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ABSTRACT:

This study presents a number of showcases of documentation of archaeological sites using a model helicopter, laser scanning and
photogrammetric software. These showcases present the activities of the Laboratory of Photogrammetry and Remote Sensing at the
Department of Rural and Surveying Engineering, The Aristotle University of Thessaloniki.

1. UNMANNED AUTONOMOUS VEHICLE FOR
AERIAL PHOTOGRAPHY

The recording and documentation speed, combined with cost,
waiting time inside the field and final product accuracy, is a
factor that is always largely taken into account in a plethora of
Photogrammetric applications.

During the last years, and to that aim, Unmanned Autonomous
Vehicles for aerial photography, that permit the collection of
images with objects from earth at a large scale, were developed.
Thus, they can contribute to a range of applications, such as
excavations and archaeological sites recording, architecture etc.

The advantages of these systems are:

e Use of low cost and low weight gyroscopes, GPS, INS, etc,
that are used for the creation of programs of automatic
navigation and collection of aerial photographs

e Additional exploitation of higher accuracy sensors that
allows for the estimation of the orientation elements of the
camera, thus decreasing the time of the photogrammetric
procession of data.

e Creation of the base of the photographic system in a way
that allows for various cameras to adjust, thus ensuring a
variety of spectral images.

e Capacity of immediate flight, even in areas that -mainly for
military reasons- the flight of airplanes and helicopters is
not permitted.

The disadvantages of these systems are:

e Limitation of the geographic recording area because of the
low flight height that does not exceed 100m

e Flying capacity is guaranteed only when wind force does
not exceed 3 in the Beaufort scale.

e Flying autonomy does not exceed the time limit of 15min.

2. CURRENT SYSTEMS

The UAVs are usually used for military purposes. However,
during the last years, they are also utilized for photogrammetric

applications. To that aim, a number of programs, in which a
flight path with flight strips and the height of the flight are
defined, have been developed. Then, the operator has only to
get the helicopter or the airplane off the ground, and the flight is
automatically performed. The systems are equipped with
GPS/INS and flight control system stabilization units, which are
used only in order to "place" the helicopter in predicted intake
positions. The photogrammetric processing requires time since
the sensors do not ensure a high level of accuracy in defining
the orientation elements of the images taken. Thus, it is
imperative for Control Points to be measured on the ground
with GPS receivers (web 1, Eisenbeiss 2004ab, Jizhou et all.
2004, Eisenbeiss et all. 2005, Eisenbeiss and Zhang 2006,
Hongoh et all. 2001, Schwarz and El-Sheimy 2004).

In order to address the decreased flying autonomy of those
systems, photovoltaic systems for the collection of solar energy
and the fuelling of the motor have been adjusted in specific
parts of the unmanned vehicles.

3. THE UAV SYSTEM OF THE LABORATORY OF
PHOTOGRAMMETRY AND REMOTE SENSING OF
THE ARISTOTLE UNIVERSITY OF THESSALONIKI,
GREECE

The Unmanned Autonomous Helicopter (pic. 1) of the
Laboratory of Photogrammetry and Remote Sensing of the
Department of Surveying Engineering of the Aristotle
University of Thessaloniki, Greece, is a model created by a
company called VARIO and has a lifting power of eight (8)
kilos. Its main characteristics are presented in picture 2 and
some of its parts are: a Novarossi C60H4T engine, a Futaba
T7CP remote control, a Futaba GY401 gyroscope, Futaba
S3151/89253 servomechanisms, a helicopter battery charging
unit, rechargeable lead batteries, a starting motor, etc.

On the bottom of the helicopter is the base of the photography
equipment. In order to absorb the buffeting created during the
flight, the base is connected to the frame of the helicopter
through silicon plates. A digital SMp camera has also been
adjusted (Olympus C-50 Zoom) as well as a wireless mini
camera for the observation of the screen during the flight.
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Through a TV card connected to a laptop, the image taken by
the mini-camera is transferred to its screen. Thus, the study
team observes the objects of the ground that can be
photographed in real time. In knowing the source distance and
the machine analysis, the flight height and the distance of the
succeeding take points is defined according to the accuracy of
the final product, in order to collect stereoscopic images. The
helicopter is supervisory guided to these points. A
servomechanism, located to the base and in contact with the
machine take button, allows the collection of the images while
the helicopter position covers all demands.
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Figure 1: RC helicopter

Figure 2: Main
characteristics of
the helicopter

4. FUTURE WORK

The main target of the study team is the automation of the
photogrammetric recording, though the improvement and
optimisation of the existing unmanned autonomous helicopter.
Thus, the designing and the development of a low cost complete
inertial system (gyroscopes, Micro -machined Electro/
Mechanical Systems accelerometers, GPS, a.0.), small and
light weighted, is awaited in order to define the taking angles of
the digital camera. Consequently, the time needed for the
procedures of the images’ external orientation, the time needed
for the image and data processing and finally the production of
photogrammetric products will be decreased. Specialized
software for automatic flying will also be designed and
developed (Kresse et all. 2006, Skaloud 2002, Skaloud and
Vallet 2002, Skaloud and Viret 2004, Skaloud et all. 2006,
Legat 2006, Vallet and Skaloud (2004), Waegli and Skaloud
2007, Eisenbeiss 2004ab, Jizhou et all. 2004, Eisenbeiss et all.
2005, Eisenbeiss and Zhang 2006, Hongoh et all. 2001,
Schwarz and El-Sheimy 2004).

Finally, the base of the telescopic systems will be redesigned in
a way that allows for the suspension of various cameras.
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APPENDIX 1

Case Study 1

Site surveyed | The EPANOMI archaeological site of AUT

=  Testing of accuracy, effectiveness and robustness of developed algorithms
= Testing of the designed e.o device
=  Testing of camera calibration procedure

Aim
=  Comparison of aerial and close-range images
=  Familiarization of archaeologists with the system
=  Site documentation
= Digital images from model helicopter and close-range (Camera used : CANON EOS 400D)
Methodology ) i .
== Geodetic measurements of 28 control and check points, with an accuracy of 1 cm.

=  Processing all photogrammetric data with developed software for comparison reasons between
aerial and close-range images
Results | =  Pixel size of orthophotomap = 1 cm
obtained | = Acceptable results of mapping at 1: 50 scale
Collaboration
with

Prof. Ch. Pazaras, Archaeology Department, AUT

Table 1. Case study 1

Figure 4. Testing the e.o device and the camera
calibration

Figure 5. The produced Orthophotomap
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Case Study 2

Site surveyed | The Macedonian Palace in Vergina-Aegae archaeological site of AUT

= Testing of accuracy, effectiveness and robustness of developed algorithms
Aim | = Familiarization of archaeologists with the system

= Site documentation
= 87 Digital images from model helicopter
o Mean flying height of 30 m
Methodology o Mean scale of images 1: 1.600
used o Mean ground resolution 1 cm
= Geodetic measurements of 70 control and check points, with an accuracy of 2 cm.
= Processing of photogrammetric data with both developed software and the commercial Leica
Photogrammetry Suite (Leica Geosystems®) for comparison reasons
= Discrepancies at check points = 2.5 cm in planimetry and 4.0 cm in height
Results | =  Pixel size of orthophotomap = 1 cm
obtained | =  Acceptable results of mapping at 1: 100 scale

= Data collection for GIS development

Collaboration

with Prof. Chr. Satsaaoglou-Paliadeli, Archaeology Department, AUT

Table 2. Case study 2

Figure 9. The produced Orthophotomap

Figure 7. Image acquisition Figure 8. Flight lines

Figure 10. Data collection form Figure 11. A zoomed part of the orthophotomap

Figure 12. Ground control and check points used Figure 13. Spatial registration of collected information



3D MAPPING USING MODEL HELICOPTER AND LASER SCANNING 5

Case Study 3

Site surveyed | The parcel of the Nicosia Sewerage Board at the old city of Nicosia, Cyprus

= Testing of accuracy, effectiveness and robustness of developed algorithms
= Testing algorithm again laser scanning methodology
=  Familiarization of archaeologists with the system

=  Site documentation
= 30 Digital images from close-range (Camera used : CANON EOS 400D)

Methodology | = Geodetic measurements of 30 control and check points, with an accuracy of 1 cm.
used | = Laser scanning with Trimble GS200 laser scanner (6 scans)

= Processing all photogrammetric data with developed software for comparison reasons
between photogrammetric documentation and laser scanning
Results | =  Pixel size of orthophotomap = 1 cm
obtained | = Acceptable results of mapping at 1: 50 scale
Collaboration
with

Aim

Dr. E. Stylianidis, GeoImaging Ltd., Cyprus

Table 3. Case study 3

Figure 17. The produced Orthophotomap

Figure 18. Orthophotomap overlaid by the CAD drawing
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ABSTRACT:

Since wide spreading of Laser Scanning technology and its ever-increasing implementation in the field of Historical Preservation,
the problem of its methodology and standardization/unification of receiving data has appeared critical in Russia. In this connection
in 2007/2008 the PF-Grado company (Moscow) has proceeded with development of Methodology and Recommendations in Use of
Terrestrial Laser Scanning (TLS) for Recording/Documenting Spatial Parameters of Landmarks in Moscow (Russia). This work was
initiated by the Committee of Moscow Cultural Heritage for obtaining the methodological base in compiling of the Local Register
for the Moscow Landmarks. At present, Moscow Local Register contains extensive information on Moscow Landmarks. It is formed
and managed by the Committee and used by Historic Preservation specialists. Thereby, the aim was to develop the universal
methods, which should be independent from certain commercial software or laser scanning systems, to promote the development and
deeper introduction of technology in the field of Historical Preservation. Hereof, the Methodology and Recommendations were built
on principle of the collection, processing and archiving data, which could be used easily by different systems today as much as in the
future. Current phase of the work is directed to the Landmarks and architectural ensembles. On the further phases the
Recommendations are expected to be improved to involve the features of documenting the other types of Historical Preservation
Objects, like main street programs, archeological sites, parks, museum artifacts. On the way of Methodology’s development some
disadvantages of TLS were detected and recommendations upon their compensate with imagery and geodetic methods were formed.

1. INTRODUCTION documentation, which not only makes the current work easier,

but also becomes a great help in future projects.
1.1 Motivation.
Considering the increasing popularity of TLS and usage of the
technology in measurements of Landmarks more and more, the
question about methodical base of these works has appeared
critical. Due to high cost of TLS equipment, the Historical
Preservation specialists often use the service of companies, who
have no relations to the Historical Preservation skill, and
therefore have no idea of the delicacy of the question. This
factor aggravates the situation and requires the regulations by
corresponding standards and recommendations.

Each project for Historical Preservation begins with gathering
of information on any particular landmark, its history and
existing condition. At this phase, presence of high quality and
entire documentation set about past work, has done on a
monument, plays an important role. Also, the choice of the right
methods for current measurements and documentation of a
work process requires: an efficient project facilities
management; quality of information with availability of its
future use in maintenance of the object; long-term archiving and
simplicity in research. 1.2 Goals
The main features of good documentation are: The Development of the methodology of the using TLS to
record Landmarks is important step to accept this technology in
e Content, which has to cover all details about a building and of Historical Preservation research routine.
its environment, as well as about all cases of interference to
the historical structure;
e Accessibility, safety and simplicity using for researchers
and professionals today as well, as in the future.

In 2007/2008 the PF-Grado company (Moscow, Russia) has
proceeded with  development of Methodology and
Recommendations in Use of Terrestrial Laser Scanning for
Recording/Documenting Spatial Parameters of Landmarks. This

Through the time, technologies and methods for solution of
these problems are improved. Terrestrial Laser Scanning (TLS)
became one of such technologies. Many Historical Preservation
specialists understand its prospects, once faced with this
technology. The technology allows getting precise
measurements much faster, than before, and keeping the
complete spatial information on object in the united array of a
point cloud. This technology significantly simplifies the process
of information management and enables getting various data
from the same source. And, with correct combination of
different methods and technologies, it is possible to accompany
the projects with easy in use and comprehensive in contents

work was initiated by the Committee of Moscow Cultural
Heritage for obtaining the methodological base in compiling of
the Local Register for the Moscow Landmarks. At present,
Moscow Local Register contains extensive information on
Moscow Landmarks. It was formed and managed by the
Committee. Now it is used widely by Historic Preservation
specialists.

The intention of PF-Grado was to develop the methods to use
TLS for systematic recording Landmarks with possibility to
store the data for a long-term. Thereby, directivity of the work
was to form universal methods, which should be independent
from certain commercial software or laser scanning systems, to
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promote the development and deeper introduction of technology
in the field of Historical Preservation. Hereof, the Methodology
and Recommendations were built on a base of gathering,
processing and archiving data, which could be used easily by
different systems today as much as in the future.

Current phase of the work is directed to the National
Landmarks: buildings and architectural sites. On the further
phases the Recommendations are expected to be improved to
involve the features of documenting the other types of
Historical Preservation Objects, like main street programs,
archeological sites, historical landscapes, museum artifacts.

The Recommendations have been developed on a base of
studies the international experience of the application the
Terrestrial Laser Scanning to the Historical Preservation, as
well as upon domestic methodologies and standards, office
standards and experience of PF-Grado.

2. PRACTICAL BASE OF THE METHODOLOGY

After many projects completion with Laser Scanner use, PF-
Grado got a significant and unique experience with monuments
of Cultural Heritage, from the historical town blocks to the
museum artifacts. In majority it was buildings and architectural
sites.

As any other work, Laser Scanning projects from time to time
met problems. Some of them are difficult and the other are not
so much. The problems, we faced with, conditionally could be
arranged into 4 categories:

1. Complications during a field work. There could be
difficulties in access to the object because of any obstacles.
Sometimes, there is no access to electrical power at the
workplace, and time of each workday depends on presence
and values of the charge of local stationary power source.
Sometimes it happens to adapt to time schedule on a site
(acting businesses in a building, streets with moving cars
and people, car parkings, etc.). All these problems are
routine ones, changing from one site to another.

2. Problem in obtaining complete and precise data of one or
another character, from which office processing depends
straight.

So, considering of measured surfaces complication, sizes of
object and distances to them, in the most hopeless situation
the problem to obtain necessary quality of data could be
solved by changing/combining the types of the laser
scanners (pulsed, phase or triangulating laser scanner).

If additional raster data are required, it could be obtained
from: High Resolution Photography and different methods
of photogrammetry (digital photogrammetry, rectified
photography, and even algorithms for texturing 3D-models
(Figures 1-4)).

Figure 1: Georgyevsky cathedral (Yuryev-Polsky, Russia).

Figure 2: A part of the textured 3D-model.
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e Time increasing because of the technological chain “point
cloud > drawing > 3D-model”.
e Some loss in accuracy of the model.

Finally, we decided to use basically a 3D-modelling software,
allowing to import /download the point clouds (although in a
limited volume). Such software contains a lot of tools for
modeling and significantly decreases time to get a final result.
Construction a 3D-model directly over a point clouds leads to
maximum accuracy. However, even with this methodology it is
necessary to combine the following methods:

e The point cloud processing software is used to generate
meshes for objects with complex relief

e CAD-drawings of the profiles are often used to construct
the extended elements (cornices, for example).

Figure 3: Metric ortophoto from the textured 3D-model.

Figure 5: The 18™ century homestead (Moscow, Russia).

Figure 4: Carved limestone block of the cathedral. 3D-model.

3. The problems in the office processing, which could be
manifold in daily practice. They depend of numerous
factors, as: the hardware capacity/ possibilities; selection of
the software, which differs in cost and functionalities;
qualification and experience of employees; etc.

Once, in our practice we faced with a problem of the
optimal 3D-modelling method. Native software for point
clouds processing are developed for industrial necessities,
and therefore not completely suitable for us. And, for the
needs of 3D-modelling we can use this kind of software
only to generate meshes of the complicated surfaces (bas- d
reliefs, for instance).
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Figure 7: Profiles got from point cloud.
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Figure 8: Mesh surface of the bas-relief.

e
- \-

wa

et
o M u/
i l? ml [/
o 1 i
T ;,5‘/ aw
[0

Figure 9: 3D-model of the homestead.

4. The problems in systematization of data are appeared right
after the beginning of work with Laser Scanning. The rapid
growth of various data appeared obvious. Documentation
on the same project was produced by a group of specialists,
who had their own vision and system to gathering the data.
Looking further, what a chaos it could be in future, the
problem to systemize the data became vital. So, the search
of an index for the file system was started. The index should
be suitable for the entire specter of the project
documentation. That kind of system was found (Bryan P.
G., Blake B., 2000), but changed along the practice.

Usage of the “open”, so much as the “native” file formats,
insofar it is possible, was decided for archival purposes, due
to the fact of a great number and fast evolution of the
software.

Thereby, on a base of experience and additional searches,
the paper on Methodology and Recommendations was
formed.

3. METHODOLOGY AND RECOMMENDATIONS

The Methodology and Recommendations are written in simple
words and intended to both professionals and clients. The
practical value of the paper could be reduced to three main
functions: 1. descriptive; 2. reference; 3. normative.

1. The Descriptive function is important not as much for
professionals as for the clients. These:

e Objective citation of the negative and positive sides of
the Laser Scanning technology

e Description of the events, in which using of Laser
Scanning could be motivated, and when it would be
more effective to use some another method/technology
as the basic or in addition to Laser Scanning.

Understanding these factors is necessary to destroy the
myths (existing in a broad public opinion) about
unchallengeable advantage of Laser Scanning above the
other existent methods, which is not really correct.

2. The Reference function is important for specialists. It is
expressed in some technical details of work, as well as the
recommendations, directed to optimize the projects in:
measurements rate, completeness and accuracy of receiving
data, safety for monument and people.

3. The Normative function is directed to unify the data,
transmitted to the client. This function is the main, because
the Methodology and Recommendations have their direct
destination to standard the documentation, produced by
different professionals. Here are: some requirements to the
list and quality of data (the point clouds, drawings, 3D-
models, etc.); standards on file formats; requirements to
drawing up the documents, and to a presence and forms of
the additional materials (metadata, schemes, picture lists,
etc).

The main sections of the Recommendations are “Fieldwork”
and the “Office processing” (Figure 10). It corresponds to the
typical phases of projects. Both sections are interconnected and
have a clear consequent structure, as from the general
explanations and recommendations, bring the detailed
instructions on methodical and technical questions, meeting in
practical realization of the project, and finishing with the
requirements to the final data.

The Source materials (drawings, texts, photographs, etc.) are
solely important information for qualitative and well-timed
work completion. They explain the key aspects, which
necessary to pay heed in the course of the project:

e Presence and the description of specifically valuable
elements, characteristics, particularities of the object

e A history and construction time periods of a monument

e The lists of coordinates for existing standpoints, if a
reference to some curtain coordinate system is required

e Any other information, capable to influence on quality of
the work.

Geodetic control is useful to check accuracy of the registrations
and is often goes in parallel with scanning. In some situations
(complex planning structure of a monument of extensive
distances in town blocks), the use of an additional geodetic tool
(for instance, Total Station) is necessary. In one case, this could
provide saving of time, but sometimes realization of the project
is impossible without this.
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Figure 10: Structure of the Methodology

Additionally to Laser Scanning, in purpose of the visual
description of a measured object and its conditions during
undertaking its examination and measurements, the High
Resolution Photography is necessary. These records can help in
recognition of small details and for correction of the losses in a
point cloud. The Additional raster data also could help in
correct interpretation of visual effects from different materials
in a scan. Images can serve as the textures for 3D-modeling if
required.

Detailed instructions how to shoot the pictures and how to
accompany them with additional materials (schemes, picture
lists), are provided in Recommendations.

The questions on systematization and storing data take a very
important place in the paper. This topic integrates the
"Fieldwork" and "Office processing" sections, which should be
a result in a full project database. Considering the different type
of materials (point clouds, CAD-drawings, 3D-models, images,
schemes, texts, tables, etc.) within, that documentation of
project contains with different contents and destination (for
instance, texts can contain the metadata of scans and
registrations, as well as the data from the geodetic control), the
index system for the file names was developed specially for the
Laser Scanning projects. The index was accepted on a base,
offered in "Metric Survey Specifications for English Heritage"
(Bryan P. G., Blake B., 2000). However, to meet the needs of
developed Methodology and the project database compound, it
was changed in many points.

Except mentioned above, the Methodology and
Recommendations contain narrower and more specific
problems, such as recording of the construction time periods.

Revealing of a monument construction time periods is one of
the most important problems in a field studies. The history of
repairs, renewals and the other interference to the structure in
most cases becomes a dominant factor in acceptance one or
another solution on a preserved monument.

The tools in revealing the construction time periods, such as
excavations, making probes, are an inconvertible process, and
needs a careful recording on each phase of the work. The Laser
Scanning serves as the efficient facility in discovery and spatial

demonstration of the construction time periods. Recording step
by step the working process, we get a detailed spatial picture of
the discovery and all its findings. This model, displaying with
colors, annotations and other tools the special features of the
object, helps us in further analysis and interpretation.

At the same way, the construction periods could be shown on a
base of the former studies.

4. CONCLUSION

On the first phase of developing the Methodology (concerning
the architectural monuments), the number of problems were
revealed and the recommendations of its arrangement were
formed. Basically the problems, besides from external factors
(the weather conditions, obstacles from pedestrians,
transportation, etc.) are reduced to technical restrictions of the
equipment (the absence or bad quality of the textures, partial
disadvantages in georeferencing, some problems with the
reflection values of materials, etc.). In most cases such
disadvantages are recommended to substitute with other
methods and technologies: photogrammetry, geodesy, manual
measurements.

In the other projects, new questions, such as influence of a laser
beam on different paint pigments and delicate materials, which
could be destroyed by the radiation, appear. At validation of
this problem, generally accepted indication of the Laser
Scanning as the non-contact method of the measurement could
be limited in use working with the cultural heritage objects.
These problems require additional researches.

Along to arising of new questions and ideas, Methodology is
constantly getting renewed and updated. Using TLS for narrow
solution restoration/conservation problems, such as historical
and structural analysis, needs to be got on stream.
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ABSTRACT:

The following article discusses the acquisition and the use of 3D renders for the analysis and study of pottery vessels and shards. This
article is based on the work develop at the beginning of the 90’s concerning 3D models of shards and vessels, and how these
techniques have helped to enhance the quality of archaeological visual analysis ( this occupies a large part of the time consumed by
archaeological researchers). This article discusses different methods of acquiring, editing and displaying ceramic 3D models. The
pros and cons of different methodologies for 3D rendering and analysis are also debated. The aims and purposes of each 3D model
are analyzed. The indicators for evaluating each model are:  accessibility, user interaction, information about geometric
morphology, and the level of automated analysis provided for the study of pottery vessels. Finally, the article explains the
methodology used in the implementation of three-dimensional models which is being developed within the CATA project
(Archaeological Wheel Pottery of Andalusia in its acronyms in Spanish). The main objective of the project is the implementation of a
graphically oriented database which is accessible from the Internet. The database contains different type of information about pottery
vessels and fragments found in Andalusia during different periods. The objective of the CATA system is to create a generalized tool
which can be applied to any kind of ceramic found in any geographical location.

1. INTRODUCTION AND OBJECTIVES 2. METHODOLOGY USED IN THE CONSTRUCTION
OF 3D MODELS

The use of 3D models in archaeological pottery is an important

development in the pictorial or graphical representation of
pottery vessels. These images permit the classification and
analysis of the different ceramic vessels and fragments
documented in archaeological excavations. The interpretation of
artefacts in 3D models is an essential step for visual
Archaeological analysis of different objects. This article
analyses some of the methodologies used to obtain 3D models,
giving importance to all the different aspects of this process.
Moreover, the methodology used by the CATA project
(Archaeological Wheel Pottery of Andalusia in its acronyms in
Spanish) is also explained.

In the CATA project a useful tool is being developed to answer
to some of the daily problems that archaeologists have to face
by using new technologies. The main objective of the project is
the creation of a database which provides information about
complete vessels, found in the region of Andalusia, made by a
potters wheel. This database can be queried via the Internet,
making it a useful tool in comparative research of diverse
artefacts found in archaeological excavations.  This system
combines diverse data (documents, numerical measures,
photographs, 2D drawing, 3D models...) in order to additional
tools for the acquisition and retrieval of data.

Since the 90's the development of 3D models has greatly
advanced, simplifying the storage of images in digital format.
Given the above, 3D scanners along with the visual models
should be considered as standard tools in the pottery analysis.

As a complement to image acquisition techniques the storage of
pottery images in a database table increases the speed of image
retrieval and reduces the time required for the drawing process.
It also allows advances into the research done about different
forms of producing pottery, and the analysis of uniformity and
variability of pottery shapes (Karasik, Smilanski, 2008).

Since the 90's a large quantity of work has focused on dealing
with the visualisation of diverse aspect of historical heritage
through computer methods. The process used in these new
information systems are carried out in three steps (Laudon,
K.C.; Laudon, J.P., 1996).

e Data acquisition
e Conversion of the data into models
e User data access: visualization and representation.

2.1. Data acquisition
Data acquisition: the process of digitalization of the data into
3D representations of the pottery vessels. The 3D models can be

created from:

e 2D drawings from publications
e Complete vessels

Figures 1 and 2: Drawing and photograph of pottery vessels
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The majority of the 3D models are created through the editing
of vessel profiles in 3D software (e.g. Autodesk 3ds Max v9).
However, descriptions of the vessel’s production process,
exterior and interior treatments are also taken into account. This
information is used to give additional information for a better
understanding of the 3D representations. In conclusion, it deals
with the capturing of published images of the vessel into a 3D
model and the application of additional information to describe
this model.

Data acquisition
Data edition

Profile’s edition

(Manufacture process and
external processing)

— . —
- Realism +

Figure 3: Methodology diagram

When a fairly complete vessel exists a 3D laser scanner can be
used (one of the most common technologies used to acquire 3D
information).

A common usage of a 3D scanner is the achievement of digital
replicas of ancient sculptures. This technology is most adequate
to obtain, for example, a 3D model of a statue (Bernardini ef al.
2002; Fontana et al. 2002; Levoy et al. 2000; Pollefeys et al.
2001; Stumpfel et al. 2003).  For our purposes we have
obtained digital models of pottery vessels. The scanner used
was a Konica Minolta VI 900, which produces a triangular
mesh of the scanned object. The process phases of the scanner
can be summarized as follows:

e Capture alignment. All the captures of the scanned object
occupy the same surface, so they are aligned in
homogeneous spatial coordinates.

e Fusion of the scanned surfaces assembles a complete model
of polygonal mesh.

e Mesh simplification to reduce the complexity of the model,
and to produce different levels of detail and representations
with different resolutions.

The scanning process is simple and fast, and produces an
accurate 3D model of the object with different captures. In some
cases two different scanner models have been used, depending
on the size of the object (Razdan et alii 2001). In this case only
one scanner has been used, since it is possible to modify the
distance of the scanner from the object, and it is also possible to
change the target of the scanner depending on the object's size.
The software used for the first data capture has been the
Polygon Editing Tool (PET).

Figures 4 and 5: Acquisition system with the Konica Minolta
scanner VI-900

2.2. Conversion of the data into models

The polygonal mesh obtained can be exported in different
formats for its later treatment (Wavefront OBJ, VRML, STL,
IGES ASCII, DXF, and Maya ASCII). For our purposes the
polygonal mesh has been exported in VRML or DXF, formats
compatible with the software Autodesk 3ds Max v9. Once the
model has been imported in this software, different views of the
objects can be attained (top view, front view, perspective
view...) and different types of visualization (wire frame, with
texture...).
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Figure 6: Import of the 3D models into Autodesk 3ds Max v9
software

Once the profile is edited, it is possible to determine the
capacity of the complete vessel, a measurement that
corresponds geometrically to the internal volume of the vessel's
form. One of the methods used to find the capacity is through
the revolution of the internal profile (Louise and Dumbar 1995).
In this case it has been applied to the drawing of the sections
with the program 3D Studio Max, which incorporates the
measurement of the volume as a utility.

The capacity of a vessel must be estimated taking into account
the morphology, and bearing in mind that it must not be full to
the rim. Therefore, a maximum capacity of the vessel must be
calculated, which in reality was not always used.

With some forms it is possible to calculate the capacity of the
vessel and find the external volume (useful in estimating the
number of vessels that can fit in storage area or recipient). The
volume of the material which is used to construct the vessel can
be obtained by subtracting the internal volume from the external
volume. This gives the relation between the volume and the
estimated weight of the vessel (the density). The density can be
used for the study of technological aspects of the ceramic
materials. (Karasik and Smilanski, 2006).

The calculation of the volume can be inexact principally due to
the inaccuracy of the drawing of the profile, especially when it
is drawn by hand. In this case the problem is solved with the use
of the three-dimensional scanner to draw the complete vessels
(Sablatnig and Menard 1996; Leymarie et al. 2001; Razdan et
to. 2001). There also exist problems with original deformations
of the vessels, in which case there should be more than one
estimation of profile of the vessel to try to find the volume.
These distortions usually appear in non-rotary produced vessels.
In rotary manufactured vessels the materials usually do not
present the above mentioned deformations. When vessels are
made by wheel or mould there exists a greater uniformity in the
manufacturing process.
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Figure 7: Profile of the vessel

Figure 8: Calculation of the capacity and the volume of the
vessel

Although image acquisition software fuses the different views
extracted by the scanner, it is necessary to review the polygonal
mesh, in case of imperfections in the surface of the mesh that
are necessary to correct.

These imperfections may be reduced by automated error
correction software of the modeller which generated the mesh.
But, there exists no homogeneous format or format converter
which can translate the image file format for use in diverse
programs. Thus, the polygonal meshes must be converted to
other file formats by auxiliary applications different from the
one that generated the original file format. This type of
conversion process is slightly inefficient, and in extreme cases it
must be carried out “point to point " which result in slightly
distorted file data.

2.3 Information transfer

The visualization of these 3D models will be carried out using
standard formats, which allow their visualization by any user in
the Internet. Some standard formats are being investigated to
test which of them are more appropriate for the visualization of
3D models.

In this sense, the formats that are the most developed are related
to Virtual Reality. These systems develop 3D scenarios of entire
or partial immersion of the spectator with the shaped objects.
The computer, according to the position and control of the user,
uses a database of the virtual environment, and calculates the
appropriate visual presentation to present to the user.

The system must be capable of supervising all the actions
undertaken by the user; for example, the change of perspective
when the user requests such changes. Therefore, the user could
receive a feedback that imitates the average responses before
the actions are carried out.

The VRML (Virtual Reality Modeling Language) programming
language which recreates virtual environments was developed
with the purpose of allowing three dimensions image navigation

over the web and has become an official standard of these types
of applications.

3. IMPLEMENT OF BOTH METHODOLOGIES

The starting point determines the methodology used for the
achievement of 3D models. At this point it is necessary to
specify that both methodologies have advantages and
disadvantages that can be specified in the following points:

1. 3D acquisition methodology. The use of 3D scanner
enormously improves the capture of the vessel's
morphology, since it is a system that captures the
information without need of surface contact. This system
allows capturing of an object's morphology and colour, the
resulting image is quite accurate when compare to the
original object. In the case of incomplete vessels it is
possible to obtain the entire image from a given section.

Nevertheless it is necessary to clarify that the obtained mesh
has a high resolution making the digital model difficult to
manipulate. In this sense it is necessary to mention the
existence of works aimed at the treatment of polygonal
meshes of high resolution (Callieri et alii. 2008; Borgo,
Cignoni, Scopigno, 2001).

Another disadvantage of this system is that the obtained
image and texture depend on the light with which the
information is acquired. Also it is necessary to point out
there are no standards as of yet in these type of acquisition
system.  Thus, there is no regularization of the 3D
acquisition methodology.

2. Creation of 3D models from drawings of complete vessels.
The obtaining of 3D models through the edition of the
profile in Autodesk 3ds Max v9 is a quick and effective way
to obtain 3D models of pottery vessels, allowing volumetric
and capacity calculations. These 3D models contribute to a
new way of visualization that allows the user to interact
with the model choosing several views and parts of the
object. This constitutes a more precise and interactive form
of visual knowledge of the vessel.

The development of 3D models in three-dimensional edition
softwares has been used by several researches (Prieto, Irujo
2005; Moitinho, 2007), obtaining quite real 3D models.

Nevertheless, the 3D models produced are not completely
realistic, different levels of realism can be obtained using
descriptions of the piece and applying textures to the polygonal
mesh with an appropriate library of materials.

Figure 9: Ideal and realistic 3D representations
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4. CONCLUSIONS AND FUTURES WORKS

This article has described the methodology used for the
achievement of the 3D models that integrate the reference
collection of the CATA project. This collection can be
consulted by professional archaeologist and by everybody
interested in archaeological pottery.

Basically, it is necessary to emphasize two principal data
sources will be incorporated into the CATA database: two-
dimensional drawings of pottery vessels or complete vessels. As
expounded, both methodologies have advantages and
disadvantages that facilitate or add difficulties to the process of
development of 3D models.

It is also necessary to consider some factors in the development
of the 3D models of archaeological pottery:

Acquisition data system

3D mesh edition

Acquisition and exportation of textures
Export to VRML format without quality loss
Purpose for which the models are elaborated

The 3D models allow not only a new form of visualization, but
also an exhaustive analysis about manufacturing processes.

The 3D models are going to be integrated into an accessible
database in the Internet. The above mentioned models not only
allow a virtual manipulation of the vessels, but can be analyzed
manufacture process.
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ABSTRACT:

In 2000 a comprehensive database has been initiated containing all information regarding the archaeological excavations in the
Brussels Capital Region, Belgium. The database is structured in such a way that first the data concerning the archaeological site
must be entered, the period of excavation and the staff involved. The next stage concerns an elaborate description of each
stratigraphic unit excavated. Once the site information and the stratigraphy levels have been introduced, one can start the description
of the archaeological objects discovered during excavation. The Object Form contains all general information regarding the object.
Various sub-forms are linked to it, arranged following the kind of material the object is made of and containing a detailed
description of the object. Each sub-form is equally linked to a restoration form containing all technical interventions on the object.
Unprocessed Objects, Depot and Loan Forms describe respectively the condition of the objects upon entry in the storage room, their
exact location and condition within the depot and the information regarding objects send for analysis and exhibits. Various queries,
reports and lists, accessible via predefined buttons on the entrance menu of the database, allow the editing of archaeological reports
and likewise constitute at any moment a summary of the whereabouts of the archaeological objects and samples. This database is

therefore an extremely useful tool allowing both scientific research and depot management.

1. INTRODUCTION

The inventory of the archaeological excavations in the Brussels
Capital Region, Belgium, and the management of its
archaeological depot are realized with the help of a newly
created database. It is based on the registration of the various
discoveries in their archaeological contexts, and this for every
site excavated within the Region. This implies a continuously
carefully thought out structure for the different levels of
information regarding the excavation (site, stratigraphic units,
description of objects), the treatment of the objects (e.g. various
restoration procedures) and the management of the storage.
Therefore, the input of archaeological data has to be clear and
precise, as a correct registration forms the base of an accurate
conservation.

Since 1989, archaeological heritage is a regional competence in
the federal state of Belgium. Each region (the Flemish, the
Walloon and the Brussels Capital Region) has therefore its own
specific archaeological decrees and working methods (Draye,
Matthys & Demeter, 2005). The three regions create various
inventories of their archaeological sites: the Central
Archaeological Inventory in Flanders (CAI-I, 2004), the
Planarch project in Wallony (Le Projet Planarch, 2002) and the
Atlases of the Archaeological Sites in the Brussels Region (each
commune of the Region has its own atlas: e.g. Guillaume &
Meganck, 2008). However, these inventories are mainly used in
the context of site management and less for “moveable”
archaeological heritage. Moreover, the various world-wide
existing databases related to archaeological objects are mostly
concerned with museum management esp. identification of
objects in case of theft, and not with archaeological research or
the archaeological depot management. A large amount of
information concerning the archaeological site, the layers, the
objects and their restoration and analyses can thus not be
introduced.

A first version of a specific archaeological research database
was therefore created in the year 2000, inspired by the results of
a project initiated by the Flemish Community on standards for
registration of archaeological objects in a museum context
(Driesen, Wesemael & ARON bvba, 2001). It was successfully
tested on the then excavated archaeological sites, Moresco at
the Sablon and Treurenberg behind the Sts.-Michael-and-
Gudula-cathedral situated on the remnants of the 13™ century
first city wall. Today, this database has evolved into a research
instrument combined with an archaeological storage
management tool.

The database has been developed in Microsoft Office Access
2000. It is housed on the central server of the Direction of
Monuments and Sites of the Ministry of the Brussels Capital
Region and consists of a front-end holding the interface and a
back-end holding the actual data, thus allowing a multi-user
environment. Its structure consists of various tables, linked by
relationships one-to-one or one-to-many, and based on the
introduction of the so-called unique number, attributed to each
object. Hyperlinks give access to images identifying the objects.
These images are stored on a second central “digital image”-
server, independent of the general server. In order to avoid any
accidental deleting, they have a fixed place and can only be
moved by special request to the server manager.

In order to reduce as much as possible human error upon entry
of the data, most fields consists of scrollable lists or clickable
squares and the unique numbers appear automatically in related
subfields. Continuous feedback and weekly evaluations create a
permanent evolution of the database potential: e.g. activation of
new fields and queries, completing of the scrollable lists, etc.
On a regular basis, controls are effectuated in order to eliminate
possible errors.
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2. STRUCTURE OF THE DATABASE
2.1 The archaeological site

The data-input requires a specific order of entry, starting with
the Site Form. In the Brussels Capital Region, each
archaeological site receives a code composed of 2 letters,
indicating the commune concerned, and a number from 1 to n
per commune. This code is attributed to each site upon entry of
the dossier at the Archacological Department of the Direction of
Monuments and Sites. E.g. BR59= Commune of Brussels,
Treurenberg street nrs. 6-14. The Site Form contains a range of
fields identifying the archaeological site with its code, address,
cadastral references, Lambert coordinates and the nearest
altimetry point of the National Geographic Institute.

The names of the proprietor of the land or building and of the
building contractor are also introduced. They are linked to a
sub-file containing all useful information like address, contact
person etc. A third sub-file is the Intervention Form, containing
the dates of the archaeological excavation and the names of the
persons that participated: archaeologists, technicians, workmen,
voluntaries and trainees.

After the Site Form, the input continues with the Stratigraphic
Units Form, containing all information about the stratigraphic
units encountered during excavation. Each stratigraphic unit is
composed of the Site Code followed by a number from 1 to n
(e.g. BR59/023= Stratigraphic unit 23 of site BR59). At any
moment one can have immediate access to the data concerning
the site by clicking a Site Form button located on the
Stratigraphic Units Form. The database will direct you
automatically towards the exact site. The Stratigraphic Units
Form contains, next to the Stratigraphic Unit Code, its location
on the site, the type of layer (e.g. a soil, the filling of a pit, etc.),
its texture (sand, silt, clay, etc.), the stratigraphic links. In the
case of a constructed Stratigraphic Unit, the form permits a
description containing the sort of construction (wall,
foundation, vault, staircase, etc.), the elements of construction
(bricks, quarry-stones, etc.), their size and the way they are
combined (in rows, edgewise, etc.), and information concerning
the used mortar, its colour and the jointing. A first general
description of the various categories of discovered objects (e.g.
ceramics, bone material, metal objects, etc.) and a field
indicating the sampling of the layer are also added. A button
gives access to the detailed report concerning the various
analyses of the stratigraphic layers (archaeopedological,
physical, chemical, etc.). Finally a field contains the
identification of the drawings and pictures containing the
stratigraphic unit considered and a hyperlink gives access to
this picture or drawing.

The tombs are registered starting from the Stratigraphic Layer
Form. The Tomb Form copies the categories of the form used in
the field. The various data to be filled in are the skeleton
number and the associated stratigraphic unit, its localisation, the
person that excavated the tomb, the pictures and drawings, the
type of burial (primary or secondary), the general position of
the body, the general preservation of the skeleton and of its
bony tissue, and the orientation of the body. Next are
introduced the position of the various body parts (head, torso,
arms, hands, legs and feet) followed by the information
concerning the preservation of other body elements like skin
and finger- and toenails, the conservation techniques that were
eventually applied, and the possible objects found around the
body, e.g. nails from the coffin, ceramics, personal items, etc. A

hyperlink gives access to an image of the tomb and a button
shows the detailed results of the palacoanthropological analysis
of the skeleton.

One of the future goals is to introduce the results of dating
procedures and of floral and faunal research by way of
hyperlinks to .pdf-files: archaeobotany, pollen, phytoliths,
dendrochronology, animal bones, shells, etc.

2.2 The Objects

Only when the Site Form and all the Stratigraphic Unit Forms
are filled in, one can start the recording of the archaeological
objects in the Object Form. Each object receives first a unique
number, composed of the site code, followed by the
stratigraphic unit number, followed by a number from 1 to n;
e.g. BR97/501/01755 = object nr. 1755 of site BR97 found in
layer 501.

