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Abstract - This paper presents part of results in the 

project of setting up the unified information system 

for museums in Serbia in the web environment. Aim 

of this project was to propose a solution for a web 

application that could be used by all museums in 

Republic of Serbia. Adaptability of web application     

was identified as one of key features, because of 

changes in museum data recording standards to be 

applied, as well as diversity of museum collections and 

their specific data to be registered. Special emphasize 

in this paper has been put on the proposed conceptual 

data model in this project, that should support such a 

web application.  

I. INTRODUCTION 

According to UNESCO and International Council of 
Museums (ICOM) organizations, members of the 
international heritage community have acknowledged the 
lack of adequate human, technical, and financial resources 
to protect museums and their collections from a variety of 
threats. [1] The importance of the application of 
information technologies in the formation of data registers 
on museum collections is especially emphasized. In aim to 
improve their organization, museum information systems 
are developed to support all business activities.  

International organizations have established data 
models that support obtaining and recording of data 
related to museum items, i.e. cultural heritage objects. 
Cultural heritage is defined as ―any thing or concept 
considered of aesthetic, historical, scientific or spiritual 
significance‖ [1,2]. The structure of these standard data 
models have changed during time, as well as their scope 
and targeting objects. There are some international 
standards [3, 4], but also some national standards receive 
international recognition, such as UK [5]. At Serbian 
national level, one of the most comprehensive documents 
was established in 2017 (entitled ―Guidelines for 
digitalization of cultural heritage in Republic of Serbia‖) 
[6]. That document defines data structures needed to 
describe digitalized items of cultural heritage and it has 
been written according to international standards.  

Museum-related software design and development 
face difficulties of having consistent requirements with all 
different standards implemented. In constantly changing 

environment, one possible solution to software design is to 
have it directed towards adaptable (or even adaptive) 
solution. This way, the software could be adjusted to new 
standards and user requirements. Adaptable solution could 
be modified by a user or automatically, by importing new 
standards metadata. Other important issue is related to the 
need for extending and differentiation of data according to 
specific needs and types of cultural heritage objects. Aim 
of this paper is to present a conceptual data model that 
could support museum information system adaptability, 
particularly to support standards implementation, 
specialization to diversity of museum items categories and 
scalability to support any amount and type of data.     

The rest of the paper is organized in following sections 
– section two describes standards for museum data records 
formats and exchange, section three presents existing 
solutions of web –based museum software, section four 
explains the problem with short summary of current state, 
while section five contributes with the proposed 
conceptual data model, that will support adaptable web 
portal for museum information system. Final section 
describes conclusions and future work. 

II. STANDARDS FOR MUSEUM DATA RECORDS 

FORMATS AND DATA INTERCHARGE 

A. Standards Organizations and Summary of Relevant 

Standards 

Several internationally recognized institutions have 

defined standards in the field of documentation related to 

museums:  

 UNESCO - United Nations Educational, Scientific and 

Cultural Organization [7],  

 ISO - International Standards Organization [8]. 

 ICOM - International Council of Museums [9], 

There are particular organizational units within 

aforementioned institutions and separate organization that 

are responsible for museum documentation and 

information interchange:    

 UNESCO World Heritage Center [10] 

 CIMI - Consortium for Interchange of Museum 

Information [11] [12] 

 International Committee for Documentation - CIDOC 

– organizational unit within the International Council 

of Museums.  [13]. 



Globally acknowledged and respected are some 

particular countries institutions, that established standards 

for museum documentation, such as UK MDA (Museum 

Documentation Association) [5] and its’ successor 

organization Collection Trust [14]. 
Summary of some of the most relevant standards 

related to museum data are presented in Table 1. 

