An aggregation system for cultural heritage content
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Abstract

Ongoing activities for thedigitisation, cataloguiagd preservation of cultural heritage are takilagein
Europeand the rest of the world. They involveaatgrof content holdinginstitutions, following thetablished
practices ofmuseums, libraries and archives. Ialf@raggregation and indexing initiatives, sushEarropeana,
illustrate the benefits and added value of metaitiéeaoperability for repository owners and the esér.
Respective modeling efforts are directed in faatilitg the aggregation of diverse, and mostly pedpri, metadata
records under well-defined, machine understanda@lerence data models. The mapping and transfamat
procedure is rarely a straightforward task, varyaongording to the existing infrastructure and dataile requiring
the continuous involvement of domain experts antextt providers. In this paper we present an ineiplatform
that offers a set of web services to managetheggtiom of metadata records, effectively handling¢bmplexity
of mapping cases and the need to maintain and etbésalignment of content holding repositoriese Th
architecture and interfaces of the system are@dtlifocusing oningestion management, the mappiitgrexhd
available functions, the resulting repository aesipective publishing interfaces. The system isecully deployed
for several European and national aggregation &itisétion projects, as well as for prototypindoefs regarding
LIDO and the Europeana Data Model.

I ntroduction

Digital evolution of the Cultural Heritage field fiaccelerated rapidly in the past few years. Masdigitisation
and annotation activities are in progress all @&grope and the world,following the early developtseatthe
European level and the Lund principles[1]. Furtheren the strong involvement of companies like Gepghd the
positive reaction and increasing support of theoBaan Union, have led to a variety of, rather coging, actions
towards multimodal and multimedia cultural contgaheration from all possible sources (i.e. gal&etibraries,
archives, museums, audiovisual archives etc.).cféation and evolution of Europeanal2], as a unjspiat of
access to European Cultural Heritage, has beenfdhe major achievements ofthese efforts. At tlerant, more
than 19 million objects, expressing the Europedtual richness, are accessible through the Eurgpeartal, and
it is expected that this number will be doubledhivitthe next five years.

Nevertheless, despite the creation and availaldfityumerous digital collections, only a small psdon of the
available cultural heritage material has been moeg to date. For this reason, there is a significammitment to
further digitisation at national and institutionevels across Europe [3]. An estimate of the vastunt of data
(around 77 million books, 358 million photograp®4,million hours of audiovisual material, 75 miliof works of
art, 10,5 billion pages of archives) still to bgitized and the related cost, that is about 10hikuro, is provided
in the recent European Report of the Comité des§dpy Furthermore, a substantial amount of cultuesitage
related, born-digital material isgenerated, suctlada originatingfrom scientific research or dib@aalysis of
cultural resources.



Due to the diversity of content types and the naugmetadata schemas used to annotate the content,
interoperability plays an important role, havingheédentified and treated as a key issue durindgtefive years
[5]. The main approach to interoperability of cudtluicontent metadata has been the adoption ofle$tad
standards in the specific museum, archive andriitsectors (e.g. Dublin Core, CIDOC-CRM, LIDO, EAMETS
etc.) and their mapping to a common data model ua¢the Europeana level: Europeana Semantic Esme
(ESE)[6] andEuropeanaData Model (EDM)[7]-in ordeptovide unified access to the distributed rejposs.

Still, the above procedure is far from trivial, &nthe heterogeneity and individuality of the crdiwcontent has led
to metadata descriptions that differ a lot fronyatactic (based on technologies used for the reptation) as well
as a semantic (based on the meaning of the infmmptovided) point of view.

This paper presentsthe MINT platform [8], whichyid®s to users and content providers the abilifgedorm, in
an effective way, the required mapping of their ongtadata schemas to reference domainor aggregatidals,
like LIDO and EDM respectively. MINT follows a typal web-based architecture, offering an expandi@t
services for metadata aggregation and remedidtiaddressesthe ingestion of metadata from mulpleces, the
mapping of the imported records to a well-defineithine-understandable reference model, the tranat@n and
storage of the metadata in a repository, and tbeigion of services that consume, process and riettectthese
metadata. Although its design was also guided Ipgéiency, the system has been developed usindisktabtools
and standards, embodying best practices in ordenitoate familiar content provider procedures inrgmitive and
transparent way.

The system has been customized and deployed feraéhorizontal, thematicor regional aggregatorsseh
diversity has guided the support for various donmagtadata models and approaches, mapping cases, and
consuming services such as OAI-PMH deployment &vésting by Europeana or Lucene indexing for porta
services.lt is important to notice that the systemrurrently used in the framework of several Egarpaggregation
and digitisation projects, such as ATHENA, EUscrg@ARARE, Judaica, ECLAP, DCA and Linked
Heritage,having ingested more than 4 million olgd¢otEuropeana until now [9].