After the introduction of the object number follow the category
of the object (ceramics, metal, etc.), its state and if the object
can be used for exhibition, its dimensions and the localisation of
drawings and pictures with a hyperlink to visualise them.
Finally one can introduce the dating of the object, its
publication, the scientific literature consulted and eventual
remarks.

Starting from the general Object Form, the sub-forms with the
information specific for each kind of material are filled in.
Access to the sub-forms is gained by clicking the appropriate
button on the Object Form: ceramics, metal objects (with coins
considered as a special case), glass objects, tobacco-pipes and
pipe-earthen objects. Each sub-form has the possibility to add
hyperlinks visualising pictures of the object. Actually research
is on-going in order to create the sub-forms concerning the
building materials (bricks, roof tiles, stucco, floor and wall tiles,
etc.), and objects in organic material (e.g. wood, ivory).

Each Sub-form is linked with a specific Restoration Form
describing the interventions previous to the actual restoration,
the cleaning of the object, the gluing, the consolidation, and the
conservation measures taken or to be integrated in case of
exhibition. Hyperlinks give access to pictures illustrating the
treatment of the restored object (before, during and after
treatment).

The Ceramics Sub-form contains information concerning the
function and components of the object, the fabric (clay, temper,
firing technique), the presence of glazing, and its provenance.
Numerous fields deal with the description of the decoration
present on the object. In the near future the decoration fields
will be adapted: many forms of decoration, especially in the
case of post-medieval ceramics, need extensive descriptions.

The Metal Objects Sub-form describes the multitude of
different objects found during excavations from small needles
to the large iron bar. The kind of metal and the technique used
to produce the object are also cited. The Coin Form has been
separated from the Metal Objects Sub-form as it includes very
specific fields concerning the type of coin, the material it is
made of, its condition and weight, the period of minting and the
sovereign concerned, and a description of decoration and legend
on both sides. The Glass Form mentions the function of the
glass object, the technique used, the decoration and the original
colour. The Tobacco-Pipe Form describes the various parts of
the tobacco-pipe with their measures, the decoration, traces of
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utilisation and the identification of the factory. The Pipe-
earthen objects Form includes the description of some peculiar
objects like small painted round plates with various religious
and non-religious subjects and small statues of the “Child
Jesus”. These objects were used to decorate Eastern breads and
are frequently found in excavations.

2.3 Depot Management

The organisation of the depot starts with the boxes coming from
the excavations into the transit room. The contents of each box
are inventoried in the Unprocessed Objects Form: the kind of
archaeological objects, the size of the bags and eventual
remarks on the general condition of the object(s). Next, the
contents will be carefully sorted, washed, treated, restored if
necessary and finally inventoried. Then they are stored and
organized per site, per kind of material and per stratigraphic
unit.

The Depot Form contains the location of the boxes during the
various treatments (storage room, cleaning room, restoration
laboratory or research unit), a macro-description of their
contents (e.g. ceramics, glass, etc.) and a micro-description
comparable to the Unprocessed Objects Form (size and content
of the bags, stratigraphic layer). The various stages of treatment
of the bags in the boxes can also be indicated: washed, marked,
grouped by material, gluing, inventoried. Preformatted queries
simplify the management of the objects and the archaeologists’
research questions e.g. in which box and in which bag one can
find a certain material of a given stratigraphic layer; or where
can one find the archaeological objects of a given layer; etc.

The Loan Form contains the number of the object, its date of
departure and of return, the location/institution it went to with
address and contact person, the reason (analysis, exhibit, etc.),
and the necessary insurance information. We are actually
working on an automated official loan document consisting of
simple queries enabling the curator to export the necessary loan
information into a preformatted printable document.

2.4 Archaeological Research and Depot Management

The entrance menu of the database contains a range of buttons
divided in three sections: data-input, research and depot
management.

The data-input section gives direct access to the various forms
described above. The research sections contains buttons
activating queries like e.g. a list of all ceramic objects from a
particular site, the objects found in a certain layer, a list of all
stratigraphic units for one site. New queries can easily be
created whenever an archaeologist needs certain information to
study an excavation or prepare the publication.

The buttons in the depot management section give immediate
access to e.g. a list of all archaeological objects moved from the
depot for analysis, exhibits, etc. with their date of departure and
their actual localisation.

3. CONCLUSION

The computerised inventory presented here has a double
advantage for the archaeologist. First, he can conduct and
publish the complete scientific study of an excavated site.
Secondly, the input of data into one and single database for the

whole of the archaeological excavations of one Region
facilitates transversal analysis. The curator of the depot on his
side can track each object placed under his responsibility. With
the help of the scientific and technical information gathered
during the numerous treatments of the archaeological objects,
the depot manager obtains an optimal conservation of the
archaeological heritage and guarantees at the same time access
for future generations of researchers.
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ABSTRACT:

In today’s AEC industry (Architecture, Engineering and Construction industry), there has been a vast evolution in the usage of
information and communication technology (ICT) for describing and managing construction projects. During the past years this led
to the elaboration of the technique Building Information Modelling or BIM for describing buildings and building information
according to their different composing elements. One of the major advantages in this BIM approach is the possibility to use this
building information for calculation, simulation and analysis in related, more dedicated ICT applications. Starting from the building
information model, these applications are accessible through an interoperability language, namely the Industry Foundation Classes
(IFC), elaborated by the International Alliance for Interoperability or IAl. This paper proposes the development of an approach
similar to BIM, namely Architectural Information Modelling (AIM), which describes more theoretical and historical building
knowledge instead of the explicit and component-based descriptions inside BIM. It illustrates several possible advantages of this
AIM approach for application in building documentation for virtual heritage, combined with possible historical analysis tools. It also
makes a short comparison of this technique with procedural methods, a similar technique that is gaining much interest during the
past few years in the domain of virtual heritage. Finally, this paper proposes future research ambitions and some conclusions of this
first, conceptual research about an architectural information modelling approach.

1. INTRODUCTION technique and its advantages are shortly commented and
illustrated.

The digital archiving process, the management and the
providing of accessibility for virtual heritage information has
been actively researched over the past two decades. An
exemplary organisation that performs active and thorough
research on this domain and the possible techniques for this
purpose is the World Heritage Centre (WHC) of the United
Nations Educational, Scientific and Cultural Organisation
(UNESCO). In order to make the world heritage virtually
accessible for historical research, numerous disappeared
monuments have been reconstructed and digitised under their
impulse (Quintero, 2003).

For the digitalisation of our cultural heritage, very diverse ICT

techniques can be used, i.e. three-dimensional modelling . ) L o .
techniques (Quintero and Jansen, 2002; Miiller et al., 2005), Figure 1: Exterior view of the Building Information Model of

digital drawings, maps and plans, reconstruction techniques the Casino in Ghent.

based on photo material (Van Gool et al. 2002; 2004),

procedural modelling, etc. 1.1 Building Information Modelling

The different objects in the BIM model in Figure 1 (doors,
walls, window, spaces, etc.) are modelled and stored in an
object-oriented structure, using several proprietary file formats.
However, these file formats lack the required interoperability
for further simulation, evaluation and analysis.

This paper focuses on one particular ICT technique that can be
used in the digitalisation and archiving process, namely the
three-dimensional information modelling technique. A possible
workflow, corresponding advantages, and new perspectives that
can be offered for virtual heritage by this technique, will be
illustrated in this paper. This will be based on earlier performed,
historical research about the former Casino in Ghent (Boydens,
1986). This building was designed and built by architect Louis
Roelandt in 1836 and was demolished in 1945.

Through a newly created file format, namely the IFC standard
or Industry Foundation Classes, this issue of interoperability is
countered. This IFC file format is created as a highly
interoperable information structure, that tries to guarantee that
the information in this IFC format can be browsed and queried

A building information model has been constructed in Autodesk on an object-oriented and semantically rich basis.

Revit Architecture 2008 (Figure 1). This BIM modelling
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By fulfilling this purpose, software creators do not need to
develop their applications in correspondence with specific file
formats or dataflow structures of existing applications. Instead
they only have to rely on this internationally standardised,
ontological format, that describes building information of
different projects, monuments and buildings in a similar
grammar and syntax (Penttild, 2007; Penttil et al., 2007).

1.2 Advantages

Concerning information management issues, this characteristic
purpose and work method of BIM and IFC is considered to be a
solid and useable improvement in building industry. One
information model in a standard interoperable data format can
be constructed centrally in any small- or large-scale building
project, from which every actor in this project can extract the
required information. It seems that in today’s AEC industry this
is particularly used in the construction phase of architectural
design and building projects (Penttild, 2007).

Following the BIM information modelling techniques and the
creation of the IFC data standard, numerous ICT applications
are being developed, which are capable to read the information
of this model via IFC and use it directly to perform automatic
analyses, simulations and calculations. It is possible for instance
to automatically perform a cost calculation or to compose a
time planning proposition for a building project, or for example
to perform different heat transfer simulations and building
permit analyses.

A more theoretical and historical kind of information could be
used as well in this information modelling technique. By giving
this small, but very meaningful twist to the actual contents of
the present information modelling approach, a whole new range
of applications can emerge. An important set of applications
can be situated in the preliminary design phase of an
architectural project, but also in the work methods and dataflow
in the digitalisation and documentation process for virtual
heritage projects.

This hypothesis is illustrated and documented in the remainder
of this paper, through the architectural information modelling
approach. This technique is mainly based on the existing BIM
approach, but is using different, more theoretical and historical
information instead of the construction-minded, components-
based building information of the present BIM approach. The
historical context of the Casino in Ghent (Figure 1) is used as
an illustrating example.

2. ARCHITECTURAL INFORMATION MODELLING
2.1 Usability in virtual heritage applications

Based on the scarcely found information about a certain
architectural building or monument, a three-dimensional
information model can be constructed. In this model the
different kinds of information, ranging from explicit to more
implicit historical and theoretical information, can be appended
to the different elements of this model. This information can be
added in the form of building features, similar to the BIM work
methods (Eastman et al., 2008).

In a cultural heritage application, this could lead for instance to
the following workflow. A reconstruction is performed for a
specific cultural heritage building or monument of which only a

few elements of information are found through historical
research. For each recovered building element, information is
added to the central architectural information model,
continuously expanding the knowledge of this specific cultural
heritage building and thus expanding the global virtual heritage
knowledge.

On one hand this added information can be concrete
geometrical parameters, material characteristics or references to
explicit research material, like photographs or scanned
documents. On the other hand also more abstract or implicit
information can be modelled, such as references to similar
projects or projects of significant historical influence, known
typological information, environmental constraints or regionally
applied regulations that have been followed and are critical in
the understanding of that particular project.

2.2 Methodology

As a starting point for a conceptual test-case, it was stated that
the modelling technique can be used for describing the building
structure of the Casino, not through the composing building
elements (doors, walls, windows, etc.), but through the actual
spatial structure, a network of spaces. This abstract spatial
structure could then form the core structure of the actual
architectural information model, to which further architectural
information is appended as different kinds of features. These
features range from typological information to spatial relations
and historical references for instance, as well as the actual
geometric building information.

The spatial structure of the Casino for example (‘central hall’,
‘far wing north’, ...) can then be modelled to its three-
dimensional overall shape in an architectural information model
(Figure 2).

Figure 2: Architectural information model, showing the overall
spatial structure of the Casino in Ghent.

In this three-dimensional architectural information model, every
building block is divided into several underlying abstract
spaces, as shown in
Figure 3. The building block ‘central hall’ for example is
divided into two building levels, each containing one space,
namely a ‘storeroom’ and a ‘reception hall’, depending on the

information that is found in the performed historical research.
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Figure 3: Each building block in the architectural information
model is divided in different spaces, like for instance
‘storeroom’ and ‘reception hall’.

Starting from this schematic spatial information model,
containing more abstract and spatial than precise and detailed
building information as a core structure, a high amount of
information is added during different stages of historical
research. Each part of information is linked to the
corresponding part of the spatial structure in the AIM model.
This information can be very diverse, exactly because there is
only an abstract spatial model lying at the basis of the model,
instead of the actual building components (i.e. complete walls,
windows, columns...), that prove to be too complex and
detailed to start modelling from the research start (Penttild,
2007).

The added information covers the actual geometric descriptions
of the spatial structure. To each building block or space
different annotations are added about the actual building
components that are known to limit and form the considered
part of the spatial structure. Figure 4 shows the different
building components that constitute the ‘central hall’ of the
Casino. Each of these geometric building components would
then contain further detailed information, as is already
happening inside the BIM approach.

Figure 4: Geometric building components that are annotated to
the 'central hall' of the Casino in Ghent.

In addition, more abstract theoretical and historical knowledge
is also added to this spatial structure, such as references to

historical plans or other documentation that was found in the
historical research project, or possible relations between spaces
and typological annotations. It is also possible to add certain
information about a time range wherein the element that’s being
considered, existed, or implicitly present environmental or
architectural parameters and constraints that shaped the building
during different design phases.

The resulting information model contains for almost every part
of the building its documentation and information, directly
bound and visualised to the actual element it belongs to (a
space, an abstract typology, a wall or floor, an historical
reference, etc.). In this way, the AIM modelling technique
probably improves existing methods for documentation and
digital archiving by making architectural, historical and
theoretical research more efficient.

The amphitheatre at the backside of the Casino (Figurel) for
instance is probably shaped by a former hill slope with a
windmill on top. In case an architectural information model for
this windmill existed, it could be referenced in the AIM model
for the Casino. In that way, the user who is actually interested
in the Casino information, could also have a preview of the
information about the windmill, for example the time period it
was standing there and information about the way it was built
and the way it influenced the conception of the amphitheatre
and the Casino.

The information about the windmill would then probably be
coming from earlier research projects. By archiving this
information linked to the specific correlated elements in a
standardised architectural information model, it becomes
possible for a user to quickly and intuitively review the
information connected to a structure that is somehow related to
the building he is actually interested in at that moment, without
having to go through a thorough historical research project in
order to find all related historical documentation and original
plan material of that related building.

2.3 Advantages and possibilities

Besides the advantages which this architectural information
modelling approach could give for the process of digitising,
documenting and archiving of theoretical and historical building
information, the approach could also generate several new
perspectives in the creation of applications that can (re)process
this information.

When, for example, the more explicit, geometric parameters
and the use of different object types (window types, door types,
column types, ...) are considered, it is possible to develop
applications that can look for certain similarities and differences
between two different buildings in this global virtual heritage.

Considering ‘Le Palais de Justice’ in Ghent (Figure 5), which
was equally designed by architect Louis Roelandt, there are
undoubtedly resemblances and similarities to be recognised
between this building and the Casino he designed almost at the
same time a few blocks further in the city. The five doors for
example, which are indicated in Figure 5, are most probably the
same as some of the doors he used in the Casino and that can be
found at ground level in Figure 1 and Figure 4.
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Figure 5: ‘Le Palais de Justice’ in Ghent, by architect Louis
Roelandt in 1836.

By modelling more abstract theoretical and historical
information, in addition to the pure geometric information, it is
possible to search for similarities between this sort of
information as well. If the AIM approach can make it possible
to explicite information about how architect Louis Roelandt
conceptually designed both the Casino and ‘Le Palais de
Justice’, this information could be (semi-)automatically queried
by dedicated applications to find out if there are similarities or
remarkable differences in the design methods and decision-
making that shaped the two buildings, or maybe if one design
obviously influenced the other design, etc.

If these research possibilities are extended towards different
architects and different time periods for instance, the AIM
approach can probably generate several more advantages,
which can hardly be foreseen at this moment, for the use and
research of design and theoretical or historical information in
the virtual heritage domain.

3. INFORMATION MODELLING OR PROCEDURAL
MODELLING

A technique that is quite similar to the AIM approach and that
has gained remarkable interest during the past few years in
cultural heritage research, is procedural modelling (Parish and
Miiller, 2001). One of the variants of this procedural modelling
technique, namely the procedural modelling approach based on
style grammars, shows a great resemblance to the presented
architectural information modelling technique. This grammar-
based procedural method is already used in several application
domains, such as urban modelling (Parish and Miiller, 2001)
and modelling for virtual heritage application (Miiller et al.,
2006).

In this grammar-based procedural modelling technique it is
made possible to define sets of meaningful parameters and
functional rules to three-dimensional models. These are capable
of describing different building styles, with which several
‘similarly styled” buildings can semi-automatically be
generated, to form a complete urban landscape, a possible
alternative formalism in a cultural heritage monument (Miiller
et al., 2000), etc.

The procedural modelling technique is at this time mainly used
to facilitate the three-dimensional modelling process of big and
complex datasets (i.e. infinite urban landscapes, highly detailed

and complex heritage monuments, etc.). Therefore, the amount
of information that is subject of this technique is kept to a
minimum.

In (Miiller et al., 2006) for instance, a procedural modelling
workflow is elaborated for the Mayan Puuc buildings in
Xkipché. It shows very effectively how a lot of modelling and
alteration work can easily be done in a procedural method by
common archaeologists. However, also several encountered
problems have been situated in (Miiller et al., 2006), of which
one is stating that the model is detailed only to a certain level
and lacks an amount of precision for the actual documentation
purposes needed in virtual heritage (i.e. imprecise door
locations, missing GIS data, etc.).

Despite the several resemblances between the architectural
information modelling and the procedural modelling
approaches, the two techniques are quite different at this
specific point. At this time of research for the information
modelling approach, the accent namely lays on the actual
information of the building itself and less on the resulting visual
appearance or the way how archaeologists could create and
alter this building model.

This means that much more parameters and information is
archived and made accessible in the architectural information
modelling approach, not only of a pure geometric or visual
kind, but also of more abstract and implicit building knowledge
of a theoretical and historical kind. An AIM model for the Puuc
buildings in Xkipché would for instance contain more detailed
instances of doors and windows than is possible at this moment
using procedural methods. Also detailed information such as the
materials used in this temple or for instance the actual reasoning
of the Mayans in the conception and the building process of the
temple in question, could be added for documentation of the
actual cultural heritage information.

A more extensive comparison between this procedural
modelling technique and the proposed architectural information
modelling technique is needed, but exceeds the scope of this
paper. Both approaches have their advantages and
disadvantages, and probably none of them is the ‘perfect’ or
‘right’ approach. If the advantages of both techniques however,
could be combined in one integrated approach, archaeologists,
as well as building modellers, architects and people from many
other scientific domains would benefit.

4. FUTURE WORK

At the time being, the AIM research has been preserved to
merely conceptual research activities. As a start, the different
aspects that may be needed in an architectural information
modelling approach have been shaped to a conceptual
completed scheme. In this conceptual shaping process, the
different possibilities and advantages which the information
modelling technique can generate in combination with
dedicated virtual heritage ICT applications, have been identified
and denominated.

However, to make this conceptual AIM approach actually work
in a virtual heritage environment, two fundamental steps will be
taken in further research.

The first step is the definition of an appropriate equivalent of
the existing IFC Classes in the BIM approach, for application in
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the AIM approach. The IFC classes that are used in the BIM
approach, are namely limited to machine-readable, concrete
information, i.e. financial costs, material names, construction
phases, etc. and don’t describe more theoretical and historical
information, which is necessary in an architectural information
modelling approach.

The second step in future research also applies on this
distinction between concrete building information and more
abstract, theoretical and historical information. Where the more
concrete building information can be rather easily identified and
uniquely denominated, the description of more theoretical and
historical information is difficult. For instance, while the
description of a concrete wall into physical characteristics and
exact measuring data is precisely known and therefore easily
made machine-readable, a lot of theoretical concepts and
historical knowledge stays locked in images and sketches or
between the lines of texts for example, and therefore explicitly
require human interpretation and intelligence.

When the aim is to unlock this knowledge as well, there will be
a certain amount of machine intelligence needed. At the time of
writing, several international research projects are performed to
improve this machine intelligence. One of these research
projects for instance is performed by (Berkhahn and Tilleke,
2008), who use neural networks and topological models to
recognise dimensions and common lines out of 2D images and
plans. After this recognition process a three-dimensional model
can be built in IFC, using the recognized information.

However, this is only one of the possible ways to improve
machine intelligence and computer vision for the recognition of
information out of images, text, video and other multimedia.
Further research has to be done on this subject to evaluate the
possibilities in using and possibly further improving these
techniques.

5. CONCLUSION

Different kinds of ICT digitalisation techniques and
applications can be used for the digitalisation, documentation
and archiving of virtual heritage information. In this paper, one
of these techniques is highlighted, namely the three-
dimensional information modelling technique that is known as
Building Information Modelling or BIM in architectural design
practice. This technique describes the different composing
building elements according to their composition,
characteristics and other kinds of information. Using a standard
IFC (Industry Foundation Classes) file format, this information
can be stored in a highly interoperable structure. This makes it
possible for other ICT applications to perform simulations,
calculations, etc. based on this information.

The same modelling technique, that has proven its
documentation and archiving advantages already in
architectural design practice, can possibly be used as well to
model more theoretical and historical information which can be

useful for virtual heritage application. An alternative
information modelling technique is proposed, namely
Architectural Information Modelling or AIM for the

digitalisation, documentation and archiving of the international
cultural heritage.

By using this modelling technique, new ICT applications can
emerge, based on the information in the central architectural

information model. Several possible applications and the
corresponding advantages of using these applications have been
highlighted in this paper. The exact possibilities and advantages
of using the proposed architectural information modelling
technique for virtual heritage purposes are at this moment
however rather unclear and still depend largely on the results of
the development of the architectural information modelling
technique itself.

In the further development of this architectural information
modelling technique, first attention will go to the delineating
and structuring of the actual theoretical and historical
information in this AIM approach. Since there are no
‘Architectural’ Foundation Classes available at this time, these
classes will be developed during further research. The
combination of the AIM techniques with related techniques,
such as procedural modelling methods and techniques that try to
improve machine-readability of documents and the actual
machine intelligence will be researched.
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ABSTRACT:

Recent advances in digital methods incorporating information technology have enabled the traditional surveyor — monument
recorder to work faster, more accurately and in an automated way in order to produce advanced digital products, more versatile and
—perhaps- more useful to the end users. Such methods include the digital imaging, the terrestrial laser scanning and the development
of specialized software in order to fully exploit the digital data acquisition. In this paper two examples of the implementation of
these methods in the geometric documentation of two churches, both significant for the history of Cyprus, is presented. It is
concerned with the churches of Virgin Mary (Panayia) Podithou, in Galata and St. George Nikoxylitis in Droushia. The
methodology and its merits are explained and the results are assessed for their usefulness.

1. INTRODUCTION

Monuments are undeniable documents of world history. Their
thorough study is an obligation of our era to mankind’s past and
future. Respect towards cultural heritage has its roots already in
the era of the Renaissance. During the 20" century
archaeological excavations became common practice and they
matured during the 20™ century. Over the recent decades,
international bodies and agencies have passed resolutions
concerning the obligation for protection, conservation and
restoration of monuments. The Athens Convention (1931), the
Hague Agreement (1954), the Chart of Venice (1964) and the
Granada Agreement (1985) are only but a few of these
resolutions in which the need for geometric documentation of
the monuments is also stressed, as part of their protection, study
and conservation.

The geometric documentation of a monument may be defined
as the action of acquiring, processing, presenting and recording
the necessary data for the determination of the position and the
actual existing form, shape and size of a monument in the three
dimensional space at a particular given moment in time
(UNESCO 1972). The geometric documentation records the
present of the monuments, as this has been shaped in the course
of time and is the necessary background for the studies of their
past, as well as the plans for their future.

Geometric documentation should be considered as an integral
part of a greater action, the General Documentation of the
Cultural Heritage. This comprises, among others, the historical
documentation, the architectural documentation, the
bibliographic documentation etc. The Geometric Recording of a
monument involves a series of measurements and -in general-
metric data acquisition for the determination of the shape, the
size and the position of the object in the three dimensional
space. Processing of these data results to a series of documents,
i.e. products, at large scales, which fully document the
geometric -and other- properties of the monument. Usually such
products include two dimensional projections of parts of the
object on horizontal or vertical planes, suitably selected for this

purpose.

Technological advances in recent years have spectacularly
multiplied the variety of sources for collecting metric
information at such large scales. In order to fully exploit these
data special techniques should be developed. Moreover, the
advancements in computer industry have enabled the three
dimensional visualizations of the monuments in a virtual world.
The compilation of 3D models of historical monuments is
considerably facilitated by the use of dense point clouds, which
are created by the use of terrestrial laser scanners. Their
combined use with photogrammetric procedures, such as the
production of orthophotos, allows the realistic 3D
representation of complex monuments such as sculptures. In
this context virtual reality tours have been created for simple or
more complex monuments. This ability has greatly contributed
to the thorough study of the monuments, as well as to the
creation of virtual visits.

2. CONTEMPORARY METHODS

Nowadays, traditional surveying work has been greatly affected
by technological advances. Telemetry, using electromagnetic
radiation of many forms, and digital imaging have completely
revolutionized the fieldwork, but also the variety of end
products, as, at the same time, digital processing has also
evolved dynamically. At the same time terrestrial laser scanning
has been developed and has become another important and
useful tool to enhance the quality and the variety of the end
products.

Contemporary surveying and photogrammetric methods for the
geometric documentation of a monument are always applied in
combination (Ogleby and Rivett, 1985; Carbonnell, 1989). The
required percentage of each one in each case depends on the
accuracy specifications and on the level of detail, i.e. the
qualitative information, of the monument required for the final
product. These two main methods contribute to the final
product. Classical survey measurements provide accurate
determination of specific points, which form a rigid framework
within which the monument details from the photogrammetric
survey are being placed. This framework provides strong
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interrelations of the measured points in 3D space, necessary as
a base for the photogrammetric and other procedures.

Nowadays it is possible to produce highly accurate
measurements of single points, collect point clouds describing
any surface and determine the form, size and position of any
detail, however complicated, from conventional or digital
photographic images. The possible products comprise two-
dimensional or three-dimensional vector or raster drawings in
printed or digital form. The photogrammetric methodology is
capable of providing adequate overall accuracy common for all
points measured and details surveyed. The photogrammetric
methods may be categorized to single image, or monoscopic,
two-image, or stereoscopic, and to multi image methods.

Photogrammetry in principle uses photographic images of the
objects of interest as raw data. Complicated techniques have
been developed over the years in order to produce specialized
visualisations — mostly orthogonal projections, vector or raster —
of these objects of interest from these particular images. Lately
sophisticated digital techniques have been developed in order to
produce three dimensional views of these objects on computer
screens, thus satisfying the necessity of the human observer to
grasp the environment in 3D. The laser scanner technology has
been employed to this very end for the benefit of geometric
recording of monuments with highly impressive results. In this
way the adventure path, which started at the real object with the
direct measurements, returns to it via a series of digital
processing, image transformations and representations (Figure
1) (Georgopoulos and Daskalopoulos, 2003).

Image Processing

G

Computer
Graphics

Image Understanding
Computer Vision

OBJECT Digital Photogrammetry

SPACE

@ Geometric Relationships é

Figure 1: The round trip from object to image

3D modelling and visualization of monuments constitutes a
very sophisticated and integrated method for the geometric
recording, for the documentation and for the preservation of
cultural heritage. It is particularly effective when applied for the
documentation of significantly large and complicated
monuments, not easily grasped in their entirety by human eye.
When the 3D modelling is composed by high accuracy detailed
data, it is in fact the final product of a long series of extensive
processes with a number of intermediate products, such as 2D
and 3D vector and raster plans.

Supported by laser scanning instrumentation and related
software these 3D renderings together with traditional
techniques may play an important role, as they are able to
exploit the detailed work carried out by traditional surveying
and photogrammetric techniques, which are characterized by
indispensable accuracy and high detail content. Therefore for
certain applications of 3D visualization of objects, classical
techniques are and should still be used with impressive results.

As an alternative solution for the production of 3D textured
models, software packages incorporating photogrammetric
algorithms of multi-image management with bundle adjustment
can be used. By pointing manually and monoscopically on
homologue points on more than two overlapping images the
optimum ray intersections are determined. For better accuracy
and more reliable data determination, images should be taken
rather with a convergence of 20°-90°, instead of the desired
normal case of the conventional procedure of stereorestitution.
The creation of the model is achieved by selecting points that
create planes or other mathematical surfaces (parts of cylinders,
cones or spheres) and by adding geometric constraints in space.

A big advantage of these packages, e.g. PhotoModeler of Eos
Systems Inc, 3D Builder and others is the simplified and user-
friendly interface that they offer, since they are designed mainly
for non-photogrammetrists. Their basic problems are the lack of
automated procedures, for example matching, which increases
the required workload, and the insufficient ways for the
assessment of the achieved accuracy. However, it is a cost
effective solution with interactive processing for the 3D
geometric recording of monuments and without any need for
special knowledge of photogrammetry. Most of them have the
ability of:

e Self-calibration or introduction of interior orientation
parameters, allowing the use of non-metric cameras.

e The use of lines between points for the determination of the
delineation of the objects.

e Imposing constraints, such as collinearity or coplanarity of
points, perpendicular or parallel lines.

e Determining epipolar lines facilitating the location of
homologue points.

e Producing models without control points, while the scale is
determined by measured distances.

e Adding to the model mathematical surfaces, such as
cylinders or other second order surfaces.

e Producing orthoimages at defined projection planes.

e Creating TIN and wireframe models.

e Applying texture to the model from images selected
manually or automatically, and producing of photorealistic
renderings.

e 3D viewer, with zooming, rotating and measuring capacity
on the model.

3. IMPLEMENTATION

The above presented contemporary methods have been used in
order to geometrically document two churches in Cyprus. This
action is part of a larger research project, which aims at the
geometric documentation of all Byzantine Churches on Troodos
Mountain. Ten of these churches are included in the World
heritage list of UNESCO, mainly because of their famous wall
paintings. The two churches of the present study have
completely different characteristics and, hence, they are fine
examples of the usability and adaptability of the methods, in
order for the optimal result to be achieved.

These two churches are Virgin Mary (Panayia) Podithou, near
Galata village on Troodos mountain and St. George Nikoxylitis
near Droushia village in the western part of the island (Figure
2). They were selected as they are representative specimens of
religious architecture of Cyprus.
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Figure 2: The location of the two churches on Cyprus

3.1 Church of Virgin Mary in Podithou

The Church of Virgin Mary (Podithou) is the Katholikon of an
old Monastery founded in the late 14" c. AD. Buildings of the
Monastery surrounding the Church stood until the 1950’s, when
they were demolished. The church is a single space basilica
surrounded by a pi-shaped corridor (Figure 3) and covered by a
double sided roof made of stone slabs. The external dimensions
of the church are 11x17.70 m and the maximum height of the
roof is approx 11 meters.

Figure 3: The plan of the Church Podithou

This particular church belongs to the ten Byzantine painted
Churches of Mount Troodos, which belong to the World
Heritage list of UNESCO (Figure 4). They are famous for their
architecture, but mainly for their marvellous wall paintings. The
monument is under the patronage of the Holy Metropolis of
Morfou and the Department of Antiquities of Cyprus.

3.2 Church of St. George Nikoxylitis in Droushia

The Church of St. George Nikoxylitis is part of an old
Monastery, which is situated about 3 km north of the village of
Droushia, on the western part of Cyprus. The Monastery has
been established back in the 10" century, or even earlier.

This monument is under the patronage of the Department of
Land Consolidation and of course the Department of
Antiquities of Cyprus.

There are no reliable sources about the exact date of the
establishment of the Monastery, as there are no explanations
about the strange adjective escorting the name of the Saint
either. Only wild speculation may be used to attribute the name

to the large amount of wood (= xylo in Greek) which may be
found in the area (Figure 5).

Figure 4: The church of Virgin Mary (Panayia) Podithou

Figure 5: The aerial view of St. George Nikoxylitis

The church surviving today was rebuilt, using material of the
older church, in the early 1920’s on the exact position of the
ruined old church of the Monastery, remnants of which may be
distinguished today.

The church is a single space basilica, initially with a vaulted
roof (Figure 6). The roof seen today has been added later for
reasons of protection. The outside dimensions are 13x7x8 m.
Along the two long sides of the church there are eight
rectangular pillars, which support four inner vaults and the roof.
The bell tower was destroyed in 1923 and was replaced by a
simple pi-shaped and 1.5 m in height construction on the
western part of the roof.

4. METHODOLOGY

For the geometric documentation of these two churches various
contemporary methods were employed like the ones mentioned
above. They were selected in such a way as to suit the
peculiarities of each monument and serve the final products in
the best possible way as far as accuracy, completeness and
quality are concerned.
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Figure 6: The western facade of the Church of St. George

Specifically, for the Church of St. George Nikoxylitis it was
decided to produce orthophotos for the four main fagades, a
horizontal section of the monument, two main vertical sections
along and across the church and a general survey of the
surrounding area. On the other hand, for the Church of Virgin
Mary Podithou it was decided to produce a 3D visualization of
the monument in addition of the standard products as above.

The employed instrumentation included a digital camera
(Canon MII™ 8Mpixel) with a set of appropriate lenses (24mm,
16-35mm and 28-85mm), a terrestrial laser scanner
(HDS/Cyrax 2500™) and a Pentax R-323NX™ reflectorless
laser total station. For the photography around the church of St.
George, a special forklift vehicle was also employed for
enabling branch cutting and of course photography. Pre-marked
targets were used as ground control points for both churches
were possible. For their co-ordinate determination standard
surveying procedure was employed with special care for the
accuracy of the final calculations. All targets were determined
with an accuracy of less than 20mm, as the final scale of the
drawings was set at 1:50.

It was decided to use different combinations of the available
contemporary methods described above for the geometric
documentation of the churches. In this way the best possible
results will be produced in each case. For the orthophoto
production of the Church of St. George standard digital
rectification was employed for the planar parts and digital
stereophotogrammetry for the non planar ones. In Figures 7 and
8 specimens of the first results of the geometric documentation
are presented. For the geodetic measurements standard
surveying technology was employed.

Multiple rectifications of the large scale images were performed
for the production of the raster products, i.e. orthophotos.
Special methodology is required for their completion with the
roofs. The project is not yet complete as efforts are still going
on in order to complete the production of the final drawings.

For the orthophotos of the Church of Podithou, a somewhat
different approach was employed; at least as far as the roof part
is concerned. A simpler method for producing orthophotos
involves relation of a point cloud to a digital image, in order to
assign colour information to the points in space. The then
coloured point cloud may be projected onto any desired
projection plane in order to produce the orthophoto
(Georgopoulos and Natsis, 2008a; 2008b).

Figure 7: The plan drawing of the church of St. George

Figure 8: The not yet completed north fagade of the church

Figure 9: The complete point cloud of the Church of Podithou

The registered point clouds acquired around the church were
later used to produce a 3D visualization of the monument.
Multimedia enhancement of the latter produced a video
depicting a virtual visit around and inside the monument. In any
case scanning of the monument from positions around it were
acquired and they were later combined to a unique point cloud
with suitable registration (Figure 9).
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Figure 10: A digital image used for the Photomodeler
software

The same result for the 3D visualization was achieved
employing another methodology, intended for non rigorous
applications, as mentioned before. The Photomodeler” software
was employed in order to combine information form suitably
taken digital images (Figure 10) in order to achieve the final
result.

This software actually employs the standard bundle adjustment
method in order to relate the available images with each other
and with the object itself. It then gives the possibility to the user
to produce a 3D textured model or the orthogonal projection of
that model to predefined planes. In Figure 11 a view of the
rendered 3D model produced with Photomodeler " is presented.

Figure 11: The 3D textured model produced with
Photomodeler” software

The orthophoto in Figure 12 has been produced by the
orthogonal projection of the 3D textured model. It is planned to
proceed with the production of the full range of products for the
geometric documentation of the churches and perform a
thorough comparison for assessing their accuracy, wealth and
reliability of content and, of course, time and cost.

A first comparison of these products in terms of time, cost and
reliability proves that the employed methods are relatively fast,
compared to the traditional photogrammetric procedure. This is
valid both for the field work and the processing stage. Accuracy
tests will be performed as soon as all products have been
finalized.

Figure 12: Orthophoto produced by suitably projecting the
3D textured model

5. CONCLUDING REMARKS

It has been shown that the suitable combination of
contemporary methods of surveying, photogrammetry and
terrestrial laser scanning, with the help of suitable software may
provide in a relatively short time invaluable results to the
experts who take care of the well being of Cultural Heritage.
The first results of these two projects presented in this paper
only prove that there is great potential in these contemporary
methods.
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ABSTRACT:

This study aims at developing an interactive virtual model of the lost architectural heritage of the 8th century Buddhist Monastery of
Sompur Mahaviahara in Bengal. This monument at Paharpur drew the attention of the architectural historians of the South Asia from
the very discovery of the ruins of the structure at the beginning of the twentieth century because of its unique architectural features
and strategic spatio-temporal location. Several attempts have been made so far to recover the memories of this medieval Buddhist
Monastery after the amnesia of a millennium. However, the limited amount of archaeological resource, literary evidences and
epigraphic records at the disposal of the architectural historians appears as the main thicket. This study is an attempt to generate a an
interactive virtual model of the monument that would accommodate different contesting narratives regarding its architecture. It looks
into the history in a more dynamic way and uses virtual reconstruction as flexible tool to reconstruct the lost form of the building.
The main idea is to develop a method conserving, retrieving and commemorating the both tangible and intangible aspects of the
heritage through the participation of the general public. This model will be used as a virtual museum for continuous and feedback
and verification from scholars and aspiring general public and eventually refine the model based on these feedback. This
participatory approach of reconstructing will minimize the distance between the people and object of heritage as well as engender a
new way of experiencing, evaluating and appreciating heritage buildings.

1. BACKGROUND square hollow shaft, which runs down from the present top of
the mound to the level of second terrace.

1.1 Introduction

Since its discovery in the early twentieth century the ruins of
Sompur Buddhist monastery became the focus of the scholars
of the architectural history of Bengal. This mega structure
became a landmark in the history of architecture for two
reasons. Firstly it marks an important transition between the
subconscious and vernacular mode of architecture to the most
conscious, symbolic and metaphoric mode. Secondly, it
represents a particular era when Buddhism had its last
stronghold under the royal patronage of the Pala kings and
gradually transformed into a more ritualistic practise than the
philosophical doctrine as preached by Buddha, which is known
as neo-Buddhism (Chatterjee, 1985) or ‘Tantric’ Buddhism.
Considering its cultural and historical significance, UNESCO
has inscribed it as a World’s Cultural Heritage Site in 1985.

Figure 1: Plan of Sompur Mahaviahara and the reconstructed
model of the central structure

1.2 The Problem

Sompur Mahavihara is definitely the mostly studied historical
monument in Bengal. There exist different arguments regarding
the three-dimensional articulation of the missing superstructure.
There are also some attempts of theoretical reconstruction of the
central structure by different scholars. However, the nature and
the extent of the earlier studies are not sufficient to generate
necessary potential for a discourse. The reason may be
manifold, but the most important one is the non-availability of
substantial amount resource including a comprehensive

The most striking architectural feature that distinguished
Sompur Mahavihara from the other Buddhist monasteries found
in India is the central cruciform structure (Figure 1). Hence
most of the debates generated hitherto on the architecture of
Sompur mahavihara are centred on the missing superstructure
as well as its layout, configuration and architectural details. The
ruin of the structure rises upward in a tapering mass of three
receding terraces, which reaches a height of 23 meters. Each of

the terraces has a circum-ambulatory passage around the
monument. At the topmost terrace (of the existing ruin) there
were four antechambers on the projecting arms of the cross. The
over all design of this complicated architecture is centred on a

architectural documentation at the disposal of the researchers.
The first hand evidences like the archaeological remains are
mostly at foundation level and inadequate. The epigraphic
records remain almost mum regarding this monument.

* Corresponding author. This is useful to know for communication with the appropriate person in cases with more than one author.
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Consequently, most of the works done so far are mainly limited
on the findings of the archaeological excavation and studying
the artefacts from the archaeological perspective. Hence the
history Buddhist architecture in Bengal is yet to recover from
the amnesia of centuries.

2. BEGINNING

2.1 From Constraints to Opportunity

We have already mentioned that the earlier attempts of
understanding architecture of this monastery were unsuccessful
because of the limited resources. It is almost impossible to
depend solely on materials that are available at first hand to
demonstrate a continuous narrative of this monument. However
the lack of physical resources could be transformed into
opportunities than constraints for followings reasons.

1. The lack of sufficient physical resources may be a
hindrance to demonstrate a tentative description of
architecture. Nevertheless, It at the same time would help us
to deconstruct any preconceived notion from the beginning.
The apparent amnesia could be seen as a great opportunity
to understand the building process of the monument from a
very neutral point of view. It may not give us a very
accurate understanding of the individual architecture but it
would lessen the risk of deviation because of the wrong
interpretation of the archaeological ruins. Especially for the
case of Sompur Mahaviahara, where most of the
architecture is missing we could use this situation to too
look at the problem from a broader perspective and in a
much flexible way. The focus of the study should be turned
from the product to the process to use the fullest extent of
this scope.

