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Next Generation Web Search

The Multimodal Nature of the Web:
New Trends in Information Access

Luis-Alfonso Urefia-Lépez, Manuel-Carlos Diaz-Galiano,
Arturo Montejo-Raez, and M? Teresa Martin-Valdivia

The rapid evolution of the World Wide Web has changed our view of it. It has turned into a collaborative framework where
technological and social trendstrends come together, resulting in the over exploited term Web 2.0. In this new multimodal
and multilingual paradigm, all our techniques for the search and retrieval of information need to be applied, managing
not only textual information, but also visual data (images or videos) that can help to improve our systems. In the present
paper, along with a brief analysis of the described scenario, we introduce an experience in the medical domain for the

retrieval of multimodal information (text and images).

Keywords: CBIR, Content-Based Image Retrieval,
Medical Information, Multilingual Information, Multimodal
Information Retrieval, Web 2.0.

1 Introduction

The World Wide Web has changed substantially since
its beginningss in 1990. In fact we are currently witnesses
to a revolution of the concept of what the web is [4]. This is
a crucial stage in the development of the so-called knowl-
edge society, and one which is also determined by the inter-
section of social and technological trends in what has been
termed "Web 2.0". The social trend is the removal of barri-
ers between information providers and consumers, the ex-
ploitation of the collective intelligence as exemplified in
the blogosphere and in the growth of social networks cen-
tred around contents like MySpace?, Wikipedia®, YouTube*
or Flickrs.

In the current scenario centred around the concept of
Web 2.0, the multimodal nature of the World Wide Web
shows itself most clearly. Collaborative web sites for dis-
semination of video files, pictures, music and text have be-
come widespread, and this in the multilingual setting which
is typical of the web. In such a setting, a growing need arises
for access and retrieval of multimodal information.

Despite the above mentioned multimodal nature of the
web, the information, whatever its nature (image, video,
music or text files), is indexed by text, that is to say, search
engines rely on keywords to retrieve information regard-
less of its format.

This paper goes into the multimodal nature of the web,
outlines new trends in information access and retrieval, and
describes a system for multilingual retrieval of image files.

<http://es.wikipedia.org/wiki/Web_2.0>.
<http://www.myspace.com/>.
<http://www.wikipedia.org/>.
<http://www.youtube.com/>.
<http://www.flickr.com/>.
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All time most popular tags

0B afica amsterdam animals architecture art august australia autumn baby barcelona
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cameraphone camping canada canon car cat cais chicago china christmas
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sm florida flower flowers food france friends fun garden geotagged
germany gir geatin green halloween hawail hixing holiday home noneymoon hangkons
house india ireland island jtaly japan july jure kids lake landscape light iwe london
ssangeles MACFO may ME MEXICO mountan mounaine museun MUSIC NATUNE new

NeWYOrk rnewsorkeity newzeatand NIGHT nikon NYC ocean october paFiS park pal'ty

people portrait red rver roadtrip rock rome san sanfrancisSCo soa scotiand sea
seattle seplember show SKY snow spain spring street SUMMET sun SUNSEt sydney

taiwan texas thailand tokyo toranto travel ree wees trip uk wban Usa
vacation vancouver wash ngton water Weddlng white winter yeliow york 200

Figure 1: The Tags most widely Used by Flickr Users. Source: http://www.flickr.com/photos/
tags/. Each picture stored is usually retrieved by this piece of meta-information.

2 Multimodality

From the point of view of the technologies involved in
the information exchange over the now ubiquitous http pro-
tocol, the World Wide Web is in continuous evolution. The
web grows as the number of people who are on the Internet
grows, these people becoming new information providers
and consumers. However, trying to understand how this
growth takes place should be approached based on browser
contents and on its publishers’ needs, namely the web us-
ers, rather than on the underlying technologies.

Related results are retrieved and categorised according
to their relevance. The ability to supply and consume this
information is crucial in the Information Society, where
cultural, political, economic and technological positioning
is given precisely by that ability. However, information is
useless if it cannot be synthesized, processed, adapted to
our needs and shared for further consumption. The infor-
mation should be presented in or linked to its context and
kept up to date, dynamic, and be modifiable..., before knowl-
edge can even be mentioned.

