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Abstract During the last years, we have witnessed the boom
of the digital market due to the proliferation of emergent
audiovisual services and the increasing number of broadband
networks. In this scenario, users insistently demand innova-
tive services for exchanging and sharing their own audiovi-
sual contents. In order to meet these needs, in this paper, we
propose a system that broadcasts user-generated audiovisual
contents for handheld devices in a mobile network based on
the DVB-H broadcasting standard. Besides, our system offers
diverse value-added services to these new active users, such
as: (1) annotation, sharing and personalized distribution of
audiovisual contents, (2) multi modal access, via Web or by
client applications running locally in the handheld device,
and (3) exploitation of return channels to transmit interactive
contents that enhance the user’s experience. To achieve these
goals, our system adopts well-known technologies for broad-
casting and semantic annotation of audiovisual contents, as
well as emergent technology from Web 2.0 and Semantic
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Web. We have carried out tests involving a group of students
from the University of Vigo, who were satisfied with the per-
sonalization capabilities offered by our TV system for mobile
settings.
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1 Introduction

In recent years, we have witnessed a boom of the digital
market, an effect that stems from the proliferation of emer-
gent audiovisual services and the increasing number of broad-
band networks. In this scenario, the users demand more and
more active and collaborative roles, encouraged by the pow-
erful new ways of communicating that arose within the World
Wide Web. This new scenario has favored an enhanced net-
worked effect among Internet users that is changing the way
people communicate, where and how they congregate, and
the way they seek and share information [3]. This focus
on a social Web does lay the foundations of the so-called
Web 2.0, a new initiative that boosts active participation
and collaboration among users [17]. In fact, Internet users
are increasingly visiting social networking sites—sites that
promote networks of relationships around users and infor-
mation [10]—for entertainment and news, business relation-
ships, consumer product reviews, connecting with friends,
and more. But the users are doing more than just visiting;
instead, they contribute content in the form of journal entries,
photos, videos, and weblogs, becoming producers and
authors. Definitively, the value of these sites is derived not
from the contents provided by the site’s owners, but from the
emergent relationships among users and the contents they
create and consume.
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This process of user-driven content generation is firmly
supported by the development of consumer electronics,
which has given rise to a new generation of handheld devices
that enable to create contents easily, and to access them
from any location at any time. In this paper, we harness the
momentum that these devices have gained in the context of
the mobile TV, where users will be able to watch content
with which they are familiar from traditional broadcast tele-
vision on their mobile devices. Mobile TV will offer more
than just a “television on the move” consisting of merely
broadcast traditional television content on mobile devices.
Mobile TV will increasingly be delivered by a device with
multiple multimedia functions. Features such as radio, music
player, camera and video recorder are already available on
mobile devices. With these and new multimedia functions,
mobile TV will offer a more interactive and personal viewing
experience than that of traditional television.

People are likely to watch mobile television to fill empty
spaces in their day, such as traveling and commuting, unoc-
cupied slots during the day (e.g. lunch breaks), or waiting
situations [18]. This short usage time forces mobile TV con-
tents to meet two requirements:

• On the one hand, these contents have to be fresh, attrac-
tive and suitable for “snacking” in order to accommodate
users’ limited attention span, the scarce sustained times
they have available, and the reduced life of the battery of
their handheld devices. The short duration of these con-
tents helps mobile TV users avoid feeling fatigued from
staring at the small screen for too long. In the report pre-
sented in [18], Dr. Orgad points out two types of mobile
TV contents: fragmented programs consisting of small
made-for-mobile episodes that cater to bite-sized portions
of content while on the go (the so-called mobisodes), and
user-generated contents (UGC items). As explained in
[18], “the current trend of UGC, as seen by the phenom-
enal growth of YouTube, is a key feature of mobile TV.
As consumers increasingly will use their mobile devices
to create video content, new broadcast platforms will
emerge to distribute this content to other mobile users.1”

• On the other hand, the selection of contents offered to
mobile TV users must be personalized: when the user
turns his/her portable device on, he/she should be pro-
vided with a personalized list of potentially interesting
contents, thus avoiding a tedious manual search process
in the broadcast stream.2 This list must be as accurate

1 The United States TV channel, CurrentTV, is a good indicator of the
future with 30% of its programming consisting of UGC.
2 Actually, when the programs relevant for a given user are ready to
be broadcast from the head-end, he/she is notified of their availability
in a specific channel and time; next, the user can either enjoy a live
broadcast or record those contents in his/her device for viewing at a
later time.

as possible and include few TV programs, because (1)
the users do not have long chunks of time to browse the
programs available in the broadcast stream and (2) the
small screens of their devices cannot show a lengthy list
of recommended programs. For both reasons, it is espe-
cially important to increase the quality of the recommen-
dations (automatically) identified for mobile TV users,
including a reduced number of interesting TV programs
to be viewed in little time. In traditional recommender
systems [2], the identification of the appealing programs
to each user is driven by recommendation strategies that
match his/her personal preferences against the broadcast
contents, merely doing syntactic comparisons between
the attributes of the programs. Consequently, traditional
strategies disregard a huge amount of knowledge hidden
behind the semantics of the user’s preferences and attri-
butes of the broadcast programs, thus impoverishing the
recommendation accuracy.

