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ABSTRACT
In recent years, the number of researches in Quality-ofExperience (QoE) is increasing because this concept is
used in several areas. In telecommunication services,
the subscriber loyalty depends on the user’s QoE level.
Thus, service providers need to know the real users’
QoE to improve their services offered. In this arena,
the study of methods to assess QoE is very important.
In this paper is shown the different approaches that
compose the QoE concept, from technology, social and
human aspects, differentiating it from others well
known concepts such as, Quality of Service (QoS) and
User Experience (UX). In order to assess user’s QoE,
subjective tests need to be conducted, and based on
their results mathematical models are formulated to
establish quality metrics. In this document, two case
studies are presented. Firstly, the video streaming
service is analyzed, in which the user’s QoE is
modeled considering the pauses as a degradation
factors obtaining a video quality metric. As a second
case study, a research regarding voice quality is
presented, in which the voice calls in a cellular
network are assessed.
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1 INTRODUCTION
Nowadays, communication services and their
applications are growing. Such offers have raised
the interest in providing ever more quality services
to the subscribers. A subscriber, who is using a
product or service, needs to feel and perceive a
good quality associated with reasonable rates.
These concerns gave rise to the concept of
Quality-of-Experience (QoE), which is very useful

for services providers, because the quality
information can help to improve the user's
satisfaction; therefore, the user’s loyalty.
In this context, it is very important that
communication services, especially in wireless
environments, consider the QoE approach. Hence,
to determine the user’s QoE, the multimedia signal
quality perception needs to be complemented with
other criteria set related with sensorial processing,
cognitive process and psychological approaches.
In recent years, researchers have tried to improve
existing Quality of Service (QoS) methodologies
to evaluate communication services in order to
provide a most comprehensive approach for user
satisfaction assessment [1]-[4].
The concept of QoS is more related to
technological aspects, such as, network
performance, transmission channel capacity,
among others. In general, QoS deals with
performance aspects of physical systems. The
concept of Service Level Agreement is related to
technological and economic aspects, because users
pay more for a better service. As stated before, the
QoE concept does not only cover technical,
economic or social aspects, it is also related to
human aspects, such as, their necessities and
preferences. As a consequence, the concept of
QoE has gained popularity in different research
areas, in which one of the most important is the
telecommunication services.
Thus, the QoE was defined by IEEE in Standard
3333.1 [5] as the degree of delight or annoyance
of the user of an application or service resulting
from the fulfillment of his or her expectations with
respect to the utility and/or enjoyment of the
application or service.
Furthermore, the number of research regarding
QoE presented an important growing over the last
10 years. For instance, Table 1 presents the
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number of citations of the words QoE and QoS in
abstracts of papers registered in IEEE database,
and also the ratio between QoE and QoS is shown.
The period of time used for comparison is three
years, only the most recent period considers two
and a half years.
Table 1. Number of QoE and QoS Citations in Abstracts
Obtained in the IEEE Database
Period of Reference
QOE
QOS
QOE/QOS
(Years)
2002 - 2004
4
3451
0.12%
2005 - 2007
23
5328
0.43%
2008 – 2010
235
6689
3.51%
2011 - 2013
853
5291
16.12%
2014 – Jun. 2016
826
4051
20.39%

The application areas of QoE concept is very
large, that include, communication and
multimedia services, educational solutions,
medical
applications,
business
models,
entertainment services, among others.
In this context, the main objective of this research
is to demonstrate the relevance of QoE concept
and
its
applicability
in
different
telecommunication services.
In this research is presented two case studies, both
of them are extended contributions of previous
works [6]-[9]. Thus, the main contribution of this
paper is shown how important is the application of
QoE, and how the existent metrics can be
enhanced. The motivation to present these case
studies is to show the different steps of the
development process to model objective quality
metrics to be used in communication services.
The first case study is related to assess user’s QoE
in video streaming service over HTTP/TCP, in
which a video quality metric named VsQM is
modeled
[6],
considering
psychological
approaches. The second case study treats about
voice quality assessment during a phone call [7][9], in which a new quality indicator is proposed.
The remainder of this work is structured as
follows. Section 2 presents an overview of
definition of QoE and its applications. Section 3
describes the methods for audio and video quality
assessment. Section 4 introduces the first case
study regarding video streaming service. Section 5
presents the study about the assessment of phone
calls quality in cellular network and its

applications. Finally, Section
conclusions of this research.

