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Abstract:

During the past decade, the implementation of 3D visualization and Geographic Information System (GIS) in
archaeological research has increased and is now well established. However, the combination of these two factors
remains rather complicated when faced with archaeological data. Some of the characteristics of this discipline impose
the development of applications that will be able to cope with all of the specificities of archaeological data. Our research
aims to create an Archaeological Information System (AIS) that will gather all of the characteristics of an archaeological
work. In order to develop such an AIS, our first step was to identify its purposes and consequently, the features that
should be available to the users. As it is destined to help with archaeological research, it is therefore of the outmost
importance that the particularities of such a study are also taken into account. Moreover, the AIS is intended to
incorporate point clouds that serve as a base for the three-dimensional model. These 3D point clouds result from the use
of photogrammetry and/or lasergrammetry and, at a later stage, will be inserted into a GIS similar structure. The
archaeological data will then be linked to the relevant section of the 3D model. However, these various stages and during
the development of the AIS itself, we will encounter a series of issues that require to be addressed in order to produce a
working system. This paper aims to identify and define the AIS characteristics as well as the issues and obstacles that
we are going to face so that this system becomes a functional tool for archaeological research.
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castles located in the province of Liege are being studied
under the light of archaeological sciences and
geomatics. This procedure enables the elaboration of

1. Introduction

Archaeological research is characterized by the various
types of documents and data that are taken into account
while examining a site, a monument or an artefact.
Results are based on their analysis (Laurenza and
Putzolu 2001). Yet, along with the speedy evolution of
the digital world, archaeologists can now rapidly produce
big amounts of data (Entwistle et al. 2009). All of this
information needs to be examined in order to draw
pertinent conclusions.

In order not to lose sight of any of the dataset, we are
currently developing an Archaeological Information
System (AIS) based on 3D point clouds and considering
the temporal aspect as a fourth dimension. With this,
every shred of data is linked to the area on which they
provide information.

The development of the 4D AIS is taking place in our
research project CASTLE4D in which several Belgian

new research topics as well as new data that will lead to
a better understanding of the history of each castle site.

This paper aims at presenting the features of the 4D AIS
that we are developing as part of our doctoral research.
To achieve this, a state-of-the-art will summarize today’s
use of 3D representation in archaeological research.
Following this, the system’s main characteristics will be
named and described. Finally, we are going to address
the issues that we are going to face and the reasons
why it is necessary for this project to deal with them.

2. Current 3D models

Now, as far as archaeological research is concerned, 3D
models are generally used for visualization,
reconstruction, measuring and documentation (Entwistle
et al. 2009).
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its angles, depths and structures. Volumes are easier
understandable and smaller pieces as well as objects
can be handled without damaging them (Laurenza and
Putzolu 2001; Paliou 2013).

Virtual reconstruction offers different possibilities:
theories can be checked, a better understanding can be
reached where only a small part is preserved and it is a
frequently used tool for vulgarisation purposes. In
addition to the elements that remain and, if it applies, are
still situated at their original location, the missing parts
are reconstructed based on previously gathered data
(Hallot et al. 2015).

Photogrammetry and lasergrammetry produce 3D
models that include a possibility to perform distance or
angular measurements. Yet, in the first case, local or
georeferenced coordinates must be considered in order
to assure the geometric coherence as well as the scale
of the reproduced element. Once the coordinates are
inserted, measurements can be taken and cross-
sections or plans can be extracted (Ballarin et al. 2013).

Three-dimensional recording of cultural heritage
acquires a great importance since it assists in preserving
monuments and objects that are likely to face natural
disasters, wars or degradation over time (Doulamis et al.
2015; Entwistle et al. 2009).

All of the examples listed above consider a static 3D
model. Once the data has been recorded and the three-
dimensional representation has been assembled or, in
some cases, reconstructed, the final product is rarely
altered. It is analysed as a whole or through segments.
In accordance with the research and the communication
purposes, it is often inserted into a map, an information
system or a visualization tool. However, its appearance
is conserved and as for the data, it is stored next to it,
but seldom in the 3D model itself (Dell’'Unto et al. 2016).

