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Abstract

Search engines are among the most useful Inteppditations. There exist several media types oriled and,
given the particularities of each of them, adastegrch solutions are required. We limit our disicus image
search engines. While rapid and robust, existiragersearch engines offer results that respondpamtially to the
user’s queries. An improvement of image searchtesught be obtained with the introduction of setizs in the
dedicated systems. Here, we discuss the constnuetia the utilization of a multilingual lexical mgces
(WordNets in several languages) to improve imagrgeral on the Internet. Given the initial nounsrairchies in
the WordNets, we build a multilingual OWL ontologycluding knowledge in English, Italian, and Spanié
pictured representation of a dog remains a reptaten of a dog in spite of the associated hameulgvihis bedog,
perroorcang. The use of a large scale multilingual ontololygvas us to offer the consequent sets of respaoiases
the concepts in the hierarchy irrespective to tiial language the query was formulated in. Witk tise of an
ontology to structure an image database, we cae gobblems related to the ambiguity of a querytennand we
obtain an important gain in precision in the imagés rendered to the user compared to state aftlsystem.

Introduction

There exist an important number of image searaltisols on the Web. All major actors on the
market, like Google, Yahoo, MSN or AOL, propose gmaelated facilities and there exist
image dedicated solutions like Picsearch. All treggaications are impressively rapid and offer,
most of the times, a large number of images resultesponse to a query. A problem with
current image search systems is the precisioneimetrieved picture sets. Namely, a good part
of the image responses are irrelevant to the fatadlquery.

We showed elsewhere (Popescu et al., 2006) thatigbeof semantic resources in image
retrieval (IR) can improve the precision of theaobéd results and that the use of an ontology to
organize an image database provides an economiefaciént way of rendering an important
number of results in response to the user’'s queHese, we propose an extension of the
ontology described in (Popescu et al., 2006), whicivides the possibility to query the system
in several languages and obtain consistent setssaofts irrespective to the language of the
query. Moreover, with the introduction of other daiages in ontology it is possible to detect
and treat inter-lingual ambiguities. We proposeatial translation of several WordNets to a
multilingual OWL ontology. For the moment, our olaigy includes nouns in English, Spanish
and Italian. The noun hierarchies for the two lasguages are aligned to the English version of
WordNet and this alignment allows an integratiortted three resources into a unique OWL
ontology. The English WordNet is by far the mosveleped and we used this resource to
gather images and render them to the user. The \6tbelNets are used in the image rendering
process and for disambiguation. Given the setsiafies associated to leaf terms in a hierarchy
and using the hypernymy relation, we can providewams for all concepts included in the
hierarchy. The construction of a multilingual owtgy provides the possibility to offer similar
image responses to queries that point towardsahe sype of entity in the world when the
system is queried with similar concepts in diffédr@amguages. The premise for offering unitary



picture sets for irrespective to the language theryjis expressed in is thatlag covers similar
entities whether we call ilog, perro or cane Linguistic particularities can be taken into
consideration with the presentation of the reswultdifferent orders, in accordance with the
existence and the frequency of the subconceptseofjtieried concepts in the language of the
query. A secondary use of a multilingual ontology image retrieval is that it allows
disambiguation for terms that are homonyms in s#\tanguages.

We structured the remainder of this paper as falowthe next section, we situate our work in
the context of relevant research in computatiomgjuistics and Semantic Web. Further, we
discuss the construction of a multilingual OWL dagy using the information in different
WordNets. The relevance of this ontology in imagieieval constitutes the subject of another
section. Before concluding, an evaluation of thegm retrieval results we obtain using an
ontology compared to a state of the art image besystem.

Related Work

The WordNet project (Miller, 1990) has generatedveel related work in an important number
of fields. The three dedicated conferences orgdrszece 2002 are a proof for its success. Here,
it is interesting to situate three types of appiaes: the creation of lexical hierarchies in other
languages, the transformation of WordNet into amf@r ontology and the utilization of
WordNet in image retrieval applications.

