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Abstract. Seman tic-based information retriev al is an area of ongoing w ork. In this pap er w e presen t a solution for giving

seman tic supp ort to m ultimedia con ten t information retriev al in an e-Learning en vironmen t where v ery often a large n um b er of

m ultimedia ob jects and information sources are used in com bination. Seman tic supp ort is giv en through in telligen t use of Wikip edia

in com bination with statistical Information Extraction tec hniques.

Key w ords: con ten t retriev al and �ltering: searc h o v er semi-structural W eb sources, m ultimedia, Wikip edia, e-Learning

1. In tro duction. No w ada ys, organizations ha v e to deal with information o v erloading. They need a w a y

to organize and store their con ten t and b eing able to easily retriev e it when necessary . Our ob jectiv e is to

pro vide a system for indexing and retrieving con ten t based on the seman tic pro vide b y Wikip edia. Retrieving

the desired con ten t can b e di�cult due to the the high sp eci�cally of terms in a searc h task.

In our w ork, w e are addressing the problem of accessing di�eren t kinds of unstructured or semi-structured

information sources taking adv an tages of the seman tic pro vided b y public a v ailable resources suc h as Wikip edia.

F urthermore using the approac h w e will describ e in section 4 w e w ould lik e to automatize the task of annotating

a corpus and disco v er relations b et w een annotations. Next w e will use annotation in com bination with textual

information retriev al for determining the searc h con text and based on it w e will b e able to giv e searc h suggestions

and p erform query expansion. Using annotation in information retriev al is not a new idea [6, 4 ] ev en in

com bination with on tologies [3], it has b een widely used in video and image retriev al generating also a so cial

phenomena lik e folksonom y [15 , 13 ]. What is new is the use of domain indep enden t public a v ailable seman tic

to automatically describ e con ten t in di�eren t kind of media.

W e are applying our approac h in the e-Learning con text, sp eci�cally enhanced streaming video lectures

(see [8 , 5]) b ecause of the p eculiarit y in this scenario of com bining di�eren t kinds of unstructured or semi-

structured sources of information. E-Learning presen ts man y problematics in common with the business scenario

in terms of con ten t classi�cation for its amoun t of information to classify and for the di�eren t con texts where

a sp eci�c information can b e relev an t. Our target rep ository collects di�eren t kinds of media (video, audio,

presen tation slides, text do cumen ts), whic h can b e searc hed and presen ted in com bination. F or eac h recorded

ev en t (e.g: lecture, seminar, talk, meeting) w e pro vide not only the video but also related materials, whic h can

consist of presen tation slides, do cumen ts or W eb sites the sp eak er p oin ts to. All the resources are temp orally

sync hronized with the video.

An example of ho w a m ultimedia presen tation of this kind lo oks lik e can b e found in �gure 1.1; the video

with the sp eak er app ears together with presen tation slides or additional notes. Video and slides are sync hronized

and can b e na vigated b y means of a temp oral bar or b y slide titles.

W e can summarize the follo wing �v e state of the art approac hes to m ultimedia indexing and na vigation:

1. Use of metadata to bro wse k eyframes.

2. Use text from sp eec h, using transcript-based searc h.

3. Matc hing k eyframes vs. querying of images. Keyframes extracted as shot represen tativ es are used for

retriev al. It requires user to lo cate images/other k eyframes, from bro wsing or other searc h.

4. Use of seman tic features. They are based up on pre-pro cessing video or k eyframes to detect features.

F eatures can b e related to on tologies.

5. Use video/image ob jects as queries.

W e concen trate on pt. (2) and partially on pt. (3), w e use the text-from-sp eec h tec hnique com bined with a

textual analysis of the sp eec h and the ev en t related material using Wikip edia instead of on tologies.

In Wikip edia, the concept of class and instance are not separated as in the on tological sense, due to the fact

that it is not constrained to a formal mo del, for the reason of whic h it is not p ossible to formalize reasoning on

the Wikip edia con ten t directly .

The use of Wikip edia url as suggested in[10 ] for concept iden ti�cation could guaran tee in terop erabilit y

b et w een domain on tologies, while the extensiv e ongoing researc h e�ort for extracting an on tological view from
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Fig. 1.1 . A n example of multime dia pr esentation

Wikip edia could so on lead to the creation of an on tological view based on Wikip edia whic h could b e the reference

for man y domains.