3D models are slowly starting to serve other purposes
besides those already discussed above. Indeed, some
researchers are developing them into analytical tools:
data is accessible and managed through them
(Ardissone et al. 2013; De Roo et al. 2013a; Dell’'Unto et
al. 2016; Houshiar et al. 2015; Koehl et al. 2008).
Moreover, spatial relations between findings or between
zones can be easier understood than with a two-
dimensional approach (Belussi et al. 2015; Dell’Unto et
al. 2016; Paliou 2013; Robles Ortega et al. 2015).

3. Ideal components

Within our research, we aim at developing a 4D AIS
(mixing 3D and the temporal aspect) especially created
in order to deal with archaeological information that is
characterized among others by uncertainty, imprecision,
ambiguity and incompleteness (De Roo et al. 2013a; De
Runz 2008). Currently, these aspects are not
efficaciously managed in recent GIS-based tools. Time,
which is of a great importance in archaeological studies,
represents a fourth dimension in addition to the better-
known 3D model (De Roo et al. 2014).

Our planned system should ideally provide us with a
range of possibilities. With these, a better understanding
of the current research object should be obtained. The
system should help to analyse the actual study object as
well as all of the collected data related to it, to visualize

the available sources and to record different work
stages.

3.1. 3D model

A 3D point cloud of the studied object will be considered
as the virtual working space that is destined to organize
and group every bit of information gathered during
fieldwork and sources examination (Cripps 2013). This
interface will also serve as a place to gain an overview of
current studies that evolve daily and to exchange ideas
and theories between all of the researchers (Landeschi
et al. 2015; Laurenza and Putzolu 2001).

The point cloud will be acquired using photogrammetry
and/or lasergrammetry with a geodetic reference system
(local or national grid). However, a georeferenced 3D
model can also be considered for an on site research
since it will ease the integration of various other
elements surrounding the research site that can provide
new insights (Ardissone et al. 2013).

There are several reasons that lead to the choice of a
three-dimensional representation. Recent technological
advances allow a quick and accurate data acquisition. In
addition, users can sort of “walk around” in the virtual
environment. So, even if it does not substitute for an on
site study, it can nevertheless support the outdoor work
by providing a way to access out of reach sections.
Consequently, they will be easier to observe since such
a 3D model can be turned and observed from every
point of view (Koehl et al. 2008).

3.2, Data storage and consultation

In addition to the 3D model, a database is planned to
store every known source, document and other data.
The file types used by archaeologists are various, which
generally implies that numerous softwares are needed to
consult them (De Roo et al. 2014). Therefore, each of
them will be accessible through the semantic context
information added to the virtual reproduction. This way,
the data will be directly linked to the element or part of
the research object it holds information about (Dell’'Unto
et al. 2016; Doulamis et al. 2015; Koehl et al. 2008;
Landeschi et al. 2015; Manferdini et al. 2008; Wulff and
Koch 2013). Therefore, if the coordinates are known, the
data will be inserted in the same location than in real life.
Unlike a plan or a drawing, this kind of information will no
longer be projected in a two dimensional presentation.
This procedure will provide a better understanding of the
spatial relation between every element. Furthermore,
some questions inherent to a 2D projection may also be
answered through a more accurate representation of the
spatial distribution and by using the spatial reasoning
capabilities of the supporting GIS system (Del’Unto et
al. 2016; Paliou 2013; Robles Ortega et al. 2015).

This data storage will also allow the researcher to
consult all of the available sources and documentation
(Coughenour et al. 2015; Laurenza and Putzolu 2001).
Since they are linked to the part of the 3D model that
they contain information about, it will be possible to
visualize all of the data related to specific segments the
researcher is interested in at a given time.
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3.3. Data production

The 3D point cloud itself can also be exploited.
Orthophotos, profiles, plans and cross-sections can be
created, distances as well as angles measured (Ballarin
et al. 2013). The model itself can be segmented in order
to focus on a smaller sector (Koehl et al. 2008). Every
action can be recorded and the results will then be
added to the previous data.

34. Topographic setting and environmental
analysis

Since the model is based on a georeferenced
framework, topographic information such as maps,
LiDAR datasets or geological context is included
transparently. All the information is interoperable
(Entwistle et al. 2009).

All of this added data about the surrounding territory can
then be integrated into the research. Therefore, analyses
combining the cultural heritage and its physical
environment can be carried out. Some of the possible
applications could be territorial visibility, positioning in
relation to the natural environment or even the
provenance of the materials (Entwistle et al. 2009).
Other analyses may also be available based on the
nature of the data used for the research.

