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Introduction

The aim of the MultiMatch project is to enable users to explore and interact with online atsressible

CH content, across media types and language boundariess @blseved through the development of a
search engine targeted for the access, organisation and personalized presentation of cultural heritage
information.

The MultiMatch search engineas designed tdi) crawl the Internet to identify websites with CH
information, locating relevant texts, images and videos, regardless of the source and target languages used
to write queries and describe the results; (ii) identify relevant material viadepth crawling of selected

CH institutions, accepting and proceggisny semantic web encoding of the information retrieved; (iii)
automatically classify the results in a semamiegb compliant fashion, based on document content,
metadata, context, and on the occurrence of relevant CH concepts in the document; (ivjicalioma
extract relevant information which will then be used to create tirdesbetween related material, such as

the biography of an artist, exhibitions of his/her work, critical analyses, etc.; (v) organize and further
analyse the material crawled ¢erve focused queries generated from-{m@nulated information needs;

(vi) interact with the user to obtain a more specific definition of initial information requirements; and
finally (vii) organize and display search results in an integrated;frisedly manner, allowing users to
access and exploit the information retrieved regardless of language barriers.

The project was completed on Octobet, 3008 and all planned objectivaereachieved. In particular, a
multilingual search engine, specializéat searching cultural heritage objects available on the Web and
stored in digital archivesyas developed and testeahdthree different field trialsvere conducted; the
field trials experimented the use of the system prototype in different applicatitingsein the
educational field, in the touristic field and for professional archives.

The Multi Match project involved 11 partneirs: | st
Consiglio Nazionale delle Ricerche (ISTNR), University of Sheffield, Dublin City University,

University of Amsterdam, University of Geneva, Universidad Nacional de Educacion a Diskaatadli

Alinari Istituto Edizioni Artistiche SpANetherland Institute for Sound and VisjdBiblioteca Virtual

Miguel de Cervante®OCLC PICA WIND Telecomunicazioni SpA

The project website is activeht{p://www.multimatch.orh) and an online demo of the MultiMatch
prototype can be accessed by registered users (free régistradilable).

In this introduction we briefly summarize the results achieved in the project, while the rensaictiogs

are devoted to providingiore details on project results (Section 1), a comparison with the state of the art
in the field (Section B the impact on industry and research (Section 3) and the dissemination activities
(Section 4). Appendix A contains a complete list of public deliverables available on the project web site.

Results achieved

e The MultiMatch Multilingual/Multimedia Search Engine for Cultural Heritagigpports retrieval

of cultural objects through different modalities:

0 The simplest one is a traditiorfaée textsearch. This search mode is similar to that provided
by general purpose search engines, ssc@ogle, with the difference that MultiMatch is
expected to provide more precise resulssnce information is acquired from selected sources
containing Cultural Heritage dataand with support for multilingual searches.
Users carformulate queries in given language and retrieve results in one or all languages
covered by the prototype (English, Italian, Spanish, Dutch, German, and Polish) according to
their preferences. Multilingual searches are performed by a combination of machine
translation and doain-specific dictionary components. Users can select the source and the
target languages as well as the most appropriate translation among those proposed by the
system.
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o Multimedia searches, based on similarity matching and on automatic informationientract
techniques.

0 Metadata based searches. The user can select one of the available indexes built for a specific
metadata field and can specify the value of the metadata field (e.g. the creator's name) plus,
possible additional terms.

0 A browsing capability Bows users to navigate the MultiMatch collection using a web
directorylike structure based on the MultiMatch ontology.

e Content selected from different sources

The main source of information stored in the MultiMatch prototype systeoorigposed of

culturd heritage objects obtained through crawling and indexingnaferial obtained from

cultural heritage sites (e.g. museums), web encyclopddigs Wikipeda), digital libraries of
specifc cultural heritage organizations, O&bmpliant digital resourcegsnd RSS feeds from
cultural web sites.

e The project dedicated significant researclkeffort in the general field afultilingual/multimedia
informationaccess and retrieval, and in particular in the following areas:
0 Focussed search engine
MultiMatch aimedto take a significant leap forward from todayéstical search engines, by
offering "complex objectetrieval” through a combination of focused crawling and semantic
enrichment that exploits the vast amounts of metadata available in the cultural heritage
domain, presenting both certified and ramrtified information.

