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ABSTRACT:

This paper introduces a use case of re-using aggregated and enriched metadata for the tourism creative industry. The MORe
aggregation and enrichment framework is presented along with an example for enriching cultural heritage objects harvested from a
number of Omeka repositories. The enriched content is then published both to the EU Digital Library Europeana
(www.europeana.eu) and to an Elastic Search component that feeds a portal aimed at providing tourists with interesting information.

1. INTRODUCTION
1.1 Related work

The work presented in this paper focuses on a use case of re-
using aggregated cultural heritage related content for the
tourism industry. The key component in this paper is the
aggregation infrastructure that is used and more specifically two
main topics are covered: a) its micro-services architecture and
b) its enrichment services. These two distinct approaches have
been explored partially in the bibliography with the majority of
papers focusing on curation micro-services. Enrichment micro-
services can be considered as a category of curation micro-
services.

In [4], news items are automatically enriched with information
from Linked Open Data (LOD) sets and use an ontology based
browser to demonstrate the advantages of LOD enabled
navigation. In (Rainer Simon et al, 2011) the authors use an
annotation tool to help users annotate records with information
drawn from LOD thesauri. In (Stephen Abrams et al, 2010),
authors propose and present a curation micro-services
infrastructure in order to demonstrate the powerful
characteristics and flexibility of such an approach. In a micro-
services architecture which focuses on digital curation and
preservation is presented. A presented in (Kevin Clair, et al
2011), curation micro-services are also used on a thematic
aggregator to enrich information and improve the quality of
content.

1.2 MORe metadata aggregator

The Metadata & Object Repository (MORe) (Christos
Papatheodorou et al, 2012) was established as early as 2011 in
the context of the EU CARARE project. Since then has been
used to aggregate over two million metadata records and
delivered it to Europeana in the EDM (Europeana Data Model)
format (Martin Doerr et al, 2011). In the heart of the aggregator
lies a repository that is used to store metadata, maintain versions
and identity relations between objects, etc. Initially, MORe was
based on fedora-commons and provided enrichment services
such as: de-duplication, geo-spatial, etc. The cloud based
version of MORe that was introduced in the LoCloud project in
2013 replaces the fedora-commons backend of the earlier
version with one based on Apache Cassandra, and standalone

services with a pluggable and scalable services layer that
provides for higher processing capacity and thus reduces
aggregation time significantly.

The general architecture of the MoRe aggregator can be seen in
Fig. 1. Its primary components are shown with two of them
having a centralized role: a) the storage layer and b) the services
layer. The first is responsible for handling metadata storage and
the latter is responsible for gluing together the various services
involved.

Figure 1. MoRe aggregator architecture

The main aggregation workflow used in this paper is presented
in Fig. 2 and depicts all the main steps that users can perform.
For each one of these steps a specific service is used to handle
the work required and certain steps like the transformation and
enrichment require additional work such as validation and
indexing of content.
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Figure 2. Aggregation workflow

1.3 Motivation

The main motivation behind building a flexible aggregation
framework that includes the enrichment layer lies mainly in
ensuring metadata quality and interoperability. This is based on
the premise that automatic enrichment leads to metadata records
that are richer, more comprehensive and provide links to other
related resources such as:

- other related records

- thesauri terms

- Wikipedia lemmas
This increases the visibility of the records, improves the search
results and ultimately the user experience. It also allows the
records to be machine readable and thus to be automatically
used by additional services as needed.

Furthermore, content re-use helps build more sustainable
models because as it will be made clear, with the appropriate
technologies little extra work is required.

1.4 The Omeka Repository & Content model

The work reported in this paper relies on content that has been
harvested from Omeka (http://omeka.org/). Omeka is an open
source repository that provides out of the box functionality for
individuals and institutions that wish to publish collections on
the web using international standards. Omeka provides two
schemas through OAI-PMH and REST: a) a Dublin Core based
metadata schema and b) a custom schema named Omeka-XML.
Both use an internal Dublin Core based representation which
allows administrators to extend it with new elements. It is
possible to get the content in other formats (through metadata
crosswalks) such as: mods, CDWA-Lite and METS. METS is
used to provide the structure of each record. As we are
interested in metadata aggregation, we focus here on metadata,
and more specifically on OAI_DC. The OAI_DC metadata
contains 15 elements. These elements were provided in a
completely unqualified format, meaning that even language
information (the xml:lang attribute) was not present. This is
typical of the scenario of harvesting from diverse cultural
heritage collections addressed here.

