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Abstract—Digital television (DTV) systems represent a major
leap forward from analog ones, offering superior audio and
video quality and interactive capabilities. The latter allow viewers
to engage with broadcasts in a manner similar to navigating
the Internet, opening up possibilities for new services such
as recommendation systems and targeted advertising. However,
even with such capabilities, free-to-air TV is still mostly offered
according to the push paradigm, where the available content is
just sent while neither required by users nor based on their pref-
erences. The present proposal addresses this gap and introduces a
personalized recommendation methodology for DTV, employing
three distinct approaches: active search, background, and on-
the-fly recommendation modes, thus leveraging the capabilities
of modern DTV receivers, mobile devices, and centralized data
repositories. Our system enhances user control over personal
data by using a smartphone as the primary interface for user
interaction and specialized data processing, thus keeping sensitive
information within it. Consequently, this approach supports
privacy and reduces the need for centralized processing, thereby
lowering costs.

Index Terms—Recommendation System, Interactive Digital
TV, Mobile App

I. INTRODUCTION

Digital Television (DTV) systems mark a significant ad-
vancement over analog ones, providing high-quality audio
and video along with interactivity in free-to-air (FTA) DTV.
This allows viewers to actively engage with broadcast content,
in a way that is similar to Internet navigation [1]. This
transformation paves the way for new interactive services,
including recommendation systems, targeted advertising, and
educational platforms [2].

Among the new features that are possible with DTV sys-
tems, content recommendation emerges as a paradigm shift
from the push strategy and a solution for the information
overload caused by the vast amount of available programming.
Additionally, the integration of new technologies, such as
representational state transfer (REST) application program-
ming interfaces (APIs) [3], is becoming a relevant trend to
enhance DTV receivers. Through this approach, it is possible
to efficiently connect receivers and external services, boosting
recommendation capabilities and content personalization. Be-
sides, the capacities of peripheral devices can also be used,
which alleviates hardware requirements in DTV receivers and
promptly extends their features without hardware or software
upgrades.

Our proposal addresses these points, aiming to develop
a personalized recommendation methodology for FTA DTV
receivers, utilizing three recommendation approaches: active

search, background, and on-the-fly modes. The first allows
users to actively search for content of interest, using textual
queries to find programs or web content that match their
queries. The second, in turn, operates passively, continuously
analyzing a user’s consumption patterns and updating recom-
mendations according to their preferences and viewing history.
Finally, the third offers real-time recommendations based on
a user’s immediate behavior, such as changing channels or
selecting a specific program.

Furthermore, it retrieves information from a DTV receiver
and a mobile application, as well as from the Internet and a
dedicated data server containing movies, series, soap operas,
TV shows, and FTA programming. Recommendations are
presented on either the same mobile device or DTV receiver,
depending on which event triggered them.

In summary, this work creates a methodology that signif-
icantly enhances the user experience by offering personal-
ized recommendations that combine personal preferences with
television consumption patterns. This innovative approach,
supported by modern technologies such as REST APIs and
context-aware recommendation systems, can provide a more
engaging and satisfying experience while optimizing the uti-
lization of the vast array of content available on DTV networks
and environments.

The remainder of this paper is organized as follows. Section
Il presents related studies, which help define the associated
scientific basis. Then, Section III introduces the proposed
methodology. After that, Section IV presents an implementa-
tion of it, exposes our experiments, and discusses application
aspects, with the goal of proposal validation. Finally, the
associated conclusions are shown in Section V.

II. RELATED STUDIES

Extensive research has been conducted to explore innovative
solutions that aim to enhance the user experience within
broadcast DTV systems [4]. These investigations address
critical aspects such as content personalization, interactivity,
and service quality focused on user aspects.

Content personalization, for instance, seeks to tailor tele-
vision broadcasts to the specific interests of each viewer,
employing advanced algorithms that analyze user behavior and
recommend programs, movies, or series matching their profile
[5]. Furthermore, interactivity has been a significant focus,
enabling users to engage directly with content through features
such as real-time voting, reviews, or additional information
during a given FTA program.