Taking into account the two requirements above, in this
paper we propose to move from the traditional mobile TV to
a new system endowed with enhanced personalization capa-
bilities. Specifically, the contribution of our system is the
confluence in a mobile setting of the following features:

– Broadcast of UGC items to handheld devices for any-
time-and-anywhere TV access: these contents are fresh,
attractive and are usually adapted to short viewing times,
thus becoming very suitable for a mobile TV environ-
ment.

– Personalization functionalities based on reasoning tech-
niques borrowed from the Semantic Web. Our system
includes a novel recommendation strategy that reasons
about the semantics of the available UGC items, going
beyond the syntactic comparisons adopted in traditional
approaches (e.g. our strategy matches a program about
flora to another about fauna, because both are related to
the nature, although their respective attributes are differ-
ent). These reasoning techniques uncover extra knowl-
edge about the user’s preferences, thus leading to much
more accurate recommendations than those offered by
traditional syntactic strategies.

– Provision of capabilities borrowed from Web 2.0 (here-
after, Web 2.0-related functionalities) in such a way that
the mobile TV users can participate actively by sharing
their creations and, at the same time, providing our sys-
tem with information useful for our personalization tasks:
specifically, the users rate the available UGC items and
annotate them by freely chosen tags that will be exploited
by our recommendation strategy.

This paper is organized as follows: Sect. 2 describes
mobile TV broadcasting trials and personalized TV expe-
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riences that have taken place in several countries, highlight-
ing the differences with our system. Section 3 focuses on
the technologies gathered together in our approach to per-
sonalized mobile TV. Next, Sects. 4 and 5 detail the main
functionalities and architecture of the system, respectively.
The results from preliminary experiments are described in
Sect. 6. Finally, Sect. 7 concludes the paper.

2 Related works

According to what we commented in introduction, in order
to find works related to our research it is necessary to explore
two fields: mobile TV and traditional recommendation strat-
egies.

2.1 Background on mobile TV experiences

Mobile TV has been commercially launched in several coun-
tries (e.g. Japan, Singapore and Finland) where consumers
can receive broadcast material targeted to mobile terminals.
In addition to mobile television broadcasts, 3G mobile net-
works are capable of carrying streaming videos as unicast
services. And further, even without any network, consumers
can buy media players, such as iPod, and enjoy content that
has been downloaded to the player prior to leaving home or
work.

In Tokyo, the Terrestrial Broadcasting Pilot Project [13] is
testing fixed and portable reception of digital broadcasting.
In addition to television at home, digital terrestrial broadcast
signals reach portable receivers, which enable users to access
the Internet, get detailed information about the contents they
are watching, and use interactive services.

Other trial to enhance the TV experience outside the home
boundaries has taken place in Singapore, where a system
named TVMobile delivers high-quality mobile TV programs
to public commuters.3 This system keeps commuters up-
to-date with broadcasts of real-time financial data, news,
weather reports and entertainment contents.

Lastly, note that in Finland there is also a great deal of
interest in the use of mobile devices and, in particular, the
possibilities offered by 3G phones. In 2000 Sonera Mspace
sets up the first consumer trial—PMA pilot—that simulated
next-generation mobile services. They used a device consist-
ing of a pocket PC and a GSM phone to deliver daily news
flashes, personalized movie information and trailers, music
videos, sports highlights, and map services. Other similar
project (named Mstation) was launched in 2001, in which
the users employed a device combination of a PDA and a
mobile phone connected with Bluetooth. The aim was to
study the usability aspects and challenges related to future

3 Mobile TV, http://www.corporate.mediacorp.sg/tvmobile/.

mobile applications. This way, the users tested, for example,
a user interface control based on movement of the mobile
device. Mstation applications covered areas such as wireless
games, messaging, on-line betting and lottery services.4

Other mobile TV trials in Finland were Mobile TV and
PodRacing. Mobile TV offers theme channels, management
of favorite contents, games and delivery of diverse interac-
tive services [22]. In PodRacing, the aim was to test different
media formats (e.g. text, audio and video) and delivery meth-
ods (broadband, 3G and podcasting). The first trial concen-
trated on news service. The first prototype used on-demand
delivery and 3G network. The second trial focused on com-
paring 3G and a broadcast network. In the third trial, the
users had media players, such as iPod, and enjoyed content
that has been downloaded to the player prior to leaving home
or work [19].

Differently from our proposal, the systems used in the pre-
vious trials do not allow the users to: (1) upload their own
creations, (2) share them with other individuals, (3) rate the
generated contents, and (4) annotate them by freely chosen
tags. We can find similar functionalities in YouTube or See
Me TV, which permit users to upload and broadcast their own
videos directly to the websites from their mobile devices and
network with others who are interested in viewing these con-
tents. Both systems support UGC but personalization func-
tionalities are still missing. Finding works related to such
functionalities requires to explore the recommender systems
proposed in the field of domestic DTV.

2.2 Background on personalized traditional TV

DTV recommender systems have mainly adopted two well-
known recommendation strategies: content-based filtering
and collaborative filtering.