M etadata Aggregation

The key concept behind the aggregation part ofylséem has been that, although ’low-barrier’ stasskuch as
Dublin Core were used in the first stages of Euaope(ESE data model) to reduce the respectivet efifiar cost, a
richer and better-defined model could reinforcedbmain’s conceptualization of metadata recordieast for the
mainly descriptive subset of their cataloguing edats. Moreover, since the technological evolutiboansuming
services for cultural heritage is greater than ¢iahost individual organizations, a richer schemuald at least
allow harvesting and registering of all annotatitata regardless of the current technological sthtiee repositories
or their intended (re-) use.

The developed system has been deployed for sestaradard or specialized models such as LIDO, Dubdire,
ESE, CARARE's MIDAS-based schema, EUscreen'sEBUBased approach etc. It facilitates the ingestion o
semi-structured data and offers the ability to ldith crosswalks to the reference schema in oaltakte advantage
of a well-defined, machine understandable modet itderlying data serialisation is in XML, whilesthser's
mapping actions are registered as XSL transformstibhe common model functions as an anchor, talwhi
various data providers can be attached and bearesgst partly, interoperable. Some of the kegfiomalities are:

» Organization and user level access rights andasgegnment.

* Collection and record management (XML serialisgtion

» Direct import and validation according to registesehemas (XSD).
*  OAI-PMH based harvesting and publishing.

» Visual mapping editor for the XSLT language.

* Transformation and previewing (XML and HTML).



* Repository deployment and remediation interfaces.

The metadata ingestion workflow, as illustrate€rinor! Reference source not found.,consists of four main
procedures. First is thearvesting/Delivery procedure, which refers to the collection of matadrom content
providers through common data delivery protocalshsas OAI-PMH, HTTP and FTP. Following is tBehema
Mappingprocedure, during which the harvested metadatenapped to the common reference model. A graphical
user interface assists content providers in maptbieiy metadata structures and instances to awieth defined
schema (e.g. LIDO), using an underlying machineeusidindable mapping language. Furthermore, it gesvi
useful statistics about the provider's metadatdenddiso supportingthe share and reuse of metadagawalks and
the establishment of template transformations.thhrd step is th&ransformation procedure, which also aims at
the transformation of the content provider's listesms to the vocabularies and terminologies ohiced by the
reference model. The last step is Rawision/Annotationprocedure that enables the addition and correction
annotations, the editing of single or group of isedmorder to assigh metadata not available irotiggnal context
and, further transformations and quality contraalts according to the aggregation guidelines aodege.g. for

URLs).
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Figure 1: Ingestion Workflow

M apping Editor

Metadata mapping is the crucial step of the ingegrocedure. It formalizes the notion of a metadabsswalk,
hiding the technical details and permitting senatjuivalences to emerge as the centrepiece.dhiey a user-
friendlygraphical environmenf{gure shows an example mapping opened in the editorinézroperability is
achieved by guiding users in the creationof mapplrgtween input and target elements. User impogtaat
required to include the respective schemadeclaratitle the records can be uploaded as XML or Cig¢ fUser's
mapping actions are expressed through XSLT stykdshee. a well-formed XML document conformingte
namespaces in XML recommendation. XSLT styleshamtstored and can be applied to any user datartexp
and published as a well-defined, machine underatarccrosswalk and, shared with other users tast#mplate
for their mapping needs.

The structure that corresponds to a user's spétifiort is visualized in the mapping interface asrderactive tree
that appears on the left hand side of the editoe. ffee represents the snapshot of the XML scheatastused as
input for the mapping process. The user is abletégate and access element statistics for thefepieeport while
the set of elements that have to be mapped cambed tothose that are actually populated.Theigito accelerate
the actual work, especially for the non-expert uaed to help overcome expected inconsistenciegdest schema
declaration and actual usage.

On the right hand side, buttons correspond to kegbt elements of the target schema and are usacttss their
corresponding sub-elements. These are visualizeédeomiddle part of the screen as a tree structeenbedded
boxes, representing the internal structure of tmeplex element. The user is able to interact with $tructure by
clicking to collapse and expand every embeddedthaixrepresents an element, along with all releirdotmation
(attributes, annotations) defined in the XML schetnaument. To perform an actual (one to one) mappetween
the input and the target schema, a user has tdysirgy a source element from the left and dramithe respective
target in the middle.



Mappings: LIDO_EDM_DEAM

Define your mappings and when you are done click the ‘Finished’ button below to make them available to the rest of the users in your arganization

*Mapping relstions are automatically saved every time you edit, delete or create a new one.
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Figure 2: Screenshot of the mapping editor
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The user interface of the mapping editor is schamare regarding the target data model and enablestoicts
certain operations accordingly, based on consgdamelements in the target XSD. For example, wédreelement
can be repeated then an appropriate button apfeesdicate and implement its duplication. Sevextanced
mapping features of the language are accessilthetoser through actions on the interface, inclgidin

e String manipulation functions for input elements.

