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           ABSTRACT 

 
 
 
In the revolutionary world of Telecommunications industry, costumer’s satisfaction with the 
product plays a pivotal role. The QoE is affected by the quality of service of a network 
provided by the service providers. Generic relationship between Quality of Experience and 
Quality of Service aids to the evolution of smarter ways of regulating the network 
performance. Accordingly, several studies have engrossed on classifying the relationships 
between QoE and QoS, seldom noticing the exponential and logarithmic relationships. 
Correspondingly, investigating the influence of diverse parameters such as stalls, delays, 
losses on QoE and analyzing whether the additive model or multiplicative model fits the 
best. In this work, the aim is to investigate the relationships between multi-dimensional QoE 
space and multi-dimensional QoS parameters. In order to build the subtlety in the sector of 
multi-dimensional QoE models for multi factor QoS parameters, this study has been 
conducted. 
 
 
Since the demand for high quality videos is rising tremendously, it has been a necessity for 
the service and network providers to ensure the best service.  In this study a statistical 
analysis was performed based on quality assessment method. The videos were streamed 
using the VLC Player and the user’s reactions were logged. A questionnaire was prepared 
with questions regarding quality and disturbances observed Figure 14. A total of 15 users 
participated in the study. The data collected in the study was analyzed using averages, 
correlations and regression analysis. Comparisons were made between the additive 
modelling approach and multiplicative modelling approach by linear regression. In 
conclusion, proposing that the multiplicative model is the best fit for resolutions vs stalls 
w.r.t mean opinion score (MOS). 

 
 
Keywords— additive model, Linear regression, MOS, multiplicative model, multidimensional 
QoE, QoE, QoS Quality of Experience, Quality of Service, Quality Assessment Method, VLC 
Player 
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The Telecommunications industry continues to be the hub for networking, internet, 
multimedia streaming, etc. From a commercial point of view, network providers are 
engrossed in satisfying the end users with their services and to cope up with the 
competition in the market. To achieve this, they have been focusing on modeling multi-
dimensional QoE models. For providing the best quality to their customers, the concept of 
Quality of Experience (QoE) combining user experience and expectations with technical and 
non-technical parameters such as network-level quality of service has emerged. 

 

 

QoE, defined as the degree of acceptance or annoyance of the user of an application or 
service which was born to counter balance the term QoS (Quality of Service). The QoE 
paradigm can be applied to any consumer-related provider not to deliver services with high 
QoS, but with high QoE to their customers. In recent studies, it is clear that QoE may be 
influenced by a broad range of factors, from a service provider or a network operator’s 
point of view there has been a need for an understanding of the relationships between QoE 
and measurable QoS parameters [1]. The IQX hypothesis expresses the generic exponential 
dependency of QoE on QoS and builds on the assumption that the higher the current level 
of QoE, the greater the impact of additional QoS disturbances (loss, jitter, throughput) [2]. 
On the other hand, the logarithmic relationships between relative quality changes in 
network QoS and user QoE is described by Weber-Fechner Law (WFL) [3]. Steven’s power 
law proposed by Stanley Smith Stevens is a relationship between sensation magnitude to 
stimulus intensity, which supersedes the WFL based on wide range of sensations. This paper 
aims to give a brief overview of the QoE-QoS relationship by illustrating the additive, 
multiplicative and mixed models, also analyzing which model is efficacious for stalls Vs 
resolution. 

 

 

 

 

 

Chapter 1  

                                                                                  INTRODUCTION 
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1.1    Problem Statement 
 

With the development of information and communication technology systems and services, 
the need for evaluation of their performance and consideration of user’s experience is 
imperative. Studies involving various methods to overcome the degradation of QoE is 
observed in Chapter 2. There were also studies which observed the various impairment 
factors which affect the Quality of Experience. Although, not many findings related to how 
to map these many to many QoS factors onto QoE on multidimensional space was observed. 
Hence, the main aim of this research was to investigate deeper into the models mentioned 
in the paper [4], and conclude which model fits the best to map the relationship between 
QoS and QoE. 

 

 
1.2    Aims and Objectives 
 
The aim of this thesis is modelling the impact of several network-level influence factors on 
multiple QoE dimensions. The objectives of the thesis are as follows:  

• To build an experimental setup and conduct subjective tests to find out which kind of 
multi-factor QoE model is appropriate for a given service scenario. 
 

• Conduct experiments with several users regarding their experience with the quality 
of the video. 
 

• Prepare a questionnaire for the users to give their feedback. Based on the user 
rating, assess the data sets and analyze which model fits the best. 
 

• Examine the existing effect of QoS factors (Stalls and initial delay) on multi-
dimensional QoE parameters. 
 

• Correlate and thus validate the existing models with the collected users’ feedback. 

 

Investigate the issue that leads to bad rating of Quality of Experience (QoE), for different 
video resolutions and different stalls. Simultaneously, categorize the QoE models. 
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1.3    Research Questions 
 

1. How does the QoS parameter i.e. stalls and resolution effect the QoE of the end 
user?   

2. Which multi-dimensional QoE model i.e. additive or multiplicative appropriate for a 
given service?  

 

1.4    Methodology and Analysis 
 
The stages in the methodology adopted in this thesis are as follows: 

Survey of Related Works: 

Already available literature on modelling the relationship between QoE and QoS parameters 
in different scenarios is analyzed to observe what are the contemporary research problems 
in this area. There is a need for more number of subjective tests to be conducted to be able 
to model a relationship with highest correlation between the influence factors in context 
and the perceived QoE in terms of MOS.  

 

Experimental setup: 

A server-shaper-client setup is used which are tapped with wire taps. Measurement Point 
with DAG cards are connected to capture the traffic. VLC player is installed, both on the 
server and the client side to stream the videos. UDP streaming is opted to avoid traffic. 

 

Accumulating Data from the Subjective Tests: 

The data obtained from the subjective tests is the perceived quality from the user end in 
terms of MOS after the influence of impairment factors such as the video resolution, 
stalling, etc. These tests are conducted to obtain the following information. 

How did the influence of stalling in its various forms such as the position of the stalls, the 
stall frequency, the stall length, etc. along with other impairment factors such as video 
resolution impact the overall perceived quality of the user? 

 

 Analysis of the data: 

      The collected data will be analyzed to obtain generic models for the multi-dimensional 
QoE and QoS spaces which will provide optimal curves when plotted as a graph. The optimal 
fitting function is obtained using regression methods by minimizing the normal error (E) 
which in turn improves correlation. 
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1.5    Split of Work  
 
The main focus, here, is on how to map a many-to many relationships between multi-
dimensional spaces of influence factors onto a multi-dimensional QoE space. Our thesis has 
been divided into two parts:  
 
 

       
                                        Multi-parameter QoE study   
 

Investigation of Multi-dimensional           
QoE Models with the Impact of  

Resolution Vs Stalls for Video Streaming 
-Shravya Nuka 
 

 
Impact of Initial Delay and Stallings on the 

Quality of Experience of the User [29] 
 
-Sindhu Vasireddy  

                                                                 Figure  1 : Split of Work 

                                                 
  
 
Video resolution Vs Stalling focus on assessing the perceived quality of the video streaming 
using UDP transport protocol, by taking various impairment factors such as stalls and 
resolutions into consideration. In the case of UDP video streaming, the bottleneck may lead 
to stalling or packet loss as QoE impairment. By applying IQX hypothesis, we can derive a 
mapping relationship between the QoS impairment factor i.e stalls and QoE in terms of MOS 
for different video resolutions. MOS is obtained by conducting various user tests.  
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2.1 Related Work 
 
This chapter synthesizes the literature review to understand and analyze the theories 
behind the current research. To envisage the context of this research, the first and foremost 
step is to understand the motive and the importance of Quality of Experience in our day to 
day life. The literature survey provided adequate knowledge on the work conducted on QoE 
and the present status of the relationship between QoE and QoS, which is of major concern 
in this research. The survey aided in recognizing the key challenges as well as the drawbacks 
in the present scenario which lead to the further study on the generic relationship.  

In the past few years we could observe the rapid growth of networking and it is evident that 
the world is ready to witness the arrival of advanced and innovative technology. As the 
technology grows, simultaneously the quality must be assured. Quality of Experience 
undoubtedly plays a key role in any service. The importance of QoE in networking is 
explained in [2], [5], [6] where the evolving of multimedia services and their main focus is to 
fulfill the requirements of the end users.  

It is quite a challenge to successfully relate traffic characteristics to user satisfaction which 
requires further investigation[2] . In this paper Markus Fielder et al. investigate the possible 
correlations between network-level traffic characteristics and user perceived QoE. They 
have conducted experiments and obtained a quantitative view on the consequences of data 
loss on objective as well as subjective parameters. This research provided adequate 
information and motivation to investigate in-depth on user’s patience in the aspect of 
network performance problems.  
 
 
In recent studies QoE has been influenced by a broad range of factors. Starting from a 
service provider or a network operator’s point of view there has been a requirement for 
understanding the generic relationship between QoE and measurable QoS parameters [4], 
[7], [8]. It is obvious that generic QoS problems such as delay, loss, throughput limitations 
indicate generic QoE problems such as glitches, disturbances, jerks. Hence it is important to 
further investigate the generic relationships between QoE and QoS [4].  
 
