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1. Introduction 

In this paper we want to present a methodology for 
data integration based on the CIDOC CRM
(CROFTS et al. 2009). Spatial data are 
the integration process which provides us on 
hand with the possibility to access the CRM stru
tured data through an interactive map
hand GIS functionalities of spatial analysis can g
erate new data within the ontological dat
could not be generated with inference mech

Various research activities are concerned with the 
implementation of the CRM for the purpose of 
integration and knowledge representation
heritage developed its own extension to the CRM for 
archaeological excavations and integrated data from 
different databases (MAY et al. 2009)
versity of Cologne archives are integrated with s
mantic technologies (KUMMER 2009). 
technological approach implements CRM structures 
for museum data (HOLMEN et al. 2008)
tional databases and GIS. A combination of triple 
store, relational database with spatial d
tent management system is developed at the 
sity of Bochum (LANG 2009). At the 
Erlangen-Nuernberg an OWL-DL representation of 
the CIDOC CRM was generated (GÖRTZ
2008) and is going to be used in a joined 
program to build up a scientific communication i
frastructure (KRAUSE et al. 2009).  

Our approach emphasizes the scalability of the o
tological data integration process. It gives the user 
the possibility to do a gradual transfer to ontological 
structures depending on the needs and available r
sources. Thus it should be easier to adopt 
logical data model. The methodology is 
a conceptual part and an implementation part. There 
are three steps of conceptual work that range from a 
scope definition over CRM class and properties 
tification to a thesaurus specification. The impleme
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approach emphasizes the scalability of the on-
tological data integration process. It gives the user 
the possibility to do a gradual transfer to ontological 

uctures depending on the needs and available re-
sources. Thus it should be easier to adopt an onto-

The methodology is divided into 
a conceptual part and an implementation part. There 

that range from a 
and properties iden-

tification to a thesaurus specification. The implemen-

tation work is divided into four steps that lead from 
the creation of a web repository for digital resources 
and a relational database with user and GIS i
to a RDF/OWL representation of the data that can be 
further processed with semantic tools. 
ogy was developed in the course of the multidiscipl
nary special research project 
eleven disciplines like Archaeology, Linguistics
tory, Mineralogy or Botany 
the history of mining activities from pr
modern times. Every methodological
fied with the way it was realized within the project 
HiMAT ( www.uibk.ac.at/himat)

2. Methodology – Conceptual part

With the three following steps we want to show 
how to use the CIDOC CRM to organise data in an 
ontological way without the need to 
with the whole CRM.  

2.1 Define scope of data content

Either if you are integrating data from different 
sources or want to generate a 
to represent a certain knowledge
the scope of the content. In our project 
the various disciplines we defined
guided by the leading ques
WHEN and WHAT. In Table 1 are some of the fields 
with examples. 

Metadata fields 
WHO WHAT  
project part title 
source topic 
person in charge description
WHERE analyse me
place name object category
y-coordinate object cond
x- coordinate material 
community object funktion
 

Table 1: Examples of metadata fields

CAA’ 2010 - Fusion of Cultures 
Granada, Spain 

ased 

ata 

Austria 
Austria 

tation work is divided into four steps that lead from 
the creation of a web repository for digital resources 

with user and GIS interface 
to a RDF/OWL representation of the data that can be 
further processed with semantic tools. The methodol-

was developed in the course of the multidiscipli-
project (SFB) HiMAT where 
Archaeology, Linguistics, His-
otany research commonly on 

of mining activities from prehistoric to 
hodological step is exempli-

fied with the way it was realized within the project 
www.uibk.ac.at/himat). 

Conceptual part 

With the three following steps we want to show 
CRM to organise data in an 

ontological way without the need to confront the user 

Define scope of data content 

Either if you are integrating data from different 
 database for your needs 

to represent a certain knowledge you have to define 
In our project together with 

we defined metadata fields 
guided by the leading questions WHO, WHERE, 

In Table 1 are some of the fields 

WHEN 
from (absolute) 
to (absolute) 

escription period 
ethod phase 

bject category  
bject condition  

 
bject funktion  

metadata fields in HiMAT 
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2.2 Identify classes and properties of the CRM to 
represent the defined data content 

The metadata fields that have been defined in step 
2.1. are now mapped to CRM classes. Decisions have 
to be made to what detail data should be transferred 
to ontological structures. Because the more detail we 
are representing the more is the cost for implementa-
tion and the more complex the system becomes what 
has an impact on usability.  