Content-based filtering consists of suggesting to a user
programs similar to those he/she liked in the past. This
approach has been adopted in several DTV systems for a
domestic setting, such as TV AdvisorTM [7], TV Show Rec-
ommender [25], and the personalized EPG (Electronic Pro-
gramming Guide) proposed in [1]. Content-based filtering
requires a metric to quantify the similarity between the users’
profiles and the target programs. To define such a metric,
appropriate descriptions of the contents are required, whose
generation is usually a complex and time consuming task.
Due to the use of syntax-focused similarity metrics, content-
based methods tend to suggest programs too similar to those
ones known by the user, which leads to limited diversity in the
recommendations (i.e. overspecialized recommendations).

On the contrary, collaborative filtering is based on re-
commending to a user those programs appealing to other

4 Additional information about PMA-pilot and Mstation projects can
be found in http://www.sonera.fi/en/.
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like-minded viewers (named neighbors). In order to form
the user’s neighborhood, traditional collaborative approaches
create a rating vector for each user including his/her level of
interest in each program available in the system.5 Next, the
rating vectors are correlated, in such a way that two users are
neighbors when they have rated the same programs and with
similar ratings. As experienced in systems such as Bellcore
Video Recommender [12], MovieLens [16], TV ScoutTM [4],
and MoviefinderTM [20], this lack of flexibility to estimate
the similarity among users leads to the so-called sparsity
problem. In this case, as the number of contents in the sys-
tem increases, the probability that two users have watched the
same content gets lower. This reduced overlapping among
the users’ profiles hampers the discovery of users with sim-
ilar preferences, a critical step in collaborative approaches.
Besides, the increase in size of available contents leads also to
scalability-related problems. Other limitations in traditional
collaborative approaches are related to the fact that a specific
content must be rated by a significant number of users before
it can be suggested by a collaborative system. Thereby, sig-
nificant latency is observed since a new content arrives at
the system till it is suggested to some user, as it is necessary
that a significant number of users have previously rated it.
This is especially critical in the TV field, as we will have a
large number of programs disappearing from the broadcast
stream, staying in the system for a short time.

In order to fight these limitations in our personalized
mobile TV system, we explore novel recommendation
strategies where synergies among traditional personaliza-
tion paradigms (content-based and collaborative filtering)
and semantic reasoning techniques are exploited.

3 Technological landscape

To provide the functionalities mentioned in the previous sec-
tions, our system adopts well-known technologies from a
variety of fields that will be reviewed in the following sub-
sections.

3.1 Delivery of contents to handheld devices

Relaying TV and video-on-demand services to a handheld
device involves a lot more than building an analogue or dig-
ital TV tuning system into a mobile setting. The cellular net-
works must turn to new technologies to meet the requirements
of portable devices. To this aim, Digital Video Broadcasting
consortium has proposed DVB-H (Digital Video Broadcast-
ing-Handheld), a standard that allows the handheld termi-
nals to receive data from the network while a return channel

5 A rating 0 is assumed for programs that have not been rated by the
user.

is required for data and interactive applications [8]. For that
purpose, DVB-H resorts to IP DataCast (IPDC), a system
for the delivery of digital contents and services using IP-
based mechanisms, which comprises a unidirectional DVB
broadcast path and a bidirectional mobile path for interactiv-
ity purposes. Specifically, DVB-H is based on specifications
for terrestrial broadcasting (DVB-T) and only adds new func-
tionalities in order to consider special conditions of handheld
devices (e.g. limited battery life). In this regard, DVB-H
uses a technique called time-slicing—where burst of data are
received periodically—that allows the device to power off
when it is inactive, thus leading to significant power savings.

But DVB-H is not the only TV-on-the-move technology:
the alternative is known generically as video streaming,
which has the advantage that it can operate across multiple
mobile standards, ranging from 2.5G (GPRS) right through
to 3.5G. However, video streaming is not really suitable for
real-time TV transmissions due to the relatively low speeds
currently available on 3G networks [11].

3.2 Annotation of audiovisual contents

In order to reason about the semantics of audiovisual contents
we need annotations defining their main attributes.
TV-Anytime metadata specification [23] is a suitable option
for that purpose, as it provides detailed descriptions of audio-
visual contents in terms of intended audience, content,
format, intention, or involved credits, just to name a few.
Specifically, TV-Anytime standardizes multimedia services
based on digital storage in consumer platforms, combining
the immediacy of the television with the flexibility of the
Internet. This way, for instance, TV-Anytime specifications
allow the user to find, navigate and manage contents from a
wide variety of sources, including traditional broadcasting,
interactive TV, Internet, and local storage in a PDR (Personal
Digital Recorder). Besides these functionalities, nowadays,
media personalization using TV-Anytime is gaining momen-
tum as a promising mechanism that lays the foundations of
novel business models in the provision of personalized ser-
vices for TV viewers, whose utility is undoubted in view of
the content overload available in the broadcast stream.

3.3 Annotation and classification of UGC

Although TV-Anytime defines a common format to describe
audiovisual contents, it is interesting to let the users anno-
tate and categorize the UGC items in a free way, without
knowing the internals of any metadata specifications. For
that purpose, we adopt emergent technologies from the Web
2.0, whose foundation is the creation of virtual communities
that establish links among individuals who share common
characteristics or interests. A virtual community or social
network represents a structure of the relationships (edges)
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existing among the users (nodes). The language commonly
used to model social networks is FOAF,6 a simple technology
that permits to share and use information about people and
their activities (e.g. photos and weblogs) to transfer informa-
tion between websites, and to automatically extend, merge
and re-use it online.