2. It further opens up a ground for accommodating the earlier
studies and contesting hypothesis. The apparent discrete
nature of the approaches of these earlier works does not
necessarily indicate a disjunction. Rather it demonstrates
the array of possibilities of looking at the problem. Putting
them together in a common platform and a critical analysis
may give us much clearer picture of the problem. The idea
is not to debunk them or the assumptions upon which they
are based, but to develop an integrated approach that
includes all the possibilities and scopes. Eventually it may
establish a theoretical framework for further study by
accepting, criticizing and refuting some of these earlier
assumptions. This study can be considered as an addition to
the existing body of knowledge. The terrain will not only be
much richer once all the ideas and hypothesis will be put
together but also offer a much wider scope to fill up the
lacuna.

3. As architecture this building is a part of the material culture
of this region. The determinants of the material culture of
particular location such as the tradition and world view of
the people, the custom of reverence, symbol and rituals of
expressing status, gender relationship, the sepulchral
tradition etc exist in a layered manner. Religion acts as an
additional layer in these whole set of accumulated layers.
These layers are not only overlapped with each other but
also maintain an osmotic relationship of continuous
transformation of ideas and themes in between them.
Hence, the religious architecture is a result of a contestation
of multiple themes, ideas and authorship. Because of the

amorphous nature of the religion, Buddhist religious
architecture is much susceptible to changes due the cultural
paradigm both in terms of form and meaning. This is not as
simple as borrowing some elements from the other or
adopting some style of expression. It is deeply rooted at the
very conception of architecture or piece of art. Hence once
we could understand the process and discern the layers that
acted we would be able to understand the architecture as
well. That means we have to look into the history in a more
dynamic way and use all the available tools. We need to use
information from different sources and to evaluate the
problem of architecture from a much broader perspective.

4. Virtual modelling can be used as a useful tool for multiple
verification and criticism. It is not directed towards the end
product as photographic realization of the original structure
of Sompur Mahavihara. On the contrary, it concentrates
more on developing a method of evaluation and synthesis to
conceptualize the formal expression of the structure.
Virtual reconstruction is to be applied in two levels for
doing so. At one level it should be used to develop an exact
visualization of the existing remains of the structure to be
used as the basis for further study. The next level of
modelling involves a comprehensive process of evaluation
and verification. Main objective of this level is to generate a
process of theoretical reconstruction of the structure by
using all the available information. It is difficult from the
presently available material to come up with a single model
of the central structure. Hence the present study may end up
with several theoretical models of the Sompur Maahvihara
based on different contesting hypotheses. This process of
theoretical ~ restoration and interpreting  available
information is a continuous one. What would not be found
today can be kept for the future to comprehend, provided
that the present information is not destroyed (Forte and
Silliotti, 1997). Even the corrections and criticisms and
debate can be accommodated by the successive
reconstruction. It is perhaps the most flexible means using
all the available resources that are apparently inconspicuous
in nature.

2.2 The preliminary reconstruction

Hence it is important here to understand the process through
which architecture is conceived and materialized. We have
started our study from a much broader perspective to develop a
broader picture of Buddhist religious building and tried to
identify the location our case within this. Then we gradually
zoom down by discerning each of the layer one after another.

We tried to develop a system where the threads all the available
resources will be put together in a scientific manner to construct
the bigger scenario. We kept the other end of the thread for
inflow of the future resources so that the model or the proposal
can be modified when newer resources would be available.
Based on this a three dimensional virtual model has been
developed at the end. In this work an attempt was made to
understand the lost architectural features of the monument by
using these cross-disciplinary resources in a systematic manner.
It looked into the history in a more dynamic way and uses
virtual reconstruction as a flexible tool to reconstruct the lost
form of the building. Based on this we developed a preliminary
virtual model for the central structure of Sompur Mahavihara
(Figure 2).
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The main objective of this work was not to retrieve the
architectural form as it was originally, which is not possible
with nature of the available resources as well. Rather it focuses
mainly on the collation and the examination of all the available
resources that may have had some impact on the architectural
form of Sompur Mahavihara, and put them in a framework so
that we may have a better idea regarding its possible three
dimensional manifestations. At the end a framework of
knowledge regarding this monument was developed for future
feedback (Figure 03). The most important aspect of the
framework is that it not only relies on architectural or
archaeological sources, rather it adopted a cross disciplinary
approach. Hence any small discovery at any discipline can be
used in this framework to observed how it will affect the three
dimensional expression of this structure. Due to the limitation
of time, this is study focused mainly on the central structure and
considered only the formal aspects of architecture.

Development
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Figure 2: Preliminary Reconstruction of the lost central
structure of Sompur Mahavihara
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Figure 3: The framework of knowledge for the reconstruction

3. PRESENT STUDY; THE SECOND PHASE:
3.1 Objective

This second phase of the study is built on earlier reconstruction.
During the process of the earlier reconstruction a distance
between a heritage building and public drew our attention.
Especially in the case where the heritage building is presently
ruined (like our case) and a limited amount of archaeological
resources are available to fill up the lacuna. It is a great

challenge for the architectural historians to bring back this
building to and its architecture based on this fragmented
resources that are mostly inconspicuous in nature. In our
previous reconstruction an attempt was made to recover the
architectural form of the lost monument of Sompur Mahavihara.
However it was felt that it was almost impossible to retrieve the
lost form as it was, rather it was more convenient to collate and
examine all the available resources that may have had some
impact on the architectural form of this building. The idea was
to develop a process that is open for future feedback and
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correction. Now the question that comes in front is whether this
recovery of architectural form is sufficient enough to
understand the building as well as enliven the memories of the
heritage back to the people and minimizing the distance
between the people and the heritage. In this juncture the
concept of “Virtual Heritage’ has emerged. Roussou (2002)
described Virtual Heritage as an intersection of virtual- reality
and cultural heritage. She further defined the functions of
virtual heritage to facilitate the synthesis, conservation,
reproduction, representation, digital processing and display of
cultural evidences. There already exists example of Virtual
Archaeology (Barceld 2000), where some archaeological sites
have been reconstructed for three dimensional experiences.
Nevertheless whether they are playing a successful role for
heritage conservation is questionable.  From the earlier
examples it seems that that the end product (reconstructions of
the lost buildings or sites) remains within the domain of
academia. A few of them are merely published in websites,
media or open to public spaces in museums. However, the
broader definition of Virtual Heritage demonstrates a process
that involves not only different disciplines (e.g. Architecture,
Computation, History, Heritage and Museum studies, Cultural
Studies etc) but a wider spectrum of people. It certainly needs a
participatory approach to fully recover the memories of the
building. The proposed study would embark on this premise.

Maria Roussou (2006) has defined three challenges for public

presentation of virtual heritage, they are:

e Representation (to visualize or
reconstruct the data)

e Experience (to present and enhance the virtual environment
with elements that incorporate  knowledge providing and
vision) and

e Interaction (to provide ability to gain insights by actively
engaging in and even modifying the experience)

accurately visually

Dourish (Dourish 2001) also emphasized on participation, task
accomplishment and practical action for an effective
embodiment with the environment. As successful interactive
experience can only be achieved while a person feels interest
with the content, poses empathy with it and finally can imagine
the alternate reality (Schell and Shochet 2001) and that can only
be achieved through proper interaction.

An architectural heritage is something more than the physical
form. A building is a place for doing different activities.
Especially spaces inside a religious building, e.g. Sompur
Mahavihara, are precisely guided by the rituals and
performances. To understand the architecture of this monument,
mere virtual reconstruction of the three dimensional from would
not be sufficient. In order to create virtual environment
embodying the essence of place is inevitable (Jumphon 2008).
Usually the role of ‘Place’ is virtual environments has been as a
locator of objects (Champion and Dave 2002). But Kalay
(Kalay and Marx 2001) pointed out that ‘Places are created
through inhabitation. People imbue space with social and
cultural meaning, transforming mere space into a place’. Hence
we need to know how this design of the building is conceived
through the organization of different spaces within it. Being a
monument that belongs to high Tantric phase of Buddhism in
Bengali, the architecture of this monument was certainly
determined by Tantric rituals and rites. The movements of
monks within the complex, their daily life and periodic ritual
performances had significant importance in the spatial

organization of Sompur Mahaviahara. Hence to recover of the
memories of this building we have to examine the the aspects
how spaces were generated, interpreted and interconnected with
respect to the daily activities of the monks and the ritual
performances. We have to analyse different activities and the
ritual performances within the monastery and try to reconstruct
the virtual model focusing on the aspects of spatiality.

This proposed study is designed to address these issues
regarding the lost heritage building taking Sompur Mahavihara
as a case. It is aimed to fulfil these following objectives:

1. To develop an interactive virtual model of Sompur
Mabhavihara focusing the aspects of spatiality.

2. To minimize the distance between the general public and
heritage building by developing participatory reconstruction
process using bringing this interactive model. It could be
virtual museum that would allow the people to participate,
educate, attach and preserve their memories associated with
this building.

3. To collate the feedbacks from scholars and aspiring general
public to verify and further develop the earlier framework
of knowledge regarding this monument. The most important
aspect of the framework would be that it would not only
rely on architectural or archaeological sources, rather it
would adopt a cross disciplinary approach. Hence any small
discovery at any discipline can be used in this framework to
observe how it will affect the three dimensional expression
of this structure.

3.2 Significance and Innovation

Our current study is designed to address two fundamental
problems. Firstly, the problem that lies inherently with the
reconstruction/conservation of the lost archaeological
monuments. A historical building is a memory of past and it
should be preserved for its particular location in the history.
However, is it only the commemorative value that we take into
account? We don’t think so. Actually a monument poses wide
ranges of values, both tangible and intangible, towards itself.
The physical conservation in its true form not only ensures the
formal characteristics of the monument, but at the same time
put a considerable impact on the others, especially on the
intangible aspects. To preserve this whole set of values we need
a detail inventory of information before going into a physical
conservation of the monuments, because if the conservation
attempt goes wrong it becomes hazardous enough to destroy the
whole set of tangible as well as intangible values. This
phenomenon is of utmost importance in the cases like Sompur
Mahavihara, where archaeological information is really scarce.
Hence, it is more practical and rational to go for an interactive
virtual model, which eventually addresses all the related issues
and disciplines. The premise upon which the initial model was
developed considered architecture as a cultural product. As
architecture this building is a part of the material culture of this
region. The determinants of the material culture of particular
location such as the tradition and world view of the people, the
custom of reverence, symbol and rituals of expressing status,
gender relationship, the sepulchral tradition etc exist in a
layered manner. Religion acts as an additional layer in these
whole set of accumulated layers. These layers are not only
overlapped with each other but also maintain an osmotic
relationship of continuous transformation of ideas and themes
in between them. Hence, the religious architecture is a result of
a contestation of multiple themes, ideas and authorship. This is
not as simple as borrowing some elements from the other or
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adopting some style of expression. It is deeply rooted at the
very conception of architecture and its use. Hence once we
could understand the process and discern the layers that acted
we would be able to understand the architecture as well. That
means we have to look into the history in a more dynamic way
and use all the available tools. We need to use information from
different sources and to evaluate the problem of architecture
from a much broader perspective. In this proposed study, we
would focus more on the spatial aspects that involved ritual
performances within this building. This has potential to
contribute significant knowledge in the field of spatial theory
and architecture. Architecture is no more a discipline to be
looked at by the architects and the archaeologists. A building is
a result of different accumulative layers. And these layers
should be unravelled and discerned if we really want
understand the building. Hence this study offered an
opportunity to look into architecture from a different
perspective. A view of this building from different perspective
has the opportunity to discern certain layers that render its
overall architectural form. A comparison of this spatial model
with the formal model of the building may lead us to reveal
some of the intangible values related to this monument.

The second problem deals mainly with distance between the
architectural knowledge of the general people. Because of the
very inherent problem of the discipline certain gap has been
maintained between the great architectural masterpieces and
general public. These great monuments were considered more
as objects / exhibits rather than space for activities and
performance by the common people. They have very little role
to play either in conservation or evaluating these monuments.
The lost monuments, like our case has very little or no impact
on the general architectural knowledge of the common people.
However, they not only have significant historical and
commemorative value but posses certain degree of cultural
value as well. Hence it is important to let the people participate
in the process of understanding this architecture. The intention
is not to retrieve the lost architecture of this monument but to
develop an interactive process where the distance between the
general public to the monumental architecture could be
minimized. The applied aspect of this study is that the iconic
building would no longer be something; you should look from a
distance. If we could incorporate contemporary studies on
media and museum studies with this reconstructed spatial model
then this interactive model could be a powerful tool to
understand the architecture as well as life in this old monument
and as an educational source for both aspiring student and
general public.

3.3 Approach and Methodology

This research will combine architectural history with museum
studies using the virtual technology as tool. As an architect [
would be able to take care of the architectural part of the study,
whereas for the other part like people’s participation with the
virtual model I would rely more on the expertise on the
department of museum studies. The approach and the research
procedure is divided into three major parts according to the
research objectives.

1. Developing a comprehensive and interactive virtual model
of Sompur Mahavihara: The major objective of this part of
the study to develop a holistic and comprehensive
architectural model of the lost heritage building, which
would be used in the later part of the study. Being a
monument that belongs to the high tantric phase of the

Buddhism, this architecture certainly played a role as a
stage for different ritual performances. As the objective of
this part of this study is to understand the spaces of the
monument in terms of ritual performance, a significant
amount of time would be spent for observing and
documenting contemporaneous Tantric rituals. Based on
this study we would develop a preliminary spatial model for
this lost monument. This model would be compared with
the previously developed formal model to develop the final
interactive virtual model for public’s interaction. This
model would not be photo realization of the original
monument as Osberg (1997) identified that abstract
drawing/ view is more effective and better understood than
the highly realistic one. Hence, it concentrates more on
developing a method of evaluation and synthesis to
conceptualize the Architecture of the monument.

Bringing/conveying this interactive model toa wider
spectrum of people by using website, museum installation
and other means: In this part I would try to develop
different means to convey this model to people from
different spectrum for interaction and feedback. This model
would be published in website to bring it to a larger
community of scholars and other people. At the same time
some smaller installation will be erected in different public
places like Museum, Educational Institution and libraries so
that the aspiring students and general public people can
participate and interact with the model. Unlike the most
Virtual heritage model this model would incorporate the
cultural information or the ‘intangible part of the heritage’
(associated folk tales, local believes, religious believes, oral
history etc) with the tangible one. It would not only be
restricted with the developer’s own narrative rather the
users could personalize the interface or changed the story
board if needed. These models or installation would be
continuously monitored for collating feedback and
accommodating, altering and even sometime rejecting the
ideas for further modification of the model and framework
of knowledge.

Collating the feedback and organizing the framework of
knowledge and modify the virtual model accordingly:
In this part of the study we would collate all the feedback
regarding architecture of this heritage from the different
input sources and then deduce logical inference by using
this information. We would look into the problem in a
more architectural way and fill up the gaps using
architectonic reasoning. This might not give us a definite
solution regarding the original form of the building but it
generates a process of learning and evaluation. The main
contribution of the study would not only the development of
this interactive framework of information that is open for
necessary feedback future and refinement of the virtual
model, the most important part is to educate and attach the
people with the lost heritage and let them participate in the
process of conservation of this cultural heritage and
preserve the memories. This framework will just try to
compile all the available information and interlink them in a
systematic way for the virtual reconstruction. The most
important aspect of the framework is that it not only relies
on architectural or archaeological sources, rather it would
depend on wide varieties of sources. Hence any small
discovery at any discipline or a little feedback can be used
in this framework to observed how it will affect the three
dimensional expression of this structure.
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4. CONCLUSION

Mostly virtual reconstruction are developed by researchers and
academicians (except movie industries for entertainment)
requiring extensive labour and high expertise. However, the end
product (3D models/environment) remains within the domain of
scholars and academia. A few of them are merely published in
websites or delivered to public spaces like museums. Again,
present VR technologies for public viewing, poses a variety of
practical limitations including high cost, development
complexity and maintenance. Practical issues and problems are
especially apparent when visitors have to follow a default
narrative and merely can personalize or engage with the content
restricted by their own cultural and technical background. In
our case this interface will be developed as a virtual museum
exhibit enhanced by user’s cultural background, where user can
easily participate with the content, personalize their way of
retrieving information through an interface which can track
human movement/gesture and response in real-time. We hope,
by incorporating the cultural background of user while
designing the interface will provoke a new way of experiencing,
evaluating and appreciating heritage buildings. In our previous
study we have reconstructed a virtual model of the lost mind
Once completed this study would demonstrate a methodology
that can be adopted for any other heritage site or building
anywhere in the world, which is presently in ruinous condition.
The main idea of this study is to develop a process through
which the distance between the people and the heritage building
can be minimized through interaction and at the same time to
conserve the memories of the building while searching for its
architectural form.
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Figure 4: The possible scheme of the study.
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ABSTRACT:

NEMO project involves the development, design and implementation of a location-based information system for cultural heritage
content. Within the scope of “NEMO” project, was the development of a software platform for handheld and mobile computing
devices (known as Personal Digital Assistants: PDAs), which are employed by the visitors of cultural heritage sites. NEMO system
allows the process and the presentation of content in real-time based on the location of the visitor within the physical space,
providing the following capabilities: 1.Retrieval of Multimedia Exhibits, 2.Interactive tours in the site, both predefined and free
tours, with embedded audio — video and textual information, 3.Retrieval of information in different levels according to the available
time of the visitor within the physical space. In the context of the specific project a client-server architecture was developed, based
on Java technology (J2ME) for mobile devices, which enabled the functionality of distributing multimedia content form the Server
to the Clients of the system. The content was provided to the clients of the system based on the position of a specific the client in the
space. The localization of the client was determined through the utilization of wireless network 802 11.g. This innovative approach
provided us with the exact localization of the client in 34 distinct locations within the physical area of the museum, with a precision
varying from 0% to 0.3% position error, by utilizing a set of 18 wireless antennas (including the redundant access points) and the
same time providing simultaneously content to 4-5 clients (visitors).

1. INTRODUCTION user and the digital information provided and the
continuous flow of information
Digitization of the content according to the technical

requirements posed by the requirements of NEMO

1.1 General Information °

The NEMO System is the result of the research program: New
museum approaches - development of portable navigation
systems for exhibitions- NEMO.

The NEMO project involves the development, design and
implementation of a location based information system for
cultural heritage content. Within the scope of “NEMO” project,
was the development of a software platform for hand held and
mobile computing devices (known as Personal Digital
Assistants: PDAs), which is employed by the visitors of cultural
heritage sites.

The NEMO system allows the process and the presentation of
content in real time based on the location of the visitor within
the physical space, providing the following capabilities:

e Retrieval of Multimedia Exhibits

e Interactive tours in the site, both predefined and free tours,
with embedded audio — video and textual information.

e Retrieval of information in different levels according to the
time that visitor has for touring within the physical space.

The NEMO project includes also:

e The realization of both design and implementation study of
the software and hardware architecture of the system, the
detailed description of the tools and the different
components that are needed as well as an installation study
for the physical space.

e The realization of a tour plan for the visitor, in order to
obtain a complete set of information for the site that is
being visited thus ensuring the interactivity between the

platform.

In the context of the specific project a client-server architecture
was developed, based on Java technology (J2ME) for mobile
devices, which enabled the functionality of distributing
multimedia content form the Server to the Clients of the system.
The content was provided to the clients of the system based on
the position of a specific the client in the space. The
localization of the client was determined through the utilization
of wireless network 802 11.g.

Select Tour Mode

15 MIN

20 MIN

FREE TOUR

Ioaox
Figure 1: Actual snapshot from NEMO System

The specific installation, which has been already successtfully
completed in the Pieridis Museum in Larnaka is actually the
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first, at least in European level, that has fully integrated the use
of Location Based Services in the context of cultural heritage.
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Figure 2: The introduction screen of the NEMO System at
Pierides Museum

The project has been not only innovative in using existing
technological capabilities, but it is also designed in such a way
in order to be fully scalable to cover further functional
requirements which could be introduced in the future, if the
need arises.

The main advantage of the Nemo System lies in the creation of
new means of content management and especially presentation
of cultural heritage content, incorporating an intuitive and
personalized manner, tailored to specific needs of each visitor.

1.2 General Objectives of the Project

The general objectives of the research project were:

1. The Exploitation of the possibilities that new technologies
offer.

2. To provide new educational, instructive and recreational
ways of presenting content (collections).

3. To Provide advanced services of information of cultural
content.

4. To find new future use of the application from the Business
Community.

1.3 Special Scientific and Technological Objectives

The special scientific and technological objectives of the
research project were:

1. The presentation of information and knowledge with a
friendly and ease of use approach.

2. The selection of more suitable technological solution for

relevant applications.

The development of all relevant infrastructures.

4. The integration of modern technology for presenting
cultural content.

5. To develop an application of techniques for the tracking in
real time the movements of a user in an internal space, via a
wireless network.

(93]

2. RESEARCH RESULTS
2.1 General

The Project is characterized by a high degree of scientific
character and requires the harmonious coexistence of
heterogeneous objectives and activities. The methodology that
was adopted combines all the individual approaches in order to

ensure the required level of presentation of content,
technological solution, diffusion of results and further
exploitation.

More specifically, during the development and implementation
of the System, the Project Team worked under the following
approaches:

1. Technological Approach
2. Spatial Approach

3. Museum Approach

4.

Socio-economic Approach

2.2 Techonological Approach

This Approach is divided into 3 distinct phases:

1. the planning and the implementation of the Server where
the digitalised material will be stored,

2. the planning, the development and the implementation of
the application that is installed in the device of the user, kot
finally

3. the completion of the software that is required for the
computing the exact location of the user inside the museum
physical space.

Communication over
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Figure 3: Technological Approach

In the context of the specific project a client-server architecture
was developed, based on Java technology (J2ME) for mobile
devices, which enabled the functionality of distributing
multimedia content form the Server to the Clients of the system.
The content was provided to the clients of the system based on
the position of a specific the client in the space. The
localization of the client was determined through the utilization
of wireless network 802 11.g. This innovative approach
provided us with the exact localization of the client in 34
distinct locations within the physical area of the museum, with
a precision varying from 0% to 0.3% position error, by utilizing
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a set of 18 wireless antennas (including the redundant access
points) and the same time providing simultaneously content to
4-5 clients (visitors).

The receptors were positioned in specific points of the museum,
taking in consideration the architectural properties for each
room of the museum and in such way as to maximise the
strength of the wireless network.

At the same time, the museum drawings were digitalised and
then installed at the handheld computers. There, a process of
"their normalization" was applied, so that there is a complete
identification between the coordinates of the architectural
drawings with the coordinates that will be used by the wireless
network. In such a way, the land-planning perception is created.
After the necessary corrections, the software was integrated in
the System.

2.3 Spatial Approach

The Spatial Approach refers to the secure performance and
functionality of the system within the physical space, the safe
keeping and storage of content and the protection of all
hardware and peripherals.

The technology used for computing the “location” of a user in
the internal space is based on a probabilistic concept, which
enhances the advantages that result from decisions theory,
probabilistic models and information theory.

The Spatial Approach describes the planning of arrangement of
wireless appliances (access points) in the physical space, with
the advantages and disadvantages of the various network
topologies that were tried. This process is examined within the
particular application, pioneered at the Pierides Museum.

Finally, the methods that were used for the improvement of
output and precision of location software were presented and
evaluated.

2.4 Socio-Economic Approach

The socio-economic effects from the use of mobile systems in
presenting cultural content had a particular importance, both
during the adoption of the script/Strategy Phase and later, when
all the potential possibilities were being considered.

The Project Team, early decided that the system would have an
instructive and promotional character concerning the cultural
element, and at the same time, a commercial value in multiple
application in terms of future growth.

The introduction of new technologies in the culture industry,
according to European and international standards, creates new
prospects and growth opportunities for relevant organisations
and for the local economy. New scientists are focusing on new
technologies and state-of-the art policies and are developing
relevant applications in order to incorporate modern museum
and educational tendencies in the museum community of
Cyprus.

At the same time, in a country as Cyprus, where services and
especially Tourist Services, constitute the most important
productive area of creation of National Wealth, the use of
modern technology for the presentation and projection of
cultural characteristics it is considered henceforth necessary.

The NEMO System, on its own way, generates and enhances
the competitiveness of the tourist product of Cyprus, something
much needed in a highly adverse market.

NEMO System is not only technologically innovative but can
also be expanded immediately (in terms of technological
solution and content management) in commercial applications,
contributing in the creation of a new approach in the
management, projection and presentation of various
“collections”, in easy and individualized way. The location
based information management System is very well suited for
spotting products in large areas (e.g. shopping malls), and thus
providing multiple information and increased customer focus.

2.5 Museum Approach

In this Approach, the script strategy of a conducted tour was
developed, a tour which includes the ideological dimension of
report, the proposed historical but also territorial ways with the
special points of interest and the training of special list on the
digitalisation of content.

g
£
©

Figure 4: Actual Screen from the application in the Pierides
Museum
The various scripts/Strategies for touring the Museum, took into
consideration the most advanced and state-of-the art educational
methods for promoting cultural content.

At the same time, the creation of the digital multimedia material
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was completed. In this stage, the digitalisation and digital
treatment of the primary or other forms of content was realised,
the adaptation and assiduity of this material was configured
according to the exact specifications of the System, the
translation and adaptation of was finalised in both English and
Greek.

Finally the application was installed in the handheld devices
(PDA’s) and then it was “live” pilot tested in the Museum.

3. EVALUATION OF THE SYSTEM

The NEMO System, was firstly evaluated during the pilot
period by both the visitors as well as from the employees of the
Museum. In a period of one month, 150 people used the system,
on a live basis. The tests were held in 3 different scenarios. 1.
With the simultaneous use of five end-users, 2. With the
simultaneous use of three end-users and 3. With the use of a
sole end-user. The tests were held to calculate the accuracy of
the signal in all occasions and the customer satisfaction rate.
The accuracy of the signal turn to be accurate with a variance,
ranging from 45cm up to 95 cm and not depending on the
parallel use. As far as the satisfaction rates, the results were
very positive especially in the cases of visitors ageing from 18-
60. However, in ages, ranging above 60 years old, the
comments were neutral to negative. More specifically, on
average:

e 80% of the visitors evaluated these kind of technologies as
useful or very useful.

e 60% of the visitors found the information provided as
educational

e 70% of the visitors found the system as user friendly

e 40% of the visitors prefer navigating the museum with such
a system

e 10% of the visitors prefer a combination of NEMO System
and human navigation

o 30% of the visitors prefer human navigation

e 20% of the visitor do not want navigation

e 65% of the visitors were happy or very happy with the
accuracy of the System

o 70% of the visitors suggested a quicker tracking response of
the system (10-15 seconds is the time needed)

A second evaluation of the System was held by the technicians
of the Cyprus Telecommunication Authority (CYTA). The test
was held in the Museum, regarding: a. the accuracy of the
tracking system and b: the response timing. The evaluation was
held after the pilot period, and the results of the pilot program
were taken into consideration. CYTA found the System as
“very innovative” and “very accurate”. As a result, CYTA
financed the implementation in the Pierides Museum, and
became the GRAND Sponsor of the research program.

The third evaluation, was held in the live presentation of the
System, in a press conference in the Museum Pierides.
Journalists from all the major TV channels, as well as the major
newspapers of Cyprus were present, as well as representatives
of the Cyprus Research Promotion Foundation to test the
System. The results were very positive, with impressive media
coverage.

4. IMPLEMENTATION TO OTHER MUSEUMS

The System NEMO, can be easily implemented to other
Museums. The developed software platform, as well as the
tracking software, can be applied in different spatial
approaches, according to the building drawings. That means,
certain information can be linked with specific spatial
parameters as to track and show multimedia information
accordingly. In every new spatial case (museum, archaeological
area etc) the following actions have to be to done to implement
NEMO:

1. Digitise content

2. Utilizing wireless antennas according to the building
drawings and objects

Link specific objects / areas with specific digital content
Check accuracy

Calibration of the area

Fine Tuning Accuracy

Pilot test

Launch of the System

XN AW

Up to now, two more museums in Greece have already agreed
to implement the NEMO System as their main automated
navigator.

5. REFERENCES

Humbert J.M, 2003, Living in the Present: Museums and ICTs,
First International Workshop on Information Technologies
(ICTs), Arts and Cultural Heritage, Donostia-San Sebastian.

Kalliaras P., Sotiriou A., Zoi S., Karigiannis J, Farandouris N.,
Mitrou N., 2004, The AVATON Architecture: Location Based
Multimedia  Services for Tourists, 1TI 2™ International
Conference on Information & Communication Technology
"Multimedia Services and Underlying Network Infrastructure",
Cairo Egypt.

Karigiannis  J.,  Vlahakis V., Daehne P., 2003,
ARCHEOGUIDE: Challenges and Solutions of a Personalized
Augmented Reality Guide for Archeological Sites, Computer
Graphics in Art, History and Archeology. Special Issue of the
IEEE Computer Graphics and Application Magazine.

Schnaider M., 2003, Innovative Mixed Reality applications in
archaeological sites: the ARCHEOGUIDE project, First
International Workshop on Information Technologies (ICTs),
Arts and Cultural Heritage, Donostia-San Sebastian.

Vlahakis V., Karigiannis J, loannidis N., 2003, Augmented
Reality  Touring of  Archaeological Sites with the
ARCHEOGUIDE System, 9™ Issue of Cultivate Interactive



VSMM 2008
Digital Heritage — Proceedings of the 14th International Conference on Virtual Systems and Multimedia

M. Ioannides, A. Addison, A. Georgopoulos, L. Kalisperis Short Papers

THE INFLUENCE OF VIRTUAL ENVIRONMENT TECHNOLOGIES ON ESTIMATING
OBJECT SIZES AND COLOURS

L. Heldal ® *, L. Brathe ", B. Stahre ©, R. Schroeder ¢, A. Steed ®

* Chalmers University of Technology, Dept. of Technology Management and Economics, SE-41296 Goteborg, Sweden
— ilona.heldal@chalmers.se
® Volvo Powertrain, SE-40508 Géteborg, Sweden — lars.brathe@volvo.com
¢ Chalmers University of Technology, Dept. of Architecture, SE-41296 Goteborg, Sweden — bea@chalmers.se
d University of Oxford, Oxford Internet Institute, OX1 3JS Oxford, — Ralph.Schroeder@oii.ox.ac.uk
¢ UCL, Dept. of Computer Science, WC1E 6BT London, — A.Steed@cs.ucl.ac.uk

KEY WORDS: Virtual environments, Representations, Size, Colours, Estimations, Object focused work, Performance, Presence

ABSTRACT:

By using Virtual Environment technologies (VEs), complex models can be designed and developed, and their features visualized,
simulated, discussed and documented. People can, however, experience the models of the same artefact differently depending on
which VE technologies they are using, even if the representations are intended to give the same experiences. This paper explores
how experiencing the sizes and colours of the virtual representations of an artefact is influenced by the chosen VE technology. We
also examine how the differences in these estimations can relate to overall performance and experiences for object focused work.
For size and colour estimations we examine further data from a previous experimental study, from where the analysis of overall
performance and experiences are presented elsewhere. This paper illustrates significant differences between size estimations for
models implemented to support the same or similar experiences in different VE technologies. The results argue for the benefits of
using large-scale systems for better size estimations and that inhabiting the spaces with avatars contributes to more accurate
estimations. The latter is especially important for smaller displays and single-user work. Visual cues and the social interaction in
distributed systems, even simpler technologies, e.g. desktop VEs, can support more accurate size estimations. Using colour names

can also support collaboration.

1. INTRODUCTION

Many projects in industry use Virtual Reality systems, or
Virtual Environments (VEs), for their three-dimensional
graphical, high-performance applications. A wide range of VE
technologies is in use today, from everyday desktop systems to
large-scale projection technologies. Some of them are used in
single-user, others in collaborative, settings. In collaborative
settings it is common that a technology or technical setting to
which a person has access differs somewhat from the
technology the person’s partner is working with. There are
several studies showing that different technologies have
different impact on task performance (Tromp et al. 2003;
Heldal, Schroeder et al. 2005; Wolff et al. 2007), which also
has a great impact on experiencing creativity in innovative
work (Roberts et al. 2006). Therefore, to build the same virtual
models in the different VE technologies used in collaborative
settings in such a way that these support collaborative work on
equal premises is important.

In a large earlier experiment we compared overall work
performance and experienced presence for eight different
technical settings (Heldal et al. 2006). In the present paper we
extend the study by also including perception of size.
Reexamining the qualitative data we observed that we had
many comments on colour perception throughout the whole
study. We did not ask explicitly about experiencing colours, but
it was noted to contribute to better perception of the objects
(Billger et al. 2004). We mention here noted comments when
they are appropriate.

*  Corresponding author.

The task examined was a relatively simple task, but
complicated enough to give the impression of a real work
scenario. Some of the results, e.g. that immersiveness and
symmetry for the used technical environment have a great
impact on task competition and experiences was already shown.
Non-equal technologies on the different distributed sites were
disturbing; even smaller differences can lead to disruptions in
collaboration. However, if the collaborators become familiar
with advantages or disadvantages of their partner’s system, they
can exploit it for their benefit (Heldal, Schroeder et al. 2005).
These earlier results trigger further questions, e.g.: Does the
different type of VE technologies used in a collaborative setting
imply differences in size perceptions? Do the collaborative and
single user estimations regarding object sizes differ for the same
technologies? By reanalyzing data from the earlier experiment,
this paper illustrates significant differences between size
estimations. We do not have collected quantitative data on
colour appearance from the beginning.

After the Introduction, Section 2 presents related research and
some ideas on experiencing sizes in VEs. Section 3 summarizes
the background experiment, a relatively simple puzzle-study
that we used to obtain statistically significant data on
comparing VE technologies. Section 4 presents new
quantitative and qualitative results on appreciating sizes and
colours, and examines these new results in relation to earlier
findings about presence and performance. Section 5 is the
Concluding Remarks, and Section 6 discusses future work.
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2. BACKGROUND

The impact of the technology used on the people involved and
on the communication flow has been studied since the time
when people begun to use computer-mediated communications,
such as telephones or Internet (e.g. Kiesler et al. 1984). These
studies showed that access to a technology and some
application is necessary but not sufficient for fruitful distributed
collaboration. The underlying content and a network of social
and technical relationships have a great impact on the quality of
work and experiences (Scott 1999; Walther 2007).

Since object focused tasks are quite typical, working with
models is common at many workplaces; so the way people
experience and estimate physical characteristics of the
representations, and its impact on performance and experiences,
are important (Hindmarsh et al. 1998; Heldal, Steed et al.
2005). Realistically experiencing representations of artefacts is
connected with correctly estimating their physical
characteristics, such us their physical sizes, their actual shapes
and colours.

Realistically does not necessarily mean physical realism or
naturalism. The aim of virtual reality systems is not necessarily
to reproduce physical artefacts, or to achieve graphic realism
(Stanney 2002), nor is it to reproduce natural interaction in
these environments for all situations (Bowman 1999). In
relation to correctly experiencing objects’ sizes and dynamics,
already Descartes wrote that one usually perceives an object “as
being the same size regardless of its distance from the observer
even though the retinal size of the object gets smaller with
increasing distance from the observer” (Descartes 1637 — cited
by Kenyon et al. 2008). Also perceiving objects with its shapes
differs from the actual sizes even in physical environments.

To experience correctly the object representations in VEs, we
need to know how our eyes are working, where the object is
located in the environment, and several other data about the
context and VE technology (Rolland et al. 1995). To benefit
task competition can also be enough, to simulate less or to use
abstractions (Stahre et al. 2008). The VE technology users need
to know, however, how they can relate their visual experiences
to the task they are working with. As an example: If the task is
to experience the model for a new road in a virtual environment
in order to discuss where and how the new road has to be built,
the users should know how the used technology affects
experiences (Heldal 2007).

In relation to size and distance perception in VEs there is a
significant amount of work (e.g. Ellis and Menges 1997;
Plumert et al. 2004; Sik-Lanyi et al. 2005; Interrante et al.
2006). Many previous studies explore the influence of the size
of the output display technologies on task performance and
experiences. For head-mounted display technologies, Arthur
(2000) reviews the effects of FOV on task performance. The
large FOV in immersive environments (Slater et al. 2000;
Isselsteijn et al. 2001) and in general the large panoramic
displays (Dudfield 2001; Sonnenwald 2002) also contribute to
better experiences. Tan showed that large screens are better for
3D orientation as well as for improved performance of spatial
tasks (Tan 2006). Burgee (2005) showed that a large screen can
be used with better accuracy for handling hypertext in a
browser. Distances in real environments are considered to be
compressed in comparison with immersive environments
(Interrante et al. 2006). How accuracy for adaptive menus can
be correlated with screen sizes was recently examined by

Findlater and McGrenere (2008). For better learning about new
features and higher satisfaction, they argue for controlled screen
estates.

Today, we often are employing knowledge of perspective and
treating sizes in relation to display sizes and the sizes of actual
graphical representations. One may think that we should
already know how to represent graphical artefacts believable for
all users, just by doing measurements and calculating how the
sizes and shapes have to be translated for the different
technologies. This is not yet the case. According to Kenyon et
al. (2008), in the VEs of today, displaying more complex scenes
with correct cues would require too much effort and time.

3. THE PUZZLE STUDIES

The experiment presented in this study has followed a large
earlier experiment that compared effectiveness and experiences
of work in eight settings: single-user work in three different
settings and collaboration in five settings. Table 1 and Section
3.2 include these settings and their abbreviations, while a more
complete description can be found in Heldal et al. (2006).

The Settings Used

Single user in the IPT I

Single user working on a Desktop

Single user with cardboard boxes

Gothenburg IPT and London IPT [—I
IPT connected to HMD I—HMD
IPT connected to Desktop system I—D
Two connected Desktop systems D—D
Cardboard blocks R—R

Table 1: Settings and abbreviations used

The data were collected from 286 voluntary participants, all
first-time users working on a relatively easy object-focused
task. For each condition, a maximum of 20 minutes was given
to solve the puzzle. The participants were asked to fill out a
questionnaire on their background before the trial and on their
individual experiences (with approximately 22 questions) after
the trial. The qualitative questions were about experiences and
performance, benefits and hindrances during task-solving.
Quotations from these answers are given to exemplify opinions.
Additionally, an observer filled out observation sheets for each
of the subjects.

3.1 The Task

The task is about solving a puzzle by rearranging a few objects.
For this purpose, active interaction is needed; the subjects had
to move around, turn, examine, and relocate objects.
Assembling and disassembling are quite typical activities. One
of the main benefits of full-scale physical models is to have
objects that can be grabbed and physically examined. One of
the challenges of VE technologies is to replace full-scale
physical models. Therefore we chose the actual size of the
cubes to be big enough so they could be grabbed both in
physical and in VEs. The task is easier than solving an original
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Rubik cube, but difficult enough to engage the subjects and
make them work for a few minutes. The puzzle involved 8
separate blocks with different colours on different sides.
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I

Figure 2: A screen shot on two participants solving the puzzle.

The pairs had to rearrange the blocks so that each side would
display a single colour, i.e. 4 squares of the same colour on
each of the six sides (see Figure 2). The task was similar to, but
less complex than, the popular Rubik’s cube puzzle that
involves 27 blocks with 9 squares on each side. The squares
were 30 cm along each edge, both in reality and in VEs.

3.2 The Technologies Used

The virtual models were implemented as similarly as possible in
the different VEs. For the R trial, participants were asked to do
the task with cardboard blocks having the same size and colours
as the blocks that were represented in the VEs. The single-user
settings were: a room where the participant was working with
physical objects, an immersive virtual environment — such as
the CAVE™ (here: IPT) originally described by Cruiz (Cruiz
et al., 1993) — and desktop systems. Adjustments were made so
that the environments were similar in appearance and
functionality.

For the collaborative trials we used the same VEs as for the
single-user trials, in different combinations connected through
the Internet. Additionally, to have asymmetrical immersive
setting we used a head-mounted display (HMD) technology.
For the collaborative settings, the participants could talk to and
hear each other using a wired headset with microphone as well
as earphones. In these settings each partner was portrayed to the
others by the use of a simple avatar with a jointed arm. In the
immersive systems used, the participants could grab the blocks
or cubes by putting their hand into the virtual cube and pressing
on the button of the 3-D wand in the case of the IPTs, and by
pinching together their thumb and index finger using the glove
for the HMD. On the desktop system, participants could
navigate by moving the middle mouse button and could select
the cubes by clicking on a cube with the left mouse button. To
move the cubes, they had to keep the right mouse button
pressed and move the mouse in the desired direction. They
could also rotate the cubes by pressing the right mouse button
combined with the shift key.

3.3 Earlier Results

Earlier results showed correlation between experiences,
performance and immersiveness of the technology (see Heldal
et al. 2005; Heldal et al. 2006).

