research team of the Expertise Centre for Digital Media (Hasselt University). Starting point
of this collaboration is our belief that the museum handheld guide is a promising medium to enhance the visitor’s
learning experience, but such a guide should pay more attention on the social aspects than most existing guides
currently do. The introduction of handheld computer guides into museums has added another dimension to the
visit experience: PDA technology allows the dynamic presentation of information without disturbing the physical
space. These screen-based multimedia systems also provide the opportunity to access multimedia, visuals, photo,
video, text and audio while walking through the exhibitions. In contrast to traditional paper museum guides, it can
be updated and extended with new information in a more convenient way than by using paper booklets.
The first PDA-based applications in museums combined all these advantages, but they also revealed some
important shortcomings: the device demands lots of attention, tends to displace the surrounding objects and
generates the unintended side effect that it’s a quite individual, isolated experience (Proctor & Tellis, 2002; Vom
Lehn & Heath, 2005; Vom Lehn, Heath & Hindmarsh, 2005; Angliss, 2006a, 2006b). These comments are quite
similar to the traditional remarks concerning the audio-tour, that could very well be considered as the predecessor
of the PDA. Angliss (2006a) suggests that “audio can also put individual visitors in a bubble, making it difficult for
them to keep track of companions or family members, let alone chat about what they have seen” (p.47). This fact
reminds us of the theory that explains the intrinsic development of new media (Van Driel, 2001): in a first phase, a
new medium imitates familiar media (for example, first television shows took warning from radio programs, first
pages of the world wide web strongly resembled a news paper, …). After this imitation phase – which is quite
important to break through initial aversion towards the new medium and to generate general acceptance of the new
medium – follows the authenticity phase, when new media try to develop their own characteristics that differ them
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from the old media by exploiting their specific capabilities. A good example is the mobile phone. At first it served
only as a phone, but now we can use it to take pictures, listen to music, play games, …
With the ARCHIE project, we want to deal with the above mentioned unintended side effects and to explore the
different possibilities a museum guide can offer in the future: a greater versatility for visitors to tailor information
to their needs and interests (e.g. by using personalization), to discover the exhibits at their own pace and in their
specific context (e.g. by using localization) and to communicate and interact with family or group members (e.g.
by designing appropriate interaction).
2. The importance of context and social interaction
As mentioned above, user studies of the first handheld guides in museums stress on the fact that the PDA tends to
displace the authentic objects whilst visitors in a gallery remain oriented to the device rather than to the exhibits
(Vom Lehn & Heath, 2005, p.15). The notion that the use of handheld guides can serve as a distraction bears out the
idea of an ideal museum experience as one that supports unmediated communion between the object and the visitor
(Thom-Santelli, Toma, Boehner & Gay, 2005). However, a PDA-tour would not be the only so-called distraction
in this narrow definition of a museum experience. The presence of other visitors, as well as the architecture and
aesthetics of the museum building, can draw the attention away from the displayed objects.
Instead, we follow the idea that an ideal museum learning experience should be expanded to include these socalled distractions, as a way to make the visit richer and more interactive. Furthermore, we follow the contextual
model of learning (Falk & Dierking, 2000), which states that there are three overlapping contexts that contribute
to and influence the interactions and experiences that visitors have with objects and the consequent learning and
meaning-making: the personal context, the physical context and the socio-cultural context (Fig. 1).
Following this model, social interaction does not only promote, but is a prerequisite for intellectual, social,
personal and cultural development (Morrissey, 2002). Recent studies with children and object-centered learning
also recognize the importance of social interaction: “the potential of the learning environment and its objects
largely depends on the social atmosphere generated and the support young children receive through positive,
reciprocal interactions. […] The most successful learning setting functions as a community of learners, where all
individuals are respected, their learning is supported, and
opportunities for collaboration are provided” (Piscitelli
& Weier, 2002, p. 126). An extensive investigation
among visitors and potential visitors of the Gallo-Roman
Museum confirms these findings (Provincial GalloRoman Museum, 2005).
The three contexts of the contextual model have
been the main inspiration to construct a meta-mobile
guide system. A meta-mobile guide system provides
the necessary tools and services to create an appropriate
mobile guide given the three contexts: personal, physical
and socio-cultural. A meta-mobile guide system, such
as the one presented in this paper, should offer facilities
to determine these three contexts and should provide an
appropriate presentation according to these contexts. The
next section will delve deeper into the architecture of our
Figure 1. The contextual model of learning
system and provides insights in the core services offered
(Falk & Dierking, 2000).
by the ARCHIE Mobile Guide System.
3. System overview
One of the main objectives of the ARCHIE project is to encourage and stimulate interaction between visitors and
the museum by use of the PDA. This can be done by providing opportunities to communicate with each other
directly (using Voice-over-IP) or by involving visitors in a collaborative game. Furthermore, we recognize that
each visitor is different (age, level of knowledge, interests …). While traditional mobile museum guides often
offer a uniform tour and presentation for all visitors, the project wants to discover opportunities and benefits of a
personalized approach while exploiting the social relationships between visitors.
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The ARCHIE Mobile Guide System consists of a communication bus infrastructure and a set of three core
services on top of which an arbitrary interface shell can be deployed (Fig. 2). An interface shell represents a
(graphical) user interface and decides how to react on input from the core services. A core service is a well-defined
functional unit that is responsible for a specific task. The following core services are provided, inline with the Falk
& Dierking model:
– personalization: the ability of the user interface and presented content to adapt according to the user preferences
and interests;
– localization: the ability of the user interface and presented content to adapt according to the location of the
user;
– communication: the ability of the user interface and presented content to take advantage of different types of
communication channels with other handheld guides and with a server-side infrastructure.
The communication bus infrastructure is similar to an object request broker bus: it offers a uniform way for the
services and the shells to communicate with each other. The interface shell can be developed independently of these
services; it only has to handle events sent by the services over the communication bus infrastructure it is subscribed
on. This approach results in a system for the creation of arbitrary mobile guides rather than one particular mobile
guide: various interface shells that behave differently can be integrated and by using the communication service,
which handles the interaction between visitors, it is possible to implement collaborative applications such as
games.