The MultiMatch search enginei) is the first search engine combining automatic
classification and extraction techniques with semantic web compliant encoding standards; i)
consides compkx user profiles and search scenarios; d@n search across language
boundaries and across different media.

0 Multilingual/multimedia indexing
Instead of returning documents in isolatibdyltiMatch provides complex search results that
puts documentsof various media types into context. For the indexémgl of MultiMatch,
complex object retrieval generates special challenges. First, documents of various media
types (text, audio, image, video, or mixeshtent) and accompanying metadata are indexed.
The irdexing strategies used also recognise and cater for multilingual content

o Information extraction andlassification
MultiMatch allows users to interpret the wealth of Ghformation by presenting objects not
as isolated individual items, but as situatedhlsi connected entties. A range of
classifications, as well as various links to reviews, experience reports, and general
background knowledgeare provided. Documentare classified on the basis of diverse
dimensions, such as topical, geographical, amdpoeal. MultiMatch use large scale
information extraction from documents to identify entities and their relations in large Web
corpora

o Multilingual/multimedia informatiomretrieval
There has beea significant increase in researam information retrievd techniques for
multimedia(i.e. constituted of audio, visual and textual streaamg) multilingual document
collections recently Unfortunately, there has been little transiéresearch advances to real
world applications. MultiMatch aigdat bridgingthis gap.

Multilingual information retrieval (MLIR) focuses on thmoblem of using a request in one
language to retrieve documents from a collection in multiple different languages. MultiMatch
develomd components for both document and query translatiahprocedures for matching
one against the other. Much effonias dedicated to the building of domaspecific
multilingual resources catering for the terminology adoptederCH domain
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0 Usercentred interaction

Although there has been huge progressitentbased informatiometrieval (e.g. video and
image retrieval by visual content) still faces significant barriers when attempting to create
truly effective and comprehensive retrieval with respect to the user's needs. Users look
mainly for conceptse(.g. individuals, facts, places) and far less for features (e.g. mountains,
sunset, clouds). A "semantic gap" exi§the MultiMatch user interface integrateutomatic
techniques for low level feature extraction and automatic concept classificatiortu&su

for browsingwere created, allowing users to explore content or search results following

multiple facets.
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Section 1 Summary of project objectives and project results

Europe's vast collections of unique and exciting cultural coarenan important asseft @ur society. On

the web, culturaheritage (CH) content is everywhere, in traditional environmenth as libraries,
museums, galleries and audiovisual archives,also reviews in popular magazines and newspapers, in
multiple languages and multiple edia. Moreover, many consumers have rimgome contributors to
information about CH objects througteblogs("blogs") and discussion boardSH objects orthe web

are no longer isolated objects, but situated, ridugnected entities, equipped with vérgterogeneous
metadata, andvith information from a broad spectrum of sources, some aiifnoritative views and
some with highly personal opinions.

What means do users have to access these complex CH objectgamltwey explore and interact with
CH conent in ways that dfustice to the richness of the objects without being overwhelrGedfently,
users interested in accessing CH contdrd it foreducational, touristic, or economic reasease left to
discover, interpret, and aggregate materialntérestthemselves. Rose and Levingdose et al., 2004]
show that over 6 of today's web searches are-cadled informational queries, i.ayueries that
essentially ask for multiple perspectives framltiples sources. Such queries are not necessasly t®
formulate.

The cultural heritage search and navigation faciliiegsaged by MultiMatcleater for these information
needs by presentingsers with a composite picture of complex CH objects.ifstance, in reply to a
user's request for informatioon VanGogh, the MultiMatch engineanpresent information olan Gogh
from multiple museums around Europe, in multilleguages; it could complement this with pointers to
Van Gogh'scontemporaries, with links to exhibitions on Van Gogh, to revieiMhese exhibitions, to
blog entries by visitors to thesghibitions, and to background information taken from onl@s®urces or
dedicated sites.