TABLE I.  OVERVIEW OF MUSEUM-DATA RELATED STANDARDS 

YEAR Standard Level 

1995 CIDOC standards International 

1997 Object ID International 

2002 SPECTRUM UK 

2014, 2020 ISO 21127:2014 

Ontology-based 

intercharge of cultural 

heritage data 

ISO 

B. Object ID Standard 

ObjectID [15] is an international standard, established 

and maintained by ICOM organization. This standard 

identifies and describes an object of cultural goods, i.e. 

heritage, with archaeological, artistic or other origin. 

―The Object ID standard was launched in 1997. It has 

been promoted by major law enforcement agencies, 

including the FBI, Scotland Yard, Interpol; organizations 

including the WCO and UNESCO; and by museums, 

cultural heritage organizations, art trade and art appraisal 

organizations, and insurance companies. Having 

established a descriptive standard, Object ID now helps 

combat the illegal appropriation of cultural objects by 

facilitating documentation of items from collections and 

by bringing together organizations from around the world 

to encourage its implementation.‖ [15] The aim of the 

application of this standard is to describe the key 

characteristics of the cultural heritage object, so that the 

data would be available for international identification 

and recognition, particularly in the event of theft, when 

Interpol can be hired on that basis. ―The Object ID 

standard defines nine categories of information as well as 

four steps to fulfill the procedure. The categories are: 

 Type of object 

 Materials and techniques 

 Measurement 

 Inscriptions and markings 

 distinguishing features 

 Title 

 Subject 

 Date or period 

 Maker. 

The four steps are divided as follows: 

 Taking photographs of the object 

 Identifying the above mentioned categories 

 Writing a short description, including additional 

information 

 Keeping the constituted documentation in a 

secure place.‖[15] 

 

C. CIDOC Standards 

International Council of Museums [9] is an 

international institution whose main focus is 

standardization and institutional work on cooperation and 

improvement of museums. The standards it adopts refer to 

specific activities of keeping and publishing museum 

objects, including loans. Some of the ICOM standards 

related to documentation are [16]: 

 Statement of Principles of Museum 

Documentation (CIDOC, 2012). 

 The CIDOC Conceptual Reference Model 

(CIDOC, 2011). 

 Lightweight Information Describing Objects 

(CIDOC, 2010). 

 The CIDOC Conceptual Reference Model 

(CIDOC, 2001). 

 International Guidelines for Museum Object 

Information: the CIDOC Information Categories 

(CIDOC, 1995). 

 Recommendations for Identity Photography 

(CIDOC Fact Sheet 3, 2010). 

 Labeling and Marking Objects (CIDOC Fact 

Sheet 2, 1993). 

 Registration Step by Step: When an Object Enters 

the Museum (CIDOC Fact Sheet 1, 1993). 
International Committee for Documentation – CIDOC 

[13] is organizational part of International Council of 
Museums. In 1995, this institution formed the document: 
"International Guidelines for Museum Object Information: 
The CIDOC Information Categories" [17]. This document 
provides guidance on the objectives of documentation in 
museums, as well as explains groups of relevant data and 
their formats. The most important data groups refer to the 
data of the museum object related to: acquisition, 
condition of the object, description, images of the object, 
institutions related to the object, location, marking, 
material and production technique, dimensional 
measurements and other measurements, association and 
collections objects, data on the entrance of the object, the 
name of the object, origin-production, parts, references, 
reproduction rights, and more. 

D. SPECTRUM Standard 

Within the United Kingdom (UK), an Information 
Retrieval Group of the Museums Association (IRGMA) 
was formed in the 1970s. In 1977, the Association 
changed its name to the Museum Documentation 
Association (MDA) [5]. At that time, a system was 
formed where each museum was given an identification 
mark (MDA code). Beginning in 2008, the Collections 
Trust [14] continues to operate and take over activities 
previously implemented by the MDA. The MDA standard 
refers to the structure of data that needs to be recorded 
within the core business of the museum. The key feature 
of this standard is that, although it describes the data of 
individual segments of business processes, it is not 
process-oriented, because there is no defined procedure 
for working with data and, in general, business processes 
within the museum. Some standards developed within the 
MDA include: 



 MDA Data Standard, 1991. 