Figure 2. Framework overview.
3.1. Socio-cultural context
One of the core services is the communication service. A server application keeps track of the different groups of
visitors that require mutual communication. During the visit, the system allows visitors to communicate with other
visitors in the same group in two different ways:
– a direct communication style that allows the visitor to address the other members of the same group directly.
E.g. for real-time direct communication we provide a voice-based communication channel using Voice-over-IP
(VOIP) technology. We use the Emiplib library that enables us to provide different types of real-time multimedia
communication (Liesenborgs, 2007). Currently our mobile guide only provides voice communication, but other
types of real-time communication such as video messaging could be included as well.
– an indirect communication style that allows visitors to exchange other types of data related to the current
interface shell. Through collaborative games experiences and opinions can be shared. The synchronization
between different clients involved in a collaborative game depends on the game and should be taken care of by
the developer of the shell.
Both types of communication make use of the wireless network that is deployed inside the museum and covers the
complete museum surface that can be visited. The combination of both types of communication opens up several
possibilities to implement collaborative applications such as games that need to be played in group.
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3.2. Physical Context
An important aspect of the physical context is the location of the user inside the museum. Based on the location of
the user, we can decide which objects are in the vicinity and the trail followed throughout the museum. Both are
important aspects of the physical context, which can be taken into account when presenting information to the user.
One possible application is to notify the user when she/he comes near an object of interest.
The wireless network, which is already deployed to facilitate communication, can be used for indoor localization
as well. There are several commercial WiFi-based location systems available, and although they promise good
results, they are not usable in all situations. While these systems may be successfully deployed in an office building,
which is a rather unvarying environment, disappointing results were obtained when trying to use it in surroundings
where lots of people walked around (like e.g. in museums) and in places where furniture and other big obstacles
are displaced. Chan et al. (2006) investigated the influence of clusters of people and created a system that showed
a significant improvement of the estimated locations. However, additional hardware (ZigBee radio) was needed to
detect these clusters of people.
The first problem we encountered in implementing our WiFi-based localization algorithm was that the signal
strengths fluctuate constantly, even in a static environment. Compensation, e.g. omit deviant values, can minimize the
errors based upon this flawed input. Another problem we faced was that the average signal strength received from an
access point did not necessarily correlate with the distance to that access point, so simply deriving the distance to an
access point by looking at the signal strength is not guaranteed to be right. Therefore, we introduced a learning phase
to collect signal strength fingerprints (Haeberlen et al., 2004; Youssef & Agrawala, 2005) for the areas that need more
accurate indoor localization. These fingerprints are used during the actual visit to estimate the right location.
3.3. Personal context
The personal context is one of the other corner-stones of a museum visit. Our mobile guide system provides a
service that offers personalization on two different levels: content selection and media selection. The latter is a
presentation format for the former.
The recommender system used by the personalization service is to a large extent based on the solution provided
by the GroupLens Research Project (GRP) (Sarwar, 1998; Good, 1999). Such collaborative filtering systems make
predictions for a user by finding other users with highly correlating opinions, but they need a decent set of opinions
for each item to be defined in advance in order to function properly. The solution of the GRP was to introduce rating
robots, named filterbots, that immediately have an opinion ready on each item that is added to the system, based
upon the content represented by and meta-data related with the item. But unlike GRP, where the items were mainly
text documents which are accessible for processing, the items in the ARCHIE system are different types of media
fragments, like video and audio. Thus, when adding such media to the system, a group of characteristics needs to
be set as well, in order for the wide variety of filterbots to calculate their opinion (with a scale of -1 to 1).
In order for any collaborative filtering system to work, a user must first specify her/his preferences before
any positive match can be found. While the method of obtaining these opinions is still to be determined (e.g. by
means of a questionnaire), once they are determined a single factor can be calculated per filterbot to represent how
significantly the user’s opinions correlate with that filterbot’s opinions. The resulting matrix of all those factors is
called the “weight-set”, which actually represents the user profile and is used to select content and the preferred
media representations for the content. The personalization service can be used by a graphical shell to decide which
content to present and what media types are most appropriate to present this content for a particular user.
4. Case study: a collaborative trading game
One of the possible applications for the future Gallo-Roman Museum is a museum game; a collaborative learning
activity for (school) groups (aged 10–14 years). To get better acquainted with their needs and expectations, we
conducted a brainstorm with some youngsters (12 to 17 years) and invited them to think aloud about gaming in a
museum. What are their main expectations towards a museum game?
– it has to be lots of fun, with enough challenges and plenty of variety
– promote unconscious learning (young people don’t want to get the impression that they are learning)
– integrate objects of the museum (exhibits) within the game
– provide a personal and adaptable character/avatar
– integrate a help menu within the game
– …
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Figure 1. Conceptual entities involved in Smart Museum Services.
provide higher level context information, enabling Smart Museum services. In this way we can leverage on stateof-the-art sensing technologies in a modular fashion to provide a range of innovative services.
Stereo vision, combining stereo vision cameras with 3D image processing algorithms, is an interesting
technology for smart museums is for several reasons:
– Moving objects (e.g. visitors) can be detected with a single stereo camera;
– State-of-the-art algorithms can provide accurate information on location and tracking;
– Server side computation is easy to maintain, manage and upgrade, and it is not limited by portable devices
capabilities.
On the contrary, issues are raised, such as:
– Installing the relevant infrastructure may be expensive or problematic;
– The area covered by a single camera pair is small (3m x 3m), therefore it is often impractical to cover the entire
area where visitors need to be localized with stereo vision cameras.
This paper shows that stereo vision can simultaneously support multiple museum services and therefore maximize
the cost-effectiveness of the required installation. In particular it shows that it is possible to provide multimedia
guides with location information over the entire site when stereo vision cameras are combined with inertial
sensors.
Section 2 reviews the related work and specifies the starting point of our research. In Section 3 the main system
components, i.e. the Stereo Vision based Tracking System and the Inertial Tracking System, together with the
hybrid location system are presented. In section 4 sensor-augmented mobile multimedia guides are discussed. In
section 5 the use of the VTS for visitor monitoring and for statistic data collection is described and an overview of
the experimental and preliminary results from the EPOCH Interactive Salon held at Stockholm’s StadsMuseum is
given. Section 6 presents our conclusions and future works.
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2. Related Work
Context-aware computing is a very active and recent research area. Context-awareness enables novel services
and novel interaction models, supporting the selection and adaptation of services and content according to the
situation the user is in. Detecting context is considered a challenging task, since Mark Weiser’s vision in the
early nineties [WEISER99] a wide range of projects have focused on context detection. A number of them are
vision-based systems which have received considerable attention in recent years [BRUM00], focusing on human
tracking (face, body-part and whole-body tracking) as well as on human activity recognition (social interactions,
gesture understanding). One of the earliest projects is EasyLiving [KRUMM00]: the goal was the development
of a prototype for building smart environments that could facilitate the interaction amongst people, computers,
and devices. It integrates a vision system, which uses multiple color stereo cameras to track multiple people
simultaneously. Since then many other projects have been focused on human activity recognition and group
interaction. Crowley [CROWLEY03] describes a software architecture for real time observation of human activity.
Robertson et. al. [ROBERT06] presents a system for human behaviour recognition in video sequences – the human
behavior is modeled as a stochastic sequence of actions. In this paper we use a vision system in combination with
a Personal Inertial Navigation System (PINS) for indoor localization.
Several indoor location technologies exist, but non of them is widely used yet, this is different from outdoors
where GPS is currently the de-facto standard. The following is a list of the most common indoor localization
approaches and related issues.
– Wifi is the most widespread choice because it can leverages on existing wireless data communication
infrastructures, but it is not very accurate because of the complex and variable structure of indoor environments:
e.g. doors, windows, people moving around originate multi-path fading, reflections, and similar phenomena
that are difficult to handle.
– PINS, which can be wearable or embedded in mobile devices need to be initialized and are subject to drift due
to sensors noises [GILLI04].
– Systems based on “grids” of sensors [CRICKET,WANT92] may be accurate but they are difficult to deploy in
pre-existent (and often historical) sites.
– Tag-based location systems [HÄHNEL04] for proximity based positioning require every locatable object to be
tagged.
– Tracking systems based on stationary cameras provide an accurate location but identifying the tracked user is
difficult and the covered area is small.
– Positioning based on vision equipment embedded in mobile devices is still at an early stage, even if promising
results are being demonstrated [BAY05].
Amongst the systems described above, only PINS and Vision-on-Mobile systems do not need any infrastructure,
fulfilling the unobtrusiveness constraint of CH sites.
PINSs provide location information mainly through wearable sensors, i.e. accelerometers, gyroscopes,
compasses, barometers, and noise, light and vision sensors [FANG05]. PINSs [VECT] and tracking systems based
on vision are widely mentioned in the literature, but a limited number are related to their combined application
to context-aware computing. Particularly in cultural heritage applications their combination can enable multiple
smart services, improving visits and site management.
3. System Overview and main system components
The system presented in this paper is a novel hybrid approach to localization, it combines a Stereo Vision based
Tracking System (VTS) and an Inertial Tracking System (ITS) – figure 2 shows out of which parts the hybrid
system is formed and how they support museum services.
The VTS, presented in section 3.1, is a server centric application that tracks in real time visitors positions from
video sequences taken by a stereo camera. The position of visitors is used to monitor and gather statistical data
about the flow of visitors.
The ITS, presented in section 3.2, is a navigation system available on mobile visitor guides.
Section 3.3 describes how location information gathered by the VTS is used by the ITS to calibrate the mobile
guide’s initial position. The resulting location system enables mobile guides to provide more fine granularity contextaware services and content, improving the experience of the visitor. For example, the interface can automatically
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Figure 2. From sensor systems to services.
adapt to the visitor’s location and the most appropriate content may be displayed. Context data between both
systems is exchanged through MobiComp, the EPOCH Context Management Infrastructure, described in the
companion paper in this journal [RYAN07].
3.1. Stereo Vision based Tracking System
The capability to visually track several moving persons over long time spans through occlusions and across
complex backgrounds represents a crucial and still largely unresolved issue. Many methods for real-time multiperson detection and tracking based on the analysis of images supplied by a static camera have been described in
the literature.
Unfortunately, due to overlapping of people in the
2D images taken by cameras it is extremely difficult to
robustly maintain tracks integrity when people are close
to each other. 3D scene monitoring using stereo cameras
allows for effective and reliable multi-person detection
and tracking. The VTS used in this paper is a 3D people
tracking system that consists of a digital stereo camera
connected to a server running 3D vision algorithms that
detect in real time the trajectories of all the people walking
through the camera’s field of view [DISTEF04].
Trajectories are evaluated in real time, frame by
frame, and are expressed as timed sequences of locations.
The persons tracked are not identified, therefore each
trajectory is “anonymous”. For certain services, e.g.:
statistics gathering and visitor counting, this feature
intrinsically meets the privacy requirements, but it is an
obstacle when the visitor carries a mobile guide that needs
to be recognized for personalized services, see section 6.
Another important VTS feature is its ability to count
how many people cross a virtual line defined in its fieldof-view (the green line in Fig. 3).
The counter values are stored in MobiComp as timestamped context elements, and they can be easily re-used
by other software modules to provide application specific
services.
The VTS is based on the concept of plan view statistics
and deploys a down looking digital stereo camera
Figure 3. Stereo-Vision System Interface.
mounted overhead. Synchronized image pairs coming
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from cameras are first processed by means of a real time correlation based stereo matching algorithm. People
tracking takes place in a 2D orthographic view and relies on Kalman filtering to predict the new positions of tracked
objects. Experimental results have demonstrated the robustness, the accuracy and the real-time performance of the
proposed VTS.
3.2. Inertial Tracking System
The ITS is able to compute the relative change in position and direction of the user, therefore starting from a known
absolute position p0, it is possible to determine the position of the user over time (Fig. 4).
The deployed ITS is explained in terms of its
hardware, firmware and software components.
The hardware is composed by a multi-sensor
board (MSB) based on a microcontroller and
comprises a compass, a bi-axial accelerometer
and a gyroscope (Fig. 5) [SALMON04].
The firmware component running on the
MSB allows both basic information, i.e. angular
velocity, azimuth, pitch and roll information, and
more high level context data to be retrieved.
The software component processes data
gathered from the MSB to estimate an accurate
pedestrian trajectory of the user wearing the
mobile/wearable device.
In particular, the deployed algorithm detects
the following:
– the number of steps;
– the length of each step;
Figure 4. Principle of Inertial Tracking.
– the heading of the walk.

