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Abstract. Shifting from conventional approaches to an unusygroach in
industrial archaeology, we suggest the use of aplegifiorm based on semantic
web technologies and knowledge management. Thifopiais used to store
data during the excavation process and to managel&dge acquired during
the identification process of the findings. Thenpiple of our approach consists
in using semantic annotations in order to havenzas¢ic view on data sets. The
shared ontology that defines an index on the seémanhotations allows us to
build a global schema between data sourdgss global schema allows
annotating, indexing, searching and retrieving @aichdocuments.
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1 Introduction

Oriented data management is widely used in archgeswll projects to store and
retrieve data generated during the excavation gsodeoday, with the rapid growth of
advance technologies it is possible to generate largount of data in short time.
Hence, it has become problematic to manage data twé conventional methods.
This has prompted huge researches in the fieldatd thdexation and information
retrieval in order to reach a better level of datanagement. The level consists of
identifying and managing knowledge from the datdlected during excavation.
Today, as different technologies are being usethgwxcavation, different pattern of
data are generated. Primary source of data in aogvation site is the set of point
clouds obtained through the terrestrial laser sic@nprocess. They are generally used
for creating 3D object models. Besides, floor plamsages and other data like
archaeological notes are collected during the ptojéhey provide great value in
analysis of the archaeological findings in any ectj The process of identifying and
storing data from findings is a process of knowkedgpitalization on archeological
sites. Industrial archeology generates a huge atmwfuhata in a very short time due
to the fact that industrial archeological sites available only for a very short time.



Thus, the collected data is stored during the @m®da a repository without any
relevant structure. Once data are stored, the psooé identification of industrial
findings with the help of the data repository isrigal out. Two main issues need to be
addressed here — first about the data structurefficient access of data and second —
the process allowing archaeologists to have efftaietrieval of the findings from the
above repository. Shifting from conventional appttes, we suggest the use of web
platform through semantic web technologies and Kedge management. The
platform is used in both storing data during extiavaprocess and in managing
knowledge acquired during identification processe Tollaborative process between
archeologists is facilitated by the platform in erdo generate knowledge from the
data set once the data are stored in relevant statature. The principle of the
approach is to use semantic annotation to have rg&amaew on the data sets. The
shared ontology that defines an index on the samanhotations allows us to build
the global schema between the data source. Thimlgkchema allows annotating,
index, searching and retrieving data and documents.

2 Dataand Knowledge M anagement

There has been many research works in the fieRDoObject Modeling but most of
them focus on some specialized area and do not ¢heewvhole. However, projects
like 3D MURALE [1] and DILAS [2] attempts to taketh®r factors into account
making them most comprehensive. 3D MURALE systeroisiposed of a recording
component, a reconstruction component, a visuaizatomponent and database
components. The findings are managed through das¢amanagement system. Once
the findings are stored in the database with aqralata structure, the objects are
reconstructed through the reconstruction comporigmis is done by modeling the
objects in 3D space. These 3D models are display#ue visualization component.
DILAS is a generic, fully object oriented model f2ID geo-objects. The 3D geometry
model is based on a topologically boundary repttasem and supports most basic
geometry types. It incorporates also the conceptudfiple levels of detail (LOD) [3]
as well as texture information. As most of the aesk works are geometry
management oriented, they lack semantic informa#atually, semantic information
allows the management of knowledge on geometrigi@abs. An interesting approach
on how to represent an object through the semamficmation in a 3D scene has
been discussed in [8]. The use of spatial and tatiem relationships between objects
can represent the objects in an adequate manreregipect to its surrounding.
Knowledge about documents has traditionally beenaged through the use of
metadata. The Web semantic proposes to annotateddbement content using
semantic information from domain ontologies [4].eTtesult is a set of Web pages
interpretable by machine with the help of mark-ufise goal is to create annotations
(manually or automatically) with well-defined sertias. In the Semantic Web
context, the content of a document can be descripeddannotated using RDF and
OWL. Semantic Web annotation brings benefits of tkinds to this platform -
enhanced information retrieval and improved interapility. Information retrieval is



improved by the ability to perform searches, whéistploit the ontology in order to
make inferences about data from heterogeneousrmsofr].

Our platform aims at not only managing the concelgtined to annotate documents
(which most of the research projects currently feg on), but also the instances of
concepts with their own property values. In thisnmer, an object found in a point
cloud can be linked, with the help of an instantéhie ontology to other documents
that contain the same object. The second aim oplatform is to give archaeologists
the possibility to manage Wikipedia pages on figdinThese Wikipedia pages
represent the knowledge formalized by archaeolpgistl are managed through a 3D
scene where 3D objects are linked to Wikipedia page

