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Abstract. Cultural heritage is the way of life. Using digital technology to
manage the information of cultural heritage has become an important issue on
the perseverance of cultural heritage. Several cultural heritage institutions have
their own large databases with different metadata schemas. Linked Open Data is
a mechanism of publishing structured data that allows metadata to be connected.
This paper presents a methodology for integrating, converting Lanna cultural
heritage metadata and linking data to external data sources. Our framework uses
OAI-PMH (Open Archives Initiative—Protocol for Metadata Harvesting) by
converting the various metadata formats to Dublin Core metadata standard. The
Dublin Core/XML was used for the integrated metadata to create a central
repository of data sources. The OAI harvester was developed to extract data
from the various repositories and gather data into the repository. A framework
for publishing the repository data as a Linked Data source in the RDF format
using the OAM Framework is described. In this framework, ontology is used as
a common schema for publishing the RDF data from the database sources by
mapping database schema to ontology. Finally, we demonstrate Linked Data
consumption by creating a cultural heritage portal application prototype from the
published RDF data sources.
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1 Introduction

Cultural Heritage [1, 2] is the way of life of group of people. It can be seen in ways of
behaving, beliefs, values, customs, languages and traditions that are passed on from
one generation to the next. Cultural heritage includes tangible culture such as buildings,
monuments, inscription, manuscript, landscapes, books, works of art and artifacts, and
intangible culture such as folklore, traditions, language, and knowledge and natural
heritage. Using digital technology to manage the information of cultural heritage has
become an important issue on the perseverance of cultural heritage. Besides written
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documents, drawings and paintings, cultural heritage also includes various media such
as video, photo, object virtual reality, panoramic photo and audio. Several cultural
heritage institutions have their own large databases with difference metadata schemas.
Some e-museum projects that focused on linking metadata from various sites include
Europeana, Museum Finland, Amsterdam Museum, Smithsonian Museum, Bangladesh
Museum and LODAC Museum. These projects focused on designing a common
framework using ontology or other common metadata models for integrating various
types of media formats, subjects, and metadata standards. The Resource Description
Framework (RDF) standard [3] is often used as the metadata interchange format.

This paper proposes a new approach for interoperability between the datasets from
different institutions using OAI-PMH and Linked Data framework. The methodology
covers data management, crosswalk metadata, metadata harvesting, conversion and
linked open data publishing. The framework was conducted over e-museum systems
related to Lanna (Northern Thailand) cultural heritage. The project was conducted in
collaboration with Cultural Heritage institutions in north of Thailand, including
museums, temples, local agents and Cultural Information center to publish their own
data to Linked Open Data. The remainder of the paper is organized as follows. Sec-
tion 2 gives an overview of the methodology for integration cultural database and
cultural ontology. Section 3 shows an application prototype of linked Lanna
e-museums. Section 4 concludes and discusses some future directions.

2 Related Work

Linked Open Data [4] is a way of publishing structured data that allows metadata to be
connected and enriched, so that different representations of the same content can be
found, and links made between related resources. In previous research, “Linked Open
Data for Cultural Heritage: Evolution of an Information Technology”, Edelstein et al.
[5] have made a survey on the landscape of linked open data projects in cultural
heritage, examining the work of groups from around the world. Traditionally, linked
open data has been ranked using the five star method proposed by Tim Berners-Lee.
This research developed a six-stage life cycle based on the five-star method, describing
both dataset development and dataset usage. It uses this framework to describe and
evaluate fifteen linked open data projects in the realm of cultural heritage.