The com bination of information extracted from video and related material giv es a complete picture of an

ev en t, since in the real w orld the sum of al l the media used b y a sp eak er is mean t to fully describ e the ev en t's

topics to facilitate kno wledge transfer to the audience.

In this pap er w e rep ort ab out ho w w e pro vide seman tic supp ort and unsup ervised annotation of m ultimedia

material based on information extracted from Wikip edia, rather than the usage of Seman tic W eb tec hnologies

(sp eci�cally without on tologies). Our approac h is domain indep enden t, and in theory it could also b e applied

to di�eren t use cases where there is a need for clustering or annotation of a corpus.

The structure of this pap er is organized as follo ws: in the next section w e describ e the con text and the

motiv ation of our w ork; section 4 giv es an o v erview of our approac h. In section 5 w e apply the approac h

describ ed in the previous section to our use case. Finally , w e discuss the directions w e are planning to tak e

regarding further w ork.

2. Seman tics in the W eb. In the W eb, some collections of data con taining seman tic annotations (e.g.

UniProt: http://www.ebi.a c. uk/ sw is spr ot /i nde x. htm l , Ecadem y: http://www.ecad em y.c om ) are no w a v a-

ilable and there is a trend to seman tically enable more and more W eb con ten t. Ev en though this trend is p er-

ceiv able, there is still a h uge amoun t of material on whic h these tec hnologies ha v e not b een applied. One limiting

factor for a faster adoption of Seman tic W eb tec hnologies, is the di�cult y to �nd ready-to-use conceptualizations

for annotating existing material and making it Seman tic W eb compatible.

W e explored the p ossibilit y of using Seman tic W eb on tologies for annotating m ultimedia material and

for disco v ering and presen ting to the user relations b et w een the searc hed topics and other topics, based on the
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relationships b et w een en tities in one or more domain on tologies. W e exp erienced di�culties in �nding on tologies

whic h co v er a v ariet y of domains, since e-Lectures can co v er an unpredictable amoun t of domains (e.g. computer

science, history , meteorology , geograph y , math. . . ). In addition, the terms expressed in e-Lectures are usually

individuals of an on tology (e.g. the term 'Collection' in a Ja v a Programming class could b e mo delled as an

instance of a data con tainer class in a Ja v a Programming on tology) and �nding p opulated on tologies with a

wide co v erage of individuals to date is a big c hallenge, and usually requires the in v olv emen t or a kno wledge

engineer.

Our requiremen t w as to �nd a broad, domain-indep enden t collection of individual terms (as opp osed to

concepts) whic h are connected b y relations. T o the b est of our kno wledge, the most complete collection of

this kind is Wikip edia. Wikip edia is a freely a v ailable encyclop edia whic h is constan tly gro wing in size and in

fame thanks to the cop yleft license that allo ws the con ten t to b e copied, mo di�ed and redistributed as long

as there is an ac kno wledgmen t of the author and the new con ten t is published under the same license (see

http://www.wikipe di a. org ). Wikip edia con tains a classi�cation of topics, organized with an hierarc h y of

categories and with relationships b et w een elemen ts. The adv an tage of using it is that the so cial collab orativ e

net w ork around it mak es its con ten t alw a ys up to date and it co v ers in details a h uge amoun t of topics in

di�eren t domains and languages. In addition it also tak es in to accoun t the di�eren t p ossible meanings of a term

through a disam biguation page.

What w e can extract using Wikip edia are the relationships b et w een topics. A ccording to Obrst's de�ni-

tions in [11 ], Wikip edia not only o�ers we ak semantic information, suc h as paren t-c hild relationships, but it

also con tains lexicographic relationships that�once the domain of in terest is determined�can o�er me dium

semantic . In Wikip edia w e do not ha v e str ong semantic , i. e. w e can not describ e real-w orld relationships suc h

as �a car has a minim um of four wheels� as with the usage of an on tology . W e can only deduce that concepts

are connected without kno wing ho w; w e can tell that one concept in one category is related to other concepts

whic h are link ed in the description of the concept itself.

In Wikip edia, the concept of class and instance are not separated as in the on tological sense, due to the fact

that it is not constrained to a formal mo del, for the reason of whic h it is not p ossible to formalize reasoning on

the Wikip edia con ten t directly . There are pro jects (see section 3) that try to em b ed seman tic inside Wikip edia

extending the Wiki soft w are used to write Wikip edia pages [16 ], and some others(e.g. www.dbpedia.org [2])

whic h pro vide an RDF represen tation of Wikip edia, to mak e its con ten t mac hine-in terpretable.

