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Abstract: - A digital television system can provide sounds and images of better quality than an analog broadcast 
system. But that is not all. The Brazilian digital terrestrial television system adopted in 2006 also makes it 
possible to receive TV signals on portable devices and mobile television receivers besides enabling 
interactivity. This paper consider digital terrestrial television, which is the digital television broadcast over the 
air, free of charge to all population, and presents a video analysis based in the Quality of Experience (QoE) that 
was made measuring the user perception with an interactive application of digital terrestrial television. Such an 
application was developed using NCL (Nested Context Language), which is the standard declarative 
programming language of Brazilian digital television system called Integrated Services Digital Broadcasting - 
Terrestrial Brazil (ISDB-TB). In that application a secondary video is loaded through a broadband Internet 
access simultaneously with the main video being received through broadcasting. A test platform was created 
where IP packet loss was introduced in a controlled way affecting the secondary video, as it is expected to 
occur in a real network. Video quality was assessed for each loss level with objective metrics in order to 
compare QoE in each situation. The objective of this research is to verify if it is feasible to use the broadband 
Internet as a return channel of an interactive application of Brazilian digital television. 
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1 Introduction 
At the same time that transmedia productions are 
becoming more common, legal changes are 
occurring in Brazil that bring an increase on daily 
interactivity use. 

The growth of the broadband access to Internet 
[1], and the adoption of a digital terrestrial 
television system that yields sounds and images of 
better quality when compared to legacy analog 
broadcast system and also makes it possible to 
receive TV signals on portable devices and mobile 
television receivers are factors enabling 
interactivity. 

Digital terrestrial television is the digital 
television broadcast over the air, free of charge to all 
population. It is different from digital cable 
television or digital satellite television that are paid 
TV services. 

In Brazil, it can be stated that television is a 
major media platform. According to data from the 
Brazilian Institute of Geography and Statistics [2], 
the television set is present in 96.9% of Brazilian 
households, what is more than the number of 
households with a refrigerator (95.8%). Only the 

stove is found in more homes than a television set 
(98.6%). 

Considering the number of potential users of 
digital terrestrial TV, the use of interactive 
applications including this media platform is an 
important aid to the execution of a transmedia 
narrative. 

One of the possibilities in the Brazilian Digital 
Terrestrial Television standard is to use the 
broadband Internet as the main interactive channel 
[3]. Considering this possibility, this study of 
Quality of Experience (QoE) perceived was made 
based on the assessment of the video quality 
obtained when using an interactive transmedia 
application of digital terrestrial television. Such an 
application was developed using NCL (Nested 
Context Language), which is the standard 
declarative programing language of Brazilian digital 
television system. In that application a secondary 
video is loaded through a broadband Internet access 
simultaneously with the main video being received 
through broadcasting. 

The use of a broadband Internet as the main 
interactive channel is relevant because the delay of 
loading the application and its corresponding data is 
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critical to synchronize the application and the 
broadcast programming. 

A test platform was created where IP packet loss 
was introduced in a controlled way affecting the 
secondary video, as it is expected to occur in a real 
network. The tests were made with the premise that 
the main video does not suffer interference, keeping 
its original quality. 

The quality of the videos obtained in each case 
of packet loss was analyzed according to objective 
metrics and the obtained data allowed to assess what 
would be the QoE perceived in each case. 

The objective of this research is to verify if it is 
feasible to use the broadband Internet as a return 
channel of an interactive application of Brazilian 
digital television. 
 
 
2 Transmedia 
There has been a lot of talk about multimedia and 
crossmedia. More recently, with the popularization 
of the Internet and the appearance of new 
technologies that facilitated the interaction between 
people (like social networks), the concept of 
crossmedia evolved to transmedia, as defined for the 
first time by Henry Jenkins in [4]. 

