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Abstract. Content personalization is a key element in the media content 
environment since it contributes to improve the user’s experience. In this paper 
we present a novel intelligent content personalization system for content flow 
personalization over mobile broadcasting networks and terminals based on user 
profiling and clustering taking advantage of the consumption data obtained 
from the user and the information given by user’s tastes and behavior.  
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1   Introduction 

The digitalization of the media environment in broadcasting networks has opened new 
possibilities and at the same time, it presents new challenges to the actors involved in 
the value chain. In fact, consumers expect new incentives in order to contribute to this 
progress, and for this reason it is needed the development of innovative services that 
help them to satisfy their needs and to fulfill their expectations.  

In this paper we present a novel intelligent content personalization system for 
content flow personalization over mobile broadcasting networks and terminals based 
on user profiling and clustering taking advantage of the consumption data obtained 
from the user and the information given by user’s tastes and behavior. 

One of the most common ways to improve this experience is by developing content 
recommendation systems based on user’s preferences and behavior. In fact, there are 
many techniques to implement these recommendations engines: user clustering and 
profile classification, which are not only used in media environment but also in the 
web [1] or television applications [2]. But the main difference between these 
applications and the intelligent system for content personalization presented in this 
paper is that our system provides a final, clear and transparent solution for the users, 
by allowing them to receive the content according to their profiles, and not making 
necessary them to choose the piece of content to be displayed. In this way, since it is 
developed for mobile broadcasting television, they do not have to choose between 
several offered options, thus obtaining a more efficient system and real time results.  

The rest of the paper is organized as follows. Section 2 outlines the state of the art 
of recommendation and personalization systems and the techniques used on them. 



120 S. Uribe et al. 

Next section shows the users’ clustering design for the solution in this paper. Section 4 
presents the general structure of the system and the different modules. The system 
operation is shown on section 5 and in section 6 we present the conclusions. 

2   Overview of the Prior Art in Recommendation and 
Personalization Systems in Media Environments 

One of the most efficient solutions to this problem is the so called recommendation 
system. In fact, as it was explained in [3], the appearance of new television standards 
such as DVB-T or DVB-S increased the number of programmes and channels and one 
effective solution is helping them to find out their favorite contents by giving them 
several recommendation based on their preferences and tastes. According to this 
work, these systems are typically composed of four modules: 

 

– User profiling module, which is in charge of generate the profiles of users 
according to the existing information. 

– Program modeling module, which is in charge of extract the content data to 
classify them. 

– Collaborative filtering/content based module: this module creates user’s 
groups by finding out user’s neighbors with similar preferences or behaviors 
or chooses the content to recommend by studying its characteristics and their 
similarity to user profile. In [4] authors show a wide classification of the 
existing recommendation techniques. 

– Recommendation module: the final module which match content and users. 
 

Within recommendation systems, one of the most important research areas is the 
content and user activity modeling, since there are many papers focused on the 
content modeling to allow the recommendation process, mainly based on semantic 
process of content metadata,, as it is explained in [5] and [6].       

But content recommendation systems are also applied not only to television, but 
also to other environments like web browsing related to media content. In [7], authors 
present a system that helps users to find out media contents while browsing the 
Internet. In this case, the content recommended lists are created by analyzing content 
metadata and users’ feedback. 

As we have just seen, content recommendation systems are innovative solutions to 
integrate users’ needs and preferences in the media chain. But these solutions require the 
users to finally make the decision of which content is going to be selected, or in other 
words, they are non transparent solutions for the users because they need an action by the 
user. For this reason, the development of content personalization system represents an 
evolution which contributes to obtain more efficient solutions for real time applications.  

Moreover, personalization system can focus on different parts. As it is explained in 
[8], a structure personalization is needed in order to allow users to access the same 
content in different devices with different capabilities such as PC, mobile devices and 
so on. But as well as the structure personalization, content personalization itself 
represent other way of providing personal flow to the user. In [9], authors focus on the 
personalization of interactive video content in sports events, but the system presents 
in this paper does not only focus in a specific kind of events, and it is initially 
designed to be applied in mobile television, although it could be extended to other 
environments like other digital television standards and IPTV.  
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3   Design of a Content Personalization System for Mobile 
Television: The User Profiling and Content Association 

The aim of this system is to improve the user experience by providing targeted 
content to users according to their preferences, in an automated and real- time way. 