Presence: Presence is an important factor in the experience of
an environment. It is defined as the sense of being in a
computer-generated place other than that in which one is
physically present (Slater and Steed 2000). Individuals working
in distributed immersive environments felt more present, and
experienced work as more enjoyable, than those in non-
immersive settings. The findings demonstrated the benefits of
using immersive technologies for “better seeing” the objects
and higher presence. Distributed immersive environments were
experienced nearly the same as being there together in physical
space. For asymmetrical settings, even if not statistically
significant, the collaboration with a “more immersive”
technology increased one’s presence. However, in relation to
experienced presence, the pairs always evaluated higher
presence in the immersive environments.

Performance: In relation to performance and presence for
single users, the R environments were estimated to be superior.
Presence was correlated with performance and technology for
single users, and for the symmetrical collaborative settings. The
findings also demonstrated the practical advantages of using
symmetrical settings even if they are non-immersive ones.
Social interaction was also considered to be a facilitator for
obtaining better results.

3.4 Estimating Sizes

The new data on experiencing sizes come from these earlier
experiments. These are data on size estimations and qualitative
comments on size and colours from the 286 first-time users: 22
individuals for three single-user setting and 22 pairs for five
collaborative setting. Since colours were not calibrated
accurately in the different VEs, we only consider subjective
comments on colours, their content and occurrences.

The sizes were estimated quantitatively in all eight different
settings. People answered the question: “How large do you
estimate that the sides of the cubes were (all sides of the cubes
were the same length)?” Since there was some very extreme
estimation for sizes, we choose here for each case to exclude
the two lowest and the two highest of the 22 estimations, e.g.
we present the average estimations of the middle 82% of users.
Since we got a large spread in the data we removed two points
on each side (the most extreme guesses) not to have the entire
distribution disturbed by one single measurement point being
totally way off (outlier). To remove 2 points on each side - it's a
bit unusual, but nevertheless in line with practice, since we are
still almost taking the "mean", but we've taken a small step
towards the "median". As the spread is considerable it is not
meaningful to use the normal distribution and hence the
standard deviation as it is. This has to do with the fact that some
are estimating sizes more than twice the mean and as none are
guessing for negative sizes, this directly implies that the
distribution would be skew, and then standard deviation is not
correct.
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4. RESULTS
4.1 Single Users

Here we present the average estimations of the middle 82% of
users (see e.g. Figure 3). Both for the R condition and the
immersive VE people experienced the sizes somewhat larger
than they actually were. As the figure shows only the users
working with the desktop system estimated the cube size much
lower than the real sizes. (The D users estimations is 9.14 cm,
while the I users estimation is 32.94 cm and the R’s is 30.7cm).

Estimating Sizes (SU)
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Figure 3: How the most representative users experienced sizes
when working with physical models (R) and virtual models
(Cave-type: I, and on desktop). Correct size is 30x30x30 cm’.

Regarding expectations, one user in the R setting wrote: “For
these [large?] boxes a glass table would be very useful; my first
impression was that I wanted a pencil and paper to take notes,
but that was not necessary by the end.” The relatively large
sizes of the cardboard boxes allowed a subject to move a box
only with two hands. Two subjects mentioned the adequate
sizes, e.g. one wrote: “[I liked] the large boxes that have
ergonomically sizes for my arms, that they were light-weight
and have funny colours”, while another wrote that “[it was]
quite fun to play with big size cubes and colours.” For the
desktop systems many participants complained about certain
characteristics of the VEs, from the too small screen sizes and
the noises generated to various poor functionalities. One
mentioned: “I spent a lot of energy to keep me inside within the
screen”. The participants in the D setting also expected to have
a virtual reality experience and missed the insider’s view they
are used with games: “I liked it when I moved around, even if |
missed the natural, realistic experience for this application and
its functionalities.”

For the IPT systems mentioned seven users did experience
problems because of light conditions and how they could see
the objects, while four more people mentioned “not enough
clear colours” explicitly. However, some other users mentioned
that they experienced the “soft lights” in the IPT positively. For
the R setting we also received a few comments on negative
experiences in problem-solving caused by the bad lighting
conditions. Two individuals experienced problems in
differentiating properly between the green and blue colours for
R settings, while for the IPT it was difficult to distinguish
orange and red. But the lighting was not only a hindrance; for
both the IPT and the R settings, there were participants who
mentioned it as a positive experience that helped them to relax
and concentrate on solving the problem.

Throughout the single-user studies, the participants commonly
complained of missing sound experiences. Some (7 participants,

3 from the IPT) even mentioned the pleasant VE experience and
lacking “corresponding” sound experiences. In the IPT the
participants did not complain of disturbing noises. Among the
negative comments there were a few participants who
complained about disturbing sounds outside the real room (3 for
the R trial, but 10 for the D settings). The participants in the D
settings mentioned disturbing noises coming from many
different locations (from the computer, inside the room, outside
the room, knocking, talking experiment leaders, etc.).

4.2 Collaborative Work

How people estimate sizes for collaborative work is presented
in Figure 4. Accordingly, there were no underestimations for
the 30x30x30 cm’ cubes.

There were not so many qualitative comments relating to the
sizes of the cubes in the collaborative settings. The observation
lists also show, however, that pairs in the networked settings
communicated with each other by using the names of the
colours. For example, in the I-D setting (and the same was
observed in the I-HMD setting too), when the subjects sitting
with the desktop system observed that it was easier to ask their
partners about the colours of the hidden side of the cubes, rather
than to manipulate the cubes themselves in order to see the
colours, they did ask. Thus a pair would move their avatars in
such a way as to face each other and have the model between
them, making it easier to collaborate. Social coordination thus
“saved” unnecessary manipulative activities, without the
participants being aware of this and reporting it as an important
feature of their collaboration. For the I-HMD and I-D settings,
the participants in the HMD, D settings were more passive. In
response to an open-ended question, the person who wore the
HMD commented: “He [the partner in the IPT system] did most
of the checking [of the colours on the cubes]. He found the right
cubes and I placed them.”

Estimating sizes (collaboration)

30 -
E 25 -
20 +
15
10
s |
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Figure 4: How the most representative individuals experienced
sizes when collaborating in pairs with real objects R-R and in
the four networked settings: I-1, -HMD, I-D, D-D. Correct size
is 30x30x30 cm’.

I-HMD I-D D-D

For the collaborative settings, no individuals working with the
real objects mentioned explicitly that handling the colours was
problematic. Colours were mentioned in relation to problem-
solving (e.g. “I didn’t observe that other colours than black can
be inside in the Rubik cube.”). There were 6 participants who
found it hard to distinguish certain colours in the I-I settings (all
from Goéteborg); for the I-HMD setting 4 IPT users and 14
HMD complained, while for the I-D settings 9 IPT users and no
desktop system wusers complained. There were only 2
complaints about colours from the desktop system users in the
D-D setting. Unfortunately, many of these results can be
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explained by the differences between the projectors used,
updating frequencies, etc.

4.3 Analysis

We showed that sizes were overestimated in immersive single-
user environments, and also when working with the R settings.
If we do not consider the HMD technology, for the real setting
and the immersive setting, the estimations were much more
accurate than the estimations by the participants working with
the desktop systems. Of course these results may be task-
dependent (the type of task here was concrete, challenging,
solvable, and quite short). To accurately estimate sizes can also
be correlated with experienced presence. Presence was
estimated to be much higher in the immersive environments
(IPT, HMD) than in the non-immersive ones (according to
many other studies that showed the same correlation; see in
Heldal, 2006).

One of the interesting observations in this study is that people
estimate sizes differently if they are working in pairs. This may
be caused by discussions, choosing other reference objects, and
also relating to the representations of others (the avatars). This
finding also shows how important it is to populate certain
models. While the actual size of a cardboard cube on the
desktop system (if an outsider measured it with a ruler) was
slightly above 2 cm, due to the experienced presence the single
users estimated it as 25 cm and the collaborated pairs above the
real size of 30 (between 33 and 42) cm, depending on the
applied settings. When people collaborate with real objects,
estimating sizes becomes less accurate than for single users.
The differences between the estimations made after working
with the real objects and after working in immersive IPT
environments are not so peculiar, as shown in the previous
section.

We thought that people who learn that their own experiences
are more limited than their partner’s are going to speak about
differences, such as differences in experiencing objects, sizes,
colours etc. From the observation lists, one can see that people
not only spoke about these differences during task-solving, but
also used benefits and hindrances in a way that favoured task-
solving. However, they did not care about the differences after
they solved (or failed to solve) the tasks. There were not more
negative comments in relation to experiencing sizes in the
collaborative, non-symmetrical conditions.

According to the observations and remarks the best reference
for estimating sizes is the size of the human body, which is
shown by a previous study as well (Heldal, Steed 2005).

5. CONCLUDING REMARKS

This paper shows the superiority of using large-scale systems
for correctly estimating sizes by single users, especially for
applications that do not contain intuitive references, such as
avatars. In collaborative settings the estimations made by pairs
working with desktop systems were equally good, but this can
also depend on the presence of the representation of the other
person, the size of her/his body (previously discussed by
Heldal, Steed et al., 2005). Moreover, we showed how working
in pairs does influence experienced sizes. This is an additional
remark to several other studies before (e.g. Scott, 1999, Heldal,
Steed et al., 2005, Walther, 2007) that mentioned the

implications of technology for different aspects of distributed
collaboration — performance, presence, the use of language etc.

The results also argue that people are better at estimating object
sizes in distributed settings, since the deviation between the
extreme low or high estimations was less in the collaborative
settings throughout the entire study. Again, this may be a result
of avatar representation in the distributed settings, but also of
using a relatively scaled environment only with the most
necessary artefacts. It is interesting to note the correlation of
immersiveness not only to accurate size estimations, but as

shown earlier also to performance and collaborative
experiences.
Regarding colour representation, this study could not

distinguish any technology as superior, although it highlighted
diverse effects, for example, the influence of applying soft
lighting on users both in immersive environments and in real,
full-scale models. Soft lighting conditions can increase the
presence of certain users, yet disturb others — according to the
subjective comments. Therefore, allowing adjustable lighting
for the actual users in future VEs may contribute to higher
experiences and better performance.

6. FUTURE WORK

There are at least three major paths for extending this work:

Firstly, to analyze what effect the improvements in graphical
technology have on experiencing graphical VE models more
realistically in comparison with experiencing physical models
for several concrete artefacts. We need answers to questions
like: Do such improvements benefit exchanging physical
models for graphical ones in industry? — and in which industry?
How does exchange depend on certain characteristics of the
artefact that needs to be modelled? What can we gain and what
can we lose in this process?

A second path is to utilize new possibilities that have become
available since the initial tests were carried out. For example, to
further examine the single-user and collaborative work in new
technologies and use these results as possibilities for
improvements. This path also includes research on how
colouring, lighting and sound the surroundings can influence
experiencing and estimating object characteristics and helping
users to use visual cues to support social interaction.

The third path is to examine how strictly the symmetry
conditions need to be applied. What are the consequences and if
the networked conditions are more symmetric — e.g. if people
use desktop systems but only the screens vary from some small
to larger size, e.g. from a currently quite typical 19 inches to
40?

Examining qualitative comments also points to the importance
of using appropriate colours and light conditions, where
appropriate means rather usable for the given task than
photorealistic. Further studies are needed to demonstrate this
assumption, since this study was not focused on colour
examination. Furthermore, additional work is needed to
understand how well our results can be generalized for more
complex tasks and for larger user groups.
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ABSTRACT:

Durban, a port city on the east coast of South Africa has an interesting history as a colonial city occupying an important place in the
trade and commercial history of South Africa. Rapid urbanisation has however changed the face of the city which now has a
multicultural population of around 3 million inhabitants. As we enter the twenty-first century, and with the twentieth century a
rapidly fading or non-existent memory for a large part of the population, it is an important task, in terms of cultural heritage, to
capture the essence of its being as a city, historically, for education, training and research purposes. A project entitled Durban in
Motion: a virtual exhibition and digital archive (http://www.disa.ukzn.ac.za/DIM/slideshow) was conceived with such a purpose in
mind and was developed into a small but multidisciplinary digital project, mapping of the history of transport in Durban. A selection
of photographs, all in the public domain, and housed in local museums and archives, was the starting point for the project and which
grew to become a multimedia collaboration involving academics, historians, photographers, IT technicians, librarians and archivists.
Developed using open source software, open standards and enjoying open web access, the project presented an opportunity to
examine possibilities for the recording of histories in a cultural heritage context, using digital technologies, in a manner that is cost
effective, easily achievable and enables inter-disciplinary collaboration with an openness of attitude. This are essential requirements
for recording of cultural heritage histories in an African context where the limitations of funding for digitisation impacts on
harnessing the power of the worldwide web to record and make available for research the incredibly rich and diverse cultural heritage

of Africa.

1. INTRODUCTION

Digital technologies present opportunities for new ways of
presenting the archive enabling new interpretations of cultural
history in any given time. These opportunities, however, are
reliant to a large extent on skills in information technology,
internet bandwidth considerations, access to computers and
servers, human capacity and funds. DISA: Digital Innovation
South Africa (http://www.disa.ukzn.ac.za) is an initiative, based
at the University of KwaZulu-Natal, South Africa, with a core
function of using digital technologies to provide online
resources in support of scholarly communication, research and
teaching. The principles of open access, open source and open
content underpin the development of capacity building and
skills training. DISA is committed to finding ways to overcome
barriers, in an African context, such as cost of proprietary
software, advanced information technology skills, institutional
capacity and bandwidth issues, in the utilisation of digital
technologies. This requires exploration of alternative avenues to
arrive at innovative, lightweight solutions that are practical,
relatively simple to implement. These efforts are essential in
bridging the widening digital gap between the wired northern
and not-wired southern hemispheres, and within Africa itself.

A pilot project entitled Durban in Motion: A virtual exhibition
and  digital  archive  (http://www.disa.ukzn.ac.za/DIM/
slideshow) was conceived and developed with such a purpose in
mind. This small but multidisciplinary project was able to
demonstrate the possibilities presented by collaborative efforts,
the use of open source software and most importantly bringing
an openness of attitude. From an initial seed of thought,
discussions revolved around ways to reflect the “digital
moment” using photographic resources and aimed at
preservation and promotion of local cultural heritage. This led
to the idea of electronically mapping (e-mapping) the history of

transport in Durban, to make it available on the World Wide
Web. The concept provided a means of exploring synergies
between the work and ideas of internationally acclaimed South
African photographer and photojournalist, Paul Weinberg, with
the aims of DISA. Collaboration was extended to include
specialists in information technology, library, museum and
archive information management, historians and other
photographers.

2. BACKGROUND

Durban is a busy port city on the east coast of South Africa,
serving as a gateway to the road and rail transport system to the
interior of the country as well as frontline countries to the north
and north west of its borders. In the early part of the twentieth
century Durban’s development as a colonial city, was clearly
reflected in styles of architecture, in dress codes, in modes of
transport and others. A hundred years later, and the city has
developed into a thriving multicultural commercial and
industrial African city, with a population of around 3 million
inhabitants. The local museums and archives in Durban hold
rich resources about our local history. These resources are
heavily consulted and used by researchers on a daily basis,
resulting in deterioration of their physical condition.
Furthermore the climatic conditions of hot and humid weather
in Durban, as indeed in other parts of Africa, are not favourable
to preservation of archival resources without climate control.
Long term preservation of our cultural heritage resources in this
environment is challenging and threatening long term access by
researchers and other users.

In South Africa a new history curriculum is being introduced
throughout all levels of education. This early period of our local
history as evidenced by physical resources such as photographs
and other archival documents provides a rich and varied
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resource. They moreover provide a context against which to
refigure the archive and provide new insights into our past
history.

Digital technologies are able to play an important part in not
only helping to preserve such heritage materials but at the same
time enabling the presentation of these resources in new and
exciting ways to support new teaching and learning methods,
such as outcomes based education.

Durban in Motion, as a pilot project, was planned as a
collaborative venture to explore ways in which to utilise digital
technologies to revisit these archival resources, draw together
resources and present them with a fresh perspective in a manner
that requires relatively little capital, information technology
knowledge expertise and skill. Open international standards and
de facto web standards such as XML are important ways to
facilitate global collaboration and exchange of data — all
important considerations in building digital resources suitable
for an African context.

3. RESEARCH PROCESS

DISA has been at the forefront in South Africa in implementing
digitisation to provide online resources and in so doing has
increased capacity in the area of digital technologies and
contributes to re-skilling and new skills development in South
Africa and further north in parts of Africa. DISA is funded by
the Andrew Mellon Foundation, (http://www.mellon.org) as
part of their worldwide support for building capacity in libraries
using digital technologies and development of open source
software solutions for the development of digital libraries and
digital content supporting scholarly research.

Paul Weinberg is a highly respected South African
photographer well known for his human and environmental
photography from South Africa and other countries in Africa
such as Namibia and Kenya (http:/www.paulweinberg.co.za/
index.html) His interest is in using photographic documentaries
in telling stories of human interest while reflecting on social and
economic human life realities. His photographs present an
important aspect of the creative use of digital technology in
reflecting and understanding our culture while supporting a
creative approach to the research process.

As a DISA-led initiative, an initial workshop was convened
with participants from South African Universities, heritage
institutions, Paul Weinberg and representatives from DISA.
Creative discussions at this workshop sowed the seed for the
planning of a virtual exhibition and digital archive, using the
theme of transport.

A selection of physical photographs, largely in the public
domain and with no copyright restrictions, housed in the
Durban Local History Museum, Campbell Collections Museum
and Archive, the McCarthy Retail archives and from Paul
Weinberg’s personal archive, was the physical starting point.
Focusing on several modes of transport, it was envisaged that
the history of transport would be mapped through a narrative
linking the photographs in themed contexts. These themes
included Railroads, Early transport, Public transport, Private
transport, Durban by air and others. The selection criteria
included novelty, educational usefulness and aesthetic
considerations.

Research was undertaken by an eminent economic historian
from the University of KwaZulu-Natal, Durban campus,
Professor Bill Freund, to place the photographs in an intellectual
framework and context by providing a text-based historical
narrative. This narrative formed the mapping link, threading
information through and between the themes, pulling them
together as a cohesive whole. Mapping introduced an important
aspect of online resources, namely provision of context. In a
physical archival setting, resources within collections are
maintained within their context as part of the archival principal
of sorting and organising material. In selecting materials from
these collections, the context may be at risk of being lost. An
online digital archive collection therefore requires careful
attention to maintaining the context from within several
collections and at the same time to the context of a greater
whole.

As part of the multimedia approach to the project, original
sound clips were included to provide another dimension of
interest and authenticity, particularly important in a classroom
and educational setting. Oral interviews were conducted and
included as personal narratives.

The electronic mapping (e-mapping) of the diverse aspects of
the project can be allied to the way that authors map the history
of cities by providing references to times, places and people.
Barbara Trapido, for instance, achieved this in a superb manner
in her book Frankie and Stankie. Set in apartheid South Africa
during the 1950’s and 1960°s it gives the reader a clear picture
of the experience of growing up in Durban during this time. The
history of Durban is interwoven, or mapped, through a story
line narrative, largely autobiographical, placing events in a
context of understanding for that period, in that place.

4. TECHNICAL PROCESS

4.1 Scanning

The selected photographs were scanned at internationally
accepted archival standards. These were kept as archive masters
with smaller file sized derivatives created for serving on the
website. This is an important consideration when narrow
bandwidth restricts access to large files. Local students from the
University campus were trained and skilled in scanning.

4.2 Open source and open standards

The descriptive metadata was created in eXtensible Markup
Language (XML) using the Dublin Core (DC) metadata element
set. The metadata was created by student assistants from the
department of Digital Media at UKZN, as part of the capacity
building approach. The decision to engage student assistants
again proved the DISA experience that input of metadata
requires a high level of skill, not only in the use of digital
technologies but also in attention to input detail and correct
spelling which is often sadly lacking in student output based on
payment for deliverables. This is however, balanced to a certain
extent, by the ability of local students to bring their own
indigenous historical knowledge to enrich the context of the
photographs. Quality assurance was performed by librarians and
archivists to ensure accuracy and authenticity of the metadata.
This approach does necessitate a large increase in the time
devoted to quality assurance, often overlooked in deciding on
time lines and production targets but incorporates a balanced
approach to building the intellectual content on the site.
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The DC title and description elements are used as headers and
explanations to introduce each photograph, enabling some
pertinent information to be supplied while requiring minimal
online reading. The full metadata, created in Greenstone open
source software is used for the search and browse functionality
and integrated into the site itself.

A drawback in using this approach is the customisation required
to integrate Greenstone functionality into the website without
the tell-tale Greenstone search and browse “look and feel”. The
level of IT expertise to customise Greenstone is a consideration
which may prove to be a stumbling block to the large scale
implementation of Greenstone in an African context. That said,
Greenstone is very useful in being able to provide a ready made
vehicle for the creation of digital content for delivery on the
World Wide Web, having a powerful integrated search and
browse functionality to alleviate the need for extensive (and
expensive) programming.

4.3 The website

The design of the website was based on Hypertext Markup
Language (HTML) and designed to be simple, functional and
user friendly. The design concept was based on a slide show,
where each theme is a self contained show and runs on timed
settings, which may be manually fast forwarded if required by
an impatient user. The photographic approach of using
greyscale to emphasise the subject material and increase impact
was used on the website. The choice of utilising shades of grey
is also used as a means to bring together the black and white
photographs and harmonise the site as a whole. Inexpensive
Macromedia Flash Creator was purchased for a fairly nominal
fee to facilitate the slide show and is the only proprietary
software underpinning the web site. The website, as a whole, is
integrated into the DISA open source web system using Apache.

5. PROJECT MANAGEMENT

The project was co-ordinated and managed by the DISA Project
Manager, who at that time was Dr Dale Peters. The
management presented several challenges. Running on a very
tight production schedule meant that the initial academic
research process had to be slotted into and between other
academic activities on campus often resulting in over run
deadlines. A small budget dictated the employment of student
assistants rather than qualified information managers for the
creation of metadata which necessitated quality assurance to
ensure consistently high standards and this incurred time delays
and extra costs and was overlooked until relatively late in the
project.

The project was fortunate in having a multiskilled IT specialist
who has gained considerable experience, while working with
DISA, in IT requirements specifically for digital libraries and
archives. The expertise required for the bringing together of
information content while creating user friendly web
presentation and functionality is not to be under rated. This
component is often challenging but essential. In an African
context, this area provides special consideration in the absence
of required skills. Greenstone software does provide the answer
to some of these requirements but still relies heavily on skills
for customisation.

One of the most challenging aspects of management proved to
be the nurturing of creative talents and research processes
within a tight production schedule. Experience within DISA has

shown this to be the case in other related projects and to which a
solution has yet to be discovered.

However, as a pilot project, these challenges in themselves
provide a learning opportunity for all members of the team and
valuable lessons learned can be applied in subsequent projects,
as a way of building on experiences and shortening the learning
curves.

6. FUTURE DEVELOPMENT

Alongside hi-tech research and development is always the call
for lightweight all-in-one solutions. Several software suites
exist for all-in-one solutions. D-Space (http://www.dspace.org/),
for instance, enables institutions to develop and maintain their
own Institutional Repositories. Fedora (http://www.fedora.org/)
enables management of complex Digital Library Content. In a
similar ~ but less sophisticated way Greenstone
(http://www/greenstone.org) facilitates the development of
digital library collections. These software suites lower the entry
bar to many institutions that would otherwise not have the
capacity to develop their own solutions.

A similar digital-library-in-a-box solution is required for
management and innovative presentation of cultural heritage
resources. An integrated multimedia approach would facilitate
application in a variety of instances. The essential requirements
would include open source software requiring relatively low IT
skills for implementation but with flexible customisation
options to encourage and enable individualised branding.

7. CONCLUSION

Development of the Durban in Motion project took just over a
year, from the beginning of 2007, to the launch in early March
2008. It was well received and publicised in the local press. As
a part of the University of KwaZulu-Natal, whose mission is to
become the premier South African university of African
scholarship, this project was able to demonstrate success. While
it does not provide an all-in-one solution it does provide a
vision for development based on open source software, open
international and de facto standards and working in a
collaborative networked environment. It is also possible, on a
relatively small budget, to achieve success in the use of digital
technologies to support the development and innovative
dissemination of (cultural heritage) resources for scholarly and
educational research and teaching using the World Wide Web.

However, it must be acknowledged, that the major success may
only be realised when the lessons learned from this project can
be utilised in finding solutions to truly harness the power of
digital technologies for application in Africa.
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ABSTRACT:

One of the monumental challenges that educators face on a day to day basis is engaging students in meaningful activities that require
higher order thinking skills. Using the UNESCO World Heritage sites and their comprehensive webpage listings as vehicles for
exploration, students in a middle school class work through an instructor-created WebQuest designed specifically to promote new
technological skills and cultural exploration. This Quest itself is a multi-faceted teaching tool involving world wide web utilization,
webpage creation and design, historical and cultural context analysis, digital geography and satellite map interpretation.
The Quest project asks students to showcase cultural heritage/diversity and teaches the students aspects of an evaluation process that
was necessary to identify current cultural World Heritage sites. The pinnacle of this evaluation was for the students to then
recommend to their audience a potential World Heritage site. Nominations for new sites are based on cultural research and lived/
virtual experience. It is then electronically exhibited through student created multimedia websites highlighting the recognized
cultural World Heritage sites and ultimately offering a grounded proposal for the new location’s acceptance.
It seems important to note that students completed the first trial run with outstanding results. Clearly the most advanced thinking
arose out of the relationship between lived experience and virtual exposure via electronic sources. A further bridge, not yet crossed,
will entail expanded communication between cultures through video conferencing, visual blog communication and at its zenith,

actual travel.

1. MANUSCRIPT
1.1 Introduction

In an already changing and diverse Chicago urban environment
where buildings are torn down and built taller and larger sits a
public elementary school. In the midst of this constantly
changing landscape students at the William B. Ogden School
are confronted with these rapidly evolving events. Homes and
sometime entire neighborhoods have been and are continuing to
be displaced. The Ogden student is losing the kind of cultural
diversity, without necessarily knowing it, that defined not only
Chicago, but this particular neighborhood of the Gold Coast.
Set against this backdrop of gentrification, the motivation
behind this project was to open our students’ eyes to cultural
preservation and local heritage as a springboard to world
cultural preservation. Expanding on this tenet, we chose to
introduce to our students the myriad locations that UNESCO
and the World Heritage Centre has identified as World Heritage
Sites. It’s our opinion that teaching technology has to have a
vehicle, a conduit that personal meaning and information passes
through. This project marries the two entities of cultural
heritage and technology.

The focus group of students that participated in this project was
a 6™ grade class of International Baccalaureate Preparatory
candidates. Our twenty-five pupils, thirteen girls and twelve
boys, are for the most part accelerated learners. Here in this
class lies a microcosm of the school’s diverse cultural makeup,
as there are children of African, Asian, European, and Latin
American decent.

class lies a microcosm of the school’s diverse cultural makeup,
as there are children of African, Asian, European, and Latin
American decent.

2. OUR POPULATION
2.1 Ogden School students

Ogden School is one of 613 Chicago public schools. It is
comprised of a wide panoply of students from many corners of
our world. Over twenty-five languages are spoken within the
halls of our building. As diverse as Ogden is, the cultural
impact is lessened if existent, because of the nature of mobility
and the transient tendencies of the families of our students. It is
these students that we are to teach. It is our desire as educators
to avail these children of preservation, whether or not it is an
architectural landmark, a prairie, or an ethnic neighborhood.
Without the means to travel nationally and internationally,
technology becomes the obvious if not the only choice to
explore and research this paradigm.

3. UTILIZING TECHNOLOGY
3.1 The WebQuest

A WebQuest is an inquiry-oriented student activity in which
most or all of the information used by learners is gleaned from
the Web. At the middle school level where students are
somewhat technologically savvy, instructors create a guideline
for research, analysis, synthesis and evaluation. A problem is
posed to the learners and WebQuests are designed to maximize
the learners' time in understanding and processing the problem.
In order to focus on using information rather than looking for it,
the instructor previews and decides on rich and appropriate
websites that channels the learners’ direction in navigating the
web. The model was developed in early 1995 at San Diego
State University by Bernie Dodge (Dodge, 2007).
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The model was designed to illicit the higher order thinking
skills (HOTS) that take students beyond recall and moves them
toward drawing connections, formulating opinions, making
evaluations and most importantly taking ownership of the
information while applying it to their lives and to the world as
they see it. The challenge here is that this is being done with
students at a very early age. The model in its inception was
designed for college students and here we are modifying it to
engage a group of twelve-year olds.

3.2 Technology Skills

Coming into this project students had a set of technological
skills that they could draw from. The incorporation of computer
technology and its applications in several arenas of the
curriculum had already been established. Students were
proficient in web browsing, intermediate computer skills and
rudimentary webpage designing.

3.3 Interdisciplinary Skills

Evidence in past classes of text and image analysis showed that
the students were capable in these areas. Image analysis is
particularly important here for several reasons. In our own
collective backyard, we can go to ethnic neighborhoods or we
can visit landmark architectural sites. However, the impetus
here is to stretch our students’ lens. We can’t physically travel
to most of the World Heritage Site locations. For comparison,
as well as preservation purposes, the students needed access to
the globe. Access requires the technological skills to navigate
through the Internet and explore 360 degree panograph tours.
They needed to present it to their classmates and the visuals are
striking and engaging digital mapping skills and satellite
imagery interpretation. Additionally the students needed
background knowledge of historical and cultural context.
Ultimately interdisciplinary skills catapult the learning process
into HOTS.

4. IN THE CLASSROOM
4.1 The Project

The WebQuest project asked students to recommend a potential
World Heritage Site. With this said, it became quickly evident
to the students that they needed to come up to speed on what
World Heritage Sites are. Why were those sites recommended?
How could they themselves make a tenable offering of a
location that would fit into the criteria of established sites?
Based on cultural heritage and diversity, we facilitated the
students e-valuation process that is necessary to identify and
classify current cultural World Heritage sites. Nominations for
new sites are based on cultural research and lived/virtual
experiences. Nominations were then electronically exhibited
through student created multimedia websites. Students were
divided into groups of three. Each group was then responsible
for nominating one possible location for hypothetical
consideration. The real work involved cultural and historical
research which demanded students to look at existing sites in
other countries focusing on similarities and making connections
between them. Using the UNESCO World Heritage Sites
website, Google Earth, digital maps and imagery, student
groups designed a visual collage presented to their peers using
student created websites as the mode of communicating their
research and their candidate location. In making a
recommendation to the class, students gravitated to locations

that had some personal significance in their lived experience.
They then defended their proposed location incorporating their
newly acquired e-valuative skill set.

4.2 The Project’s Challenges

The primary challenge of the project was in its intrinsic
technological nature. As much as the students had been exposed
to computers and their peripherals, groups faced a wide range of
needed technological literacy. Some clearly moved faster than
others. A secondary challenge was recognizing the fantastic
imbalance of students’ lived experiences. We have students in
the class that have traveled on most of the continents, have seen
monasteries in Tibet, have traveled the Great Plains of Africa,
and have haunted the museums of Europe. Their ability to
comprehend and digest web information was far superior to
those students who have never left Chicago. In our challenges
lies the work of teaching. We teach to transgress.

4.3 The Project’s Success

Success is difficult to quantify, but, what was obvious to us in
the project timeline was first the students’ enthusiasm to work,
to research, to share, to debate, and defend their thinking. The
second pearl on the strand demonstrated peer-to-peer
scaffolding on an intense level which motivated and propelled
each group member to contribute their strongest skill. For
example, in one group there was clearly the technological
leader managing and explaining those tech tasks. In the same
group was the traveler who gave his/her insight, experiences
and shared those readily with others. The third member was the
writer who lent their quill to paper in crafting the narrative
which dovetailed into the imagery. Making a long list short, our
final success was the outcome as a class. Each of the groups
presented an accomplished website, including historical
context, cultural importance, and relevant connections between
locations, effective writing and solid proposal with a clear
defense.

5. THE NEXT STEPS
5.1 The Future of the WebQuest

The next step that we see in evolving our WebQuest and
subsequent research would be the incorporation of supplemental
communication between our students and external sources
utilizing  video  conferencing, = webcams, web log
communications, professional lectures and local field
experiences that highlight community and cultural preservation.
These augmentations will allow for greater breadth and depth in
students’ information gathering and processing, ultimately we
hope, leading to the awareness and preservation of cultural
heritage not only abroad, but here in Chicago.

5.2 International Partnership Extensions

For the past five years, Ogden School has committed
tremendous resources in creating a robust, multi-layered
international curricula. Children’s Horizons Opening In
Chicago Education (CHOICE) stretches our students’ lens to
see beyond a local portrait. There is a professional development
component to CHOICE which avails our educators to stretch
their lens and glean educational insight through dialogue and
travel. To date, Ogden has formal international sister city
partnerships with Mexico City, Mexico; Lyon, France;
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Belgrade, Serbia; and grooming relationships with Vilnius,
Lithuania; Prague, Czech Republic; and Beijing, China.
International partnerships are a culminating and starting point
all in one. Travel to these locations is exciting and a capstone
on years of study. CHOICE offers four international field
experiences each year in which students travel. In 2007, 35
students studied abroad. Yet, it is the virtual travel,
communication, research and interpersonal connections that
make this project part of daily teaching and learning. In using
the WebQuest in conjunction with cultural heritage, we
recognize the flexibility, daily contact, ease of use, and cost
effectiveness of the virtual realms.

6. CONCLUSION

Teaching and learning is a double helix constantly building on
itself; the two stay connected in perpetuity. It is our hope that
through this WebQuest project and the additional layers of
offered opportunities that we begin to see the strength and the
power of virtual and physical connections. Using the evolution
of technology, as it applies to cultural heritage preservation, we
can share our learned experiences and ask for dialogues
between us and that body of knowledge working collectively to
promote global “Digital Heritage: Our HIl-tech-STORY for the
Future.”
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ABSTRACT:

Three-dimensional laser scanning offers advantages for the recording and mapping of our built environment without entering in
contact with the fabric and surfaces of objects. This is in particular interesting to fields where capturing the three-dimensional shape
is of paramount importance, such as the industry, heritage and environment prediction. This paper presents one of three case studies
carried out in the ‘3DRISKMAPPING’ ("3DRISKMAPPING," 2008) framework, explaining the use of 3D laser scanning for
structural assessments in restoration projects. It gives a critical appraisal of the process used in the preliminary research phase:
gathering the point-clouds, 3D-modelling, structural analysis calculating thrust lines and the consolidation requirements that are
obtained. The focus is on the added value of the methodology, its applicability, cost-effectiveness, overall advantages and drawbacks.

1. INTRODUCTION

4 - ™

Figure 1: Scanning of the masonry vaults, St.James Church
(Leuven, Belgium), author.

The St. James Church situated in Leuven, Belgium, dates back
to the year 1220 when the construction of the western tower

began. During several subsequent building phases, the
Romanesque Church was replaced and extended by a Church in
early Gothic style. The wooden roofs in the central and side
naves were replaced with masonry vaults, and flying buttresses
were added. The Church is approximately 62 meters long, 38
meters wide and 28 meters high from the ground up to the
rooftop, not including the Church tower.

The church was built a former swamp indicating that the load-
bearing capacity of the subsoil was limited. When time went by,
this caused large differential settlements. In the past, restoration
works took place at various times. However, due to the
excessive cracks observed, it was decided in 1963 to close the
Church to services, in fear of its structural collapse. During
subsequent years structural supporting shoring was put in place
to stop the Church from degrading. In 1995 the city of Leuven
decided to restore the Church into its original state and to
valorise it as a multi-cultural space. The focus of this paper is
on the structural behaviour of the masonry vaults of the main
nave.

In this type of masonry structures, vertical forces are transmitted
by means of vaults towards the walls and foundation system.
Since masonry mainly behaves as a non-tension material, lines
of thrust have to be found in equilibrium with the actual
loading, lying within the cross-section of the vaults. Therefore,
the safety is directly related to the geometry itself and the
analysis results strongly depend on the accuracy in which this
geometry can be measured in practice.

Based on an accurate geometric survey, the overall geometry is
determined. From the overall geometry, the geometrical safety
factor is calculated by means of a limit analysis. As a result, a
geometrical safety factor and the horizontal reaction forces at
the abutments are obtained. The first is needed to judge the
overall structural safety, the latter helps to determine optimal
location for the strengthening using additional tie-rods.
Therefore, this information is crucial for future consolidation
measures, respecting the authenticity of the building and
preserving it for the future.
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2. LASER SCANNING FUNDAMENTALS

Different recording techniques exist to acquire an accurate
geometric description of a building. Traditionally, total stations
are used to record single points by measuring the time for a
laser pulse to travel the distance to the object and back. These
instruments are useful to record the most prominent features of
the building like edges or single points of interest, but they lack
the possibility to easily acquire complex surface structures.
Other state-of-the-art techniques as close-range stereo
photogrammetry and laser scanning have recently shown
promising results in recording civil structures (Bonora et al.,
2005; Guarnieri et al., 2006; Sternberg, 2006). However, each
technique has its advantages and disadvantages.

Photogrammetric recordings are made by reconstructing three
dimensional information from multiple photographs. Using a
pre-calibrated camera, the position from where the images were
taken can be computed by taking a number of control point
measurements. Once the images are oriented, three dimensional
information can be reconstructed by matching corresponding
points in the images. In the early stages of photogrammetry this
was done manually. Nowadays, thanks to the computer power,
highly complex matching algorithms automatically detect
matches and create a three dimensional model of the building.
The problem with this technique is that it requires good lighting
and sufficient texture. If these requirements are not fulfilled, the
automatic matching algorithms fail to compute proper
corresponding points. Therefore this technique is not useful
when working in an interior with low light conditions.

Recently laser scanning is getting great interest for its relevant
simplicity and speed. Laser scanning analyzes a real-world or
object environment by measuring thousands of points with high
accuracy in a relatively short period of time. Some scanners
even have a built-in camera to acquire colour information that
can be superimposed onto the geometric data. After an
extensive processing phase, the collected data can be used to
construct digital, two-dimensional drawings or three-
dimensional models useful for a wide variety of applications.
Laser scanning is like taking a photograph with depth
information. Like cameras, they are line-of-sight instruments, so
to ensure complete coverage of a structure, multiple scan
positions are required. Different laser scanner principles exist,
i.e. triangulation based, time-of-flight based and phase-
difference based.

Triangulation scanners (Fig. 2) are devices that project a laser
line or pattern onto an object and measure the deformation of
that pattern using a visible sensor to determine the objects’
geometry. The sensor, the pattern projector and the object being
measured are configured in a triangle, hence the name
triangulation scanner. Since the length of the baseline between
the sensor and the projection device is limited by the field-of-
view of the sensor, this type of scanners can only be used to
measure objects up to a range of maximum 5 meters.

point line pattem

Figure 2: Triangulation scanner principle

Time-of-flight scanners compute distances by measuring the
timeframe between sending a short laser pulse and receiving its
reflection from an object. Since the laser pulse travels with a
constant speed, the speed of light, the distance between the
scanner and the object can be determined. These types of
scanners are relatively slow (10.000 pts/sec), but can measure
points up to 1 kilometer from the scanner without loss of
accuracy. Phase based scanners use a modulated continuous
laser wave in stead of laser pulses allowing for faster measuring
(500.000 pts/sec). Because of the laser power required to
modulate the beam to certain frequencies, the range of these
scanners is limited to approximately 40-60 meters.

3. ACCURATE GEOMETRIC SURVEY

The choice of using laser scanning to record the masonry vaults
was based on the required deliverables (3D surface model), the
available time frame and the complexity and scale of the
building. For this case study two scanners were used: the high
precision Leica HDS 3000 to scan the exterior and the Leica
HDS 4500 (53m model) to scan the interior, both owned by
Plowman Craven a surveying company in the UK. The range
and accuracy properties of both scanners are summarized in
Table 1.

HDS 3000 HDS 4500

Metrology method Time-of-flight Phase-shift

Range 300 m @ 90% albedo 53.5m

134 m @ 18% albedo (default output power
model)

Scan rate Up to 4000 pts/sec. Up to 500000 pts/sec
Average: dependent on | Average: dependent on
specific scan density and | specific scan density
field-of-view and field-of-view

Scan resolution

Spot size 4 mm @ 0-50m 5mm @ 10m
8.5 mm @ 25m
6 mm
(Gaussian — based)
Field of view
Horizontal 360° 360°
Vertical 270° 310°

Single point accur.