W e use Wikip edia as a taxonom y to obtain lexicographic relationships and in com bination with statistical

information extraction w e can deduce related concepts to the terms extracted from our corpus. In addition,

since our corpus co v ers a represen tation of a part of the real w orld w e also use the corpus itself as �training

data" for domain disam biguation in Wikip edia.

There is a lot of w ork ab out extracting seman tics (some is rep orted in section3) from Wikip edia con ten t

to build an on tological represen tation. W e are therefore con�den t that ev en though for no w w e can extract

information without a high seman tic v alue in the feature, at the ligh t and with the com bination of other

researc h e�ort in the area w e will b e able to increase the p o w er of our approac h in terms of �exibilit y , extension

and accuracy .

3. Related W ork. Wikip edia con tains a v ast amoun t of information, therefore there ha v e b een mainly t w o

approac hes for exploring its con ten t and mak e it mac hine readable. The �rst approac h consists in em b edding

seman tic notations in its con ten t [16 , 7]; while the other one deals with information extraction based on the

understanding of ho w the Wikip edia con ten t is structured: [1, 14 , 17 , 12 , 19 ].

The Seman ticWikip edia pro ject [16 ] is an initiativ e that in vites Wikip edia authors to add seman tic tags to

their articles in order to mak e them mac hine in terpretable. The wiki soft w are b ehind Wikip edia(MediaWiki [7]),

itself enables authors to represen t structured information in an attribute-v alue notation, whic h is rendered inside

a wiki page b y means of an asso ciated template.

The second main stream of Wikip edia related w ork is on automatically extract kno wledge from the Wiki-

p edia con ten t as in [1 , 14 , 17 , 12 , 19 ].

DBp edia [1]is a comm unit y e�ort to extract structured information from Wikip edia and to mak e this

information a v ailable on the W eb. DBp edia o�ers sophisticated queries against Wikip edia and to other link ed

datasets on the W eb. The DBp edia dataset describ es 1,950,000 �things", including at least 80,000 p ersons,

70,000 places, 35,000 m usic albums, 12,000 �lms. It con tains 657,000 links to images, 1,600,000 links to relev an t

external w eb pages and 440,000 external links in to other RDF datasets. Altogether, the DBp edia dataset



262 A. F ogarolli and M. Ronc hetti

consists of around 103 million RDF triples. DBp edia extracts [2] RDF triples from Wikip edia informations

presen ted in the page templates suc h as infob o xes and h yp erlinks.

Y ago [14 ] is a kno wledge base whic h extends the relationships of DBp edia extending the standard RDF

notation. A t Decem b er 2007, Y ago con tained o v er 1.7 million en tities (lik e p ersons, organizations, cities, etc.)

A Y A GO-query consists of m ultiple lines (conditions). Eac h line con tains one en tit y , a relation and another

en tit y .

DBp edia or Y ago could replaced Wikip edia as a source of kno wledge in our seman tic disco v ery approac h,

although at the time of this writing these kno wledge bases con tain only en tities (suc h as p erson and places) and

not abstract concepts as the one w e ha v e in e-Learning material. In addition w e don't kno w a priori with whic h

prop erties a term a can b e searc hed, so in our domain replacing Wikipidia free-text w ould not b e b ene�cial.

ISOLDE [17 ] is a system for deriving a domain on tologies using named-en tit y tagger on a corpus and

com bining the extracted information with Wikip edia and Wiktionary . The results sho ws that this kind of

approac h w orks b etter with semi-structure information suc h as dictionaries.

KYLIN [19 ] is another pro ject whic h aim is automatically complete the information presen ted in the

Wikip edia infob o xes analyzing disam biguated text and links in Wikip edia pages.

P onzetto et al. [12 ] in their w ork ha v e explored information extraction on Wikip edia for creating a taxonom y

con taining a large amoun t of subsumptions, i. e. is-a relations.

4. A Seman tic Disco v ery Approac h . In this section w e explain the pro cess of extracting seman tics

from m ultimedia con ten t. W e tested the approac h here describ ed on e-Lecture presen tations. An e-lecture is a

m ultimedia presen tation usually comp osed of a video with fo cus on the sp eak er, presen tation slides and other

textual do cumen ts whic h can b e iden tify b y the presen ter as related source of information. Di�eren t media in

a presen tation are used for dra wing a b etter picture of the con ten t to b e comm unicated.