Figure 5. Multi-Sensors Board.
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To calculate the walked distance, the algorithm processes the frontal acceleration signal, analyzing the maximum
and minimum amplitude[WEINB02].
Furthermore, it provides basic, but useful pedestrian activity information, i.e. still or in motion.
On one hand the ITS can be useful where an infrastructure for absolute positioning is not available; on the other
hand the ITS algorithm needs to be periodically resynchronized because of its loss in accuracy over time.
After preliminary laboratory testing, current results show that the ITS precision depends on the positioning of
the device and on the user’s gait (walking or just stepping forward, backward or side movement), it also varies
from user to user.
Currently we are working on increasing the accuracy with improved algorithms, new sensors and different ITS
positions. One of the new possible sensors could be an inertial sensor worn by the user, communicating wirelessly
with the system.
3.3. VTS support to Inertial Tracking
The presented localization system is composed of the VTS and ITS systems described above.
The ITS is used to provide tracking information, filling the gaps between the areas covered by the high precision
VTS. Such an approach is already well-known in different settings where other absolute positioning systems are
used instead of the VTS (e.g.: GPS [KAO91,WEIM07]).
The VTS is needed where the density of the exhibits is high and the localization requirements are extremely
strict. In areas where the requirements are less strict or where environmental sensors are difficult to be placed, the
ITS may be well suited.
The integration between these two tracking systems – and the underline context management framework –
should overcome some of the challenges presented above. In particular:
– Only a few stereo cameras are used in strategic points;
– A location estimate is the result of the fusion of a highly accurate but sparse vision-based module and a besteffort but continuous tracking system.
Hence, the system should be able to provide accurate and – at the same time – continuous location information for
each visitor wearing the device.
The mobile guide relies on the VTS to set its initial position, to fine tune some user dependent parameters (e.g.:
user gait) and to compensate the inherently growing position error.
Location is provided alternatively by the VTS and by the ITS according to the following rule: when both the
ITS and the VTS produce position information, priority is given to the VTS due to its absolute and more accurate
data. When the VTS looses track of the user because she leaves its field-of-view, location is provided by the
device’s ITS, after being resynchronized to the last position detected by the VTS (Fig. 6).