User preferences, that is, the center of this system, can be obtained by many ways, 
as it is explained in [10], where they are predicted by considering user’s conformity, 
user’s context and finally user’s behavior. 

In our system, according to both the application architecture and the available 
information, the most efficient and effective way to obtain the user’ clustering is by 
the generation of different users’ profiles, according to the declared preferences and to 
the media consumption, and cluster them according to pre-assigned groups. 

Given the characteristics of the system, and in order to let the designer of the 
system to establish threshold values for the belongingness to a cluster of a user we use 
the fuzzy c-means algorithm. Besides, this solution makes the matching between users 
and content easier, because advertiser and content provider generate concrete users’ 
classes with specific associated contents. 

In this case, the number of groups or clusters (with their centroids) is set a priori. 
The initialization of the clustering method is composed of 5 steps, according to the 

final desired classification: 
 

1. First of all, users have to complete a set of questions about their habits, 
interests and preferences. Each question is designed to have four different 
answers, each of them with a different score. 

2. Then, we collect the information about media consumption to elaborate a 
user profile by mixing the result from the declared interests and the result 
from the measured consumption. 

3. We apply the clustering algorithm to obtain the centroids. 
4. Once these centroids are established, we keep them fixed and we assign the 

users to each of the centroids. 
5. If a new user joins the system, he/she will be assigned to each of the clusters. 

When the number of new users reaches the update threshold (UT) then we 
will perform again the step number 3. 

 

Mathematically, the process from 1 to 5 is explained as follows: 
In the first step, 1, we define a set of users U = {U1,U2, …,Un}, holding a specific 

profile UP. Then we create the function to model the interests and preferences of a 
user U according to the number of content categories N: 
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In order to mix both measures, it is needed to establish a weight for each of the 
components, which can be established by the designer of the system. Then, we 
compute the fuzzy c-means algorithm, to obtain the centroids and the membership 
values of the different users to assign them to a cluster. The clustering (in the step 3) 
is computed through the minimization of the objective function: 

∞≤≤−=∑∑
= =

mcxuJ
N

i

C

j
ji

m
ijm 1,

2

1 1

     (3) 

Where: 

• ℜ∈> mm ,1 ; 

• uij is the degree of membership of xi in the cluster j; 

• xi the i-th term of the n-dimensional input data; 

• cj the n-dimension centre of the cluster 

• and || · || is any norm measuring the similarity between the input data and the 
centre. 

The process is iterative and the optimization of the objective function J is done 
updating the membership (uij) and the cluster centres (cj) as follows: 
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The iteration stops when ( ){ } ε<−+ kuu ij
k

ijij
)1(max  where ε is a termination criteria between 

0 and 1, with iteration step k. 
According to the system structure, content providers use the server module on the 

server side not only for uploading new content, but also for associating each one of 
these contents to the different existing users’ classes. Thanks to this solution, there is 
no need of an automatic association or even a content modeling process in order to 
extract content characteristics, making the system operation simpler.  

4   Content Personalization over Mobile Television:  
System Architecture 

A content personalization system over mobile television does not only involve the 
final users and their preferences, but also the other actors in the media value chain. As 
it is shown in Fig. 1, in this system there are many components that have to work 
together in order to obtain the best and most efficient result. 
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The proposed system is divided into three different parts according to their 
functionalities: first of all, the broadcaster, which is in charge of providing the content 
and giving the timestamps of the next change in order to make the swap between 
common content and personalized one at the right time; second, the personalized 
content server, which is in charge of doing the assignment and management of the 
personal content, based on the user clustering and the user-content assignment; and 
finally, the user side, the user device, which must present the given information and it 
also allows the bidirectional communication via return channel. 

Next subsections explain the functionalities of each architecture module (Fig. 2). 