Hence it’s of fundamen tal imp ortance to tak e in to accoun t the di�eren t mo dalities of the media. In

particular, w e in v estigate textual mo dalit y analyzing the full con ten t of the related material suc h as slides or

do cumen ts and the auditory mo dalit y translating it in textual whic h represen ts the most promising asp ect of

the data w e can pro cess. F or this reason w e apply automatic sp eec h recognition (ASR) to the video soundtrac ks

and subsequen tly w e are in terested in the STT translation (sp eec h to text) to pro vide for data that can b e

analyzed in com bination with the other textual resources suc h as slides, notes and other do cumen ts.

The reason of fo cusing on auditory and textual mo dalit y instead of visual mo dalit y is in trinsic on the

nature of presen tations. Unlik e other domains suc h as mo vie or news, in video presen tations the images in the

k eyframes are more or less still, usually the sp eak er and part of his/her presen tation is captured. The scene

almost nev er c hanges, the transitions b eing related to a c hange of fo cus (from slide to blac kb oard and bac k)

or to the c hange of slide. So, in e-Lectures, ev en though lo w lev el feature recognition suc h as teac her gesture

and facial proso dy migh t giv e information ab out imp ortance of certain passages, w e decided not to attac k this

issue b ecause w e b eliev e it w ould only bring us a minor added v alue in comparison to the kno wledge w e could

retriev e exploring the auditory and textual mo dalit y .

Due to these considerations, w e fo cus our researc h w ork on making b etter use of sp eec h and textual con ten t.

F urthermore, relating the extracted sp eec h and textual con ten t with the righ t domain kno wledge could pro vide

another mo de to tac kle the seman tic gap allo wing more e�ectiv e classi�cation and searc hes on the video con ten t.

In �gure 4.1 w e giv e a graphical illustration of the pro cess of extracting seman tic annotation from m ultimedia

con ten t. As input the system receiv es a e-Lecture presen tation and based on the Wikip edia kno wledge it

automatically generates some descriptiv es lab els for the m ultimedia con ten t.

In the next paragraph w e will describ e in details ho w this pro cess of automatic seman tic disco v ering is

taking place.

The explanation of our metho d can b e split in to t w o parts. In the �rst part deals with the extraction of

con ten t from m ultimedia lecture materials without an y regards ab out seman tics; while in the second part w e go

in depth in the passages whic h in v olv e disco v ering the seman tics b ehind the con ten t previously extracted from

the media.

So, in order to disco v er the seman tic presen t in a corpus w e �rst ha v e to extract and iden tify terms from

it. Once w e ha v e the list of the w ords con tained in eac h unit of the collection, w e can link them through the

relationships w e will determine through Wikip edia. In particular the �rst part is ab out Information Extraction

from the m ultimedia con ten t and the second fo cuses on describing ho w through Wikip edia w e can annotate the

material and �nd seman tic relationships b et w een annotations.
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Fig. 4.1 . Gener al Overview of the appr o ach

The t w o steps are indep enden t in the sense that Information Extraction can b e carried out in di�eren t w a ys

while our Wikip edia mo dule could still b e used to �nd relations b et w een terms. W e giv e here an explanation

of the �rst part only for the sak e of con textualization.

4.1. Information Extraction. In this section w e will extract and mo del the m ultimedia con ten t though

the analysis and com bination of the textual and auditory mo dalit y . Using an out-of-the-b o x sp eec h recognition

to ol w e translate video sp eec h in to text, and w e com bine it with the text extracted from presen tation slides and

other textual information sources.

Secondly , w e extracts terms for the resulting textual resources whic h represen t the en tire con ten t of the

m ultimedia material. W e p erformed Information Extraction (IE) b y using Lucene ( http://lucene.ap ac he.

org/ ), a state of the art to ol whic h pro vides Ja v a-based indexing and searc h tec hnology using a statistical

approac h.

Lucene had b een used in the pro ject as a searc h engine for querying an unstructured e- Learning rep ository ,

but since it also pro vides basic APIs for analyzing text, w e exploited Lucene also for extracting information from

our corpus. In general term extraction to ols using a statistical approac h basically lo ok for rep eated sequences

of lexical items.