The initial WordNet was created in American Engliblat currently there exist versions in
dozens of other languages. There are some largke gwajects like EuroWordNet
(EuroWordNet, 1999), which proposes lexical hienggs in 8 languages, as well as projects
concerning individual languages like Hebrew (Or&awintner, 2005). The noun hierarchies
for the languages other than English have varigsilakles but none approaches that of the English
WordNet. In this paper we are mainly concerned wlih Spanish (Daudé et al., 2000) and
Italian (Pianta et al., 2002) WordNets, which &dadal databases that are strictly aligned with
the English version 1.6. The main advantage ofiet stignment is that the databases are easy
to manipulate in computer application, while thimpipal drawback is that the structures of the
languages are not always similar and there are thyapsppear in the hierarchies. We include
these three languages in a multilingual ontology @se it in image retrieval. For this task, the
advantage offered by the alignment prevails ovegtps that appear in the hierarchies because
we do not perform any linguistic analysis, but dynpmploy the ontology to provide
multilingual access to our application and to adlienages in an improved manner.

WordNet has the same basic shape as formal ontdlogyof a hierarchy. The transformation
of the lexical hierarchy into ontology generatddtaof discussions. Propositions were made to
modify WordNet following principles of formal ontagies. Gangemi et al. (2003) propose a
rearrangement of a part of the WordNet nouns helgainto a formal inheritance system. But,
given the enormous volume of required work, a catepiransformation of WordNet following
the rules in (Gangemi et al., 2003) does not eaisd it is improbable to be generated.
Nonetheless, the discussion about the alignmeWafdNet to formal ontologies principle
resulted in the refinement of the ontological stmoe of lexical hierarchy. Its current version,
2.1, a difference between classes and instancesaepphereas it does not exist in previous
versions. Given the size of included knowledge igsmdimilarity to ontologies, WordNet is an
interesting resource for people in the Semantic \@@bmunity. A translation of the lexical
hierarchy to OWL (Ontology Web Language) is progbse (Van Assem et al., 2006). This
transformed version of the lexical hierarchy existgquely for English. The authors propose a



complete translation of the WordNet structure toomtological form. For the application
envisioned here, image retrieval using ontologiedy a part of the information in the lexical
hierarchy is interesting (e.g.: we do not use mgroa relations among WordNet concepts).

Concepts in WordNet have been used in image redgiplications. Wang et al. (2004) propose
the constitution of an image thesaurus using imé&ges the Internet. They employ taxonomic
relations in the lexical hierarchy to filter wordrses and to expand queries for images. This
approach is close to ours but there are some Keyeatces that appear. First, in (Wang and al.),
the hypernymy relation is exploited differently, they use concepts on several levels in the
hierarchy to build their database. We proposetachtimages only to leaf synsets in WordNet
and to use hypernymy in order to offer images lierdther concepts in the hierarchy. Second,
we preserve polysemy, while Wang et al. (2004)ame the first WordNet sense for polysemic
terms. Third, the number of images in (Wang et2004) is smaller than 20000, while we
include more than 1 million images in our systerne Bize limitation for the former work is
partly due to the fact that detailed image analgrgigion extraction and naming among others)
is performed and this is a time costing procedure.

The dominant Internet search paradigm is syntaxdashis is true for all kinds of media
existing on the Web. Recent work like Squigglelif@eet al., 2006), related to the Semantic
Web initiative, propose the introduction of a seti@amayer in the information retrieval
architectures. The semantics is mainly encoded ritologies, which contain structured
information about a domain of application. Celinb a. (2006) propose an application
somewhat similar to the one described in this papanely the use of a multilingual ontology
for image retrieval in a given domain (ski) is désed. The differences come from the size of
the ontology, the construction method and the pplacof utilization. We propose the
automatic building of a large scale resource, demafrom existing sources (WordNets in three
languages), while in (Celino et al., 2006) a sreedlle hand-built ontology is employed. When a
query is launched in Squiggle, the system transltie term in the other languages in the
ontology and proposes answers related to the &tmss. This is mainly an effect of the fact
that in their domain of application it is often ttese to have too few answers to a query. In our
application, there are typically to much resporeed the problem that arises is the efficient
presentation of results.