Position 6 mm 7.5 mm @ 10m
15 mm @ 25m

Distance 4 mm 5 mm

Angle 60 micro-radians 350 micro-radians

Modelled  surface 2 mm, one sigma 1.3 mm @ 10m

precision 4 mm @ 25m

Laser

Type Pulsed Continuous
Colour Green Red
Class 3R (IEC 60825-1) 3R (IEC EN60825-1)

Table 1: Technical specifications of laser scanners used in
analysis

Scans made at different locations, especially the interior and
exterior scans, are consolidated based on a closed reference
network of control targets surveyed using a total station. During
the scan acquisition phase, the targets are fine scanned to
determine their exact position in the scan. Using the software
provided by the laser scanner company, all scans, including the
total station data, are registered using an iterative least squares
adjustment algorithm. However due to human errors or software
miss-interpretation errors, the data contains errors which make
the registration more difficult (Fig. 4). It is therefore important
not to rely on automatic procedures alone, but to always check
the results of each automated step in the process.
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Figure 4: A miss-positioned target vertex causing problems in
the registration phase

The processing of point cloud data has already come a long
way. Especially in the fields of piping and automotive industry,
software exists to (semi-)automatically extract useful
information from the point clouds. However, in heritage
recording shapes are very irregular and organic, and more
complex processing algorithms have to be used (Van Genechten
et al., 2005). Even today with high-end computer technology,
one of the biggest problems still remains working with very
large datasets (up to 300 million points for the interior of the
church). A number of different software packages for
processing point clouds (i.e. Inus Rapidform XOR2, Raindrop
Geomagic Studio v10 and Technodigit 3DReshaper) were tested
using an Intel Core 2 @2.40GHz with 4GB of RAM on a 32-bit
platform. Both 3DReshaper and Geomagic could handle the
amount of data and provided meshed models with an
appropriate level of detail, while Rapidform crashed on loading
the dataset. While 3DReshaper was able to handle the data, it
was a lot less user friendly in setting up parameters. Finally hole
filling was applied to the models. The hole filling algorithms of
3DReshaper were quite limited and were difficult to use, while
Geomagic proved very well and very efficient. Results of the
meshed models using Geomagic Studio 10 are shown in Fig. 5.

Figure 5: Meshed models of the vaults of the St. James church

4. SAFETY OF MASONRY ARCHES

Based on this geometrical input, a stability analysis of the
masonry vaults of the main nave was carried out. For the overall
structural behavior, it is assumed that the main structural
elements of the vaults are the cross-ribs where the shells transfer
their loads to these ribs. To estimate this load transfer, the shells
are split up in small sections. Each section is assumed to work
as an arch. For each arch the thrust line method is used
(Heyman, 1966). This is a Limit Analysis method using the
equations of equilibrium and the resistance characteristics of the
materials. It is supposed that the masonry blocks are infinitely
resistant and the joints resist infinitely to compression and

shear, but do not resist to traction. Although these hypotheses
are restrictive, it was shown in (Heyman, 1980) that under
normal circumstances they are reasonable.

The safe theorem for an arch then reads (Heyman, 1966;
Kooherian., 1952): “If a thrust line can be found which is in
equilibrium with the external loads and which lies wholly within
the masonry, then the structure is safe”. This theorem already
suggests that more then one solution can be found. Indeed, any
thrust line that satisfies the safe theorem requirements, is
sufficient to ensure stability. It even does not have to be the
actual line of thrust.

Figure 6: Grid projection onto the meshed model (reduced grid
density for better visualization)

The manual calculation providing insight in the structural
behaviour was extended using a limit analysis software tool
developed in the framework of the Master and Ph. D. thesis of
Pierre Smars, called Calipous (Smars, 2000). The Calipous
software was devised to analyse the stability of masonry arches
of complex geometry, possibly subjected to external loads
and/or movements of abutments.

The input for the Calipous software consists of a series of text
files, each representing the x,y,z coordinates of the points on an
arch. Therefore a grid was projected onto the meshed model
providing a dense gridded point cloud (Fig. 6). These points
were then exported slice by slice and saved to a text file.

The overall results for the main nave of the St.-James church are
outlined in Table 2, representing the vertical and horizontal
reaction forces for the cross-ribs as well as the geometrical
factors of safety. The minimum and maximum thrust lines for
one section are shown in figure 7.

From this analysis it is clear that the overall geometrical factor
of safety, which is larger then unity, demonstrates that the
structure is in a safe situation. Because of the symmetry of both
cross-ribs, which was also visible from their geometrical layout,
the geometrical factors of safety are also comparable. In
addition, the horizontal reaction forces are obtained. These
reaction forces are used to design appropriate tie-rods, to
replace the temporarily tie-rods that were placed when the
original flying buttresses were removed in 2006 (Schueremans
et al., 2007; Smars et al., 2006). The latter were removed since
they became unstable due to the large differential vertical
settlements in between the main nave and side nave.
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Figure 7: Minimum and maximum thrust for the example
vertical section 1_11

Vertical Horizontal reaction forces
reaction Minimum  Maximum Geometrical
forces thrust thrust factor of
VI[KN]  Hyi, [kN] Hipax [KN] safety o,
Diagonal AB
Load 97. 28.9 329 1.52
case |
Load 28.6 324 1.38
case 2
Diagonal CD
Load 103 26.9 29.3 1.28
case 1
Load 26.6 28.9 1.65
case 2

Legend: Load case 1 and 2 represent the loading obtained
from the minimum and maximum thrust from the shell
sections that transfer their loading towards the ribs

Table 2: Horizontal and vertical reaction forces of the cross-ribs
at the abutments and geometrical factor of safety.

5. CLOSING REMARKS

In this paper, high precision terrestrial laser scanning was used
to provide a full geometrical description of one of the masonry
vaults of the St.James church in Belgium for the use in
structural analysis. After filtering and converting the raw point
cloud data into a three dimensional model, a strategy was set up
to convert this model into useable information for the structural
calculation phase.

Although laser scanning is an evolving technology, it has
already proven its usability in many cases (Alba et al., 2006;
Guarnieri et al., 2005; Tsakiri et al., 2006). Since the complex
question formulations for its particular uses are solved only by
specific software programs, the use of third party software is
vital.

The use of the geometrical data for structural analysis objectives
of course is only one of the possible applications in case of the
preservation of historical buildings. Future research subjects
will focus on linking uncertainties related to loading, resistance
and geometry to objective safety levels (Schueremans, 2001).
The geometrical safety factor obtained from such an analysis is
a safety ratio. In that, uncertainty in the analysis related to
geometry, material resistance, loading or the calculation model
used is not accounted for. Accounting for these uncertainties by
means of probability density functions, would allow for an
objective treatment of the uncertainties and the calculation of an
objective failure probability.
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ABSTRACT:

We present a comprehensive information system for processing and archiving material analyses data produced during art restoration
process - Nephele. The Nephele is a database system extended with image analyzing modules - image registration, segmentation,
and object description and classification - designed for archiving and working with material analyses reports. The aim of the material
analyses of paintings is to identify inorganic and organic compounds using microanalytical methods, and to describe painting layers
and their morphology. Archiving all these data, Nephele can act as a knowledge base and an expert system for future advanced
analyses. Image-type data of the archived reports are pre-processed, analyzed, and described for further evaluation. Moreover, next
to the classical text-query database search Nephele supports report retrieval based on the similarity of the sample image to the
archived image data, which can notably facilitate selection of relevant records to the current restoration case. In the near future, the
Nephele system will be extended by the module for automatic painting material classification based on neural network architecture
and newly designed material taxonomy using object descriptors, capturing the layers morphology, their homogeneity or

heterogeneity, and their color properties.

1. INTRODUCTION

Nowadays art conservators make use of new sensors and
modern techniques to study, conserve, and restore old and often
damaged artworks. Then, they are able to obtain more precise
results by combining various data sources (Pelagotti, 2008).
However the key issue of the art restoration stays still the same
- an identification of the used materials. This is the subject of
the material analyses research. Its aim is the location and the
classification of inorganic and organic compounds using
microanalytical methods, and description of painting layers and
their morphology, where the layer is defined as consistent and
distinguishable part of the painting profile. All this helps to
determine the age of the used materials and their possible places
of origin (Hradilova, 2003). Stratigraphy (learning about layers)
is usually studied using visible spectrum images (VIS) - see
Fig.1(left), ultraviolet spectrum images (UV) - see
Figurel(right), and images from electron microscope (SEM).

As it is apparent from the previous, next to the new data
acquisition sensors, methods capable of image analysis can be
beneficial for restorers, too. Recently, there have been many
papers on the exploitation of digital image processing methods
for the art conservation and cultural heritage preservation in
general, for example (Kammerer, 2003; Cappellini, 2003).
Considering the stratigraphy and processing the multimodal
images (VIS, UV, and SEM), there are several possibilities how
image processing can be exploited.

* Corresponding author.

We focused our research on the automation of the layer
detection and description and on more efficient work with
archived material analyses. In the past, all the image analysis
work was done manually by experienced professionals. An
automatic preprocessing of the input data can align images
taken in different modalities by means of the image
registrations techniques, it can segment the individual painting
layers and material grains, and, finally, it can help to represent
detected layers and grains by means of the object descriptors,
capturing the layer morphology, its homogeneity or
heterogeneity, and its color properties. Such layer
representation can be further used for material classification.

All proposed image processing modules were incorporated into
the database system, handling results of material analyses in the
form of reports. Material analyses report fully records the
research of used painting materials, which contains general
information about the artwork and the description and the
results of analyzes which were held. Archive of such reports
could serve as a knowledge base for future restoration cases.
Having the image processing tools included into the database,
the possibility of content based image retrieval facility has
shown up. This feature enables, unlike the usual text querying
approach, the retrieval of reports based on similarity of the
sample image to the archived image data. The look-up using
image similarities can notably facilitate selection of relevant
records to the current restoration case.
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Figure 1: The images of the artwork cross-section: in the visible (VIS) — left — and in the ultraviolet (UV) — right — spectra.

2. SYSTEM NEPHELE

The Nephele system was designed for archiving and work with
painting material research reports. The content of this extended
database system reflects the structure of the report, which
describes the process of material research of given artwork. It
contains all acquired information about the object: general
information about the artwork itself and its author, information
about samples taken off of the artwork at several places,
scanned parts, and results of chemical analyses. Such database
with broad spectrum of reports can serve as the knowledge base
for future restoration cases. Possibly the most important
functionality of the system is the search function, which selects
required reports. The user has two options: to use textual
information for looking up the report, or content-based image
retrieval, which compares archived image data with the query
image sample. The latter is enabled due to the included image
processing modules, which go beyond the ordinary database
functionality and are intensively used in the very process of
artwork analysis and report creation.

The illustrative example of user interface can be seen in
Figure2. The restored artwork is shown, with VIS, UV and
SEM images of one microscopic cross-section. The software
was implemen-ted in C++ programming language with NET
framework support on client side. The database is based on
relational model with SQL querying language.

3. IMAGE ANALYZING MODULES

Several image analyzing modules are incorporated in the
Nephele system. They were designed for processing input
image data acquired during the material research: microscopic
images of minute surface samples (0.3mm in diameter). They
are taken off of the selected areas, embedded in a polyester
resin, and grounded at a right angle to the surface plane to
expose the painting layers of the artwork. The microscopic
images are taken in several modalities. Stratigraphy (learning
about painting layers) is usually studied in VIS and UV images,
where the UV analysis makes use of the luminescence.
Different materials have different luminescence, which can help
to distinguish materials not resolvable otherwise. Lately, the
data set was extended by SEM images from electronic
microscope.

The ultimate goal of the image preprocessing is the
identification and description of the individual material layers.
Before the layer localization can start, the multimodal input
data have to be brought into geometric alignment, because the
VIS and UV image pairs of the sample are often geometrically
misaligned due to manipulation errors etc. They can be
mutually shifted and rotated in the scanning plane. The
proposed image registration module of the system solves the
spatial alignment of the image pairs.

Now the color layers can be estimated. The segmentation
module performs segmentation of the cross-section from the
noisy background and also preliminary layer segmentation
based on both VIS and UV images. The construction of the full
and correct segmentation turns out to be a very complex task,
because expert knowledge is often necessary (certain materials
cannot be neighbours, others are always together, etc.).

After the layer segmentation, we have the set of base structures,
which are homogenous and can be further described, analyzed
and used for more sophisticated tasks such as image based
retrieval or material classification.

3.1 Image registration

Image registration is the process of overlaying two or more
images of the same object taken at different times, from
different viewpoints, and/or by different sensors. The task of
VS and UV registration belongs to the multimodal registration
category, where images of the same scene are acquired by
different sensors. The main complication of such task is that the
intensity values do not correspond to each other and it is more
complicated to find an appropriate similarity function or
features, which are invariant to such changes. Mutual
information (MI), originating in the information theory, is
recognized solution for the multimodal registration problem. It
is a measure of statistical dependency between two data sets
and it is particularly suitable for registration of data from
different modalities. MI was chosen because it does not impose
strong limitations on used sensors. One of the first articles
proposing this technique is (Viola and Wells, 1997).

In our approach, we use a speed up technique of the method,
based on averaging pyramid together with discrete estimate of
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Figure 2: Illustrative example of Nephele user interface.

histogram. The optimization of the maxima location is a
modified version of the method published in (Penney, 1998).
Moreover, we exploit one-channel data, either green channel of
the RGB image representation or the first element of principal
component transform (PCT), to reduce the dimensionality of the
problem.

3.2 Image segmentation

Image segmentation is the process of separating the input image
to multiple regions, which represent consistent and
distinguishable parts of the painting profile. The image
segmentation task consists here of two steps: first, the cross-
section has to be isolated from the background, and second, the
painting layers of the sample are distinguished.

3.2.1 Background segmentation: During the acquisition
process, the cross-sections are photographed along with
polyester resin, which forms the noisy background of the image

Figure 3:

(see Figure.1). This should be removed before any other image
processing technique can be applied. The proposed method is
based on appropriate thresholding of pre-blurred image, which
diminishes the hostile effect of the errors in the resin. The blur
smooths the input image; therefore the cross-section can be
clearly separated from the background.

3.3.2 Layers segmentation: Input information to the module
for the layer detection consists of the set of three RGB channels
of VS and three RGB channels of UV specimen images.
Various segmentation methods were tested and compared to the
ground truth provided by experts. We found out that expert
knowledge is used widely during the segmentation process,
such as an enabled and disabled adjacency of layers, obligatory
sequences etc. Thus we restricted ourselves to producing preli-
minary estimates of the color layer segmentation as the first
proposal for the operator. It is possible to include the expert
knowledge for layer order using the feedback; this is one of our
goals for the future. However, even this first sketch can

H

Results of the image retrieval. Left column contains query specimens; next columns in the corresponding
rows are results of the retrieval in order of similarity
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considerably facilitate the tedious manual work needed.

The proposed method is based on the cluster analysis using the
VIS and UV six color channels plus spatial information (x and y
coordinates are included as another two channels). It starts with
iterative {k-means} clustering, where the number of classes is
set a priori as a maximum expected number of layers by the
user. The enhancement of the results was achieved after
applying morphological operators on detected segmentation and
performing minimum class check.

For better functionality of the Nephele database, effective tools
are implemented to look-up relevant reports. One of them is
content-based image retrieval (CBIR), which is recently very
popular (Veltkamp and Tanase, 2000) and is used as a part of
multimedia systems in art galleries (Addis, 2003; Goodall,
2004). The image retrieval exploits similarity of the query
sample to the images contained in the archived reports. The
visual similarity can point to the same author, used material, or
technique. In our Nephele system, we applied two possible
classes of used features: the energy descriptors (Smith and
Chang, 1994) computed from the wavelet decomposition of the
SEM images and the combination of texture features — the co-
occurrence matrices and Haralick descriptors (Haralick, 1973) -
and color features - the image average color and the spectral
standard deviation, both applied on VIS and UV data. The
weighted Euclidean metric was chosen and the R*-tree indexing
structure (Beckmann, 1990) was implemented to speed-up the
retrieval. Figure 3 shows the applicability of the second
approach. Leftmost column represents query images. The most
similar responses are in the respective rows in order of
similarity from left to right.

4. THE MATERIAL DESCRIPTION AND
CLASSIFICATION

As it was stated before, the classification of the used materials
is a key issue in the restoration process and task of our near
future work. Our preliminary idea is to exploit texture patterns
of the material and describe it with a set of descriptors.
Afterwards multilayer backpropagation neural network will be
used for material classification and identification. Neural
networks are often used as classifiers in pattern recognition (see
(Bishop, 1996)). The layers segmentation can use this method
as well in the future.

Other possibility is to exploit the morphology of the layers. One
material is among others determined by its shape, size, and
density of the grains. One of the first necessary steps forward is
segmentation of the grains in the individual layers. Our
algorithmic solution of grain segmentation is based on
parametric snakes and works on the SEM data (Xu and Prince,
1998).

The proper design of the material descriptors is tightly tied
down with the systematization of features important for the
material classification. It is important to know which
characteristic is able to distinguish among two used materials
and thus what we should be focused on. We plan to create such
taxonomy of material descriptors as a byproduct of the
proposed research.

5. CONCLUSION

The proposed system Nephele can help art restorers and
conservators in their work and offer them better access to the
archived material reports they use. The image processing
methods (image registration, segmentation, and object
description) improve the outcome of the analyses and the
database. The included image retrieval system is able to provide
fetching of reports with visually similar cross-section data. This
functionality eases the complicated task of the retrieval of
relevant experience from previous restoration cases.

The future work is aimed to precise identification of the used
materials in single layers. Presented examples of achieved
results show the applicability of the system. All work was
realized in close cooperation with the experts from Academic
Materials Research Laboratory for Painted Artworks, joint site
of the Academy of Fine Arts in Prague and Institute of
Inorganic Chemistry AS CR.
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ABSTRACT:

Today's workspaces for computer-based interactive pieces are dramatically improving due to augmentation of various development
tools. As a result, experiential media educational materials that respond to visitors’ actions and behaviour are appearing at many
museums.However, there have been few research examples showing the features and the effects of experience-type educational
materials that stimulate the impulse to learn, and improve concentration and thinking power more than traditional desktop media
educational materials. In this research, we developed both types of educational materials using the same learning methods and
scenarios. The objective was to elucidate what kind of differences could be found between experiment- and desktop-type educational

materials.

1. INTRODUCTION
1.1 Research Background

These days we see quite a few museums that shows computer-
based interactive works. It is said that the multimedia attraction
is increasing visitors interest(1). So, It is highly possible that
experiential media educational materials will be actively
introduced in the future. There types of educational materials
were thought to require expert knowledge and skills, a high cost
for development. However, lately various development tools are
appearing such as “Gainer” (2,3)and “Arduino” which are i/o
devices that can allow relatively easy sensor control easily, and
“OpenCV” or “FericaSDK” that can use image data processing
and RFID systems easily. If these development tools are used,
specialist skills in electronics and informatics are not
necessarily required. Also the cost of production for
experience-type educational materials will gradually decrease
as these development tools spread and technology advances. So,
in the future, experience-type educational materials will be
appearing not only in the limited places such as museums but
also sightseeing spots, event sites, showplaces, etc. which are
educationally and culturally suitable for these materials.

1.2 Aim of Research

The Target of experience-type educational materials installed in
museums is to make intended learners use their body to help
them comprehend museums' collections or to invoke learners'
interests to learning themes. As an ingenious way to make
learners reach the material, the experience-type educational
materials with the most advanced technologies are designed to
entertain learners.

For instance, in "Arithmetik Garden"(4) developed by Sato and
Kiriyama with RFID technologies, visitors can enjoy learning
abstract idea of calculation, by going several times through the
gates that mean numbers and operators. However, I do not
agree with the idea that these experience-type educational
materials directly connected to learners' interest to learning
theme.

After developing "ProbexGlobe”(5) in 2006, The workshop
where this educational teaching material was used has been
executed many times up at event sites, amusement parks and
elementary school.

As we conducted the workshop, we were able to show that
those education materials provided for learner's enjoyable
learning environments. However, it is not to say that attractive
educational materials increase learners' interest to learning
subject. Moreover, there have been few research examples
showing the features and the effects of experience-type
educational materials that stimulate the impulse to learn, and
improve concentration and thinking power more than usual
desktop-type media educational materials.

Figure 1: Figure of “ProbexGlobe”

Revealing the characteristics of each media material provides
an indicator that tells which educational materials are to
effectively be used depending on the place and situation. And it
is also possible to create a learning environment that is more
attractive and effective for learners. Then in this research, we
developed experience-type and desktop-type educational
materials using the same learning methods and scenarios. The
objective is to elucidate what kind of differences could be found
between both educational materials.
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In this paper, we report the leaner’s first impressions to both
materials and their degree of usability, difficulty and enjoyment
according to age group and interest to learning subject.

2. RESEARCH PLAN AND METHOD
2.1 About the “ProbexGlobe”

In this research, in order to compare the experience-and
desktop-type educational materials we used "ProbexGlobe," an
experience-type learning material employing RFID. Figures 1
and 2 show the "ProbexGlobe" in use.

The developed "ProbexGlobe" was constructed out of the
following three items and a server.

1. Knockdown Globe: The knockdown globe is an
icosahedron constructed from twenty map panels in the shape of
90cm equilateral triangles and a frame. RFID chips are affixed
on the backside of the map panels so that 30 points on the globe
can be identified. The RFID chips can be affixed anywhere on
the panels, so it is possible to change the positions according to
the contents. IDs are allocated to the RFID chips to be used to
retrieve video or sound contents stored in a database.

2.  Contents Cards: Contents cards hold information such as
text and illustrations that are used in the contents. Like the
panels, the cards are embedded with RFID chips. The number
of cards used can be raised proportionally to the number of
RFID chips used, but in this case we made 30 cards
corresponding to the map panels.

3.  Contents Server: The contents server processes the
information received from the contents reader, and transmits
videos, photographs, and other contents from the contents
database to the contents reader.

"

Figure 2: Figure of Contents reader

The scenarios of the learners of this leaning system who used
this learning material comprise of the five following steps.

1. The learner sees a picture of the folk performing arts are
from according to the costumes and appearances of the folk
performance arts on the contents card and guesses.

2. The contents card is made to be read by the terminal of a
portable RFID reader.

3. The learner searches the icosahedron globe for the region of
the folk performing arts.

4. When the learner makes a guess at the location, it is held to
the corresponding place.

5. If they are correct the contents reader will play a video of
the relevant folk performance arts. And If they are
incorrect, an image will display showing them their answer
is incorrect.

The learners are able to learn world geography and understand
different cultures by repeating trial and error across these five
steps.

In this research, the desktop-type educational materials
"ProbexGlobe for Desktop" was newly developed based on the
study scenario of this "ProbexGlobe".

2.2 Outline of “ProbexGlobe for Desk top «

"ProbexGlobe for Desk top" is multimedia educational
materials designed to experience ProbexGlobe on a desktop
computer.

ProvexGrobe for Desktop
HRORBER

BE £

M X=J & Lh—E—RTEE

Figure 4: User interface of "ProbexGlobe for Desk top"

This education material features a GUI where users indicate a
position on the earth using a computer mouse instead of the
Knockdown Globe. A capture image of the developed
educational materials is shown in use in figure 3, and the
interface is shown in figure 4. Figure 5 is the configuration
"PxG 4 desktop".The card reader used for reading RFID of the
contents card was a special RFID reader able to connect to the
desktop personal computer.

The RFID system determines if the position of the f p a
recorded on the card matches with the region that the learner
indicates on the map of the GUI. If the learner is correct the
contents reader plays a video of the relevant folk performance
arts on the desktop. If the learner is incorrect, an image will be
displayed showing them their answer is incorrect."PxG 4
desktop" has the exactly same contents and study scenario as
"PxG" has. The only difference between them is the interface
parts.
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Figure 5: System configuration figure

3. COMPARATIVE EXPERIMATION

We exhibited both educational materials at the interactive lab
public space in Ogaki, Gifu using both PC and multimedia
educational materials, to conduct the comparative experiment.
This education material learning theme is international culture
understanding and geography. So that experimentation
participates were 4th graders in elementary school to 2nd
graders in junior high school. Because of they are begins to
learn the geography at the school in Japan.

We chose at random from among children in the object that had
come to the experiment site. The tablel shows participant's
breakdown. The experiment participants numbered 28 in total
from. First, instructions for use of both materials were
explained to the children. Then the children chose their
favourite folk performing arts card from the 30 available.

School year Number
Elementary school 4th 11
Elementary school S5th 5
Elementary school 6th 2
Junior high school st 7
Junior high school 2nd 3

Total 28

Table 1: Participants’ breakdown

Next, the children used both "PxG" and "PxG 4 desktop" for 30
minutes each. We don’t indicate using order for both education
materials to all children. Finally, we conducted a survey after
they had tried both materials.

The content of document investigation is as follows.

—_

"Do you like geography?"

2. "From your first impression, how much did you want to try
the materials?"

"How enjoyable was the actual experience?"

"How easy was it to use?"

5. "How difficult did you feel it was?"

B

The five questions above were answered on a five point,
evaluation based on the person's subjective experience.
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Average of the learners who dislike geography
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Figure 10: Average of the learners who dislike geography

4. RESULTS AND CONSIDERATIONS

The table shows the mean values of the answers to the
questions. Tables 1, 2 and 3 represent the average values for all
learners, the lower age group (elementary school 2 years -5
years, number 16), and the upper age group (elementary school
6 years - junior high school 2 years number 12) respectively.

When all learners' graphs are seen, it is understood there was a
good first impression of the experience-type educational
materials. Moreover, though only by a few points, the
experience-type scored higher than the desktop-type in for
enjoyment and usability.

Looking at the response of the lower age group, participants
wanted to try the experience-type more than the desktop-type
appeared. Similarly, the experience-type materials scored
slightly higher than the desktop-type for enjoyment, usability
and difficulty level.

In comparison, the experience-type materials scored slightly
higher than the desktop-type materials in first impression,
operability, and enjoyment in average of the upper-age group.
But, in operability, the desktop-type materials outscored the
experience-type materials, unlike the other three questions.

When analyzing the survey results revealing differences in
interest of geography, there was little difference between the
scores for learners who answered they enjoyed geography,
whereas for learners who disliked geography, the globe
outscored the PC version.

In light of these results, observations suggest that for learners,
the experience-type materials are easier to grasp and make for
smoother learning of the theme than the desktop-type. Further,
the differences are remarkable when looking at each age group
separately.

Learners in the lower age group were very interested in the
experience-type educational materials, outscoring the desktop-
type in enjoyment, difficulty level, and operability. However,
the upper age group showed little difference in preference, with
operability of the computer mouse in the desktop-type scoring
higher than the portable terminal in the experience-type
materials. The reason is thought to be that as learner age, they
have more opportunities to use PCs, and have become used to
computer mouse PC operations.

When analyzing the survey results revealing differences in
interest of geography, learners who answered that they enjoyed
geography scored high overall, suggesting that learners who

enjoy geography little preference between the experience-type
and desktop-type materials.

In comparison, results from learners who answered that they
disliked geography showed that experience-type materials score
higher. This suggests that there is a high possibility that learners
who are not interested in geography were able to draw more
motivation for study and become interested in the learning
theme from the experience-type materials over the desktop-type
materials.

5. CONCLUSION AND FUTURE TASKS

The objective of this research was to examine the learning
effect of experience-type educational materials. To this end,
experience-type media educational materials and desktop-type
media educational materials were developed with the same
learning scenario but different interfaces. For this study, we
compared the two materials in terms of learners’ interest and
ease of engagement.

The results made the following two points clear educational
materials

1. According to the participants’ subjective views, the
experience-type educational materials had little effect on
upper age groups, but attracted the interest of lower age
groups.

2. Experience-type educational materials score high in terms
of first impression and learning experience for learners who
dislike the learning theme, suggesting that these materials
may be effective in motivating these learners to learn.

Further work includes providing quantitative evaluation in the
form of paper tests before and after the learning experience in
addition to surveys.

Further, educational materials will be developed for touch panel
portable terminals such as the “Nintendo DS “in addition to
desktop-type materials to provide further comparisons in
interfaces and examine the potential of experience-type media
educational materials.
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ABSTRACT:

This paper presents the outcome of the research project: “Integrated Technologies of robotics and virtual environments in
archaeology” (Firb), financed by the Italian Ministry of the University and Scientific Research. The aim of the project is to
experiment and realize a multi-user domain on the web aimed to a multidisciplinary scientific community: archaeologists, historians,
experts in human and social sciences, communication experts. The capacity to load, share and interact with data in the same spatial
virtual environment can increase the level of learning and scientific communication. The project is the result of the collaboration
between CNR-ITABC of Rome, the Department of Archaeology of the University of Pisa and Scuola S. Anna of Pisa, focuses on
three archaeological sites: the Teban tomb 14 in the necropolis of Gurna-Luxor, Fayum Medinet Madi, both in Egypt, and Khor Rori,
in Oman. The collaborative environment is constructed through a virtual reality system. This allows to create a virtual space where it
is possible to share 3D information on the project and to host additional behaviors of the scientific community. Each user can choose
an avatar and enter in the web community: so he/she can visit, interact, dialog, open cultural contents, metadata and so on. In case of
changes of scenarios, it is possible to download and modify the virtual environment in the scene editor. For example it is possible to
transform the conceptual map of the information system, or to modify the cybermap creating new key concepts and new relations,
moving objects and linking metadata. At the end the users can save the contents in text format, and upload the scene on server with
additional metadata or contents. All the following versions elaborated by the users will be saved in a repository on the server and
accessible by the web community through a special interface. The architecture of application is open: graphic tools and behaviours
are implemented inside both the editor and the MuD as separate modules.

1. INTRODUCTION the learning process depends on the capacity to produce
difference between organisms and ecosystems (Bateson, 1979).
Therefore is the embodiment able to produce difference? There
is a fundamental difference between traditional virtual
communities and embodied communities: the first ones use
mainly 2D interfaces and chatting, the second ones use 3D
dynamic behaviours and interactions. The embodied
communities use a principle of enaction for perceiving and
constructing the information (Mellet-d'Huart D., 2006). The term
«enaction » was introduced firstly by Bruner (Bruner, 1968)
for designing the knowledge is knowledge coming through

1.1  Cybernetic approach and multiuser domain

The growing impact of the digital informational metabolism of
Internet in the society has created unpredictable results in a
very short time: millions of people inter-connected and able to
share and construct cybernetic contents, but which contents
(Jones, 2003)? This overload of information is really able to
create new forms of learning and cultural transmission? What
kind of information is transmitted to the future? Which

expectations we can have from the new virtual ecosystems?
What we know is that this digital eco-culture creates different
relations and feedback; we are moving in the era of the 3D
cyberspace where we assist to the embodiment of cross cultural
and multidisciplinary communities. If in the past decade
Internet was principally based on multimedia browsing and
structured contents, the new generation of Web is self-
organized and reticular, made by de-structured contents and by
3D self-made cyber-spaces. Can this continuously evolving
universe of information really construct communication and
knowledge? Every complex phenomenon needs time to be
monitored and studies, so it is difficult to have an answer today.
We like to define the multiuser environments of cyberspace
“mirror communities”, because every user/avatar/models-maker
makes his/her knowledge throughout the feedback of other
users/avatars, so in some way his/her activity is reflected
in/from other activities. Moreover the user can see him/herself
from any spatial perspective, so he/she embodied in the system;
this embodiment constitutes the new frontier of the
informational and communicational process. Every information
is surrounded from reticules of additional information, like a
universe able to contain infinite sequences of other worlds.
How can we define this embodiment? In the ecological thinking

action and constructed on motor skills. Then the concept was
re-elaborated by Francisco Varela ( Maturana H., Varela. F.,
1980) which defined a new paradigm in cognitive science,
“based not on the metaphor of the computer as in classical
cognitivism, but instead on the metaphor of living organisms”
(Enaction and Cognitive Science, http://liris.cnrs.fr/enaction/
index-en.html).

This neuro-phenomenologic approach is based on the
assumption that the cognitive activity is “embodied”, or not
separated from the body perception. In these terms it could be
identified and communicated only within a specific context. It
seems evident that embodiment depends on the level of the
engagement inside the cyberspace: so, in theory, the embodied
communities should learn and transmit more knowledge and in
a shorter time than the traditional “chatting” communities.
Unfortunately to transmit knowledge does not mean to transmit
cultural information; we have a very limited understanding of
how the virtual spaces created by different software and
environments differ in the impact on user interactions and
cultural learning. The need to create a new dictionary can be
explained from the growth of the embodied communities
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(Gerosa, 2006) and from the birth of distributed forms of digital
and social popularization, the cyber games.

In this panorama (Jones, 2003) the cultural experiences of
embodied virtual communities are still a few, in particular in
archaeology. In short we can categorize these kinds of
experiments in two classes: collaborative augmented
environments (just for small communities of researchers) and
virtual social communities, such as the case of Second Life. A
good example of the first category is VERA, Virtual Research
Environment for Archaeology, a system able to facilitate
collaborations amongst the archaeological researchers, on-site
teams and interested Internet community, providing them with
the enhanced means of collaborating, collating, manipulating
and managing data and information, as well as collective
knowledge creation (Benko et alii, 2004, 2005).

An interesting example in Second Life is the case of the Okapi
Island (Okapi 131.116.46 (PG)). Okapi Island allows one to
virtuality explore and develop their own sense of place at the
archaeological site of Catalhdyiik. This initiative comes from
the University of Berkeley (Ruth Tringham and Noah Wittman)
and it is aimed to introduce the site to students and visitors with
webcasting and interactive activities.

This approach validates the principle that there is an enormous
potential for archaeology, cyber, enacted and embodied in the
future development of 3D Web communities. The embodied
information and the creation of cyber spaces for the
archaeological and cultural consumption and communication
can represent a totally innovative gateway to the simulation and
reconstruction of the past. Simulation, feedback and
communication constitute the most important factors in the
cyber archaeology, like the case studies here presented can
show. In this scenario the correct approach is to increase the
interactive space of “floating information”, validating the
scientific interpretation in interactive ways.

The cyber space of the FIRB project is a sophisticated
collaborative environment of simulation for academic studies.
Action, behaviors, feedback and interaction constitute the
content, the place where everything can happen, the real
content. In the cyberspace the 3D modeling represents the
background; the foreground is created by the relations between
people/avatars, territories, artificial societies and digital
information.

2. THE INTEGRATED TECHNOLOGIES OF
ROBOTICS AND VIRTUAL ENVIRONMENT IN
ARCHAEOLOGY PROJECT

2.1 Embodied virtual Communities: a new opportunity for
the archaeological research.

Usually the scientific humanistic communities do not consider
VR environment an operative tool for research. In particular on
the web, there are a few examples of 3D e-learning and VR
laboratories, virtual domains where researchers and humanists
can share data, interpretations, hypotheses and data.

The key problem concerns the creation and dissemination of
new alphabets, languages and metaphors of content
management and interaction which can be recognized and
accepted as a helpful approach both in interpretation and
communication processes.

How technologies and VR systems can develop the integration
and interaction of cultural datasets often disseminated in many
different archives? How can they support the interpretation,
simulation of hypothesis? How can we share and exchange
data? How can we make a model or a reconstruction
“transparent”? That means how we can process in a virtual
environment all the previous complex processes of
interpretation, comparison, interrelation made combining
bottom up and top down approaches (Forte, Pescarin, Pietroni,
2006). A VR domain should be a simulation environment where
to test advanced behaviors, actions and new methodologies. It
could be conceived as an open laboratory: a place where it is
possible to compare the construction and validation of
interpretative processes, to investigate new relations among
data in space and time, to establish affordances (Gibson, 1979)
in the interactive ecosystem. The digital ecosystem is an
enhanced domain characterized by “biodiversity”, where users
are embodied and the research of meanings depends on their
capacity to observe, interpret, verify, validate, understand
relations. The capacity of learning is based on informative
exchange between users and ecosystem where mind and body,
interaction, behaviours, feedback, are fundamental steps for
generating information. Perception, information, knowledge are
linked and interrelated in a process developing through the
identification of multidimensional relations (Bateson, 1979). In
a virtual environment the perceptive realism enhances the sense
of presence and embodiment, it catalyses information that
otherwise could be not be perceived.

2.2 The project

On the basis of these considerations, it is very important to
create new virtual reality systems able to interact and connect
with complex and multidimensional-multiscale data. This
simulation space represents a new challenge for collaborative
environments in archaeology (Forte, 2008).

The FIRB (Funds for the Investments of Basic Research)
project, “Integrated Technologies of robotics and virtual
environment in archaeology”, financed by the Italian Ministry
of the University and Scientific Research, gives us the
opportunity to experiment and realize a multi-user domain on
the web addressed to a multidisciplinary scientific community.
The project, in collaboration with the Department of
Archaeology of the University of Pisa and with Scuola S. Anna
of Pisa, focuses on three archaeological sites: the Teban tomb
14 in the necropolis of Gurna-Luxor, the Temple A of Middle
Kingdom in Fayum Medinet Madi, both in Egypt, and the
ancient settlement of Khor Rori, in Oman. These three sites
present very different characteristics and interpretative aspects.
The tomb TT14 is a small and narrow space with a very
complex stratigraphy (micro-intra site); the Temple A is a well
preserved architectonic contex (macro intra-site); Khor Rori is a
typical example of archaeological landscape correlated with
environmental studies (macro inter-sites). We have expressly
distinguished and emphasized these features of all the
archaeological contexts in order to apply different methods of
communications and virtual re-contextualization. This variety
of conditions of the archaeological contexts has required the use
of different integrated technologies of data acquisition,
elaboration and representation: scanner laser, computer vision
and topographic relief for TT14 (Figure.l), GPS, total laser
station, GIS, remote sensing, photogrammetry, computer vision,
3D panorama for the settlement and the landscape of Khor Rori
(Figure. 2), 3D computer graphics on the base of topographical
relief for the Temple A of Medinet Madi (Figure 3).
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Figure 1: Teban Tomb TT14, Gurna_Luxor, Egypt 3D model
from laser scanner data

Figure 2: the landscape and the site of Khor Rori, Oman,
obtained from topographic and CAD data, cartography,
photogrammetry techniques.

I

Figure 3: the Temple A of Middle Kingdom, Medinet Madi,
Egypt; 3D reconstruction, realized from CAD data, with
hypothetical mapping of original colors (author: Nicolo

Dell'Unto).

Metadata, interpretative layers, multimedia contents are linked
to 3D models and integrated in the three-dimensional space. All
data converge in a virtual scenario in the web where the
scientific community can meet and interact in real time,
exchange and test hypothesis, share data and simulate different
scenarios in order to discuss possible interpretations and

methods. This virtual space will be an editable and dynamic
environment in continuous evolution and able to be updated
with new databases.

3D models can be disassembled and recomposed according to
different combinations and solutions; they can be linked to new
medatata, multimedia contents, Web pages. The continuous
feedback of wusers wupdates, develops, redefines the
“interpretative model” and the cognitive map of the context,
opening new relations and perspectives. Different hypotheses
corresponding to the “possible realities” can coexist, showing
the reconstruction of the past through an articulated simulation
process.

2.3 Interface and tools

Beside the 3D models of architectures and archaeological
structures, obtained from topographical reliefs, the VR
application introduces other kinds of ontologies expressing
affordances/relations.

Cybermap: a symbolic space constructed through an abstract
code, simplified geometries and colours; this non iconographic
space represents the network of the informative system. The
cybermap allows to verify and visualize the conceptual “map”
of the virtual system. As we have explained before, the 3D
space is the main interface of the informative system, where the
community is embodied.

For this reason the construction of the 3D environment has not
to become an obstacle for scientific communities that have not
technical skills. The cybermap can be thus an opportunity to
create simple conceptual maps for visualizing and representing
interpretative solutions or hypotheses and discussing them
within the community.

The map is constructed around “key concepts” that are the main
attractors of the cultural themes or of the interpretative
proposal. The network includes, around the “key concepts”,
linked metadata: (texts, video, audios, sounds, images,
multimedia), 3D models, that can be associated to the main key
concepts. This network depends from our interpretative process:
according to the kind of relations we want to establish among
objects, the map changes (chronology, typology, topography,
simbology, hierarchy...). Registered users can edit or re-create
the cybermap organizing nodes and key concepts according to
different relations (topography, chronology, symbolic value,
hierarchy, shape, and so on).

Learning objects: they are the hyperlinks of 3D models and
allow to access to other 3D models, or metadata (texts, photos,
movies, htm pages).

Virtual Library: an imaginary cyberspace, like an island, where
the users can find digital libraries, papers, multimedia contents
related to the archaeological site and studies.

Simulations: dynamic scenarios (movies or animations)
visualizing complex phenomena in the virtual ecosystem.

We have planned to have two types of users, with different
rights:

e Main users: teams involved in the FIRB projects, scientific
community.

e Other users: general public with only some kinds of data
accessible and no possibility to edit the scene.
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All users can load in the 3D view single objects or a complete
scene. An object file corresponds usually to a 3D model
associated to a text file where the names of the mesh, the
material, the texture of the objects and its link to any kinds of
metadata are listed.

A scene file is a text file describing a complete scenario
including 3D models, learning objects, links to metadata,
simulations and all the components created by the author of the
scene.