* m-1 mappings with the option between concatenatiwhelement repetition.

e Structural element mappings.

e Constant or controlled value assignment.

» Conditional mappings (with a complex condition edjit

* Value mappings editor (for input and target elemete lists).

Knowledge Management using MINT

The World Wide Webis currently evolving from a giblinformation space of interconnected documentat®
where both documents and, most importantly, dadimked. In this framework, effort is directed tans
aggregating cultural content from different provalthrough unifying models thatallow for semantic
interoperability. Moreover, semantic linking of ¢ent descriptions with rich terminological knowledgublished
on the webaims to provide users with the abilitpése expressive queries in terms of this knowledge



Following the ongoing efforts to investigate thags of the semantic layer as a means to improveexperience,
we are facing the need to provide a more detadedbstic description of cultural content. This imf@tion,
accessible through its metadata, would be of lite if users were not in position to pose theérigs in terms of a
rich integrated ontological knowledge. Currentlistis performed through a data storage schemahwtighly
limits the aim of the query. Semantic query ansmgerefers to finding answers to queries posed kysdased not
only on string matching over data that are stonediditabases, but also on the implicit meaningdaatbe found by
reasoning based on detailed domain terminologicaledge. In this way, content metadata can be
terminologically described, semantically conneaad used in conjunction with other, useful, possibl
complementary content and information, indepengigniblished on the web.

One of the main points that have guided the preskesystem’s development is the apparent need ésepration
and alignment of as much of the original data redmas possible. The aggregation is only thedfffstt on the part
of providers and aggregators towards the effiametiiation and reuse of their knowledge bases. Tippat for
semantic data models, such as the EDMor the EBU[26eontologies, enables the repository for depient and,
most importantly, information reuse through knovgednodelling and data interoperability researclvitiets. The
aim is to allow for further resource linking betwedifferent collections, reconciliation across thpository and
with external authorities and, enrichment of thfeiimation resources.It should be mentioned thiatanly due to
the achieved metadata aggregation, validated bgdhtent providers or experts themselves, that séma
enrichment and semantic answering to the queriéseoéxperts and users is possible.

The transformation of the data from content prordde RDF through the use of the mapping tool (geg.
http://mint-projects.image.ntua.gr/europeanaforEb ontology)results in a set of RDF triples thatrespond to
an attribute-value set for each information reseugince the targetmodel is a general ontologyriafgto
metadata descriptions of each object, the useeofisitic ontologies for different domains is necesgaprder to
add semantically processable information to ea¢bobbT his process includes two steps. First, tieenatic
ontologies are adopted or created in collaboratiith field experts. These include individuals thepresent the
information resources and concepts, which corredfoosets of objects and roles defining relationsiptween
resources. After that the data values of the RBEices are transformed to individuals of the thienoatologies
and these individuals are then grouped togethfario concepts as imposed by the thematic ontologies
transformation of the data values to individualpesformed, from a technical point of view, by maggpthe data
values to URIs. Following this transformation, theta are stored in a semantic repository from wtterg can be
retrieved through queries.

An important issue that concerns the cultural comitgus the effective management of the aggregated
interoperable metadata, with the publication ofadata as linked data being one of the most expected
outcomes.Linked Data have gained great attenticentty, aimingto make data accessible not onlyumén but
also to software agents, building in that way aa®in layer and also making the consumption ofrmfation
transparent and straightforward. Cultural heritagggadata constitute an ideal candidate for thditipation as
linked data, being capable of populating many déffi¢ applications such as tourist guides or edocatiplatforms.
Furthermore, the fact that in most cases cultuetbaata are produced by human annotation makes them
trustworthy information, also guaranteeing analltaescriptions of the annotated content. Curremetbpments of
the MINT platform aim to facilitate the productiamd publication of interconnected information rases
following the linked data principles, through theewof intuitive user interfaces for content providand domain
experts.

Conclusion

During the past few years,ongoing activities fagititzation, cataloguing and preservation of culkieritage have
been taking place in Europe and the rest of thédwimvolving all types of cultural institutionsgi, galleries,
libraries, museums, archives, and all types ofamiithese activities have resulted to various cdnyges and
metadata schemata used to annotate the culturertoBue to this diversity, interoperability haeeh identified as
a very important requirement for cultural contemtaaata and variouspracticeshave been propostds Ipaper,
the web-based platform MINT, that facilitates thgastion of cultural metadata and their aggregatimter adopted
datamodels, is presented. Therespective metadgation workflow is outlined, followed by a moretaiéed



illustration of the schema and value mapping fumilities. Finally, the objectives, first steps aodrent
developments of MINTtowards the publication andseaf cultural metadata in the web of dataare dssmlis
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