Another key aspect is service quality, where the optimiza-
tion of available technologies, such as data compression and
high-definition transmission, aims to ensure that a viewing
experience is smooth and engaging [6]. These studies en-
hance user engagement with television content and illustrate
how new technologies can maximize the use of existing
infrastructures, making media consumption more efficient and
satisfying.

Costa [7] proposed the development of a REST platform de-
signed to provide comprehensive TV programming data, along
with personalized recommendations for users. It is accessible
via any device with an internet connection and employs a
robust and efficient search engine. Recommendations from
it are generated through a hybrid algorithm that considers
the similarity between users and attributes of the available
programs. To ensure recommendation accuracy, both external
and internal data were used, achieving a 15% success rate. This
solution stands out in the Portuguese market as unique and
promising, with significant business potential. Besides, there
are expectations that it will be acquired by a major operator,
thereby expanding its user base and features.

Santos Junior and Ferraz [8] introduced a cloud-based flex-
ible architecture for executing TV program recommendation
algorithms, addressing the information overload caused by the
large available programming. Their architecture enables the
execution of various algorithms decoupled from the hardware
of DTV set-top boxes, offering personalized recommendations
as a service. The flexibility of this architecture was demon-
strated through the implementation of two recommendation
algorithms and a client application, highlighting its potential
for adaptation and scalability.

Avila and Zorzo [9] presented an architecture designed
to support the development of recommendation systems in
interactive DTV environments, aligning with the reference
implementation of the middleware Ginga, which is currently
known as DTV Play. Developing this architecture required the
incorporation of new features into DTV Play that were not
included in its original standard. It also reports on the results of
experiments with a recommendation system, highlighting the
effectiveness of the proposed architecture in enhancing viewer
interaction. Indeed, this study is pertinent to our research as
it demonstrates a practical application and the effectiveness
of integrated solutions for content recommendation in DTV
environments.

Lucas [5] introduced a recommendation system designed
for multi-user environments in DTV networks, aimed at
suggesting content based on viewer behavior patterns. Its
architecture is embedded within a Set-top Box and employs
implicit information collection, data mining using the Apri-
ori algorithm [10], and information filtering techniques. The
respective implementation was carried out using the Java TV
API [11], thus adhering to the Brazilian DTV standard. The
effectiveness of this system was assessed using data provided
by the Brazilian Institute of Public Opinion and Statistics,
showing positive results in personalized content recommenda-
tions. This study is also pertinent to our research as it offers a
practical approach to recommendation systems in digital TV
environments, showcasing techniques and technologies that
could be integrated into our strategy.

Silva [12] exposed a software infrastructure designed for the
development and execution of context-aware recommendation
systems in interactive DTV networks. The proposed solution
streamlines system design by handling low-level tasks, there-
fore allowing developers to focus on presentation logic aspects.
This system employs flexible user and context modeling

based on metadata standards, such as moving picture expert
group number 7 [13] and TV-Anytime [14], and incorporates
advanced techniques for content recommendation and context
processing. Its architecture consists of two subsystems, with
context-aware information filtering performed using content-
based techniques. To validate its functionalities, a context-
aware recommendation system was developed as a case study.
This research is pertinent to our study as it provides a detailed
and practical approach to implementing recommendation sys-
tems in interactive DTV environments, highlighting techniques
that could be adapted to enhance our solution.

Despite the advancements achieved by existing approaches,
there are still gaps that require more robust and innovative
solutions. Firstly, many rely on large volumes of centralized
processing, which can lead to scalability issues and increased
operational costs. Secondly, while some initiatives leverage
user profiles for content recommendation, few explore mobile
devices as primary interaction interfaces with recommenda-
tion systems. This aspect is especially pertinent within the
context of free-to-air TV environments, where there is a wide
range of connected devices, a need for greater flexibility in
data collection, and low processing requirements. Moreover,
previous studies do not sufficiently address user privacy and
personal data protection, which are critical issues. Therefore,
our work addresses these gaps by proposing the integration
of recommendation approaches that utilize mobile devices and
distributed systems, thus providing greater flexibility, reducing
processing costs, and ensuring user data protection.