 
This research paper by T. Hossfeld et al. [4] proposed a generic formula in which QoE and 
QoS parameters are related through an exponential relationship termed IQX hypothesis.  

Chapter 2 

BACKGROUND AND RELATED WORK 
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The derivation of QoE and QoS relationships builds on quality comparison between 
reference and outcome. Reference is the key factor when it comes to rank the quality of 
outcome. This paper suggested that the exponential relationship provides better quality 
approximations than the original logarithmic approximations, which was considered for our 
research. 
Quality of Experience is incredibly important for online services providers. In the previous 
studies when QoE is measured, it’s primary focus was on Mean Opinion Score (MOS). In the 
paper [9] P. E. Heegaard et al. highlighted the insight found in the uncertainty masked by 
the MOS. Such an insight will aid the service providers to manage QoE in a more efficacious 
way. They extended their previous work by Tobias Hoßfeld, Poul E. Heegaard and Martin 
Varela [10] to broaden their idea that it is essential to go beyond these simple quality 
measures when assessing subjective valuations. They provided several examples which 
elaborates how the quality is perceived by the users when we go beyond the MOS 
calculations. They conducted subjective tests using four different websites (encyclopedia, 
cooking community, news portal, travel portal) with strongly varying page intricacy in terms 
of visual elements and modalities. The network conditions were simultaneously changing 
while performing each task. Finally, they concluded that the SOS (Standard deviation of 
opinion scores) hypothesis is considered to model the total distribution of users’ ratings for 
a certain test condition. Hence producing the relation between MOS and SOS values, where 
the SOS parameter a reflects the user rating diversity independent of the rating scale. With 
this survey, consideration of other tools for understanding QoE has been made. 
 
 
The demand for watching internet videos has been escalated in the past few years, thereby 
introducing many technical challenges that affects user’s perception in QoE. In the paper 
[7], H. Yeganeh et al. focused on the joint impact of the performance quality and playback 
stalling on QoE. They have conducted subjective tests with interactions between video 
presentation quality and Stallings. A statistical analysis was performed based on the outlier 
detection scheme, concluding that stalls are trivial for the users when high quality videos 
are presented and stalls with low frequency. Though these observations are qualitative, 
they provide useful insights in considering the joint effect of video quality and playback 
Stallings on user’s experience. This aids in developing quantitative models. Their hypothesis 
is challenged in the current thesis by demonstrating videos with moderate or low 
presentation quality. 
 
 
The rapid advancement for multimedia content which includes video streaming raise 
challenges for all the service providers and various stake holders [5] . In Today’s world, users 
bid to experience high quality videos. The video streaming platforms are offering videos 
with different quality settings and striving to attract more users [11] . Also, in the works 
[12], [13], the authors purely focused on quality of experience for video streaming.  
 
 
In the study [12], to have a better holistic view of influencing factors on QoE, Y. B. Youssef et 
al. have analyzed other factors apart from networking parameters (QoS). Their model 
proposed the importance of opting accurate parameters related to the application (video 
streaming) in Quality of Application (QoA). The Prediction Model process involved Machine 
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Learning to test their selection method performance and to automatically predict the QoE. 
They have collected datasets of 451 samples with different parameters and concluded that 
using five influencing factors instead of all gives the best prediction. 
 
In [13], R. F. Ghani et al. focused on three main factors which have a major impact on video 
quality which is delay, jitter and packet loss. The Packet Loss Rate(PLR) values were used to 
construct the Machine Learning algorithm to predict QoE for video streaming in real time. 
Their work shows multi algorithms performance, offering the service providers to choose 
the most accurate one.  
 
 
There are several studies on assessment and estimation models for QoE versus QoS 
relationship [8] [14] [15] [16] [17] [18] . In this paper [17], K. Yamagishi mainly focus on how 
the QoE of services degrades due to network conditions. To combat this situation, they have 
introduced subjective quality assessment methods and QoE estimation model by 
considering the impact of compression and network conditions on the quality. The QoE-
estimation models were grouped into three categories - packet-based model, media-based 
model, and planning model which have been explained and summarized. Followingly, in the 
paper [8], QoE assessment model for video streaming service such as IPTV is proposed. The 
measurement results obtained in this thesis using the VQM tool were fluctuating, due to 
various constraints such as number of used frames and video stream characteristics. They 
have concluded through their proposed model that the service providers could predict 
subscriber’s QoE in offered network environment and analogize service environment which 
in turn meets the ideal QoE. 
 
 

i Additive Model 
 
 Major studies, of late, have only modelled the QoE versus QoS relationship focusing only on 
the overall user perceived quality in terms of the Mean Opinion Scores (MOS). It all started 
when the company named NTT introduced the OPINE model which was based on the dogma 
that psychological factors on a psychological scale are additive [19] . Then emerged the E-
model [15] by J. A. Bergstra and C. A. Middelburg , a commonly used additive model, which 
was put forward based on the OPINE model under the ITU-T Recommendation G.107. The E-
model focused on predicting and monitoring the expected speech quality considering the 
cumulative effect of a group of impairment factors. The transmission rating factor R, is a 
combination of all the transmission parameters. The E-model provides a statistical valuation 
of quality measures, which are derived from the transmission rating factor. The frequently 
used quality measures are: poor or worse (PoW) or good or better (GoB) in percentiles.  
 
 
The E-model was later extended for further use in the speech quality prediction of VoIP, 
together with additional network impairments and random packet losses which also 
exposed the additive impact on the QoE obtained [20]. In Voice over Internet Protocol 
(VoIP), packet loss is the most important factor which causes degradation of a packet-based 
transmission. In this paper, a model was proposed for envisaging speech quality under 
random packet which is compared to audio test data. This approach was mainly intended 
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for network planning since packet loss may exist in a network in addition to other types of 
impairments like line noise, transmission delay or talker echo. Therefore, in the later step, 
the paper conducts a series of short conversation tests and observe whether the perceived 
impairments behave additively on the applied scales. The results show a limited impairment 
additivity. This additive nature of the impairment factors indicates that they are all 
independent of each other in a multi-dimensional space. Concluding that these dimensions 
are orthogonal to each other. The additive nature of the losses in the network with respect 
to the speech quality was further modeled to be expressed as a weighted linear 
combination of the impairment dimensions [21]. 
 
 
 So far, we have seen the additive models as described in the literature for modeling the 
speech quality as perceived by the end user. Now, we will refer to all the research 
works, which have used this model in evaluating the quality of a video, which is of major 
concern for the current thesis. This paper by Zhibo Chen et al. [21] , proposes an additive 
log-logistic model for various impairments, where the distortions due to each type of 
impairments are additive. Based on this model, several other models have evolved and 
described in ITU-T Rec. P.1202.2.  
 
 
The overall video quality was estimated as a weighted linear combination of different 
impairments in the form of slicing artefacts, compression artefacts and freezing artefacts 
[22]. The ITU-T Rec. P.1201 amendment on non-obtrusive monitoring of audio-visual quality 
of IP-based videos suggests an additive model, in which the impairments resulting from 
initial delay and stalling are deducted from the Mean Opinion Score (MOS).   
The additive model proposed by ITU-T has also been used in modeling HTTP based video 
streaming [11].  
 
 

ii Multiplicative Model 
 
The purpose for researchers to come up with the multiplicative model is that, in some 
instances the impact of an influence factor causing a poor MOS cannot be compensated by 
advancing the other factors [22]. In the paper [23] by B. Belmudez and S. Möller, an 
integration model combining both the audio and visual quality measurements has been 
investigated with the subjective tests showing that a multiplicative model with an additive 
shift is itself sufficient for assessing the audiovisual quality. There is another paper on 
integration models [24], where M. H. Pinson et al. investigate the alternatives to see if there 
is any pertinent regression model foreseeing the audiovisual quality and also checks which 
factor (audio quality or video quality) is more influential on the perceived quality.  
 
 
The paper [25] by C. Tsiaras,  uses the DQX model, which also like the IQX hypothesis uses 
an exponential approach to link the QoS parameters and QoE. But the only difference 
between them are, the previous model recommends a way to calculate QoE with multiple 
QoS parameters as input. This model is studied for assessing the voice quality over VoIP and 
eventually, recommends multiplicative model in the QoS domain. In a recently proposed 
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paper [22] , it has been presented that while assessing the impact of stalling and initial delay 
on the QoE for HTTP video streaming the multiplicative model produces more optimistic 
results compared to the additive model. Then again, the behavior of the additive and 
multiplicative models in one-dimensional and multi-dimensional case is not explicitly 
explained. 
 
 

iii Mixed Models 
 
It has been exhibited in [22] , that a multidimensional QoE model cannot be articulated by 
directly combining the existing single-parameter QoE models.  A mixed model is a linear 
regression model which includes both the additive and multiplicative QoE models. 
When the same factor is influenced by several impairment factors, then these factors may 
be combined with a linear regression model.  
 