Moreover, the ancient perception of space and its
appropriation by its past inhabitants can also be studied
through this interactive system (Dell’'Unto et al. 2016;
Paliou 2013).

3.5. Time management

Time is the key element in an archaeological research.
However, a 3D model provides a static view of a
recorded monument, site or object (De Roo et al. 2013a;
De Roo et al. 2013b). Within the 4D AIS, the researcher
should therefore be able to assign a time frame to each
element (Belussi et al. 2015; Doulamis et al. 2015;
Manferdini et al. 2008). Once this step is done, he could
then choose which sections should be visible by
applying a terminus post quem and a terminus ante
guem. A timeline feature is also being considered. This
tool will be able to display chronologically the
appearance and, in some cases, the disappearance of
the timed parts (Doulamis et al. 2015; Hallot et al. 2015;
Van Ruymbeke et al. 2015).

3.6. Work flow and developed theories

Since the 4D AIS will provide a virtual workspace, it will
be interesting to save different versions in order to be
able to get back to them if new ideas or new data are
inserted.

Another option will be the opportunity to register
elaborated theories (Van Ruymbeke et al. 2015). Along
with these, the data that they are based on will also be
included. This will provide an overview of the used
information and it will support the discussion about the
pertinence of each of the generated hypotheses.

3.7. Adaptability

Archaeological study objects come in various types,
forms, sizes and complexity levels. In addition to that, as

an archaeological research is also characterized by
uncertainty, imprecision, ambiguity and incompleteness
(De Runz 2008), it is of the outmost importance that a
4D AIS that deals with these features has to be
malleable (Haskiya 2002).

Fieldwork is another argument supporting this feature. In
those cases, data is collected on multiple days, months
or even years. New spaces can be uncovered, the
research site can be increased in size and unexpected
events are numerous (Laurenza and Putzolu 2001). A
3D point cloud is a practical solution to which new scans
can be added. This way, the old appearance as well as
the new one can overlap and therefore, they are easier
to compare and study together.

4. Issues

The above sections cite and describe the ideal
components of our application. However, as already
stated, it deals with an ideal. Therefore, we will now
address the issues with which we will have to cope in
order to reach our goal.

41. Development of the Archaeological
Information System

Although Geographic Information Systems are widely
used for archaeological research, some of the properties
of archaeological data are complicated to integrate in
such a structure (De Roo et al. 2013a). In addition, as
research on archaeological subjects continuously grows
and evolves (Haskiya 2002), the AIS should include a
virtual workspace in order to allow at the same time
consultation of already recorded information, navigation
in the 3D model, working on the theories as well as
adding and modifying data. As the newly inserted entries
can affect previously registered work steps and the
current development of theories, a notification needs to
be issued in order to highlight all the sections that are
affected by an extension. With this, the researcher can
review them and update his theories.

It will be necessary to develop an application able to
handle all these aspects at once. At the same time, all of
these options need to be organized and clearly
presented. A structured display will also have a big
impact for an easier apprehension of the different
elements in an AIS based on a 3D model.

One of the main features of this system will be to be able
to handle modification to its basic presentation (Dell’Unto
et al. 2016). Since every archaeological study or site has
its own characteristics, new categories need to be
inserted without disrupting the stored data beforehand.
This should also apply when adding an extension to the
3D model: the links, which were previously established
between the data and an older state of the 3D point
cloud, have to be conserved without any disruption.

4.2. The multivocality of archaeological data

As Cripps (2013) mentions it, archaeological data
consists mostly of various and fragmentary information
and archaeologists often construct multiple narratives
based on the collected data. This multivocality forces the
development of an application that is able to adjust to
the versatility of archaeological studies (Dell’Unto et al.
2016).
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Amongst those characteristics, different elements need
to be addressed. The temporal aspect is one of the most
important ones. However, the integration of such a
parameter in an Information System is still limited as an
attribute. Moreover, time is not a constant feature as far
as archaeological data is concerned and its delimitations
are often fuzzy (Belussi et al. 2015; De Roo et al.
2013b).

