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Abstract— This paper presents an investigation 
into the use of data model in the domain of 
cultural heritage both for collection management 
and digital multimedia content. Vast amount of 
multimedia content needed a special data model to 
cater the need of both database and application in 
cultural heritage. Research in database and 
application for cultural heritage application are 
currently active. However, limited research has 
been done in the local context. The paper presents 
a new hybrid data model which employ a 
combination of CIDOC Conceptual Reference 
Model standard (ISO 21127:2006) and MPEG-7 
standard. The methodology of this research is by 
conducting multiple case studies to local museum 
organizations in order to gather information and 
requirements of cultural heritage database and 
application. Information regarding the relevant 
guidelines, standards and reference models are 
also been studied. The new hybrid data model 
designed in this paper shows that both of the 
standards can be combined together to cater the 
need of local requirements of database and 
applications. 
 
   Keywords: Cultural Heritage, Data Model. 
 

I. INTRODUCTION 
HE  fact  that  the  ever  increasing  multimedia  data 
which  has  been  driven  by  the  cheaper  cost  and  yet 
more  powerful  computing  technology  as  well  as 

media  capture  devices  is  inevitable.  As  consequences, 
multimedia  database  systems  have  emerged  as  an 
important  research  area  for  the  storage,  handling  and 
retrieval of these vast multimedia data.  

 
This work was supported in part by Universiti Tun Hussein Onn 

Malaysia and Universiti Teknologi MARA.  
Mohd Norasri Ismail is with the Universiti Tun Hussein Onn Malaysia, 

86400 Parit Raja, Batu Pahat, Johor (corresponding author to provide 
phone: 07-4538010; fax: 07-4532199; e-mail: norasri@uthm.edu.my).  

Ariza Nordin is with Universiti Teknologi MARA, Shah Alam Selangor. 
(e-mail: ariza@yahoo.com). 
 

Recent trend and activities in the cultural heritage sector 
is creating digital collections of cultural heritage artifacts. 
Digital artifacts collection is known to be a new method and 
alternative to preserve cultural heritage artifacts. The idea of 
using digital artifacts collections for the cultural heritage 
artifacts is promoted by the fragility nature and space 
consuming characteristics of the physical artifacts. Digital 
artifacts collections may stores the artifacts permanently in 
the digital form (2D/3D images, graphics, audio, video or 
animation) for the purpose of preservation and archiving. 

 
Another advantage of digital cultural heritage artifacts 

collections is the dissemination for the purpose of research, 
education or tourism through portal and of course supported 
by multimedia database system for storage, retrieval and 
manipulation.  

 
The leverage of multimedia data, advantages of having 

cultural heritage artifacts in digital form (i.e. multimedia) 
and the need of multimedia database system for digital 
cultural heritage artifacts collection storage, management 
and dissemination motivate this research. Therefore, the aim 
of this research is to design a new hybrid data model for 
Malaysian cultural heritage artifacts management database 
and application.  

 

II. RELATED WORK 
 

There are many research has been done in the field of 
cultural heritage especially in Europe where proposes a 
better handling of cultural heritage artefact data such as 3D 
MURALE [1], eCHASE [2], BRICKS [3] and many more. 
However, limited research and development is being done in 
Malaysia. Multimedia database system is necessary to 
support the ever increasing number of digital cultural 
heritage artifacts collections. The problem is, even though 
cultural heritage artifacts are currently being actively 
digitized by museum organization in Malaysia, to date no 
multimedia database system has been implemented for the 
storage, management and preservation of these collections 
in Malaysia. Based on the stated problem, this research is 
done to study and design a data model for multimedia 
database of cultural heritage management. 

 
The most prevalence and highly discussed metadata in the 

cultural heritage particularly museum community is CIDOC 
CRM [6]. Though CIDOC CRM has already accepted as an 
ISO standard, there are still limitations. One of the 
limitations is unable to properly describe multimedia data. 
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Therefore, research has been done by Hunter [8] to 
harmonize CIDOC CRM with other multimedia standard for 
example MPEG-7 to overcome these kinds of problems. 
From the analysis, the CIDOC CRM which is an ISO 
standard (ISO 21127:2006) is the major metadata standard 
and reference model developed specifically for and widely 
used in museums community [6], thus the implementation of 
CIDOC CRM and MPEG-7 in this research is significance. 
 

III. APPROACH 
 

The approach of this research can be divided into three 
stages; data collections, analysis and results (refer to figure 
1). We also use Unified Modeling Language (UML) 
notation as a tool to develop the data model because we find 
that UML is most suitable tool to develop a data model for 
any databases that required any multimedia object to be 
stored. 
 

A. Data Collections 
 
In the first stage, the study is started from literature 

review as the preliminary study and secondary data 
collection. As a result, design pattern, reference model and 
the architecture of database system is extracted in the form 
of data attributes and operations. This attributes will be used 
to formulate user requirement checklist in a form of 
functional and non-functional requirement and considered as 
secondary data. Interviews and document reviews has been 
done to gather and localized user requirements.  

 
Prior to the requirement gathering activities, the 

requirement checklist is formulated as a reference for the 
interviews using the Canadian Heritage Information 
Network (CHIN) [4] and the mda SPECTRUM standard [5] 
as a guideline. Selected representative from museums 
governing body in Malaysia (national museum, states 
museum and private museum) has been interviewed. The 
output from the interviews is the localized user requirements 
and considered as the primary data of the research (refer to 
Table 1). 