Available metadata is used to present records though the Omeka
web portal (Fig. 3).
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Figure 3. Sample view of a record in the Omeka repository

from one of the selected stakeholders: the Postal Services in
Cyprus (a stamp representing a fresco in one of the ten painted-
churches in Cyprus).

Although the mods, omeka-xml and cdwalite schemas are more
expressive, Omeka provides them without qualifiers, thus
presenting the same problems as with the oai_dc. Hence, the
approach illustrated here for OAI_DC (selected by virtue of its
popularity) is applicable for these other schemas as well.

The primary elements harvested are depicted in the following
table (Table 1):

Element Description Issues observed
dc:title The title of the record
dc:creator The creator of the record

dc:description The description of the Multiple

record descriptions are
received in two
languages
(English and
Greek)
dc:subject The subjects related to
the record
dc:publisher The publisher of the
record
dc:contributor The contributor of the
record
dc:date The date of the record
dc:type The type of the binary
representation of the
record (e.g. Image)
dc:format The format of the binary
representation of the
record (e.g. JPG)
dc:identifier The identifier of the Multiple
record identifiers are
received with
different
semantics
dc:source The source of the record
dc:language The language of the In cases where

record e.g. multiple
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descriptions are
received, a single
string with all the
language codes is
received.
coverage of the Semantically
ambiguous. In
this case the
spatial
coordinates are
received in
various formats

dc:coverage The
record

dc:rights The rights associated

with the record

Table 1. Elements harvested by Omeka

2. ENRICHMENT SERVICES FRAMEWORK
2.1 Overview

The enrichment services framework presented in this paper
consists a generic enrichment service that orchestrates a series
of enrichment micro services into simple workflows referred to
as: enrichment plans. The enrichment process involves
executing one or more enrichment micro services in a specific
sequence (referred to as enrichment plan). Each micro-service
enriches each record in a specific way (e.g. by inferring
coordinates out of a place name or by adding language
identifiers). Each enrichment plan can be applied to one
metadata schema (e.g. OAI_DC) and each one of the
enrichment services support specific schemas.

2.2 Available enrichment micro-services

At the moment there is number of available enrichment micro-
services support the OAlI DC and EDM (Europeana Data
Model) schemas. These micro-services are:

e Language identification: this service is responsible for
identifying the language of text and adding the proper
qualifiers to the corresponding element. The Apache
Tika Language Tools are used.

e  Spatial identification & normalization: this service is

responsible  for identifying spatial information
provided through the Coverage element and
normalizing it.

e  Temporal identification: this service is responsible for
identifying the temporal information provided through
the Coverage element. This involves dates
normalization.

e Reverse geo-coding: this service is responsible for
reverse geo-coding an address and place name
description out of the coordinates provided.

e  Spatial translation: this service adds the ability of
providing a textual description of Place in various
languages. The Geonames Web service is used.

e  Spatial coordinate transformation: this service is
based on open-geo libraries and allows transformation
between coordinate systems.

e  Thesauri enrichment: this service allows the ingestion
manager to associate one or more thesaurus concepts
to each item. Concepts, describing the collection in
general are drawn from standard thesauri or
authorities, such as the Library of Congress Subject
Headings, GEMET, etc.

2.3 Enrichment plans

The architecture shown in Fig. 4, includes a number of
enrichment micro-services combined within an overall
framework in order to provide sophisticated enrichment in a
variety of metadata schemas. This architecture allows
configuring on the fly (with no coding at all) an enrichment plan
for each content provider and collection.

Enrichment Services Framework
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Figure 4. Enrichment services framework

The diverse enrichment micro-services are applied on each
metadata record in a predefined sequence, according to rules
specified by the aggregation manager. Not all micro-services
are applied to all packages harvested. Each content provider
primary repository or collection has its own specific
characteristics, possibly requiring only a subset of the micro-
services. Enrichment micro-services need to be applied in a
specific order (for instance, as in Fig. 5) so that:
- Micro-services that provide information useful to
other micro-services are executed first
- Micro-services with a highest degree of confidence
are executed in a higher order

Enrichment Plan

Figure 5. Enrichment services framework
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The language identification step takes precedence in order to
provide qualifiers to textual elements.

The thesauri enrichment, adds dc:subject terms from standard
thesauri.

The spatial identification & normalization extracts the
coordinate information out of a string (in this case: dc:coverage)
and splits and identifies Lat/Lng coordinates.