In the virtual scenario users are represented by avatars: they can
chat, share objectives, actions, edit the scene or observe in real
time the behaviours of other users. They can also add new
objects, models, scenes in the repository hosted on the server,
or they can edit existing objects and scenes, saving them, with
another name, in the same repository. When a user saves a new
scene he/she generates a text file containing a list of all the
components. This text file will be read when the scene will be
opened and the datasets will be loaded dynamically. Some
editing tools are available to modify existing objects and
scenes. These are the main functions and tools of the
applications (Figure 4):

set project path ] load object ) load scene ) load fexture | save scene | delete object ) delete scene reset

Figure 4: interface of the application

e Set project path: at the begin of the session the users have to
indicate the url from which all the data will be loaded.
Load objects (wrl, 3ds, nmo)
Load scene

Load texture

Save scene

Objects list

Textures list

Scenes list

Delete objects

Delete scene

Reset

Switch to other views/cameras;
Select object

Hide/show object

Scale objects

Change texture of the object
Set material color

Import a vectorial layer

Move ligths

Measure (line, perimeter, area)

Create a primitive geometry (for cybermap);

Create a camera

Create a link to a metadata (web pages, movies, audio
comments, texts, images...)

e Chat

Every new version of the virtual environment can be saved and
uploaded on the web as a new “space” of the MuD, so that
many different informative worlds can coexist and be compared
in real time. The possibility to load, share and interact with data
in the same spatial virtual environment can increase the level of
learning and scientific communication; in this way the
information become hyper-real and contextualized.

The application, developed in Virtools DEV and Virtools
Mutiuser Pack, is still in progress and it will be concluded in
Autumn 2008.

3. CONCLUSIONS: POSSIBLE SCENARIOS

This paper examines new theoretical, methodological and
technological —approaches to the post-modern virtual
communities operating in the world of archaeological
communication and interpretation.

A key problem in archaeology is that there is a strong gap
between data capture and data accessibility, because there is a
very few percentage of information really open, communicated
and public. The separation-segmentation of information in
different domains (linear texts, models, spaces, maps,
taxonomies, etc.) decreases the level of knowledge and not
validates the interpretation process. So the risk is to construct
huge quantity of information free from any reliability and
communication processes.

It is a big challenge for the future of ICT and for the field of
virtual heritage to plan the possible guidelines of cultural
communication, and it is quite urgent to discuss about methods,
technologies and epistemologies.

Embodied virtual communities construct their identity, learning,
perception and communication on the principle of enaction that
is on the capacity to create knowledge and information through
perception-action interaction in the environment. This shared
knowledge constructs new differences and feedback, validates
or criticizes models and cybernetic territories through
simulation processes, creating unique opportunities of
discussion and advanced forms of knowledge.

In addition, it will be interesting to study the social behaviours
of scientists, teachers and students within the virtual space: see
them interacting in 3D with spatial data, constructing
cybermaps and landscapes. A possible scenario is the virtual
classroom where the teacher can interact in 3D with the
students, discussing about key features of the archaeological
sites, interpretations and general overviews. Secondly, the
students can directly build a scene of an archaeological context
on the basis of the data available on line. So they can edit
models and 3D spaces, link metadata and multimedia contents,
discuss on research and methodologies. The final aim is to
validate the interpretative and reconstructive process and to
share all the activities with the rest of the
community/classroom. The final result could be an open portal
where the teacher can evaluate the result.
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The application was developed on the three case studies of the
FIRB project but it can be useful for any other cultural context.
This kind of approach can be used also in the projection and in
the design of museums, virtual and real, in order to test for
instance the organization of the space and its “metrics” , the
display of artefacts, the relation among objects, key concepts
and meanings, communication platforms, paths of visit. Only
after sessions of editing and simulation, the integrated project of
communication could be published in a virtual museum or
adopted in a real site (Figure.5) (Pietroni, Forte, 2006).

The most interesting perspective of this research project and
innovative approach is in the redefinition of a virtual-cyber-
archaeology as collaborative simulation process able to
reconstruct the past through embodied communities of
users/scientists. This distributed mind in the cyber space maybe
represents the new frontier of our capacity of learning,
understanding, communicating and transmitting culture.

| know a very
similar case.
of symbolic

These are
votive object
found near the

his fragment should
become from
the temple roof
according to me.

temple association.

Figure 5: an example of cybermap referred to the
communication system inside an archaeological museum,
attended by a virtual community (CNR-ITABC).
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ABSTRACT:

Digital archiving and restoration are two key solutions for the vulnerable ancient cultural heritage. Digitization makes it possible for a
large number of otherwise fragile and hard-to-find historical materials accessible to the public. Archiving the cultural heritage from
the ancient Korea is possible only through active collaboration across the political divide between South and North Koreas. The
collaborative efforts on digital archiving and restoration must also be extended to Chinese scholars in order to include the ancient
Korean cultural heritage currently stored in China. This study not only points out urgent needs of collaborations but also reports the
current status of Korean digital library projects and important aspects in a successful collaboration.

1. INTRODUCTION

Each year it becomes more important to archive the valuable
cultural heritage (Lynch, 2002). We are opening the doors
through digitization and making a great deal of fragile and hard-
to-find materials available in digital form to people through the
network (Crane & Wulfman, 2003). Especially, it is urgent to
archive the ones from the ancient era carefully as they are
fragile and vulnerable to any cause. Thanks to the rapid
technology, geological location will no longer be a major barrier
for preserving and accessing the cultural heritage collections in
digital archiving. For example, there are active digital cultural
heritage initiatives across regions such as Europe or North
America (Zorich, 2003). However, there is a unique situation
where such benefit does not work effectively. As known, Korea
has been divided into South and North over fifty years for
political issues; however, their cultural heritage should not be
affected by such political aspects as both are sharing the
identical history from the same ancestors. This study provides
an analytical description of the current status, of digital
archiving projects of Korean cultural heritage, especially for the
period prior to Chosun (Joseon) dynasty (14™- 20™ century). It
identifies some major issues in the digital archiving efforts and
concludes with the call for substantial collaboration between
both Koreas to preserve Korean ancient cultural heritage.

2. THEORETICAL BACKGROUNDS

A digital library fulfills many of Choi’s (1997) standards of
ideal library such as: preservation of history and culture, easy
user access, user-centered interfaces, improvement of life
quality, functions for a community and culture of a community,
and a service-oriented library. Tibbo developed a hybrid model
of archive-library for digital library development by proposing
the hybrid archive-library mixture of content that will be the
digital library (2001). She explained that it is time to apply
relevant aspects of both librarianship and archives, along with a
strong technological base to the digital library’s design and
management (Tibbo, 2001). In the Korean context, the hybrid
digital library includes both digitally-born materials and digital
representations of physical material. Lee and Dalbello (2002)

explained that digital libraries are short-lived and institutionally
unstable in the period of emergence, and therefore, they need
the stability within institutional arrangements with stable
resource base and political legitimacy. Digital library is crucial
for ideal information society because a question to be dealt with
first for information society is not only emphasizing on splendid
digital information technology but also the contents of
information infrastructure.

Cultural structuralist perspective (Turner 1989; 1991) roots
cultural texts to the resource base from which they are able to
emerge. Parsons (1977) observes that the information-energetic
interchanges among action systems provide the potential for
change within or between the action systems. Parsons proposed
that the processes of evolution display the following elements:
(1) Increasing differentiation of system units into patterns of
functional interdependence; (2) Establishment of new principles
and mechanisms of integration in differentiating systems; and
(3) Increasing adaptive capacity of differentiated systems in
their environments. Luhmann employs what he terms a general
systems approach. Such an approach stresses the fact that
human action becomes organized and structured into systems.
When the actions of several people become interrelated, a social
system can be said to exist (Turner, 1986). Wuthnow also
portrays the processes of ideological production as increase in
“ideological variation” that results in “competition” among
ideologies (Turner, 1991). The institutionalization of an
ideology depends upon the establishment of rituals and modes
of communication affirming the new moral codes within an
organizational arrangement that allows for ritual dramatization
of new codes reducing uncertainty, that secures a stable
resource base, and that eventually receives acceptance by
political authority (Turner, 1991).

This study is based on these theoretical backgrounds. With the
significant social and economical growth of the recent decades,
the government of South Korea launched an information
superhighway project in 1994 with the goal to extend national
information capacity and foster multimedia information
industry by 2015. Meanwhile, South and North Korea have
been divided over half century and cultural gap between the two
has been increasing. Collaboration on preserving, archiving, and
serving the cultural heritage in both Koreas is one of the most
important and urgent agenda as 1) it is important not just in
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terms of archiving perspective but also in shortening the
cultural gap between people in two Koreas, 2) the major
territory that the ancient Korean cultural heritages exist is
currently belonging to east northern China and such heritages
are rapidly perishing due to lacking interest and collaboration,
and 3) finally, such digital archive that will be achieved through
collaborations will be significant resources in restoration of the
cultural heritage in the near future. Among all the cultural
heritages from approximately 5,000 years’ Korean history, the
periods that this study concentrates on is the heritages from the
ancient era (Go-Chosun (Gojoseon); the first dynasty in Korea,
B.C. 24" B.C. 2™ century, and Three Kingdom period; B.C.
1% AD. 9" century) to the middle age (Koryo (Goryeo)
Dynasty; 10" 14" century) because they are more vulnerable
and difficult to preserve. Moreover, more cultural heritage from
Chosun (Joseon) Dynasty (14"- 20M century) have been
digitally archived actively compared to the ones from above
eras because Seoul, the capital of South Korea, was the capital
of the dynasty and therefore, South Korea has been able to run
the projects related to Chosun era alone relatively easily.

3. RELATED CULTURAL HERITAGE DIGITAL
ARCHIVING PROJECTS IN SOUTH KOREA

Unlike many other countries such as the U.K. or Japan, the
South Korean government was influenced by the first private
digital library, LG Sangnam digital library
(http://www.lg.or.kr/index.jsp), before starting the first
government digital library project (Lee & Dalbello, 2002). This
is one of the reasons why there have been many unorganized
private digital libraries or cyber museum projects in South
Korea. In South Korea there is a rather apparent distinction
between the projects dealing with traditional library resources-
mostly textual data, which is basically called, digital library, and
the projects dealing with cultural heritage, which is called,
digital museum. In this section, only the digitization projects
that are related to cultural heritage excluding the traditional
digital library projects are briefly introduced. They can be
qualified as hybrid and non-hybrid that corresponds to a
distinction made in policy documents, and as defined by Choi
(1997). The hybrid project implies that the digital
library/museum is an extension of a collection held in a physical
institution. Documentation for each of the collections identified
as 'hybrid' mentions links to materials for which they are digital
surrogates; both  digitally-born  materials and  digital
representations of physical material. Non-hybrid projects
include collections of links, portal sites and gateways to digital
library sites.

Government Sector

Information Digitization Projects for Culture (http://www.
mcst.go.kr/english/index.jsp, 1996 to 2008, Contents: Cultural
science reference, Non-hybrid): this project was initiated by
Korean Ministry of Culture and Tourism and it focuses on
cultural resources from major museums and art galleries. A
special service for cultural heritage for South and North Korea
categorizes these collections by epoch, starting from Neolithic
and including all the Korean dynasties; however, it does not
include the major portion of North Korean cultural heritage yet
and there has been no serious collaboration from the North side
to develop this collection.

Presidential Commission for the New Millennium (August
1999- December 2000, Contents: Cultural heritage, Non-

hybrid): short-term projects that include cultural objects from
the National Central Museum, major libraries, and art galleries.

Private Sector

Institute for Han Folk Cultural Study (Kyunghyang Press)
(1997-1998, 2000-2001, Contents: Cultural heritage, Non-
hybrid): this was the only initiative reflecting the possible
collaboration between South and North Koreas for sharing the
cultural heritage. This project focused on North Korean cultural
heritage, film, literature, and arts. Also, in the beginning stage it
aimed at creating cyber museum of South and North Korean
cultural heritage. However, there were practically no productive
results.

Private / Government Sector

Culture-Net Project (1997 to date, Contents: Cultural heritage,
Non-hybrid): it includes data from local libraries, museums and
galleries, focusing on regional and local history collections. It is
jointly sponsored by the Ministry of Culture and Tourism and
Kyunghyang Press.

National Digital Library (http://www.dlibrary.go.kr/, 2002-2008,
Contents: Cultural heritage, Hybrid): it is a collaborative
initiative by the National Library of Korea to provide the
information structure for unification of the currently distributed
digital library network, from private museums, private and
state-funded universities and government agencies. It was
initiated by involving collaboration of five private institutes
under the Korean government control: Library and Information
Science Department at Yonsei University, Information
Industrial Engineering Department at Yonsei University,
Institute for Construction Science and Technology at Yonsei
University, Samwoo Construction Company, and LG CNS. It is
conceptualized as an infrastructure that represents a 'hybrid'
library, the ideal form of digital library in Korea. NDL aims to
open the real hybrid digital library in 2008.

4. MAIN ASPECTS FOR SUCCESFUL
COLLABORATION

4.1 Political and historical aspect

One of the major arguments of this research is that the digital
preservation of cultural heritage should not be affected by the
factors such as the political situation. Republic of Korea (South
Korea) and Democratic People's Republic of Korea (North
Korea) made a rapid progress in many aspects since the summit
talk held in Pyungyang from 13th to 15th in June, 2000. Study
of collection development policies for South-North Korean
collaboration in response to South and North Korea talks was
also held in Pyongyang in the same period for cultural heritage
integration. In the report by Lee and Dalbello (2002), the
projects that were specific to the Korean setting reflect
unification trends at that time in which both government and
private sector are involved in creating a cyber-museum of South
and North Korea cultural heritage. So called, “Sunshine policy”
(1998- 2002) by South Korea, which attempted to open the
channels between South and North and supported and invested
in North Korea, enabled the improvement of the relationships
between the two regimes. Thanks to such a political atmosphere,
there were much social and cultural collaboration between both
sides. As a representative example, there was the cyber museum
project called, Cultural Heritage of South-North Korea, which
has been developed by ministry of culture and tourism since
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1999. However, such cultural collaborations are diminished
with the appearance of the new regime in 2008 as the policy
towards North Korea is becoming stringent. It is important to
separate the topics or the policies that may be or must not be
influenced by such political mood; preservation of cultural
heritage belongs to the latter. It often occurs that the
relationship changes in cultural collaborations between different
countries according to the change of political situation; however,
the situation in the two Koreas is quite different. Even though
the two Koreas have been divided for over fifty years, they
share the same history with the same cultural heritage over
thousands of years and the citizens of both countries understand
that the current tragic division is the issue that should be solved
(Jung, 2005). Even different countries that have different
historical backgrounds or cultures often collaborate to preserve
their cultural heritages. For example, Zorich (2003) introduced
how the different cultural heritage organizations from different
countries in North America are collaborating and standardizing
the organizational alliances in many aspects including
definitions, policy, and technology. Therefore, it is needless to
say that the only divided country left in the world should
consider doing so. To make a successful collaboration in
preserving the cultural heritages, such collaboration must not be
affected by the domestic political situation either; this must be
regarded as a ‘supraparty’ topic, which all the parties should
cooperate to make successful projects.

Finally, both Koreas should collaborate and investigate the
status of the cultural heritage in the region of east northern
China because this region was the main stage for the first
dynasty in Korea called, Go-Chosun (Gojoseon) (see Figure 1),
one of the Korean powerful dynasties, Koguryo (Goguryeo)
(B.C. 1*- A.D. 7" century) in the Three Kingdom period (see
Figure 2 and Figure 3) and its following dynasty, Balhae (7"-
10" century). Gojoseon was an ancient Korean kingdom,
considered the first kingdom of the Korean people. Go-, which
distinguishes Gojoseon from the later Chosen (Joseon) Dynasty,
means "Ancient". Gojoseon was founded in 2,333 B.C. by the
legendary Dangun, said to be the grandson of Heaven (Lee,
2004). This kingdom was centered in the basins of the Liao and
Taedong Rivers ruling over northern Korean peninsula and
southern Manchuria, which is currently the east northern China
(Hur, 2001; Lee, 2004). Archaeological evidence of Gojoseon is
being found between the Jeulmun pottery to the Mumun pottery
periods around 1,500 B.C., when groups of semi-sedentary
small-scale agriculturalists occupied most of the Korean
peninsula. Local bronze production began around the 8th
century B.C. (Stark, 2005). Modern historians generally believe
it developed into a powerful federation or kingdom between 7%
and 4" centuries B.C. The name "Three Kingdoms" was used in
the titles of Korean medieval history books, Samguk Sagi (12
century) and Samguk Yusa (13" century). The three kingdoms
were founded after the fall of Gojoseon. After the fall of
Gojoseon, the Chinese Han dynasty established four
commanderies in northern parts of the Korean peninsula. Three
fell quickly to the Samhan, and the last was destroyed by
Goguryeo in 313 A.D. Samhan, the nascent precursors of
Backje and Silla, expanded within the web of complex
chiefdoms during the Proto Three Kingdoms Period, and
Goguryeo conquered neighboring Buyeo, Okjeo, Dongye, and
other complex chiefdoms in northern Korea and Manchuria
(Barnes, 2001; 2004; Rhee & Choi, 1992). The three polities
made the transition from complex chiefdom to matured state-
level societies in the 3™ century. All three kingdoms shared a
similar culture and language (Rhee & Choi, 1992). Finally,
Balhae (698- 926 A.D.) was an ancient multiethnic kingdom
established after the fall of Goguryeo. After Goguryeo's capital

and southern territories fell to Unified Silla, Dae Jo-young, a
former Goguryeo general, established Jin, later called Balhae,
by uniting various Mohe and Goguryeo elements (Byington,
2004; Petrov, 2004). Balhae was a successor state to Goguryeo
(Schmid, 1997; 2000). Balhae occupied southern parts of
Manchuria (Northeast China) and Primorsky Krai, and the
northern part of the Korean peninsula. It was defeated by the
Khitans in 926 A.D., and most of its northern territories were
absorbed into the Liao Dynasty while the southern parts were
absorbed into Koryo (Goryeo) Dynasty, which is the origin of
the word, Korea.

Considering such historical background and the importance of
the region, collaboration project including digitization of
cultural heritage of this region (southern Manchuria) among
both Koreas and China is necessary. However, currently there
has been no practical collaboration between the three countries
and a rapid decay of the cultural heritage is apparent. Therefore,
it is time to discuss the possible collaboration including
digitization projects for cultural heritages in this region by the
cultural heritage initiatives or organizations in East Asian
countries similar to the cases in North America or Europe.
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Figure 1: The distribution map of the mandolin-shaped dagger
shows the possible extent of Gojoseon's influences of politics,
military or culture.

Figure 2: The map of Three Kingdoms including Koguryo
(Goguyreo).
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Figure 3: A replica of a mural of one of the directional deities
found in a Goguryeo Tomb at the National Museum of Korea.

4.2 Consistency and accessibility aspect

Even though the Information Digitization Projects for Culture
(1996 to 2008) deals with North Korean cultural heritage, it has
not involved a sufficient portion of the heritage from both
Koreas, and there were only few attempts from either a
government or a private sector to digitize both Korean’s historic
heritage. One of the problems in a digital archiving project in
Korea is its consistency; most of the projects are rather short
term and receive little attention when the project is over. For
example, one of the most active project that attempted to
include North Korean cultural heritage is Institute for Han Folk
Cultural Study led by Kyunghyang Press lasted from 1997 to
1998 (1% period) and from 2000 to 2001 (2" period). The
project received much attention when it was launched but has
since become unavailable to public access. There is not much
difference in the cyber museum project initiated in 1999,
Cultural Heritage of South-North Korea, which was mentioned
in the previous section. While it is common for most digital
archiving projects to be short term efforts, Parsons and
Luhmann argue that no fruitful results could be expected
without consistency and accessibility over time (Turner, 1989).
Any digital archiving project for Korean cultural heritage can
be successful only if the need for consistency and accessibility
is guaranteed through collaborative efforts between two Koreas.
Thus, it is an important agenda to make the results of such
projects to be consistently accessible to the public and the press
so that they are not treated and forgotten as a temporary project.

4.3 Technological aspect

The technology level in most digital archiving projects in South
Korea is matured enough to lead a successful collaboration with
the North. In a recent example, there were plenty of successful
digitalizing projects for Korean cultural heritage including
historical Buddhist civilization in 2003 and 2004 run by the
specialized digital archive and restoration companies. In 2007,
the famous old picture, Amitawhesang-do, in an ancient Korean
Buddhist temple Baekyangsa, (www.backyangsa.org) that was
seriously damaged was successfully restored digitally by
Korean HP (www.hp.co.kr) (see Figure 4). Expertise necessary
to restore Korean ancient cultural heritage was evident for
preserving the ancient Korean cultural heritage in a digital
format (Do, 2007). Such specialized technology can be applied
to digitize, preserve, and restore the ancient cultural heritage
from both Koreas.

Figure 4: Amitawhesang-do in Baekyangsa (Baekyang Temple).
Beakyangsa was built in 632 A.D. by Baekje kingdom, one of
the three kingdoms in the Three Kingdom period, and
Amitawhesang-do was drawn in mid-18" century.

5. DISCUSSION AND CONCLUSIONS

In conclusion, it is important that the cultural heritage
preservation project based on collaboration between South and
North Korea, and furthermore, including China, should not be
interfered with their political situation. Such a factor should be
minimized because preserving the cultural heritage is not just
for our generation’s benefit but for the generations to come.
Thus, it is an urgent agenda for both Koreas to digitally
preserve and share their cultural heritage especially from the
ancient era to the middle age era.

There are sufficient interests and technology in digital archiving
for preserving the cultural heritage in South Korea (see
Appendix A). For example, the annual report by Korean
Ministry of Culture and Tourism in 2006 and the annual report
by the Commission of National Science Technology in 2008
indicate the importance of digital archiving project for cultural
heritage and the financial support and technology by the
government. However, there is still lack of interest on the
collaboration with North Korea in such government reports.
The necessity for investigating the cultural heritage in ecast
northern region of China was reported in 2005 annual report by
Korean Ministry of Culture and Tourism but there was
practically no follow-up either. For a successful collaboration,
successful cases in European countries should be referred to,
where many neighboring countries that had complicated
political issues have been collaborating for cultural studies;
such cases will be investigated as a future study.

In Lee & Dalbello’s study (2002), in South Korea it was
observed that most main projects under the government control,
a few national universities, and a small number of private
universities with a foundation of solid finance, are rather
established in terms of the budgets. However, most private
universities and private institutes proved to short of funding.
Therefore, it would be more stable and ideal for a government
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to play the lead for such collaborative project. For example,
National Digital Library (NDL) project, the representative
hybrid digital library in South Korea opening in 2008, could
take a major role in addressing such necessity and leading the
projects. The annual report by Korean Ministry of Culture and
Tourism in 2006 indicated the agenda for excavating and
investigating the cultural heritages by collaborating with China
and Russia. However, there have been no practical outcomes up
to date and the report did not point out the aspect of digital
archiving of the cultural heritage. Therefore, the future study
will cover the status of the outcomes by the government
institutes regarding such topics. Then, the substantial
framework or project will be suggested to involve the NDL
project actively in digital archiving collaboration among the two
Koreas and China. As mentioned before, a few successful cases
or models among the European countries will also be
investigated and referred to in order to implement such a project
effectively.

The digital museum managed by both Koreas may not only
preserve their valueless cultural heritage but also be an effective
medium to quench the people’s curiosity of each other and
shorten the cultural gap between the two. And finally this will
offer the priceless resources to restore their cultural heritage in
the future.
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APPENDIX A. EXAMPLES OF DIGITAL ARCHIVE
WEB-SITES IN SOUTH KOREA

Academy of Korean History:
http://yoksa.aks.ac.kr/

Cyber Museum of Baekjae History: http://baekje.chungnam.net/

Korean History Online:
http://www.koreanhistory.or.kr/

Korea Knowledge Portal:
http://www.knowledge.go.kr/main.jsp

Korea National Heritage Online:
http://www.heritage.go.kr/index.jsp

National Digital Library:
http://www.dlibrary.go.kr/

National Folk Museum:
http://www.nfm.go.kr/data/d0_bri.jsp
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ABSTRACT:

The Royal Institute for Cultural Heritage of Belgium has most of its rich photo library of art objects online for free consultation for
researchers and the general public. Scientific research of details, when not separately photographed, is difficult. Therefore we
searched on how to make the quality of our professional photographs online available in full without taking the risk of illegal
copying. We use open source technologies like IIPImage (open source light-weight client-server system for the remote viewing of
very high-resolution images), combined with the in-house developed artiPACS (art in a Picture Archive Communication System), an
extension of some workhorses of the open-source Internet community. Subversion (version control system), used in program
development and documentation writing, and ftp are combined to record the whereabouts and state of the digital object throughout
its history and to maintain alternate versions and updates of an object over time. The ISLA Broker (Image-Search-Library-Assistant)
then takes care of the translation between this machine-level archive and the human way of dealing with objects. It represents the
archive as a searchable and interconnected “web of collections” that provides documentation, authentication and naming, and
maintains an overview over all collections. As a case study large glass negatives (40 x 40 cm) of old photos were photographed in
the institute with a high-resolution camera and saved in raw (with all the information) and a corrected tiff format. This tiff file can be

converted to a tiled pyramidal tiff format, to offer different types of users, internal and external, the possibility of zooming in.

1. INTRODUCTION

The Royal Institute for Cultural Heritage of Belgium has as one
of its official duties, to create, maintain and disseminate a
photographic inventory of artistic objects in Belgium, and
where possible of objects made by Belgians in other countries.
Belgium, as used for this task, must be understood as the
geographical surface of the current country throughout history.
For the moment the institute has the original negatives of
almost 1.000.000 photos about artistic objects. More than
600.000 photos of over 370.000 object descriptions, with their
iconographic and documentary information, are already open to
consultation on www.kikirpa.be, where the low-resolution
images can be viewed. But as a further service we would like to
offer high-resolution zoomable images on view for as well the
general public as the more exigent researcher. Partly involved
in a project where a special scanner will be build for the
scanning of glass plates and film, we still needed to find a way
to digitize the large format glass negatives (40x40 cm), which
would not fit on the scanner. As an institute specialized in
photography for many decades, we opted for high-resolution
digital photography. But then, as expected beforehand, the
problem was how to handle all those newly generated large
files.

2. DIGITAL PHOTOGRAHY OF GLASS NEGATIVES

2.1 Test material

As a test case for this project we took from our own collection
532 large glass negatives (40x40 cm) of art objects (mostly

* Corresponding author.

buildings) and did in-house photographing on a self-build light
case. These plates date from the first WW. High-resolution
photographing of each plate generated three files:

e RAW: negative, RGB, 16 bit, 300 dpi, 40x40 cm around
130 Mb;

e TIFF: positive, greyscale, 16 bit, 300 dpi, 40x40 cm, small
retouches (dust and in separate layers contrast), from 60 to
220 Mb (depending on number of added layers);

e JPEG compressed: greyscale, 8 bit, 300 dpi, 40x40 cm,
from 4 to 12 Mb depending on image.

2.2 Problems and proposed solutions

During the manipulation of the plates, notes were taken about
the state of the plates for future restoration and conservation.
Problems with plates could be: emulsion loosening, corners
broken, paper or tape glued on plate, scratches or spots,
colouring, holes in emulsion, air bubbles between glass and
emulsion, missing parts filled up with gouache. The plates were
cleaned with demineralised water before photography. After
photographing them the emulsion was gently cleaned with
ethanol. The glass negatives were then stored in a new cover
with on the inside acid-free paper, and on the outside 100%
cotton, mould-made, acid free paper. Unfortunately our budget
doesn’t permit us to use new cardboard boxes for storing the
plates, so for the time being the old ones were thoroughly
cleaned, but since they contained traces of mould, they should
be replaced as soon as possible.

Another important problem generated by this project is the
large amount of data storage needed for archiving and easy
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manipulation of these digital images. The scanning alone of
these 532 negatives, and the storing of the three formats, took
up some 150 GB. Manipulation of the images to create
pyramidal tiffs for the website or other formats for specific
demands of the public are not counted in yet. And the institute
has almost 1.000.000 negatives. To be able to keep such a large
mass of data under control, a system was needed that met the
demands regarding usage and life-long storage.

3. ARTIPACS

The artiPACS (Art in a Picture Archive and Communication
System) is an in-house developed digital picture archive. Being
proponents of the widespread use of open source technologies,
we opted to make use and extend some of the workhorses of the
open-source Internet Community for our new archive, artiPACS
an open-source initiative under the GNU GPL-license.

3.1 A hands-on example of artiPACS

Throughout this article, an example is used to clarify the theory,
procedure and pitfalls during archiving. The example contains
three collections XOLD, XNEW and XRAW found on a hard
drive in our photo studio. The table below specifies the size and
file count (table 1).

Table 1: Hands-on example.

All folders have images with similar names X0123, X111L,
X0004, X001, X00005L, ... One or more digits, followed by an
optional ‘L’ character, follow the letter *X’.

Each filename has an extension: TIF, TIFF, CR2, REF, TAF,
RAW, JPG. The latter (JPG) is a processed image where
brightness, contrast, canvas size or another property has been
edited. The other extensions indicate a raw, unprocessed,
picture.

Any of the three collections may contain the same file (minus
extension). For example: image X123 may be present in XOLD
as X123.JPG, in XNEW as XI123.JPG and in XRAW as
X123.RAW. These are three different versions of one image
and will be referred together.

3.2 Preparations before uploading: the broker

Before uploading a collection, we must prepare the broker. The
broker acts as the collection watchdog: it verifies the naming
conventions of a collection and manages the relations between
other collections. The broker can also fetch a file, a thumbnail
or data related to a collection via a simple web-query.

For our example, we’ve called the new collection simply ‘X’.
This collection is related to the ‘PHOTO’ and ‘ADLIB’
collection in the institute. The full path, starting from the root is
‘/ADLIB/PHOTO/X’ (figure 2). This path can be used to store
information related to the collection on a shared network folder.
With a small tool, we can import the broker into graph

visualization tools like
(figures 2 and 3).

TULIP (www.tulip-software.org)
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Figure 2: TULIP-generated view (re-worked for print clarity)
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Figure 3: TULIP-generated view (re-worked for print clarity)

A strong naming convention will prevent the archive from
getting dirty and inconsistent. Even the best archiver can get
distracted and errors will occur. The broker triggers an error if
one would upload a file to the wrong collection or, for example,
upload the same image twice under different names.
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file name

~Validate naming convention and generates ‘uid" 71T 4TS emzsres
- Update uid in the reference version database 74 —
X1001.JPG —> 0 67076 ttl2l.ref
;2
o~e

6 6 0 ttl22.ref

N\\?__b_5 tti20.zes

> 0de062 Sebebb.
inbox
~The file' s content is saved ina
3a7169 b50591

folder with its digest as filename
:::joblist:::

20.ref content b50591..
£ content 7Tbee8..

[write] uid tt122.ref content Se6e6b..
[write] uid ttl23.ref content 3a7169d..

N
joblist
- Lists new uploads for tape robot
driver and thumbnail creator

(post-processing)

Figure 4: Functionality of the ftp patch
The naming convention uses regular expressions to check for
typing mistakes. The regular expression for our X collection is
AX[0-9]+L7?8. In plain English, this reads: “Start with an ‘X’
followed by one or more numbers and end with an optional ‘L’
character”.

Next, an optional logo is chosen. This logo represents the
collection and is, besides being handy for presentations, used to
quickly identify the collection when browsing the broker.

As seen in table 5, left column, the tt107 reference is used. This
reference is a picture of a green monster (figure 11), used for
undefined references in the archive or things that were not clear
at that time to the archive administrator (it even became a
member of our personnel photo collection and thus a member of
our permanent staff).

Security, the last field of table 5 is used to protect copyright
infringements but was not yet implemented at the time of
writing.

ADLIB root n/a
PHOTO | ADLIB root
X PHOTO ADLIB ..
X1001 X PHOTO
tt123 X1001 X

Table 5: Construction of paths

Table 5 shows some relevant records of the X photo collection.
The first three rows describe the path of the collection in the
broker. Next, the X collection is defined with the naming
convention, section logo and security described above. This
record is called the section leader.

The two light grey rows are automatically generated for each
new element in the archive.

Each new image maps its original name (UPPERCASE) to an
internal universal-identifier or uid. A uid is a computer-
generated identifier used to replace the human understandable
name: the reason is to protect the algorithms down the road
from too much human intervention:

Unforeseen changes in naming conventions or the use of
foreign characters in names (like é, ¢, a) can cause very
annoying problems.

The lowercase and uppercase convention is a practice
commonly used by C-programmers. The use of lowercase
indicates objects that exist in reality (tt107 is a physical file).
Uppercase names refer to defined database structure in the
broker.

Not all collections must be stored in the broker database. Some
collections are not of a permanent nature (e.g. photos of the
employees). A simple section leader then suffices. The photos
itself can be stored in the thumbnail database (later) or as
related information shared folder on the server. When accessing
such virtual collection, the broker will detect this and trigger a
script to obtain the photos from an alternative location. These
scripts are typically small, customized perl-scripts
(www.perl.org). This way, an artiPACS photo can also be a
website URL or even a complex database query.

3.3 Uploading a collection to the archive

The archive works decentralized: files are not stored on a
central server but must be committed when the photographer
has finished his or her work. The reason for this is performance.
Since digital media are becoming bigger, the chance of
overloading a server or network is realistic. Neither network nor
server may become a bottleneck and the photo studio must be
able to continue working if the system or network should fail.
Uploading uses an extension to the FTP protocol. We opted for
FTP because it is open and widely implemented and offers
advanced features like quota control, authentication and SSL
security. The product used here is the open-source pure-ftp
server (www.pureftpd.org). For the FTP client, we used python
(www.python.org) to have better portability across Linux, Mac
and PC and a faster turn-around time. Script based programs
allow fast in-situ changes.

3.4 About names, content and post-processing

Another basic design choice is to separate name and content of
a file. When working with multi-version files there is no longer
a one-to-one relationship between a file and its name.

To avoid confusion, we will use the terms reference instead of
filename in this article. Unlike a filename, a single reference
can point to one or more images.

Another reason is the way in which tape systems work. A file is
actually defined as a location, a block-id, on a tape-volume
between two file-markers. If we need to verify whether a file
from the tape is actually the requested data, we need to have a
fingerprint of the byte-to-byte content of the data. This finger-
print algorithm, the digest, is at the very heart of our archive.
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client archive system
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database
file — ‘ —>  inbox
fip
joblist

Figure 6: Uploading a file

Figure 6 illustrates how uploading a file works. A file is
uploaded via FTP. Because the artiPACS ftp-server is patched,
the ‘RNTO’ FTP command triggers our algorithm that splits a
normal file in its content, its reference and an action on the job
list to mark the newcomer.

The job list is used for several other actions: generating a
thumbnail, storing it on tape cartridges, etc. This is called the
post-processing phase.

3.5 How content can be referred to without a filename

When we disconnect the notions of content and filename, we
need another method for defining equality and inequality of
data. File ‘X’ and file Y’ are no longer different just because
their filename is different and, in reverse, two uploaded files
‘X’ can be different versions of one file (e.g. a raw camera
image and an image with adjusted contrast levels).

Our archive uses the crypto-mathematical MDS5 digest.
A digest, also known as ‘one-way hash function, of data X is
defined as [Schneier 1996, ch. 18]:

A one-way hash function, H(M), operates on an arbitrary-length
message M (the data). It returns a fixed-length value, h.

h =H(M) where h is of length m
With characteristics that make them one-way:

Given M, it is easy to compute h

Given h, it is hard to compute M such that H(M)=h.
Given M, it is hard to find another message M’, such
that HM)=H(M")

The whole point of the one-way hash or digest is to provide a
fingerprint of data. In practice the digest is a 32 characters long
word made  from letters and  numbers: (e.g.
d34¢37¢163358084e32958b8d8cb6300)

3.6 The reference database

Before a file is uploaded, the broker checks the filename to see
if it is valid. If this is ok, a ‘uid’ (or reference name) is created
in the broker database. Table 7 displays how much pictures
have a bad naming convention in our example, despite careful
screening!

XOLD
4611

XNEW
12274

XRAW
10375

Files in the collection

File formats not
allowed: TIF, TIFF,
CR2, REF, TAF, 0 1 40
RAW or .JPG
File name not allowed 15 0 4
Total uploads 4596 12273 10331

Table 7: Results of screening naming convention

The reference file is a flat plain-text file. It contains a line per
version it refers to. If this file is new, then a file is created in the
version database with the digest of the file’s content as a single
line. If the file would already exist, the uploaded file is
considered as a version and the digest is appended to the
existing reference file.

Below is an example of a reference file with two versions. The
original filename is stored next to the digest.

file: tt123.ref
3a7169d1994186281158941c78ccllae
name:X1001.JPG
d34¢37¢163358084e32958b8d8cb6300
name:X1001.RAW
The reference database is a flat set of .ref files (figure 8, right).
But the set can grow very large. We use subversion as a tool to
manage the files like a database. Subversion is a commonly
used amongst software developers on the Internet
(subversion.tigris.org). This freely available tool enables us to
maintain a set of files and see every change made, why a
change was made, who made a change, and it can add meta-data
to files or group related files together. This last option is useful
to specify collages. A bigger advantage is that the database
looks like a normal file system. Even if the subversion system
should fail or no longer exist in the future, the reference
database, critical to the artiPACS archive, can survive.

~717 47 5 ttiz3.res
d
u/ _~6™"07%6 ttizl.ref
—2
X1001.JPG 4
5
~e
S N6 __¢6 tt122.ref

NEL® +£120.ref

Figure 8: Uploading a file.

In figure 8 the file X1001.JPG was uploaded. Its extension .JPG
was chopped and the broker has verified the filename with the
naming convention. It then translates X1001 to reference
tt123.ref. This conversion is based on the broker’s database. If
the file already exists, the broker retrieves it from its database,
if not, the reference is generated by incrementing a counter.

In the middle of figure 8 are the shards. Because there can be
more than 1 million reference files, it would be impractical to
store all reference files in one folder. We subdivide the folders
in a transparent, automated way. But the folders also have to be
balanced. On average, all folders must contain an equal amount
of files. The shard algorithm uses again the MD5 hash function
on the filename to provide a balanced folder structure.

The MDS5 of the reference is used to create the shard:
MD5(“tt123.ref”) = 0d1455¢062d..., so the folder to place the
file tt123.ref in is 0/D/1/4/5/. This technique works because a
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MDS5 hash changes drastically with even a minor change in the
file’s name and the folder will stay balanced this way.

3.7 Duplicates and collisions in the inbox

The inbox is a simple folder to store the uploaded files before
they are processed (thumbnail, put on tape, etc.). But, because
this is a multi-version archive we cannot allow the files to keep
their name. If two different versions of file X1001.JPG would
be uploaded, they would overwrite each other and we would
lose data.

To solve this problem, we rename the file to the digest of its
content. For example: the digest of the content of file
X1001.JPG is “c37cd122163358084e32958b8d8cb6300”, so
the file in the inbox folder is simply named this way. Since the
tape system is ignorant concerning filenames, this way of
working is quite useful: if ever a file on tape is found without
knowing what it’s supposed to represent, a simple search can
reveal the corresponding reference, the original filename and
even its entire history in the logbooks of the version database.
Another advantage is that it is easy to detect picture duplicates.
Duplicates are files in a collection stored under a different
name. If both files X123 and X144 exist, but they are of an
identical image, then this is called a duplicate. This happens
quite frequently in practice.

One warning about this method: the success of finding
duplicates with a digest depends on the quality of the digest
function. A bad digest can generate the same hash code for
different pictures! Since MDS5 is well known and widely used,
we can rest assured that those digest collisions have a
probability of 27'%. If a supercomputer would archive
1.000.000 files per second, it would take an average
3.600.000.000 years to have a collision [Schneier 1996, ch. 7, p.
166].

Duplicates and collision can easily be checked: the number of
uploads do not match the number of files in the inbox. See table
below for the duplicates in our real-life example.

INBOX XNEW XOLD XRAW
# uploaded files 4596 12273 10331
Duphcate.s ina 7 25 40
collection
Cross c911ect10n 0 0 12
duplicates
Collisions 0 0 0
Total files 4589 12248 10279

Table 9. Duplicates and collisions

3.8 The post-processing phase

Post-processing is a vital part of archiving. Without post-
processing the files would accumulate on the server’s hard-
drives and these would need electrical power to sustain, because
hard-drives tend to leak information when not powered for a
long time. [Curtis Preston 2007]

The post-processing list is actually a serialized list of actions,
needed to support concurrent access to the system: many people
may need to store and retrieve photos at the same time, but the
tape subsystem can only handle one request at a time.

Serialization takes care of that problem. It can be compared to a
ticket system in a bakery.