Web-technology-based tools have proved more success-
ful whenever there has been a chance to generate knowl-

6 <http://docs.google.com>.
7 <http://moodle.org/>.

8 <http://www.imdb.com>.

® <http://video.google.com>.
10 <http://www.ifilm.com/>.

1 <http://picasa.google.com/>.
12 <http://del.icio.us>.

13 <http://www.blinklist.com/>.
14 <http:/lwww.furl.net/>.

15 <http://ebay.com>.

16 <http://amazon.com>.
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edge. Wherever a piece of information could be related to
the rest of available data, commented on, linked to users
and then become the centre of user-created communities,
more and more complex social networks have risen sponta-
neously. These networks share knowledge, not just infor-
mation, because each contribution has its own life in the
sense that it allows users to interact with it beyond mere
retrieval.

Some systems have thus become popular very rapidly
because they provide user-oriented rather than data-oriented
support. Some of these systems double the number of their
registered users month on month and have become web serv-
ices which have spawned clone sites in virtually every coun-
try and language. This means communities where thousands
and even millions of users share texts (blogs, forums, docu-
ment repositories like Google Docs®, collaborative ency-
clopedias like the Wikipedia, e-learning tools like
Moodle’...), technical records (as in the Internet Movie
Database?®), video files (Google Video®, YouTube o iFilm?9),
images (Flickr, Picassal), audio files (a variety of podcasts),
links (Del.icio.us??, Blinklist!® or Furl¥), commercial sites
(eBay® and Amazon.com?®) and even georeferenced infor-
mation (Google Earth, Virtual Earth). The varied nature and
format give the web its multimodal character. Its contents
are so varied that it is hard to tell whether the information
which we may be interested in is an audio stream, a video
or a text file. Future search engines will therefore be lim-
ited by their ability to cope with such polymorphic formats,
and their quality and strengths will be measured thus too
(see Figure 1).

But, was this not about knowledge? What became of all
that? It has been mentioned above that it is the added value
of users and their organizing social networks that make a

© Novatica
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Search for similar
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Figure 2: An Example of a Mixed Visual and Textual System (IR + CBIR).

difference. Take a video file hosted in YouTube. How can it
be retrieved? While a direct link may be available in, for
instance, an email from a friend, the fact is that this video
file database must provide easy access to its contents. How
this is achieved can be seen by looking at its website: users
can see a selection of the most highly voted video files,
browse the categories established by other users, jump from
one video file to another according to their similarity and
even use a search engine. But what makes this a rich collec-
tion? Simply the community-generated accompanying texts,
the knowledge built around it. In this multimedia collection
users can tag each contribution for easier identification of
the contents as well as provide comments on the contents,
rankings, etc. These tools are available in other collaborative
environments such as blogs, shared links, movie databases and
e-commerce. What makes these information collections valu-
able is the information added by users. This is the secret of
Web 2.0’s success [6]: the information becomes shared knowl-
edge which can become easily widespread.

However, the major communication tool between users
is language: it remains an essential communication tool in
any object exchanged online. In fact, metadata consist al-
ways in small text fields. Meta-information is becoming
more and more important (as in the access protocol to online
libraries Open Archive Initiative, or the OWL ontologies).
The Semantic Web [5] feeds on a formalization of metadata,

17 <http://www.flickr.com/search/people/>.
18 <http://www.alipr.com/>.
19 <http:/limages.google.es/>.

© Novatica

so it can grow from the information generated by the sys-
tems inspired on Web 2.0 concepts. However, metadata is
made up of rigid entities and their structure is pre-estab-
lished and not user-friendly for those who may want to add
occasional pieces of information along with perhaps a tag,
acomment and a couple of links to other pieces of informa-
tion on the web.

Therefore, it is still the ability to understand and use
natural language that sets the limits of the processing of
multimodal information. While it is true that "a picture is
worth a thousand words", the web is still mainly textual
and regardless of the information, whatever its format may
be, it cannot be understood without a description, a remark
or an associated piece of text. Language is still the wrapper
for any object intended to become part of the global sphere
of knowledge.

3 The Experience in Multilingual Image Retrieval

Countless systems rely on natural language for their
queries against images. These systems are well-known and
use many of the techniques of Natural Language Process-
ing (NLP) and of Information Retrieval (IR), which are
based on firmly grounded systems which use textual infor-
mation alone.