Multimedia is often define as the existence of 
more than one means of communication of the same 
content, just a copy of the content in different media 
(e.g., a soap opera that has been produced and 
shown on television and then released in DVD and 
blu-ray) [5]. 

Crossmedia is the possibility of a content to 
appear in different means of communication to 
share some idea, but there is no connection between 
the parts of the story that are developed in each 
platform (e.g., a movie and a comic book with the 
same characters) [5]. 

Transmedia is the term used when a story 
unfolds across multiple media platforms with each 
new text making a distinctive and valuable 
contribution to the whole [4],[5]. 

The Matrix phenomenon is an example of 
transmedia: three movies ("The Matrix", produced 
in 1999, “Matrix Reloaded”, produced in 2003, and 
“Matrix Revolutions”, also produced in 2003), a 
collection of short animation films detailing the 
Matrix universe ("Animatrix", produced in 2003), a 
series of comic books, and two games ("Enter the 
Matrix" video game, and a multiplayer online game 
set in the universe of "The Matrix"). In The Matrix, 
several situations that occur on a media platform are 
part of the story on another media platform. 

Always when there is a transmedia narrative, 
each platform gives its contribution to the narrative, 
encouraging the engagement of the audience. The 
audience makes the connection between the 
platforms, contributing to the development of the 
story. 

In Fig. 1, a visual comparison between 
multimedia, crossmedia, and transmedia 
connections is shown (adapted from [5]). 

 
 
 
 
 
 
 
 
 
 
 
 

3 Digital Terrestrial Television 
Digital terrestrial television is the digital television 
broadcast over the air, free of charge to all 
population. 

The differences between the analogue terrestrial 
television and digital terrestrial television are quite 
significant. In the case of Brazil, the digital 
television gives the possibility to receive high 
definition video and high quality audio, to receive 
TV signals on portable devices and mobile 
television receivers, to have more than one 
television program per channel and to have 
interactivity combined with the television 
programming. 

A digital television programming is composed of 
a main audio and a main video, and may also 
contain additional data. This ability to transmit data, 
including applications relating the various media 
objects defined in these data, makes possible the 
offering of interactive services. The audio and video 
are delivered to the digital encoders that generate a 
main video stream and a main audio stream, both 
compressed. These streams along with the data 
stream are multiplexed into one signal called the 
Transport Stream (TS). Then, the TS is modulated 
into a transmission channel, in frequency, and 
transmitted. At the reception, the signal is received 
and demodulated, being delivered to the 
demultiplexer which separates the main streams of 
audio and video from the data streams. The data 
streams are then delivered for processing. If used, 

Fig. 1 Multimedia, crossmedia, and transmedia 
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the interactivity channel can provide a channel for 
user data to interact with the process [6]. 
 
 
3.1 Digital Television Systems 
The digital television systems consist of a set of 
standards that make it possible processing, 
transmitting and receiving digital signals. Currently, 
in the world, there are the following digital TV 
systems: the American system ATSC (Advanced 
Television Systems Committee), the European 
system DVB-T (Digital Video Broadcasting – 
Terrestrial), the Japanese system ISDB-T 
(Integrated Services Digital Broadcasting – 
Terrestrial), the Chinese system DTMB (Digital 
Terrestrial Multimedia Broadcast) and the system 
adopted in Brazil ISDB-TB (Integrated Services 
Digital Broadcasting – Terrestrial Brazil), which is 
the Japanese system with modifications. 

The choice of the ISDB-T system to be the base 
of the Brazilian system was made after a period of 
tests between the three existing systems at the time 
(ATSC, DVB-T and ISDB-T), in 2006 [7]. 

The Fig. 2 shows an overview of the architecture 
of the Brazilian digital terrestrial television system 
(ISDB-TB). 

 
 
 
 
 
 
 
 
 
 

 
 
 
3.2 Data Carousel 
The data carousel aims to allow transmission of data 
such as applications, which can be processed by the 
receiver. 