In [6], Constantia Kakali et al. have presented a method of ontology-based meta-
data integration using CIDOC/CRM ontology and a methodology for mapping Dublin
Core elements to CIDOC/CRM ontology. In addition, “Supporting Linked Data Pro-
duction for Cultural Heritage institutes: The Amsterdam Museum Case Study” [7]
developed by Victor de Boer et al. present the methodology to convert the small
cultural heritage as Amsterdam Museum metadata to a Linked Data version. “data.
europeana.eu The Europeana Linked Open Data Pilot” [8] developed by Bernhard
Haslhofer and Antoine Isaac produce the Linked Data version of Europeana and
published the resulting datasets on the Web. “MUSEUM FINLAND-Finnish Museums
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on the Semantic Web” [9] developed by Eero Hyvönen et al. produce the semantic
portal MUSEUM FINLAND for publishing heterogeneous museum collections on the
semantic web. “Connecting the Smithsonian American Art Museum to the Linked Data
Cloud” [10] developed by Pedro Szekely et al., present the process of publishing data
from the Smithsonian American Art Museum (SAAM) and linking dataset to DBpedia
and the Getty Vocabularies. “Linked Open Data Representation of Historical Heritage
of Bangladesh” [11] developed by Shima Chakraborty et al. use semantic web tech-
nology for data management of historical heritage in Bangladesh, linking data to
Geo-Bangladesh and using SPARQL to retrieve and inference specific information.
“Sharing Cultural Heritage Information using Linked Open Data at a Museum of
Contemporary Art” [12] developed by Erika Guetti Suca and Flávio Soares Corrêa da
Silva present the architecture for sharing cultural heritage data based linked data for the
Museum of Contemporary Art at the University of São Paulo (MAC-USP). Using RDF
as a schema language for creating logical relationships among cultural heritage items.
“Elevating Natural History Museum’s Cultural Collections to the Linked Data Cloud”
[13] developed by Giannis Skevakis et al. present the architecture for transition the
Natural History Museum repositories (Cultural heritage content is collected from six
Natural History Museums around Europe) to the semantic web and methodology for
converting metadata into Linked Data. “Towards the Russian Linked Culture Cloud:
Data Enrichment and Publishing” [14] developed by Dmitry Mouromtsev et al. present
the architecture and methodology for publishing open linked data from Russian
Museum by using CIDOC-CRM ontology and linking data to Dbpedia and British
Museum. “Reasonable View of Linked Data for Cultural Heritage” [15] developed by
Mariana Damova and Dana Dannells present an application for data integration based
on semantic web technologies from the Gothenburg City Museum by using PROTON
and CIDOC-CRM ontology and linking data with GeoNames, DBpedia, Catalogue of
Life (CoL) and Uniprot.

The above-mentioned works proposed various approaches to create linked open
data from data-base with the same metadata schema. However, they can be comple-
mentary to each other. As another research work, Matsumura et al. [16] collected
information of museums from their websites and generated Linked Open Data of
museum information in Japan. Table 1 compares different approaches of existing
e-museum projects based on the LOD framework.

3 Our Framework for Integrating Lanna Cultural Datas
for Linked Open Data Publishing

3.1 System Architecture Overview

One of the challenges of integrating cultural heritage data is system and metadata
heterogeneity. Every cultural heritage institution has its own collection management
system such as e-museum management system, manuscript management system, mural
management system. Furthermore, they usually occupy their own metadata schedule.
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Figure 1 shows our system architecture for integrating various e-museum systems of
the Lanna culture. Our architecture is primarily based on OAI-PH and ontology
frameworks. The interoperability and exchange of metadata is further facilitated by
metadata crosswalks. This methodology crosswalks metadata from ISAD++, CDWA++
and specific metadata (cultural information center) dataset to Dublin Core metadata
schema and export to a simple dublin core xml format. (OAI: DC schema). Using
OAI-PMH to harvest data from xml. To extract information from the result and insert
into the database, we map the extracted information with the cultural heritage ontology
under the ontology-based application management (OAM) framework [17], then export
them in the RDF format, and finally create a cultural heritage portal application by using
such RDF data sources.

3.2 Lanna Cultural Data Management Systems

This section describes existing systems utilized in various Lanna cultural heritage sites.
These systems are e-Museum, Manuscript and Mural management systems.

3.2.1 e-Museum Management System
Our e-Museum Management System is designed to aid users to archive and to catalog
cultural heritage items in museums, temples, and cultural agents for digital exhibition
and digital asset management. e-Museum Management System is based on ISAD
(G) metadata standard and added some elements from cultural experts. This application
allows for the upload, description, management and access of digital collections and
also converts and exports OAI-DC xml format.

