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We present an approach to publishing and visu-
alizing open linked data in the cultural heritage 
domain. We demonstrate our approach for building 
a system both for data publishing and consumption 
and show how user benefits can be achieved with 
semantic technologies. Blazegraph (by metaphacs) is 
a web platform that for representing the data. The 
CIDOC-CRM ontology is used for domain knowledge 
representation. We are using the data of the web 
portal of the Russian Museum as a main source of 
trusted data and enriching it with external sources. 
Main goal is to show the benefits of the selected 
methods.

Introduction

The transfer of cultural heritage from generation to 
generation is the key aspect of cultural identity preser-
vation. It plays major role in maintaining function of 
the culture in the era of globalization, when traditional 
mechanisms of preservation and transferring of cultural 
heritage are subject to change, challenging by the rapid 
development of information technologies. Digital revolu-
tion forced content and application developers to use new 
communication languages and explore different mediums 
for transferring information to the end-users. In the mo
dern world information technologies undoubtedly are the 
most important medium for the culture translation. These 
are the main motivation for our project we name the Rus-
sian Heritage Cloud. One of the main long-term goal is 
to motivate museums in Russia to publish and open their 
data in the semantic form.

The most effective and illustrative way to test the 
technology is to create a system, therefore we decided 
to develop a system targeted to the museum as an 
institution, whose primary goal is preservation of the 
cultural heritage and its transfer to the people. We be-
gan to cooperate with two museums in St. Petersburg: 
The Russian Museum and Peter the Great Museum 
of Anthropology and Ethnography (Kunstkamera) of 
the Russian Academy of Sciences. The former has the 
biggest collection of Russian art in the Russia, the lat-
ter — biggest collection of ethnographic artifacts. The 
primary goal of our research was stated as “To test 
and showcase the applicability and benefits of usage 
of semantic data to tackle the challenges of cultural 
heritage transfer in the digital era”. The system is meant 
to deliver benefits to two different target groups: the 
museum experts working in the museum and regular 
museum visitors. These two groups greatly differ in 
their needs, but the system should cover the interests 
of both of them.

This paper describes the usage of Erlangen CRM/
OWL implementation of CIDOC-CRM ontology for the 
semantic representation of rmgallery.ru website, which 
contains selected artworks chosen for the official mobile 
application. The work has been done as part of the pilot 
project with The Russian Museum.

Semantic Representation of the Data in the Con-
Text of Cultural Heritage

There is no doubt that there are a lot of benefits in the 
usage of digital technologies for saving the cultural herit-
age for future generations. But when we are talking about 
not only to just saving the data, but maintain the heritage 
in the form that could be easily interpreted by research-
ers and regular people, selecting appropriate data structure 
becomes the very important.

There are very powerful methods to digitalize the in-
formation about some artificial objects nowadays. The 
most popular way for now to save obtained data is to do 
it in the relational databases. The simplest way to describe 
the structure of the relational database is to imagine it as 
tables with rows with columns. This structure is enough in 
some cases.

A lot of data sources should be reviewed and ana-
lyzed when we are talking about saving the cultural 
heritage data. It`s very important to represent all of 
the possible points of view. The knowledge should be 
objective, full and complete as much as possible. The 
data sources instantly changing and developing by 
different groups of people. There is no global unified 
source of cultural heritage data and it is not expected 
in the future due to the nature of generating the new 
data. It’s easier to save some data in one form and 
other – in another, and there’s no way to predict the 
monolith structure that could fit describing instantly 
changing world. According to researches and practical 
experience the relational database structure could be 
not enough in implementing such tasks as representing 
all the cultural heritage data in the form, available for 
universal access and integration.

The concepts of the semantic representation of the 
data were created for implementing described tasks. The 
RDF model, SPARQL language of queries and other 
standards of Semantic Web fits the necessary require-
ments for implementing described tasks. The simplest 
way to describe the structure of the semantic representa-
tion is to imagine it as network of predefined concepts and 
relations between them to describe everything. Figure 1, 
2 and 3 represent an abstract example of the generic RDF 
descriptions. Figure 4 represent the power of SPARQL 
language of requests.