3 Data pattern and format

The case study site is the Krupp factory in Es§&srmany. The 200 hectares area
was used for steel production during early 19thugnand was destroyed in Second
World War. Most of the area has never been rebhuilt thus provides an ideal site for
industrial archaeological excavation. The area Wil used as a park of the
ThyssenKrupp main building in 2010. Actually, we aunning out of time to collect
data. The first challenge consists in creatinglevesmt data structure which helps in
retrieving those data efficiently. In addition, ttata which have to be collected are
huge so the system should be able to handle adatgeset. The nature of the dataset
generated during the project contain heterogeneblusy range from scanned point
cloud from terrestrial laser scanners to the flplams of old archive. The primary
source of geometric information is provided throtigé point cloud. The point clouds
have resolutions of 0.036 degree and are in Gati$geK coordinate system (GK I1).
It is the main data set used for the 3D object ringeBeside point clouds, huge
amount of images are also collected during the \eataan. Most of the images are
taken with non calibrated digital camera so doawsttain any information about the
referencing system. Those images posses vital demaformation and could be
used for the formulation of knowledge. However réherere photogrammetric flights
to acquire aerial images of the area. The aeriagam were processed to generate a
digital orthophoto with a resolution of 10 cm ansl again in Gauss Kriiger
referencing system (GK II). Additionally, huge arah data have been collected.
Those data contains floor plans of the buildingd ather semantic information.
Likewise, the notes taken by archaeologists are mgportant to acquire semantic
information of the findings. ArcGIS databases dse available depending on the site
and its nature. These databases are in the GKdierce system. For our example,
this database gives an overview of the site andbeaoverlayed with the orthophoto
in order to identify the interesting locations éasi

4 Principleand method

The scenario of the case study consists of thrgessfThe first step is to annotate
semantic information in the excavation data to fferthe findings in the document.



Then during the second step a relationship shoalbtmulated between documents
of same industrial finding. The third step consistsnanaging semantic objects in
order to manage the knowledge with the help of YéKia pages. First of all it is
necessary to consider the storing structure ofapesitory and the services that will
be available to store and search data on the \sdata sets. Geometric and semantic
relationships between various objects should bertakto account for efficient
management of the objects. The simplest approaciidviae to store the objects with
respect to a 2D map through the bounding boxes.iffiages of those objects taken
from different view points are then related to thepective objects’ bounding box by
referencing them against the map. Similarly, thentsoof view of those images are
referenced to their respective points in the mdpe ftheory is similar to the scanned
point clouds. The geometries of the objects anedto the database and linked them
through the bounding boxes with the 2D map. A simprocess is also applied to
other datasets. Every datasets are transformeccamanon referencing system with
respect to the referencing system of the 2D mapus;Thll the datasets are linked
through a common referencing system and becomés ¢aextract information. The
second step should require archaeologists to atentte documents indexed in 2D
map and identify the common archaeological findimgsrder to create knowledge. It
is very important to involve archaeologists in thisp as they are the best person to
identify the findings. They are the one who shadddermine the rules through those
annotations to generate the knowledge. These bhdtgeen the objects will help to
enrich the knowledge base and should be incorpbraiihin the ontology. Thus, the
ontology will help to create a relationship betwél@ documents. The ontology and
the instances of the ontology classes will be @efiby archaeologists. In addition,
they will also define industrial objects in relatito the documents indexed in the 2D
map. The last step, the findings during the exdamathould be managed properly
with the knowledge discovered in the archaeologigal Ontology plays a major part
in achieving it. All the findings are referencedaatst the 2D map through the
bounding boxes as semantic objects in the ontoldbis could be roughly termed as
semantic mapping and is of great value to the aabgical process to determine
different behaviors of object in different scenaricAdditionally, those semantic
annotations can be interpreted by the machine &hbheed, published, queried or used
in more general way.

The architecture of the proposed system consisthret levels. The first level is
the Syntactic level and about the indexation oflatlh and documents in a 2D map. It
is composed with RDBMS (Relational Data Base Man@gd System) that allows us
to store geometrical data. Database systems likel©d1g or PostgreSQL have their
own spatial extension to store the geometric infdfom and can perform spatial
operations. The second level represents the semiutkex composed of semantic
annotations. This level defines the nature of datal documents and defines
relationships between semantic objects. This levehlled the ontological level and
represents a bridge between interpretative sensamtievhich users interpret terms
and operational semantics in which computers hasgebols [5]. The last level is
the highest level and the most concrete one whéphesents the organization of the
knowledge on the semantic map. Our platform iseclimsthe semantic extension of
Wikipedia [6], but data handling and managing edtefeyond textual data. The
platform will guide archeologist in order to definwikipedia pages concerning



subjects and objects of the site that represenwlatlye added by archeologist. This
level is called the knowledge level because it @spnts the specification of the
knowledge of archeologists concerning the indusfindings.

5 Conclusion

We have presented a platform based on knowledgageament which is used to
handle archaeological data. We are currently pyptog our architecture using JENA
on PostgreSQL. The process works on computerslaca network. To implement
the framework, we are using JENA (Semantic Web Emank for Java) [9] in order
to build and to manage ontologies in JAVA. JENApseus to handle an OWL
database. We use the request language of JENAtrievee data. What was not
presented here is the collaborative process betasdtaeologists. The next issue to
resolve is the collaborative work on the ontologdyick will enable all archaeologists
to work on the same Wikipedia page.
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