3.2.2 Manuscript Management System
Manuscript Management System is a web-based software application for the descrip-
tion, management, and dissemination of manuscript collections information and
translation from local language to native language and also translation from native

Fig. 1 Architecture and workflow for harvesting and converting to linked open data
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language to an interpretive approach. This application is based on ISAD (G) metadata
standard and added some elements from manuscript expert interpreter. This application
allows for the upload, description, management and access of manuscript digital col-
lections (Fig. 2).

3.2.3 Mural Management System
Mural Management System is an application to administrate wall painting (mural)
photo galleries. This application is based on CDWA metadata standard and added some
elements from cultural expert. This application allows for the upload, description,
management and access of manuscript digital collections.

3.2.4 Thailand Cultural Information center
Thailand Cultural Information center (http://www.m-culture.in.th) is a national cultural
archive, which is one of an important database for education, economy and society.
This archive was developed under the collaboration between Ministry of Culture and
National Electronics and Computer Center. The content database is associated with
person, organization, place and artifact. This archive is based on special metadata
elements from cultural experts from Ministry of Culture and the content is approved by
cultural agents from 76 provinces in Thailand (Fig. 3).

Fig. 2 e-Museum management system and manuscript management system

Fig. 3 Mural management system and Thailand cultural information center
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3.3 Metadata Crosswalk and Open Archives Initiative Protocol
for Metadata Harvesting

3.3.1 Metadata Crosswalk
A metadata crosswalk is a specification for mapping one metadata standard to another.
A complete specified crosswalk consists of both a semantic mapping and a metadata
conversion specification and all implementations of the crosswalk on a specific source
content result in the same target content. Each archive has its own database with
difference metadata schemas and the Dublin Core metadata schemes is a standard for
cross-domain information resource description. The approach is to convert its own
metadata schemas to Dublin core metadata schemas.

The following steps are mapping instructions for a complete specified crosswalk.

Step 1: extract terminology and properties. A lack of common terminology
currently exists among the different metadata standards. Some of terminology has
the same or nearly the same meaning. For example, ISAD metadata is identified
using <identifier>, whereas Dublin Core metadata is identified using <reference
code>. Besides, some of the metadata standards use similar properties in the defi-
nition of their metadata. The similarities need to be extracted and the concepts
generalized and used in a common way across all metadata standards.
Step 2: element to element mapping including one-to-one and one-to-many
transformation. Each metadata standard was built for a different propose and some
elements were built from expert, so some of elements could match in Dublin Core,
but there are some elements could not match in the other (Dublin Core) metadata
standard. The importance of mapping method is extra elements to element mapping.
For example, manuscript has <Pariwat> element (translate from the old northern
Thai language to native Thai language), the solution to handle this problem is take
<Pariwat> element maps to <description> element in Dublin Core metadata
standard.
Step 3: content conversion and combination. Each metadata standard restricts the
content format of each metadata element such as data type or range of values. It is
important to convert between text and numeric values or text and date values. Some
specific elements was built by cultural experts for example, Chula Sakarat (Minor
Era) and Rattanakosin era is necessary to convert to date format, Besides, some of
source element values is free text, that must be converted to same format such as
Anno Domini (A.D.) is necessary to convert to MM-DD-YY in Buddhist Era (B.E.).
A general content conversion could map element to element with one value, but
some element must be combinations of value for example, values of <source>
elements could be a source of location and URL (Watkukam: www.emusuem.in.th/
watkukam).

After the crosswalk change, the result of conversion is complete metadata elements
and values, then export to OAI-DC XML file format for sharing. Table 2 shows the
mapping of existing metadata schemes of the Lanna cultural systems to OAI-DC.
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3.3.2 Open Archives Initiative Protocol for Metadata Harvesting
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting) is a protocol
developed by the Open Archives Initiative. It is used to harvest the metadata
descriptions of the records in an archive so that services can be built using metadata
from many archives. An implementation of OAI-PMH representations metadata in
Dublin Core. Based on OAI-PMH using Metadata Integration application applied from
the PKP Metadata Harvester for centralized repository. Metadata can be harvested at
any time, and as frequently as required. After the centralized repository is completed,
then extract data from the result of repository using tag extraction. The method to
extract the data find Dublin Core element tag patterns from the xml and insert into the
MySQL Database. Figure 4 shows an example of the exported XML data of OAI-DC
for OAI-PMH harvesting.