Such approach have the next benefits :
•	 Datawarehousing

At some point the system needs to answer a ques-
tion that takes into account information outside the cen-
tral database. For a user of a classical relational database 
you can’t do federalized queries, so loading the extra data 
(expanding the schema) is the only option. A SPARQL 
1.1. user with the SERVICE keyword can have part of 
your query answered by a remote system. At some point 
the expanding the relational schema option becomes too 
expensive compared to the value given by the answered 
query. And the amount of work required before you can 
even do a query becomes prohibitive. SPARQL allows 
cheaper experimentation.
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In the life-science field hundreds of organizations have 
created data-warehouses combining public and private in-
formation. For example a lab would want to query over 
Wikipedia, WikiArt, Google Services, National Services 
plus their internal data. They would hire a bunch of pro-
grammers (from students to professionals) and they would 
start integration, write parsers, make relational schema, 
tune database. And after about a year they would have a 
working system.

And then the file formats would change, which is 
meaning a parser change, which is meaning a schema 
change, which is meaning queries need to be fixed. And 
they do this the first year. But soon these updates stop 
happening and the bitrot sets in. Requests for new data-
sources start to get denied and the system never lives up 
to its promises.

In the rdf/sparql world this there is no need for pars-
er to change (triples is triples), no schema so no need for 
changing tables. Just your queries need updating. (1/3 of 
the work) And the same is true for the start up costs. Well 
Wikipedia data is available as RDF download and public 
sparql endpoint in DBPedia project. Same for some other 
services, such as the British Museum. 

And as we are working in the real world: at some 
point someone is going to come to your desk with an ex-
cel file and they want to combine the data in the excel 
file with your relational database. Thats possible thanks 
to ODBC and some work with sql. But you will never be 
able to combine it with public resources.

•	 Data in local text documents
We saw a lot of the work dedicated to cultural heritage 

in simple document formats. The SPARQL/RDF excel 
story is easier today. In excel save as tab/cvs. It is possible 
to use biotable  or equivalent and change excel to RDF. 
Load into an in memory sparql database and query away 
combining any SPARQL endpoint available via HTTP. 
The same is true for data analysts using R or another sta-
tistical language.

•	 No data left behind
SQL with its long history has locked up a lot of in-

formation. Best explained with an example. Assume you 
have an legacy Oracle forms 6 application running in a 

corner in your enterprise. Accounting wants to merge 
some of that data with your current CRM (SAP/Sybase) 
installation. How do you do this using only relational 
technology? With SPARQL you can put a relational to 
RDF mapper on both the old oracle 6 database and the lat-
est sybase release. Then you can use the SERVICE key-
word to collate information from both sources with mini-
mal pain and effort. Only relational does not offer this 
option, only the addition of SPARQL to SQL translation 
gives this capability. SPARQL is more consistent than 
SQL.

SPARQL over all datasources is extremely standard-
ized. Not at all like SQL. SQL has to many dialect chang-
es from one implementation to the other for random users 
to explore schema’s. A semi trained SPARQL user can use 
any SPARQL endpoint no matter what the implementa-
tion is or what the schema looks like.

•	 Lower cost
So in the end SPARQL based information systems 

have lower maintenance costs in fields where information 
changes rapidly. Have lower building cost for integrative 
data (RDF as source compared to XML as source, rela-
tive same experienced developers). Allow for experiments 
with public or super private information in the enterprise. 
(i.e. combine modern researchers database and cultural 
heritage works database to find works of some generation 
and compare it to the other, etc)

•	 Better performance and caching
SPARQL over http offers more benefits: very cheap 

caching. Most sysadmins have installed a http cache at 
one point in their career. A database cache layer such as 
included with hibernate is much more specialty software 
with associated complexity and prices.

•	 Logic reasoners
For many queries a user needs to combine a infor-

mation in a database and feed it into a program and then 
get more information out of a second database. Given a 
SPARQL query and some information in RDF and a RDF 
description of the input and output of a program can com-
bine all this and answer questions for which you do not 
have that data. This is possible because SPARQL/RDF 
technology has first order logic reasoners using OWL.  

Fig. 1. RDF triple. Fig. 2. Generic RDF Description.
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Metaphacts Knowledge Graph Platform

Our system is built on the metaphacts Knowledge 
Graph Platform backed by Systap’s Blazegraph  triple 
store. The system architecture diagram is presented on the 
Figure 5 “System Architecture”. The similar system is im-
plemented for the British Museum.