The digital terrestrial television broadcast is 
unidirectional (from the TV station to the receiver), 
and is possible to turn on the television or tune the 
channel of the TV station when the application is 
already being transmitted. Because of that, the 
DSM-CC (Digital Storage Media – Command and 
Control) protocol was created. 

The DSM-CC is part of the MPEG-2 System, 
and transmits the data cyclically, like a carousel (see 
Fig. 3). Thus, the receiver can receive data as soon 
as the channel is tuned. Only when all the 

information is received by the receiver, the 
application becomes available to the viewer. 

 
 
 
 

 
 
 
 
 
 
 
 
 
3.3 Interactivity 
Nowadays interactivity is very common. The 
popularization of the Internet has caused the people 
to get used to interact not only with the computer 
through websites but also with other people through 
social networks. The broadcasters need to keep the 
development of new digital products and services to 
maintain the viewers tuned in its channel and to 
keep their attention. [8]. 

The interactivity through digital television is 
different from the experienced when using the 
computer and accessing the Internet, for example. 

A computer has large processing capacity and 
data storage and it is often operated by people who 
have a certain technical knowledge to install 
programs. On the other hand, the digital television 
receiver has limited resources, little memory, small 
or non-existent storage capacity, and the user cannot 
install components in the equipment. Therefore, the 
applications developed for interactive digital TV 
must consider the limitations of the system and be 
appropriate to the context. 

It is important to clarify that the interactivity 
offered by digital terrestrial TV differs from the 
interactivity found in so-called “smart TVs” or 
"connected TVs". The "smart TVs" applications that 
provide access to interactive content (e.g. videos, 
tools for social networking, communication) are part 
of proprietary solutions that are the result of a 
partnership between content providers and 
manufacturers of television sets [9]. 

The middleware is the responsible for the 
interactivity in the digital terrestrial television, since 
it allows the applications and services to be always 
accessed in the same way, regardless of the platform 
they run on (e.g. [10]). In another words, the 
middleware is an intermediate layer between the 
common applications of digital TV system (such as 
electronic program guides and services offered by 
the TV station) and the applications that are defined 
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by the receiver manufacturer, which is non-standard 
(such as the operating system used by the receiver). 

Ginga is the middleware adopted in the ISDB-
TB [11]. 
 
 
4 Quality of Experience 
The Quality of Experience (QoE) can be defined as 
a dependent parameter from the point of view of the 
user, which combines personal sensations and 
perceptions to judge whether the QoE is satisfactory 
or not [12], [13]. 

In this paper it was considered that the QoE is 
based on evaluation of video quality received when 
interacting with the application of digital TV. 
 
 
5 Video Quality Assessment Methods 
The video quality assessment can be made through 
subjective metric or through objective metric. 

When a video is evaluated by subjective metrics, 
the judgment is based on human perception. 

Subjective tests for determining quality are very 
time consuming, so there are studies to develop a 
software for subjective quality estimation of all 
tested sequences using the recommendation ITU-T 
P.910 (subjective video quality assessment methods 
for multimedia applications) [14]. The 
recommendation ITU-T P.910 is suitable for testing 
different multimedia applications. 

The objective metrics use mathematical models 
to estimate user opinion. 

Objective metrics can be classified according to 
the availability of the original video, which is 
considered high quality or free of distortion. It is 
called FR (Full Reference) when the not degraded 
reference video signal is fully available, RR 
(Reduced Reference) when the original video signal 
is not fully available, and NR (No-Reference) when 
the reference video is not available [15]. 

The video analysis in this paper is the type FR 
because the original video and the degraded video 
are used.  

The following objective metrics were used to 
evaluate the videos obtained by the digital 
interactive TV application for this paper. 
 