Multilingual Ontology

In this section, we present a methodology for angat multilingual ontology employing
existing aligned resources. We already mentionatl @h official translation of WordNet to
OWL exists (Van Assem et al., 2006)] but, in orttebetter accommodate the purposes of the
image retrieval application, we proposed an allegadion of the WordNet representation in
OWL (Popescu et al., 2006). We are primarily indézd in obtaining an ontology whose
structure and size will allow real-time processwten a user queries for images.

Ontology Construction

The total number of synsets in the English WordN#&tis 117595, while the current versions
for Spanish and Italian include 105494 and 32708eig respectively. These statistics include
all types of synsets (nhouns, adjectives, adveribyarbs). We note that the Italian and Spanish
versions are not as rich as the English one. Téweréwo explanations for this situation:

-the English WordNet 1.6 version is not as devalops the 2.1 variant. The WordNets
discussed here are strictly aligned to the 1.6ee@nd there are no translations for the synsets
that were added afterwards.



-not all the synsets in the English WordNet 1.6entesinslated in Italian and Spanish. There are
two main reasons for these differences betweenthtee languages: first, the Italian and
Spanish hierarchies are not as developed as tHesEonge and they contain a smaller number
of specialized terms. Second, there are Englishisvtirat do not have translations in the other
languages. For exampleeckwearhas no equivalent in Italian, while its immediatgdnym,
necktieis translated asravatta.The paimecktie — cravattdlustrates well the difference in the
detail level between the hierarchies in the twgylages. In English, necktie has a total of
subconcepts fanecktieis 8, while in the Italian hierarchy there is oolye hyponym.

The inclusion of Italian and Spanish in the ontglag not straightforward because they are
aligned to an old version of WordNet (1.6). It ecessary to create a passage between versions
and this task is realized using sense-key mappexj aivailable at (WordNet, 2006). We obtain

a correspondence between the versions of WordNetmydoyed. After the mapping step, we
create a raw data file that contains English, Sgfaand Italian synsets. A previously created
ontology for English is then used so as to add Spaand Italian translations for the English
terms.

The ontology we propose is to be used in imagee@lapplications and we limit our discussion
to nouns, which are, in majority, picturable eesti The multilingual ontology is constructed
employing the following transformation rules:

1. Each term in WordNet synset (set of synonymsphbees a class in the OWL version. If
several terms exist in a synset, they are congidegeivalent OWL classes. The rationale for
this design choice is that all members of a syneatspond to the same entity in the world
(abstract or physical). A naming convention for ttanslation is established in that each class
name includes the concept and its associated semsber. This way we preserve the sense
separation for polysemic concepts, a central siratproperty of WordNet, equally important
in image retrieval tasks. For ambiguous terms.ediffit meanings of the same term cover
separate entities in the World and it is suitablprovide individual image sets for each sense of
a concept. The ontology includes three languadnesgifference between the terms in these
languages is stated using a suffix that individiesithe classes. For English, we &iilat the
end of the class name. For exanmbdg has seven senses, the most prominent one beingf tha
member ofmammalsThis meaning of the term will be translated toGAWL class containing
dog 1 EN, dog 1 EMNomestic dog_ 1 ENCanis familiaris 1 ENwhile the
others will range betweedtog 2 ENanddog__ 7 _EN

2. We extend the English ontology to Italian anar@gh using the same design rule described
in 1. Each member of a synset in the two languéggh its associated sense) is represented as
an OWL class. The suffixes that individualize theduages are respectively IT and SP for
Italian and Spanish. The equivalent classes tipagsent dog in the multilingual ontology are:
dog 1 EN domestic dog 1 EN Canis_familiaris__ 1 EN, cane__ 1 T,
Canis_familiaris_ 1 IT,can__ 1 Skerro_ 1 SPperro_domeéstico 1 SP.

The obtained result is a multilingual hierarchy gnéhone or several OWL classes point towards
the same depicted entity and it is possible to eemtages associated to these concepts in a
structured manner. We stress that, for ambiguousstean image set is associated to each
meaning. Disambiguation is an important gain in a&etcs driven information retrieval
systems (Celino et al., 2006) because the accuwhdtlye obtained results is improved. A
detailed discussion on disambiguation is giverhadection describing image collection.