After successful tape archiving, the corresponding reference is
updated with the location of the file’s content on tape. Below is
an example of a file reference referring to tape.

file: tt123.ref
3a7169d1994f86281158941c78ccl lae

name:X1001.JPG

vol:WMPO010

blockid:87
d34¢37¢163358084¢32958b8d8¢cb6300

name:X1001.RAW

vol:WMPO010

blockid:215887

Further details of the tape subsystem and thumbnail
management are considered outside the scope of this article.

4. INTEGRATION WITH EXISTING SYSTEM

4.1 Obtaining pictures from the broker

The ISLA broker can be accessed via simple HTTP 'GET'
requests. A GET request is indistinguishable from a normal web
address, except for a question mark and ampersand characters,
used to send parameters. We use this system because HTTP is
an open specification and can be easily integrated in meta-data
databases like the library and museum system we use.

To obtain thumbnail of UID:

http://isla.kikirpa.be/cgi-bin/tlb.pl?0bj=tt107
To obtain a full report on the whereabouts (server, state meta-
data), version logs and thumbnail of object X1001 in the X
collection as a formatted webpage:

http://isla.kikirpa.be/cgi-bin/tlb.pl?0bj=X/X100&meta=all

More details about the functionality are listed in table 10. The
broker can also be browsed as a website (figure 11 & 12).

Verify the naming convention for
a given collection and convert the
name to a UID.

makeuid

uid Convert human name to UID.

Get a list of related document on

docs the shared network folder.

paths List paths, starting from 'root' in
the broker network.
Create a full report about state,

all version history in the version
database.

syn Synonyms of the image.

Request a hi-res picture from the

hi-res&password=abc... tape subsystem

Table 10: Functionality of the broker
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Figure 11: ISLA Broker screen

One remark on synonyms: this reveals a basic property of our
broker. The broker is in fact a none-hierarchical file system, a
network of collections and pictures instead of the more usual
tree-like structure. In fact, it's possible to link one image to one
or more collections! An example is the green monster used
when no image is available in our archive (figure 11).

kikirpabe/tlb/ - Microsoft Internet Explorer E = ]
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Figure 12: ISLA Broker screen

5. CONCLUSION

As a small governmental institute with a large collection of
photographs to be digitized and archived we prefer to use open
source software and develop in-house. Putting these practices to
work and making the knowledge from this project available via
the open source community will hopefully bring us useful
improvements and networking possibilities. We are open to
anybody whishing to contribute or make use of this system still
under development.
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ABSTRACT:

Conservation involves maintaining the presences of the past in present. It means prevention against change or deterioration of a
building's fabric and the maintenance of its authentic character. It involves Preserving, Restoring and adapting old buildings
designing new ones that respect the contexts. Conservation, Preservation, Renovation and maintenance are several approaches that
deal with the buildings to upgrade and maintain the deterioration aspects. Architectural conservation deals with issues of prolonging
the life and integrity of architectural materials, such as stone, brick, glass, metal, and wood. In this sense, the term refers to the
"professional use of a combination of science, art, craft, and technology as a preservation tool and is allied with its parent field, art
conservation. Preservation of the architectural heritage is considered a fundamental issue in the life of modern societies. In addition
to their historical interest, cultural heritage buildings are valuable because they contribute significantly to the economy by providing
key attractions in a context where tourism and leisure are major industries in the third millennium. The need of preserving historical
constructions is thus not only a cultural requirement, but also an economical and developmental demand. The paper deals with the
conservation concept and processes. It presents the impotence of its current programs and goals which applied by the government. It
discusses the impact of conservation programs on the economic and the sustainable development of the Egyptian society. The paper

suggests recommendations deals with the Egyptian contexts.

1. INTRODUCTION

Egypt has a wide range of sites in age from prehistoric sites to
modern historical buildings. Nearly half of the world's
antiquities are in Egypt, chronicle more than 5000 years of
human history. It has about 10,000 antiquities sites; they
include monumental temples, great pyramids, magnificence
palaces and villas, and outstanding churches and mosques. Due
to the increase of population, climatic changes, industrial
activities, modern lifestyles and urban growth with squatter
housing , the rise of ground-water level and pollution; the
conditions of this sites was becoming progressively worse,
therefore, damage and deterioration are often a result.

These valuable sites and buildings gain their values from the
context and from the sittings they exist in. In most cases these
buildings are integrated with different complexities into the
surrounding communities.

People's lack of awareness of heritage is the most important and
influential factor in ignoring conservation of that heritage. This
reflects on the social, education and economic status of the
population. Human development, special socio-economic and
environmental improvements are important aspects in
conserving our heritage.

2. THE HISTORICAL SITES IN EGYPT

Egypt is a country of unique historical richness within a special
environmental setting. It has a variety of monuments and sites
of culture heritage. Due to the rapid urban growth experienced
in most Egyptian cities during the 1970s and early 1980s, little
attention was given to the conservation of urban heritage. There
are two types of conservation sites, one, is the natural sites for
instance protective areas such as "Rass Mohamed, El rayan
Valley, Sewa Oasis. The second type is man made sites, which
is divided in to two subdivisions, first called Archaeological

sites like the pyramids, temples of Luxor... the second called
traditional and historical sites which are occupied by people
who live in its properties like Islamic Cairo.

The paper emphasizes on the traditional and historical sites in
Cairo, Egypt, which leads to a clear understanding of the
conservation and culture heritage definitions. It presents one of
the biggest landscaping projects in the hart of Cairo, adjacent to
an old deteriorated district called "Darb al-Ahmar". The project
focuses on the social development and the training program for
the local people in the community. One of its aims is to transfer
the area to a valuable site and a tourism attraction.

3. CONSERVATION-CONCEPTS AND DEFINITIONS

Conservation is all the processes of looking after a site to keep
and retain its culture significance. It is an umbrella term which
covers a wide spectrum including maintenance, protection,
preservation, reconstruction and adaptation (Taylor & Francis,
1992). It means the act or process of preserving something in
being, or keeping something alive (Cantacuzino, S, 1990).
Conservation means prevention against change or deterioration
of a building's fabric and the maintenance of its authentic
character. It is a comprehensive process that involves architects,
economists, politicians and most importantly the local people.

Conservation by its general definition is a way to provide, for
the existence of the greatest possible diversity, not only a better
chance for the continued survival of humanity, but also for the
opportunity of living in a world of richness and prosperity
(Mohamed Amin , 2004). It acts to prolong the life of our
cultural and natural heritage, so it is a sustainable process of
continuous controlled interventions in the natural, physical and
cultural environment. Sustainable conservation demands
merging past and present, finding alternative uses for historic
buildings or encouraging a revival of a monument's original
life.
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Conservation also is considered as a process of development. It
involves preserving, restoring, and adapting old buildings;
designing new ones that respect their contexts and the
continuity of history. Collaborate the old and new together in an
urban fabric of variety and richness (Ragaei M. Said, 1997).
Conservation as an aspect of urban planning occurs at a variety
of scales and in varied conditions. The main differences
between conserving historic buildings, and other conservation
aspects could be summarized in three factors; first, their scale
within the urban fabric, second, their direct relation with the
outer surroundings, and thirdly the complexity of use.

Conservation as a whole is the wider approach that covers
complete areas through the restoration of the monuments, as
well as the development of the local communities. Restoration
is the most conservative form of preservation activity. It
describes the process of returning the artifact to the physical
condition in which it would have been at some previous stage
of its morphological development.

Some conservation projects emerge with deteriorated areas
within a comprehensive framework dealing with architectural
and urban contexts. Different problems can be faced when it
comes to urban conservation, without -considering an
appropriate meaning of culture heritage, and without
consideration of the potential of historical areas and the needs
of local communities. The aim of conservation is to promote
urban life characterized by a strong sense of continuity.

3.1 Architectural conservation

It describes the process through which the material, historical,
and design integrity of man kind's built heritage are prolonged
through carefully planned interventions. Architectural
conservation deals with issues of prolonging the life and
integrity of architectural materials, such as stone, brick, glass,
metal, and wood. In this sense, the term refers to the
"professional use of a combination of science, art, craft, and
technology as a preservation tool.

Preserving the architectural heritage is desirable for many
reasons. Culturally, historical buildings remind us of our roots
and add depth and character to the built environment.
Preserving our historic buildings provides a unique identity for
our urban structure. Older buildings trace unique styles and
technical innovations, highlighting our ongoing creativity and
ingenuity, as well as reminding us of our distinctive lifestyles in
the past. The renovation of historic buildings and sites will
increase awareness about our great assets, and encourage the
utilization of some ancient architectural elements in our
contemporary architecture that still need to be more responsive
to our cultural heritage.

3.2 Cultural Concept Relevant to our Heritage

“Culture” generally refers to patterns of human activity and the
symbolic structures that give such activities significance and
importance. Different definitions of 'culture' reflect different
theoretical bases for understanding, or criteria for evaluating,
human activity (Forsberg, A., 2006.). It can be defined as all
the behaviors, ways of life, beliefs and institutions of a
population that are passed down from generation to generation.
Culture has been called the way of life for an entire society.
More recently, the United Nations Educational, Scientific and
Cultural Organization (UNESCO, 2002) described culture as
the set of distinctive spiritual, material, intellectual and
emotional features of society, or a social group, in addition to

art and literature, lifestyles, ways of living together, value
systems, traditions and beliefs . “Heritage” means something
that someone receives. Cultural heritage can be referred to the
unique cultural and physical survival of the past (Reza Abouel,
2006).

“Cultural heritage” is the legacy of physical artifacts and
intangible attributes of a group or society that are inherited
from past generations, maintained in the present and bestowed
for the benefit of future generations. Physical or 'tangible
cultural heritage' includes buildings and historic places,
monuments, artifacts, etc., that are considered worthy of
preservation for the future. These include objects significant to
the archaeology, architecture, science or technology of a
specific culture. The heritage that survives from the past is
often unique and irreplaceable, which places the responsibility
of preservation on the current generation.

3.3 Urban Conservation

Urban conservation is becoming an urgent issue due to the
increasing tendency of city dwellers and population to move
back into historical city centers. Conservation on an urban scale
is concerned with the urban fabric as a whole with its
contextual, and cultural out look (Nahoum Cohen, 2002).

Figure 1: Cairo's historical quarter

Urban conservation is a local response to the global interest in

urban heritage that opens opportunities for Local community
learning. It creates a knowledge base extracted from heritage to
be used in the future to mediate economic and social
development. Interest in urban conservation in Cairo has been
growing steadily after 1992 earthquake as national and
international organizations sponsored a variety of projects in
different parts of the city. Such projects suggest communal
appreciation of traditional value systems and physical
achievements, and provide the potential for boosting
development.

The primary objective of the urban conservation program is to
maximize public benefits from community while minimizing
public expense in achieving these benefits. This program serves
as a public awareness campaign created in order to share the
city’s conservation and preservation values.

Urban heritage has been highly praised for its beauty, proper
utilization of local building materials, and for its respect and
sensitivity to the local cultural and environmental background.
Preserving urban heritage to sustain the local culture and inspire
city dwellers need not stop at the physical boundaries of
urbanization but rather need to extend to the urban cultural
context to grasp the essence of heritage. Being a global heritage
for all humanity, the old city of Cairo- Egypt inside the Ayubid
walls is an example of urban heritage contexts that extend
beyond the beauty and nobility of historic architecture. Urban
heritage conservation should be considered a good foundation
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for sound cultural planning and heritage management in our
cities.

3.4 Conservation and Sustainability

Sustainability is an issue which is increasingly considered
critical to the urban activities including conservation efforts. It
is a characteristic of a process or state that can be maintained at
a certain level indefinitely. It discuss how to make human
economic systems last longer and have less impact on
ecological systems .

Sustainable development is the development which leads to
management of all resources in such a way that economic,
social and aesthetic needs can be fulfilled while maintaining
culture integrity, essential ecological processes, biological
diversity and life support systems. In additional, we can
describe sustainable development as a process which meets the
needs of present and host communities whilst protecting and
enhancing needs in the future. It is the concept of meeting the
needs of the present without compromising the ability of future
generations to meet their needs. The term was originally
applied to natural resource situations in a long term perspective.

The term Conservation and Sustainability examines how the
two key issues of urban conservation and sustainability relate to
each other in the context of historic cities and how they can be
brought together in a common philosophy and practice that is
mutually supportive (Dennis Rodwell, 2007).

4. PROTECTING THE EGYPTIAN CULTURE
HERITAGE; THE CASE OF CAIRO

The Supreme Council of Antiques SCA is the government body
responsible for restoration and preservation of the culture
heritage in Egypt. Until 1995, restoration projects were left to
contractors under the supervision of the SCA engineers and
archaeologists.  The Historic Cities Support Programmed,
formalized in 1992, undertakes specific, direct interventions
focused on physical, social, and economic revitalization of
historic sites in the Muslim world. It is a program of the Aga
Khan Trust for Culture. It was formally established in 1988 in
Geneva as a private foundation to integrate and co-ordinate the
various initiatives of His Highness the Aga Khan regarding the
improvement of cultural life - and in particular of the built
environment, which is the most complex and tangible
expression of cultural development in societies where muslims
have a significant presence. The challenge taken up by the
Historic Cities Support Program (HCSP) is to demonstrate that
cultural concerns and socio-economic needs can be mutually
supportive. Accordingly, the program tests new strategies
which combine high-tech restoration, conservation, and urban
development principles with community based institution-
building and fresh entrepreneurial initiatives designed to make
local resources self-sustaining for the future. HCSP has
undertaken restoration, urban conservation, and development
projects in many Islamic Cities. The Azhar Park in Cairo is one
of the major projects opened in 2004. Major parts of the
adjacent, Ayyubid city wall are being restored in parallel, and a
number of rehabilitation and conservation projects have been
prepared in the adjacent Darb al-Ahmar district.

Cairo is certainly the most important historic city in the Islamic
world, a metropolis city of about 18 million inhabitants
surrounding it. Its old residential neighborhoods are suffering

from physical decline, pollution, and lack of organized
community activities.

The SCA has involved in renovating Islamic and Coptic
monuments, restoration of mosques in addition to Conservation
and Restoration Project in Historic Cairo. Restoring Al-Muizz
Street, which include five newly restored religious sites, in the
heart of Islamic Cairo, to be a pedestrian zone -only falls within
the framework of Historic Cairo Conservation and Restoration
Projects.

Figure 2: Restoring Al-Muizz Street

5. AL AZHAR PARK -THE CONSERVATION,
RESTORATION, REHABILITATION, AND
REVITALIZATION PROJECT IN CAIRO

In 1997 HCSP started the conversion of a huge barren site, it is
a hilly rubble-dump formed by debris accumulated over
centuries. It's located between the old Fatimid city, its extension
Darb Al Ahmar to the west, to the south are the Sultan Hassan
Mosque and its surroundings, as well as the Ayyubid Citadel.
On the eastern side is the cemetery, which became an area that
developed into a dense neighborhood of its own. It's
overpopulated by the needy and poor used as a place for them
to reside. The Aga Khan decided to give Cairo a new park in
that location which in badly needed more green space. One
study found that the amount of green space per inhabitant in
Cairo was roughly equivalent to the size of a footprint, which is
one of the lowest proportions in the world.

This large landscaping project completed in 2004, not only that
it brings relief to the dense metropolitan compacted area, but it
also started transforming the perception and the image of the
adjacent old city. As part of the massive considerable effort on
the dump slopes, many formerly buried sections of Salah el-
Din’s 12™ century city wall, including towers, gates and interior
galleries, were discovered and brought to light again. The Aga
Khan extended the project to include the restoration of this part
of the old wall of Cairo, which was surrounding the city in the
old days.

The project also includes the development of the Area Around
the old fence (Darb Al-Ahmar area) where people were living
and built their houses on parts of the hidden wall, and live
there. So the development process was extended to develop
and enhance the people life, by giving them loans to fix their
houses, improve their workshops to use them in building the
facilities inside the park, also to teach children at the
surrounding areas, so they can understand the area they are
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living in and to be aware of their culture, and to be able to deal
with the people who will visit the place.

Therefore, Al-Azhar Park provides much-needed leisure and
recreational space while functioning as a “green lung” in the
heart of the city. It acts as a catalyst for the physical and socio-
economic revitalization of the adjacent Darb al-Ahmar district
on the other side of the Historic Wall.

Figure 3: Al Azhar Park and the adjacent area

The design of the Park combines geometrical elements of
traditional Islamic gardens with soft-shaped hills and a small
lake. A network of informal pathways surrounds the more
formal garden areas and leads through all levels and corners of
the site. The northern edge of the Al-Azhar Park provides
important connections between the Park and the commercial
artery of Al-Azhar Street, close to the Khan al-Khalili bazaar.

Figure 4: Architecture Features and facilities in Al Azhar Park
5.1 Impact of the Project on the Economic and Tourism

Tourism is one of the biggest income generators and creators of
millions of jobs. Jobs generated by travel and tourism are spread
across the economy in many field. Travel and Tourism is acting
as a catalyst for conservation and improvement of the
environment and maintenance of local diversity and culture
(Tourism Development Authority, 1999), The value of historical
resources to a community comes from many sources; the value
of the site, the value of the resource as a result of tourism, and
the jobs opportunities as a result of the conservation efforts.
Most cultural site have an impact on economic and tourism, this
refers to the optimum tourist traffic per given time period that
the site can accommodate without causing damage to the site

(Maged Iscandar,2006) . Al-Azhar Park is important for tourists
to Egypt because this hilly site is surrounded by the most
significant historic districts of Islamic Cairo. This site is one of
the primary destinations for many visitors to the city, and this
new park located in its heart provides many advantages,
including a wonderful view of the surrounding area The physical
characteristic of the Al-Azhar Park, the rode network, the
recreation areas, landscaping, lighting and other facilities can
increase the economic benefits of the site and reach the optimum
absorption level of the tourism.

The tourism impact of the project benefits residents by
providing employment opportunities and training of local
people, it conserves resources through the concept of
minimizing pollution, waste, energy consumption water usage,
and landscaping

5.2 The Concept of the Project and Learned Lessons

e The project focuses on the physical, social, cultural and
economic revitalization of community.

e The strategy of the project enhances public awareness of the
heritage value, promote education of heritage conservation to
the general public and encourage community participation. It
helps the residents to re-connect with the old city through a
new vision to its features.

e The primary aim of the Al-Azhar Park project is to give a
boost to Darb Al-Ahmar area; its more ambitious long-term
goal is to promote urban development in Cairo as a whole.

e The conservation approach has been to work with local
residents to identify priorities and then take practical steps to
address these needs. Community priorities, including
restoration of houses, health facilities, education, solid waste
disposal, job training and jobs opportunities.

e The project emphasis on the contribution between People,
Authority, NGOs and the Built Environment (urban -
environment - social - cultural - economic - heritage)

e An extensive social development program, including training
programs, housing rehabilitation, micro-credit and health care
facilities, helping residents of this community lift themselves
beyond subsistence, enabling them to grow businesses and
upgrade the quality of their living conditions while dealing
with the project.

e The concept of the project emphasize on improving living

conditions by providing job training and employment
opportunities to the residents in the low-income
neighborhood of Darb al-Ahmar, in different sectors such as,
furniture manufacturing and tourist goods production. Also,
hundreds of young men and women have found work in the
park, and on project teams restoring the Ayyubid wall.
The park constructions, as well as the historic wall
conservation act as stimuli for the rehabilitation of Darb al
Ahmar. Ayyubid city wall are being restored in parallel, and
a number of housing rehabilitation and conservation projects
have been prepared in the adjacent Darb al-Ahmar district.

e The project is a generator of economic and social community
development, through its role as a culture center attracts
tourists and different classes from the society.

e Applying the concept of social responsibility through
allowing the resident of Darb Al- Ahmar area to use the
garden with special rate offer.

e Housing rehabilitation activities undertaken by the Aga Khan
Trust for Culture are expected to average 50 houses per year.
A housing credit system is aiding private individuals in the
rehabilitation of their own houses.
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e Design of a pedestrian access and traffic along the western
boundary of the park to support the perception that the
historic wall is a dynamic meeting place rather than a
barrier between the community and the park.

6. CONCLUSION

The study deals with the conservation concept and its influence
to the cultural heritage. It presents the objectives of the Urban
Conservation and its current programs and goals which applied
by the government and The Historic Cities Support Programs. It
discusses the impact of conservation programs on the
economic, tourism and the sustainable development of the
Egyptian society. It presents the Conservation and Restoration
of Al-Muizz Street, to be a pedestrian zone, within the
framework of The SCA in Historic Cairo. This paper focuses on
a recent urban Conservation Project in the heart of Islamic
Cairo "Al Azhar Park", as one of the biggest landscaping
project which started transforming the perception and the image
of the adjacent old city. The project is included the restoration
of the old wall of Cairo, and the socio-economic revitalization
of the adjacent Darb al-Ahmar district on the other side of the
Historic Wall. The project focuses on the social development
and the training program for the community. = The research
ends with lessons learned from the discussion of conservation,
architectural heritage and the concept of using such projects as
a knowledge base and a generator of economic and social
community development.

7. RECOMMENDATIONS

e Taking into consideration the needs of the local people as a
priority in urban conservation projects.

e The important role of the social programs which lead the
individuals to feel and interact with the place.

e The project would not have been successful without
effective partnerships with a number of international,
national and local NGOs and institutions of the Social
Development Fund.

e The Conservation Projects must be undertaken from an
approach based on the urban heritage cultural.

e The conservation policy should set guidelines for future
development resulting from changing needs.

e Conservation is a part of the universal aspiration; it is a
cultural activity which needs to be evaluated in the
perspective of a cultural tradition; a society expressing itself
as a nation or a community; and a universal concern for
aesthetic messages delivered by parts of the world’s
patrimony.

e Creative solutions to be catalysts for social and economic
development and the overall improvement of the quality of
life in the district.

e Public-private partnerships can be effective mechanisms for
enhancing the value of underused, unappreciated or even
unknown social, cultural and economic assets.

e The conservation of historic cites should be an essential
part of a coherent policy of economic, social development,
tourism and urban planning.

e Site and Tourism should be managed in a sustainable way
for present and future generations. Tourism and
conservation activities should benefit the local community.
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ABSTRACT:

This paper deals with the recognition and matching of text in both cartographic maps and ancient documents. The purpose of this
work is to find similar text regions based on statistical and global features. A phase of normalization is done first, in object to well
categorize the same quantity of information. A phase of wordspotting is done next by combining local and global features. We make
different experiments by combining the different techniques of extracting features in order to obtain better results in recognition
phase. We applied fontspotting on both ancient documents and cartographic ones. We also applied the wordspotting in which we
adopted a new technique which tries to compare the images of character and not the entire images words. We present the precision

and recall values obtained with three methods for the new method of wordspotting applied on characters only.

1. WORD FEATURES EXTRACTION
1.1 Methodology

To characterize the textual contents of the images of ancient
documents, we opted for describing the words or even the
characters and not to work with a whole page of document. This
is due to the fact of the nature of our application. In fact the
images of documents which we have (Tunisian national library,
base of madonne, British library) which have different
properties from contemporary documents images. In more, the
images than on whom we work did not contain the same noise
and the words are also not normalized. Of this, the idea to work
with imagettes words was born. In object to characterize textual
content of our heterogeneous basis, we opted for beginning with
the characterization of small entities in documents (characters,
pseudowords...).

As first application, we chose to characterize blocks texts
belonging to the same image after having cleaned the image by
a gaussian filter. We followed the steps presented in the
diagram presented in the figure 1.

1.2 Font Recognition

The optical font recognition known as OFR, is interested in the
recognition) of the font of a writing. The optical recognition of
characters is a domain which was already the object of multiple
researches; however the main OCR systems (Optical Character
Recognition) were applied to monofont texts. We were able to
realize during our previous works so impressive results with
wavelets and fractals for the characterization of printed Arabic
fonts [Zaghden 2006] and we were even able to show the
robustness of the new method that we adopted (CDB) to
calculate the fractal dimensions of the images. This method
allowed us to show its robustness in front of white gaussian
noise especially if we compare it with the wavelets, which
showed a net decrease in the rate of recognition of fonts.

We obtained in fact recognition rates lower than 30 % with
wavelets on these degraded images.

Ancient Documents
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Text Extraction
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+ Local Extraction of
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| Font Classification

v

Text Regions with
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Figure 1: Organigram of the recognition font approach

In terms of recognition, we noticed a net performance of the
new method which we adopted for the calculation of the fractal
dimension (CDB). Indeed this method, allowed us to reach a
recognition rate of 96.5 %. The obtained results prove that the
methods which we adopted for the recognition of multifont
texts can be applied to develop a strong character recognition
system. Indeed the methods which we developed can be applied
to a wider number of fonts and we prove in this paper that with
this technique we can characterize different styles of texts
contained in the same document.
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The new method which we developed for the calculation of the
fractal dimension (CDB) is inspired by the method of counting
by Box [Zaghden 2006]. Among other by-products of this
method, there is a method of counting of reticular cells
[Gangepain 1986] and also the method of Differential Box
Counting [Sarkar 1992, Sarkar 1994, Cho 99].

1.3 Characterization of textual documents by fractal
dimensions

The robustness of the fractal dimensions was also illustrated in
the characterization of different text styles of ancient documents
where we notice the presence of three essential fonts (figure 3).
We also demonstrated the possibility of this method to make the
differentiation of scripts and fonts in the same image as it is
shown in a cartographic map (figure2).

Certainly before making the characterization of the writing
contained in the images we made first of all stages of
pretreatment based on the works of [Khelifi 2007]:

1. Separation and reduction of colours
2. Elimination of the isolated pixels
3. Extraction of connected components
4. Segmentation of the textual constituents of the image
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Figure 3: Extracted classes from ancient document image

The inconvenience of this method is that we treat only the
horizontal texts and we are now developing a system allowing
us to correct the slope of texts to categorize in an effective way
the various types of text which we can find in the various
categories of ancient documents. This classification is of a big
importance during categorization of the classes in several
images.

2. TEXT MATCHING

2.1 Local Descriptors

After having applied global descriptors such as fractals to
describe textual content of images, we chose to apply the
matching of text images after having described them by local
descriptors such as projection profiles, Euclidian Distance Map,
XOR...

We can characterize various blocks text of the same size with
the function XOR, in which we represent in the image result a
white pixel only if it is a white pixel in one of the first two
images and it is the opposite in the other image. So the function
XOR works pixel by pixel. The calculation of the similarity
between two images is done by applying this function between
the new shape and the model in the basis. In the figure 18 we
present the result of the function XOR on two occurrences of
the same line.

So we can conclude that the function XOR can resolve the
problem of recognition of the images words of ancient
documents. Indeed we applied the Euclidian distance map
algorithm to calculate the error between the images. Indeed
every white pixel in the resultant image XOR error, so the
function EDM applied to XOR allows us to obtain a vector
measuring the error between two images.

This can simplify us the task especially if we choose to limit
our application and to make a user interface in which, the user

annotate for example words similar to the images words of our
basis.
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Figure 4: Application of XOR to two occurrences of the same
line

2.2 Proposed Approach

The method that we just discussed allows us to make the
wordspotting of the words images of ancient documents. The
only problem is related in fact with the basis of images which
we possess. George Washington's manuscripts possess several
redundant words and many researchers worked on it
[Manmatha 1996, Rath 2003], only the problem it is that we
were not able to reach all the manuscripts. We chose to make
the wordspotting on the images of the national library,
Madonne and the base of Gutenberg and this is due to the fact
that the words in our base are not too redundant. So to be able
to give a significant result with many images in the base of test
and learning, the samples which we treat, will be many. The
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method which we chose is not to work with a whole word but
rather to work with the images of characters.

The documents on which we make our approach are only the
ancient printed documents and essentially issued from the base
of Madonne. Indeed, we make a first segmentation of the
images based on the method developed in [Khelifi 2007]
allowing to group the blocks of the images texts. Then we treat
every block by choosing as criterion of separation between the
characters to be segmented, the presence of white pixels.
Certainly this approach allows to make the correspondence
between characters on ancient printed documents but she will
also allow to characterize pseudowords (Blobs ) issued from the
ancient handwritten documents in particular the Arabic
characters printed or manuscripts owed to the fact of the nature
of the Arabic writing, which is cursive by nature.

First of all we chose to work with the function XOR followed
by the algorithm EDM to calculate the errors between the
images requests and the images of the basis (figure 5); the
images ( ¢ ) and ( d ) present respectively the result and the
complement to the result of the function XOR applied to the

images (a)and (b).

(&) by (e (d)

m, m

Figure 5: Application of XOR function to two occurrences of
character “m”

Secondly we calculated the projection of profile of the images

of characters.

Figure 6: Vertical Profile of character “m”

The result of every character is compared in fact with the other
characters of the document. So the advantage of our approach
consists in the fact that we work with a not supervised
classification, which applied in our domain of application will
have certainly many advantages that the methods based on
supervised classification.

One of the main advantages is that we do not know the number
of classes or characters in advance whether it is in one image of
ancient document or in all the basis. We became aware of this
problem when we made Self Organizing Map's algorithms and
K _means and we showed that the number of class can never be
fixed from a document to the other especially if we work with
images of heterogeneous documents belonging to various
centuries and certainly having various characteristics.
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Figure 7: Application of The Self Organizing Map on an
ancient document image

The images to which we applied our algorithms are the ones
issued from the basis of madonne and of Gutenberg because the
base of the national library contains much more noises and that
the techniques that we developed are not rather effective on
such degraded images. The images that we treat here contain
the noise due to the weak resolution and also to the artefact
resulting from the compression of collected images.

A phase of pretreatment is applied to the images (gaussian filter
followed by the elimination of the isolated pixels) in the first
place.

Our experiments touched only the images of Latin characters
the number of which is 7280. Then we tested images of words
of documents printed the number of which amounts to 100.
These images tests repeat 135 times in the images considered in
our base of learning (There are words which repeat more than
only once).

We so calculated the terms precision and recall for two various
methods which we adopted:

¢ XOR
e EDM (having applied XOR)
e Vertical Projection followed by the algorithm EDM

We present in the table below the results obtained with three
described methods.

Method XOR EDM Vertical
Projection

Precision 63.14% 78.43% 41.67%

Recall 55.34% 79.32% 34.46%

Table 8: precision and recall rate of adopted methods
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We can notice also that the best rates of recognition were
obtained with the EDM method. Certainly this rate is the best in
comparison with the methods which we tested but it will
certainly be improved by adding the other criteria.

Among the works that we are making now, there is a correction
and the improvement of the slope of the characters issued from
ancient documents as well as the normalization and the centring
of the characters. Other techniques also make our current
domain of study such as the DTW (Dynamic Time Wrapping)
function used for a long time in the analysis of the signals.

3. CONCLUSION

We tried in this paper to characterize the textual contents of the
images of ancient documents. We tried several algorithms
treating the pages of documents altogether such as the K-means
algorithm and the algorithm “self organizing map”, in order to
categorize the various classes contained in our documents. We
concluded that such methods cannot be taken as standard
methods and effective capable of categorizing the textual
entities of our documents. We also tried to apply global
approaches for the measure of texture such as the fractal
dimensions from the method CDB. We were able to categorize
the various types of writings of our images. We also applied the
wordspotting in which we adopted a new technique which tries
to compare the images of character and not the word images or
pseudowords. Some improvements are in the course of study to
improve the rate of precision and recall.
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ABSTRACT:

Current EU (FP7) funded research priorities in the cultural heritage domain understandably favour projects that address generic and
large scale systemic issues such as barriers to mass digitisation, automated content capture and data mining, resource sharing,
multilingual access and broad frameworks for long term data preservation. While these are undeniably important, access to and use
of cultural and scientific resources also depend on the usabilty of individual Web sites. The majority of Web sites are difficult to use,
resulting in frustration, unnecessary costs and loss of repeat visits. Users do not wish to invest significant time in learning how to get
the best out of a site. So interface design is a significant factor in determining levels of access and use. This paper examines some
interface design challenges encountered in the context of developing an online database of historical exhibition catalogues. It
identifies issues that distinguish event-based data sets from other database design projects and discusses the extent to which a user-
centred design approach and paper prototyping in particular can help to address these issues.

1. INTRODUCTION

“EU-funded research on digital culture and digital libraries
deals with leading-edge information and communication
technologies for expanding access to and use of Europe's rich
cultural and scientific resources. It also investigates how digital
content created today will survive as the cultural and scientific
knowledge of the future (digital preservation).” (DigiCult,
2007)

Current EU (FP7) funded research priorities in the cultural
heritage domain are focussed on access to, use of and
preservation of cultural and scientific  knowledge.
Understandably this tends to result in projects that address
generic and large scale systemic issues such as barriers to mass
digitisation, automated content capture and data mining,
resource sharing, multilingual access, and broad frameworks for
long term data preservation. While these are undeniably
important priorities, access to and use of cultural and scientific
resources depend also on micro factors associated with the
design quality of individual Web sites. Sites which have a clear
purpose, are easy to navigate and search and which provide
tools that help users to achieve their goals efficiently are more
likley to encourage and facilitate access and use than poorly
designed sites.

While this is not a new insight, it is still important and requires
action because the usability of Web sites is generally poor.
According to User Interface Engineering, (2001) people cannot
find the information they seek on Web-sites about 60% of the
time. This can result in loss of repeat visits. Badly designed
sites lose repeat visits from 40% of the users (Manning et al.,
1998). It can also result in wasted time, reduced productivity,
increased frustration, and revenue, increased training and
increased support costs. Trained researchers might be expected
to have more sophisticated digital resource search strategies, but
recent research (Brown et al 2006) showed that Arts and
Humanities  researchers tend to employ relatively
unsophisticated strategies (single or two word phrase searches
in popular search engines are common.) and generally they are
largely unaware of the possibilities for data analysis and

multimedia data presentation that digitisation offers..
Moreover, they are reluctant to invest significant amounts of
time to better understand and use resources (Warwick et al,
2006). Arguably therefore, micro Web design factors are as
important for long term adoption and use as more generic and
systemic research topics. This paper examines some interface
design challenges encountered in the context of developing an
online database of historical photographic exhibition catalogues.
It identifies issues that distinguish event-based data sets from
other database design projects and discusses the extent to which
a user-centred design approach and paper prototyping in
particular can help to address these issues.

2. THE RESOURCE

Study of the early history of photographic practice is hampered
by the limited availability of primary resources. Early artefacts
were often unique (e.g. Daguerrotypes) and made from
ephemeral materials, so survival was precarious. In England,
for example, the studio records of Jean Antoine Claudet (1797-
1867) and his collection of early photographic incunabula were
all destroyed by fire. While many major figures are well
documented thanks to their prominence at the time (e.g. Hill and
Adamson) and the survival of archives, (e.g. The
correspondence of William Henry Fox Talbot in the UK and the
studio records of Southworth and Hawes in the USA), much
less is known about the history and contributions of large
numbers of other figures.

A useful source of data is surviving exhibition catalogues.
Although various photographic societies flourished in 19"
century Britain and held their own annual exhibitions,
catalogues from most of these societies have not survived in any
significant numbers. In contrast, the surviving catalogues from
what is now the Royal Photographic Society's annual
exhibitions, from 1870 onwards, contain detailed entries on
photographers, photographs and commercial companies,
including, from 1895 accompanying line or half tone
illustrations of some of the photographs exhibited. Collectively,
these exhibition records offer a unique insight into the evolution
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of aesthetic trends, the application of photographic processes
and the response of a burgeoning group of photographic
manufacturers, as well as the fortunes of the Photographic
Society itself. The society's exhibitions attracted a wide
constituency of photographers, from Britain, Europe and
America. Many individuals launched their photographic career
by exhibiting at the Royal Photographic Society and a
significant number went on to become leading practitioners of
their day. The exhibition catalogues were published in full in
the journal of the Society: The Photographic Journal, copies of
which are available in many research and public libraries.
However, even major UK libraries such as the National Science
Museum and the British Library do not hold complete runs and
loan policies are restrictive, making it difficult for most
researchers to access and compare data such as exhibition
sections, processes and exhibitors across different years.

Our intention therefore was to provide online access to and
facilitate the use of these catalogues by researchers, primarily
those working in the field of photographic history, but also with
a view to wider research audiences concerned with
technological and scientific developments, art, culture and
social trends. Our objectives were to build an information
resource that combined browsable rich visual information (page
scans and photographic exhibits) with highly structured
searchable data (exhibition catalogue entries). The focus of our
work was from 1870 when the first catalogue was published, to
1915, after which the annual exhibitions became smaller in
scale and national in character as the First World War began to
affect the progress of photographic culture throughout Britain
and Europe.

The catalogues themselves contain three broad categories of
information: details of the exhibitions (dates, venue, title,
sections, judges); the exhibits (exhibit number, title, exhibitor
name, photographic process, award status, price and sources;
and exhibitors (name, title, address, RPS membership,
qualifications and aftfiliations). However, the exhibitions were
discrete annual events. While there was some continuity from
year to year, inevitably over the 45 year period in question there
were changes in exhibition content, structure and presentation,
which are reflected in the catalogues. As time went by, the
exhibitions became more complicated, trade entered the picture,
the photographic press and industry became more complex,
there were more products to choose from, more participants and
ideas and technologies changed. The catalogues themselves
also evolved. Thus in 1876 the first adverts appeared in the
catalogue, in 1880 for the first time the judges were listed and
by 1895 pictures began to appear to illustrate the exhibits. In
1870 the catalogue ran to 8 pages only, but this rose to over 100
pages in the early 1900s. These variations created significant
challenges for the design of the user interface generally and in
particular for the design of the search interface. A few
examples illustrate the range of problems encountered.

2.1 Changes to the exhibition structure

Different, named, sections within the exhibition were only
introduced for the first time in 1877 and their number and their
names changed frequently thereafter. In the three years from
1905 to 1907 the number of sections in the exhibition stabilised
more or less, yet as the following extracts show, the names and
subject matter of the sections evolved quite noticeably even in
this short space of time.

In 1905 there were seven identifiable sections:

Lantern Lectures / Pictorial / Scientific and Technical
Photography and its Application to Processes of Reproduction /
Lantern Slides in the Scientific and Technical Section / Loan
Collection of British Technical and Scientific Photographs from the
St. Louis International Exhibition of 1904 / General Professional.

By 1906 these had evolved into eight sections with broadly
similar titles:

Lantern Lectures / Pictorial / Scientific and Technical
Photography and its Application to Processes of Reproduction /
Scientific and Technical Photography and its Application to
Processes of Reproduction. By Invitation from the Council /
Lantern Slides in the Scientific and Technical Section /
Transparencies in the Scientific and Technical Section. By
Invitation from the Council / General Professional Photographs
/ Photographic Apparatus and Material.

In 1907 there were again eight sections but with slightly
different titles:Lantern Lectures / Pictorial / Scientific and
Technical Photography and its Application to Processes of
Reproduction / Scientific and Technical Photography and its
Application to Process of Reproduction / Scientific and
Technical Photographs, &c. / The Autochrome. Collected and
Arranged by R. Child Bayley and Thos. K. Grant, By Invitation
from the Council / General Professional Photographs /
Photographic Apparatus and Material.

The way in which an exhibit might be classified thus varies
considerably over the entire 46 year period. A “transparency”
might at different times have been exhibited under any of the
following section headings:

e Autochromes

e Autochromes and Other Colour Transparencies

e II. Colour Photography. Autochromes and Other Colour
Transparencies

e II. Colour Transparencies

e [IL. Colour Photography, Including Autochromes and Other
Direct Screen-Colour Transparencies

e II. General Photography, including Lantern Slides and
Stereographs, Lantern Lectures

e [II. Scientific, Natural History, Colour, and General
Photographs - Lantern Slides
e II. Scientific, Natural History, Colour, and General

Photographs - Stereoscopic Slides
e II. Scientific, Natural History,
Photographs -Transparencies

Colour, and General

e Lantern Slides in the Scientific and Technical Section

e Stereographs and Transparencies in Sections I, III. and V

e Stereoscopic Photographs

e Lantern Slides

e Lantern Slides and Transparencies

e Stereoscopic and Lantern Transparencies

e Stereoscopic and Lantern Transparencies and Prints

e Stereoscopic Slides, Stereoscopic Transparencies

e Transparencies

e Transparencies in Sections II. and III. - Colour and
Monochrome

e Transparencies in Sections II. and III. - Stereographic
Transparencies

e Transparencies in the Scientific and Technical Section. By
Invitation from the Council

e [II. Scientific and Technical Exhibits, Natural History,
Colour Prints, Lantern and Stereoscopic Slides
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In order to be as faithful as possible to the original data in the
catalogues it is necessary to list all these different sections
individually, even in the drop down search menus. Yet this
could make the menus impossibly long and confusing for most
users. On the other hand, it seems likely that researchers
interested in one type of transparency such as Autochromes,
may be interested in some other types, such as Colour
Transparencies and even possibly Lantern Slides. So some
grouping of categories might be more useful for researchers
because it would reduce the length and complexity of the
searches required to identify all the items relevant to a query
concerning transparencies. There is thus a tension between the
need for accuracy on the one hand and usability on the other,
created by the complexity of the data.

