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IR (TRODUCTION

Today when the world is embracing the advancement of
technology the art of data acquisition has also changed
a lot, Now it is possible to collect data with very high ac-
curacy. This has provided innumerable advantages in data
manipulation but also provides challenges in managing
thern simply due to the size of the data. In an Industrial
Archaeological project where the area for excavation s
available for very small duration, this problem gets cven
more exaggerated. Hence, there is lots of research go-
ing on in the topics of data indexation and information
retrieval so that a next level could be reached where
knowledge could be used to manage the findings. This
level consists in identifying knowledge and managing
this knowledge on data provided by archaeological activ-
ities. Data are collected according to the requirermnent of
the archaeclogists and they are managed by themselves.
ArchoeokM facilitates them to manage them through
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the knowledge generated by identifying the abjects &_'3
cavated from the site and recording it as it is. It provigeq
the functionality of relating the object to another i A
dynamic manner so that new relationships could be e
ated at any point of time. Actually, only archaealagis
are gble to perform these tasks through their knowledg

of the excavation sites and the abjects excavated i
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Industrial archaeckogy generates huge amount of daty i
a very short duration, the collected data are stored iy :]
repository without any relevant structure. Onee datg gpe
stored, the process of identification of industrial ﬁﬂdingé
with the help of the data repository is carried out. Thres

major issues have to be underlined here; first most ap
propriate storing structure which provides easy aceess o}
the repository consisting of complex and heterogenens)
dats like 30 point clouds, pictures, images, videos, notedf
and others. Second - the most feasible process to allog]
archaeologists to annotate, Index, search, and retrieve
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Figure 1: Heterogeneity nature of deta fo] Site Plan foid out s GIS dat in ArcGIS (highlighted the area of Oven) fb] Orthaphoto (g
aerial image overloid with the Site Blan {Oven area). o] Point Cloud of Oven [d] Image of the oven. [e] [top) Floor Pian {down) Afrh' ;
logico! notes (® quthor) -
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data and documents in arder to ease the identification of
comman archaeological findings. Third - the rules to de-
fine the object and its relationship with other objects. The
rules are very important as they are the ane to provide
a proper knowledge base for knowledue management.
These rules could be based on semantic as well as spatial
relationships of the chject and ArchoeoX supports both.

Shifting from conventional methods, ArchoeokM is a
web platform based on semantic web technologies and
knowledge management. It is used to store data during
the excavation process and to generate knowleoge dur-
ing the dentification process and manage the knowledge
generated through the rules formulated by the archae-
ologists. The platform facilitates the collaborative process
between archaeologists to generate knowledge from the
data set, In general two distinct functionalities could be
ohserved in ArchoeokM - Knowledge Generation and
Knowledge Management. The descriptions and observa-
tions of the archaeologists are managed through the do-
main ontology which is basically the representation of
the site. The ontology gets populated by the identifica-
tion process making it a knowledge base for knowledge
handling.

DATA PATTERNS AND FORMATS

Industrial Archaeclogy is perhaps the best suited field in
archaeclogy to carry out our research as Industrial Ar-
chaeclogical Sites (1ASs) are available for very short dura-
tion of fime,

It makes time available very short to store them which is
one of the concerns we want to address here. Addition-
ally, the amount of data that is collected in this short
span is very large and diverse. ArchaeokM uses the site of
Krupp factory in Essen, Germany. Tne 200 hectares area
was used for steel production during early 19th century
and was destroyed in Second World War. Most of the
area has never been rebuilt and thus provides an ideal
site for industrial archaeological excavation. The area will
be used as a park of the Thyssen¥rupp main building in
2010. Actually, we are running out of time to collect data.
The first challenge consists in creating a relevant data
structure which helps in retrieving those data efficiently.
In addition, the dats which have to be collected are huge
50 the system should be able to handle a huge data set.