6

draws

the

2 DEFINITION AND APPLICATIONS OF
QUALITY OF EXPERIENCE
In this section, firstly, we will review different
general concepts related to perception, quality, and
experience, on an individual basis, in order to
define the overall concept of QoE. Later, QoE is
compared with the concepts of QoS and User
Experience (UX). Finally, the application areas of
QoE and their influence factors are introduced.
The terms perception and experience are defined
to understand the QoE concept. The process of
perception begins with the incidence of the
respective stimulus for one or more human
sensory organs. Perception is a conscious
processing of sensory information to which
humans are exposed, and involves two stages:
•
Conversion of stimulus from a sensory
organ into a neural signal.
•
Processing and transmission of neural
signals in the central nervous system to the cortex.
The perception is influenced by events stored in
memory. As a result, neural features that belong to
the same object are associated. According to
Cowan [10], Coltheart [11] and Baddeley [12],
[13] different memory levels has been identified,
each one with their roles in the process of
perception, and their duration of storage. Such
memories are:
•
Sensory memory: the peripheral memory
that stores short representations between 150 ms.
to 2 s.
•
Working memory: stores information
lasting up to 10 s. [9]. It is also known as shortterm memory.
•
Long-term memory: stores information for
long times even years or a lifetime.
The process of creation of quality concept may be
viewed as a parallel process of cognitive high
level associated with the process of experiment.
The reflection can be triggered by an external task
to assess what has been experienced, during or
after the process of experiment. It is important to
note that the emotional state of the person as well
as your personality plays an important role in the
procedures of quality assessment. Based on the
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concepts described, the term of quality refers to
feelings of individual perception, sensory
perception and concepts that occur in a particular
situation, such as when a person experiences a
multimedia service.
According to Jackson [14], the word Qualia can be
seen as a property to experience something that
cannot be shared by verbal or technical
descriptions, thus being an individual and
subjective experience. Martens and Martens [15]
discuss two existing approaches to understanding
quality: (1) objective, rational and oriented to a
product and (2) perceptual and subjective. The
first approach focuses on the characteristics and
properties of an item (product or service) in terms
of quality; while the second approach requires
human evaluation considering terms of
"assessment of excellence". Reeves and Bednar
[16] define quality in a more intrusive manner, for
instance, "the form that a product or service meets
or exceed customer expectations"; this definition
comes from the marketing literature. For these
reasons, the definition of quality is based on
standards, such as, the given by the International
Organization for Standardization (ISO) in the ISO
9000:2000 standard [17]: "quality is the ability of
a set of features of a product, system or process to
meet certain customer requirements, consumers
and other stakeholders"
A definition of greater acceptance regarding to
QoE concept, stated by ITU-T on P.10
Recommendation is: "QoE is the general
acceptance of an application or service, as
perceived subjectively by the end user." From this
definition we can see two points: (1) Includes full
performance of the end-to-end system. And, (2)
can be influenced by user expectations and
context.
In recent years there have been some criticisms
about the definition of QoE. The term
"acceptability" included as a basis for the QoE is
not the most appropriated as stated by Moller [18]
and other scientists; because ―acceptance is the
result of a decision which is partially based on
Quality of Experience". If a more service-oriented
view is considered, arguing that quality is based
on the comparison of perceptions with
expectations. Aspects of expectation have been
addressed in a more comprehensive manner in the

context of market research, considering the role of
the person as a customer. Perception can refer to
both the perception during the meeting with the
service, and the concept of QoS related to a
particular company in terms of satisfaction or
dissatisfaction of customers.
Another author defines QoE as "the characteristics
of sensations, perceptions and views of people
about a particular service or product; these
characteristics can be good, fair or bad‖ [5]. Also,
one should emphasize that to determine the user’s
QoE, the perceived quality of multimedia signal
needs to be complemented by other criteria related
to sensory processing, the human cognitive
process and psychological approaches.
2.1 Quality of Experience and Quality of
Service
The difference between the concepts of QoS and
QoE can be shown in Figure 1, in which the QoS
must be ensured by the network providers, by
managing some parameters such as delay, jitter,
bandwidth and packet loss rate; these parameters
must be measured and controlled to guaranty a
better service. While the QoS is more related to
technical aspects, the QoE cares about the
customer service; therefore, the QoS can be part of
the QoE definition. Also, other features need to be
considered, such as the user preference and service
costs.

Network

User

User
equipment

Application
Server
QoS
QoE

Figure 1. Differences between QoE and QoS in a mobile
communication.

Human aspects, such as user preference and
service preference, are related with the user’s
QoE. Studies consider [19] the user preference for
video content, in which the user makes a more
critical assessment, giving a low quality score,
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depending on his or her preference regarding the
video content.
2.2 Quality of Experience and User Experience
QoE and User Experience (UX) are new research
topics and they have become popular in recent
decades. They are also related to development
studies and the validation of products and services.
In 2010, the ISO introduced its new standard ISO
9241-210 [20], which included the following
definition of the term User Experience: "The
perceptions and responses of a person resulting
from the use of a product, service or system". This
standard highlights four UX features:
•
UX presents temporal and dynamic
aspects; therefore, UX changes through the time;
•
UX is dependent on the context in which
each situation and experience lived by someone,
and this experience can be unique;
•
UX is considered subjective and
individual;
•
The focus of UX is on enjoyment to use a
new technology, instead of highlighting problems
and difficulties when dealing with a computer.
Studies show that usability methods are not
sufficient to measure UX and consequently, new
methods of measurement have been studied [21].
Also, aspects like qualities and emotions are not in
the scope of Human-computer interaction (HCI).
While
QoE
has
its
origin
in
the
Telecommunication area, the UX has its origin in
the study of HCI. The origin and evolution of QoE
has always focused on industry, in order to avoid
users’ frustration when they are using certain
systems. Also, the approaches of economic aspects
and customer loyalty are related to the QoE. This
economic dimension is less prominent in the
literature regarding to UX. In this context, it is
concluded that QoE is much closer to a global
customer experience than UX [22].
Another difference between UX and QoE is that
UX is more focused on the user. Roto et al. [23]
emphasizes that the UX is not related to
technology. QoE is considered mostly dependent
on QoS [24]. The QoE is focused on application,