 
 

2.2 Technical Background 
 

1) QoE – Quality of Experience is the degree of delight or annoyance of the user of an 
application or service. It results from the fulfillment of his or her expectations with 
respect to the utility and / or enjoyment of the application or service in the light of 
the user’s personality and current state. 
 

2) QoS - Quality of service is the description or measurement of the overall 
performance of a service, such as a telephony or computer network or a cloud 
computing service, particularly the performance seen by the users of the network. 
To quantitatively measure quality of service, several related aspects of the network 
service are often considered, such as packet loss, bit rate, throughput, transmission 
delay, availability, jitter, etc. 
 

3) Non-linear Regression - Parametric nonlinear models represent the relationship 
between a continuous response variable and one or more continuous predictor 
variables in the form. In statistics, nonlinear regression is a form of regression 
analysis in which observational data are modeled by a function which is a nonlinear 
combination of the model parameters and depends on one or more independent 
variables. The data are fitted by a method of successive approximations. 
 

4) MATLAB – is a tool that combines a desktop environment tuned for iterative analysis 
and design processes with a programming language that expresses matrix and array 
mathematics directly. 
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5) VLC Player - VLC is a free and open source cross-platform multimedia player and 
framework that plays most multimedia files as well as DVDs, Audio CDs, VCDs, and 
various streaming protocols. 
 

6) Netem- provides Network Emulation functionality for testing protocols by emulating 
the properties of wide area networks. The current version emulates variable delay, 
loss, duplication and re-ordering. 
 

7) Mean opinion score (MOS) is a measure used in the domain of Quality of 
Experience and telecommunications engineering, representing overall quality of a 
stimulus or system. It is the arithmetic mean over all individual “values on a 
predefined scale that a subject assigns to his opinion of the performance of a system 
quality”. Such ratings are usually gathered in a subjective quality evaluation test, but 
they can also be algorithmically estimated. 
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This chapter provides a detailed description of the methodologies deployed for this research 
that has been laid down to achieve the aims and objectives presented in Chapter 1. The 
research design is a step by step process, starting from the methodology used to analyze the 
collected data and present the results obtained. 

 
  Quality Assessment Method 

 

Assessment of video quality is a weighted factor since the popularity of video streaming has 
been rising tremendously. In [26] Chen et al have provided a comprehensive survey of the 
evolution of quality assessment methods analyzing their advantages, characteristics and 
drawbacks. There have been several QoE analysis models evolving due to the accessibility of 
large scale data. To evaluate and control the video quality, it is essential to deploy 
assessment methods. This way it is easier to estimate the service quality perceived the end 
users. Various objective quality assessment models have been studied which aid to 
assessing the QoE of video applications and their performance is compared to the 
simulations from the subjective tests which have been conducted in the lab. 

 
It is important for an Internet Service Provider (ISP) to understand the relationship between 
Quality of Experience of a service and the performance attributes of the service endowed 
through networks, which results to a QoE model [27]. QoE monitoring approaches at two 
levels: Application Layer and Network Layer. The application-layer monitoring requires the 
change in end user application, which leads to exact results since the performance is directly 
assessed at the user terminal where QoE degradations are directly perceived. In contrast, 
the network-level monitoring deals with managing and detecting network traffic problems. 

 
According to the ARCU (Application-Resource-Context-User) model [14], which categorizes 
influence factors into four multi-dimensional spaces. Some of the influence factors can be at 
application-level and some at network-level. This model splits the factors into different 
multi-dimensional spaces according to their type and maps those points to a multi-
dimensional QoE space. However, in our research the primary focus was to model the 
impact of several network-level influence factors on multiple QoE dimensions.  
 
 
 

Chapter 3  

                                                                                 METHODOLOGY 
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Henceforward, let us see how the QoE influence factors fall into four multi-dimensional 
spaces: 
  

1. Application space(A): Composed of elements indicating application/service 
configuration factors such as resolution, sample rate, buffer size, etc. 

2. Resource Space(R): Composed of elements indicating performance of system and 
network resources used to deliver the service. The system resources include end 
user device capabilities such as memory, user interface, etc. and network resources 
include delay, loss, jitter, etc. 

3. Context Space(C): Composed of elements indicating the condition in which a service 
is being used such as ambient conditions, user locations, etc. 

4. User Space(U): Composed of elements related to explicit user of an application such 
as user expectations, demographic data, behavior, etc. 

It is beneficial to differentiate between factors associated to actual service and 
configuration parameters from system/network resources. 

 

Quantitative relationships between QoE and QoS are essential to be able to build efficient 
QoE control mechanisms onto quantifiable QoS parameters. In [4] Markus Fiedler et al 
proposed a generic formula called IQX hypothesis, which expresses the generic exponential 
dependency of QoE on QoS and builds on the assumption that higher the current level of 
QoE, greater is the impact of additional QoS disturbances like loss, jitter, throughput, etc.  

                                                              

On the other hand, in [27] the logarithmic relationships between relative quality changes I 
network QoS and user QoE is described by Weber-Fechner Law(WFL).  

                                                              

This aims at bridging the gap between QoE research in Telecom and more general laws 
describing perception.  

 

To build a QoS-based QoE evaluation model, it is essential to consider the mapping relations 
between the application layer QoS metrics and network layer QoS parameter, 
simultaneously application layer QoS metrics and QoE.  
QoE can be characterized by a function, which maps the impact of influence factors onto the 
quality perceived by the end user. As the IQX hypothesis [4] proposed an exponential 
relationship between QoE and QoS. The exponential relationship models a linear 
relationship between user’s sensitivity to QoE and the actual level of QoE, as a differential 
equation.  
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To be more precise, 

Additive in QoS domain: implies a linear or exponential relationship. 

Additive in QoE domain: implies a logarithmic or linear relationship. 

The figure represents a more detailed description of the generic relationships between QoE 
and QoS. 

 

      
                QOE 

 
         RELATIONSHIP 

 
                  QOS 

 
 
Additive in QoE 

 
Linear                 

 

 
 
Additive in QoS 

 
Additive in QoE 

 
Logarithmic         

 

 
Multiplicative in QoS 

 
 
Multiplicative in QoE 

 
Exponential 
[  ] 

 
 
Additive in QoS 

 
 
Multiplicative in QoE 

 
Power                   

 

 
 
Multiplicative in QoS 

                                            Table 1 : Generic Relationship between QoE and QoS  

 

 
So far, we have seen several studies which are engrossed on identifying the relationships 
between QoE and QoS, our primary goal was to analyze the influence of parameters on QoE 
and how to best model it. Distinguishing if the models are additive, multiplicative and mixed 
model is of major concern. As the models are already briefly explained in Chapter 2, it would 
give a good insight when it comes to analyzing of the data in the future chapters. In this 
research the dimensions within the QoE space are representing different qualitative and 
quantitative metrics, which can be perceived by the end user such as the perceptual 
quality/MOS, ease-of-use, efficiency, comfort, utility, acceptability etc. The integral quality is 
then calculated as a function of all the weighted QoE dimensions and distinguished by the 
models in the later chapter. 
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 Quality Measurement Method 
 

Existing quality measurement methodologies can be classified into two categories: 
subjective measurement schemes and objective ones. For subjective evaluation methods, 
opinion ratings (MOS) based on user’s satisfaction has been examined to assess the 
perceptual QoS as mentioned in ITU-T Recommendations E.800. For the video quality 
evaluation, subjective measurement schemes are most reliable method where a group of 
users have been asked to rate the video quality. 
 
We have used the non-linear regression method to analyze the collected user data. Non-
linear regression is a statistical method that allows to encapsulate and study the 
relationship between two quantitative variables. In this research, it is used to reveal the 
quantitative relationships between two or more variables.  
 
                        Total duration of stalls = stall frequency × duration of each stall 
 
In a non-linear regression analysis, the relationship between dependent and independent 
variable is linear. Here is a standard equation: 

                                                 

                                                 x = f(A,B) + ε, 

where 

 x is an n-by-1 vector of observations of the response variable. 
 f is any function of A and B that evaluates each row of A along with the vector B to compute 

the prediction for the corresponding row of X. 
 A is an n-by-p matrix of predictors, with one row for each observation, and one column for 

each predictor. 
 B is a p-by-1 vector of unknown parameters to be estimated. 
 ε is an n-by-1 vector of independent, identically distributed random disturbances. 

 
MATLAB and its regression analysis toolkits were used to attain the fitting process. Based on 
the real data, the best fit coefficient values were considered, and a multiplicative model is 
obtained.  
 

 

  Setup 
 

i. Test-Bench Setup  

This section describes the used measurement test setup and illustrates the tools and video 
sequences used for the streaming. For the conducted experiments, we used the Server-
Shaper-Client setup which is wire taped as portrayed in Fig 2. VLC server software was 
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installed on the PC server to stream out the videos without any graphical interface. A netem 
shaper with wire taps is used to control the traffic. A Distributed Passive Measurement 
Infrastructure (DPMI) setup [28] consisting of measurement points (MP) with DAG (Data 
Acquisition and Generation) cards is used to capture the packets and send to the consumer. 
A VLC player was installed on the PC client. VLC player was preferred since it is a widely used 
open-source platform for multimedia content in the present-day scenario. 