The need to provide information seeking users in the CH dowittirthis kind of result, pogka number
of sdentific challengedor information retrieval research in areas as diverse asvading, multilingual
access, multimedia access, semamtoresing, and presentation desigie MultiMatch researchgenda
aimed at making significant developments inchaof theseareas in order to arrive at a pramfconcept
implementation of asercentered search and navigation engine for cultural hegtzgent.

1.1 The Project Structure

The concepts underlying the system are showrignre 1. On the lefthand side of the figure, we show
users querying the system in different languages for a rarigoohation on the Dutch artist Vincent van
Gogh, includingeritical analysis, ligraphies, details of exhibitions. The systdisplays the information
retrieved in an integrated fashion, anda format determined by the particular user profile. Orritjia-
hand side, we show possible sources of this informationthenaiays in whichit can be acquired.

The projectdevelopeda system prototype thaupports sidanguages: Dutch, English, ItaliaGerman,
Polish,and Spanish, and extendible to oth&ise R&D work is organized around thregreams

e Useroriented researclactivities focusd on analysingthe user requirements, defining the necessary
system functionality, selecting and preparing content for system development, studying the ontologies
used in the CH domain and the semantic encoding to be adopted by the system.

e Systenpriented researclactivities includel the study and development of software components for
the acquisition, indexing, classification, retrieval and presentation of multilingual CH information in
diverse and mixed media and their integration in the system prototypes.

e Validation activities includel evaluation of the system and its components. User groups composed of
CH institutions and CH consumesgreformed to test the system and provide feedback.
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Figure 17 Overview of the MultiMatch Integrated System

1.1.1 Resultsachieved
The MultiMatch search engirigable to:

o identify relevant material via an -thepth crawling ofselected CH institutions, accepting and
processing any semantieb encoding of the information retrieved;

e crawl the Internet to identifyvebsites with CH informationlocating relevant texts, images and
videos, regardless of the source and target languages used to writgiehe and/or describe the
results;

e automatically classify the results on the basis of a document's contemefdtdataits context, and on
the occurrence of relevant CH concepts;

e automatically extract relevant information whigbill then be used to create crdgssks between
related materiakuch as the biography of an artist, exhibitions of his/her veoitical analysis, etc.;

e organise and further analyse the matemialvled to serve focused queries generated from information
needdormulated by the user;

e interact with the user to obtain a maeyecific definition of initial information requirements;

e the searh resultsareorganized in an integrated, udaendly manner, allowing uset® access and
exploit the information retrieved regardlesdarfguage barriers.

The achievment of these objectives implied significant researcleffort in the general fieldof
multilingual/multimedia informatiomccess and retrieval, and in particular in the following areas:
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1.1.1.1 Focussed sednengine

In its simplest form, a vertical search engine, i.e., one that caters for depeific searches, simply
filters a subset of theeb believed to be relevant to a topic. In a more useful form, a vertical search engine
is able to extract information from web pages, allowing for more sophisticated query interfaces and
presentation of results adapted to the task.

MultiMatch aimed at t&ing a significant leap forward from today's vertical search engines, by offering
"complex object retrieval" through a combination of focused crawling and semantic enrichment that
exploits the vast amounts of metadata available in the cultural heritagendqmesenting both certified

and norcertified information together (while clearly distinguishing one from the other).

The MultiMatch project fits into the category of advanced, dorspitific search engines, with some

salient features: i) its aseach enginethat combiresautomatic classification and extraction techniques
with semantic web compliant encoding standards; ii) it considemplex user profiles and search

scenarios; iii) itis ableto search across language boundaries and across diffieeeia.

1.1.1.2 Multilingual/multimedia indexing

Instead of returning documents in isolation, MultiMatch prosidemplex search results that put
documents of various media types into context.