having a more practical view. Over the past years,
several more holistic conceptual frameworks
begin to be presented in the literature, for instance,
taxonomy focused on QoE [25], the Gr@sp- QoEframework [26] and the approach of Quality of
Experience centered in the user [27].
The QoE is often represented in terms of the index
named Mean Opinion Score (MOS). The MOS
scale was already used before the QoE become a
research topic [28].
2.3 Quality of Experience and its application
areas
For example, the IPTV is a service that has several
researches that includes QoE [29]-[31]. The area
of Cellular Networks also needs to concern about
the user’s QoE; studies as [32] propose a new
Voice Quality Indicator and [33] evaluates voice
quality index for mobile systems. Considering all
these services, the perceived QoE becomes an
indispensable study. There are many application
areas that consider the QoE, among them:
•
Telecommunication services: covering a
large variety of multimedia communications and
tradictional fixed and mobile networks.
•
Assistive technology: wich goal is design
and develop assistive and rehabilitative devices for
people with disabilities to improve their QoE.
•
Cloud Computing [34]: this new
technology must be transparent for the user, the
capacity to share, transfer and collaborate with the
cloud must maximize the user’s QoE;
•
Multimedia learning [35]: the use of
multimedia contents must be easy and natural with
cognitive resources, facilitating the access to
information.
•
Games: the quality of game software affect
directly the user’s QoE.
•
Sensory Experience [36]: QoE must be
multi-dimensional and multi-sensorial, users need
to have the impression to be part of the
multimedia asset. For this can be used sensory
effects (light, wind, vibration) and specific devices
and effects (air vaporizer, motion chairs).
2.4 Influence Factors of Quality of Experience
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The task of determination of users’ QoE in
telecommunication services is very complex
because the number of Influence Factors (IFs).
These factors can be classified in the following
categories, human, system and context [37].
Human IFs are regarding to the user’s subjectivity,
such as, users’ preferences [19] and the
characteristics of the Human Visual System
(HVS). System IFs are related to the
characteristics of end-users’ devices such as
display screen or speaker, processing and energy
capacity; and also the characteristics of the
network transmission [38]. Context IFs are
concerned with the space and time in which a
service is used, considering social and economic
aspects; for instance, the cost of a phone call, or
the characteristics of the physical environment in
which a user watches a video. It is worth noting
that all of the IFs are interrelated, and each one
adding some degradation on the global user’s
QoE.
3
AUDIO
AND
VIDEO
ASSESSEMENT METHODS

QUALITY

In this section, the most relevant methodologies to
assess the quality of audio and video signals are
briefly described.
3.1 Quality assessment of Audio Signals
Audio quality assessment methods can be
classified in two main categories, subjective
methods and objective methods. Subjective
methods are based on the user’s evaluation of the
content and objective methods are based on
algorithms that contain technical parameters
related to network performance or content
characteristics.
Subjective methods are also classified in presence
and remote tests, which in turn are separated into
utilitarian and analytical methods.
Moreover, objective methods can be classified as
intrusive, non-intrusive and parametric methods.
Intrusive methods require a reference for the
evaluation; thus, an original file is used; it is
necessary to compare the audio that has arrived to

its destination to the original one to evaluate the
quality of an audio transmission. One of the most
accepted intrusive method is the ITU-T P.862
recommendation [35], most known as Perceptual
Evaluation of Speech Quality (PESQ), because its
high correlation with subjective tests.
The P.862 algorithm measures the voice distortion
effects and the noise in the speech quality.
Basically, their algorithm compares an original
signal X(t) with a degraded signal Y(t) that is the
result of passing X(t) through a communications
system [39]. In the first step of PESQ the delays
between original input and degraded output are
computed and an alignment algorithm is
performed. Later, the following stages are
implemented, a level alignment to a calibrated
listening level, a time-frequency mapping,
frequency warping, and compressive loudness
scaling.
ITU-T P.862 recommendation only evaluates the
effects of one-way speech distortion and noise on
speech; then, delays, echo, loudness loss and other
impairments related to two-way conversations are
not reflected in the PESQ scores. The scenarios
for which PESQ had demonstrated acceptable
performance are: speech input levels to a codec,
transmission channel errors, packet loss and
packet loss concealment, bit rates if a codec is a
multi-rate codec, transcoding, environmental noise
at the transmission side, varying delay in listening
only tests, an different techniques of coding, such
as waveform codecs, code-excited linear
prediction (CELP), adaptive multi-rate (AMR),
among others.
On the other hand, non-intrusive methods are
based only on the degraded audio file; this method
does not require a reference file.
It is important to note that non-intrusive methods
have a lesser correlation with subjective test in
relation to objective methods. However, nonintrusive methods are recommended for real time
quality evaluation, since the only information
needed is the audio itself. This characteristic is
very important when considered that in most
online streaming applications, the original audio is
not available.
245

International Journal of Digital Information and Wireless Communications (IJDIWC) 6(4): 241-259
The Society of Digital Information and Wireless Communications, 2016 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)

The most popular nonintrusive objective method is
ITU-T P.563 which predicts the speech quality of
a degraded signal without a given reference
speech signal [40].
The parametric method uses physical measures of
the system, including the network, codecs and
acoustic parameters. The E-Model is a parametric
method that is standardized as ITU-T G.107
Recommendation [41]. This metric tries to predict
the audio quality by analyzing some parameters of
the network transmission. Although, these metrics
are considered state-of-the-art standard, some
studies [42]-[44] suggest different algorithms to
improve the voice quality assessment metrics.
The subjective tests methods for audio quality
assessment are used in tests conducted under
laboratory conditions, in which the instructions are
explained by a supervisor to assessors. Assessors
listen to different audio files and grant an adjective
score using different scales. The most popular
scale is the five-point Mean Opinion Score (MOS)
scale described in the Absolute Category Rating
(ACR) method, which is introduced Table 2.
Table 2. Absolute Category Rating (ACR)
Estimated
Score
Quality
1
Bad
2
Poor
3
Fair
4
Good
5
Excellent

3.2 Quality assessment of Video Signals
In general, the video quality assessment
methodologies can be classified in two groups,
subjective and objective methods.
Nowadays, the most popular subjective tests
methodologies for video quality assessment are
stated in ITU recommendations ITU-R BT-500
[45] and ITU-T P.910 [46]. These subjective tests
are conducted in a laboratory environment with
special requirements concerning lighting and
acoustics conditions. In order to conduct the
subjective tests, a supervisor explains the test
instructions to the assessors. Then, they score each
video assessed using a MOS scale, such as, the
scale presented in Table 2 or another quality scale.