Consequen tly w e store the extracted information in a Lucene index that w e later use for information

retriev al and for extracting the most imp ortan t terms out of the en tire e-Lecture con ten t. W e also explored a

linguistic approac h based on Natural Language Pro cessing (NLP) using other state of the art to ols in the area

suc h as GA TE ( http://gate.ac.u k/ ) and IBM UIMA ( http://www.resea rc h.i bm .c om/ UI MA / [18 ]), but the

approac h w as not suited for our use case since it is language and grammar dep enden t. In fact, in e-Learning

the material can b e in di�eren t languages, and sometimes more than one language can b e com bined in the same

ev en t. F or instance, in some cases presen tation slides are written in English while the sp eec h is deliv ered in

another language (e.g. in Italian). As a consequence, the w ork needed to adapt a linguistic approac h to our

needs w as excessiv e.

Moreo v er, story telling do es not pla y an imp ortan t role in e-Learning�at least not in the disciplines w e

considered�and this mak es it di�cult to lo cate and classify atomic elemen ts in text in to prede�ned cate-

gories for En tit y Recognition. F or these reasons w e c hose a statistical approac h and w e calculated a term

v ector for eac h do cumen t in our index. The term v ector con tains a list of terms with their frequency in a

do cumen t.
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In order to calculate the term v ector w e had to store our m ultimedia material in to an index. Man y

do cumen ts can refer to the same ev en t. F or instance, w e ha v e at least t w o main information sources for eac h

ev en t: presen tation slides and video transcript.

F ollo wing our m ultimo dal view, w e mo deled the en tire ev en t’s m ultimedia material in to a single do cumen t

in a index. In this w a y the term v ector calculated through Lucene is factual.

F or impro ving the p erformance of this task w e are curren tly w orking on the indexing phrase and in particular

in the pre-pro cessing task (e.g. cleaning the text from Italian or English stop-w ords and applying di�eren t

language stemmers as a �lter, building categorizer for impro ving the qualit y of the raking of the extracted

lecture terms.).

4.2. Seman tic Extraction using Wikip edia. In this section w e explain ho w w e enhance information

retriev al based on the recognition of the most imp ortan t topics and the relations b et w een them in the con ten t

of m ultimedia lecture material.

Understanding what a media is ab out b efore en tering in its details of the searc h results, whic h w ould mean

w atc hing a video presen tation or reading the related material, is one of the mail goal in the area of Multimedia

Information Retriev al, and it could b e v ery useful when the amoun t of the m ultimedia material gro ws in size.

Ha ving a w a y for categorizing or understanding the main concepts in the con ten t will help in managing large

m ultimedia rep ositories.

F urthermore, e-Learning users (t ypically studen ts) do not ha v e a ric h understanding of the domain or of ho w

one topic is connected to others. F or this reason a to ol, whic h has the goal of enabling access to information,

should giv e an o v erview of the material con ten t for helping end users to ac hiev e more e�ectiv e searc hes and

acquire the needed kno wledge. F or example, a user lo oking for the term ’Collection’ in a Ja v a programming

class m ust �nd out ab out the di�eren t t yp es of Collection suc h as ’HashMap’, ’Map’ and ’Set’ since these

terms can also b e found in the lecture material, and they all mean Collection. Understanding relationships

b et w een terms in our corpus p ermits also us to automatically disco v er the imp ortan t topics of an ev en t whic h

can b e used for unsup ervised classi�cation of the material.

Our starting p oin t for the second phase of the seman tic disco v ery pro cess is the list of terms whic h w ere

extracted from m ultimedia material (video, slides, and do cumen ts) during the Information Extraction phase

describ ed in the previous section.

In Wikip edia, w e lo ok up the most imp ortan t extracted terms from our corpus. The goal of this phase is

to �nd a Wikip edia de�nition page for ev ery imp ortan t term and to try to extract relations to other terms b y

examining the h yp ertextual links in the page. This is done b y pro cessing links in the page. Therefore, the term

of in terest is found in Wikip edia, and all the links in its page are analyzed.

Pre-requiremen ts for describing the pro cess of extracting seman tics from the Wikip edia, are the four abstract

concept describ ed b elo w that w e will b e men tioned again in the second part of the section for giving a description

of the pro cess itself.