Figure 6. VTS-ITS Localization System.
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At least one stereo camera is required to provide the mobile device with its initial position; additional stereo
cameras may be added to resynchronize the ITS along the visit path as shown in Fig. 6. So each stereo camera not
only should track and count anonymously all visitors walking under its field-of-view, but also it needs to uniquely
identify mobile devices that need to be resynchronized.
Several methods for automatic identification of the tracked people are being investigated and no best solution
was found yet. At this stage of our research recognition is not yet a fully automatic process, rather it needs a simple
action by the user: all visitors equipped with a guide that need to adjust their location parameters need to walk on
a well-marked position located in the VTS field-of-view and press a key on the mobile guide to be recognized in
such a specific area (Fig. 7). So every VTS system deployed in the museum acts as an on-demand Realignment
Server (RS).
With this semiautomatic approach, the error accumulated by the ITS does not affect the reliability of the
association between the device and its trajectory identified by the VTS. In order to compensate the inaccuracies
mentioned in section 3.2, investigations shall be carried out to verify if the ITS error model can be evaluated,
comparing the precise trajectory detected by the VTS with the one simultaneously observed by the ITS.
4. Context-aware mobile multimedia guide
Context-aware mobile multimedia guides [SALMON04] can provide value-added, often location-based, services
to CH sites. Location-based services are considered as one of the “killer applications” in the near future in a
number of fields, e.g. telecommunication [TELCO06]. Context-aware mobile multimedia guides for CH sites
leverage on context information to:
– present the most suitable content for the current situation, e.g.: contents concerning exhibits in the field-of-view
of the user,
– adapt the content to the user’s current activity, e.g.: audio when walking and audiovisual when standing still,
– create new types of contents, fully integrated with context sensing capabilities provided by the platform, e.g.:
sensor.-based 3D engine for virtual on-site tours.
The multimedia guide making use of the context information provided by our ITS and VTS systems is WHYRE®
(Fig. 8), a wireless, hands-free, sensory augmented, wearable computer made by Ducati Sistemi [SALMON04,
RAFFA07].

Figure 7. VTS Calibration area.
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Figure 8. Whyre®: the device(left) and the wearing mode (right).

5. Management Services
Data gathered by the VTS and stored on a Context Management Infrastructure (e.g. MobiComp) can be easily
reused to provide real time, as well as statistical information about the visitors’ flow. Monitoring visitors’ flow
in museums, exhibitions, as well as in any location open to the public can be utilized by management personnel
to adjust the site layout and to optimize the visit conditions in terms of visit quality and site protection. Once the
stereo-camera systems are installed in locations where all the visitors need to go through when entering and exiting
the monitored area – potentially a single location if entrance and exit coincide – the VTS keeps track of the amount
of people entering and leaving the site over time.
From this anonymous and unobtrusively collected data set, the management can be kept continuously updated
with basic parameters about how many visitors are currently inside the exhibition, how many visitors entered
during the day, how much time on average they spent in the exhibition, and the average hourly visitors rate. From
the above parameters long term statistics about an exhibition can be derived for analysis and decision making
purposes.
To demonstrate the above mentioned concept, a stereo-camera was deployed at the “Interactive Salon”, an
Exhibition of Technology for Cultural Heritage held in two adjacent halls at the Stockholm’s StadsMuseum from
October ’06 till the end of March ‘07. The camera was installed on the ceiling of a 2.2 meters wide corridor near
the entrance of the exhibition, next to the exhibition entrance desk. The visitor were monitored for over four
months, below preliminary results are presented and evaluated.
Fig. 9 depicts some of the data collected daily. The example shows that the amount of visitors exceeds 180
people at the end of the day (top left), the visitors hourly rate has a peak of 98 visitors/hour around lunch time, the
amount of people inside the exhibition has a peak of 18 people just after lunch and, the average visit time drops
substantially when the visitor flow and the density inside the exhibition is very high.
Fig.10 reports on a more typical exhibition day with less visitors (around 100 people), but with a better
distribution through out the day. The visitors inside the exhibition never exceed 11 people and the average visit
time is relatively high, indicating that the exhibits can attract the attention of individuals or groups for quite a long
time.
Fig.11 shows a set of graphs that may be used to evaluate and compare the patterns of visitors over multiple
months. The month considered in Fig.11 is January 2007. The graph on the left shows the amount of visitors for
every day the exhibition was open, providing an aggregated value exceeding 2300 visitors per month. The graph
on the right shows an estimate of the daily average visit time.
This parameter has a large standard deviation since visit durations changes considerably with the visitor’s
profile. Evaluating the AVT standard deviation was not considered yet. Even though currently no quantitative
analysis of the errors in the collected data set is available, the following errors sources may be mentioned:
1 – The system does not yet distinguish between staff and visitors;
2 – The system is jeopardized by staff members that do not go back the way they came;
3 – There may have some occasional reading error.
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Figure 9. Museum Visitors Daily Statistics -1.