Several objective methodologies for video quality
assessment are focused on determining the quality
of human visual perception considering videos
with spatial impairments [47]-[48] or temporal
interruptions [49]-[52]. In the last 6 years, some
researches [53]-[59] investigate the impact of
video resolution changes on the users’ QoE.
Hence, many communication service providers
measure the user satisfaction to find a manner to
improve their services, and other solutions were
developed in order to improve existing image and
video quality metrics [60]-[63].
Also, measure the quality in audio and video
multimedia services is very important, and some
other studies [64]-[69] are dedicated to describe
the impairments, quality models, components, and
metrics. In the next section, additional video
quality metrics are treated.
4 FIRST CASE STUDY: QOE IN VIDEO
STREAMMING SERVICE
This case study is based on a previous work [6]
and its goal is to show how a new metric that
quantifies the user’s QoE in a video streaming
session is modeled. Hence, our motivation to
present this case study is show the development
process of a video quality metric, considering the
different steps involved, such as, the identification
of key degradation factors in this specific service,
initial subjective tests, mathematical model
definition, technical implementation, and finally,
the validation tests.
It is worth noting that the proposed metric can be
applied in many realistic applications, such as,
adaptive video streaming, in which the video
coding characteristics depends on the video
quality assessed in conjunction with other
parameters as network capacity at end user device.
Nowadays, most of video streaming services are
running over HyperText Transfer Protocol
(HTTP), which uses Transmission Control
Protocol (TCP). In order to minimize the network
congestion effects, TCP implemented different
congestion control mechanisms [70]-[72]. When
TCP detects packet losses in the network, the
number of transmitted IP packets decreases, and if
this new rate is smaller than the playback rate, the
player takes all the buffer information and then
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enters into a rebuffering process. In this
rebuffering time period, no information is
displayed and this negatively affects the user’s
QoE.
A customized player was implemented to extract
information regarding the player buffer states
during a video streaming. These states are the
application layer parameters and they indicate: the
number of pauses and their frequency, mean pause
length and temporal location.
In subjective tests of video quality, the human
perception on the quality of the tested material is
quantified by a score and the global quality of the
service is evaluated according these results.
Results of subjective tests are very important,
because product improvements are based on users’
requirements [73].
It is important to note that objective metrics such
as: Mean Squared Error (MSE), Peak Signal-toNoise Ratio (PSNR), Structural Similarity (SSIM)
[47], Video Quality Metric (VQM) [48] and
algorithms based on Region of Interest [74] or
visual attentions maps [75], [76] are not indicated
for video streaming running over TCP, because
they do not take into account the characteristics of
degradations on the temporal domain. Some
solutions based on application parameters consider
the temporal degradations, specifically the number
and duration of the temporal interruptions
[49],[50]. In this case study, subjective test results,
from experimental tests, are related with the
application layer parameters and, as a result, the
metric named Video streaming Quality Metrics
(VsQM) was established. This approach
considered the temporal location of each temporal
interruption or pause. Therefore, QoE does not
only depend on the number of pauses and their
mean period of time, as stated in [49]-[59]. For
video streaming service over TCP, the temporal
location of each pause must be considered.
Moreover, the proposed metric is used in a useful
scenario, in which a feedback mechanism sends
the quality metric score from end user device to
the video server. This scenario can be used for
different purposes such as monitoring, reports or
as input of a Rate Determination Algorithm
(RDA) to improve the user satisfaction or the
network performance.

4.1 Subjective Test Methods for assessing Video
Quality
Nowadays, subjective test methodologies do not
consider the effects of temporal interruptions, such
as the pauses. Especially, in the video streaming
service over HTTP/TCP, degradations do not
happen in the spatial domain, because TCP
guarantees the packet delivery.
In general, the video impairments can appear in
the temporal or spatial domain. In Figure 2 the
temporal and spatial impairments are presented
using TCP and UDP as transport protocol,
respectively. It can be observed that the user’s
QoE is affected in different ways.

Figure 2. Effects of transport protocols in the video quality:
(a) Impairment using TCP. (b) Impairment using UDP in a
packet loss scenario.