Utilization of the Ontology

In recent years, we note an impetus towards thesldpment of tools meant to exploit
ontologies in practical situations. Ontology edittke Protégé (Protégé, 2006), meant to create
and visualize ontologies and reasoners (Racer,)26@&ant to exploit them, are proposed but
there are still a lot of problems that subsist. Whae wants to exploit large scale ontologies,
like the OWL translation of the English WordNetngile actions like its visualization become
difficult (for example, it was impossible to visizd the whole WordNet hierarchy ona P IV PC,
with 512Mb RAM. Nonetheless, it was possible torogee artifact hierarchy which represents
about a third of the whole lexical hierarchy). Wheeasoning over the hierarchy,
inconsistencies are detected when encounteringptauinheritances (allowed in WordNet)
because this relation is not allowed in OWL (basedlescription logic). These problems are
not essential in our application because we orgyhypernymy and class equivalence and it is
easy to parse the OWL and to extract the necesdarnation without the use of a dedicated
reasoner.

Multilingual Ontology in Image Retrieval Tasks

We propose an image retrieval framework and iersagsary to create an image database and to
propose a structure for its utilization. If an dotgy is employed in IR tasks, it proves useful in
both stages. It can be used to query an existimgénsearch engine in order to populate the
image ontology. A concept hierarchy can equallyubed in the utilization phase, to propose
structured presentation of results to the userthdrfollowing subsections, we discuss the role
of a multilingual ontology for the constitution afstructured image database and its utilization.

Image gathering

A picture database is automatically constitutedgisin existing image search engine (Yahoo!).
Leaf synsets in the English WordNet were selectadl iaserted into a list and queries for
pictures corresponding to each item in the listeMaunched with Yahoo! and stored into
separate directories. The queries for picture$omneulated using only English concepts. There
are three main reasons for making this choice:

-the English hierarchy provides better coverage tis Italian and Spanish coverage. This
allows us to obtain a broader set of images. Elvarpart of the leaf synsets does not exist in
Italian and Spanish WordNets, the hypernymy retatiakes them relevant for the upper level
terms in these two languages. We illustrated tlfferénces between the hierarchies with the
example ofnecktie Another example is that @uard dog which is translated asane da
guardia (Italian) andperro guardian(Spanish). In English, this concept has 7 leafseis
attached while in the other two languages, onludhssynset is attached to the translations of
guard dog

-the image retrieval in English is more preciseattiese in other languages (see the Evaluation
section) and the obtained image database is ofttarbsguality when using queries in this
language.

-the English leaf synsets have broader imagesassisciated than their translations. When
using the Yahoo! Search engine, there are aboliGpEtures associated kdalinois, a dog
breed in the English hierarchy and only 3 images@ated to its Italian correspondepastore
belga di Malines This is an anecdotic example that confirms tlee flaat image retrieval in
more comprehensive in English than in other langaag

For each leaf synset in WordNet, we request iméweal included terms (if several exist). For
example, the class images footton rat and Sigmodon hispidusvill be associated to the
cotton_rat__Iclass because the 2 terms are synonyms. The tithzaf all the members in a



synset increases the number of pictures assodiat@adoncept. This is particularly important
for the cases when the number of image responseguery with a specialized concept is small.
A class of images is obtained for each leaf syfifsttere are images that are indexed with those
concepts by the Yahoo! search engine). The raofwal using leaf concepts in WordNet for
querying the Web is that they point towards speaéifitities, while more general terms represent
bigger and more ambiguous parts of the world.
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Figure 1: Images foAlsatianfrom Yahoo!.

There are two types of leaf terms in WordNet affi@dint query types are launched with regard
to this separation:

-non-ambiguous terms — for these leaf conceptsjepieontaining only that term are launched.
For example,German shepherdhas only one sense in WordNet and the image qgery

formulated using the concept alone.

-ambiguous leaf concepts — when a word has sesersles in the hierarchy, queries with the
word and its immediate hypernym (or hypernymsviesal exist) are launched. Disambiguation
is discussed in more detail in the next subsection.