 

 

                                                                                    

   

 

 

 

                                                                     
                                                                 Figure  2: Experimental Setup   

                            

Case 1 Test Scenario:  

Initially a 60-second-long part video “Big Buck Bunny” with different resolutions 720p, 480p, 
360p and 280p was streamed in an emulated network environment from a VLC player on a 
PC server through the shaper towards another VLC player on a Windows client. Special care 
was take while opting the video. A video with same content but with different resolutions 
was considered to properly assess the perception of the user. The users can perceive 
different video contents in different ways. Hence for the users to focus on the quality of the 
video and not the varying content, this approach was considered.  
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The video was streamed using UDP on the transport layer. The User Data Protocol (UDP) -
based streaming varies from the Hypertext Transfer Protocol (HTTP)-based streaming which 
uses Transport Control Protocol(TCP) as the underlying protocol. Although in the current 
scenario HTTP-based adaptive streaming is more in practice, UDP-based streaming is still 
used for delivering multimedia content. In this research, the video data was transmitted via 
UDP to avoid traffic and additional interactions with TCP.  

 

To begin with, the videos with different resolutions were installed onto the server and 
triggered with the VLC command by initializing the video and audio codecs, protocol and the 
destination IP address. Concurrently, constant delays were introduced in the shaper with 
the tc commands to control the traffic and the video was observed on the client PC with the 
VLC terminal commands. 

The following NetEm commands were used:  

 To introduce delay: tc qdisc add dev eth1 root netem delay 25ms 
 

 To delete the existing rules: tc qdisc del dev eth1 root 

The following VLC commands were used to trigger the video: 

 To start streaming from the Server:  
 
vlc <file path> --sout #transcode{vcodec=h264, acodec=mpga}:standard{ access = 
udp, dst=192.168.0.2:1234}’ vlc://quit 
 

 To receive a UDP stream at the Client: 
 
vlc udp://@192.168.0.2:1234 

 In this way, the first test bench was set up and the video streaming with different delays 
0ms, 25ms,100ms, etc and loss were introduced.  

Limitations: 

This test case was cumbersome and would not be efficient for subjective tests. The run time 
of the video which was 60 seconds long was reconsidered in order to keep up the user’s 
motivation. Similarly, the 720p resolution video did not perform as expected. Though the 
pixel resolution was high and there was no delay introduced on the shaper, packet loss was 
observed. The quality of video while streaming from the server to the client was also 
deteriorating. The in-built player modifications on the server was suspected to be the 
reason for this situation. Hence, concluded to use a test script which triggers the streaming 
of a shorter duration video excluding 720p resolution is explained in Case 2. 
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Case 2 Test Scenario:  

Here, a 30-second-long duration “Big Buck Bunny” video with resolutions 480p, 360p and 
240p were streamed over UDP from server to the client. Three initial delays(0s,2s,7s) and 
three stalls (0,1,2) were introduced onto the shaper in order to mimic real network 
behavior. With these impairment factors and resolutions, we draw 27 combinations. The 
script was written in such a way that these 27 combinations are randomly generated and 
passed. This way we can randomly produce the combinations with no training period and 
observe the user’s reaction. This method is more effective to use and less cumbersome.  

Considering the 30 second duration of the video, the stalls were set in such a way that, the 
first stall appears after 15 seconds and the second stall after 20 seconds. No bandwidth 
shaping, or loss shaping was applied. Moreover, to trigger the stalls, the delay value of the 
shaper was reconfigured during the streaming of the video with additional 2 seconds per 
stall. The bash script was triggered from the client (mentioned in the Appendix). 

 

ii. Users Test Setup 

This test scenario is mainly presented to illustrate the test bench setup for the users. It 
draws an experimental platform for subjectively evaluating the end user’s perception. 
Depending on their desire to participate in the subjective study, 15 users have been invited 
to the lab. The settings of the study are described as follows: 

• Test bench: On the client terminal the user enters the command to trigger the script 
which would stream the video combinations in a randomized manner. 

• Video description:  In total 27 video combinations with different resolutions 
(240p,360p,480p), three stalls (0,1,2) and three initial delays (0s,2s,7s) are presented 
to the users to rate the videos. 

• Participants:  A total of 15 people participated in the subjective test. A distribution of 
users based on several factors such as age, region and gender are distinguished: 

a) Age: The participants belong to the age group of 22-24. 
b) Gender: In total of 15 users, 27% were female users and 73% were male 

users.  
c) Place: 6 users were from India, 7 users residing in Sweden, 1 user from Iran 

and 1 user from Spain. 
 
 

• Procedure: The test was conducted in a controlled network where the participants 
were given a questionnaire presented in a hard copy. They were asked to judge the 
quality of the video and answer the questions after watching the video. Their 
perception was noted down in terms of scores between 1-5 on a continuous scale. 
Here we used the Absolute Category Rating (ACR) where the levels of the scale are 
sorted in the decreasing order. 
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 Questionnaire  
 

The questionnaire was prepared in such a way that it will collect the overall experience of 
the user while watching the video. The user survey consisted of questions which was mainly 
related to quality and disturbances observed in the video.  

 

The questionnaire (Figure 23) starts with general information questions that are related to 
the user, such as Name, gender, age and place. The users were mostly students of the age 
group 21-24 years old. This age group was considered since the video streaming reach is 
high and the degree of delight and annoyance could be depicted. The answers were rated 
on paper on a continuous scale from 1 to 5 with 3 equidistant makers in between using the 
ACR method, where 1 represents very bad and 5 represents very good.  
 
 
Subsequent part of the questionnaire consisted about the video quality. First the user was 
asked if he/she liked the content of the video and to what extent. Since the need to know if 
the user liked the video content is very essential. As we stream 27 video combinations, the 
user must observe all the 27 videos with patience and enthusiasm. Second, if he/she liked 
the quality of the video and to what extent, which was rated on a scale of 1 to 5. Third, if he 
observed any disturbances like jerks, glitches, delays and audio problems. This way the user 
survey was conducted, and the feedback was noted down. 
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This section presents the results obtained from the tests and the detailed analysis of these 
results is explained in the later chapter. Section (i) represents the case 1 test results which 
are obtained from the preceding chapter. Section (ii) represents the user test setup results 
and how the MOS values are obtained for different cases. 

4.1 Case 1 test Results 
 

Here the results of the case 1 test setup are exhibited. The videos with different resolutions 
were streamed from the server to the client by introducing several delays and losses onto 
the shaper. The videos were graphically presented on the client PC on the VLC player. After 
observing each video, the overall quality was rated on a scale of 1-5. Where 1 represents 
Poor and 5 represents Excellent. The results for this test case was observed by only one user 
to examine the initial setup.  Let us see the results for 480p and 360p resolution videos 
given by the user. 

In the 480p and 360p resolution video, losses from 0 to 4 and delay from 0 to 5000ms were 
introduced to carefully observe the performance of the video. In the figure 3 we can 
observe that the ratings for 480p video are deteriorating as the loss and the delay increases. 
The color coding technique is used for distinguishing the bad ratings with the good ratings. 
The light red color        represents poor quality (1) and pink color          represents bad quality 
(2). 

480p loss 0 0.1 0.2 0.4 0.8 1 2 4 
Delay(ms)          

0  5 4 4 4 3 2 1 1 
200  5 5 3 4 3 3 1 1 
400  5 5 5 5 3 2 1 1 
600  5 3 4 4 3 2 1 1 
800  5 4 3 3 2 1 1 1 

1000  5 3 4 4 3 1 1 1 
1200  5 5 3 5 2 2 1 1 
1400  5 5 4 3 2 1 1 1 
1600  5 2 3 4 3 1 1 1 
1800  5 4 4 3 1 1 1 1 
2000 5 4 4 3 1 1 1 1 
3000  5 5 4 1 1 1 1 1 
4000  4 4 2 1 1 1 1 1 
5000  3 2 1 1 1 1 1 1 

 

                                       Figure  3 : 480p ratings w.r.t delays and losses. 

Chapter 4                                                                              

                                                                                                RESULTS 



                                                                      

26 
 

 

In the figure 4, we can observe the ratings for the 360p resolution video with increasing 
losses and delays. The light red color        represents poor quality (1) and pink color          
represents bad quality (2). 

 

360p loss 0 0.1 0.2 0.4 0.8 1 2 4 
Delay(ms)          

0  5 5 5 5 3 2 2 1 
200  5 5 4 3 3 2 1 1 
400  5 5 5 3 3 2 2 1 
600  5 5 4 4 2 3 1 1 
800  5 5 4 4 3 3 1 1 

1000  5 4 2 3 2 1 1 1 
1200  5 3 3 4 2 2 1 1 
1400  5 5 3 2 2 1 1 1 
1600  5 5 2 2 1 1 1 1 
1800  5 4 2 2 2 1 1 1 
2000  5 4 4 2 1 1 1 1 
3000  5 3 4 2 1 1 1 1 
4000  3 2 2 1 1 1 1 1 
5000  3 2 1 1 1 1 1 1 

  

                                         Figure  4 : 360p ratings w.r.t. initial delays and losses 

 

 

4.2 Users  
 

Here the results of the user setup case scenario are presented. 15 users have participated in 
this study. They observed 27 combinations of the video on the Client PC. By entering the 
command, all the 27 combinations are displayed in a randomized manner. After each video, 
they answered the questionnaire. In this way, a dataset of 405 samples were collected and 
analyzed. 