4.2 Limitation of Current Subjective Test
Methods for assessing Video Streaming Quality
As stated before, most of the subjective test
methods
are
described
in
the
ITU
recommendations: ITU-R BT-500 [45] and ITU-T
P.910 [46]. Furthermore, others works compare
these subjective methods [77]-[81].
ITU-R BT-500 described the following methods:
Double Stimulus Impairment Scale (DSIS),
Double Stimulus Continuous Quality Scale
(DSCQS), Single Stimulus Continuous Quality
Evaluation (SSCQE) and Simultaneous Double
Stimulus for Continuous Evaluation (SDSCE).
In the DSIS method the test sequences are
presented in pairs: the first stimulus presented in
each pair is always the source reference, while the
second stimulus is the impairment video [82].
DSCQS method requires the evaluation of two test
videos. One of each pair is unimpaired while the
other video might or might not contain
impairment; but the assessors do not know which
video is the reference. Also, the position of the
reference picture is changed in pseudo random
order [82].
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The SSCQE methodology is recommended for
longer video sequences. The original video is not
used as reference to reproduce viewing conditions
that are similar to real situations [45]. The
assessors give a score at each certain period of
time during the overall video; therefore, there is
not a sole global score for a video sequence test.
SDSCE has been developed taking as reference
the SSCQE method, in which the presentation of
video sequences, and the rating scale had some
variations [45].
The ITU-T P.910 recommendation introduces the
following methodologies, Absolute Category
Rating (ACR), Absolute Category Rating with
Hidden Reference (ACR-H), Degradation
Category Rating (DCR) and Pair Comparison
method (PC).
The ACR methodology is a category judgment, in
which the test sequences are presented one at a
time and are rated independently on a category
scale. The ACR-H methodology is a variant of
ACR, in which the assessor does not know which
is the original video sequence [46].
The DCR methodology is characterized because
the first stimulus presented in each pair is always
the source reference, while the second stimulus is
the same source with some impairment [46].
In PC methodology the video sequences for
testing are also presented in pairs; however, both
of them are representing different impairments
[46].
Another method named Assessment Methodology
for Video Quality (SAMVIQ) is introduced in
[83], [84] and it considers some variants of the
ITU-T methodologies. Table 3 presents the main
parameters
of
the
previous
described
methodologies. The parameters used to compare
these methods are (1) the video length; (2) the
explicit reference, the assessor knows which are
the original and impairment video; (3) the hidden
reference, the original video is presented but the
assessor does not know; (4) simultaneous stimuli,
in which two videos are presented at the same
time; and (5) continuous quality scale, the assessor
score several times during a sole video sequence.
As presented in Table 3, the focus of all these
methods, except SSCQE, is to assess the effects of
spatial degradation, because they consider a video
length around 10 seconds. These methods are

more useful to evaluate the performance of a
particular encoder. Thus, the effects of
degradation caused by pauses cannot be properly
evaluated by these methods. Also, it is important
to note that, in some cases, the length of pauses is
almost equal to the total video length.
Table 3. Parameters of Video Quality Assessment Methods
Video Explicit Hidden Simulta- Continuous
Methods Length
RefeRefeneous
Quality
(s)
rence
Rence
Stimuli
Scale
DSIS
10
Yes
No
No
No
DSCQS
10
No
Yes
No
No
SSCQE
300
No
No
No
Yes
SDSCE
10
No
No
Yes
Yes
SAMVIQ
10
Yes
Yes
No
No
ACR
10
No
No
No
No
ACR-HR
10
No
Yes
No
No
DCR
10
Yes
No
No
No
PC
10
No
No
No
No

As stated before, the SSCQE methodology is
indicated for longer videos. However, grant a
score during a pause would not be reasonable,
because there is not visual information. Also, there
is not any spatial degradation in the video frames
because the streaming service uses the TCP.
4.3 The Proposed Subjective Test Methodology
In subjective tests performed in this case study,
the variability of the cognitive processes of
assessors is considered. They have different
cognitive characteristics, such as, attention, speed
in information processing, short-term and longterm memory, prior knowledge about technology,
and even preferences of video content.
The main differences of the proposed subjective
test methodology in relation to the described in
Table 3 are the length of the test video sequences,
and the global score given by the assessors at the
end of the video test. Therefore, the proposed
method is in accordance to the current video
streaming services.
The subjective video tests were conducted in a
laboratory using the recommendation introduced
in Table 4 [6]. These recommendations try to
establish a realistic environment of the video
streaming service.
The results demonstrated that a metric for
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Table 4. Considerations for Conducting Subjective Tests
Item
Considerations
In order to preserve the temporal effect of pauses
video sequences are longer than 10 seconds. Video
1
sequences with two and four minutes were chosen
taking as a reference the top videos in the most
popular video-sharing service.
Assessors watch the videos according to their
2
preference, and the times they deemed necessary.
Considering the variability of attention of assessors,
the instructions were specific. Thus, assessors know
3
that video degradation is only due to the presence of
pauses.
The assessors had different speeds in processing
information, hence no limited time to score is
4
considered. Also, the tests were performed
individually.
Considering the characteristics of assessors’
5
memory, they could watch the videos as many times
as each of them considered necessary.

4.3.2 The Proposed Video Quality Model
Firstly, the concept of a video temporal
segmentation is introduced, and the following
temporal segments are defined: (a) segment A,
initial video segment; (b) segment B, first
intermediate segment; (c) segment C, second
intermediate segment; and segment D, final video
segment.
The proposed metric is named VsQM and it was
determined by the following parameters: number
of pauses, pauses length and weight of the
temporal segments.
Figure 3, adapted from [6], helps to understand the
proposed metric, at which the video playback time
was of TD seconds. In this scenario, four segments
were established, and six pauses of different
durations were distributed randomly. The number
of segments could be increased, but to calculate
the degradation weight of each segment, more test
video sequences would be necessary.

WI
Temporal Segment Weight

assessing video quality in streaming service have
to consider the temporal location of each pause in
the video. Based on this criterion several test
scenarios or impairment videos were built to
create pauses at different instants of the video and
with certain duration.