Disambiguation

There are two types of ambiguity, intra-lingual anter-lingual. Hereafter, we present an
example of intra-lingual polysemglsatian a synonym oGerman shepherdas two senses in
English. The queries for images Afsatian as dog will be Alsatian sheep dqgAlsatian
shepherd do@ndAlsatian sheepdogyheresheep dogshepherd dogandsheepdogre the
immediate parents of queried leaf concept in WotdMé& present, in figure 1, the first 20
picture responses from Yahoo! obtainedAtsatianusing uniquely the term. In figure 2, we the



images rendered faxlsatian shepherd dod he pictures in figures 1 and 2 are presentdldan
order proposed by the search engine.

-

fohlsatian shepherd ol'gom Yahoo!.

Figure 2: Images

We observe that for an ambiguous term Btsatian with the use of a hypernym to expand the
query, the obtained images are more appropriatinéomeaninglogthan those rendered when
using the word alone. For the latter case, imag@&aple appear, corresponding to the other
meaning of the term, inhabitant of Alsace. Otheages in the same set correspond to typical
Alsatian dishes, likBammkucherandsauerkraut The same disambiguation technique is used
for all polysemic leaf terms in the English WordNet
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Figure 4: Image apiIIon toy spaiefo Yoo!.

A second type of ambiguity which appears is theritingual one, when the same term points to
different entities in each language. This kind wibéguity cannot be solved with the use of a
monolingual ontology. We present here the exampleapillon, a term which has a unique
entry in the English WordNet and designates a offgog With the introduction of Italian in



the ontology, we find a second sense, thatieofcravattg and the picture expanded query
associated to this concept will papillon toy spanielWe present, in figures 3 and 4, the first
20 results obtained with the initial query and witle expanded one using the Yahoo search
engine.

When a simple query is formulated, there are tworsanses gbapillon that appeardogand
butterfly. The second sense comes from French, a languageésthot yet included in our
ontology but for which a WordNet hierarchy exisBatherin, 1999) and we currently assess its
inclusion in the multilingual hierarchy. This exampshows that the utility multilingual
resources increases with the number of includegulages. There is a drastic improvement of
precision when using an expanded quenpfgillon compared to the case when the word was
used alone. All the images in figure 4 correspanthé desired meaning of the word, a similar
situation to that presented in figure 2.

Querying the database

The constitution of a multilingual ontology provialéhe possibility to query the picture
repository attached to the hierarchy. As we desdrdbove, the images are gathered for English
leaf synsets, but we can offer responses to quesiressponding to terms in English, Spanish or
Italian. With the use of English for picture gatihgr the image sets for the other two languages
are broader than if we would have used the leasetgnin Italian and Spanish because the
English WordNet is by far more developed than tteotwo.

Figure 5: Images forloud from Yahoo!.

We llustrate the differences between current imegjeieval paradigm and the use of an
ontology for the same task with the case of a qtargloud (as*” a visible mass of water or ice
particles suspended at a considerable altitud®/ordNet, 2006)). The Yahoo! Search engine



offers the responses in figure 5 to a query wlthud (we present the first page of responses
only). Several senses of cloud appear in the anseteiThe majority of images depict scenes
from cartoons or video games and only 7 respongéf20 are in accordance with the

formulated request. Currently, there is no senparaéion for the requests we formulate when
using an Internet search engine. The responsesraidered using string matching, without any
semantic treatment of the content of the query.

When the images in a database are structured emg@la@an ontology, the responses are
organized following the hypernymy relation in therarchy. In figure 6, we present some
results for cloud using our structured databasth images associated to leaf concepts in the
hierarchy. We present results for three leaf subepts of cloudCirrocumulus Cumulonimbus
andAltostratus These results in figure 6 also standrfobeandnuvola the synonyms for cloud

in Spanish and Italian.

Figure 6: Images for cloud from the structured basz (Yahoo! is used as raw image source).

When compared to the unstructured picture setlfmrd (figure 5), the images in figure 6 are
semantically organized and the precision of thevensis greatly improved. All the pictures in
figure 6 are representative fadoud

Results organization

The inter-categorical organization of image restdtsa concept was discussed in the above
section. This structure is provided using the hypery relation in WordNet and it results in
improved interactivity options for the user. Oncejueery is formulated, the proposition of
pictures for subsumed concepts using ontologidatioms is straightforward.