 

Let us now see how the users judged the quality of the video. In the questionnaire, the 
participant was asked if he/she liked the overall quality of the video. In this case, it was 
irrespective of the initial delay. Videos with different resolutions i.e. 240p, 360p, 480p with 
0,1,2 stalls were applied and presented to the user. The user had two options, either ‘YES’ or 
‘NO’ to value their experience after watching the video. Subsequently, the average of all the 
15 user’s ratings for each case is drawn and assessed.  
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                                       Figure  5: Participant during user experiments 

 

In this figure 5, the user was filling the questionnaire while watching the “Big Buck Bunny” 
video. This particular user really enjoyed the content of the video stating that it was funny 
and could watch it repeatedly. This shows that the annoyance levels were low.  

The users were asked if they liked the overall quality of the video and requested to mark 
‘YES’ or ‘NO’ in the questionnaire. In table 2, we can observe the percentage of users who 
marked ‘YES’ or ‘NO’ as their response. 

 

          Stalls 
Resolution        

               0              1            2 

 YES NO YES NO YES NO 

240p 40% 60% 33% 67% 13% 87% 

360p 93% 7% 73% 27% 53% 47% 

480p 93% 7% 60% 40% 47% 53% 

                                                                 Table 2: User ratings on video quality 

 

Here, we can witness that 480p and 360p resolution videos with no stalls is the optimum 
case as the users were delighted with the video quality. Similarly, the worst case is the 240p 
resolution video with 2 stalls introduced.  
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Case Study: 

A large data set with 405 samples were collected. The 15 users faced random orders of 27 
combinations. The perceived initial delays were about 3 seconds longer than the settings 
due to the VLC player activity. The data was further condensed to obtain the MOS values, by 
calculating the average of the quality ratings by the users. Therefore, we obtain 6 cases with 
9 instances for each case. The 6 cases were derived and depicted below. In all the cases the 
initial delay is kept constant while the stalls and resolutions are varying. 
 

I. Case 1: 

 In this case, the ID is 0 while the stalls and resolutions are varying. Different combinations   
are tabulated and the MOS value is calculated.                            
 

ID Stalls Resolution MOS 
Confidence 
Interval 

0 0 240p 3,30 0,075 
  360p 4,20 0,081 
  480p 4,20 0,144 

0 1 240p 3,05 0,150 
  360p 4,80 0,127 
  480p 3,40 0,127 

0 2 240p 2,70 0,115 
  360p 3,10 0,133 
  480p 3,00 0,127 

                                              Table 3 : MOS values for varying resolutions                                                                

Here, the stalls are constant while the resolutions keep varying for 0,1,2 stalls. The MOS 
values are calculated respectively. 

 

II. Case 2: 
 

In this case, the initial delay is 2 with varying stalls and resolutions. 

ID Stalls Resolution MOS 
Confidence 
Intervals 

2 0 240p 3,69 0,115 
  360p 4,11 0,098 
  480p 3,39 0,075 

2 1 240p 3,29 0,144 
360p 3,03 0,121 

  480p 2,94 0,086 
2 2 240p 2,86 0,138 

  360p 3,17 0,121 
  480p 2,83 0,138 

                                                      Table 4: MOS values for varying resolutions   
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Here, for each stall, the resolution is varying and the corresponding MOS value is calculated 
and reported. 

 
 

III. Case 3: 

In this case, the initial delay is 7 with varying stalls and resolutions. 

 

ID Stalls Resolution MOS 
Confidence 
Interval 

7 0 240p 3,94 0,104 
  360p 4,01 0,121 
  480p 3,22 0,109 

7 1 240p 3,19 0,104 
  360p 3,27 0,138 
  480p 3,09 0,104 

7 2 240p 2,91 0,115 
  360p 3,3 0,162 
  480p 2,35 0,121 

                                                Table 5: MOS values for varying resolutions 

 
Similarly, for case 3, the stalls are constant for each initial delay and the resolutions are 
varying while the corresponding MOS values are calculated and noted down. 

 

IV. Case 4: 
 
In this case the initial delay is 0 while the stalls and resolutions keep varying. 
 
 

ID Resolution Stalls MOS 
Confidence 
Interval 

0 480p 0 4,21 0,075 
  1 3,43 0,1504 
  2 2,95 0,115 

0 360p 0 4,19 0,081 
  1 3,3 0,127 
  2 3,07 0,133 

0 240p 0 3,3 0,144 
  1 3,05 0,127 
  2 2,66 0,127 

                                                      Table 6: MOS values for varying stalls 
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Here, the resolutions are kept constant for each initial delay and the stalls are varying. 
Correspondingly the MOS values are calculated. 

 
V. Case 5: 

In this case the initial delay is 2, while the resolutions and stalls are varying. 

 

ID Resolution Stalls MOS 
Confidence 
Interval 

2 480p 0 3,69 0,115 
  1 3,29 0,144 
  2 2,86 0,138 
  0 4,11 0,098 

2 360p 1 3,03 0,121 
  2 3,17 0,121 
  0 3,39 0,075 
  1 2,94 0,086 

2 240p 2 2,83 0,138 
                                                 Table 7 : MOS values for varying resolutions 

 
Here, the resolutions are kept constant for each initial delay and the stalls are varying. 
Correspondingly the MOS values are calculated. 

 

VI. Case 6: 

In this case the initial delay is 7, while the resolutions and stalls are varying. 

 

ID Resolution Stalls MOS 
Confidence 
Interval 

7 480p 0 3,94 0,104 
  1 3,19 0,144 
  2 2,91 0,115 
  0 4,01 0,121 

7 360p 1 3,27 0,138 
  2 3,3 0,162 
  0 3,22 0,109 
  1 3,09 0,104 

7 240p 2 2,35 0,121 
                                                      Table 8: MOS values for varying resolutions 

Here, the resolutions are kept constant for each initial delay and the stalls are varying. 
Correspondingly the MOS values are calculated. These cases are further analyzed in the next 
chapter. 
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2.3                                                                                                                                    
 
This chapter presents the analysis of the results which were obtained in the previous 
section. Various analysis methodologies as mentioned in Chapter 3 were utilized and 
deployed.  

 
 

5.1 Case 1 Test Analysis 
 

In this case, various number of impairment factors are involved. For a particular pixel video, 
several losses and initial delays are introduced respectively. A varied number of 
combinations are obtained for which the participants had to rate the quality. For a specific 
initial delay, several losses i.e. 0, 0.1, 0.2, 0.4, 0.8, 1, 2, 4 in percent, were introduced and 
correspondingly the videos were rated. This way the quality was assessed.  

 

Let us observe the first case in figure 3 in Chapter 4, with the 480p resolution. The ratings 
were degrading tremendously with the increase of loss percentage as well as the initial 
delay. This results to a bad quality of the video with respect to the impairment factors. In 
the case where the loss is 0.1% and the initial delay is 5000ms, we could observe poor 
quality rating. This explains that with the increase of initial delay, the annoyance of the user 
is intensified and vice versa. 

 

Similarly, if we observe the second case in figure 4 in Chapter 4 with the 360p resolution, 
the ratings started to degrade steeply from 1% loss and initial delay 1400. In the 1% loss 
case, the 360p video performed better than the 480p, which is an interesting aspect. 
Though in both the cases there were few combinations when the video was rated poor even 
though not many losses or initial delays were introduced. These seem to be unusual. Hence, 
further subjective tests were conducted to study deeper. 

 
 
 
 
 
 
 

Chapter 5                                                                                  

                                                                                           ANALYSIS 
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5.2 Users 
 

15 users have participated in the study. Their reactions were diverged. Though the 27 
combinations were presented to them in a randomized order, the users tend to like the 
360p video compared to the 480p video. If we observe the table 2, in the 360p case the 
percentage of users who liked the overall video quality with various stalls is higher than the 
percentage of users in the 480p case. It is also interesting that for the 0-stall case, the 480p 
as well as the 360p have got the same percentile ratings. This seems to be a special case and 
might need more user tests to investigate the facts. 

Now it is time to examine the different cases in the Case Study. The detailed analysis of all 
the 6 cases for the tabulated data in Chapter 4 under the section Case Study are now 
explained with a graphical representation for a better insight. 

I. Case 1: 
 

In this case, let us observe the behavior of the MOS w.r.t the resolutions in Figure 6. Keeping 
the ID constant = 0s. The data is distinguished by 3 combinations. The line s0 in the graph in 
figure 6, represents 0 stalls with varying resolutions (240p,360p,480p). The line s1 has 1 stall 
and s2 has 2 stalls. In the case of s0 the MOS value rises with the increase in resolution until 
360p, after 360p it remains constant. In the case of s1 the MOS increases until 360p and 
degrades abruptly after reaching 360p resolution. In the case of s2 the MOS rises until it 
reaches 360p and after that it decreases gradually. If the overall graph is observed, the MOS 
increases up to 360p resolution and then it either decreases or remains constant. Therefore, 
360p resolution is meant to be the optimum case where the user experiences the best 
quality irrespective of the stalls. Similarly, s2 is noticed as the poor case scenario where the 
MOS as well as the resolution is least. This seems to be an interesting trend, let us observe 
the next cases. 

