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1. Introduction 

Nowadays, the use of ontologies in the field of the 

archaeology is a new direction of research that is not 

fully tested. Some results are very encouraging and 

challenge the vision of archaeological sites which 

cannot be modeled semantically. Most of the re-

searches based on ontology technologies in the arc-

haeology domain are based on the research of finding 

on a common ground for the interoperability and the 

integration of data. Papers like (LANG 2009), 

(KOLLIAS 2008) cover these research.  The project 

ArchaeoKM is a shift from such researches. It focus-

es on using the knowledge possessed by the archaeo-

logists to model the data of an archaeological project, 

and to define domain rules in order to enrich the 

knowledge contained in the modeled data system. 

This system aims at the definition of a comprehen-

sive archaeological knowledge base system. The ini-

tial concept of the application has already been pre-

sented in CAA09 (KARMACHARYA, et al. 2009). 

As it has been discussed, the ArchaeoKM platform 

is based on Semantic Web technologies and a domain 

ontology defined by the specialists of the domain in 

collaboration with specialists of ontologies. Hence, it 

deals with knowledge generation and knowledge 

management through the expertise of the archaeolog-

ists. These knowledge could be both semantics as 

well as spatial. In addition, the ArchaeoKM platform 

is capable of handling both the knowledge as a single 

solution. This extended abstract paper presents the 

final concept and the process of developments since. 

The paper is organized in the following manner: 

section 2 covers the background behind the platform. 

Section 3 discusses different components within the 

ArchaeoKM platform. Finally, section 4 concludes 

by covering the current status of the platform.  

2. Background 

The main concept behind ArchaeoKM is to use 

knowledge that archaeologists possess to manage 

data from the excavated site. With the advancement 

of data capture technologies, we get widely more 

precise information. In contrast to the advantage of 

data interpretations and analyses, we have to deals 

with the issue of the data management. This problem 

is even more inconvenient in the case of industrial 

archaeology where the archaeological sites are avail-

able for very limited amount of time. All that can be 

collected during that time frame should be managed 

later. After what, the knowledge of experts is ex-

ploited to manage the data. The ArchaeoKM plat-

form facilitates the work of archaeologists concern-

ing the information management. This is done using 

the archaeologists knowledge even long after the data 

is collected. To do so, the geo-localization of the ex-

cavated objects of the site is defined into the system. 

Then, the semantic definition of the finding is added 

into the system through the use of a common defini-

tion materialized by an ontology of domain. This step 

is called this enrichment process which consists to 

enrich the knowledge already presents in the system. 

From this point, the system is able to take advantage 

of the semantic definition in order to semantically 

annotate the identified objects that can be found in 

the corpus of documents. Archaeologists benefit from 

this system because the dataset can be mapped to the 

relevant objects irrespective to their structures and 

file formats. In addition, it provides a semantic view 

on datasets materialized by the shared ontology of 

domain allowing archaeologists to build a global 

schema between data sources.  
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2.1 Demonstration Site and Data Pattern 

The project ArchaeoKM uses the Industrial Arc-

haeology context as a case study to demonstrate the 

concept. Actually, the principle of ArchaeoKM could 

be applied to other branches of archaeology. The 

demonstration site is the site of Krupp in Essen belt, 

Germany. The 200 hectares area of the Krupp site 

was used for the production of steel during early 19th 

century and was destroyed during Second World 

War. Most of the area is never rebuilt making it an 

ideal site for industrial archaeological excavation. 

The problem is that the area would be used as a park 

for the ThyssenKrupp main building within this year. 

So time is running out for the data collection process. 

In addition to the limited time frame, the amount and 

the pattern of data collected are very huge and di-

verse. The dataset and documents are ranged from 

simple images taken by non calibrated digital camera 

to highly sophisticated ortho-rectified aerial images. 

The geometries of the excavated objects are 

represented through point clouds obtained with the 

help of various terrestrial laser scanners. There are 

other types of documents such as archives and site 

plans. All of these data and documents are collected 

and stored in a repository using their own format 

without structuring due to the time constraint. Now, 

The ArchaeoKM platform should facilitate archaeo-

logists to map these data and documents to the re-

spective objects through semantic annotations. 