Therefore, this 4D AIS, as we conceive it, should
propose the opportunity to hide unwanted parts of the
3D model and the information that is linked to it. Of
course, this procedure will not be able to automatically
reconstruct the parts that disappeared over time, but it
can assist the archaeologist by hiding unneeded data
and visual information. This option could be a useful tool
for the researcher to understand use of space as well as
the reasons that lead to later modifications. For this
concept to be effective, the semantic classification of the
point cloud will be crucial. Indeed, it will be very
important to sort the data correctly and to link it to the
appropriate sections of the 3D model (Doulamis et al.
2015; Wulff and Koch 2013). The attributes that will be
added to them will also need to be carefully selected so
that the information, if it is linked to two or more parts, is
still available even if some of those sections are not on
display.

Since archaeological data is multivocal, as Van
Ruymbeke (2015) states, different theories can be
elaborated. In order to keep track of their evolution,
saving a new development should replace the old entry.
This will allow to review the thought process that led to
the current interpretation and to assess the links that
have been created between some of the hypotheses.

4.3. Data volume

As the AIS is destined to store almost all of the data
about the study object the archaeologist is working on,
the number of files can vary from small to quite large
depending on the stage of the research and of its extend
(Coughenour et al. 2015).

The 3D model on its own contains billions of points that
are defined by X, Y and Z coordinates and semantic
information. Laser scanners also produce photographic
panoramas in order to colorize the point cloud. Each of
these panoramas can range from 70 megapixels (for the
Trimble TX5) (Trimble 2012) to 700 megapixels (for the
Leica ScanStation P30) (Leica 2015). Therefore,
depending on the size of the studied area, the resolution
and the quality of the recorded data, the size of the 3D
model can begin with a few gigabytes with no maximal
size.

As for the collected documentation, it can present itself
in different file types and formats going from a simple
text document to a high-resolution image scan. As for
the size of all of these entries, it can fluctuate from
almost nothing to a perpetual addition of data
(Coughenour et al. 2015).

In order to consider this huge amount of data, solutions
will need to be set up so that the application is not
slowed down.

4.4. Standardization of the file formats

All of the used file formats will need to be standardized
and compatible with one another. This will allow to
switch from the system to another one as well as to
share the results of the research with other parties
(Houshiar et al. 2015; Laurenza and Putzolu 2001; De
Roo et al. 2013a). Therefore, already existing and
widespread formats are going to be selected in order to
ensure an easy data transmission and sharing.

5. Conclusion

In this paper, we presented the main features of the
system we are currently developing within research
project CASTLE4D. This application is destined to
support archaeological research and fieldwork by
providing a virtual workspace which allows the
researcher to incorporate all of the available data to a 3D
model of its research object as well as to analyse the
information and to export the results of his study.

The ideal components we identified for this system
include a 3D model based on a point cloud, data storing
and consultation as well as data production based on the
analyses carried out by the researcher. Additionally, the
user will be presented with the possibility to insert the
study object into its surrounding topographical and
environmental context and a temporal feature that will
assist the researcher sort and visualize the interesting
data for a specific topic. Furthermore, work status and
theories can be saved in order to get back to them on a
later stage. This will enable the user to document the
thought process that led to the conclusions. Finally, an
emphasis is set on adaptability since every
archaeological research has its own particularities.

However, along with this hypothetical application, a
number of issues have to be addressed in order to
create a system that will work the way it is supposed to
and that will not collapse when some modifications are
necessary in order to adapt to some singularities of the
research object.

First, the AIS has to be developed according to the
needs of archaeological research. In addition to this, the
AIS interface will have to be clear in order to be easily
used by the researcher. Indeed, several aspects such as
visualization, the workspace and the storage will be
accessed through the graphical interface.

Then, we have to make sure that the multivocality of an
archaeological research is taken into account by the
system as well as the temporal aspect. At the same
time, the system must be able to handle frequent
modifications, addition of data and new links between
different entities. All of this has to happen without
deleting or changing any of the previous constructed
relations.

Going on, data volume will have to be addressed since
the totality of the inserted data (point cloud and other
information) will be of a very large size which could
greatly slow down. Therefore, different approaches will
be tested so that the most appropriate one is selected.

Finally, the file formats will be standardized. This step
will reduce a few variables that could impeach the good
functioning of the application. The choice of widespread
formats enables compatibility with other systems.
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The next step of this research will be the development of province of Lieége, Belgium) before applying it on other
the above defined AIS. A prototype will be worked out study objects.
and tested on the castle of Franchimont (Theux,
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