Figure 10. Museum Visitors Daily Statistics - 2.
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Figure 11. Museum Visitors Monthly Statistics.
Error source 1 is the main issue; staff entering and exiting the exhibition area for short moments increases the
number of visitors and decrease the value of the average visit time. To eliminate this error source the staff should
wear a tag detectable by the system and we plan to investigate two solutions: using a tag detectable by the vision
system (the tag should fall in the field-of-view of the cameras and it should exhibit a specific pattern or shape or
colour), or using an RFID tag, increasing cost and complexity of the system.
Error source 2 is due to the experimental nature of our set up and due to the availability of only one stereo
camera: it should not be an issue if a stereo camera is located on every access way to the monitored area.
Error source 3 has two main reasons. Firstly it was found that when a visitor stands still or moves very slowly
backwards and forwards on the virtual line that defines the site entrance, false-positive events may occur. This
error source may be removed by properly adjusting the size of a hysteresis band associated to the counting line.
Secondly detection errors occurred as a consequence of significant light changes. In principle, the stereovision
system is intrinsically robust with respect to light changes occurring during the day, but if the light changes saturate
the cameras or decrease the image brightness below a certain minimum level, the stereo-matching process fails.
These rare events could be mitigated by using cameras equipped with an auto exposure mechanism.
6. Conclusions and Future Work
Museums and archaeological sites are challenging test-beds for always-on real-time tracking systems. In this
paper the combined use of unobtrusive sensing elements, sensory augmented multimedia guides and a context
management infrastructure was presented and it was shown that multiple services may be provided by such an
infrastructure. Within the proposed framework the environmental sensors based on stereovision unobtrusively
monitor the visitor flow, and contribute to the gathering of statistical information about the visitors’ behaviour.
Additionally, they support repositioning of multimedia guides equipped with inertial sensors.
The VTS-ITS combined system will be improved in future work in order to obtain a more reliable and stable
localization system. One issue to be solved is the fully automatic association between the target detected by the
VTS and the trajectory tracked by the ITS. At the moment a semi-automatic identification is done in order to
calibrate the inertial system.
A prototype was deployed at the Interactive Salon, an exhibition of technology for cultural heritage held at
the Stadsmuseum in Stockholm within the framework of EPOCH and the visitors’ flow was observed almost
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continuously for a period of over four months. The system behaviour was remotely monitored daily by the research
team located in Italy, with the support of EPOCH researchers in Stockhom. Such an extended field test was very
useful to understand the limitations and the benefits of the proposed system.
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Abstract
Making context-aware multimedia content available in museums and at archaeological sites is a
challenging task, as the devices and software used need to be adapted to the local requirements.
This paper presents the experience gained in the MUSE research project. The main aim of MUSE is
to make the visit to a museum or archaeological site more enjoyable and fruitful by means of Mobile
Context Aware Multimedia Guides.
During the project a hands-free, sensor augmented, context-aware wearable computer named Whyre
was developed. The purpose of Whyre is to act as a guide for cultural sites, hiding the technology from
the visitors and making different types of multimedia content accessible through a unified interface.
Appropriate content is selected based on the user’s context – detected by sensors embedded in the mobile
device. A prototype has been demonstrated in two Italian Museums and in the archaeological area of
Pompeii. In this paper the MUSE system characteristics and the functionalities of Whyre are presented,
followed by a summary of real world trials.
Keywords: Context-aware, Multimedia guide, sensors, e_content.

1. Introduction
One of the goals of a museum is to make history accessible and at the same time making the learning experience
enjoyable. A “Mobile Context Aware Multimedia Guide” (MCA-MMG) is a tool supporting this goal by delivering
multimedia enhanced information at the right level of detail for a particular visitor at the right time in the right
place. MCA-MMGs are ubiquitous computing devices and follow the design principles described by [WEISER99]:
ergonomics, low power, technology hiding, communication and usability.
The effectiveness of a MCA-MMG does not only depend on the physical and technological characteristics of
the device, but also on the e_content format and language [MUZII 2003].
World leading museums, i.e. the Smithsonian Institute, are starting to consider MMGs [TELLIS04][RYAN05].
Many companies, including HP and Antenna Audio, are devoting considerable efforts to this issue, e.g. the HP
Labs Electronic Guidebook and Cooltown projects at the San Francisco Exploratorium [SPASO01], the handheld
tours at the NASM Steven F. Udvar-Hazy Center based on HP handheld devices, the Tate Modern Multimedia
Tour Pilot [PROCT03] and the SFMOMA program Making sense of modern art [SAMI01]. This trend is supported
by the movement of other computing areas towards increasingly mobile and distributed computers, e.g. wireless
multimedia, self-awareness of position, location-based services and Context-based usage models – for a detailed
description refer to [PERV02].
In the cultural heritage domain a number of large projects followed this trend, e.g. Archeoguide [GLEUE01]
and the one presented in this paper, MUSE [CINOTTI01]. The main aim of MUSE is to make the visit to a museum
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or archaeological site more enjoyable and fruitful by means of MCA-MMGs. MUSE has been demonstrated in
two Italian Museums: La Certosa e Museo di San Martino in Napoli [MUZII03, CINOTTI04] and the Museum
of History of Science in Florence [GARZOT05]. In cooperation with the project “Pompeii-Insula del Centenario
(IX 8)” [SCAGLIA01] MUSE has also been demonstrated in the archaeological area of Pompeii. A MCA-MMG
named Whyre has been specifically developed for the project. One of the goals of the project is to apply the lessons
learned from the use of Whyre to general-purpose mobile clients [BURRIS04].
2. MUSE Infrastructure
The MUSE infrastructure, as shown in Fig. 1, is distributed and composed of the following main components:
– The network infrastructure (mixed wired and wireless);
– The application server and the e_content repositories (storing also metadata based on Dublin-Core standard
[DC]) with their own Content Management Systems;
– The desk applications used to register and manage devices and visitors;
– Whyre devices worn by visitors.
A variety of additional domain specific services may be provided by this infrastructure [CINOTTI04], providing
an enhanced experience for the users inside the cultural site and also for the museum personnel for management
purposes. For example, personnel can easily adjust the e_content repositories according to physical re-arrangement
of exhibitions and users can be provided with a personal memento of their visit.
One of the more interesting parts of the MUSE project has been the development of the specific MCA-MMG
called Whyre. Whyre’s main characteristics and capabilities are detailed in section 3.