 

B.  Analysis 
 
There are two part of work in analysis stage; analysis of 

user requirement and formulation of DBMS selection 
criteria. In the user requirement analysis, the localized 
requirements are analyzed by comparing it to the prior 
requirement checklist. The localized user requirement is 
then used to design the logical data model. Any new 
requirement which is differs from the secondary data, is 
translated first into use case diagram before designing the 
class diagram. The class diagram is developed using the 
secondary and primary data. The other part of analysis stage 
is the process of DBMS selection. The DBMS selection 
criteria are formulated using the database system 
architecture from the literature reviews for the purpose of 
designing the physical design of the multimedia database 
model. 

 

 

 
Figure 1: Research Design 

 

IV. RESULT AND DISCUSSION 
 

The data model is generally developed based on the 
localized user requirements. The current reference model 
and metadata model used by cultural heritage community 
throughout the world was also being analyzed. By gathering 
the localized user requirement and using suitable model or 
standard, we come out with the result which is the hybrid 
data model that is meet with the local museum requirement 
and using international standards. 
 
 

A. Localized Requirements 
 

The localized user requirements were gathered from a 
number of selected cultural heritage institutions in Malaysia. 
Interviews have been made to the responsible person of the 
institution who is in charge on dealing with cultural heritage 
data to identify localized requirements. Table 1 shows the 
functional requirements of each case study. Case Study 1 
represents Jabatan Muzium Malaysia, Case Study 2 
represents Perbadanan Muzium Melaka, Case Study 3 
represents Lembaga Muzium Selangor and Case Study 4 
represents Islamic Arts Museum Malaysia. These 
requirements are currently needed for current and future 
needs. The requirements from different museums are 
generally consistent with the formulated requirement 
checklist. Therefore, the requirements of museums in 
Malaysia are more or less is the same with museums in other 
part of the world. 

 
 
 
 
 

Table 1: Localized Requirements 
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B.  Cultural Heritage Reference Model 
 

The interoperability capabilities of CIDOC CRM are 
suitable for information sharing between cultural heritage 
institutions particularly in Malaysia. Information sharing 
between cultural heritage institutions means collaboration 
and networking of database system to all cultural heritage 
artifact information where all cultural heritage institution 
shared information of their cultural heritage artifacts. This 
means one cultural heritage institution may access and 
retrieve another cultural heritage institution artifacts 
database and vice versa. This information sharing is needed 
for better information dissemination and enables wider 
access to cultural heritage artifacts information. Therefore, 
this data model may develop to become a framework of 
electronic cultural heritage information system for Malaysia 
context. 

 

C.  Final Result 
 
Figure 2 shows the simplified version of the model 

where the attribute are hidden. In the proposed data model, 
the CIDOC CRM [6] and MPEG-7 [7] standards are applied 
together with the classes formulated from the user 
requirement analysis in accordance to [8]. The classes 
derived from the CRM are named with the E prefix and a 
number after it, (i.e. E39_Actor) while classes derived from 
MPEG-7 is named with the MPEG7 initial (i.e. 
MPEG7_Image).  

 
There are two subsystems in the model: cultural heritage 

artifacts management and multimedia database. Both of the 
subsystem is proposed to be implemented separately using 
different DBMS technology. The artifacts management 
subsystem may use any DBMS technology while the 
multimedia database subsystem may be deployed in either 
ORDBMS or OODBMS technology which supports 
multimedia storage. The main reason of hybrid 

implementation is because of most organizations currently 
implemented RDBMS technology where it is insufficient for 
multimedia data storage and handling. Therefore, a hybrid 
approach is needed in order to use current RDBMS for 
cultural heritage artifacts management subsystem while 
deploying the multimedia database subsystem using 
specialized DBMS technology. 

 
Figure 2: Data Model for Cultural Heritage Artifacts 

Management 
 
Generally, the data model was design in accordance to 

the localized requirements. Several CRM classes were 
identified as matching with the localized requirements were 
used in the data model while others are excluded. The 
MPEG-7 standard was adapted in the multimedia database 
subsystem especially to describe image descriptions. Hunter 
[8] model was used mainly for interconnecting cultural 
heritage artifacts management subsystem (CRM) with 
multimedia database subsystem (MPEG-7).  

 

V. FUTURE WORKS 
 
There are several potential future works of this research. 

First of all, the full experiment of implementation in the real 
cultural heritage institution environment and using real data 
would be done. A prototype of an application that makes a 
full use of the designed data model would be created. Full 
experiments should be done to give clearer result of the 
successful rate of this model in term of performance, 
reliability, adaptability and so on. 
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A thorough study and implementation of CIDOC CRM 
especially in information retrieval could also be executed. 
Furthermore, a thorough study of a multimedia retrieval 
system and the usage of CIDOC CRM where experiments 
can be conducted to all kind of multimedia retrieval systems 
to compare each technique.  

 
It could also be interesting and productive to locate and 

study an implementation of multimedia database system 
based on different DBMS such as OODBMS and perhaps 
the XML data definition language. Furthermore, different 
system approach such as open source could be explored. 
Open source is interesting features for non-profit 
organizations like museums. The low total cost of ownership 
of open source software should be considered in the first 
place. 
 

Lastly, this model should be expanded to support 
intangible cultural heritage and other media such as audio, 
video and animation. This model could develop to become a 
framework of integrated cultural heritage information 
system where cultural heritage preservation and 
dissemination would mostly gain benefit. 

.  
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