In a social network, the annotation process gathers the
efforts of the community of users to create a shared col-
lection of metadata, whose expressive richness and quality
improve progressively. As each individual chooses freely a
set of labels for a resource, the collection evidences both
the social aptitudes of the community and a shared organi-
zation of the target annotation space. This community-man-
aged classification process was coined by Thomas Vander
Wal with the term folksonomy, referring to a progressive and
collaborative definition of the categorization and organiza-
tion of the content.

3.4 Semantic reasoning

Despite the power of folksonomies, the use of a vocabulary
without a common semantic substratum prevents from car-
rying out the reasoning processes that we want to exploit
in order to select accurate recommendations for mobile TV
users (see Sect. 1). To mitigate this limitation, we borrow
from the Semantic Web a structure called ontology that is
defined as “a formal, explicit, shared conceptualization of a
domain” [9]. Specifically, an ontology about the TV domain
allows to formalize the semantic descriptions of audiovisual
contents and the relationships existing among them. The use
of semantic reasoning techniques with this conceptualiza-
tion permits our system to learn knowledge about the users’
preferences, thus improving its recommendation accuracy.

In summary, our mobile TV system brings together:

– a DVB-H mobile network: compared with 2G/3G net-
works, broadcasting is a highly cost-effective way to reach
a large audience;

– a FOAF folksonomy: as this structure allows the users
to categorize the UGC items by freely chosen tags, they
provide the system with numerous high-quality annota-
tions that will be especially useful for our personalization
functionalities;

– an ontology compliant with TV-Anytime that is automat-
ically created from the user-defined FOAF folksonomy:
the tandem ontology-TV Anytime permits automatic acc-
ess and sharing of very detailed annotations of the UGC
items, two features essential for our reasoning-based per-
sonalization capabilities.

6 http://www.foaf-project.org.

4 Main functionalities

Having delimited the technological context of our system, we
now focus on describing its appealing functionalities, includ-
ing user-driven content generation, planning of theme chan-
nels and personalization capabilities.

4.1 User-driven content generation and planning of theme
channels

The users of our system congregate in social networks, where
they take advantage of last-generation consumer devices (e.g.
digital video cameras and mobile phones) to create their own
audiovisual contents in a flexible and easy way. These con-
tents are shared with the remaining users of the social network
through a website where the UGC items can be uploaded,
published, viewed, rated, and even recommended to other
individuals.7

According to what we commented in the previous sec-
tion, in the context of the social network, the UGC items are
annotated progressively by means of freely chosen tags. In
this tagging process, the users may specify a set of generic
classification categories along with more specific subcate-
gories (e.g. NEWS: national, economy; SPORTS: athletics,
cycling; MUSIC: jazz, rock, etc). Besides, users may define
attributes for these contents, such as the credits involved and
geographical/time information.

Starting from these shared annotations, we create automat-
ically a TV ontology where the contents are formalized and
described semantically as per TV-Anytime metadata specifi-
cations. For that purpose, we combine lexical databases with
logics-based reasoning mechanisms as follows:

– First, we resort to a translation process driven by Word-
Net [14], a semantic lexicon for the English language
that includes synonyms and defines semantic relation-
ships between concepts. Thanks to this lexicon, we relate
the tags entered by the users to TV-Anytime metadata,
and detect associations between the annotated contents
(e.g. by WordNet, we can categorize under a common
category two programs annotated by the tags humor and
comedy).

– Next, the concepts and relationships resulting from the
WordNet-driven process are analyzed by Pellet [21], a
Java-based logic reasoner by which we (1) discover equiv-
alent concepts and remove redundancy from the obtained
ontology, (2) automatically categorize concepts in clas-

7 Since these contents may come from a wide variety of coding tech-
nologies, sources, and formats, we incorporate transcoding processes
so that the contents can be broadcast through the DVB-H channels of
the system.
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Fig. 1 Our two-phase hybrid
recommendation strategy

ses and (3) check the consistency of the knowledge rep-
resented in the resulting conceptualization.

This ontology contains the concepts and relationships typ-
ical in the TV domain, which are represented as hierarchies
of classes (referred to, for instance, Genre,Credits, Intende-
dAudience of the contents) and properties (e.g. hasGenre,
hasCredits, hasAudience), respectively. Along with the hier-
archies of classes and properties, our TV ontology includes
specific instances that identify (1) the audiovisual contents
the users have generated8 and (2) their attributes (e.g. topic,
geographical and time information associated to the con-
tents).

These UGC items are arranged into theme channels and
broadcast through the DVB-H mobile network. Specifically,
the UGC items are categorized as per multiple criteria, includ-
ing the ratings given by the users, the metadata associated
to these contents in the TV ontology, and the kind of audi-
ence expected during the different time frames. Combining
these criteria, our system provides the users with very diverse
broadcast channels, including for example the favorite UGC
items for most of the users (i.e. those with the highest rat-

8 In order to prevent the TV ontology from reaching an unmanageable
size, we periodically remove the UGC items that are not appealing to
the audience. Specifically, we average the ratings that the users have
given to each UGC, in such a way that the content (and its metadata)
are removed when the average rating is below a given threshold.

ings), contents classified under a specific genre (e.g. Sports,
Sciences, Humor, Music), programs aimed at specific audi-
ences (e.g. children under 12, young couples without kids),
and contents about a particular topic (e.g. natural disasters,
animals).