III. THE PROPOSED ARCHITETURE

Our work aims to develop an architecture capable of pro-
viding content recommendations to users of DTV services. It
is in charge of suggesting content from DTV programming
schedules and streaming services, at least, as well as videos,
images, and texts found on the Internet.

The proposed architecture is illustrated in Fig. 1. There are
three main elements: a DTV Receiver, a mobile device, and
a data service. These elements form the core components of
the architecture by distributing the tasks of content collection,
processing, and display among digital a TV receiver, a mobile
device, and a data service.

Currently, most DTV receivers provide external access via
a local network, including wireless fidelity (WiFi) or Ethernet
interfaces. In fact, peripherals may be able to connect to
DTV receivers to request services, trigger actions, and access
information, which is the case with DTV Play in Brazil
[1]. Besides, middleware standards already provide enhanced
connectivity [15], which includes a REST API for requesting
programming and even table information [16]. Such capa-
bilities favor data acquisition for several purposes, including
content recommendation.

To interact with a DTV receiver and embed our recom-
mendation methodology, we chose a smartphone due to its
pervasive characteristics and hardware increasingly capable of
performing advanced operations. An application on a smart-
phone can connect to a DTV receiver via REST API, using
the hypertext transfer protocol, and access information about
user behavior within it. In addition, this application can keep
personal information in the smartphone’s storage, giving a user
more privacy and control over his data.

Indeed, to keep user data only within a smartphone, all
processing related to it must be implemented on this same
device. On the one hand, our recommendation algorithms
must be built into a smartphone and operate via an on-device
machine. This strategy, in addition to contributing to privacy,
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Fig. 1. Architecture of the proposed system.

also eliminates processing costs on a centralized server. On the
other hand, a catalog of diverse content is too large to be kept
on a smartphone, from which arises the need for a centralized
repository to store and provide the catalog of items to the
application. However, this general information is used to find
content to recommend and has no relation to the personal data
stored on a smartphone.

Personal data is stored only on a preference base. Its
objective is to keep user behavior, which can be obtained
explicitly by asking the user about their preferences or im-
plicitly collecting user interaction, such as viewing history
on DTV receiver and smartphone. This data will be used by
the underlying recommendation algorithm, incorporated into
a mobile application, both to obtain candidate content in a
centralized repository and rank them according to a user’s
preferences.

The data service element is responsible for collecting,
transforming, and storing all information that is necessary for
recommendation procedures within a mobile application. To
keep this data updated, there can be a routine for acquiring
raw content data from various public sources on the Internet.

Besides, to make the management and retrieval of the data
easier, it can be held in a common representation in a relational
database.

Indeed, our recommendation system aims to suggest content
from TV and streaming services. Consequently, we need to
collect items from both sources. A DTV receiver can provide
information about the TV catalog through the electronic pro-
gramming guides (EPGs) sent by broadcasters, but consulting
this source faces significant challenges that compromise its
effectiveness. For instance, we can mention the absence of this
information when its tables are sent empty by broadcasters
and generic descriptions where information about programs
tends to be superficial, not offering details about specific topics
addressed during transmissions [17].

To overcome this challenge, we can take advantage of EPG
web portals that centralize this data and make it publicly
available, e.g., mi.tv. Moreover, streaming content is also
publicly available on web portals such as IMDB and Rotten
Tomatoes. This variety of sources provides content diversity
but also raises the need for a specific data engineering pipeline
for each source, i.e., we cannot use the same pipeline of web
scraping for both IMDB and Rotten Tomatoes, which must be
included into the data Service element. For suggestions of text
and images, data Service can behave as a proxy for parsing
search engine result pages, thus extracting their content and
returning it for the recommender application!-2:3.

Given its components, we can summarize how the archi-
tecture works as follows. A DTV receiver provides a query
interface about what the user is watching, in real-time. Then, a
smartphone retrieves this data and uses it to build a user profile
in conjunction with an explicit collection of information. Next,
the same application retrieves candidates from data service and
classifies them, using its user preference base, for presentation.