The nature of the dataset generated during the project
is heterogeneous. It can be seen in Figure 1. As could be
seen the acouired data ranges from scanned point cloud

from terrestrial laser scanners to the floor plans of old
archive, The primary source of geometric information is
provided through the point cloud. The point clouds have
resclutions of 0.036 degrees and are in Gauss Kriiger
coordinate system [GK II). It is the main data set used
for the 30 object modelling. Beside point clouds, huge
amount of images are also collected during the excava-
tion, Most of the images are taken with non calibrated
digital camera so do not contain any information about
the referencing system. Even though they do not contain
any referencing information they posses vital semantic
information and could be used for the formulation of
knowledge. However, there were photogrammetric flights
to acguire aerial images of the area. The aerial images
were processed to generate @ dioital orthophoto with a
resolution of 10 cm. The digital orthophoto is again in
Gauss Kriger referencing system (GK 11} To add on this,
huge archive data have been collected. Those data con-
tain floor plans, old pictures and other semantic informa-
tion. Likewise, the notes taken by archaeclagists are alse
important to acquire semantic information of the find-
ings. ArcGIS databases are also available depending on
the site and its nature, These databases are in the GK I
reference system. For our example, this database gives an
averview of the site and can be overlaid with the ortho-
photo in order to identify the interesting locations easily
as can be seen in Figure 1 (b).

ARCHAEOKM - THE PRINCIPLE AND THE PROCESS

The primary principle within ArchoeoKM is the use of
semantic web and knowledge management to facilitate
archaeologists with handling their data. However, it does
nat completely bypass the conventional database system.
It still uses the spatial functionzlities of existing data-
base system for its spatial rules. Details on how they are
managed can be found in papers like Cruz, et al. 2010,
Karmacharya, et al. 2009, It is collaborative Web platform
based on semantic web technologies RDF [Group 2004),
OWL (Bechhofer, et al. 2004), SPARQL (Prudhommesux
und Sezborne 2008) and SWRL (Horrocks, et al. 2004 and
knowledge management in order to handle the informa-
tion provided by several archaeologists and technicians.

The Architecture

fs can be seen in Figure 2, ArchoeokM is a three layered
architecture with the bottom layer being the Syntactic
layer, Within this layer all the data and documents col-
leeted during excavation is stored in their proprietary
format. The middle layer is the Semantic layer. Within this
layer, the description of the excavation site is represented
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Figure 4: The Rule interface (® guthor)
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in domain ontology. This can be considered as the Core
of ArchaeokM as it controls all the knowledge geners.
tion and management process. The topmost leve is the
Knowledge level. This level is the face of the application
and so consists of different user interfaces to visualize
and interact with the knowledge. As can be seen, a paral-
lel facilitator supports all the levels to store spatial data,
retrieve and perform spatial analysis and visualize the re.
sults within all levels of ArchoeoKM. Details are given in
A. Karmacharya, et al. 2009, A. Karmacharya, C. Cruz, et
al., ArchaeoKiM: Managing Archaeological data through
Archaeological Knowledge 2010.

The Process

The initial phase of ArchaeokM primarily involves design-
ing the domain ontology which is basically a descrip-
tive representation of the site represented in a network
graph. The process within ArchoeoKl can be divided into
two broader parts: Knowledge Generation and Knowl-
edge Management. The first part deals with identifying
objects in the excavation site and maps the related data
and documents to the object. ArchaeoKM provides inter-
faces to support these tasks. As can be seen in Figure 3,
the objects are identified and tagged with the polygon on
the Google map provided within ArchaeokM with proper
names. They are mapped to relevant dats and documents
through the semantic annotation interfaces. This pro-
vides a common element for data integration of differ-
ent data types. In this way the object is first created and
populated within domain ontology.

The second part is basically managing the knowledge
generated by identifying the object. ArchaeokM pro-
vides two approaches. The first approach is through the
interfaces to directly relate the identified objects to the
corresponding related objects. This is possible when the
archaeologists know exactly how they are related. The
second approach is through the domain rules which ar-
chaeologists can formulate at any time. An example is
provided in Figure 4. In this Figure , we can observe a rule
stating that a site having an oven which is red in colour
and elliptical in shape and has & framework as construc-
tion type then that site is a Gliihhaus. This in fact is a
very simple and fictitious rule but ArchaeokKM can handle
more complex and real rules,

CONCLUSION
We have presented ArchoeokM based on knowledge

management which uses the knowledge possessed by ar-
chaeologists to manage the archaeclogical data. We are



currently testing a protolype with real data and real ar-
chaeological knowledge. The architecture was prototyped
using JENA on PostgreSQL To implement the framework,
we are using JENA (Semantic Web Framework for Java)
in order to build and to manage ontology in JAVA. JENA
helps us to handle an OWL database. We use the request
language of JENA to retrieve data. Possibilities of inte-
grating the reasoning capability of OWL DL {Web Ontol-
ogy Language) to generate new knowledge through the
existing one are being explored.
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