4.2 Personalization functionalities

After planning the theme channels, our system automatically
identifies the UGC items that best match the preferences of
the users, who are notified about the availability of appealing
contents in the broadcast stream.

As depicted in Fig. 1, this personalization process is driven
by a two-phase hybrid recommendation strategy that com-
bines content-based methods, collaborative filtering and
semantic reasoning as follows: first, a content-based phase
selects the appropriate UGC items for a user by matching
his/her preferences against the TV-Anytime semantic anno-
tations formalized in the TV ontology. Next, a collaborative
phase recommends to each user the UGC items which his/her
neighbors are interested in. The algorithmic internals of both
phases are detailed in the next sections.

4.2.1 Content-based phase

The goal of this phase is to measure a matching level between
a given user and a target UGC, in such a way that if the
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resulting value is greater than a threshold, this UGC is rec-
ommended to the user. The resulting matching level will be
high when the target UGC is very similar to the contents
the user enjoyed (i.e. rated positively) in the past. In order
to measure this resemblance, we define a similarity metric
enhanced by reasoning that detects that two UGC items are
similar when they are (semantically) related. Specifically,
two UGC items are similar if they:

– share a common ancestor in the hierarchies defined in the
ontology (e.g. two UGC items classified as Sports);

– share identical attributes (e.g. two UGC items set in the
city of Madrid); or

– share sibling attributes (e.g. a UGC whose topic attribute
indicates that is about boats and another about launches
are similar because both are associated with Sea Trans-
ports).

Leaving apart algorithmic internals (detailed in [5]), the
higher the number of semantic relationships inferred bet-
ween the target UGC and the user’s preferences, the greater
the resulting matching level.

4.2.2 Collaborative phase

The goal of our collaborative phase is to predict the level of
interest of the user in the target UGC, by exploiting his/her
neighbors’ preferences and the TV ontology. If the predicted
value is greater than a configurable threshold, the target UGC
is finally recommended to the user.

In order to form the user’s neighborhood, we have defined
a taxonomy-based approach that exploits the hierarchical
structure of our TV ontology to discover overlap between
the preferences of two users, even when both have viewed
different UGC items. Specifically, our approach uncovers
resemblance between the preferences of two viewers when
they have rated UGC that are categorized under a common
ancestor in the hierarchies of our TV ontology. For exam-
ple, our approach detects that a viewer who has enjoyed a
UGC where several students have recorded chemical exper-
iments (classified as Chemistry), and a viewer who has liked
a UGC about mechanical engineering (classified as Physics)
are neighbors because both of them share interest in Sciences
ancestor.

Leaving apart the algorithmic details, the higher the num-
ber of common ancestor between the profiles of two view-
ers, the greater the correlation value measured between their
respective preferences. Finally, the individuals whose corre-
lation values (with regard to the considered user) are greater
that a given threshold, are selected as his/her neighbors.

Once the user’s neighborhood has been created, our col-
laborative filtering predicts what would be his/her rating for
the target UGC. To this aim, we average the level of interest

of each neighbor in the target UGC, weighted by the correla-
tion values measured between the user and those neighbors.
Specifically, if a neighbor has rated the target UGC, we use
his/her rating; otherwise, we predict the level of interest of
the neighbor by computing his/her matching level with regard
to this UGC (see Sect. 4.2).

From this explanation, it follows that the rating of the
user in the considered UGC is high when this content is very
appealing to the user’s neighbors, and when their respective
preferences are strongly correlated. In this scenario, the tar-
get UGC seems also to be appealing to the user.

4.2.3 Contributions to traditional recommendation
strategies

Significant research contributions can be identified in the two
phases of our recommendation strategy, which are reached
thanks to the semantic reasoning capabilities.

On the one hand, our content-based phase greatly alle-
viates the overspecialized nature of traditional approaches
that only include TV programs excessively similar to those
the user already knows (see Sect. 2.2). Instead of suggesting
UGC items similar to those the user liked in the past (which
could dissuade the users from consuming mobile TV), our
similarity metric recommends contents semantically related
to his/her preferences. Such relationships allow to discover
that some UGC items are appealing to the user even though
they do not share the attributes of the contents viewed in the
past, definitively helping to diversify the recommendations.

In the collaborative phase, semantic reasoning also con-
tributes to overcoming the most severe limitations of tradi-
tional approaches:

– First, our taxonomy-based approach serves to fight the
sparsity problem of existing collaborative proposals (see
Sect. 2.2), because it allows to detect that the preferences
of two users are similar even when their respective pro-
files do not contain the same UGC items. Recall that in
our approach, it is only necessary that the categories of
the considered UGC items share a common ancestor in
the hierarchy defined in the TV ontology.