Figure 1. System infrastructure.
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Figure 4. Moving around in «Whyre Context».

Figure 5. Sensor-driven contextual navigation.
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Figure 6. Context usage for power optimization and interface effectiveness.
so that the virtual navigation may be contextual with the “navigation” in physical space (Fig. 5) [SCAGLIA01].
CMC can be extended to support additional functionalities, i.e. effective power distribution and optimisation
policies based on user and device context, as presented in [CHARY06]. An experiment was carried out at the
“Museo e Certosa di San Martino” to show that sensors-based CMC can be used to save power, as well as to
increase the effectiveness of the interface, leading to shorter visit times which can further reduce the total energy
consumption per visit. Fig. 6 shows on the left (a) the total visit time and on the right (b) the power consumption
during two identical visits (i.e. visits to the same set of exhibits and content). The visit with sensors disabled
is shown in bar A. Bar B shows the museum walk with sensors enabled to support the interface and Power
Management policies. In this case, the visit time is shorter because context-dependent content is automatically
provided by Whyre, without requiring the user to interactively search the required content. Furthermore, in this
case the display is switched off when the visitor moves from exhibit to exhibit. Since a high brightness display
is needed for a comfortable use, the power saved when moving is considerable, in the range of 6 watts in our
case. The benefits of this approach increase when the distance between the exhibits increase.
3.4. Form factor and graphical interface
The user’s needs are described in terms of cognitive, emotional and ergonomic aspects. Whyre was designed to
be used while looking at an exhibit, enhancing the user’s interaction with the exhibit by providing audiovisual
information without distracting the visitor. This requires a combination of usability with a minimal amount of
visual attention – allowing the visitor’s eyes to focus on the exhibits and not on the guide.
The shape of Whyre was chosen based on hardware constraints and the above mentioned usability issues.
The main hardware constraints are power consumption, orientation requirements of the MSB, and that the
external antennas and the camera need to be positioned in a protected place. As shown in Fig. 7-right, Whyre
concentrates most of its heavy components in its lower zone, therefore it hangs in the correct operating position
(Fig. 7-left).
The shape of the aluminium chassis contributes to heat dissipation of the batteries and processor while holding
both the sensor module horizontal and the display inclined at the correct angle.
The human-machine interface (Fig. 8) should be intuitive to occasional users. A tight connection between the
physical and the audiovisual interfaces exists. After a short period of time, the user constructs a tactile mental map
of Whyre, learning to control the device without looking at it.
User input, when necessary, is made possible by a keyboard with four fixed function keys and six keys whose
function depends on what is currently shown on the display (Fig. 8). The shape of the cover guides the user’s
fingers to the keys and protects the camera and antenna. The combination of fixed and dynamic buttons allows the
system to be controlled by a limited number of buttons – the type of interaction is similar at all navigation levels
(Fig. 4). The four fixed function keys are dedicated to the most frequently used functions, e.g. the escape key
located in the upper right corner allows the user to return to the main menu at anytime.
The interaction between Whyre and the user is based on MUSE-XP, a client-side software running on Whyre,
as described in the next section.
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Figure 7. Whyre worn by a user (left) and Whyre architecture (right).

Figure 8. Whyre interface.
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3.5. Whyre Software
The client system is controlled by MUSE-XP, an application running on Windows XP Embedded, which consists
of (1) an XML interface-and-interaction definition file coupled to (2) an interface-independent execution engine
(called MuseXPRunner). The XML file specifies the policies, while the Runner implements the capabilities: the
XML file – produced by the interface designer – is interpreted at run time by the MuseXPRunner, generating the
final graphical interface according to the design requirements.
Each context state (the combination of the physical and logical context coordinates, as explained in section 3.3)
is linked to a unique “navigation state” of the graphical interface. When the user’s context changes (implicitly
or explicitly, i.e.: pressing keys, changing room, etc.) the CMC trigger an event and the navigation state of the
application is updated accordingly, refreshing automatically the GUI presented to the user. The XML definition
file contains the relevant information for each navigation state, written in an XML dialect (MuseML language).
MuseML is based on a MUSE specific XML-schema containing the definition and the semantics of the used
tags. In this way, the system becomes fully-configurable: the graphical user interface, the interaction models,
the sensory subsystem and multimedia content can be adapted to any cultural site without changing the engine
MuseXPRunner.
Using MuseML tags, the following relevant elements for each navigation state are declared in the XML file:
– The “navigation states” graph and the relations with the “context states” ;
– The “navigation state” change triggering events (i.e.: pressing keys, changing room, etc.);
– The GUI definition/composition in each navigation state.
The user interface layouts and the graphic objects are defined in device-dependent HTML pages, where the control
of the screen resources is specified according to the DHTML extension DOM (Document Object Model). Native
support services of Microsoft OS are extensively used, e.g. COM, COM+, Internet Explorer ActiveX, but HTTP,
XML and HTML standards are followed for easy integration with other projects and components.
The content can be of any format that is supported by the browsing component Microsoft Internet Explorer, e.g.
text, images, Flash animations and VRML interactive models. Animations are also supported through Microsoft