 
5.1 PSNR (Peak Signal to Noise Ratio) 
The PSNR defines the relationship between the 
maximum possible power of a signal and the noise 
that affects the representation of the signal between 
the frames of the original video and the degraded 
video [15]: 
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In (1), L is the dynamic range of pixel values, M 

and N are the width and the height of the original 
video and the degraded video sequences, 
respectively. T is the number of frames containing 
the sequences, I(m,n,t) and Î(m,n,t) represent the 
pixel in position (m,n) from t frame for the original 
sequence and the degraded video sequence, 
respectively. 

The PSNR range goes from 0 to 100 (the best 
possible PSNR value is 100). 
 
 
5.2 SSIM (Structural SIMilarity) 
This metric is based on the human visual model and 
it assumes that the images are highly structured, and 
these dependencies contain very important 
information relating to the structure of the object. 

The SSIM algorithm estimates the similarity 
between the original video and the degraded video, 
comparing the brightness l(x,y), contrast c(x,y) and 
structure s(x,y) of the original video x and the 
degraded video y. 

The SSIM is represented by the following 
equation [15]: 
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K1 << 1  ;  K1 = 0.001 (usual value)   (6) 

 
K2 << 1  ;  K2 = 0.03 (usual value)   (7) 

 
In (2), μx and μy is the average of x and y, σx

2 and 
σy

2 are the variance of x and y, respectively; σxy is 
the covariance of x and y; C1 e C2 are constants 
which stabilize the division with the peak 
denominator, avoiding the onset of instabilities 
when the denominator approaches zero. L is the 
dynamic range of the video’s pixel values. 

The SSIM range goes from 0 to 1, with 1 being 
the best possible value. 
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5.3 VQM (Video Quality Metric) 
This method uses the Discrete Cosine Transform 
(DCT), and uses the original video and the degraded 
video as inputs to evaluate the video quality [16]. 

This metric is based on simplified human spatial-
temporal contrast sensitivity model [17]. The 
distortion of a compressed video is calculated in 
four steps [18]: 

I. For every frame the model performs DCT 
for 8 x 8 pixels blocks bi(x,y,t) of the 
original video frame p(x,y,t), and for blocks 
bi’(x,y,t) of the degraded video frame 
p’(x,y,t). 
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II. The DTC coefficients are converted by the 

model to local contrast values LCi(u,v,t) 
using DC component of each block. On the 
same way model obtains LCi’(u,v,t) of the 
degraded video. 
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III. The model converts LCi(u,v,t) and 

LCi’(u,v,t) to just noticeable difference 
values, JNDi(u,v,t) and JNDi’(u,v,t), by 
using static and dynamic spatial contrast 
sensitivity function (CSF). 
 

IV. The coefficients of original and degraded 
sequences are subtracted to produce a 
difference values Diffi(t). The VMQ score is 
obtained by: 
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The higher is the quality of the video, the lower 

is the value of VQM, with 0 being the best possible 
value. 
 
 
6 Test Platform 
The aim of the test platform is to provide 
interactivity between the digital TV receiver and the 
TV station using the broadband access to Internet. 
The following premises are used: 

a. Television set has a digital TV receiver with 
interactivity, according to Brazilian standard 
[19]. 

b. Television set uses a broadband Internet 
access as the interactivity channel. 

c. The TV station has access to broadband 
Internet to provide data to the interactive 
application. 

d. There is no interference in the main video 
reception. 

e. The user QoE is related only to the quality 
of the received video over the auxiliary 
channel. 

In this scenario, the TV station broadcast the 
interactive application along with the audio and 
video signals via data carousel [20]. The television 
set receives the data, displays on-screen 
programming and gives the possibility of interaction 
for the user (viewer). The user can interact and can 
use the interactive channel (also called return 
channel), which is the broadband Internet (see Fig. 
4). 

To minimize the delay caused by loading data to 
compose the interactive application, the data will be 
accessed via Internet through the interactive channel 
rather than being transmitted over the air. The 
Internet content would be required by the running 
application. 