– Second, our taxonomy-based approach also brings bene-
fits in terms of scalability. As mentioned in Sect. 2.2, the
vectors used to compare the viewers’ preferences contain
their ratings in all the programs available in the recom-
mender system [2]. Consequently, as new programs arrive
to the system, the size of the rating vectors increases and
therefore, the cost of computing correlations greatly rises.
In contrast with this, as the number of available UGC
items increases in our system, our rating vectors do not
necessarily increase in size. This is due to the fact that
many new UGC items can belong to the same hierarchical
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classes in the ontology, thus reducing the computational
complexity of our neighborhood formation process.

– Lastly, our process of neighbors’ rating estimation enables
to suggest (without unnecessary delays) UGC items that
are completely novel for all the users in the system. There-
fore, it permits to alleviate the latency problem of the tra-
ditional approaches, in which a program must be rated by
many users before it can be recommended. This improve-
ment is especially important in TV field, where a large
number of programs are continuously appearing in and
disappearing from the broadcast database, staying in the
recommender system for a short time.

5 Our architecture

5.1 Locating the recommendation strategy

One of the critical parameters in the design of the architecture
of our system is the location of the two-phase hybrid recom-
mendation strategy. Such strategy could be executed either
remotely in a centralized server or locally in the user’s hand-
held device (hereafter server-based personalization scheme
and receiver-based scheme, respectively).

– In the first case, the ontology required for the reasoning
techniques and the user profiles would be stored in a ded-
icated server, and the hybrid recommendation strategy
would run remotely, too.

– In the receiver-based scheme, the personalization logic
would be distributed between a server and the user termi-
nal: on the one hand, the user’s profile would be kept in
the receiver, where the recommendation strategy is also
locally executed; on the other, the TV ontology still has to
be kept in the server, because it can be an enormous data-
base, totally unmanageable for limited-resources devices.

Many existing approaches (surveyed in [6,22]) have opted
for the receiver-based scheme due to the limitations derived
from the server-based one. To begin with, the users could be
unwilling to store their preferences in a server, fearing that
details about their personal consumption histories could be
revealed. Furthermore, server-based scheme forces the users
to have a return channel to provide their preferences and
feedback about the recommendations, a requirement that is
not really critical nowadays in view of the generalized pene-
tration and expansion rate of the 2.5G/3G mobile telephone
networks [11].

In our approach, the choice of a personalization scheme
is narrowly related to the accuracy of the recommendations:
as mobile TV users tend to have short attention spans and
brief chunks of time for content consumption, it is neces-
sary to obtain very accurate recommendations in order to

strengthen their confidence in the provided personalization
capabilities. As pointed out in the introduction, for that pur-
pose, our research work exploits the potential of semantic
reasoning processes that cannot be executed in terminals with
limited resources. This requirement forces our recommenda-
tion strategy to be run in a centralized server, where there are
no pressing limits to the computational and storage power.
This way, it is possible to run more complex reasoning-based
filtering algorithms that lead to more fine-tuned recommen-
dations.9

Bearing this into account, we have opted for a server-based
personalization scheme against the receiver-based one. As
usual, in order to deal with privacy concerns in this scenario,
the users of our system sign a service-level agreement with
the provider: the latter commits to the provision of trustwor-
thy servers that never reveal the preferences and personal data
of the users, while the users explicitly allow this information
to leave their terminals. Besides, the server-based personal-
ization scheme has the advantage that the execution of our
hybrid recommendation strategy at the server side enables to
better plan the UGC items to be broadcast as per the avail-
able audience. In other words, it is possible to harness our
recommendation strategy to remove information that is irrel-
evant for the viewers who are watching TV at the moment,
replacing it with UGC items potentially interesting for them.

5.2 A modular architecture

After motivating the location of our recommendation strat-
egy, the next step is to describe the architecture of the system
in its entirety, whose design has been driven by modular-
ity. This feature makes it easy to incorporate into our sys-
tem both new functionalities appealing to mobile TV users,
and future technologies that promote its generalized use. As
shown in Fig. 2, the architecture is composed of the five func-
tional blocks that are briefly described next: (1) provision and
adaptation of UGC items, (2) Web interface, (3) personaliza-
tion and planning of channels, (4) broadcast and interactivity
management, and (5) user terminal.

– Provision and adaptation of UGC items: this block is in
charge of acquiring UGC items (from well-known UGC
portals and even via multimedia messages or e-mail),
transcoding to the formats handled by the broadcast chan-
nels, storing these items in a content repository (where the
FOAF folksonomy and TV ontology are included), and
managing possible interactive services delivered by the
system (e.g. new, stock price, on-line trading services).

9 In literature, some approaches adopt personalization techniques
based on light semantic reasoning at the side of user’s terminal, but
they lead to significant loss of recommendation accuracy (see [15]) that
could become a trouble in a personalized mobile TV system.
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Fig. 2 Architecture of our
personalized mobile TV system

– Web interface: as depicted in Fig. 2, the website of our
system is mainly focused on publishing UGC items and
developing the mechanisms that the users need to upload
and annotate their contents, send their viewing histo-
ries, rate the available UGC items and even share them
with others through a return channel based on 2.5G/3G
network. Note that these suggestions among users can
be ordered from both the website and the user’s hand-
held device, hence the fact that the block includes inter-
faces with external notification systems (e-mail, SMS)
to report the users of the availability of appealing con-
tents.