1. Wikip e dia lo okup .

F or eac h extracted term w e searc h for pages in Wikip edia whic h con tain the term in their name. In

Wikip edia ev ery page is named b y a string comp osed of topic name and topic domain. After that,

w e collect the links for ev ery page. The searc h is made on a lo cal cop y of the English v ersion of the

Wikip edia database, but w e could also reac h the same result b y do wnloading and parsing Wikip edia

W eb pages. W e c hose to main tain a cop y of the database to increase the sp eed of the task.

2. Str ong link de�nition .

W e de�ne a link to b e ’strong’ if the page it p oin ts to has a link bac k to the starting page. F or

instance,”Rome” and ”Italy” are strongly link ed since the page on Rome sa ys that it is the capital

of Italy , while the page on Italy rep orts that Rome is the capital of the state. A minor to wn lo cated

in Italy will instead ha v e a ’w eak’ link with Italy , since in its page it will b e declared that the to wn

is in Italy but in the page for Italy the minor to wn will most lik ely not b e men tioned. In our case,

strong links are candidates for topics related to the searc hed term, and they will b e used for giving user

suggestions in query expansion and in the pro cess of summary generation of Wikip edia de�nitions.

3. Domain disambiguation .

A w ord can ha v e m ultiple Wikip edia de�nitions b ecause it can assume di�eren t meanings (senses) in

di�eren t domains. Among the (p ossibly) m ultiple Wikip edia de�nitions, w e c ho ose the one whic h has

the most link w ords in common with the extracted lecture’s terms. W e man ually c hec k ed this approac h
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to ev aluate the accordance of the seman tic expressed in the disam biguated terms with the one of the

ev en t and w e �nd out that this is true for the ma jorit y of the cases.

4. A nnotation thr ough Wikip e dia de�nition summarization .

In this last step w e use the extracted strong links for ev ery imp ortan t w ord of an ev en t to automatically

generate a summary of the w ord de�nition in Wikip edia.The summary is generated taking all the

sen tences from the Wikip edia de�nition page in whic h a strong link is presen t; usually �ft y p ercen t of

the con ten t of original de�nition is selected. The summary is then used for expressing the meaning of

the imp ortan t term. In other w ords, w e annotate the lecture through Wikip edia terminology , and for

eac h term w e k eep a brief de�nition.

A graphical represen tation of the pro cess is giv en in �gure 4.2.

Fig. 4.2 . Semantic annotations gener ation pr o c ess

The �gure sho ws that b y giving e-Lectures as input and through the four steps of the seman tic disco v ery

approac h w e can enric h e-Lecture with seman tic metadata. It follo ws a description of the seman tic disco v-

ery pro cess comp osed of four logical steps: Wikip edia de�nition lo okup, Domain disam biguation, Strong link

Analyses, and Summarization.

Supp ose one of the terms extracted from the e-Lecture material is ’Collection’, whic h is in the list of

the extracted k eyw ords. Consider a simpli�ed list of extracted k eyw ords (note the presence of w ords in more

than one language!) follo ws: Elemen to, Map, Tip o, Ob ject, Metho d, In terface, computer science, Collection,

Oggetto.

The �rst step of the algorithm is to searc h for all the pages whic h con tain the term ’Collection’ in their name.

A searc h in the Wikip edia database will �nd a relativ ely large n um b er of pages that satisfy this requiremen t

due to the di�eren t meanings the w ord can ha v e. Consequen tly w e retriev e the links of ev ery found page. W e

then use the links in the disam biguation step. F or instance, in the case of ha ving a term named “Collection”

in the lecture material, a Wikip edia query for the w ord Collection returns the Wikip edia disam biguation page

Collection, whic h p oin ts to other pages suc h as Collection(horse), Collection(m useum), Collection(Jo e Sample

album), Collection(agency), Collection (computing), Collection class.

The second step consists in extracting the strong links from the candidate Wikip edia article for eac h

de�nition. The strong links are used in the third step for calculating domain disam biguation, for supp ort and
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for automatic summarization of the con ten t of Wikip edia en tries. So in this step w e extract the strong links from

all the Wikip edia pages selected during the �rst step. F or example the strong links for Collection (computing)

whic h is one of the pages selected during the �rst step, are: ob ject-orien ted, class, map, tree, set, arra y , list.

W e do the same with all the pages listed in the Wikip edia disam biguation page for collection.

