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Abstract. Shifting from conventional approaches to an unusyg@roach in
industrial archaeology, we suggest the use of aplegifiorm based on semantic
web technologies and knowledge management. Thifoptais 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

Along with rapid growth in state of art technolaogi¢he approach of data acquisition
has changed dramatically in the last few yearss hiais enabled to collect data with
very high accuracy increasing the data with theoegptial growth. Additionally,
with every new device, a new data format is geeerathis in one hand helped in
analyzing data more accurately but in next has imeceery problematic to manage,
exchange, share and retrieve. The problem is evere wisible in archaeological
projects where the amount and pattern of data @gehand heterogeneous. In an
Industrial Archaeological project where the areadrcavation is available for very
small duration, this problem gets even more exaggdr Hence, there is lots of
research going on the topics of data indexationiafodmation retrieval so that a next
level could be reached where knowledge could bd tsenanage the findings. This
level consists in identifying knowledge and manggithis knowledge on data
provided by archeological activities. Data are ectitd according to the requirement
of the archaeologists. Actually, only archeologits able to identify which objects
are important to be recorded.



Today, as different technologies are being usethguwxcavation, different pattern of
data are generated. Primary source of data in &cgvation site is the set of point
clouds obtained through the terrestrial laser sicanprocess. They are generally used
for creating 3D object models. Besides, floor pjJamsages and other data like
archaeological notes are collected during the ptojéhey provide great value in
analysis of the archaeological findings in any pctj

As Industrial archeology generates huge amountatd th a very short duration the

collected data is stored in a repository withow eglevant structure. Once data are
stored, the process of identification of industfiadings with the help of the data

repository is carried out. Two major issues havebeounderlined here; first most

appropriate storing structure which provides eazess to the repository consisting
complex and heterogeneous data like 3D point clopidtures, images, videos, notes
and GIS databases. Second — the most feasible sgrdoeallow archeologists to

annotate, index, search, and retrieve data andndemts in order to ease the
identification of common archeological findings.

Shifting from conventional methods, we suggestube of a web platform based on
semantic web technologies and knowledge manageriiéig. platform is used to
store data during the excavation process and tagemknowledge acquired during
the identification process. The platform facilimthe collaborative process between
archeologists to generate knowledge from the dataThe main principle of our
approach is to use semantic annotation to providenaantic view on data sets. The
shared ontology that defines an index on the samanhotations allows us to build a
global schema between data sourddss global schema allows us to annotate, index,
search and retrieve data and documents.

Section 2 presents the previous and existing worksmilar areas and presents the
notion of knowledge management through the Web &#mé&ection 3 presents data
patterns and the collecting process. Section 4epteshe principle and the method of
the platform. The last section concludes the paper.

2 Data and Knowledge Management

This section presents the management of spatia oatprevious works and its
limitation as far as knowledge management is corezkr This section also includes
an introduction to knowledge management through¥le® Semantic technologies.

2.1 Previous and Existing Works

Spatial data is any data that represent objectia#ipavhich can be in 0, 1, 2 and 3
dimensional space. There has been huge amountréfiwapatial representation of
data from excavation of an archaeological projeatlgects in cultural heritage sites.
However, they are mostly driven by 3D object mauglor Geographic Information
System and thus limiting an overall complete Infation System. Today, there are



handful of projects like the project 3D MURALE [Hnhd DILAS [2] that can be
considered as comprehensive Information Systenhénfield of Archaeology and
Cultural Heritage. 3D MURALE system is composedaofecording component, a
reconstruction component, a visualization comporrewt database components. The
findings are managed through a database managesystet. Once the findings are
stored in the database with a proper data structhee objects are reconstructed
through the reconstruction component. This is doypanodeling the objects in 3D
space. These 3D models are displayed in the visueh component. DILAS is a
generic, fully object oriented model for 3D geo-@tis. The 3D geometry model is
based on a topologically boundary representatiah supports most basic geometry
types. It also incorporates the concept of multipieels of detail (LOD) [3] as well as
texture information.

As all fully oriented geometry management systetims,main issue of these projects
is the lack of semantic information. Actually, semia information allows the
management of knowledge on geometrical objectsanfemesting approach on how to
represent an object through the semantic informatio a 3D scene has been
discussed in [4]. The use of spatial and orientatedationships between objects can
represent the objects in an adequate manner wipect to its surrounding. In
addition, the idea concerning semantic relatiorshijgtween objects is a real
improvement for our objectives.