In the case of HiMAT we choose eleven main 
classes and their subclasses to represent the informa-
tion in our metadata fields. Only properties that are 
necessary for the desired ontological representation 
are selected to relate these classes. Figure 1 shows 
this structure with six of our classes and examples for 
properties relating them. 

 

 
Figure 1: Example of CRM-classes and properties used 

to represent HiMAT-information 

2.3 Build thesaurus based on CRM classes  

A fundamental backbone of the proposed method-
ology is a thesaurus, structured in a special way. All 
elements of the thesaurus are handled as instances of 
the E55 Type class. The CRM classes identified in 
the previous step (2.2.) build the upper levels in a 
hierarchical structure. In Figure 2 the classes used in 
HiMAT are displayed at the left hand side. Below 
each CRM class there is a further specialisation to 
define the types needed for the purpose of the spe-
cific domain. On the right hand side of Figure 2 this 
specialisation is illustrated with the class of Research 
Activity (E7) and its subclass Measurement (E16). 
The CRM properties identified in step 2.2 are in a 
separate branch of the thesaurus. Thus, the scope of 
the ontological representation is defined completely 
within the thesaurus and can be extended if there is 
the need for more classes or properties.  

With an example of the CRM representation of an 
excavation carried out in the course of HiMAT we 
want to illustrate how CRM classes, types from the-
saurus and real world instances with their names are 

used to represent the knowledge gathered about an 
excavation site and its finds. Figure 3 illustrates the 
example.  

 
Figure 2: Upper levels of the thesaurus on the left with 

the example of Research Activity (E7) on the right  

At a Place (E53) called “Schwarzenberg Moos” the 
Physical feature (E26) called “Mauk F Schwarzen-
berg Moos” is situated which is of the Type (E55) 
“excavation site”. A Physical Object (E19) called 
“wooden through” of Type “artefact” was found 
there. Various Research Activities (E7) of different 
Types were carried out on the site and the artefact by 
certain Persons (E21) and they lead to Information 
Objects (E73) that again belong to a Type. 

 
Figure 3: Example of the CRM representation of an ex-

cavation  

3. Methodology – Implementation part 

The implementation of the conceptual structure 
presented in chapter 2 is divided in four steps. For 
each step we specify the software used in HiMAT 
and the necessary key functionalities, if other soft-
ware is used. All of the software components needed 
to have an interface that is accessible over the web. 
Another main criteria for software or system choices 
was the possibility for hosting, maintenance and sup-
port from the Center of Information Technology Ser-
vices of the university and the availability of li-
cences.  
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3.1 Create web repository for digital resources 

A web repository with an URL for every resource 
has to be created to store digital resources. In the case 
of HiMAT a Content Management System (CMS) is 
used to store images, text documents, digital 3D 
models or audio files as illustrated in Figure 4.  

 
Figure 4: Content management system  

The calendar functionalities of the CMS are used to 
store and organise Research Activities (E7). In a first 
phase of implementation the Content Management 
System was customized to be used as a prototype to 
test the ability of CIDOC CRM classes to represent 
the desired information. Within the CMS interfaces 
for metadata entry, organised in CRM classes, were 
build. The data could be attached to digital resources 
and related to each other. In HiMAT we used Micro-
soft SharePoint as CMS. 