For the indexingend of MultiMatch, complex object retrieval generamsecial challenges. First,
documents of various media types (text, audio, image, video, or +oidrgdnt) and accompanying
metadata are indexed. EXxisting generic standards such as -WIRa€er for such data models by
incorporating multimedia content andetadata in a single sestructured document. The indexing
strategies used also recognise and cater for multilingual content

ParticularCultural Heritage relevaribternet domains or subdomaingre spidered using a statd-the-
art crawler[Herjtrix, 2005] [Nutch, 2005] and, in parallel, where supported by the CH institution, the
engineinterfaces with information sources using open standé@ik 2005], [239.50, 2005]

CH informationwas alsagyathered from the Web at large, employing existing focused crawling techniques
specifically targeting cultural heritage informati@hakrabarti et al., 1999], [Chakrabarti, 2002]

1.1.1.1 Information extraction andlassification

MultiMatch allows users to intgret the wealth of CH information by presenting objects not as isolated
individual items, but as situated, richly connected entities. A range of classifications, as well as various
links to reviews, experience reports, and general background knowks@geovided. Documentare
classified on the basis of diverse dimensions, such as topical, geographical, and temporal. MultiMatch
uses large scale information extraction from documents to identify entities and their relations in large Web
corporaBruno etal., 2005], [Clough, 2005].

1.1.1.2 Multilingual/multimedia informationretrieval

For many years information retrieval research concentrated primarily on English language text documents.
However, recent years have seen a significant increase in research agtitgican to information
retrieval techniques for multimedia and multilingual document collections. Unfortunately, so far, there has
been little transfer of research advances to real world applications. MultiMatetiaitoridging this gap.

Multimedia datacan be classified according to its constituent media streams: audio, visual and textual.
Research in audio retrieval has largely been concentrated in spoken document retrieval (SDR), where the
key challenge is accurate automatic content recognition. Réseavisual information retrieval (VIR) for

images and video data streams has similarly been underway for over 10 years. Problems of VIR relate to
both recognition of visual content and the definition of visual content for IR.
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Multilingual information rérieval (MLIR) has also become an established area of research in recent years.
MLIR focuses on the problem of using a request in one language to retrieve documents from a collection
in multiple different languages. MultiMatckhevelopedcomponents for bottdocument and query
translation and procedures for matching one against the other. Muchvwedgdedicated to the building
of domainspecific multilingual resources catering for the terminology adopted in the CH dfi¥iaiat
al., 1999]

1.1.1.3 Usekrcentred imeraction

Although there has been huge progress, cott@sed informatiometrieval (e.g. video and image retrieval

by visual content) stillfaces significant barriers when attempting to create truly effectind
comprehensive retrieval with respect be user's needs. Users look mainlydoncepts (e.g. individuals,

facts, places) and far less for featur@sg. mountains, sunset, clouds). A "semantic gap" exXistsan

beings intrinsically interpret images depending aubjective viewpoint while coputers remain at the

most objective and elementary level. To bridge the semantic gap, human intervention is still needed to add
high-level features (i.e. metadatfjjvactlar et al., 1999]However, recent advances in the areas of
information retrieval andnformation extraction make it possible to automatically associate concepts to
objects when text is available. The need for human intervention to annotate material is thus reduced. The
MultiMatch user interface integrat@utomatic techniques for low levigature extraction and automatic
concept classification. Structures for browserg created, allowing users to explore content or search
results following multiple facets. A key research problem for MultiMai@s enabling the user to
adequately formuta their query using the language of their choice and specify botlel@alvand high

level multimedia featurfPetrelli et al., 2006].

1.2 Understanding User Requirements

A good understanding of user requirements is crucial in orddefine the systerfunctionalities. The
user requirements analysigas based both on previous experience acquired by the Culiaaiage
institutions participating in the project and alsoamtepted theory in this area. The goakto identify
usersand their needs withia predefined and specific context and nvelpere possible, their requirements
to those features which shoubeé offered by MultiMatch. The user requirements stuag performed
examining data from a number of sources. Interviewsdlation were not siitient to be able to build a
completepicture as users tend to formulate their description of thgirirements on the basis of the tools
they know. We thusupported the interviews with a set of imaginary but potentialyizable scenarios
together wih a vision document representititge functionality that should be included in the proposed
systemin order to give our users a larger pictykdinelli et al., 2006]. Although this study mainly
focussed on users of cultural heritag®rmation for professnal purposes, we have also studieddatp

of user queries to a general purpose search engine intonglederstand the types of CH query formulated
by the generaliser.