At present, the interest in tools capable of retrieving
images based on a given image is on the increase, as for
example, person search on Flickr’, automatic linguistic in-
dexing and search of Pictures in ALIPR® or Google®® Im-
age. They are image retrieval systems based on contents,
hence their acronym CBIR — Content-Based Image Re-

UPGRADE vaol. viii, No. 1, January 2007 29
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Images

ID: 4272
Case

annotation

Description: A large hypoechoic mass is seen in the spleen. CDFI raveals it to be
hypovascular and distorts the intrasplznic blood vessels. This lesion is consisten:
with a metastatic lesion. Urinary obstruction is present on the right with pelvo-

caliceal and uretreal dilatation secondary tc a soft tissue lesion at the junction of the
ureter and baldder. This is another secondzry lesion of the maligrant melanama.
Surprisinaly, these lesions are not hypervascu ar on doppler nor on CT. Metastasis

are also visible in the liver.

Diagnosis: Metastasis of spleen and ureter, malignant melanoma
Clinical Presentation: VWorkup in a patient with malignant melanoma. Intravenous
pyelography showed ne excretion of contrast on the right.

Figure 3: An Example of the Information of a Clinical Case <http://ir.ohsu.edu/image/

2006protocol.html>.

trieval. A CBIR system indexes images according to their
low-level visual features, like their texture, their colour or
the geometrical forms contained in them. Some of the im-
proved systems use techniques like image segmentation and
rely on some image segments to solve the query, or use sev-
eral segments as new queries and then collates the results.
Despite the progress made in content extraction, CBIR sys-
tems are still hindered by considerable limitations.

More often than not, CBIR systems do not rely solely
on visual information. Many information collections offer,
beside images, some kind of textual information (free or
semi-structured text) which has a semantic relationship to
the image, for example, history archives, art collections or
medical databases. Image retrieval systems can also give
better results using the textual information associated with
images.

3.1 Medical Tasks
Medical science often has cases which include images,
text notes or reports written by specialists that are all con-

| D

tained in the patients” medical files. A traditional system of
textual retrieval could benefit considerably from a CBIR
system by retrieving cases similar to the ones which are
most relevant as obtained through an image-based query.

Similarly, a CBIR system could give better results if it
used all the textual information contained in a medical file,
not just for retrieval of similar or identical images, but as a
supplement to the information on the clinical case related
to those images. This would help specialists gain access to
all the information of the disease which those images por-
tray (see Figure 2).

Our approach to this perspective relies on textual infor-
mation for improved CBIR systems. Our experiments test
various techniques for combined use of visual and textual
information in a variety of clinical cases. However, the best
experiments are often those which rely on the simplest ideas,
like merely putting together images retrieved by various
retrieval systems (visual and text).

Our techniques were tested in the past two CLEF? [1][2]
campaigns, specifically in the subtask ImageCLEFmed?#,

5%

Show me blood smears that include polymorphonuclear neutrophils,
Zeige mir Blutabstriche mit polvmorphomiklearer Nentrophils.
Montre-moi des échantillons de sang incluant des neutrophiles polymorphonucléaires.

Figure 4: Example of Query in ImageCLEFmed 2006.
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Figure 5: A Comparison of Text Retrieval and Image Retrieval, a) Visual (GIFT) versus Textual (onlytext),

b) Using different Weightings.

for independent assessment of the system and one which
relies on widespread resources.

The collection of clinical cases available in the CLEF
[3] includes images of four different types of databases
(MIR, PEIR, PathoPIC and Casimage). They contain in the
range of 50,000 images along with their matching XML-
annotated cases (see Figure 3).

Beside work collections, a CBIR tool called GIFT is also
available. Our system uses that software for a preliminary
retrieval of images for further refinement.

Each CLEF campaign makes available for participants
a number of queries consisting of an image and a short text
(in three languages: English, German and French), and a
query. An example of such a query is shown in Figure 4.

3.2 The Resources
The body of clinical cases is very heterogeneous. The
collections PEIR and PathoPIC contain medical images

20 <http://www.clef-campaign.org/>.
2 <http://ir.ohsu.edu/image/>.