3.4 Publishing Lanna Cultural Data as Linked Open Data

Although OAI-DC provides a common metadata representation using the Dublin Core
standard, it has limited expressivity. Specifically, the DC elements are general and can
not easily represent domain-specific metadata, e.g. paintings, museum objects, tradi-
tional archive, etc. Thus, domain-specific metadata representation is needed in addition
to DC. In addition, Linked Open Data (LOD) is now accepted as an effective mech-
anism of data sharing to enable data integration based on RDF standard. Thus, we
design a LOD data publishing framework that extends OAI-DC. In this framework,

Fig. 4 Example of exported XML data of OAI-DC for OAI-PMH harvesting
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data from DC elements can be further extracted for key concepts and relations. The
extracted results can be mapped with the Lanna Cultural Heritage ontology and pub-
lished as RDF data as a LOD data source. The ontology design approach and prototype
system that utilizes the RDF data are described as follows.

3.4.1 Cultural Heritage Ontology Design and Mapping
Cultural heritage involves knowledge coherence and knowledge variety. Thus, it can be
difficult to classify some knowledge into domains and design a complete cultural
heritage ontology. Some of knowledge such as NOK-Hat-Sa-Dee-Ling (a legendary
bird of Himavanta) can be classified into three domains: Antiques, Tradition and Ritual
Instruments and tool. Therefore, it is important to limit the scope of the construction of
domain ontology. Our initial ontology design focuses on three domains: antiques,
manuscript and mural. The ontology model of cultural heritage was designed and
evaluated with the involvement of cultural experts from Ministry of Culture, Thailand.
The ontology was created in the OWL format (Web Ontology Language) using Hozo
ontology editor. Figure 5 shows an initial design of Lanna Cultural Heritage ontology.

The RDF data publishing used the Ontology Application Management
(OAM) framework [18] for schema mapping and vocabulary mapping between OWL
format and a database source. OAM facilitated defining mapping between ontology
classes and database tables by class-table mapping and property-column mapping, then
exports to RDF format.

Fig. 5 Cultural heritage ontology (antiques, manuscript and mural)
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4 Lanna Cultural Heritage Portal Application using RDF
Data Sources

After the data sources are transformed to RDF data based on the schema defined in the
ontology, the OAM framework provides the RESTFul API that allows applications to
utilize the RDF data sources in a uniform fashion. The “Lanna Cultural Heritage” portal
is a web portal that provides a semantic view-based search engine where the knowledge
base consisting of ontologies and data. The portal combines data from several data
sources of museums and temples in the northern part of Thailand, for example, cultural
objects from WatKukam, manuscripts and documents from Watsungmen, murals from
Watphumin and cultural information center (www.m-culture.in.th) and so on (Fig. 6).

5 Conclusion

This paper presents a methodology for integrating, converting Lanna cultural heritage
metadata and sharing data to external data sources as linked open data. Case studies for
this methodology are museum archives in north of Thailand and cultural information
center from the Ministry of Culture. Our methodology is designed to convert different
metadata formats to Dublin Core metadata standard as OAI-DC XML format, and to
incorporate metadata to form a central repository of data sources. The extraction of key
information from the result of repository is made by tag extraction and mapping of
database schema using ontology under the Ontology-based Application Management
(OAM) framework. The result is formulated in the form of RDF format. The data were

Fig. 6 Cultural heritage portal application using RDF data sources
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integrated to create cultural heritage portal application by using RDF data sources. Our
directions for future work include applying the methodology to extract key concepts
from the textual data and more complex ontology design for the Lanna cultural heritage
domains.
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