It is worth noticing that by prioritizing user privacy, thus
keeping user data and its processing only within a smartphone
application, it is difficult to apply a recommendation through
collaborative filtering, in the background. Therefore, it is
necessary to use a content filtering-based approach [18].

IV. AN IMPLEMENTATION OF THE PROPOSED
ARCHITECTURE AND SOME RESULTS

To validate our methodology, we have implemented it using
a DTV receiver emulator [19] adapted to the Brazilian digital
television system [15], which provides a REST API that we
can use to acquire information related to the DTV program
currently being broadcast, such as broadcaster name and
program description. Indeed, very often, DTV broadcasters do
not provide the program description within transport stream
tables [20]. However, we can work it around by searching for
program data online using a broadcaster’s name and current
time, which is called EPG online.

We have also extended this emulator to provide API meth-
ods for (i) displaying notifications and consulting interactions
with these notifications; (ii) displaying complementary content
on-screen, such as texts and images combined with the current
program, also retrieving a user’s interactions with these com-
plementations; (iii) consulting a user’s watch history; and (iv)
retrieving the current DTV program’s transcription The latter
appears as an alternative to get around the lack of descriptions
about the current program in EPGs sent by the broadcasters,
where a DTV receiver provides an endpoint to retrieve the

Uhttps://mi.tv
Zhtps://www.imdb.com/
3https://www.rottentomatoes.com/



current audio stream. From this, we were able to trigger a
task using the Vosk API to transform audio into text .

The recommendation system processing was implemented
on a mobile application developed with Flutter. It provides the
three main modes of the proposed recommendation methodol-
ogy: (i) background recommendation, (ii) on-the-fly comple-
mentation, and (iii) active search. The first aims to suggest
content aligned with a user’s interests. However, a challenge
faced by any recommender system regarding this kind of
content is the cold start. We addressed this problem by
explicitly asking users to choose some options that represent
their preferences from an initial survey list, which are taken
as the first user profile data. The other modes do not exactly
suffer from it 3.

For generating suggestions in background mode, this mobile
application retrieves a set of candidates from the data service
element, being responsible for providing structured data gath-
ered by web scraping routines that access various sources,
e.g., EPG online, streaming catalogs, and public online movie
databases such as TMDB. Data service was implemented in a
way to provide a REST API for data retrieval along with data
collection routines, keeping it in a PostgreSQL database 7.

In the recommender application, the candidates retrieved
from the data service element are ranked according to a user’s
profile data. The latter is a set of contents generated by a
user according to his interaction with the same application and
a DTV receiver, including watch history, ratings, and initial
survey choices. Due to privacy issues, all user profile data is
maintained only within a mobile device. Besides, suggestions
are presented to a user on the application’s home screen, and
a user can interact with them by viewing details of, watching,
or rating them, as shown in Fig. 2.

The active search mode involves utilizing user text inputs
as search keys to retrieve data from distinct sources, including
the Internet and data service. The search on the web is made
by web-scrapping search engines’ result pages. In addition,
the associated textual query is submitted to the data service
element to retrieve matching contents. We implemented a
speech-to-text feature to allow the easy use of this feature.

The on-the-fly mode retrieves and uses content transcrip-
tions related to what a user is currently watching on a DTV
receiver. To understand the context of the material being
consumed, we use Latent Dirichlet Allocation (LDA) and a
named entity recognition (NER) algorithm [21], [22]. LDA
is employed to obtain the predominant topics from content,
while NER extracts possible named entities. The information
derived from these techniques is then used as keywords for
a search on the web, whose result is presented to a user
with notifications on the screen of a DTV receiver and a
smartphone. This process occurs repetitively in the background
of the recommender mobile application, i.e., it frequently
retrieves transcriptions and seeks content aligned with them.

This implementation provides a way to complement what
is happening, in real-time, on a DTV receiver while seeking
to understand user preferences to recommend personalized
content. Fig. 3 presents a view of the implementation design
and two use-case scenarios, which were developed to test the
integration of our architecture’s components: DTV receiver,
smartphone, and data Service.