– Personalization and planning of channels: as shown in
Fig. 2, the available UGC items are planned and arranged
in the ESG (Electronic Service Guide), including sched-
ule information about the contents broadcast through each
theme channel. At the same time, the reasoning-based
recommendation engine included in the block resorts to
our two-phase hybrid strategy to identify the UGC items
that are appealing to each user.

– Broadcast and interactivity management: this block en-
capsulates the information related to the planned theme
channels to be delivered through the DVB-H stream, and
transmits the interactive material via the return channel.

– User terminal: this last block includes all the modules
required to compose the client application that allows the
user to access our system from their handheld devices.
These modules are in charge of receiving the ESG, pre-
senting its information on the device, managing the bro-
wsing of channels and the selection of a specific UGC,
and playing out the selected contents. Besides, as shown
in Fig. 2, the user terminal also includes a module devoted
to the user interface, which permits, for instance, to rate
the available UGC items and annotate them using the own
keypad of the handheld device.

6 Experimental evaluation

When it comes to evaluating our system, we distinguish
between the functionalities bound to Web 2.0 and those
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related to personalization. In our opinion, the former are more
critical than the latter: the active participation of users in the
current Web 2.0 (see the precise figures of penetration in [24])
leads us to think that mobile TV users will be probably inter-
ested in creating their own contents, rating them, categorizing
them and even sharing these UGC items with other individ-
uals. However, asserting the interest of the individuals in
our personalization functionalities requires to carry out tests
where the accuracy of the semantic reasoning in a personal-
ized mobile setting can be validated experimentally from the
user-provided feedback. For that reason, before implement-
ing a full prototype of our system, we started developing (and
testing) only the blocks of the architecture directly related to
personalization capabilities. The first results of some tests
involving this preliminary prototype are described in this
section.

Specifically, the developed prototype explores a set of 675
contents—extracted from well-known UGC portals and rep-
resented in a TV ontology containing about 20.000 nodes
referred to UGC items, their attributes and hierarchies of
classes, and selects those potentially interesting for a set of
users by resorting to our reasoning-based recommendation
strategy. Before discussing the obtained results, we detail the
experimental design of our evaluation.

6.1 Experimental design

Our tests were carried out between February and September
2008, involving 60 users recruited among graduate/under-
graduate students from the University of Vigo. These people
belong to one of the social collectives who are most familiar
with Web 2.0 technologies [18]. These users—not involved
in our research work—were incentivized by the possibility of
winning recharge vouchers for mobile phones or cash prizes.
We ended up with an audience including nearly as many men
as women (53% vs. 47%) and with ages ranging from 19 to
27 years old.

Our goals were (1) to measure the accuracy of the recom-
mendations offered by our hybrid strategy and (2) to evaluate
the users’ global perception of our personalized mobile TV
prototype.

Initially, the users logged in a web page by their e-mail
and filled in a form to initialize their personal profiles, where
they rated on a scale from 0 to 9 a set of classification CAT-
EGORIES/subcategories (e.g. NEWS: national, economy;
SPORTS: athletics, cycling; MUSIC: jazz, rock, etc). After
processing these forms and modeling the users’ profiles,
our hybrid recommendation strategy selected automatically
UGC items suited to their preferences. Next, we e-mailed
the users in order to alert them of the availability of their
personalized recommendations, including a brief descrip-
tion for each one of the recommended UGC items. After the
notification, the users connected to our web server through

Fig. 3 Evolution of average precision values of our implicit recom-
mendations along the 7-month testing period

diverse handheld devices (70% of users employed laptops,
20% mobile phones and 10% PDAs)10 to query and view the
suggested UGC items.

Lastly, the users rated these contents and provided us daily
with relevance feedback about the recommendations. Specif-
ically, the feedback included the ratings given by the user to
each suggested content, along with an estimation of the time
he/she spent with our personalization tool (e.g. viewing and
rating the recommended UGC items, providing feedback,
etc.). The ratings were employed to update the users’ profiles
and select new recommendations day after day. Regarding
the usage time, we measured this parameter to detect possi-
ble dependencies between the time the users spent using our
tool and the recommendation accuracy.

6.2 Experimental results

In order to assess the quality of our recommendations, we
measured daily their precision for each user, defined as the
percentage of suggested UGC items that were interesting for
him/her (i.e. the ones that got a rating greater than 6 in the
relevance feedback). Next, we averaged the precision values
corresponding to all the users and represented the evolution
of these values along the 7-month testing period, as shown
in Fig. 3.

Analogously, we averaged the usage times measured for
each individual. The progress of these daily average values
during the testing period is depicted in Fig. 4.

Lastly, once the testing period had passed, we sent the
users an e-mail with a questionnaire including questions such
as: “at what time, where and why did you use the tool?”,
“would you be willing to pay for receiving our recommenda-

10 Admittedly, these numbers may not be realistic in a DVB-H-based
system because users tend to use 3G mobile phones and PDAs as hand-
held devices. In our testing scenario, most of the students used laptops
for their convenience.
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Fig. 4 Average usage time values during the testing period

Fig. 5 Perception of the users about our reasoning-based recommen-
dations

tions?”, “do you think that the recommendations were diverse
or very repetitive?”, “do you feel that the quality of recom-
mendations improved over time?”, and “how do you assess
globally the personalization capabilities of the tool?”, just to
name a few. From the users’ answers, we could evaluate the
global utility of our personalized TV tool in a mobile setting.
Specifically, the results obtained for the last of the mentioned
questions are depicted in Fig. 5.