There are three main layers of the system: data sourc-
es, backed and frontend. We used three main sources of 
information: the Russian Musem Virtual gallery , The 
British Museum data and the DBPedia project resourc-
es. There are number of ontologies that could be used to 
manage cultural heritage information, including Dub-
lin Core (DC) Metadata Elements [1] and DC Terms 

Fig. 3. RDF graph example.

Fig. 4. SPARQL endpoint.
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[2], Simple Knowledge Organization System (SKOS) 
[3], Functional Requirements for Bibliographic Record 
(FRBR) [4], Europeana Data Model (EDM) [5], CIDOC-
CRM [6] and others. We will not describe them in detail 
as it had been done in a number of resources, for example 
[5] or [6], the CIDOC-CRM is popular and fits our needs.

Preparing the Source Data
Russsian Museum Virtual Gallery website contains the 

following structured data:
•	 Artwork
•	 Type (drawing, painting, etc.)

•	 Title
•	 Dimensions
•	 Material
•	 Text annotation

•	 Author
•	 Name
•	 Text annotation

Interlinking process contains two stages:
•	 First stage (semi-automated)

•	 Query the Wikipedia search API with 
the person’s name
•	 List query results and ask user to choose
•	 Create owl:sameAs for the chosen link

•	 Second stage (automated)
•	 Fuzzy string matching of rmgallery.ru 
persons with DBpedia ones

All textual information in the dataset (names, titles, 
descriptions, etc.) were placed in two languages annotated 
with the corresponding language tag. Authors were inter-
linked with DBpedia where it was possible. More detailed 
description of interlinking can be found in [7]

Template-Based Visualization

Knowledge Graph Platform allows to create tem-
plates for RDFS classes which could be used to rep-
resent any individual of these classes. The template 
consists of a set of widget definitions configured with 
SPARQL-queries, which used to visualize the data. For 
example, on the main page  there are a PivotViewer 
widget, which present all artworks in the dataset in 
the relatively compact and structured form allowing 
to, on the author page we put timeline widget that 
displays the events author have relation to, etc. Tem-
plate-based approach together with semantic-enabled 
widgets provide a meaningful and efficient way to 
visualize semantic data. Besides, a class template, 
once created, potentially could be reused on any other 
system which uses CIDOC-CRM [3]. The example 
of the working system displaying the PivotView is 
represented at figure 6.

In the current implementation we have created 
the templates for two classes: ecrm:E21_Person and 
ecrm:E22_Man-Made_Object.

The ecrm:E21_Person template contains the following 
information:

1.	 Name.
2.	 Author’s bio.
3.	 Additional information gathered by interlinking 

with DBpedia: dates of birth and death, art movement a 
person belongs to, influenced/influenced by information.

4.	 Works by author represented in the PivotView 
and on the timeline widget.

5.	 Ontology structure visualization based on Onto-
Dia OWL diagramming tool.

Fig. 5. System Architecture.
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The ecrm:E22_Man-Made_Object template has less 
information due to our focus on the experiments with in-
terlinking: artwork title, genre. date of production, size. 
annotation for the artwork.

Both templates use CIDOC-CRM specific SPARQL 
queries, thus they can be used by any CIDOC-CRM-ena-
bled application.

Besides class-templates, the Knowledge Graph Plat-
form allows to create arbitrary pages in the Wikipedia-like 
manner. For our case such pages were created to provide 
the site structure for user to navigate. Overviews of art-
ists, paintings, genres and a big map widget (populated 
with related to authors or paintings places we gathered 
from DBpedia) were made and represented at figures 7 
(timeline) and 8 (Ontodia).

Conclusions And Future Work

The practical usage of CIDOC-CRM ontology for the 
Russian Heritage Cloud project and the system architec-
ture for publishing semantic cultural heritage data was 
described. Template-based visualizations together with 
SPARQL-enabled widgets provide a convenient way 
for agile development of semantic cultural heritage ap-
plications. The benefits of selected approach were also 
provided.

There are new questions arrived while implement-
ing the system. Most of the questions are related to scal-
ing the platform to bigger datasets and heterogeneous 
knowledge management and representation. Our partners 
already asked us for presenting the practical examples of 
the platform and semantic data representation in general, 
e.g. to make a tool for automatic thematic exposition crea-

tion, including on the physical media (CD/DVD). Solu-
tions of those yet to be faced challenges will rely on the 
flexibility of CIDOC-CRM ontology.
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