“https://github.com/alphacep/vosk-api
Shttps://flutter.dev/
Shttps://www.postgresql.org/
"htps://www.themoviedb.org/
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Fig. 2. The recommender application’s home and content detail screens,
where a user can watch or rate the selected content.

Our experiments, utilizing the developed infrastructure,
were conducted using a DTV emulator running on a standard
PC equipped with 16 GB of random access memory (RAM)
and an 11th Generation Core i7 central processing unit (CPU)
with a clock of up to 4.70 GHz, running the operating system
Ubuntu. The peripheral device, implemented as a mobile
application, was executed on smartphones equipped with 4
GB of RAM and a 2.3 GHz octa-core CPU.

The first scenario regards the suggestion of content similar
to the current TV program. The smartphone running our
recommendation application checks if the current program is
close to finishing and then consults the data service element to
retrieve similar content. After that, the recommendation system
sends a notification to the target DTV receiver, informing that
a user can watch content similar to what is already being
presented. This same user can then choose to check these
suggestions or dismiss the respective notification. If he chooses
the first option, the recommending system will present a screen
with suggestions ordered according to their similarity with the
current program.




The second scenario refers to the on-the-fly complementa-
tion mode. After recovering content on the web related to
the transcription of the current program, the recommender
application sends a notification to the DTV receiver, allowing
a user to read complementary on-screen content along with
the current program. If he accepts it, the current program is
resized and the found web content is displayed. At this stage,
a user can also choose to read it on his smartphone’s screen,
while the program presented by a DTV receiver returns to full
screen.

The developed mobile application presented a final size
of 98.5 MB on Android. During application execution, the
average RAM consumption was 82 MB when in idle mode,
reaching a maximum of 2.7 GB under intensive usage con-
ditions. These results indicate that the memory usage impact
on smartphones is within acceptable limits of mid-end smart-
phones, ensuring stable and efficient performance.

Regarding the module embedded in a DTV receiver, which
is used for audio transcription and communication, and also
considering its shared libraries, the total RAM footprint
obtained stayed around 180 MB. As a reference, low-end
commercial DTV receivers, which are massively used in DTV
networks, usually possess 1GB of RAM. Consequently, taken
into consideration parallel operation with other services, such
a value is high, which undoubtedly leads to optimization
regarding the receiver’s memory consumption.

V. CONCLUSION

The proposed architecture for content recommendation in
DTV networks leverages the strengths of modern DTV re-
ceivers, mobile devices, and centralized data repositories.
By utilizing a smartphone as the primary interface for user
interaction and data processing, it ensures enhanced privacy
and avoids new requirements related to DTV receivers. In
other words, the integration of recommendation algorithms di-
rectly into a smartphone supports user privacy, not exchanging
personal data, and reduces the need for centralized processing,
thereby cutting costs.

Moreover, our architecture was designed to mitigate pro-
cessing overhead by distributing recommendation and com-
plementary tasks between a DTV receiver, a mobile device,
and a data service element. This way, it significantly reduces
computational resource usage on the DTV receiver itself. In
addition, its implementation demonstrates the feasibility and
effectiveness of the whole content recommendation system for
digital TV services.

Regarding our experiments, they showed that by utiliz-
ing a DTV receiver emulator with an extended REST API,
we were able to simulate real-world scenarios and validate
our approach. Besides, the mobile application, developed
using the Flutter framework, successfully integrates the three
main components of our recommendation methodology: back-
ground recommendation, on-the-fly complementation, and ac-
tive search.

Our quantitative results demonstrate that the mobile appli-
cation operates within acceptable limits of RAM and storage
consumption, regarding mid-end devices, thus ensuring stable
and efficient performance. The application’s size on Android
remained under 100 MB, with an average RAM consumption
of 82 MB in idle state, which may increase to 2.7 GB during
intensive computation.

However, the embedded module in DTV receivers needs
optimization for RAM consumption. Indeed, the current values
are limiting, regarding low-end products.
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Overall, our system provides a robust solution for enhancing
user experience in DTV services by offering personalized con-
tent recommendations. Future work will focus on refining the
recommendation algorithms, expanding the data sources, and
improving the user interface to further enhance the system’s
performance and user satisfaction.
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