2.2 Knowledge management

Knowledge about documents has traditionally beemaged through the use of
metadata. The Web semantic proposes to annotateddbement content using

semantic information from domain ontologies [5].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 descahddannotated using RDF [6] and
OWL [7].

Semantic Web annotation brings benefits of two &ibal this platform - enhanced
information retrieval and improved interoperabilitgformation retrieval is improved
by the ability to perform searches, which expldie tontology in order to make
inferences about data from heterogeneous resoj#kes

Our platform aims at not only managing the concefined to annotate documents
(which most of the research projects currently fmeg 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 oplatiform is to give archaeologists

the possibility to manage Wikipedia pages on figdinThese Wikipedia pages

represent the knowledge formalized by archaeolsgistl are managed through a 3D
scene where 3D objects are linked to Wikipedia page



3 Data Patterns and Formats

The case study site is the Krupp factory in Es§srmany. The 200 hectares area
was used for steel production during early 19thtugnand was destroyed in Second
World War. Most of the area has never been rebuil thus provides an ideal site for
industrial archaeological excavation. The area Wi 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 creatinglevemt data structure which helps in
retrieving those data efficiently. In addition, tHata which have to be collected are
huge so the system should be able to handle adaigeset.

[b] [d] le]

Fig 1: Heterogeneity nature of data [a] Site Plan lagetlas GIS data in ArcGI®ighlighted the area of
Oven) [b] Orthophoto from aerial image overlayed witle thite Plar{Oven area).  [c] Point Cloud of
Oven [d] Image of the Oven. [&pp) Floor Plan(down) Archaeological notes

The nature of the dataset generated during theqirig heterogeneous. It could be
seen in figure 1. As could be seen the acquired @atges from scanned point cloud
from terrestrial laser scanners to the floor plafeld archive. The primary source of
geometric information is provided through the poifdud. The point clouds have
resolutions of 0.036 degree and are in Gauss Kréigerdinate system (GK Il). It is

the main data set used for the 3D object modeBegide point clouds, huge amount
of images are also collected during the excavatibost of the images are taken with



non calibrated digital camera so do not containiafgrmation about the referencing
system. Even though they do not contain any reé@ngninformation they posses
vital semantic information and could be used foe formulation of knowledge.
However, there were photogrammetric flights to @&egaerial images of the area.
The aerial images were processed to generatetaldigihophoto with a resolution of
10 cm. The digital orthophoto is again in Gaussderireferencing system (GK II).
To add on this, huge archive data have been cetlecthose data contains floor
plans, old pictures and other semantic informatibikewise, the notes taken by
archaeologists are also important to acquire sdmanformation of the findings.
ArcGIS databases are also available depending ensite and its nature. These
databases are in the GK Il reference system. Foexample, this database gives an
overview of the site and can be overalyed withditeophoto in order to identify the
interesting locations easily as can be seen indigub).

4 Principle and method

This section deals with the methodology that we @aposing. The section begins
with the description dealing with the scenario @odtinues with the details on the
system architecture in the second section.

4.1 Case study scenario

The approach to generate and manage knowledgegthtbe semantic annotation of
the excavation data can be achieved through thee ttistinct steps. The first one
considers the semantic annotation of the excavaléa in order to identify industrial

findings in the documents. The second step consistieating a relationship between
documents concerning the same industrial findingpe Third step consists in
managing semantic objects in order to manage tlewvledge with the help of

Wikipedia pages.

First of all it is necessary to consider the stpratructure of the repository and the
services that will be available to store and seatata on the various data sets.
Geometric and semantic relationships between varahjects should be taken into
account for efficient management of the objectse $implest approach would be to
store the objects with respect to a 2D map thrabghounding boxes. The images of
those objects taken from different view points #mnen related to the respective
objects’ bounding box by referencing them agaihst map. Similarly, the points of
view of those images are referenced to their rasmepoints in the map. The theory
is similar to the scanned point clouds. The gede®wf the objects are stored in the
database and linked them through the bounding bwithsthe 2D map. A similar
process is also applied to other datasets. Inithisevery datasets are transformed in
a common referencing system with 2D map implicifihus, all the datasets are
linked through a common referencing system and ipeso easier to extract
information.