Different classes of use(from the educational, tourism, acdltural heritage mfessional sectorsyere

been identifiedtogether with an analysis of the tasks they perform anddéearios in which MultiMatch

can be expected to operate for thesers. This study mainly addreddbe needs of users that target
cultural heritage iformation for their professional needs. Tmetivation is that this kind of user already
has wellidentified requirements and has had experience in trying to satisfy themthaticurrently
available tools. The analysis has aimed at addresgiagtions sth as what users in the cultural heritage
domaintypically do on a dayo-day basis (i.e. their work tasks), whgpe of information they need, and
how they look for it (i.e. theisearch behavior), what would these users require from an information
systen like MultiMatch to enable them to carry out their activitrasre effectively (i.e. functionality),

and how would these userspect MultiMatch to respond to their search requestyfesentation).
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In a first stage, we identified a very large set efuirementsWe then analyzed this set in order to
identify in the order: (1)he most requested (considered as {pghbrity); (2) thoserequirements that best
matched the previously declared projebiectives and vision. Summarizing briefly, we can &t the
main findings were that:

e CH professionals do use the internet widely and as part ofdaigjrwork routine but they currently
depend largely on genergearch engines to find the information they need

e they want toquery using natural language dafamiliar Boolean operatorthey would like full
capabilities for multimedia retrieval (i.e. imagesd video as well as text) but, in most cases, are only
accustomedbo executing text searches

e their main focus appears to be warks of art and their créars, with all associated informatiosiich
as critical reviews, information on exhibitions, differgatsions of same document

e they tend to be frustrated by tiielumes of information available on the same subject and would find
information filtering, clistering and aggregation functionalitiessy useful

e they demand high precision of results and nedahtov the source and level of authority
e they need to be able save both queries and results for future processing and reuse

e theytend to restrict theisearches to their own language plus Englishis missing information only
available in other languages

e if multilingual search was available, they would like to haverdsellts associated with descriptive
snippets in their own languag@areferably) or Enlish (optionally).

1.3 System Functionality

According to the user requirements collected during the dtesie of the project, the main functionality
that MultiMatch offes is powerful and flexible access to Cultukritage information available dime,

on the Web as well as igpecialized digital libraries or portals. The main user needskted to (i) the
quality of retrieved item$ they must beaelevant to the user request, and provideddyified sources

(ii) easy formulation of the user requieand (iii) easy visualization and aggregation of retrieved items.

The MultiMatch Search Engine enabthe user to retrieveultural objects through different modalities:

e The simplest one is a traditionfike textsearch.This search mode is similar to that provided by
general purpose search engines, such as Google, with the difference that MultiMatch is expected to
provide more precise resultssince information is acquired from selected sources containing Cultural
Heritage datai and with support for multilingual searchédsers can formulate queries in a given
language and retrieve results in one or all languages covered by the prototype (English, Italian,
Spanish, Dutch, German, and Polish) according to their prefereieltilingual searches are
performed by a combination of machine translation and despenific dictionary components. Users
can select the source and the target languages as well as the most appropriate translation among those
proposed by the systenmegs-igure?2).
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Figure 2 - Example of a multilingual search

e Multimedia searches, based on similarity matching and on automatic informatioaction
techniques

¢ Metadata based searches. The gaaselect one of the available indexes built for a specific metadata
field T initially only creatorsandcreationsi and can specify the value of the metadata field (e.g. the
creator's namgplus, pssible additional terms.

e A browsing capability allowusers to navigate the MultiMatch collection using, among others, a web
directorylike structure based on the MultiMatch ontology.

Finally, MultiMatch suppod multimedia searches, based emmilarity matching and on automatic
information extractiortechniques.

From the results of the expert users surylnelli et al., 2006] concludel that, on average, CH
professionals tend to classifgearches for information about creators (authors, artsislptas,
composers, etc.) and creations (works of art arabterpieces) as their most common search tasks.
Therefore, inMultiMatch we decided to focus on two types syecialized searches for creators and
creations, althoughpecialized searches focused oreottelevant categoriegerealso considered.
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