         
                                                             Figure  6 : MoS vs Resolution-Case1 
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                                                          Figure  7 : Bar diagram for MOS vs Resolution 

The Figure 7 represents the bar graph for better understanding. Here one can 
observe the 360p resolution video with 1 stall has the highest MOS values compared 
to 240p and 480p. 
 

II. Case 2: 
 
In this case, the initial delay is 2s. The data is distinguished by 3 combinations. The 
line s0 in the graph in figure 7, represents 0 stalls with varying resolutions 
(240p,360p,480p). The line s1 has 1 stall and s2 has 2 stalls. In the case of s0 the 
MOS value rises with the increase in resolution from 240p till 360p, after 360p it 
gradually decreases. In the case of s1 the MOS decreases until 360p and then 
remains constant. In the case of s2 the MOS rises until it reaches 360p and after that 
it gradually decreases. If the overall graph is observed, the best quality is observed in 
the s0 case with high MOS value with increase in resolution. Here also the optimum 
case is the 360p resolution where the user experiences the best quality even with 1 
stall.                 

 
                                                                Figure  8: MOS vs Resolution-Case2 
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                                                             Figure  9:  Bar diagram for MOS vs Resolution – Case 2 

The Figure 9 represents the bar graph for I.D. 2s case. Here one can observe the 
360p resolution video with 0 and 2 stalls has the highest MOS values compared to 
240p and 480p. The 240p video with 1 stall has the highest MOS value. 

 
III. Case 3: 

 
In this case, the initial delay is 7s. The line s0 in the graph in figure 8, represents 0 
stalls with varying resolutions (240p,360p,480p). The line s1 has 1 stall and s2 has 2 
stalls. In the case of s0 the MOS value remains constant with the increase in 
resolution until 360p, after 360p it gradually decreases. In the case of s1 the MOS 
slightly increases until 360p and then slightly decreases. It is rather negligible and 
can be considered constant. In the case of s2 the MOS rises until it reaches 360p and 
after that it decreases. If the overall graph is observed, the best quality is observed in 
the s0 case with high MOS value with increase in resolution. 

              
                                                    Figure  10: MOS vs Resolution -Case3  
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                                                       Figure  11 : Bar diagram for MOS vs Resolution Case 3 

 

The Figure 11 represents the bar graph for I.D. 7s case. Here one can observe the 
360p resolution video with 0 and 2 stalls has the highest MOS values compared to 
240p and 480p. Although the 240p and 360p almost have the same rating for 0 stalls. 
It is an interesting trend to observe that the 480p resolution video has got the lowest 
rating in all the three sets. 
 
 

IV. Case 4: 
 

In this case, let us observe the behavior of the MOS w.r.t the stalls. Keeping the ID 
constant = 0s. The data is distinguished by 3 combinations. The line series1 in the 
graph in figure 9, represents the 480p resolution video with varying stalls (0,1,2). The 
line series2 has 360p resolution and series3 has 240p. In the case of series1 the MOS 
value decreases with the increase in number of stalls until 1 stall and reduces further 
after 1 stall. In the case of series2 the MOS decreases until 1 stall and continues to 
slightly decrease. In the case of series3 the MOS value decreases throughout. If the 
overall graph is observed, the MOS decreases up to 1 stall and then it decreases 
furthermore. Therefore, 1 stall is meant to be the point from where the MOS 
deteriorates even more. Series 3 is observed to be the poor case where the MOS as 
well as the stalls are degrading.  
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                                                             Figure  12 : MOS vs Stalls-Case4 

 

                  
                                                             Figure  13:  Bar diagram for MOS vs Stalls-Case 4 

 

The Figure 13 represents the bar graph for I.D. 0s case. Here one can observe the 0 
stalls video has the highest MOS values compared to 1 and 2 stalls. The 2 stalls case 
seems to be the worst case. 

 

 
V. Case 5: 

 
In this case, the initial delay is 2s. The data is distinguished by 3 combinations. The 
line series1 in the graph in figure 10, represents the 480p resolution video with 
varying stalls (0,1,2). The line series2 has 360p resolution and series3 has 240p. In 
the case of series1 the MOS value decreases continuously with the increase in 
number of stalls. In the case of series2 the MOS decreases until 1 stall and rises after 
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1 stall. In the case of series3 the MOS value decreases until 1 stall and slightly 
decreases after 1 stall almost equal to remaining constant. If the overall graph is 
observed, the MOS decreases up to 1 stall resolution. Therefore, 1 stall resolution is 
the point until where the MOS deteriorates. Series 3 is observed to be the poor case 
where the MOS as well as the stalls are least and degrading.  

 
 

                     
                                                           Figure  14 : MOS vs Stalls-Case5 

 

                     
                                                    Figure  15 : Bar diagram for MOS vs Stalls-Case 5 

The Figure 15 represents the bar graph for I.D. 2s case. Here one can observe the 0 
stalls video has the highest MOS values compared to 1 and 2 stalls. The 2 stalls case 
seems to be the worst case, although has better values for series 2 compared to 1 
stall. 
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VI. Case 6: 
 
In this case, the initial delay is 7s. The line series1 in the graph in figure 11, 
represents the 480p resolution video with varying stalls (0,1,2). The line series2 has 
360p resolution and series3 has 240p. In the case of series1 the MOS value 
decreases gradually with the increase in number of stalls. In the case of series2 the 
MOS decreases until 1 stall and then remains constant after 1 stall. In the case of 
series3 the MOS value decreases until 1 stall decreases steeply after 1 stall. If the 
overall graph is observed, the MOS decreases up to 1 stall. Series 3 is observed to be 
the poor case where the MOS as well as the number of stalls are least and degrading.  

 

                   
                                                              Figure  16: MOS vs Stalls-Case6 

 

                   

                                           Figure  17 : Bar diagram for MOS vs Stalls-Case 5 

The Figure 17 represents the bar graph for I.D. 7s case. Here one can observe the 0 
stalls video has the highest MOS values compared to 1 and 2 stalls. The 2 stalls case 
seems to be the worst case, although almost has equal values for series 2 compared 
to 1 stall. 
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Simultaneously, the Cumulative Distribution Function(CDF) plots were studied to 
understand the distribution of data for different combinations. It is the probability that the 
variable takes a value less than or equal to the data point. In the figure the graph is plotted 
between CDF on y-axis and MOS on the X-axis. For each plot in the Figures 18, 19 and 20, 15 
data points corresponding to a fixed number of resolution for the 3 different initial delays 
are plotted.  

  
 

                 
Figure  18 : CDF for 0 stalls, 480p 

 
 
The graph in Figure 18, are CDF plots for 15 data points with corresponding MOS values to a 
fixed resolution for 3 initial delays. Here you can observe that for Initial Delay 2s and 7s 
there is 1 MOS scale difference. Also, the condition where I.D. is 0s and resolution is 480p 
seems to have high MOS values.  
 
 
 

              
Figure  19  : CDF for 0 stalls, 360p 

 
 
Similarly, in the graph in Figure 19, the CDF plots for 15 data points with corresponding MOS 
values to 360p resolution for 3 initial delays. Here you can observe the 360p with I.D. 7s and 
I.D 2s has a high difference of approximately 1.5 in the MOS values.  
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Figure  20 : CDF for 0 stalls, 240p 

 
In the graph in Figure 20, one can observe CDF plots for 15 data points with corresponding 
MOS values to a 240p resolution for 0s,2s and 7s initial delays. For the 240p with I.D. 7s and 
I.D 2s has a high difference of approximately 2 in the MOS values. Further investigation 
could be done if there were more number of user data. 
 
 
 

5.3 Multidimensional Modelling 
 

As mentioned in Chapter 3 Section 3.1, we apply a model-driven approach to map the QoS 
parameters onto the multidimensional QoE space. The models grouped as additive, 
multiplicative and mixed.  

 

 
1. Additive Model: 

 
Mathematically, the additive QoE model is expressed as the weighted sum of all the 
influence factors [22] :  
                             
                                       

  
Two possibilities were observed while modelling the effect of multiple QoS parameters on 
QoE i.e. the influence factors were either one-dimensional or multidimensional. While 
estimating the impact of session times on the perceived quality, for the shorter session 
duration case, the last download time of the user also seems to have a severe impact on the 
final perceived web browsing quality, therefore the concept of weighted session times was 
introduced to improve the correlation between service time and MOS [22]. 
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2. Multiplicative Model: 
 

Mathematically, the multiplicative QoE model is expressed as [22], 
 
                                       
                                     .. 
                                              
A function for calculating QoE, summarizing the user demands and service characteristics is 
given in [16], which describes the overall MOS as a weighted product of the Mean Opinion 
Scores of the individual influence factors. In the multiplicative QoE domain case, model 
mapping the relationship between QoE and QoS is either an exponential or a power model. 
This kind of a relationship matrix is explicitly formulated so that it is generally applicable. 
 