2.2 Variations in exhibit descriptions

An exhibit entry could potentially include up to 14 different
items of information, as shown in figure 1. However not all
fields are required for every exhibit. Prior to 1877 the
exhibition was not divided into different sections, not all
exhibits had multiple exhibitors, or sub components, or were
part of a larger group. Furthermore different kinds of exhibits
were catalogued in different ways. For example “Lantern
Lectures” and “Stall holders” were not given exhibit numbers
and fields such as “process” and “prices” did not apply to the
latter.

Details of exhibit
Exhibition Year and Title: 1915 Sidieth Annual Exhibition of the Roval

Photographic Soclety of Great Britaln
Exhibitor: G. Suter

Exhibitor 2:

Section: Pictorial Photography

Group Title:

Exhibit No.- 6

Exhibit Na. 2:

Exhibit titie: A Glimpse of the Weisshorn Summit
Desoription:

Sub-extibits:

Exhibit type: Photograph

Process: Bromide

Award” none

Prices: Qriginal Framed 12/6

Source(s):

Figure 1: A specimen exhibit record

The usability issue here is again related to complexity and
variation in the data. To show all fields for every exhibit would
result in long tables of largely empty cells, making them
difficult to read and tedious to page through. Omission of
empty cells on the other hand hides from the user the hint that
searches for other kinds of data are possible.

2.3 Exhibitor name variations

Table 1 shows a listing of exhibitor records for the surname
“Abney”. From this list it is clear to a human observer that
“Abney, C.E.” is not the same person as “Abney W. de W.” but
that the various W. de W. Abneys and Captain Abney (1875 and
1889) are the same person. So should a search for “Capt.
Abney” return results for “Captain Abney”, “Lieut. Abney” and
“Sir W. de W. Abney” as well? Or all entries for “Abney” just
to be on the safe side?

Records for Abney

Year Name Title. Address
1905 |Abney. W. de W._ Sir Rathmore Lodge, Bolton Gardens South, S.'W.
1906 | Abney, W._de W. Sir [Not Listed]
1870 | Abney. W.de W. Lieut Chatham
1871 | Abney. W.de W. Lieut Chatham
1872 | Abney. W.de W. Lieut Chatham

1873 | Abney, W._de W. Captain | St. Margaret's, Rochester
1875 | Abney, Capt. St Margaret's, Rochester
1876 | Abney. W.de W. Capt. Rochester

1878 |Abney. W._de W. Captain | 3, St. Alban's Road, Kensington

1879 | Abney. Captain |3, St. Alban's Road, Kensington
1879 | Abney € E [Not Listed]

1880  Abney € E Derby

1881 | Abney. Captain |3, St. Alban's Road, Kensington
1881  Abney. Charles E. Derby

1882 | Abney. W. de W. Captain | 3, St. Alban's Road, Kensington, W

1883 |Abney. W. de W. Captain | Willeslie House, Wetherby Road, South Kensington
1883 | Abney. C. E. St. James Street, Derby
1884 |Abney. C.E.

1884 | Abney. Captain | Willeslie House, Wetherby Road, South Kensington, S'W.

6, St. James's Street, Derby

1887 | Abney. W. de W. Captain | [Mot Listed]

1888 |Abney. W. de W. Captain | Willeslie House, Wetherby Place, South Kensington, S'W.

1889 Abney. Captain | Willeslie House, Wetherby Road, S.W.
1892 | Abney. Capt. | [Mot Listed]
1893 | Abnev W deW ~ Caot | Willeslie House. Wetherby Place. South Kensinaton. S.W.

Table 1: Entries for exhibitor “Abney”

While it is easy enough to associate variations on a name in the
database so that a search for that name returns all the associated
hits, the difficulty lies in deciding which names to associate
with each other. While it is highly probable that Captain Abney
(1892) is the same person as the other W. de W. Abneys, this
cannot be deduced conclusively from the evidence in the table.
In other cases, for example where a woman changed her name
and address on marriage, the degree of interpretation required is
even greater.

The problem here is how to deal with ambiguity and
uncertainty. This is not so much a problem while one is
searching for a particular name. The researcher can make their
own judgment about which of the various records apply to the
same person. But it does become problematic if one wishes to
consult a comprehensive record of activity for a particular
individual. Because we are dealing here with a database, it is
possible to perform actions that would be tedious and time
consuming if they had to be done manually, working from the
original catalogues. For instance, it is a very simple matter to
list all the records for a particular exhibitor in a single table so
that their complete pattern of activity across the years can be
seen.

The difficulty lies, as we have seen, in knowing for sure that
exhibitors with similar names in different years are indeed the
same person. Again there is a tension between increased
usability (grouping all the Abneys together so that the record for
Abney shows their full history) and data reliability and accuracy
(showing each entry for Abney separately so that the research
researcher has to choose which entries to collect together to
build up the history for themselves).

2.4 Errors

Not surprisingly the original catalogue entries contain errors as
well as variations in the data. For example, exhibitor “Marjory
T Hardcastle" appears with alternative spellings of "Marjory"
and "Margery". While a search for “Hardcastle” would return
both variations, an exact word search for one of them would not
include the other. It would make searching for specific items



COMPLEXITY, AMBIGUITY AND UNCERTAINTY 105

easier if obvious errors like this were corrected. However errors
are not always so easy to spot and there may be differences of
opinion as to which is the correct version. So error correction
raises the possibility of introducing more substantive errors of
fact. This is another, different, example of uncertainty and
poses the same dilemma as the name variation example above.
How far should one interpret the data in order to improve
usability?

While there were many more issues, these few serve to illustrate
the themes of complexity, variation, ambiguity and uncertainty
that emerged and which seem to belong in particular to event
based data series such as historical catalogues where there is
lack of continuity and only weak ties between the individual
data sets.

3. METHODOLOGY

While the database tables were determined to a large extent by
the catalogue data itself, the data views and the interface design
issues were tackled using a user-centred design approach. User-
centred design (Katz-Haas, 1998; Vergo et al, 2001) offers a
methodology for ensuring designs are effective by closely
matching them to user expectations and needs, based on user
requirements analysis and testing. This approach makes the
user rather than the product the focus of attention and it
employs an iterative process of design and evaluation from the
very start of the project (Henry and Martinson, 2003) as shown
in figure 2.

Hard - coded
prototype
/ Second \
lteration
Brief/ Concept Test
e Thiird Database
Iteration driven
Test Paper Test prototype
prototype

Rl

To final version
Figure 2: Iterative design and test cycles

The emphasis in each test is on “usability”. The International
Organisation of Standardisation (ISO) (ISO 9241-11, 1994)
identifies three key factors associated with the usability of an
interface: effectiveness, or the extent to which the intended
goals of use of the overall system are achieved; efficiency, or
the effort required to achieve the intended goals; and
satisfaction, or the extent to which the user finds the overall
system acceptable (John and Marks, 1997). Nielsen (1993)
offers a more nuanced list as follows:

1. Learnability: ease of learning to use the system so that the
user can get started rapidly.

2. Efficiency: once the system has been learned, a high level of
productivity should be possible.

3. Memorability: casual users should be able to return to the
system after some period of not having used it without
having to relearn everything.

4. Errors: it should be easy to recover from errors.
catastrophic errors should never occur.

5. Satisfaction: the system should be satisfying to use.

Also

As noted above, usability is important because people cannot
find the information they seek on Web-sites about 60% of the
time (User Interface Engineering, 2001), badly designed sites
lose repeat visits from 40% of the users (Manning et al., 1998)
and even trained researchers have difficulties finding the
resources they are looking for (Brown et al 2006).

Since evaluation trials in user-centred design are undertaken
right from the start, they necessarily involve testing of
prototypes.  Prototypes vary according to the stage of the
process and the purpose of the trial. Usually the choice is
between three types (Neilsen, 1993): “vertical” which offer in-
depth functionality for a few selected features, “horizontal”
which offer full interface features but no underlying
functionality, and ‘“scenario” which offer functionality for
specific pathways or task scenarios. In this project we began
with paper based “horizontal” prototypes to test the overall
concept followed by paper based scenarios in the second round.
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Figure 3: A paper prototype advanced search page for exhibits

In the third round, screen based “scenario” types with dummy
data were used and in the final round subjects used a fully
functioning screen based system connected to a prototype
database. Paper based mock-ups were used in the earlier stages
because they are quick and cheap to produce, can be modified
easily and make users feel more relaxed about offering
criticisms (Rettig, 1994). Figure 3 shows a typical hand drawn
mock-up for an advanced search page.

The first iteration entailed showing users simple hand drawn
pages to find out how easy it was for them to understand what
the site was about, what it did and how to find certain types of
information on the site. Subsequent trials were more objective,
requiring users to locate specific information in response to a
series of questions. A sample set of scenario questions is as
follows:

1. You are researching Alvin Langdon Coburn and want to use
the ERPS site to find any references to his work and his
involvement with the RPS.

2. You now want to start a new search looking for all
individuals who were associated with both the Royal
Society and the RPS between 1870 and 1900.



106 Professor Stephen Brown

3. From these results you now want to find anyone who took
photographs in South Hertfordshire at the turn of the
century, so need to find exhibitors based in Watford
between 1890 and 1900.

4. You are interested in scientific photography in the 20th
century and want to find exhibits of scientific interest which
were awarded medals.

5. You are researching your family history and know that one
of your relatives was an early photographer, so you want to
find an exhibitor from the 1873 exhibition called Dogberry,
who you think was not a member of the RPS.

6. You are interested in your local area history and specifically
the development of specialist businesses that employed
local people in the late 1800s. Therefore want to find all
exhibits to do with Westminster between 1872 and 1895.

7. You now wish to refine your search by finding only the
exhibits in the scientific section of the exhibition year 1873.

To answer these queries requires searching for particular items
across different years and in different categories. Coburn was
both an exhibitor and a judge and in some cases his work was
shown by other exhibitors as in the case of a photograph shown
in the 1914 exhibition by David Octavius Hill, based on a paper
negative by Coburn. So Coburn is listed under several
categories. However, as we have seen, there are inconsistencies
in the ways in which information is presented across different
categories and this is compounded by variability over time.

The user trials were carried out with relatively small numbers
(3-6 subjects per trial), selecting a fresh sample each time to
ensure that results were not cross-contaminated by previous
exposure to the design. Sample sizes of 3 to 5 users are
sufficient to obtain valid results in this kind of test (Neilsen,
1994), even though larger samples are usually required for
scientific studies (Bevan et al., 2003). Subjects were an evenly
balanced mixture of male and female volunteers, none of whom
had any previous knowledge of the project. All were
experienced personal computer and Internet users.

For the first trial, volunteers were selected who were not
photographic historians to ensure that there was no possibility
of over-interpreting the design. In subsequent trials the
volunteers were photo historians, researchers and curators, to
ensure that they could provide informed comments about the
performance of the site. Trials were conducted with one subject
at a time. Subjects were told that it was the design, not they that
were being tested. They were not told what the site was about.
They were asked direct questions about the site and encouraged
to voice their thoughts as they were looking at the prototypes
and to ask questions if they were unsure about anything. If they
asked questions about how to do something they were not given
direct answers. Instead they were asked how they thought it
might be possible to do it. After the trial each subject was asked
for any other comments they had about the site design. Trials
were recorded on audio, supplemented by notes and
photographs.

4. RESULTS

The results of the first trials indicated that subjects easily
understood what the site was about but there was confusion
about what functionality the site offered and they were confused
by the Boolean search options. Most said they would either just
search by browsing or, enter one or two words in the simple
search box and then click on “go”. A major change resulting
from this was the introduction of a form based “guided” search

that was intended to indicate to users the full range of fields that
could be searched including lists with drop down menus of all
exhibitor titles, RPS membership status, qualifications and
affiliations; judges roles, capacities and exhibition sections;
exhibit types, processes, prices, medal status, sources, and
exhibition sections, as well as drop downs for exhibition dates
and free text entry boxes for exhibitor names, addresses, etc.
Figure 3 shows one page from the guided search form.

Second round trials were conducted using revised paper
prototypes and third round trials employed wire-frame mock-
ups of screens (see figure 4 for an example). In both of these
rounds most subjects preferred to use the guided search as it
provided more information about what kinds of data was
available in the database but they were so overwhelmed by the
complexity of the interface that they did not notice many of the
available search options and found it difficult to select the most
appropriate ones for the tasks they were given. Many resorted
to selecting the “search all fields” option to be on the safe side
and explained that they would then visually scan the results to
pick out the relevant hits. In response to this it was decided to
simplify the interface by taking some steps towards interpreting
the data. For example, the great many different exhibition
sections were categorised and a summary list provided in the
menu drop downs (see figure 4). Thus many of the items in the
list of 22 possible categories were bundled together in a single
group called “transparencies”.

Exhibits

Exhibit type: |A‘| ]

Title:

Section: |A” j

Jf DAVE-|General Photography ) -
General Professional Photography
Colour Photography

o] |
T Pictorial Photography

Scientific and Technical Photography —_l'
Some eX| anter Lectures Il exhibits
Stereographs
There are Transparencies r: | All exhibits o

Invitation Collections

In most gLoan Collections

Occasion RPS Permanent Collection

Gearch fi Photographic Apparatus and Materials
Books

|d was the exhibitor.
e and this is identified in the catalogues as ‘phott

Many of the catalogue entries include descriptions of individual exhibits.
To do a free text search of these descriptions type your search terms in this box.
Word or phrase:

me:lm Tﬂim

Figure 4: Simplified drop down menu for exhibition sections

The fourth round of trials was significant in that it was the first
time that the prototype was linked to a working database. This
enabled the prototype to return much greater numbers of hits in
response to search queries and to offer many more exhibit
entries than were feasible to draw out by hand in earlier paper
based prototypes. (The catalogues contain around 30,000
records so some searches could yield enormous numbers of
hits.) The trial results revealed that subjects were still confused
but this time because searches were returning large quantities of
information they had not realised they had requested. Over-
simplification of the data in some cases combined with the link
to an actual database resulted in too many false positives.

In retrospect, the transition from scenario-based mock-ups to
prototypes connected to a trial database turned out to be more of
a step change than anticipated. The simpler paper based and on-
screen wireframe mock-ups did not give subjects an adequate
impression of the sheer volume of information available and
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this compromised some of their responses to the earlier designs.
In order to simplify the site some of the associations between
different items of information in the database introduced earlier
were removed, even though this reduced some of the
functionality. For example, a link between awards (which in the
catalogues are associated with exhibits) and exhibitors, so that a
search for medal winners could be carried out, was abandoned.
Similarly an attempt to use information about exhibits to
categorise exhibitors as photographic or scientific and technical
was abandoned.

Some of the user feedback received since the launch of the final
version (http://erps.dmu.ac.uk) indicates the extent to which
these difficulties were finally resolved:

“I found [Exhibitions of the Royal Photographic Society 1870-
1915] easy to navigate, fast and efficient, what I found less easy
was the multiple forms under which some names appeared but [
got used it.”

“The alphabetical drop-down listing of exhibitors’ names is
good, simple and goes some way towards getting around the
fact that in many cases there [are] several permutations of
names for the same person. “

“Ability to refine the search within results was very useful and
worked well.”

“A fantastic, comprehensive rendering of all the information on
RPS exhibitions which is contained in the RPS journals, with
the huge advantage of being searchable and making links across
journals. The search functions were good — I liked the
combination of the ability to browse on several different fields
with the more general search. It’s possible to approach the
database in a [sic] many different ways, depending on whether
you are researching a specific photographer, exhibition etc.”

5. CONCLUSIONS

This paper has argued that, in addition to large scale, generic,
systemic issues such as mass digitisation, automated content
capture and data mining, resource sharing, multilingual access
and broad frameworks for long term data preservation,
successful future access to and use of cultural and scientific
resources also depends on micro design factors concerning the
usability of indvidual Web sites. Users frequently cannot find
the information they seek on Web-sites generally and even
researchers are reluctant to invest time in order to better
understand and use resources more effectively. The result of
badly designed sites is lost repeat visits, wasted time, reduced
productivity, increased frustration, and loss of repeat visits and
revenue, increased training and increased support costs.

One way of overcoming such problems is to develop designs
which maximise the usability of the resources by promoting
their affordances and by making it easier for users to achieve
their goals. However, historical, event-based, data such as
exhibition catalogues present particular problems because the
relationships between entities across different events are
relatively weak and the number and type of data categories are
likely to change considerably. This creates complexity,
ambiguity and uncertainty. Ambiguity and uncertainty can be
dispelled to some extent by data interpretation and
simplification but doing so can result in corruption of the
information and confusion on the part of the user. Managing
the relationship between usability, functionality and data
integrity is not a formulaic process because different resources
are targeted at different user groups which have different needs,
expectations and abilities. Resources should, therefore, be
tailored to the requirements of their target users.

This study has investigated how a user-centred design approach
can be employed to identify user needs and preferences in
relation to these issues and to produce an effective Web site
design. However the transition from scenario-based mock ups
to prototypes connected to a trial database turned out to be more
of a step change than anticipated. In retrospect it can be seen
that too much reliance on over-simplified paper prototypes
compromised the evaluation trial results. In future projects of
this kind it is recommended that a combination of scenario and
vertical prototypes is employed in parallel to see if this can help
to enhance the validity of design decisions based on scenario
based paper prototypes alone.
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ABSTRACT:

Cyprus is filled with historical areas of interest from varying periods of history. Finding them, however, is not always easy, and
interesting places are often missed or overlooked. The idea behind this abstract is to promote these places and their locations to
people via satellite navigation and mobile devices. This would make the experience enjoyable and enriching to the user. The first
step would involve identifying cultural heritage sites through mobile navigation devices. As users drive around the island and
approach an area of cultural and historical interest, the GPS navigation device would inform the users of this and ask them if they
are interested in visiting the area. If the user accepts the invitation, the GPS navigation device will direct them to the area of
cultural heritage. As the driver is on the way to this area, the GPS navigation device would detail relevant facts about the area’s
history via audio and video, in order to contextualize their visit. Most of Cyprus cultural heritage sites are directly accessible by
car, so it will be easy to navigate the user to these sites. These devices could then be used to provide further audio and video
commentary to users when they arrive at the area via speakerphone. This would remove the hassle of finding these areas and
provide the users with interesting information about the area, thus enhancing their overall experience. The users could utilise such

new technologies in their car on a daily basis.

1. INTRODUCTION

1.1 GPS navigation technology significance for the cultural
heritage sites

Advancements in technology have changed the way we travel
and plan our trips. While computing devices are getting
smaller, smarter, and more connected, any time and any access
to any information during a trip is becoming a reality (Weiser,
1994). Anecdotal evidence confirmed that with the ubiquitous
information access and more hectic life styles, travellers plan
less and less ahead of a trip and engage in more on-route and
in-destination planning (Fesenmaier & Vogt, 1992;
Fesenmaier, Vogt, & Stewart, 1993). For example, travellers
frequently call hotels to reserve a room while in the car or
check out adjacent attractions while touring a city. Ad-hoc
decisions on restaurants or attractions are also a part of the fun
during a trip which can create pleasant surprises. However,
travellers still could not access all the travel related information
as they wish. For example, if a traveller walks around Limassol
or Paphos in Cyprus and sees a castle, he would like to know
when it was built, and its architectural and historical
significance. He could not obtain this information without
joining a tour group or having a tourist guiding book with him.
Additionally, travellers to Cyprus complained about the flawed
traffic signs and busy traffic conditions. These types of
information can also be delivered to a traveller in real-time
through wireless and location-sensitive information access.
GPS (Global Positioning System) based technology could
provide a solution.

The goal of the proposed project is to build and test a GPS-
enabled handheld navigation and information device for the
visitors to tour cultural heritage sites in Cyprus. The device will
provide visitors with location-sensitive texts, images, audios,

and videos based on their actual physical locations. The
technology could increase the visitors’ satisfaction about the
destination, promote more visitations to different attractions,
increase sales on food, entertainment and attractions, and foster
more loyal visitors. Potentially the devices could become a
source of information and provide easy access to the visitors
promoting the cultural and heritage significance of the
archaeological and historic sites for Cyprus.

1.2 Theoretical foundations

People engage in cognitive mapping as they collect, organize,
store, remember and utilize information about their surrounding
environment. Travellers build cognitive maps of the
destinations through direct experience, roadside signs and
tourist maps (Downs & Stea, 1977; Guy, Curtis, & Crotts,
1990). Research (Grossbart & Rammohan, 1980; Holahan &
Dobrowolyn, 1978; Guy, Curtis, & Crotts, 1990) has shown
that cognitive maps could substantially influence consumer’s
commerce or interactions with the environment, including
exploring, touring, shopping, purchasing, and patronage.
However, one of the most important tool for building cognitive
maps, the physical tourist maps, are usually static, limited in
the volume of information, and could be complicated to use for
the first-time visitors because the unfamiliarity with the
orientation and layout of the city. We hypothesize that
location-based information could help visitors to build
cognitive maps more quickly and in more details. As a result,
those visitors will be more engaged, visit more attractions,
spend more on food and entertainments, achieve a higher
satisfaction, and become more loyal customers.
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2. ELECTRONIC TOUR GUIDE

Our approach is to develop a GPS navigation interface for
cultural heritage in Cyprus by entering location data (maps,
directions and multimedia) to GPS navigation devices. The
GPS navigation device has tremendous potential in the tourist
industry, as its use is not limited to navigation. Using GPS
navigation devices for cultural heritage navigation and location
retrieval and pop-ups about places of interests; we can deliver
maps, text, images, audio and video to users with a handheld
device. The unit is able to provide music, photos, video and e-
books to the user in their choice of 16 languages.

Thus, prospective visitors touring Cyprus could borrow a GPS-
enabled device to learn about archaeological sites, castles,
churches, and other cultural heritages sites through a video,
read relevant e-books about the area of interest, see
corresponding photos and hear relevant music. For example, a
visitor to Curium theatre, build by the Roman Empire, could
use the GPS unit to navigate their route to Curium. Once there,
they could watch a video about the history of Curium area,
access e-books referring to Curium theatre, listen to music and
watch video that has been played at the theatre or see photos of
reconstruction of buildings and artefacts found at the theatre
area. While some of this information could be made available
from the World Wide Web, accessing information through a
computer at home is devoid of the contextual information that
brings the information to life. Making this information
simultaneously available and organized by the physical
surroundings of Cyprus adds dimensionality and brings the
information back into context. While a traveller is driving or
walking in a city or village, an audio message or video could
offer an introduction to that place right in front of the visitor.
Such location-based information opened many opportunities
for real-time marketing for tourism organizations. Such an
inclusive use of the device has the potential to increase tourist
satisfaction with their holiday.

The GPS navigation device is not limited only for use by
tourists to access archaeological or historical sites in Cyprus.
Such a unit can also be used by locals to provide directions and
information about the myriad of churches found in the island.
The idea of a pilgrimage to picturesque churches and
monasteries around the island is popular among Greeks and
Greek-Cypriots; what is often lacking is a context regarding the
history of the particular church. The GPS navigation device
could fulfil this need and provide local travellers with useful
information.

Another use for the GPS navigation device is geocaching.
Geocaching is the most popular GPS game in which visitors
with GPS devices need to locate certain artefacts hidden by
previous visitors through location information. These gaming
experiences in physical space can add another dimension to
tourist experience to cultural heritage sites. At present, such
games have not been developed with cultural heritage
information—this is a need that can be addressed in the future
by the tourist industry.

In addition, the GPS navigation device could collect all the
information about visitors’ physical locations across their entire
trip. This would provide invaluable information to tourism
researchers regarding visitor’s behaviour on the island. It also
has the potential to provide feedback and quality control for
tourism organizations regarding their performance.

3. GPS TECHNOLOGIES

GPS stands for the Global Positioning System, which is a
navigational system that is made up of satellites that are able to
locate a receiver anywhere on earth. Satellite navigation is a
method employing a Global Navigation Satellite System
(GNSS) to accurately determine position and time anywhere on
the Earth. Satellite navigation receivers are currently used by
both private individuals and businesses for positioning,
locating, navigating, surveying, and determining the exact time
in an ever-growing list of personal, leisure and commercial
applications. Using a GNSS system the following values can
accurately be determined anywhere on the globe (Figure 1):

Longitude: 32°53'16.21"E
Latitude: 34°39'50.89"N
Atitute: 25.5m

Time: 01h31°06”

Figure 1: The basic function of satellite navigation

(1) Exact position (longitude, latitude and altitude co-ordinates)
accurate to within 20 m to approx.1 mm.

(2) Exact time (Universal Time Coordinated, UTC) accurate to
within 60ns to approx. Sns.

Speed and direction of travel (course) can be derived from
these values, which are obtained from satellites orbiting the
Earth. (Figure 2)

Sat.3
Sat. 2 % % 55"" 4
gl\ 1

Satellite Signal Travel Time > —
P itk . Rt
U 9—e@

Transmission Reception

Figure 2: Four satellites are needed to determine Longitude,
Latitude, Altitude and Time

As GPS technology has become more compact and portable,
there has been an increase in the number of individuals who are
enjoying the benefits of GPS units. These devices are typically
designed for outdoor use and are a great safety measure. These
lightweight, hand-held devices can provide local information,
topographic details, as well as other information that is
considered important. The handheld GPS systems are quite
affordable and there are now many different brands on the
market. The only set back with a handheld device is that the
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memory can be limited, although there are more expensive
models that can have up to 16MB of memory. These types are
very powerful and have more features than standard models.

There are four types of GPS-enabled technologies relevant to
this project: software with GPS Locator for using in computers;
standalone GPS device used in automobiles; GPS Card used in
handheld device; and GPS-enabled smart phones. The major
producers of GPS systems are TomTom, Garmin, and
Magellan. The handheld GPS devices can be easily purchased
online, electronics or specialty shops. Handheld GPS devices
are in demand from the likes of cyclists, travellers, hikers,
fishermen and skiers. The performance of the models can vary,
depending on what database and software is installed. Most of
the devices are easy to use, as the display screen has all the
basic instructions regarding the use of the device. A variety of
the handheld GPS devices are voice enabled, which make them
useful for driving.

4. SIGNIFICANCE OF THE PROJECT

As stated earlier, the technology has the potential to
significantly affect the tourist industry in Cyprus, by increasing
visitor satisfaction about the destination, promote more visits to
different attractions, increase sales of food, entertainment and
attractions, and foster more loyal visitors. This technology can
become a revenue source for Cyprus tourism.

In this paper, we propose a personal navigation system for
cultural heritage tours. In general, when planning a travel
schedule, there are the following requirements as tourists want
to (1) efficiently travel multiple destinations as many as
possible; (2) choose the content and type of cultural or other
destinations they wish to visit and (3) select the best subset of
all candidate destinations considering various restrictions if
there is not enough time to visit all of them. When a tourist
specifies starting location, departure time, returning location,
arrival time and multiple candidate destinations with relative
importance degrees and time restrictions on arrival and staying
time, a nearly best schedule can be computed.

The GPS navigation device could efficiently navigate the

tourist according to the decided schedule through a portable
computing device with GPS. (Figure 3)
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Figure 3: GPS navigation unit

In addition to the popular map-based navigation, it provides
temporal guidance (e.g., showing remaining time to departure
at each destination) for the tourist to follow the schedule.
Moreover, it can automatically modify the schedule when the
tourist can not follow the schedule due to some reasons (e.g.,
delay by traffic jam, intentional change of next
destination/staying time, and so on). The GPS navigation
device detects such a context change by monitoring the current
location and time, and automatically modifies the schedule for
the remaining destinations. When the schedule is modified, the
system displays the alert on the screen and the user can follow
the new tip path. If the user does not like the modified
schedule, he/she can recompute the schedule after modifying
candidate destinations.

4.1 Planning A Travel Schedule

To plan a schedule with the GPS navigation device, a user may
have to input a lot of information; therefore, the user interface
is important. We have adopted a pen and touched screen based
user interface since most people can learn the operation via
web browsers quickly and intuitively (Cheverst, Davies,
Mitchell, Friday, & Efstratiou, 2000). We have implemented a
user interface as shown in (Figure 4)

&
X
Imported Data

Recent Search

Figure 4: interface menu

where data items are input using on-screen keyboard and
selection items. In our interface, each user inputs the tour
information in the following two steps: (1) the user inputs
candidate destinations by selecting them in a predefined
destination list or by selecting the destination address, area or
city, street name and number. The user can add destinations not
in the list by inputting the corresponding latitude/longitude,
name, and so on.

When planning a travel schedule using the GPS navigation
device, it is likely that the user will modify some relative
importance degree and/or staying time and schedule is re-
computed repeatedly. The schedule is also re-computed
during the tour due to context changes. Accordingly, the
computation time should be reasonably small (e.g., less than 10
seconds). However, the above problem which computes the
optimal route including multiple destinations with restrictions
is a superclass of TSP (Travelling Salesman Problem) which is
known as a NP-hard problem, and thus it takes much
computation time to obtain an optimal solution. So, we have
developed a route search engine to obtain a semi-optimal
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solution quickly using techniques of generic algorithms. The
engine has been developed as a Java Servlet and can be used
from PCs and portable devices via HTTP protocol. Our
experimental results show that our route search engine can
compute a reasonable travel Schedule in about 5 seconds when
30 candidate destinations are specified, and re-compute another
schedule after modifying destinations and restrictions in less
than 1 second, where the difference between the obtained
solution and the optimal solution is within 2%.

The planning travel schedule function allows a user to plan the
nearly best travel schedule which includes a subset of specified
candidate destinations and a route to visit the subset of all
destinations satisfying specified restrictions. Factoring in for
restrictions, the GPS navigation device treats the total time for
the tour, geographical distances between any two destinations,
user’s moving speed, and timeliness at each destination. In
order to plan a schedule, the GPS navigation device requires a
user to input (1) starting/returning location, (2) destinations
location, and (3) relative importance of each destination in
terms of travel sequence. In order to facilitate the user input,
recommended candidate destinations with importance of travel
(registered in the database) are automatically added to the
input. The user can remove those destinations at any time.
From the above input, the GPS navigation device computes a
schedule consisting of (i) a set of destinations and the route to
visit all of them, and (ii) the expected arrival time and the
departure time at each destination. The GPS navigation device
shows the output to the user. (Figure 5)

Limassol - 81 - Keep left.

Figure 5 GPS navigation graphical output

The navigation is provided through a graphical interface with
three modes: route path; moving; and staying. When the
departure time comes, the system prompts the user and
automatically switches to moving mode. Switching between
moving and staying modes is automatically done by monitoring
the current location obtained by GPS and the present time. The
route is computed so that the moving time between two
destinations is calculated by dividing the distance of the
shortest path (obtained by the software algorithm) between
those destinations by the user’s moving speed and direction.
We have designed and implemented a fast route search engine
based on the techniques in generic algorithms used by the GPS
hardware and software.

D.G. Hadjimitsis and K. Themistocleous

5. CONCLUSIONS

In this paper, we proposed a personal navigation system for
cultural heritage sites targeted for tourism. The GPS navigation
device provides a user with functions (1) for planning his/her
schedule to efficiently visit multiple destinations based on the
shortest route available, (2) for navigating a user according to
the planned schedule through a portable device with GPS, and
(3) for modifying the schedule automatically during the trip if
the system notices that the user cannot follow the schedule.

We have designed and implemented a fast route search engine
using generic algorithm. On experiments using a digital map on
the market, the time for computing a schedule for a typical
scenario is about 5 seconds. The time for re-computation after
modifying the user input is less than 1 second. We believe that
these results are reasonable for the market that the GPS is
targeted for.

We have designed the GPS navigation device as a portable
device to promote the cultural heritage sites in Cyprus and
provide the users the ability to plan, travel and visit on their
own with the need of a tour guide. The GPS navigation device
will provide audio and video information of all cultural heritage
sites. In our current implementation of the GPS navigation
device, we suppose that users move between destinations by a
single mean of transportation (e.g., by car or by walk). As part
of future work, we are planning to add all cultural heritage sites,
hotels, restaurants, museums, and other places requested by the
users.
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ABSTRACT:

The present project proposes to develop and implement an information management system for the conservation authorities of the
Biosphere Reserve and Archaeological Urban Centre of Calakmul. This online system will allow Mexican managers and scientists to
store, share and create interaction between their data, in order to coordinate various actions of conservation, management, planning,
monitoring and research undertaken in the reserve. It will benefit from new developments in the GeolCT, Archacomatic and Spatio-
temporal Analysis, Computer Vision and Earth Observation fields and will integrate 2D GIS layers, 3D objects and time. An
innovative scientific protocol is proposed to incorporate in a GIS complex archaeological data.

1. INTRODUCTION
1.1 Aims

Formed at the beginning of the twentieth century, the name
“Calakmul” refers nowadays to three different entities: an
ancient Maya city, an ecological reserve and a municipality.
The described project concerns the two former entities. The
study zone lies in the South East of the Campeche State, in the
middle of the Yucatan peninsula (Mexico).

The Calakmul biosphere reserve was created in 1989. It covers
an area of almost 7.300 square kilometres and constitutes one of
the largest protected forests of the tropical zones. It shelters rare
species of flora and fauna. It also includes many archaeological
sites, Calakmul being the most important one. This pre-
Colombian city has been registered on the World Heritage List
(cultural part) in 2002.

Within recent years, settlement pressure, farming and new
extraction of commercial timber caused threats to this natural
and cultural heritage. In order to help the Mexican authorities
INAH (Instituto Nacional de Antropologia e Historia) and
CONANP (Comision Nacional de Areas Naturales Protegidas)
to preserve it, UNESCO — World Heritage Programme
proposed to make use of Belgian expertise to assist the
preservation and conservation management of the area.
Accordingly, four research teams (3 University laboratories, 1
private company) were selected and funded by the Belgian
Science Policy Office (BELSPO) and formed a consortium in
charge of the project.

1.2 Description

The so called “Development and use of a 4D GIS to support the
conservation of the Calakmul site (Mexico, WHP)” project
started in December 2007. Following UNESCO requirements,
the consortium proposes to develop and implement an
information management system for the conservation
authorities of the Biosphere Reserve and Archaeological Urban
Centre of Calakmul. This system will allow Mexican managers

and scientists to store, share and create interaction between their
data, in order to coordinate various actions of conservation,
management, planning, monitoring and research undertaken in
the reserve. It will also assist them in their reporting activities
and to apply for a nomination (“mixed site””) at UNESCO in the
framework of the World Heritage Convention. Within this
scope, the 4D aforesaid system means: handling of usual 2D,
plus time, plus 3D models for some specific works of art like
stelae or small buildings.

2. 4D GIS?
2.1 Concept

The present project is based on the use of new technology and
scientific developments for the conservation of natural and
cultural heritage. Thus it will benefit from new developments in
the GeolCT, Archacomatic and Spatio-temporal Analysis,
Computer Vision and Earth Observation fields.

The information management system will indeed be an online
tool with integration of:

e 2D GIS layers and 3D objects,
e large and small scales layers,
e time.

To do so it will use recent advancements and emerging open
standards, but also innovative method and data models to
integrate archaeological data and carry out spatio-temporal
analysis. It will combine new computer vision techniques to
produce 3D models of buildings and works of art from digital
photograph sequences.

Finally, it will use newly available Formosat 2 satellite images
to investigate the possibilities to document Maya ruins:
buildings or evidences of man-made structures.

The information management system will be used as the main
data repository to store all data referring to the archaeological
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inventory, the individual cartography for Calakmul and the
cartography of the large nature protection area. This tool will
have the following capabilities:

e Manage and visualise data, small and large scale at the
time, in 2D and 3D.

e Monitor processes, like e.g. the restoration of the site and
the land use changes in the surroundings.

e Perform spatial analysis, for the purpose of regional and
local planning.

e Facilitate reporting (at national level and towards UNESCO
(WHP/MAB...))

The project is divided into three main phases, which are:

e the data procurement,

o the software development, preceded by a requirements analysis
and a service description, and

o the capacity training of the Mexican partners.

Each of the three phases is subdivided into a cultural and an
ecological aspect due to the different user-groups and scales.

However, as the project has just started, technical choices
concerning the system and open standards to be used (eg 2D
Map Viewer with time slider coupled with a Content
Management System; information models and data formats for
3D GIS: Collada, X3D, CityGML, etc. and OGC WebServices)
have still to be taken based on the user requirements analysis.
After this short description of the whole project, we will thus
basically focus hereafter on the Cultural Heritage data
modelling question and on the use of Earth Observation data for
documenting archaeological evidences.

2.2 GIS, Remote Sensing and Cultural Heritage

Remote Sensing offers many wuseful and sometimes
indispensable data that can be integrated in a GIS for the
mapping, monitoring and management of World Heritage sites,
either natural (parks, landscapes...) or cultural (monuments,
archaeological sites...). GIS and Remote Sensing are thus
excellent tools to support the monitoring process that is required
for the good conservation of World Heritage sites (BELSPO,
2002).

With respect to Cultural Heritage and archaeology, as far back
as the middle of the eighties, Anglo-Saxon archaeologists were
the firsts to take advantage of Geographical Information
Systems (GIS), especially in a predictive modelling perspective.
During the nineties, professionals involved in inventories of
Sites and Monuments found in GIS a particularly attractive
technology offering a map-based representation of sites’
locations. Then came interest for spatial analysis dedicated to
archaeological questions (Wheatley & Gillings, 2002).

Having overtook the technological appropriation phase,
scientists are henceforth debating about theoretical concepts
subtended their researches on GIS. Indeed, initial 2D
representation gives way to an increasing involvement of
volume and time dimensions, although current GIS vendor
solution do not allow such variety of dimensions (Lefebvre,
2006).

On the other hand, it is more and more admitted that, in
speaking of the Cultural Heritage domain, the principal

challenge lies, not so much in collection or geo-localization or
even modelling of the data, but in the manner of processing
related non spatial information (Blaise & Dudek, 2006).

With respect to Remote Sensing, very high resolution satellite
images can be used to monitor archaeological remains or to
map large sites not covered by vegetation thus providing
valuable information for Cultural Heritage management as well.

Consequently the advantages of GIS and Remote Sensing for
World Heritage Conservation are numerous (BELSPO, 2002):

e They become a valuable tool to assist conservation
activities.

e All information is exactly localised and gathered in one
tool.

e Information can be continuously updated.

e Better decision making by spatial analysis.

e Possibility of direct extraction of thematic maps for terrain
use.

e Digital handling of data.

3. DATA
3.1 Archaeological data

3.1.1 History of discoveries: Inhabited for more than 1500
years, left and even forgotten since the end of the ninth century,
the Maya archaeological site of Calakmul was rediscovered in
1931 by an explorer: Cyrus L. Longworth. Longworth was
employed by a chicle exploitation firm and informed of the
existence of archaeological evidences by two chicle workers.
Inspired by the two high pyramids emerging from the forest, he
called the city, by using the still common Maya language: Ca
(two), Lak (nearby), Mul (mound). However, epigraphers are
now almost sure that the old name of the city was “Kaa Nal”,
the (head) snake (Marcus, 1973).

The first cycle of real archaeological records took place in
1932, under the supervision of Sylvanus G. Morely, sponsored
by the Carnegie Institute. Subsequent researches have been
done by several teams. First of them directed their attention to
topographical and mapping survey. Excavation operations
really began in 1984, with William J. Folan (Universidad
Autonoma de Campeche - UACAM), and since 1994 by Ramon
V. Carrasco (INAH). To add to this, international teams are
nowadays cooperating with Mexican scientists on some specific
spots. (Giorgi & alii, 2006; Niccolucci, 2006; Sprajc, 2008).

The results of their works, combined with epigraphic studies,
historical analysis and other knowledge domains, shows that we
are in front of a very important place. Indeed, during its apogee
at the early classic period, Calakmul was the largest city of the
Maya region and had to assure its hegemony by any means,
peaceful or not. It was a feared jungle chieftain until the end of
the seventh century A.D. when Jaguar Paw, king of Calakmul,
was defeated after a bloody battle against Tikal, the rival city.
From that moment on, began the slow decline of the head snake
kingdom (Folan & alii, 2001; Vidal-Angles & Dominguez-
Turizza , 2003).
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3.1.2 The urban centre (Figure 1): Spread over an area of
30 square kilometres, with more than six thousands
archaeological structures, most of them only faintly drawn on a
plan but not excavated, the city appears like a vanished urban
centre now covered with vegetation. The core of the town has
been built upon a great natural flat-topped hill, partially lain out
to base platforms of pyramids, palaces and other temples.

Those buildings are split up into several poles: a central place
and smaller groups placed in spokes (Folan & alii, 2001; Vidal-
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Angles & Dominguez-Turizza, 2003). As it is now, the site
remains like it was before its disuse, during the Late Classic
period. But the most surprising thing lies under the facades:
each monument hides - and fortunately protects - one or more
earlier building phases, often magnificently well preserved. On
account of this, Calakmul is seen as an unrepeatable testimony
of the daily life of a gone civilization: wall paintings, low
reliefs, decorated ceramics depict unexpected scenic aspects
li