 SPECTRUM procedural and data standard, 1994. 

The Consortium for the Interchange of Museum 
Information (CIMI) [11, 12] develops relevant standards 
and approaches to the exchange of digital information, 
through various projects and testing within organizations 
belonging to the consortium. Projects in 2002. concerned 
metadata, the description of museum collections, and the 
structure of a standard XML schema that will represent 
museum objects. ―On behalf of the international museum 
community, CIMI has developed an XML Schema for the 
description of museum objects. This is based on MDA's 
international museum standard for describing objects 
called 'SPECTRUM'; a well-known and widely-used 
standard in the museum world. The CIMI XML Schema 
will enable museums to encode rich descriptive 
information relating to museum objects, including 
associated information about people, places and events 
surrounding the history of museum objects, as well as 
information about their management and use within 
museums. The CIMI XML Schema will be useful for 
migrating data, the sharing of information between 
applications, and as an interchange format of OAI (Open 
Archives Initiative) metadata harvesting.‖ [12] 

―Spectrum is the UK collection management 
standard that is also used around the world‖  [18]. 
Current version 5 is promoted at the UK Collection Trust 
web site. 

 

Figure 1. Web site for UK SPECTRUM standard [18] 

E. ISO standards 

International Standards Organization ISO has 

established some general standards that are applicable to 

multimedia information that is related to digitalized data 

about museum items. These are: 

 ISO/IEC JTC 1/SC 29 – describes coding of multimedia 

digital presentation. It includes specific aspects, such as 

synchronization, presenting, recording and transport of 

separate media or their combination, their security, privacy, 

quality of experience, evaluation and performance metrics.  

 ISO 2709:2008 - defines general requirements for 

exchange format of recorded data suitable for 

bibliographic description.  This standard describes 

generalized structure, i.e framework for 

communication between systems that perform data 

processing, but it does not define internal processing 

and details of interoperability.   

There are ISO standards that are focused on museum-

related information: 

 ISO 21127:2014  ―Information and documentation — A 

reference ontology for the interchange of cultural heritage 

information‖ – this standard defines guidelines for data 

exchange between cultural heritage institutions. It particularly 

describes information that is under control of museums, 

libraries and archives. Main focus of this standard is to define 

exchange and integration of heterogeneous documentation that 

is relate do museum collections. Last version of this standard is 

made in 2020.  

 ISO TC46 – defines standard activities that are related to 

libraries, documentation, information centers, publishing, 

archives, records control, museum documentation, indexing 

and abstracting services… 

 

III. EXISTING SOLUTIONS OF WEB-BASED MUSEUM 

SOFTWARE  

A. Example of Estonian Museum Web Portal 

Museum information systems are often developed at 

particular institution level, but there are many countries 

that cultural heritage is treated with adequate attention at 

national level and inter-institutional information systems 

allow sharing of data across organizational boundaries.  
One of illustrative example is the central web portal 

which unites all museum objects in Estonia [19, 20]. It is 
based on a database that allows the exchange of data 
between different museums and the presentation of whole 
cultural heritage objects of the country, by selecting items 
of each museum that is listed at the web portal. This 
integrated web-based information system of the Estonian 
museum has been in use since 2008 and it has two 
modules: the part used by employees and the part that is 
for public use. The portal is implemented through support 
for three languages: Estonian, Russian and English. It was 
finalized in 2010. By 2014 it has integrated the work of 61 
museums and about 600,000 digital images. It allows 
visitors to search for museum objects, regardless of the 
location-specific museum. 

 

Figure 2. Estonian central web portal for all museums 

[19] 



B. Serbian Web Portals for Cultural Heritage 

In Serbia, much effort has been made to create 

centralized web-based information system, that include 

digitalized relevant documents and multimedia records 

about all cultural heritage objects. Some of existing or 

previously developed solutions include: 

 Web portal of  Republic Institute for the Protection of 

Cultural Monuments [21] 

 Web-based interactive map with presentation of 

Serbian national heritage buildings and monuments 

[22]. 