WA

WB
WC
WD
ta1 ta2

TA

tb1

TB

tc1

TC td1

TD

T

Time (s)

Figure 3. Parameters used to determine the VsQM metric
[6].

Then, the VsQM metric is modeled as following
(1) [6]:
k

VsQM  
i 1

N i LiWi
Ti

(1)

Where: Ni is the number of pauses; Li is the
average length of pauses, in seconds, that occurs
in the same temporal segment; Wi is a weigh factor
which represents the degradation of each segment;
Ti is de duration of each segment; k is the number
of temporal segments; in this work four segments
were considered.
The results of subjective video tests [6], permitted
to determine the weights of each segment
represented by WA, WB, Wc and WD.
Also, the VsQM values were mapped to a 5-point
scale using an exponential function. VsQM at
MOS scale is named as VsQMMOS, which is
described in [6], and it is presented in (2).
k

VsQM MOS  C exp( 
i 1

N i LiWi
)
Ti

(2)

Where: VsQMMOS is the MOS index expressed in
a 5-point scale, C is a constant for scaling
purposes, and the other variables are the same that
were described in (1).
Some studies [85], [86] states that the exponential
function is the most correlated with subjective test
results.
In this case study were performed 20 different test
scenarios. The result of each test scenario is
represented by a MOS index, for example, the
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W N L
Ln(VsQM MOS 1 )  Ln(C )  A A A 
TA
WB N B LB WC N C LC WD N D LD


TB
TC
TD

(3)

Considering the 20 scenarios and (3), an over
determined linear system with 2 variables and 20
equations was obtained. To solve this equation
system, the least squared method, specifically the
pseudo-inverse, was used. Where C is a constant
and WX is the weight of temporal segment ―X‖ to
be determined. Also, for each scenario, the
variables MOSX, NX, TX and LX are known. This
equation linear system is represented by:
1 t1, 2 .... t1,5   Ln(C )  Ln(VsQM MOS 1 ) 
1 t
.... t2,5   WA   Ln(VsQM MOS  2 )
2, 2



 
: :
 (4)
:   WB   



 
:   Wc  
: :

1 t20, 2 .... t20,5   WD   Ln(VsQM MOS  20 



In which: t1,2 to t1,5 represent the first scenario; t2,2
to t2,5 represent the second scenario and so on.
4.3.3 Test Scenario and Application
A video server, a video client and a network
emulator were used in the test scenario. The
network emulator is used to insert network
impairments. The HTTP/TCP protocols were
used.
Different impairments, such as, reduction of
bandwidth and packet were considered. These
impairments are responsible of pauses with
different lengths.
In order to monitor the buffer behavior, a
customized player that captures all the events
related to buffering and playing status was used
and it is described as follows [6].

4.3.3.1 Customized Player
The buffer states allow measure the following
parameters: (a) number of pauses; (b) length of
each pause, which corresponds to the duration of
rebuffering state; (c) frequency of pauses; and (d)
temporal location of each pause.
Playing video
Buffering

Data Stored at Buffer

following equation corresponds to scenario 1
(VsQMMOS-1):

t1

TA

TB

t2

TC

t3

TD

Time (seconds)

Figure 4. Events traced on the customized player (―R‖:
Rebuffering status and ―P‖: Playing status).

Subjective test results shows the relevance of the
temporal location parameter; for instances, five
pauses at the beginning of the video affects the
video quality in a different way in relation to five
pauses at end of the video.
4.3.3.2 Video Data Set
As stated before, twenty different impairment
models were built for each video content type
considered. The content types used were sport,
news and documental; thus, in total 60 impairment
video were created following one of the 20
impairment models; five of these impairment
models (S1, S2, S3. S4 and S5) are depicted in
Figure 5, which is adapted from [6].
The main characteristics of the three original
videos are: video and audio format followed
H.264/ACC standard, spatial resolution of
640x360, temporal resolution of 30 fps and video
length of 240 seconds. Figure 6 presents a
snapshot of the content information of each
original video.
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S5

Test Scenarios

S4
S3

S2
S1
TA

TB

TD

TC

t

Figure 7. Application Scenario with Feedback Mechanism
for the VsQM metric.

Time (seconds)

Figure 5. Test Scenarios used as Reference.

4.3.4 Results and Final Considerations

News

Sport

Figure 6. Snapshots of the three video content types used as
test material.

As can be observed in Figure 6, the snapshots of
the documentary and sport video content types
present three circles at the center of each figure.
These circles were used to represent a temporal
interruption or pauses. In total, 60 test sequences
were created, each one with different number and
temporal distribution of pauses. These videos were
stored in the personal computers used in the
experimental tests.
4.3.3.3 Service Application Scenario
Figure 7, adapted from [6], introduces an useful
scenario, in which, VsQM metric was sent from
the end user’s device to the service provider using
a feedback mechanism.
In this work, VsQM value is obtained
automatically in a pre-defined time period.
Depending on this period, it is possible to use
VsQM as input of an RDA; thus, the number of
users utilizing the service is increased.
For non-real-time applications, the video quality
metric can be used to prepare reports or to perform
operations and maintain tasks. The feedback
mechanism was implemented using a socket
interface [87].