 

3. Mixed Model: 
 
Mathematically it is expressed as [22], 
  
 

 
 
A generalization of additive and multiplicative model is a mixed model. In HTTP video 
streaming, a primary cause for stalling might be the effect of both the stall frequency and 
the duration of each stall, therefore, a mixed model can be a linear regression model. 
Depending on the insights in the above models, regression analysis is carried for the data. 
 
 
 

5.4 Regression Analysis 
 

This analysis is carried out on MATLAB.  Non-linear regression fits a data model that is non-
linear in the model coefficients. The most common type of non-linear regression is a least-
squares fit, which can fit both lines and polynomials, among other non-linear models. Before 
modelling the relationship between the quantities, it is essential to perform correlation 
analysis to check a linear relationship exists between the quantities. In order to fit data with 
a nonlinear model, the variables must be transformed to make a linear relationship. In this 
study the Optimization Toolbox, lsqcurvefit is used to solve the nonlinear curve-fitting 
problems in least square sense. 
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In the figure 12, an exponential fitting according to the IQX hypothesis [4] is applied to the 
overall stalls and a power relationship is applied to the resolutions. A multiplicative model 
seems to be promising to map the resolutions to the number of stalls.  

By using non-linear regression model, the following formula is finalized to be the best fit for 
the data set. 

 

 

Where,  = lsqcurvefit Multiplicative function 
 r = resolutions 
id = initial delay 
s = number of stalls  

are coefficients where,  
 = 3.498 
 = 0.099 
 = -0.800 
 = 0.9 
 = 1 

 
The MATLAB function, lsqcurvefit was used to calculate x = lsqcurvefit ( ,  , xdata, 
ydata). Where xdata contains the Excel data sheet Book1 with initial delay, stalls and 
resolutions of 27 combinations and ydata consisted of the data sheets with the 
corresponding MOS values respective to Book1. 
 

The resulting  values resulting from the lsqcurvefit were almost fitting with the MOS 
values obtained from the user data in the Book2 Excel. The correlation value obtained was 
0.99 which is a good result, adding a plus point to the Multiplicative Model. The figure 12 
shows a clearer picture of the relationship.  

                       
                                      Figure  21: Stalls Vs Resolution using Multiplicative model 
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Let us observe the behavior of the function MOS curve. As we can see in the graph, the 
function MOS curve is in a zig-zag form which is an interesting fact. If we observe the first 
dotted line from the function MOS curve to 240p resolution on the X-axis, the downfall of 
the curve represents the gradual decrease in MOS as the stalls increase. At 2 stalls we 
observe the least MOS value, which means the user was dissatisfied with that particular 
video with 240p resolution and 2 stalls. As we reduce the stalls to 0 for 480p resolution 
demonstrating with the second dotted line in the graph, the curve rises suddenly indicating 
high MOS value which means delighted users.  

 

As we can observe that the function MOS curve is tallying and fitting to the actual MOS 
curve accurately, it proves that the Multiplicative model seems to be the optimum model 
for this study.  

 

Similarly, an additive model is also presented to compare the results with the multiplicative 
model and assess the best fit. The function used for the additive case is as follows: 

 

 

 

 

Where,  = lsqcurvefit Additive function, r = resolutions; id = initial delay; s = number of 
stalls and are coefficients. The MATLAB function, lsqcurvefit is applied, 
similar to the previous case, where xdata contains the Excel data sheet of Book1 with initial 
delay, stalls and resolutions of 27 combinations and ydata consisted of the data sheets with 
the corresponding MOS values respective to Book1. 
 
 
 
The resulting  values resulting from the lsqcurvefit were in a bad fit with the MOS values 
obtained from the datasheets. The figure 13 shows a clearer picture of the relationship.     
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                                     Figure  22: Stalls Vs Resolution using Additive Mode 

 

 

In the figure 13, we can observe that the function MOS curve does not fit the actual MOS 
curve. This explains the sporadic behavior of the additive model. The function MOS values 
obtained from lsqcurvefit function are distant from the values obtained from the user 
results presented in the Excel sheet. Henceforth, from the above graphs it can be concluded 
that the Multiplicative model fits best compared to the additive model. It also confirms the 
theoretical results in [22] that stalling as a dominating QoE factor defined via the IQX 
hypothesis leads to a multiplicative QoE model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0

1

2

3

4

5

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

48
0

36
0

24
0

Stalls Vs Resolution

Function MOS Actual MOS



                                                                      

45 
 

ANSWERS TO THE RESEARCH QUESTIONS 
 
 
 

1) How do QoS parameters like stalls and resolution affect the QoE of the end user? 

Initially, a brief insight about the generic relationship between QoS and QoE was discussed 
in Chapter 2 with respect to the previous research works. In order to identify how the QoS 
parameters affect the QoE of the end user a varied case study was made in Chapter 4, 
Section 4.2. Videos with different resolutions with varied stalls were introduced onto the 
shaper while streaming. The user’s reactions to the videos were observed. According to the 
analysis, it was seen that, with the increase in number of stalls the MOS values degraded. 
Also, for higher resolution videos with stalls IQX hypothesis fits perfectly. Simultaneously we 
observed the unusual behavior of 360p resolution videos which was an interesting trend. 
We observed the 480p resolution video with 0 stall is the optimum case excluding the 360p 
case. Hence the effect of QoS parameters on QoE was illustrated in this research. 

 

2) Which multi-dimensional QoE model, i.e. additive or multiplicative, is appropriate for 
a given service? 

 
In order to understand the QoE models and their importance, a brief research was done in 
Chapter 2. Depending on the results obtained with the case study in Chapter 4, analyzed the 
user’s feedback for the 27 combination videos and used the non-linear Regression method 
in MATLAB to identify the best fit model. After completing the analysis and comparing the 
obtained graphs between the Additive Model and Multiplicative Model, it is concluded that 
Multiplicative Model is the best fit for a service. The behavior of the models is clearly shown 
in the graphs with the help of regression analysis. Hence the optimum model is obtained.  
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6.1   Conclusion 
 

From the investigation done and analysis made, we can hereby come to few conclusions. it 
can be observed that modelling the influence of multiple QoS parameters on QoE can have 
two possibilities, i.e the influence factors may be either additive or multiplicative in 
the one-dimensional or in the multi-dimensional space. With the effects of stalls and varying 
resolutions, the MOS values have been evaluated and analyzed. We thereby obtain 
individual relationships where resolution acts as a power relationship and stalls act as an 
exponential relation. The overall QoS-QoE relationship can be mapped using a multiplicative 
model. With the non-linear regression method as observed in Chapter 5, we obtain that the 
multiplicative model fits best compared to the additive model. This answers the research 
questions. 
 
 
 

6.2  Future Work 
 

There is always a lot to explore when it comes to the relationship between QoE and QoS. 
New factors keep coming up which effect the QoE. Although, with the given data we could 
conclude that the Multiplicative model is the best fit, it would be challenging to investigate 
further with more number of impairment factors. Since the 360p resolution w.r.t stalls, 
behaved unusual and not as expected, further investigation should be done with more 
number of users. The preliminary study revealed the insights and motivates the future 
researchers to examine the multidimensional models and the principles behind them. 

 

 

 

 

 

 

 

Chapter 6 

 

CONCLUSION AND FUTURE WORK 



                                                                      

47 
 

                                                                                  

[1] J. Shaikh, M. Fiedler, and D. Collange, ‘Quality of Experience from user and network 
perspectives’, Ann. Telecommun. - Ann. Télécommunications, vol. 65, no. 1–2, pp. 47–
57, Feb. 2010. 

[2] ‘A generic quantitative relationship between quality of experience and quality of service 
- IEEE Journals & Magazine’. [Online]. Available: https://ieeexplore-ieee-
org.miman.bib.bth.se/abstract/document/5430142/. [Accessed: 06-May-2018]. 

[3] P. Reichl, S. Egger, R. Schatz, and A. D’Alconzo, ‘The Logarithmic Nature of QoE and the 
Role of the Weber-Fechner Law in QoE Assessment’, in 2010 IEEE International 
Conference on Communications, 2010, pp. 1–5. 

[4] T. Hossfeld, L. Skorin-Kapov, P. E. Heegaard, M. Varela, and K. Chen, On Additive and 
Multiplicative QoS-QoE Models for Multiple QoS Parameters. ISCA, 2016. 

[5] M. F. M. Hossain, M. Sarkar, and S. H. Ahmed, ‘Quality of Experience for video 
streaming: A contemporary survey’, in 2017 13th International Wireless 
Communications and Mobile Computing Conference (IWCMC), 2017, pp. 80–84. 

[6] W. Robitza et al., ‘Challenges of future multimedia QoE monitoring for internet service 
providers’, Multimed. Tools Appl., vol. 76, no. 21, pp. 22243–22266, Nov. 2017. 

[7] H. Yeganeh, F. Qassemi, and H. R. Rabiee, ‘Joint effect of stalling and presentation 
quality on the quality-of-experience of streaming videos’, in 2017 IEEE International 
Conference on Image Processing (ICIP), 2017, pp. 310–314. 