 Eternitas web application for museum information 

system of Serbia. [23] 

 Serbian Cultural Heritage Browser [24], created 

according to [6]. 

 
Figure 3. Web portal of  Republic Institute for the Protection of Cultural 

Monuments [21] 

 

 
Figure 4. Web-based interactive map with Serbian national heritage 

buildings and monuments [22] 

 
Figure 5. Deployment schema of Eternitas solution [23] 

 

Eternitas web application was developed as ASP.NET / 

MS SQL Server application, based on previously used 

Klio, CR and MISS solutions, in cooperation of National 

Museum of Serbia and external partner – company 

―Softver informacioni sistemi‖. Development history 

behind this solution has been described in [23]. Main aim 

of previous solutions was to support Central registry of 

museum fund, i.e. movable cultural goods. Some of 

imprtant steps towards centralized information systems of 

museums in Serbia are [23]: 

1. Clio program, developed in the National Museum of 

Serbia in 1993 and in use until 2009. 

2. CR program, installed in 1996 at 46 museums in 

Serbia (Clipper for DOS) and in use until 2009. 

3. MISS (unified Museum Information System of 

Serbia) development started in 1995, as a strategic 

study. Practical implementation started in 2008. with 

implementation of central MS SQL Server database, 

primarly for Central registry of museum fund.   

4. Eternitas was the first software solution based on the 

new MISS MS SQL Server database. This application 

was officially available to all museums in Serbia from 

2011 at www.app.eternitas.rs.  

Currently, www.eternitas.rs web portal is not used. 

 

 
Figure 6. Museum object card in Eternitas system [23] 

The IMUS system has been developed by Museum of 

Vojvodina and Historical Museum of Serbia and it has 

been used since 2014. [25] Development of new integral 

http://www.app.eternitas.rs/
http://www.eternitas.rs/


information systems for Serbian museums started in 

2018, where History Museum of Serbia received the 

primary role in conducting the project [26]. 

Web-application for browser of Serbian cultural 

heritage [24] has been developed in aim to integrate data 

and digitalized documents and other items from Serbian 

archves, libraries, museums, galeries, Institute for 

protection of cultural monuments and other sources. It 

has been developed with data structures according to 

―Guidelines for digitalization of Cultural Heritage in 

Republic of Serbia‖ [6], within a project that was 

conducted with support of Ministry of culture Republic of 

Serbia,Vojvodina Museum and technically supported by 

Microsoft Serbia and other IT companies [27].   

 
Figure 7. Serbian Cultural Heritage Browser [24] 

 

Figure 8. List of Serbian museums at culture.rs portal [24] 

 
Figure 9. Details about museum item at one of Serbian Museums – 

Museum of Contemporary Art [24] 

IV. PROBLEM STATEMENT AND CONCEPTUAL 

APPROACH FOR NEW ADAPTABLE MUSEUM WEB PORTAL 

By analyzing current status of Museum information 

system in Serbia, it could be concluded that there are 

several web-based solutions currently in use and they 

have been developed by different institutions and with 

support of Ministry of culture and information of 

Republic of Serbia. Regarding web support to museums 

in Serbia, currently there is ―culture.rs‖ portal with 

integral data from museums, available from data 

browsing, while there is IMUS system (client-server 

solution) used in museums in Serbia for data entry. IMUS 

system is deployed at each museum by installing the 

software at local museum server and periodically sending 

copy of relevant data (not all data) to the central database 

for all museums, located at Ministry of culture and 

information of Republic of Serbia.  