Weight of Temporal Segments

Documentary

In the subjective tests, 96 evaluators participated,
who reported to have no vision problems. Each
video had at least fifteen MOS scores. The tests
were performed in the same laboratory
environment.
To analyze the results, the average MOS value of
the three video content types for the same scenario
was considered. The values of the constant C and
temporal segments weights were obtained: WA,
WB, WC and WD. Figure 8 shows the weigh
factor values [6].
1,6

1,4
1,2
1,0
0,8
0,6

0,4
0,2
0,0

WA

WB

WC

WD

Temporal Segments

Figure 8. Weight of Temporal Segments: W A, WB, WC and
WD .

It is important to note that pauses at the beginning
of the video, have a higher negative effect on the
user QoE.
Figure 9 shows the relation between the proposed
metric [6] and the subjective test results. The
exponential model is very confident, because the
maximum error obtained was 0.013 at 5-point
MOS scale and a Pearson Correlation Coefficient
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of 0.96.
Hence, the VsQMMOS metric can be used in real
video applications, such as, Dynamic Adaptive
Streaming over HTTP (DASH) [88], in which the
video resolution transmitted depends on the
network capacity at end user, but these algorithms
can be improved with other parameters, such as
video quality index [89]-[92].

Figure 9. Relation between Subjective MOS results and
VsQMMOS estimation.

Subjective test results of video quality showed the
relevance of considering the temporal location
parameter in a video quality metric. It was
demonstrated that pauses at the beginning of the
video have a higher negative effect on user’s QoE
in relation to the intermediate and final parts of the
video. Furthermore, the concept of the effect of
recent memory is not applicable in the streaming
video service.
The VsQM was determined considering the
approach of temporal location parameter, and that
also considers the number of pauses in a specific
video segment, and the duration of each pause.
Results show how the MOS index values,
calculated from VsQMMOS, change if the temporal
locations of pauses are considered or not.
Furthermore, a function to map the proposed
metric values into a 5-point MOS scale was
showed.
5.
SECOND
CASE
STUDY:
QOE
ASSESSMENT OF VOICE CALL SERVICE
IN A CELLULAR NETWORKS

This case study is based on the following previous
works [8], [9] and it intends to demonstrate the
relevance of considering the voice quality index to
improve the users’ QoE. In a voice call service,
the users’ QoE depends on different factors [98],
mainly the perceived voice quality at end user
device, and also the service rate.
Nowadays, in cellular networks there are several
services, such as, video conference, location based
services, social network and others applications.
However, the greatest amount of economic gains
of cellular operators corresponds to the voice
services. Although, mobile operators are
supervised by national regulatory agencies of
telecommunications services, the quality of voice
services do not have an acceptable quality in all
the geographic areas where the cellular operator
provides the service. The operation tasks, such as,
drive tests, generate high costs for the cellular
operator and also these tasks are not enough to
discover network coverage problems.
This problem occurs mainly because the
parameters of quality indicators - KPI (Key
Parameter Indicators) used by regulatory agencies
do not reflect the real user’s satisfaction. These
KPI parameters are not related with the voice
signal quality. Specifically, in Brazil, the National
Agency of Telecommunications (ANATEL)
supervises the performance of mobile operators
with 12 indicators [93], and none of them consider
the user’s QoE. Thus, there is not a KPI that
monitors the voice quality after the voice call has
been initialized.
In this case study, a network topology to assess
voice quality is presented. This network topology
is based on the 3GPP project called Minimization
Drive Test (MDT) [94]. On the other hand, there
are studies [95], [96] that present solutions for
monitoring the quality of voice calls, in which
network parameters are collected to detect
coverage problems. However, these solutions are
difficult to be implemented in commercial cellular
networks.
The objective of this case study is to demonstrate
the importance of including the MOS index [97] in
the 3GPP - MDT project. Because, the RF
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parameters, such as signal strength reception, cochannel interference (C/I), and others, not always
are correlated with the voice quality. Thus, MDT
not only will be focused to discover coverage
problems; additionally, MDT will be able to
monitor the voice call quality.
5.1 Parameter Indicators used for assessing the
Service Quality of Cellular Networks in Brazil
According to ANATEL reports [99], the number
of prepaid users represents about 77.5% of the
total cellular users of cellular networks in Brazil
and the main service used for prepaid subscribers
is the voice call service.
The quality control of cellular networks operators
in Brazil is supervised by ANATEL. Indicators are
important to evaluate system performance [100].
The ANATEL resolution number 335 of April,
2003 [93] established the definitions, methods and
frequency of collection of Personal Mobile
Services (PMS) quality indicators. Table 5
introduces the indicators and quality targets for
PMS.
Table 5. Key Parameter Indicators of PMS In Brazil.
Target
Index
Description
Value
PMS 1
Rate of complaints
1%
PMS 2
Rate of coverage and congestion
4%
Rate of call completion by call
98%
PMS 3
centers
Attendance by telephone /
95%
PMS 4
electronic service
PMS 5
Rate of completed calls
67%
PMS 6
Rate of call set-up
95%
PMS 7
Rate of call drops
2%
PMS 8
Rate of user response
95%
Rate of response to requests for
95%
PMS 9
information
PMS 10
Rate of personal service to the user 95%
Rate of Assistance to the user
5%
PMS 11
accounts
PMS 12
Rate of failures recovery
95%