Figure 9. Basic software architecture and user interaction model.
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Windows Media Framework (Encoder, Server and Player). Suitable, content is provided in streaming format for
better network usage and timely response for users.
Fig. 9 shows the block diagram of the Whyre application model. Once the HTML pages and the interface
specifications are ready, the site-specific MuseXP application may run on the cultural site.
4. Demonstration and field evaluation
Whyre was evaluated in the above mentioned MUSE pilot installations. The evaluation at the Museo Nazionale
di San Martino in Naples was based on two complementary techniques [CINOTTI04]: (1) user testing and (2)
usability analysis [NIELSEN94] carried out by experts, according to the SUE-MiLe Heuristic evaluation method
[GARZOT95], [DIBLAS02]. The results are presented in [CINOTTI04]. At the Museum of History of Science in
Florence the system was evaluated by the museum staff and by the public. 149 questionnaires were collected, 75
of them in Naples and 74 in Florence. The questionnaires addressed general issues like the perceived novelty, the
e_content quality, the Whyre design and usability. The users in the demo sites showed a correlation in terms of age
and education level. On the contrary, the test beds were different at least in respects to the type of museums and
origin of the users: one is a history museum and the other a science one, and 95% Italian versus 50% foreigners
(mainly from the U.S.). In spite of such differences, the user response was quite homogeneous.
The following points were evaluated in the studies:
– The general user satisfaction. We wanted to understand whether museum visitors enjoy the experience of using
the mobile context-aware guide during their visit.
– The multimedia content effectiveness. We wanted to understand whether the availability of multimedia content
improves the user experience; in particular, considering media that are typically not available in museum guides
such as videos, animations and 3D models.
– The potential of applying a similar approach to different cultural heritage sites.
– The usability of the navigation and the interaction. A strong focus was placed on analysing context-aware
mobile system specific properties, i.e. the understandability of the context-aware behaviour, the effectiveness of
the information-push model and the ease of use of multi-modal interaction.
The most encouraging response for the research community concerns the perceived novelty of the proposed
approach and its potential to create a new demand and a new market; in fact it turned out that almost nobody had
ever seen a similar device and everybody would like the service provided to be available in other sections of the
museum (Fig. 10), and other museums.
Multimedia e_content was considered a key feature of the system. Approximately half of the interviewees
expressed their interest in both multimedia and textual e_content (fig.11-right). Furthermore, effectiveness of
content has been also recognised by potential users (fig.11-left).

Figure 10. Whyre ability to extend user perception and create new expectations.
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Figure 11. Content effectiveness.

Figure 12. Whyre effectiveness and usability.
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Moving on to Whyre ergonomics (Fig. 12), while the video quality and visibility was considered good or
excellent by over 90% of the people (Whyre has a high brightness 6.4” display and all of the tests were carried out
indoor), some concerns were expressed about the weight. Whyre weighs nearly 3 pounds and this was considered
“disappointing” by nearly 45% of the visitors. Current improvements in the architecture of high performance
handheld devices can solve the problem for future deployments, while maintaining the concepts of high-quality
media and context-based interaction.
Eventually the interviewees were asked to qualify the design of Whyre with three adjectives. Table 1 lists the
top 10 qualifiers; they include an implicit evaluation of Whyre’s usability.
1
2
3

Comfortable
Simple
Useful

6
7
8

Clear
Heavy
Futurist

4
5

Good
Nice

9
10

Innovative
Interesting

Table 1. The top ten qualifiers of Whyre design
Finally, some of the visitors asked for additional functionalities, i.e. some interaction facilities between groups of users.
In summary, a device like Whyre can contribute to the process of turning museums into more informative and
interactive environments.
5. Conclusions
Whyre is the result of an interdisciplinary design process, aiming to translate a concept into an experimental system,
by utilising building blocks from state-of-the-art technologies in several fields: sensors, networking, software
engineering and design. User studies showed that Whyre is a step towards the goal of museums making history
accessible while helping to make the educational experience enjoyable. Future work will focus on the following:
– An e_content development standard should be devised, aiming to maximize both the quality/bandwidth ratio
and the curator team productivity
– A context-driven power management capability should be defined in order to support effective powerperformance optimisation policies based on MCA behaviour.
– A generic architecture for MCA-MMGs should provide the ability to use context information and automatically
connect other context-sensors, enabling a flexible and adaptive framework where self aware computing can be
permitted.
The combination of a good power distribution policy with the optimisation of e_content data-rate and computational
load should be beneficial at both network [SMAILAG02] and device level: more devices, with smaller form factor,
lower weight and longer battery life would be supported by a system. Furthermore, research is being carried
out based on this prototype for understanding how sensors embedded in a mobile device can improve resource
management and in particular power management [CHARY06]. This research, first applied to the cultural heritage
domain, should open the way to new high-volume applications. Since museums and archaeological sites represent
an application domain with a strong abstraction potential, in principle, it should be possible to generalize our
approach to a broad range of applications.
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Abstract
This paper describes the installation of context and location dependant tools based on the MobiComp
infrastructure (MobiComp2007) at the Interactive Salon, an exhibition of new technologies for Cultural
Heritage, supported by the EPOCH NoE and held at the Stadsmuseum in Stockholm. MobiComp is
a context management infrastructure tailored to the needs of Cultural Heritage, introduced by the
University of Kent and further developed within the framework of EPOCH. At the exhibition it enables
the interoperability of various location sensors, exhibit information, visitor guides and management tools
within the same operational environment. The deployed applications include visitor guiding, tracking
and counting, environmental monitoring, and issuing and returning of multimedia context-aware guide
devices. The goal of the Interactive Salon is to encourage dialogue between the public and the specialists
in the communication and cultural heritage field. Prototypes of the next generation of technologies for
accessing and managing cultural heritage, which are expected to be widely available within 3 to 5 years,
are being demonstrated.
Keywords: Context-aware, Location-aware, Multimedia guide, Museum management