2.2 The Architecture 

Figure 1 shows the platform architecture of the sys-

tem ArchaeoKM. As it could be seen the system is 

composed of three distinct but interrelated levels. 

The lowest level is the Syntactic level. Within this 

level, all the data and the documents are stored in 

their native format. The next level is the Semantic 

level. This level is the heart of ArchaeoKM as it 

represents the actual excavation site through different 

components of Description Logics (DLs). Archaeo-

logists use their knowledge to build the description of 

the excavation site, and on this description the ontol-

ogy of domain and its components are defined. The 

components are the categories of objects, theirs 

attributes and theirs semantic relationship which 

could be for instance transitive. The ontology is ex-

pressed using the Ontology Web Language OWL 

(McGUINNESS und HARMELEN 2004). The high-

est level is the Knowledge level. It is the face of the 

platform because it provides to the user a graphical 

interface for the user interactions. Additionally, this 

level provides interfaces for the knowledge visualiza-

tion through web interfaces based on semantic wiki. 

Besides these three levels, a parallel structure to faci-

litate them in their spatial operations could be seen in 

the system architecture. The details on how the facili-

tator facilitates the different levels would be dis-

cussed in next section. 

3. Process in ArchaeoKM 

The ArchaeoKM platform considers two processes 

which are the Knowledge Generation and the Know-

ledge Management. Both semantic and spatial com-

ponents contribute to the both processes for proper 

knowledge manipulation. This section discusses 

these processes in terms of semantic and spatial 

components. 

Figure 1: The ArchaeoKM platform architecture 

3.1 Knowledge Generation 

The schema of the ontology which describes the 

categories of objects is the base from which know-

ledge is generated within the platform ArchaeoKM. 

At the beginning, this schema is a collection of DLs 

axioms which describes the kind of features of the 

excavation site. The semantic modeling through the 

domain ontology within the ArchaeoKM platform is 

shown in figure 2.  

 
 

Figure 2: Semantic model through Domain Ontology 
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As it could be seen, the ontology is a hierarchical 

structure of the object categories that could be possi-

bly excavated. The relationships among them do ex-

ist but they are managed and visualized through other 

interfaces. Archaeologists are engaged in the process 

of enrichment of the ontology by defining new cate-

gories or by defining more specific categories. In 

addition, archaeologists are engaged as well in the 

ontology population process which consists to map 

the identified objects to a category. It should be noted 

that the categories and the relationship which define 

the semantic model is not yet complete. Efforts are 

being made to make this ontology as complete as 

possible in collaboration with the archaeologists 

working in this area. Concerning the population 

process, there is three steps, the identification of ob-

jects, the semantic annotations process, and the spa-

tial annotation process. 

Identification of Objects: the ArchaeoKM platform 

provides a graphical interface that allows the arc-

haeologists to identify and to tag objects. The tagging 

process is undertaken by creating bounding boxes in 

a specified area of the site orthophoto. This could be 

seen in figure 3. 

 

Figure 3: The tagging process of an orthophoto  

When the objects are added in the domain ontolo-

gy, it becomes a knowledge base. Now the object has 

been tagged and added to the ontology, the semantic 

information is added. This is done by providing de-

tailed semantic knowledge to it like what category it 

belongs to, what other objects it is related to and 

through what relationships it is related to them, what 

are the properties it carries and many others. The 

ArchaeoKM facilitates the input of information for 

archaeologists. The bounding boxes, through which 

the objects are geo-located, are stored in ontology for 

future visualizations. Actually, this information is 

also stored in a spatial database system in order to 

make it possible to use spatial function on semantic 

object. 

Semantic Annotations: An identified object could 

be semantically annotated and linked to relevant doc-

uments in order to provide a semantic index for doc-

uments concerning the object. It has been mentioned 

that huge and diverse documents are collected during 

the excavation process and are stored in their native 

formats. The ArchaeoKM platform provides interfac-

es that allow the indexation and the retrieval of these 

documents through the semantic definition of objects.   