The third step resolv es domain am biguit y . W e automatically iden tify the righ t Wikip edia de�nition based

on the domain de�ned b y the m ultimedia. So w e select one page among all the ones w e retriev ed during step one

whic h is in concordance with the domain of in terest. The disam biguation function considers for ev ery candidate

page its strong links giv en b y step t w o. In particular it lo oks for corresp ondences among the link’s names and

the k eyw ords extracted from the corpus. The page whic h has the largest n um b er of links in corresp ondence

with the corpus terms will b e considered to b e the correct one and it will b e used as the disam biguated term.

Supp osing that Collection(computing) is the Wikip edia article is the page that resp onds to this requiremen t

then ev ery time Collection will b e men tion in the lecture material it will b e asso ciated with the meaning of

the Wikip edia article Collection(computing). The term that has b een disam biguated has the same meaning in

Wikip edia and in the corpus. The result of this step is the iden ti�cation of the disam biguated terms with their

links. In other w ords this step compares the strong links of ev ery candidate Wikip edia de�nition with the term

v ector of the lecture in exam.

During the last step w e create a summary for the most imp ortan t w ords in the lecture. Eac h term in the

lecture has a corresp onding Wikip edia de�nition and based on the ranking in the term v ector w e can iden tify

the n most imp ortan t terms in the e-Lecture. The summary creation uses the extracted strong links of the

most imp ortan t terms. F or ev ery one of them, w e do wnload and parse the corresp onden t Wikip edia. F rom the

Wikip edia page w e select only the sen tences whic h con tain a strong link and the term itself. The com bination

of extracted sen tences p ermits to generate a reasonably w ell written article summarization.

5. Applications. In this section w e describ e some applications where our approac h can b e used. Man y

other applications are under considerations. In particular w e applied the seman tic disco v ery approac h in to

NEEDLE [8]- Next gEneration sEarc h engine for Digital LibrariEs -. NEEDLE is an e-learning application

whic h aims at indexing, searc hing and presen ting structured and unstructured m ultimedia data. The system

pro vides a w a y to searc h e-learning materials through a w eb-based searc h in terface.

The e-Learning materials consist of video lectures and corresp onding audio trac ks, P o w erP oin t presen tation

slides etc. The application's main ob jectiv e is to presen t the structured and unstructured m ultimedia e-Learning

materials. The users could query the NEEDLE system to searc h for materials of their in terest.

The data i. e. video lectures and slides, for NEEDLE come from the LODE [5 ] system. LODE is w eb-based

application for presen ting the video lectures sync hronized with presen tation slides. The audio con ten t of the

video lectures from the LODE system is transcrib ed using sp eec h recognition and sp eec h pro cessing to ols. The

text con ten t of the transcription and P o w erP oin t slides are indexed and searc hed using NEEDLE system.

Most of the commercial searc h engines only o�er text based searc h and few also pro vide image searc h.

Ho w ev er, there is still a need for searc hing video, audio, graphics etc. Commercial video hosting sites lik e

Y ouT ub e that o�er searc h for video actually p erforms the searc h only on the meta-data (text con ten t describing

the video) attac hed with the video. They do not searc h the video/audio con ten t. W e o�er textual searc h on

audio con ten t using the transcript in com bination with the con ten t of the do cumen ts whic h come with the

video suc h as presen tation slides; moreo v er w e enanc hed the searc h task with searc h suggestion based on the

iden ti�cation of relationship b et w een topics in Wikip edia and w e automatically extract also through Wikip edia

lab els for describing the most imp ort lecture's topics.

W e can summarize with the follo wing p oin ts the features where our approac h could con tribute:

� Se ar ch Suggestion and Query Exp ansion

Wikip edia is used for �nding topics related to the searc hed one. In our searc h user in terface w e sho w

the hits for the searc hed string and a bunc h of links to some related topics whic h ha v e a corresp ondence

in our rep ository . A clic k on one of the link will initiate a searc h for the o ccurrences of the link term in

the learning material. This is done b y viewing all the strong links retriev ed through Wikip edia whic h

term app ear also in the ev en t material, in this w a y w e can suggest di�eren t searc h terms or topics that

are connected to the �rst searc hed one.

� Automatic Annotation

F or eac h o ccurrence displa y ed in the hits, w e sho w some links to related imp ortan t topics. The imp ortan t

topics automatically annotate the ev en t with some terms whic h ha v e a prede�ned meaning in Wikip edia.