As can be seen from Table 5, none of the PMS
indicators correspond to the voice signal quality.
These PMS are more related to the service
assistance of call center of cellular operators.
Also, some PMS treat the cases when the phone

call was not established due congestion or
coverage problems.
5.2 Overview of the Minimization Drive Tests
Solution
To improve the cellular network performance,
field engineers perform tasks called drive tests.
Thus, radio frequency (RF) parameters are
collected to discover some coverage holes or weak
coverage areas. It is important to note that the
drive tests cannot be performed in all the coverage
areas, because some areas are access restricted.
Also, drive test tasks are expensive in both time
and money.
In this context, MDT solution deals with the two
problems mentioned above, because user
equipment's (UE) from the real subscribers are
used to collect RF parameters. As a consequence,
the costs regarding to drive tests are reduced
considerably, and the network measurements can
be performed in all different places of the network
coverage area in short periods of time.
5.2.1 Main characteristics of MDT solution
The main characteristics and functionalities of the
MDT are [39]:
 There are two MDT modes to capture the
network parameters: (i) The logged MDT,
where the UE captures the RF parameters, then
they are stored for a certain period of time
before the data is sent to the MDT server. This
MDT mode is performed when the UE is in
idle state. (ii) Immediate MDT is referred
when the UE captures and reports immediately
the RF parameters to the MDT server. This
mode of MDT is performed when the UE is in
active state.
 Collection and report of network parameters
by the UE. The measurement logs captured for
the UE consist of multiple events logged in
different timestamps.
 Network operators can choose specific
geographical regions to perform the MDT
measurements.
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The UE geographical location is important to
determine the regions with a weak coverage,
this information depends of the UE capability.
Timestamp in the measurement logs, which
need to be correlated with every event of the
parameters captured.
The network operator can select some UE
based on their capabilities.

OAM
HLR/
HSS
MDT
Server

Selection of Geographical
area with weak coverage

STP

Immediate mode

5.2.2 MDT architecture

RAN/
RNC

MSC - SGNS/
MNE

Logged mode
MDT UE

Figure 10, adapted from [5], depicts the MDT
network architecture defined in the 3GPP Rel. 10.
A brief description of the network nodes in this
figure is presented in following.
 Home Location Register (HLR) / Home
Subscriber Server (HSS) are the data base of
the subscriber profiles in a cellular network.
 Signal Transfer Point (STP), which is a
signaling point that is responsible only for the
routing functions within an SS7 network.
 Mobile Switching Center (MSC) - Serving
GPRS Support Node (SGSN) / Mobility
Management Entity (MME). The MSC is a
telephone exchange that makes the connection
between mobile users within the same or
different mobile and fixed networks. The
SGSN is a main component of the GPRS
network, which handles all packet switched
data within the network.
 Radio Access Network (RAN) / Radio
Network Controller (RNC). The RAN is the
base station controller in LTE networks.
 MDT Server is the node in charge of collects
all network parameters from de UE.
 Operations, Administration, and Maintenance
(OAM).
Also, a target geographic area with a possible
weak coverage can be analyzed.

MDT UE
(data stored)

MDT UE

Figure 10. Network Architecture of the MDT solution.

5.2.3 Proposed Network Solution Architecture
and Methodology to Assess Voice Quality
In order to analysis and determine the voice
quality index, the E6474A (Wireless Measurement
Software) and VQT (Voice Quality Test) tools
were used. These tools use the ITU-T
Recommendation P.862 [39]. A Personal
Computer (PC) with the VQT tools installed is
connected to an audio card and an UE. The server
sends and receives the audio files over a cellular
network under test.
The mobile phone originates a phone call to the
quality server, which process estimation of voice
quality is started using P.862 algorithm [39].
It is worth noting that the P.862 algorithm is
considered as standardized state-of-the-art.
Figure 11 shows the test scenario used for
capturing the MOS scores in different coverage
areas of a commercial cellular network.
Additionally, the RF parameters were also
measured and collected for analysis purposes.
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Figure 11. Representation of the test scenario for Voice
Quality Assessment in a Cellular Network.

Figure 12, adapted from [9], shows simplified
network architecture of the proposed system,
based on [94], in which is included the MOS
index.
HLR/
HSS

OAM
VQE
Server

Application to capture:
- Different RF parameters
- Quality index (MOS).

RAN

STP

MSC/
MNE

Figure 12. Simplified Network Architecture of MDT
including the MOS index.

It is worth mentioning that is necessary to install
an application in the cellular phone. This
application runs a voice quality algorithm to
determine an MOS index. For real-time
applications, this algorithm needs to be performed
without
any
voice
reference.
ITU-T
Recommendation P.563 [40] is a non-intrusive
objective quality metric, which accomplishes these
requirements.

because it is applicable in several areas such as
electrical,
electronic,
computer,
telecommunication engineering, computer science,
information technology, professional in the areas
of ergonomic and usability, among others. Hence,
a considerable number of new researches are
expected in the next years, considering the
increasing number of works in the last 10 years.
The assessment of the users’ QoE is very complex
because the QoE concept is based in different
influence factors, which are classified into three
categories: human, system and context. The first
one is especially hard to be evaluated, because it is
related to the human subjectivity and each person
is different to another. In this context, the
subjective tests are really important to determine
the user’s satisfaction, because during these tests
can be identified and determined the main
impairment factors that are degrading the user’s
QoE. Based on the results of subjective tests and
considering the key parameters of the service
evaluated, a mathematical model can be defined
establishing a relation between these parameters
and the subjective scores.
Thus, in the first case study, the experimental
results indicated that the main impairment factors
were the number, duration and the frequency of
the pause happened during a video streaming
session. Using these impairment factors, or
parameters, a mathematical model was defined
which output represents the user’s QoE index. In
the second case study, we presented how a voice
quality index can be used to improve the global
user’s QoE in the voice telephone service.
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