1. Introduction
Imagine a museum, an archaeological site or a cultural landscape in which visitors and staff can find information
about their surroundings and the objects on display. The content information provided is tailored to their individual
circumstances and needs. Staff may require different information from visitors, but visitors are not a homogeneous
group. Adults and children, novices and experts, disabled and able-bodied, first-time and returning visitors all
arrive with different knowledge, capabilities and expectations. The depth of information, its style of presentation
and the delivery medium may all be varied to suit the needs and expectations of the individual.
Smart Environments and context-awareness are two of the terms used by computer science researchers to describe this vision. Instead of a single computer, numerous small ones and diverse sensors are combined through a
network to realise this vision. These small devices may have fixed locations, or be attached to portable objects, or
carried by individuals. Unlike many existing museum and site systems which often only use a single technology,
e.g. audio guides or handheld computers with infrared beacons, our approach combines a variety of technologies to
create an integrated guide and monitoring system through a common software infrastructure. Allowing appropriate
technologies to be selected to suit organisational needs and those of different visitors. In our installation the context
management infrastructure MobiComp is employed to provide a number of user guide and museum management
systems tailored to the Interactive Salon.
In Section 2 the paper describes context management infrastructures in general and MobiComp in particular.
In Section 3 the StadsMuseum experimental scenario is presented, describing all the different technologies used.
Section 4 presents conclusions and future aims.

83

based on interest point correspondences between individual image pairs, is used. Input images are compared to
all model images available to the algorithm by matching their respective interest points. The model image with
the highest number of matches, with respect to the input image, is chosen as the best match.
– Any exhibit or other entity within the system may have an associated URL leading to further information. For
each mobile device, a ‘current information URL’ is generated whenever one of the above trackers or aggregators
reports that it has moved close to an exhibit, or tracks the ID of an exhibit.
The following listeners have been implemented in order to supply the applications with the required context:
– The URL display listener is notified by MobiComp responds to new ‘current information URL’ events and
enables applications to retrieve and display the information associated with the current exhibit.
– The visitor location listener provides applications with the current locations of visitors in the exhibition.
Based on these trackers, aggregators and listeners, a number of museum management systems and visitor guides
have been realised in the StadMuseum.
1.1. Museum Management Systems
Three management systems have been deployed, a presence monitor, a visitor tracking system and a museum desk
registration system.
Museum Presence Monitor
The Museum Presence Monitor keeps track of the number of visitors currently in the exhibition and of the overall
total number of visitors. The monitor application is notified by the visitor location tracker when a visitor enters or
leaves the exhibition.
Visitor Tracking System
The real-time positions of all visitors using a guide system inside the museum are displayed on a map of the
Museum, including trajectories and visit durations. The locations are provided to the system by the visitor location
listener. In addition to the real-time view, the system is used to analyse visitors’ behaviour and to identify “hot
spots” inside the museum (Pettinari2007)(
).
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Museum Registration Desk
Visitors who wish to use a context aware guide can register with the MobiComp Museum Registration Desk
application. The visitor’s details are entered and the chosen guide is select. This information is made available to
all applications through the ContextStore and also triggers the configuration of the chosen guide for this particular
visitor. Visitors can remain anonymous or can sign up for post-visit online services. (
)
1.2. Visitor Guides
For a guide system to be able to provide relevant information to its users it needs to know what they are looking at,
what they know about, and what they are interested in. Based on this information and the content to be displayed
the following guides have been realised through MobiComp:
– The guide realised on mobile phones, with a built in camera and a GPRS connection, is a light weight
MobiComp client installed on the phone via a Bluetooth Kiosk. Visitors are offered the opportunity to install
the software on arrival. The visitors can take pictures of the semacodes next to the exhibits they are interested
in and the corresponding information will be displayed on the screen of the mobile phone. The MobiComp
components used are the image tracker, the semacode recognition aggregator and the URL display listener.
(
)
– Whyre is a purpose-built wearable guide system for Museums and archaeological sites. The version used in the
StadMuseum automatically displays information about the exhibit the user is closest to and facing, for a detailed
description please see (Pettinari2007). The MobiComp components used are the WHYRE inertial location
tracker, the VTS tracker and the URL display listener. (
)
– Two PDA based guides are used, one based on IR beacon detection and the other on Wifi positioning. Both
display information about the exhibit the visitor is standing next to, which is delivered to them by the URL
display listener. The MobiComp components used are the MagicMap Wifi location tracker or the IR beacon
tracker, and the URL display listener.
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On site (e.g. touch screen) presentations and object related
Stakeholder needs should be implemented and used to cater the visitor needs and trends.
To make a sustainable regional product, one has to focus on other speci c assets of the region too.
Incorporation of speci c needs in various packages : quality accommodations, excellent food (regional products),
waterworks, sun, sea, historic towns and the obligatory tulips and windmills, and cultural tourism routes. The
wide packages make the region less vulnerable to the ever and quickly chancing demands and relate directly to
the amount to be spending in the area.
What kind of people visit the region for what purpose, and what do they need?
The broad variety of packages cater the demands of the following target groups :
Families with small children
Active 55 +
Tourists
Daytrippers
Schools
Companies
Special interests
The working group now has to deliver thematic products.
As some kind of standard, a visitor centre, a temporary exhibition, traditional booklets and brochures, a website,
education pack and a cultural tourism route, are created. ICT related products are limited to a website and/or a
touch screen presentation.
In the dense network of cultural tourism routes (over 60 in total), only ve are on a virtual eGuide tours and
eCultural routes.
The users in general are quite happy with the quality of the routes. They have no needs whatsoever to include a
location based system of some kind to enjoy the tangible historic landscape, monuments and sites and the scenery,
using traditional sources of information.
The State Forestry Commission in the Netherlands, the owner of many thousands of acres of landscape, offers
GPS walks on his properties. The need for LBS is counted as a maximum of 12% on a total of about 2000 visitors
during a special activities weekend. Tangible heritage within an attractive landscape however still attracts the bulk
of visitors.
However, lay outs of cultural tourism routes are changing too. Signposting is either too abundant or therefore
confusing or almost absent. Whatever may be the reason for this, it certainly challenges users and it may create a
market for the providers of location based systems in the region. It is suggested that a training to cater certain needs
concerning LBS should be included in a speci c working group, as mentioned above.
Finally, note it is not all that bad getting lost in the area of the regional public authority. A longer stay generally
means more spending and a positive impact on the areas economic development!
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