Another structuring dimension is an intra-categarimrganization which is obtained using an
image clustering algorithm. It is impossible to fpem real-time clustering for large image
databases and this is an important reason for pnogthis facility at the level of leaf concepts.
Moreover, with the increase of coverage of a concepntent based grouping of images



becomes irrelevant because pictures from diffedamhains are clustered together. Several
picture clusters are proposed for each leaf connépordNet that has associated images on the
Web. The images are grouped in clusters followmg-level visual similarities (color and
texture). A presentation of the clustering modsil¢oi be found in (Popescu et al., 2006). The
grouping of similar images may provide a possipilib have faster access to interesting
instances, as they are organized in similar sets.

Up to the moment, we cannot provide an assessméné @ffect of organizing the results for
image queries but we expect positive evaluatiomftbe users because the system proposes
intuitive organization of images and increased filgges for interaction. We currently design

a user test meant to provide information about éffect of structuring and increased
interaction.

Evaluation

The assessment of performances for image retragyallcations is not a trivial task. First, the
choice of test parameters is not straightforwadisetond, when it is necessary to evaluate the
performances manually, assessment becomes a tstiagceffort. Two measures are usually
employed for quantitative evaluation: precision egxhll. For a given query, the former stands
for the number of correct answers in the set ofeetd images, while the later accounts for the
number of retrieved images out of the total nundé@mages which are relevant for the request.
Recall is important for small scale databases, attere are not a lot of images representing a
given concept, but its importance decreases fgelaases, where each concept is represented
by a big number of images. Search precision isrggortant parameter in both situations.

The Internet is the largest image database availabd, for simple queries, the number of
image responses is usually enormous (Yahoo! indexae the 6 million images fatog and
nearly 1 million forcloud). It is highly improbable that all relevant imagkes a term are
indexed by the search engines (e.g.: Google indaasd 3 millions images faog number
which represents less than a half of the imagesxed by Yahoo! for the same concept) and,
consequently, it is impossible to accurately ev@uacall for Internet retrieval systems. Our
application is close to Web search and we propogpeeaision test in order to assess the
performances of our approach. The evaluation fraonlevs meant to asses:

-the variation of precision when querying the Web iimages in different languages. We
compare the performances of the Yahoo! search engiren querying for images in English,
Spanish and Italian.

-the eventual improvement of performances whengusin ontology in image retrieval
compared to the performances of an existing sysi@m. image database attached to the
ontology is created using Yahoo! to gather images this system is chosen as comparison
term.

The pictures in the picture database were not pusly evaluated by a user and we are obliged
to perform a manual assessment of precision. Bhastime costing effort but the results are

reliable. We assessed the performances of Yaho@Dfterms (table 1). Two criteria guided the

choice of the concepts we used in this test:

-we propose categories that are familiar to mogteniple using a search engine. This roughly
corresponds to the basic level of representatiorcébegories established by Rosch and al.
(1975).

-coverage of both natural categories and artifantnmade objects) is intended



The utilization of terms from different domains g@éva fair idea about the generality of the
proposed image retrieval method. The above comditigrovide the conditions for an easy
evaluation of images, as they all represent comynambwn concepts. The list of the evaluated
concepts, in English, Italian and Spanish, is preeskin table 1.

English Spanish Italian
Apple Manzana Manzana
Car Coche Coche
Cloud Nuvole Nube
Dog Cane Perro
Dolphin Delfino Delfin
Eagle Aquila Aguila
Flower Fiore Flor
Hammer Martello Martillo
Rock Roccia Roca
Toy Giocatollo Juguete

Table 1: List of the evaluated concepts.

When constituting the list of concepts to be evi@dawe employ a classical separation for
concepts, that between natural categories ana@di{Keil, 1992) and propose 7 terms for the
former type and 3 for the latter. The natural catiEs subset includes: 3 concepts for animals
which typically live in different environments (veat ground, air), 2 concepts for plants, and
two for inanimate entities (cloud and rock). Théfacts containcar, hammerandtoy. It is
important to note that the choice of familiar cqptsas in accordance with the tendency people
have to name objects in pictures. Rosch and alZ5j18how that basic level names for
categories are preferred over more general or spmeific ones. It is probable that the queries
in general public applications follow the same tren

For ambiguous concepts likiog rock or cloud only one sense of the term was evaluated as
correct. The translations in Spanish and Italiankased on this sense of the English word. If
several translations (synonyms) existed for oneningeof an English term, we have chosen the
best known word in the two other languages. Anretng case was that ntibe term that
designates the same entity in Italian and Spam#&h.chose to use a synonymyvole for
ltalian.