The geo-coding service takes the coordinates and provides a
place name and geoname-id which it then populates to the
record.

2.4 Example of an enriched record

In this section an example of a Dublin Core (OAI DC) record
before (Fig. 6) and after (Fig. 7) an enrichment plan is applied is
shown. In this particular record, the xml:lang attributes are
filled, one subject terms is added from library of congress
subject headings, the non-parsable (due to cataloguing error)
coordinates are fixed and augmented by textual descriptions and
a geonames URI.

vc<opal desde xmlnerde="http://purl.org/defelenente/1.1/" xmlns
emlnesxais"heep: /. wl . org/2001/ XMLSchema-inatance” xel:ac)
hltp:ffuwu_nprﬂarchiveq_orgfonffj.ﬂfgai_dc.xnd =
c<dertitle*Wine skin</dostitle>
vedoicreator>
Ministry of Agriculture Natural Resourcea and Enviroment i
<fdeo:creator>
<do:subject>Winery</dorsubject>
v<derdescription>
Made of goat akin. They were made during the winter, beca
safe er‘sport of wine, zivania and other liquids. The wi

vedordescription>
Mupde aoxdg kartaoxtvacpivog ard Sppo ainag.0u aokol kerac
o uxpds woupds eméTpeme Tnv kahOTepn Buxrdpnon we emeEepyao
epmeplog Too woarddAnia Twoe kol n opoyn ke To yhapowd Toug
aroffkevom kol copadd peropopd kupluwg kpoowd, Tifovieg, T
WOTE Vi Py eAMoUDVETEL 1 moldTATa Tou nEplEXOMEvOU, oAMA Ko
aokd pryahouw poyifoue Aorovpyodor ko we pitpe Oyxou Tou K
¥pion. Amo To xwmd Aayoubepd.

<fdc:des tion>

*Library of Cyprus University of Technology</d

HanaLr? of Agriculture Watural Resocurces and Envircnment
<fdcicontributor®>
<dordate>2009-2010</dordate>
<deitype>Inage</dortype>
<de: format>JPG</de: format>
2desiden inr=MEYT788</do: ontifioe>
<dc:ide r>https: .-’a'ap:l.:.:la.cut.m:.cy!ir_cﬂ.sa‘:lhuw."l‘_?22€r'd
vederidentifior>
httpa: f!a:}alda eut.ac.cy/filea/original /05e3TcendSdi5die7
<fderidontifior>
'lddc:n-n'.lr:n&

Ministry of Agriculture Natural Resources and Environment
</fdeigource>
=de: language>EN EL</de:language>

The puhlitttif}n or reproduction in an electrenie form or .
< de: h
vedosr

Figure 6 Enrichment services framework

In this enrichment example, it is possible to augment the record
with useful information such as a place name, languages and
thematic information. As it will be made clear in the next
section, this is the critical part that makes the content usable in
other domains.

vagal deide xmlas:ide="http:ffpurl.org/de/elemantsS]l.1/" xmlosisa
sxai="hikpe ."."M wi.or g'!l:l:- g 4 xal:achen
htepe -".-'M.w n"er.r'c" ves.org/ fOAT .-'2 0foai dl: x:d. =

1:lam '|- >
T u.Lr'gl of A.qrir.'ulturc Hatural Rescurces and Envirement Cyp
<f/doicreator>

"en">Winery</doisubjeckt>
: ubject xml: pr*>Distillation</de:aubiost>
<dosaubject wal:lang="en">hekp://id.loc.gov/authoriticsfaubjoi
v<dordescription xml:lang="en">
Hade of goat skin. They were made during the winter, because
safe transport of wine, rivania and othor liguida. The wine
</do:descrd on>
vedoidesoription xmlslang="al™s
Mucpde aoeds karaokisaopdves ard Bippa aiyag. o aowol savoowi
o Yuxpde woupdc emitpem Tnv cakdrepn Buarhpnon ko mErpyaoia
epriplog Ta gardhhnha oo oo f oopay o To yhdpoupd Toug y
amelfoeen ko agpail pitopepd wepiwg spamold, Tifodag, b
dsome wa v ahhouiweton n rowdTnTa Tou mpugopfwou, akhé o y
r.tr.rmq pEyahou pmﬂouq ACTOUpYODOE Kol we PETPO GYKOU TOU Kpo
xpfion. Aso To xwpd Aoyoubepd.
= day dr:.-cr'p'
ode: publi an"»Library of Cyprus University of
r<de:contribut lang="gn">
Hinistry of Agei r.'ultu'c Natural Rescurces and Environment [F
</doicontributor>
<de:date>2009-2010</de i data>
<de: type>Image</de: type>
<dc: format>JPG</dc: format>