The platforms “television” and “Internet” 
become interconnected with the described 
environment, creating the necessary structure for the 
user to go through the various media and to have a 
full transmedia experience. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Scenario to be analyzed by the test platform 
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The first step to implement the test platform was 
the preparation of a transmedia interactive 
application that utilizes the media platforms 
considered in this work. The application was written 
in NCL, which is mandatory for digital TV 
receivers. 

The interactive application was used by GINGA-
NCL digital TV set-top-box emulator, available free 
on the Internet [21] (the Fig. 5 shows the emulator’s 
first screen). 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Two computers were connected via UTP cable, 
where one of them was representing the TV station 
and the other was representing the digital television 
set. 

The software WampServer [22] was installed in 
the TV station computer in order to transform it into 
a web server with the secondary video to be 
accessed. It also was installed the SoftPerfect 
Connection Emulator software [23] to introduce 
packet loss into the communication channel. 

In the other computer that represented the digital 
television set the following software were installed: 
digital TV receiver emulator with interactivity 
GINGA-NCL [21], video recording software 
CamStudio [24], video editing software AVI 
Trimmer [25] and MSU Video Quality 
Measurement Tool [26]. 

The MSU Video Quality Measurement Tool 
determines the video quality with objective metrics. 
The tool is free to be used in standard-definition 
videos but it is necessary to purchase the PRO 
version license for high-resolution video. 

The main video was loaded into the computer 
that represented the digital television set because it 
was considered that would be no interference in its 
reception. 

With this test platform setting (see Fig. 6), it was 
possible to use the application of interactive digital 
TV, simulate various conditions of packet loss, and 
evaluate the quality of the received video. 

 
 
 
 
 
 
 
 
 
 
 
 
7 Results 
The results that have been obtained are shown in 
Table I. The corresponding graphics of each metric 
are shown in the Fig. 7, Fig. 8, and Fig. 9. 
 
Table I Packet loss effect on the quality of the received video 

Packet 
Loss 
(%) 

PSNR 
(dB) SSIM VQM 

1 34,20398 0,98952 3,31409 
2 33,75884 0,98918 3,75706 
3 33,31370 0,98885 4,20004 
4 33,27305 0,98731 4,99218 
5 33,23240 0,98577 5,78433 
6 33,00510 0,98130 6,00716 
7 32,77781 0,97684 6,22999 
8 32,10996 0,97564 6,42314 
9 31,44211 0,97445 6,61630 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 GINGA-NCL digital TV set-top-box emulator 

Fig. 6 Test platform 

Fig. 7 PSNR Graphic 

Fig. 8 SSIM Graphic 
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8 Conclusions 
The obtained results show that the quality of the 
resulting degraded video for each situation of packet 
loss is as expected, i.e., the higher the packet loss, 
the worse the quality of the video displayed to the 
user and therefore worse the QoE. 

It is remarkable that the video quality in this 
study with the interactive application of digital TV 
resembles the case of receiving the video via 
streaming that was studied in [15]. 

Analyzing the PSNR metric, the video quality 
loss was found directly proportional to the packet 
loss until to reach to 3% packet loss. Between 3% 
and 5% packet loss, the video quality remained 
almost the same, returning to worsen over 5% 
packet loss. 

When analyzing the graphic of SSIM values, it 
appears that up to 3% packet loss video quality 
hardly changed. Between 3% and 5% packet loss, 
the video quality has deteriorated slowly, and to 
greater than 5% packet loss, the video quality fell 
rapidly. 

To the VQM metric, the loss of video quality has 
increased almost linearly with increasing packet 
loss. 

Considering all the three metrics, as the graphics 
show, it can be considered that with less than 3% of 
packet loss the secondary video still shows a QoE 
compatible with the kind of application be 
considered. 

So, it is possible to receive the secondary video 
and use the broadband Internet as a return channel 
of an interactive application of Brazilian digital 
television, as far as the losses can be controlled 
inside these limitations. 
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