Spatial Annotations: Point Clouds are the base of 

geometrical information of the object in the Arc-

haeoKM platform. Thus, it uses PostgreSQL to store 

the point clouds. The points are stored as simple at-

tributive data within the database with proper index-

ing system in order to their efficient retrieval. Arc-

haeologists are allowed to feed the spatial annotation 

through either manually entering coordinates of Min-

imum Bounding Rectangle (MBR) of the object or 

choose the coordinates while locating the object as 

the MBR. In either case, ArchaeoKM uses conven-

tional SQL to query the point cloud. It then extracts 

and stores the points in ASCII format so that it could 

be visualized through any visualizing tools. Addi-

tionally, the coordinates of MBR is stored as spatial 

data type within PostGIS – a spatial extension of 

PostgreSQL for future spatial functions and opera-

tions.  

3.2 Knowledge Management 

The knowledge that was generated through the 

identification process is managed through different 

functionalities within the ArchaeoKM platform. This 

section discusses these functionalities. 

Semantic and Spatial Knowledge: As already dis-

cussed, the semantic knowledge are fed through se-

mantic relationships with other objects during the 

identification process. However spatial information 

are fed through the spatial operations and functions 

provided by the database system. The domain ontol-

ogy is adjusted in order to permit spatial operations 

and functions provided by the database system on the 

object defined in the domain ontology. The spatial 

functions are divided into two broader categories, 

Spatial Processing functions and Spatial Relationship 

functions. The former return the geometries when 

they are executed while the later are binary functions. 

A set of concepts are introduced in the ontology with 

proper relationships to the excavated objects for the 

first set of functions. As for the second case, the spa-

tial functions are represented through the relation-

ships within the ontology. Spatial functions are per-

formed in the database level but the results are added 

to the ontology. In this way the spatial analysis is 

possible within the application for proper spatial 

knowledge management. 
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Domain Rules and Analysis: The introduction of 

horn logic as base in logic programming has allowed 

the description of knowledge with predicates. Exten-

sional knowledge is expressed as facts, while the 

intentional knowledge is defined through rules 

(SPACCAPIETRA, et al. 2004). These rules are de-

fined through different Rule languages to enhance the 

knowledge in the ontology. The ArchaeoKM plat-

form takes the advantage of such languages and al-

lows the archaeologists to create their own rule in 

order to validate or discover knowledge. This is par-

ticularly helpful for difficult findings which cannot 

be immediately classified as anything but posses cer-

tain features. Later through some analysis a rule 

could be formulated to classify them. An example 

would be an unknown object with red bricks and 

round structure near the chimney is an oven. Arc-

haeoKM facilitates archaeologists to create such 

rules through its interface and classify the objects. It 

is shown in figure 4 where a simple rule of site hav-

ing oven with brown wall is a gluehaus is created 

which could be seen at the bottom of the interface.  

 

 
 

Figure 4: Interface for domain rule creation. 

Interestingly, the rule can be composed of seman-

tic axioms or spatial axioms or a combination of 

both. The extension of spatial rules is an added fea-

ture to the rule language itself provided by the Arc-

haeoKM project. Now the above example would be 

used as an unknown object with red bricks and round 

structure and within 50 meters for a chimney is an 

oven. In this examples both semantic rule such as red 

bricks and round structure and spatial rule within 50 

meters are applied to classify the unknown object. 

The semantic reasoner, reasoning engine, rules en-

gine, or simply the reasoner within the OWL lan-

guage allows the ArchaeoKM platform to infer new 

knowledge. This is used within the application to for 

knowledge analysis. The analysis tool in the applica-

tion can reason the ontology to extract the new know-

ledge. Query languages like the SPARQL language 

are used for the purpose but it is the reasoning capac-

ity that enhances the returned results with new know-

ledge.  

4. Conclusion 

It can be noticed that concept behind ArchaeoKM 

is relatively new. The involvement of archaeologists 

in each and every step within the system helps the 

knowledge within the system grow rapidly which 

will benefit archaeologists. 

Currently, ArchaeoKM is under development. The 

first version of prototype is developed and in the 

process of testing. This version incorporates com-

plete semantic component and few spatial compo-

nents. However, the complete integration of spatial 

component is underway and should be ready soon. 

Once, the whole package is ready for the testing, we 

believe the application will be cutting edge applica-

tion in the field of archaeology.   

In addition to assist archaeologists in the data man-

agement ArchaeoKM provides a new dimension to 

spatial manupulation of spatial data. The concept 

could be integrated within current GIS applications to 

add the dimension of knowledge in their existing 

systems 
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