[8] ‘QoE assessment model for video streaming service using QoS parameters in wired-
wireless network - IEEE Conference Publication’. [Online]. Available: https://ieeexplore-
ieee-org.miman.bib.bth.se/document/6174650/. [Accessed: 06-May-2018]. 

[9] T. Hoßfeld, P. E. Heegaard, M. Varela, and S. Möller, ‘QoE beyond the MOS: an in-depth 
look at QoE via better metrics and their relation to MOS’, Qual. User Exp., vol. 1, no. 1, 
p. 2, Dec. 2016. 

[10] T. Hoßfeld, P. E. Heegaard, and M. Varela, ‘QoE beyond the MOS: Added value using 
quantiles and distributions’, in In Proceedings of the 7th International Workshop on 
Quality of Multimedia Experience (QoMEX, 2015. 

[11] T. Hoßfeld, C. Moldovan, and C. Schwartz, ‘To each according to his needs: 
Dimensioning video buffer for specific user profiles and behavior’, in 2015 IFIP/IEEE 
International Symposium on Integrated Network Management (IM), 2015, pp. 1249–
1254. 

[12] Y. B. Youssef, A. Mellouk, M. Afif, and S. Tabbane, ‘Video Quality Assessment Based on 
Statistical Selection Approach for QoE Factors Dependency’, in 2016 IEEE Global 
Communications Conference (GLOBECOM), 2016, pp. 1–6. 

[13] R. F. Ghani and O. F. Shalal, ‘Objective video streaming qoe measurement based on 
prediction model’, in 2017 9th Computer Science and Electronic Engineering (CEEC), 
2017, pp. 201–206. 

[14] ‘A multi-dimensional view of QoE: the ARCU model - IEEE Conference Publication’. 
[Online]. Available: https://ieeexplore-ieee-
org.miman.bib.bth.se/abstract/document/6240728/. [Accessed: 06-May-2018]. 

[15] J. A. Bergstra and C. A. Middelburg, ‘ITU-T Recommendation G.107 : The E-Model, a 
computational model for use in transmission planning’, 2003. 

                                                                                           REFERENCES 



                                                                      

48 
 

[16] ‘A deterministic QoE formalization of user satisfaction demands (DQX) - IEEE 
Conference Publication’. [Online]. Available: https://ieeexplore-ieee-
org.miman.bib.bth.se/abstract/document/6925776/. [Accessed: 06-May-2018]. 

[17] K. Yamagishi, ‘QoE-estimation models for video streaming services’, in 2017 Asia-Pacific 
Signal and Information Processing Association Annual Summit and Conference (APSIPA 
ASC), 2017, pp. 357–363. 

[18] ‘A new three-layer QoE modeling method for HTTP video streaming over wireless 
networks - IEEE Conference Publication’. [Online]. Available: https://ieeexplore-ieee-
org.miman.bib.bth.se/document/7000265/. [Accessed: 06-May-2018]. 

[19] ‘P.Sup3 : Models for predicting transmission quality from objective measurements’. 
[Online]. Available: https://www.itu.int/rec/T-REC-P.Sup3-199303-S/en. [Accessed: 07-
May-2018]. 

[20] A. Raake, ‘Predicting Speech Quality under Random Packet Loss: Individual Impairment 
and Additivity with other Network Impairments’, Acta Acust. United Acust., vol. 90, pp. 
1061–1083, Nov. 2004. 

[21] ‘Additive Log-Logistic Model for Networked Video Quality Assessment - IEEE Journals & 
Magazine’. [Online]. Available: https://ieeexplore-ieee-
org.miman.bib.bth.se/abstract/document/6378460/. [Accessed: 06-May-2018]. 

[22] ‘P.1202.2 : Parametric non-intrusive bitstream assessment of video media streaming 
quality - Higher resolution application area’. [Online]. Available: 
https://www.itu.int/rec/T-REC-P.1202.2. [Accessed: 07-May-2018]. 

[23] B. Belmudez and S. Möller, ‘Audiovisual quality integration for interactive 
communications’, EURASIP J. Audio Speech Music Process., vol. 2013, no. 1, p. 24, Dec. 
2013. 

[24] M. H. Pinson, W. Ingram, and A. Webster, ‘Audiovisual Quality Components’, IEEE Signal 
Process. Mag., vol. 28, no. 6, pp. 60–67, Nov. 2011. 

[25] C. Tsiaras, M. Rösch, and B. Stiller, ‘VoIP-based calibration of the DQX model’, in 2015 
IFIP Networking Conference (IFIP Networking), 2015, pp. 1–9. 

[26] Y. Chen, K. Wu, and Q. Zhang, ‘From QoS to QoE: A Tutorial on Video Quality 
Assessment’, IEEE Commun. Surv. Tutor., vol. 17, no. 2, pp. 1126–1165, Secondquarter 
2015. 

[27] T. Hoßfeld, R. Schatz, E. Biersack, and L. Plissonneau, ‘Internet Video Delivery in 
YouTube: From Traffic Measurements to Quality of Experience’, in Data Traffic 
Monitoring and Analysis, Springer, Berlin, Heidelberg, 2013, pp. 264–301. 

[28] ‘A Distributed Passive Measurement... (PDF Download Available)’. [Online]. Available: 
https://www.researchgate.net/publication/220850205_A_Distributed_Passive_Measur
ement_Infrastructure. [Accessed: 12-May-2018]. 

[29]  Sindhu Vasireddy, ‘Impact of Initial Delay and Stallings on the Quality of Experience of 
the User’, [M.Sc.E.E Thesis 2016:37, BTH, submitted]. 
 
 
 
 
 
 
 



                                                                      

49 
 

APPENDIX 
 

 
Figure  23 : Questionnaire for User Survey 
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Bash Scripting used in the Experiment. 
 
 
#!/bin/bash 
basedir=$(pwd); 
#myDir="/home/ats/siva16" 
#PathToVideo= "/home/ats/ss" 
#runtime=$1 
mylogfile=$1 
declare -A matrix 
R="big_buck_bunny_480p_30mb.mp4 
big_buck_bunny_360p_h264.mp4 
big_buck_bunny_240p_20mb.mp4" 
r=($R) 
I="0 2 7" 
id=($I) 
S="shaper.sh 
shaper1.sh 
shaper2.sh" 
stall=($S) 
#A matrix of 27 elements with numbers from 1 to 27 in sequence: 
a="$(seq 1 27 )" 
b=($a) 
echo $a 
for((i=1;i<=3;i++)) do 
for((j=1;j<=9;j++)) do 
if [ "$i" -eq 1 ] 
then 
matrix[$i,$j]=${b[($j)-1]} 
fi 
if [ "$i" -eq 2 ] 
then 
matrix[$i,$j]=${b[($j)+8]} 
fi 
if [ "$i" -eq 3 ] 
then 
matrix[$i,$j]=${b[($j)+17]} 
fi 
echo ${matrix[$i,$j]} 
done 
done 
echo "The Matrix element : ${matrix[1,1]}" 
#Shuffle the numbers from 1 to 27 and generate a sequence: 
c="$(seq 1 27 | shuf)" 
d=($c) 
echo $c 
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echo ${d[0]} 
# Search for the number from the re-arranged sequence in the 3*9 matrix: 
for((k=0;k<27;k++)) do 
for((t=0;t<=2;t++)) do 
for((f=1;f<=3;f++)) do 
for((g=3*$t+1;g<=3+3*$t;g++)) do 
if [ ${matrix[$f,$g]} -eq ${d[$k]} ]; then 
44 
echo "Sequence number : ${d[$k]}" 
echo "Matrix $f,$g : ${matrix[$f,$g]}" 
sleep ${id[$g-3*$t-1]} 
echo "Initial Delay : ${id[$g-3*$t-1]}" 
reftime=$(date +%s) 
myfname="$basedir/vlclog.$reftime" 
# myexpid=$EXPID; 
# myrunid=$RUNID; 
echo "LOG: $myfname " 
# echo "Delay: $delay " 
date +%s 
cvlc --extraintf=http:logger --verbose=5 --file-logging --logfile=$myfname 
udp://@192.168.0.2:1234 2>/dev/null & 
ping -c 1 192.168.1.2 
source $basedir/${stall[$t]} & 
echo "Stallings file : $basedir/${stall[$t]}" 
alias vlc="vlc --file-caching=10000" 
ssh VDIsrv "/usr/bin/cvlc -I dummy /home/ats/ss/${r[$f-1]} --sout 
'#transcode{vcodec=h264,acodec=mpga}:standard{access=udp,dst=192.168.0.2:1234}' 
vlc://quit 
2>/dev/null" 
echo "Video Resolution : ${r[$f-1]}" 
date +%s 
sleep 5 
killall vlc 
date +%s 
Error1=$(grep discontinuity $myfname | wc -l) 
Error2=$(grep 'picture is too late' $myfname | wc -l) 
echo "RESULT: I found $Error1 discontinuities in the log at $delay " 
echo "RESULT: I found $Error2 pictures too late in the log at $delay" 
echo "$reftime $runtime $delay $Error1 $Error2" >> $mylogfile 
echo "SUCCESS" 
fi 
done 
done 
done 
done 