 

 

Fig. 1. System architecture 

 

Fig. 2. System modules' interaction 
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4.1   Broadcaster 

Broadcasters are in charge of providing the content flow. In order to replace the 
common content with the personal one at the right time, a timestamp of commercial 
breaks is needed. Although there are different algorithms to detect spots in media 
flows, like the one shown in [12], we consider that these solutions present a high 
process load for mobile devices, and that is why we propose the broadcaster to 
include this information, which can be done in two different ways:  

• On one side, broadcasters can report to the users the time left to the next break 
via the return channel. This is the implemented solution. 

• On other side, this information can be included in the ESG (Electronic Service 
Guide), but this solution requires both a real-time update of the guide as well 
as a constant scan of it in the user side in order to notice the changes. This 
method is processor intensive and consumes a huge amount of battery, so at 
the moment is not recommended for a real time application. 

4.2   User Module 

This module has two main objectives: the content presentation and the implementation 
of a bidirectional communication channel, and it is divided into different modules: 

• Player: this module presents the broadcasted content and the personalized one. 
• Mass Storage module: it stores both the personalized content received from the 

server and the user’ behavior data, which can be used to update users’ profiles. 
• Control module: it is in charge of presenting user’s forms for the 

personalization and registration processes. Once users are logged in, this 
module starts the TV presentation, asks for the next commercial break and 
captures users’ interactions.  

• Communications module: it is in charge of receiving the personal content, and 
sending back the collected data to the server via an UDP socket. 

4.3   Server Module 

The main function of this module is making the user clustering and segmentation in 
order to relate each user’s group to the content. This module is divided into the 
following modules: 

• Web server: in this server broadcasters and content providers have the tools to 
manage the system, by controlling the users’ profiles (generation and update) 
according to the existing information, by creating new commercial campaigns 
and specifying the target group for them. In this server, broadcasters also find 
the users’ consumptions statistics. 

• Media Asset Decision module: based on the method explained before, this 
module associates each user to the correct group and then selects the tailored 
content for them. This module has the control of the personalization, and can 
update the users’ profiles. 

• Communications module: this module controls the data flow between the 
server and the user. 
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• Control module: this module allows the data flow inside the server by giving it 
the proper format.  

• Database: it stores the personal profiles, the data collected from user’s 
behavior, as well as the content given by the content providers. 

5   Content Personalization over Mobile Television:  
System Operation 

Based on the structure of the system, its operation (shown of Fig. 3), can be divided 
into six steps: 

1. Clients log in the system, by sending users’ connection data (user&password), 
in order to be identified in the system. Once the server cross-check this 
information on the database, the user is connected and starts watching TV. If it 
is the first time of the user in the system and he has completed the first 
registration form to minimize the so called ‘cold start’ effect, server receives 
these data and performs the user’s segmentation according to the clustering 
method designed. 

2. Once connected, client device asks the server for both the exact time of the 
next commercial break, and the personalized content to show. 

3. The actions performed by the users are monitored in order to update user’s 
profile. These data are stored on the client side until they are sent to the server 
side via the return channel.  

 

 

Fig. 3. System operation 

 
4. Once this information is received, it is processed to update the user’s personal 

profile and perform the most efficient personalization. 
5. According to the exact time received about the next commercial break, the 

presentation module on the user side swaps between the common content and 
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the previous stored personalized one, without any action by the user. Later, 
when the personalization ends, the system returns to the common media flow.  

6. Finally, in order to log out the system, users have to send again their 
connection information.  

6   Conclusions and Future Work 

We have presented an efficient system for content personalization. It is based on user 
clustering according to their preferences and behavior, which means that user’s 
environments are the center of the development. Furthermore, this system represents a 
useful solution for costumer segmentation and personal advertising, which can be 
applied in other environments. As it has been explained, user’s segmentation includes 
two main steps: the first one where each user is classified in a group according to his 
answers to the proposed set of questions, and the second using their content 
consumption historic data. The system has been extensively tested and is in 
prototyping by the time of this paper submission. 
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