The results presented in Fig. 3 show that the average
precision of the recommendations elaborated by our
reasoning-based strategy increases over time. This increase
is undoubtedly achieved thanks to the feedback provided by
the users after recommendations. This feedback helps our
reasoning-enhanced strategy to know better the users’ pref-
erences, thus leading to more and more accurate suggestions.

As shown in Fig. 4, the maximum values of usage times
of our personalization system coincide with those of aver-
age precision of the recommendation. According to these
data, as the users receive high-quality recommendations, they
start employing our system more and more during breaks and
spare times. Indeed, the great number of high ratings gath-

ered indicates that the users spent more and more time with
our tool because they received more and more precise recom-
mendations. In this scenario, the users viewed more and more
UGC items (and entirely because they liked these contents),
hence the fact that the usage times increased.

Lastly, as shown in Fig. 5, most of the users involved
in our preliminary tests (75%) evaluated our personalization
tool positively or very positively. On the other hand, just 25%
of users either remained indifferent (neutral) or did not find
appealing our personalization capabilities (negative).

Starting from the questionnaires provided by the users,
we not only discovered that most of the users (81%) would
be willing to pay for receiving our non-overspecialized rec-
ommendations, but also inferred interesting data related to
the most popular content categories, and favorite times and
places for mobile TV consumption. Regarding the catego-
ries, users enjoyed mainly UGC items classified as Sports,
Music, Humor and Sciences. These users typically reviewed
their recommendations during breaks from classes and when
they relaxed at the university cafeteria (where the recom-
mended UGC items were shared with other friends). Users
also enjoyed our recommendations when they were at home
because either the television set was busy or the UGC items
were more funny than programs on TV.

In spite of the preliminary nature of our experimental tests,
this evaluation has permitted us to check (1) good results
of recommendation precision and (2) the users’ acceptance
about our reasoning-based recommendations in a mobile set-
ting. The next step will be to finish the development of a full
prototype, so that (1) all its functionalities can be validated
in a more realistic scenario with a higher number of users,
and (2) conclusive results can be drawn regarding to param-
eters such as scalability, performance or easy of use. For that
purpose, we are currently participating in a research project
where the University of Vigo cooperates with leading enter-
prises in audiovisual services technologies, which see our
research as a possible means to develop an innovative prod-
uct that enables to increase market share and gain customers
loyalty.

7 Conclusions

In this paper, we have described the main functionalities
and architecture of a mobile TV system that enhances the
viewers experience outside the home boundaries. Our sys-
tem is inspired by the principles of participation and sharing
between individuals promoted by the so-called Web 2.0. For
that reason, the users gather together in social networks where
they create, annotate, rate and share audiovisual contents.

We have opted for broadcasting of User-Generated Con-
tent (UGC) items in our system because these contents adapt
perfectly to the new medium of mobile TV, where the users
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have an appetite for interacting but need to be motivated by
attractive content: something that feels fresh, rewarding, and
is adapted to shorter viewing times. UGC items meet per-
fectly each one the aforementioned features, what turns our
system into a potentially appealing tool where the users can
employ mobile TV as a way for self-expression and creation,
thus shaping a new “self-authored TV ”.

Along with the user-driven content generation and ubiq-
uitous access via handheld devices, our mobile TV system
enhances the viewing experience on the move by offering:
(1) interactivity options through a return channel based on
2.5G/3G network and (2) personalization functionalities to
recommend potentially appealing UGC items to each user.
Specifically, our system includes a recommendation strategy
that automatically identifies which of the broadcast UGC
items could be most appealing to each user (as per his/her
preferences and viewing history). To this aim, our strategy
combines traditional filtering mechanisms with semantic rea-
soning techniques borrowed from the Semantic Web that
allow to exploit additional knowledge about the users’ pref-
erences, thus leading to improved recommendations.

The combination of mobile TV and Web 2.0 principles
will ultimately give way to a more personal and private TV
experience than that of traditional broadcast TV, with big
implications for users, content providers and advertisers.

– On the one hand, users are able to receive UGC items
anytime and anywhere, to collaborate actively with other
individuals, and to employ their handheld devices as a
personal TV screen at home, either because they want to
avoid other members of the household and have a private
viewing environment, or because the television set is busy
and they want to watch something else.

– Regarding content providers and advertisers, both of them
can enlarge their target audience and tailor their offerings
more specifically to the users thanks to our personaliza-
tion capabilities. This strengthens the users’ loyalty and
therefore may lead to very profitable business opportuni-
ties.

Our personalization capabilities have been experimentally
validated by a first prototype that allowed us to measure
both the accuracy of our reasoning-enhanced recommenda-
tion strategy and the users’ global perception of the suggested
UGC items. Even though these results are preliminary, we
think that they are a good indication of that our system offers
an enhanced viewing experience, permitting the users to en-
joy an unprecedented combination of broadcast and UGC
items in a personal interactive mobile TV environment.
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