3.2 Create relational database and import ontol-
ogy and data 

Core element of the implementation is a relational 
database. It has to provide functionalities to support 
hierarchical data structures and support the storage of 
spatial data types. For HiMAT we choose oracle. 
Figure 5 displays the five groups of tables that are 
necessary to build the database. The ontology group 
has three tables (Classes, Class hierarchy, Properties) 
containing the ontology, in our case the CIDOC 
CRM, but it could be any ontology defined in RDF, 
like the EH CRM (MAY et al.2009) of the Centre for 
Archaeology. The Thesaurus group actually only 
contains one table. In this table the subset of the on-
tology classes and properties which were identified in 
step 2.2. are specified. The necessary types used to 
represent the knowledge of the domain are defined as 
sub-elements of the specified classes. Properties, 
classes and terms can be added to the Thesaurus and 
thus enhance the ontological representation capabili-
ties of the implementation. For a polyhierarchical 
thesaurus there would be the need for a second table 
containing the hierarchy, similar to the class hierar-
chy table of the ontology group. For the Object in-
stances group six different tables were generated. We 
realized object instances in different tables because 
some of the classes have very different properties 

that we wanted to be kept together in the fields of a 
table and that are the preferred properties for identi-
fying the instances. Persons for example have family 
names and a birth date, while information objects 
have a title, a URL or a file type. Spatial data are 
stored in three tables for points, lines and polygons in 
order to allow GIS access. There is one table that 
holds the object relations (properties) between object 
instances, thesaurus and spatial data.  

 
 Figure 5: Schematic Database structure 

This structure allows the knowledge representation 
in an extendable ontological structure based on an 
ontology defined in RDF with the possibility to do 
spatial analysis or use GIS software with the spatial 
components of the data. Metadata from the Content 
Management System was shifted to the database.  

3.3 Build interface for data and spatial data  

The next step is to build a web based user interface 
for the data. In HiMAT this was done with oracle 
APEX. For five upper level CIDOC CRM classes 
input, edit and query masks are developed. For the 
Thesaurus (E55 Type) there is a special mask that 
allows navigating in a tree structure through the the-
saurus. New terms can be added or if there is need 
for extending the data model CRM classes or proper-
ties may be added and will be automatically available 
in the input masks of the CRM classes. An ontology 
creates a network, but for a user interface this creates 
a problem as tools to navigate networks and at the 
same time provide an overview of the data are only 
being developed with the emerging semantic tech-
nologies. For this reason we choose the option to 
navigate the data in a tree structure. The tree is build 
with a database view and therefore changes as data 
change. Decisions have to be made what is the tree 
root and what data is included at what level in the 
tree. Different trees can be build, depending on user 
needs. We opted for the Place (E53) as tree root and 
physical features, information objects or research 
activities on the next level as displayed in Figure 6.  
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Figure 6: Ontology in tree structure with Place (E53) as 

root 

This tree is used in the GIS to access all objects re-
lated to a place. In Figure 7 three excavation sites are 
displayed with pie charts to illustrate the amount of 
Research Activities (E7), Physical Features (E26), 
Information Objects (E73) and Physical Ob-
jects (E19) found at these sites. Selecting one of the 
sites opens the tree view of Figure 6 with the possi-
bility to navigate through all objects available at that 
site. With the Information Objects (E73) the digital 
resources stored in the content management system 
are connected and can be opened. In Figure 7 the 3D 
PDF of a wooden through is displayed on the upper 
right corner to illustrate this functionality. ESRI Arc-
GIS/ArcGIS Server is used as GIS Software. The 
data with its spatial component can be exported to 
Google Earth and displayed there (HIEBEL et al. 
2009). 

 
Figure 7: GIS Interface with CMS access 

3.4 Export to RDF/OWL 

To have the ability to use semantic technologies for 
certain tasks and for the purpose of data exchange the 
fourth step is the export to RDF or OWL. We are 
currently working on this.  

4. Conclusions 

Within our project HIMAT we developed a meth-
odology how to integrate heterogeneous data from 
various disciplines with their spatial components. 
The CIDOC CRM was used as an ontology to struc-

ture the data. The integration of spatial data provides 
all possibilities that GIS systems can offer for display 
and analysis purposes. In the future spatial analysis 
can be used to generate RDF/OWL data to represent 
spatial relations between the objects of the ontology. 
Out of our experiences with ontologies and GIS in a 
multidisciplinary project we wanted to present this 
methodology with the idea that it could be adopted in 
projects with similar challenges.  
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