We present, in table 2, an evaluation of the pi@eisesults in four situations: querying the
Yahoo! search engine with the ten concepts predentiable 1 in English, Italian and Spanish
and the results from a structured image databashdosame set of concepts. We remind the
reader that leaf terms in the English WordNet anpleyed to form the image classes that stand
for the 10 evaluated concepts when an ontologgesl in image retrieval. For each of the four
cases, 50 images per concept were proposed farge$he tester was thus presented with a
total of 2000 images and was asked to decide ipptbire he saw is representative for the
concept it is meant to depict. The evaluator hashftwmation about the way the picture classes
were obtained or structured. The only informatiba bad was the English name of the category
associated to each photograph. The results focahgared approaches to image retrieval on
the Internet are in percents and the last lineaipstthe mean precision for each method.



Precision[%]
Concept English Italian Spanish Ontology
Apple 20 10 36 60
Car 84 50 66 100
Cloud 46 78 36 96
Dog 66 32 90 100
Dolphin 72 14 64 78
Eagle 46 12 34 88
Flower 90 56 38 88
Hammer 20 14 20 48
Rock 58 74 52 72
Toy 38 64 54 58
Mean 54 40,4 51,4 78,8

Table 2: Number of relevant images out of 50 farheeoncept. Precision results in 3 languages
compared to the use of an ontology in image redfiev

The results in table 2 show that the precisiorhefimage search varies from one language to
another. The mean precision for English is 54%/@2k@tter than that for Spanish. The results
for Italian are the worst, with only 40.4% represéine images in the evaluated set. These
results confirm the fact that the search in Englsstine best in mean and sustain the choice of
this language for populating the picture ontoldgis to be noted that the use of an ontology in
image research significantly improves the qualftyhe image search compared to state of the
art systems. When comparing the results of our otetb those of Yahoo! for English the
difference is of 24.8%, with even greater precisgains over Spanish (27.4%) or Italian
(38.8%). In table 2, we stressed the best reshttsreed for every category. With the use of the
ontology the obtained results are superior forcepts out of a total of 10 when compared to
queries in one of the three evaluated languagesidéethat very good results are obtained for
car, cloud, dogor eaglewhen using a concept hierarchy. For the three dérers, our method
does not obtain the best score, but it is secostiviién a small difference compared to the best
results. The obtained results show that introdacté a multilingual ontology ameliorated
image retrieval. The improvement of precision ipariant when compared to any of the three
tested languages and we think it is worthwhilertgppse unique sets of images for queries in all
languages in the ontology.

Conclusions and perspectives

In this paper we discussed the utility of usingtihofual semantic resources in image retrieval
tasks. First, we presented techniques for autoalbticonstituting a multilingual OWL
ontology using existing linguistic hierarchies. Fhiintegration allows inter-lingual
disambiguation and enables the system to responddgdes in all languages includes in the
ontology and to perform the necessary reasonirayder structure the images attached to the
hierarchy.

Second, we proposed a comparison between stdte afttimage search engines and the case
when an ontology is used. A precision test for d@cepts proved that, when employing
concept hierarchy in image retrieval, the precisiothe response sets is significantly improved.
We equally discussed the picture structuring achged obtained with the introduction of an
ontology in image retrieval tasks.

We presented an exploratory work that provides eragpng results, but there are a number of
issues that are to be treated in the future. Famge, when presenting the results for a class



that has many associated leaf concepts, it is igiplesto present excerpts for all subcategories.
One potential solution is to present for the leahas appear the most often in the language. A
second problem is that of the leaf concepts thiat exclusively in English. When querying in
another language than English, it would be posgiblpropose, at least in a first time, only
responses for leaves of the hierarchy that exigterrespective language.
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