Issues that arise from current IMUS solutions are: 

 Software maintenance, i.e. changes in client/server 

software require all museums to receive an update 

installation, which is very time-consuming, 

 Central database in Ministry of culture and 

information of Republic of Serbia does not have all 

data that were entered at local databases of each 

museum, 

 There is need for more easy adjustments of software 

application to changes of international standards 

related to museum data acquisition, recording, sharing 

and transport, 

 Data exchange between museums is not supported,  

 Currently not all different types of museum 

collections are supported with appropriate specific 

data. There is a need to make heterogeneous modules 

within the solution, to support different types of data 

for each specific museum collection type. 

 The existing software solution is too complex for 

users, since they are able to see parts of software that 

are not assigned to their role, 

 

Motivation for creating a new integral information 

system for museums in Serbia is to establish system that 

will: 

 Enable easy adjustments to constant changes in 

standards related to museum data acquisition, 

recording, sharing and transport, 

 Centralize the maintenance, 

 Increase availability of data to Ministry,  

 Improve data exchange between museums, 

 Simplify the user interface for users from museums, 

 Support diversification for presentation of details that 

are related to the particular user type,  

 Support diversity of data needed for particular 

museum items category. 

 

Conceptual approach to design of new information 

system is presented as follows: 

 Web portal will centralize data records and enable 

availability of data for all museums and to the 

Ministry, with integration of data and easier 

maintenance of the system, 

 ―Event-to-Document‖ related data records in the 

database, with clear assignment of data entry and 

maintenance responsibilities of system users. The 

approach is: event produces documents, the event is 



conducted by a registered user, document is signed 

by the registered user and the data from the 

document could be stored in the database records. 

Data in documents describe events and 

characteristics of related museum items (objects). 

 Support to data records related to different types of 

multimedia digital representation of museum items, 

 Adaptable system: 

o Scalable to any amount of data items (features) 

related to any type of museum item (i.e. museum 

items categories), 

o Adaptable to changes in museum documentation 

standards, 

o Specialization supporting – adjustable to fit into 

data records for any particular type of museum 

object. 

V. THE PROPOSED CONCEPTUAL DATA MODEL 

DESIGN 

Data model represents the essence of any information 
system. In this particular case of museum information 
system, the proposed conceptual data model is designed to 

support aforementioned conceptual design approach. 
Therefore, there are entities in the data model that will 
enable records on: 

 Activities (events) with types of activities (such as 
procurement, restoration, exhibition) with attributes of 
activities (characteristics). Each activity produces one 
or many multimedia results. 

 Assigned employer is responsible for the activity 
conduction. 

 Multimedia result describes the event i.e. activity, such 
as document, photograph, 3D model,  video etc. 

 Multimedia result consists of one or many items, i.e. 
particular museum items (objects) listed or included in 
the multimedia result. 

 Each museum item (object) is described with set of 
characteristics of certain type that has appropriate 
value. 

 

 

Figure 10. The proposed conceptual data model for adjustable museum web portal 

 

VI. CONCLUSION 

This paper presents part of results in conceptualization 
of creating new web-based museum information system in 
Republic of Serbia. The focus of this paper is in 
conceptual data model that will enable adaptability of the 
solution. 

To make an introduction and represent the current 
status in the field related to the topic of this paper, several 

most important internationally recognized standards were 
analyzed. These standards are related to data acquisition, 
recording and transport between cultural heritage 
institutions, with particular emphasize on museums. The 
most important standards come from ISO, UNESCO and 
other international museum-related institutions, but there 
is also significant role of UK institutions, which are 
globally acknowledged with their standards for museum-
related documentation and information systems.  



As an important part of this paper there is also a brief 
overview of existing web-based solutions applied in 
cultural heritage institutions, particularly related to 
museums in Serbia. It has been shown that there are 
several web portals in use, created by different 
institutions.  

Issues of currently used system IMUS, as well as 
diversity of international standards for data recording and 
exchange induced the idea of creating adaptable web 
portal for museums. This paper presents the conceptual 
data model that could support adaptability, scalability and 
specialization of data regarding particular museum 
categories of items.  

By implementing web portal based on the proposed 
data model, it would be possible to improve 
maintainability of the system and enhance user 
experience. 
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