ion®>

or xml

Ministry of Agriculture Natural Rescurces and Envircnment [F
</do1souroe>
wdci language>EN EL</dc: languaga>
“de:coverage>35, 138873 33.306045</deicovarages
<dosooveragerhibp: f fvww . goonamss .org/f 146769/ < /dos coverages
<doicoverage xmlilang="en">hthalassa, Cyprus</doicoverage>
vaode:rights xml:lang="an">
The publication or reproduction in an eloctronic form or otk
<fdoirighta>
vedoirights smlilang="el">
Aroyopilital n Bnpocieven f avarapaywyd, nhicrpovied f Gl xo
ldeieightax
</oal_de:de>

Figure 7. Enrichment services framework

3. CONTENT RE-USE FOR TOURISM

As it can be seen from Fig. 8, the MORe aggregator is typically
used to aggregate content from multiple sources, transform it to
a common schema (in our case EDM) and publish it to a single
provider (in our case Europeana).

Figure 8. Use case setup

A localized portal for tourism must provide specific
functionalities and has specific quality constraints in terms of
content. The functionalities include:

e athematic hierarchical browsing of the content

e the placement of the content on a map

e the ability to search for content

o the browsing of content based on language
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3.1 Metadata quality

In order to meet the above requirements, all content must meet
certain quality criteria. More specifically, all items must
contain: language attributes at least for the titles, descriptions,
subject terms and place names. Furthermore, every item must
provide a place name and a set of coordinates. These
requirements refer to metadata completeness per schema and
case and are computed real-time every time information is
received or changed.

3.2 Conditional publication of content

In an aggregation environment where large amount of content is
aggregated, some automated methods and features of screening
the content to be published must be provided. For this case, two
cases were considered:
e  Publication of content based on specific input sources
e Publication of content based on specific spatial
criteria (place name / area around a set of coordinates)
e  Publication of content that meets specific guality
criteria.
When harvesting a large variety of content that comes from
different sources and meets different quality criteria, it must be
screened properly in order for all content to meet the
functionalities of the portal. For example, if the portal contains a
map, only items that contain coordinates should be published.
Similarly, if a portal has a specific theme, only items that follow
that theme should be published.

3.3 Searching: Elastic Search

In order to facilitate search, content that meets the above criteria
is automatically published to an Elastic Search (ES) server.
Elastic search is Lucene based index server similar to SolR. ES
server requires that objects follow a JSON format, thus the
common format that metadata is mapped to, is either JSON or
XML. In the latter case, ES server will automatically convert
the XML record to a JSON representation.

3.4 Experimental setup

To test this software environment a number of selected
stakeholders (municipalities, communities etc) from Cyprus
have been selected to participate in this benchmark:

e Agios Athanasios Municipality
www.agiosathanasios.org.cy

e  Agios Neophytos Monastery, Paphos
www.stneophytos.org.cy

e  Cyprus Police www.police.gov.cy

e  Cyprus Post www.mcw.gov.cy/dps

e  Cyprus Rural Museum, Ministry of Agriculture, Natural
Resources and Enviroment
http://www.agrifair.gov.cy/moa/agrifair/agrifair.nsf/dmim
useum_gr/dmlmuseum_gr?OpenDocument

e  Cyprus Tousist Organisation www.visitcyprus.com

e  Holy Metropolis of Limassol www.imlemesou.org

e  Kythrea Municipality http://www.kythrea.com

e Latsia Municipality www.latsia.org.cy

o Lefkara Municipality www.lefkara.org.cy

e  Limassol Municipality www.limassolmunicipal.com.cy
(Pattichion Municipal Museum, Historical Archive and
Research Centre)

e  Press and Information Office, Republic of Cyprus
WWW.Pio.gov.cy

4. CONCLUSIONS

In conclusion, this paper presents a first attempt at re-using
content that is aggregated, transformed and enriched for the
European Digital Library (Europeana) for the tourism domain.
In order to automate this task, a flexible and very efficient
aggregation infrastructure is required. Metadata quality
measurement is also critical in order to automate the publication
process (this providing a more sustainable model). Automated
enrichment services ensure that quality of content will be
increased thus leading to the publication of more and richer
content.
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