© Novatica

(scans, x-ray, CT, MRI, ...) with notes for each image. In-
stead, the collections MIR and Casimage are arranged by
clinical cases. Each case contains a number of medical im-
ages and notes on the disease depicted in the images.

In addition, not all cases are in the same language: al-
though most of the contents are in English, some collec-
tions are in another language or are translations. Only 20%
of the cases in the Casimage collection are in English. It
was decided to translate the remainder from French into
English. The PathoPIC collection contains cases either in
German (the original versions) or English (translations from
German).

3.3 The Experiments

The first problem for our system was having to use het-
erogeneous collections, so the collections were normalized
as far as possible: the collections were first pre-processed
for XML annotation, because the collection MIR was not
tagged in full (even though the same structure was used
throughout).

The contents of tags which did not supply any relevant
information were then deleted for reduced noise. The text

UPGRADE vaol. viii, No. 1, January 2007 31
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fields of the files of each case which could supply most
information based on the content and certain statistical meas-
ures were then selected. The efficiency of the deletion of
certain clinical fields was tested by generating several col-
lections using a given percentage of the labels with the best
information. Therefore, collections were generated using a
given percentage of the labels with the best information.
The percentages used were: 10%, 20%, 30%... , 90%, 100%.

For each of the collections generated, image-text pairs
were created by retrieving text information about the im-
ages from the cases in which they were contained. Simple
text retrieval was thus possible, because each retrieved docu-
ment matched only one image.

At this stage, the visual and text information are com-
bined. Where queries consist of an image plus text, each
element is used as queries in different systems: images are
searched for using GIFT, and each image query returns a
list of relevant images; texts are searched using LEMUR,
and a list of relevant documents is returned too. The lists
are lists of relevant documents, because each document has
a matching image and vice versa.

Both lists are put together giving a certain weight to each.
Different weights were given to each list in order to test
how this influenced the results. The weights given to the
text list were 10% (0,1), 20% (0,2), ..., 90% (that is, 9 more
types of tests).

3.4 The Assessment

The results obtained were assessed based on the (rel-
evance) RELEVANT judgements provided by the organi-
zation of CLEF. The image and text results (retrieved with
GIFT and LEMUR?, respectively) were assessed separately
so they could be used as base cases. This made it possible
to identify which of the two systems yielded better results
too. All text queries were submitted to the 10 text collec-
tions generated, each of them with different tag percent-
ages. The mixed lists were also assessed with varying
weights for the text list (0.1 - ... - 0.9).

3.5 The Results

Very similar results were obtained for the query list of
ImageCLEF 2005 and 2006. In both cases, text retrieval
yielded better results than image retrieval (Figure 5a). Thus,
the mixed list (textual + visual) produces better results when
the contribution of the textual list has more weight than that
of the visual list, being these results even better than those
obtained by using just textual information (Figure 5b).

As to information retrieval-based tag selection, better
results were obtained when fewer tags were used. The best
results were obtained when 30% to 50% of the best tags
were used. This can be noticed even when image and text
information are together.

22 <http://www.gnu.org/software/gift/>.
2 Sistema de Recuperacion de Informacién <http://
www.lemurproject.org>.
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4 Conclusions

Web content is growing exponentially. We are currently
shifting from information to knowledge through the ex-
change and interaction of information by user communi-
ties. Knowledge is an entity which is dynamic and which is
interactive, and it is managed by the tools enabled by Web
2.0. Thus, it does not matter which object is exchanged,
(image, video, sounds), because it is associated text that
turns it into global knowledge and gives it its place in the
stream of ideas, data, opinions, scorings, profiles and count-
less other elements which make up these large collabora-
tive knowledge databases.

The challenge is now whether researchers can make
knowledge management and generation easier based on that
information. With the presence of associated texts, NLP tech-
niques can retrieve from the blogosphere the underlying
social network or solve a query of clinical images based on
a given case. Research on information retrieval will have to
manage the overwhelming amount of information with
faster, more efficient and more specialized tools, but always
with the guarantee that, deep down, they can always rely on
words. Language is an inherently human feature, and its
use will remain the cornerstone of knowledge. Our ability
to process it will set the limits to our information technol-
ogy and to knowledge.
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