The next step should require archaeologists totatethe 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 shadidermine the rules through those
annotations to generate the knowledge. These hdtgeen the objects will help to
enrich the knowledge base and should be incorpbraiihin the ontology. Thus, the
ontology will help to create a relationship betwéla 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.

Lastly, the findings during the excavation shoulel tmanaged properly with the
knowledge discovered in the archaeological sitetofogy plays a major part in

achieving it. All the findings are referenced agaithe 2D map through the bounding
boxes as semantic objects in the ontology. Thiddcba roughly termed as semantic
mapping and is of great value to the archaeologicatess to determine different
behaviors of object in different scenarios. Addittly, those semantic annotations
can be interpreted by the machine to be sharedispeld, queried or used in more
general way.

4.2 Architecture

The architecture of the system consists of threpmiavels responsible for various
functionalities. As could be seen in figure 2, thésvels are interdependent with each

others.
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Fig. 2. Data model of the web platform to manage indudirdings.



The bottom level is the Syntactic level which ispensible for storing and retrieving
data and documents. This level composes RDBMS {iBe& Database Management
System). With the inclusion of spatial componentsnainstream database systems, it
has become very convenient to store geometricarnmtion within these database
systems. Additionally, they provide spatial opemas and functions which allow us to
analyze the geometric data spatially. The geométfiemation acquired through the
terrestrial laser scanners are stored in the dsg¢asgstem with the help of the spatial
component. Basically, these geometric data aresétieof point clouds with the 3
Dimensional coordinate information. They are thgamdata in context of the project
as they provide visual representations of the figdiduring excavation. With the help
of spatial operations we can derive the boundingeboof the object during the
storing or after during the retrieval of these datbth the advancement in database
technology, today it is possible to store the paildtud as Binary Large Object
(BLOB) data type as in Oracle 11g with spatial asten [9] or Extended Well
Known Text [EWKT] as in PostGIS 1.3, the spatiaession of PostgreSQL 8.3 [10].
Similarly, images and documents from achieve adrest in separate or same
database within this level. Basically, this levglrepository of all the acquirements
from the excavation site.

The next level is the Ontological Level. It is pafily the most important level with

the system architecture because the relationskipgslen different objects are defined
within this level. An active involvement of the hemlogists is important in this phase
as they are the one who can define the relatioashfighe findings. Through them a
set of rules is defined. Through the rules it beesmossible to define the domain
ontology for the project. The bridging between tleigel and the Syntactic level is
done through the semantic annotations through wifielsemantic index is built up.

This semantic index is the building block of thenwon ontology and through

semantic annotations provides semantic view ofdat. It also provides global

schema between various data source making theimtagration possible at certain
level. This level represents a bridge between pm&tative semantics in which users
interpret terms and operational semantics in whahputers handle symbols [11].

The top most is the most concrete one which reptsste organization of the
knowledge on the semantic map. This level provitiesuser interface in form of web
pages to display the knowledge generated througiaiséic map. As could be seen in
figure 2, this level has different web pages regméglifferent formats of data. The
pages are interrelated and could be navigated diogpto the relevance. In addition,
the inter relation of objects within the Ontolodidavel will be shown and could

navigate from description of an object to anotfdus, our platform is close to the
semantic extension of Wikipedia [12], but data Hemgd and managing extends
beyond textual data. The platform also handles 32D object models of the

findings besides the textual and image data. Th#qom will guide archeologist in

order to define Wikipedia pages concerning subjectd objects of the site that
represent knowledge added by archeologist. Thisl lisvcalled the knowledge level
because it represents the specification of the ledye of archeologists concerning
the industrial findings.



5 Conclusion

We have presented a platform based on knowledgeageament 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 Exaank for Java) [13] in order
to build and to manage ontologies in JAVA. JENApseus to handle an OWL
database. We use the request language of JENAtrievee data. Possibilities of
integrating the reasoning capability of OWL DL (W&bntology Language) to
generate new knowledge through the existing onéaireg explored. What was not
presented here is the collaborative process betasdtaeologists. The next issue to
resolve is the collaborative work on the ontologyiak will enable all archaeologists
to work on the same Wikipedia page.
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