Disco v ering Seman tics in Multimedia Con ten t Using Wikip edia 267

In this w a y there are no more am biguities in the meaning of a term used for annotation. Another

adv an tage of the strong link iden ti�cation in com bination with the term v ector extracted for ev ery

ev en t is the p ossibilit y to automatically describ e the most imp ortan t concepts of the ev en t.

� Automatic Summarization

The seman tic disco v ery approac h describ ed in the previous section brough t us to the individuation of

the strong links for eac h topic. Based on them w e can generate for eac h ev en t annotation (topic) a brief

summarization of the description of the topic in Wikip edia. A clic k on one of the ev en t annotation

will displa y the summary plus the retriev ed hits for that term. In our searc h user in terface for eac h

ev en t(lecture, seminar, meeting) w e sho w the six most imp ortan t w ords and the related summarized

Wikip edia de�nitions.

In �gure 5.1 the p ossible features deriv ed b y the implemen tation of the seman tic disco v ery approac h de-

scrib ed ab o v e are sho wn. Figure 5.1 is a screen shot of NEEDLE where ev ery lecture it is �rst summarized b y

means of a list of imp ortan t topics. So the user lo oking at the imp ortan t topics list can understand if a lecture

in the hits is relev an t or not for eac h searc h and in case s/he can go in depth lo oking at the details hits inside the

lecture itself. Ev ery hit in the lecture is comp osed of a brief textual description an four presen tation mo dalities.

The result can b e analyzed w atc hing part of the video where the hit ha v e b een found, listening only to the audio,

only w atc hing the asso ciated slide or ha ving a com bine view, where video and slide are time-sync hronized.

Fig. 5.1 . A n applic ation of semantics extr action thr ough Wikip e dia

On the righ t most part of �gure 5.1 a p op-up windo w for with a description of one of the imp ortan t terms

of the lecture can b e view ed b y clic king on the term. The description is actually the summary of the Wikip edia

article whic h refers to the term itself. In this w a y there is no am biguit y with the meaning of a term used

for describing the m ultimedia con ten t. Belo w the input �eld designed for running new searc hes there is the

implemen tation of the related topics feature. Based on the last user searc h, the system advices the user for

related concepts. A clic k on one related term will initiate a new searc h. In this w a y the user can disco v er new

connections b et w een topics.
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6. F uture directions. One of the activities w e plan for the near future is related to extending the

Wikip edia mo dule to supp ort v arious languages. The m ultilanguage supp ort consists in recognizing relations

b et w een terms in the corpus whic h are not in English. As a �rst step, w e’ll lo ok at the links to the other in-

stances of Wikip edia in di�eren t languages. In most cases, pages in the Wikip edia instance in one language ha v e

links to pages in man y other Wikip edia instances in other languages. Since these links w ere created man ually b y

the page authors, in most cases there is no am biguit y in the translation. In case a link to the target language of

in terest is not presen t, w e can resort to freely a v ailable, alb eit less trustable external sources for translating from

and to English. The Wikip edia pro cess describ ed in the previous section will not c hange but writing language

dep enden t pro cessing mo dules suc h as language sp eci�c stemmers should b e added to enable the comparison of

the related Wikip edia con ten t found in English with the terms con tained in the m ultimedia con ten t rep ository .

Consequen tly w e ha v e sc heduled an ev aluation of the presen ted approac h for annotating a large amoun t of text

resources and a user based ev aluation to assess if the in tro duction of seman tic m ultimedia information retriev al

is actually bringing an adv an tage to the studen t. W e will carry out a studen t’s p erformance ev aluation on some

topics presen ted in the e-Learning rep ository and w e will compare the results with the ones w e gathered last

y ear using a text based searc h that w as not seman tically enhanced [9].

7. Conclusion. In this pap er w e describ ed an approac h to seman tically annotate the con ten t of an un-

structured m ultimedia rep ository . The annotation has b een done com bining the terms extracted from the corpus

with lexicographic relationships from Wikip edia. Wikip edia has b een used as an alternativ e to on tologies. The

con ten t annotated in this w a y p ermits to k eep trac k of the relations b et w een annotations. The approac h has

b een used for giving searc h suggestions in m ultimedia information retriev al, in m ultimedia annotation and for

giving a brief description of the topics of the m ultimedia ev en t. Our approac h is domain indep enden t, and it

could in theory also b e applied to di�eren t use cases where there is a need for clustering or annotation of a

corpus.
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