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                  ABSTRACT 

 

Mobile Video streaming has become popular with the arrival of high capability smart phones 

on Mobile Networks. Users are streaming high definition (HD) videos and have high 

expectations on Mobile Quality of Experience (QoE). Fourth Generation Mobile Networks 

are being deployed recently in many regions of the world and have capability to efficiently 

handle high definition video traffic. YouTube is one of the most extensively used Video on 

Demand Service on smart phones where wide range of  people do video streaming. Most of 

the QoE experiments on 4g networks have been conducted in lab environment but they do 

not capture the daily routine of user experience on viewing videos. The user experiments in 

this thesis are conducted in natural life settings to capture Quality of Experience based on 

context of the user location. User experiments are designed and conducted for collecting 

Mean Opinion scores (MOS) in four different context based locations and have been 

collected using Experience Sampling Method (ESM).  The Contribution of thesis is applying 

linear mixed effect Modeling on data collected to develop Quality of Experience (QoE) 

models of video streaming for Mobile YouTube on 4G Network. This thesis is one of the 

first works on modeling QoE experience at different context based physical locations in 

natural settings for mobile YouTube video streaming in 4G networks. 
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                                                                Chapter 1 

 

 

1.1   Introduction 

Applications using video streaming have emerged as one of the widely used communication 

and entertainment medium in current world. Current Internet and Mobile users spend 

considerable time watching videos online and expect HD services. The share of traffic 

generated by video streaming is burgeoning in global Internet traffic and is more than  half 

of global consumer Internet traffic at the dawn of 2011 [1]. YouTube is one of the most 

popular video sharing and streaming platform. The number of video hits on YouTube per 

day has risen to 4 Billion in 2012 from 200 Million in 2007[4]. 

            YouTube is using adaptive streaming for Mobile and Home TV video screens [7]. It 

provides flexibility of switching video quality in midstream without need to re buffer or 

restart. It is based on TCP streaming. The YouTube streams video in HD and non HD mode 

on smart phones, this is a very interesting scenario to research on a Mobile user on move in 

the 4G network who has expectation of HD Videos. The customer’s subjective perception 

and experience about the video determine the performance of the network service. The 

operators now understand traditional Performance indicators of QoS (jitter, delay, 

Throughput) do not accurately model the user subjective perception about video. It is 

modeled more accurately by Quality of Experience (QoE) which considers the human 

experience into account. 

 

1.2 Motivation 

YouTube is a very popular Streaming site with high amount of involvement by users. The 

users upload, share and stream videos from YouTube. Fourth Generation Mobile Networks 

are being deployed recently in many regions of the world and are designed to extensively 

support Multimedia applications like video streaming. The recent analysis of User 

experience on video streaming reveals the need for networks to be more users centric for 

delivering high quality subjective experience. Traditional User Experiments conducted to 

measure QoE in lab environment carefully control many parameters such as light, 

Background and place in the experiments.  The research in lab controlled settings is 

instrumental in evaluating and revealing impact of an isolated parameter while research in 

more ecological and natural setting demonstrates the relative interplay of parameters and 

overall impact on QoE. We aim to measure QoE for different people in natural environment, 

viewing YouTube video streaming by doing what they do normally. We have considered 
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four locations in city of Karlskrona as different contexts:  Being in a residential place at 

home, in an educational place for studies, in a market for shopping and eating, and 

Travelling in Bus. These locations are chosen with different human populations where 

operators may employ site and context specific Network strategy to achieve superior QoE. 

 

1.3 Contribution 

The main contribution of our thesis includes: 

Applying Linear mixed effect Model to develop 

• QoE model for Video Streaming on YouTube in 4G Mobile Network. 

• Assess the impact of Different locations on User Quality of Experience in 4G Network. 

 

1.4   Outline 

The thesis is organized in five chapters. The first chapter is Introduction to the thesis work 

conducted. The second chapter contains Key Concepts, Technical Background and Related 

works which acts as basis for understanding the thesis. The third chapter describes aim and 

research questions, Experimental methodology and Experimental setup. The fourth chapter 

presents result and analysis generated by answering the research questions. The fifth chapter 

provides conclusion to work carried out and gives an outline for future work. 
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                                                                Chapter 2 

 

Background 

 

2.1   Key Concepts 

This part explains the basic concepts used for the purpose of understanding the thesis. 

 

2.1.1   Mobile YouTube  

YouTube is a very popular streaming service watched by the worldwide users.  The strategy 

of YouTube streaming varies for different applications such as web browser or mobile 

application containers such as Silverlight, Flash or HTML5 are used and Uses TCP traffic 

for video streaming [20][12]. Users view the YouTube either in personal computers (PCs) or 

in Mobile devices (Android, iOS, Windows etc.) by using the web browser or mobile 

application. Mobile applications for YouTube streaming used in different mobile devices are 

different and follow their own streaming strategies.  

        HTML5 is a container which is used as default for streaming videos in mobile devices.  

Recent developments supporting High Definition (HD) videos use Flash containers as 

default. Streaming strategy for flash containers is independent of application used. But for 

HTML5 containers, the streaming strategy is dependent on application used [20]. 

 

2.1.2   QoE in Mobile video streaming 

QoE is an important consideration for evaluation of multimedia technology such as video 

streaming. QoE is a subjective evaluation of user perception and requires conversion into 

quantitative data. Subjective user studies need to be performed to design a QoE model that 

identifies key influence factor for Mobile YouTube streaming in 4G Network. QoE 

measurements for Mobile users have been performed [3][5][14]. The Mobile Internet User 

Experience (MIUX) has been studied by many authors reporting it as a new experience and 

more studies are required to understand User experience on Mobile Internet.  

The QoE on mobile devices is unique due to properties of Mobile Networks and features of 

Mobile phones. The network conditions such as packet loss, delay and mobility of the user 

affect the QoE. The smaller screen sizes of mobiles compared to other mediums impact the 

QoE of user. The high end smart phones like Samsung galaxy and Iphone are offering screen 
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sizes up to 5 inches. The smart phones have onscreen keyboard whose size depends on the 

screen size. 

The studies conducted mobile video streaming show content of the video, context of use and 

emotional aspects of user are important consideration for QoE modeling in mobile networks. 

 

2.1.3   Context of Use 

Context with respect to MIUX can be defined in totally different manners for instance H. 

Kim et al., (2002) mentioned “any personal and environmental information that may 

influence the person when he/she is using Mobile Internet.” I. Lee & Kim, (2005) 

distinguished MI from conventional internet through the ability to provide service anywhere 

and at any time. This characteristic of MI depicts the intention towards the context of use. I. 

Lee & Kim, (2005) define mobile context of use as “the full set of personal and 

environmental factors that may influence a person when he or she is using a mobile Internet 

service”. 

 

2.1.4   Mean Opinion Score 

The ITU-T Recommendation P.800 lists the scales for user ratings. 

 

Score Quality 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

                                 

                   Table 2.1 Opinion Score recommended by ITU-T [10] 

 

The choice of scale seems to be an important parameter in subjective evaluation 

methodology. However a study based on experimental data making a direct comparison of 

different rating scales has revealed no statistical difference between various rating scales 

[10].The 1-5 Scale is used for experiments in this thesis. 

 

2.1.5   Living Laboratory 

William Mitchell introduced the concept of living lab at MIT [23]. The user experience 

related to mobile video has been studied by moving towards natural, daily life settings by 
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conducting field trials or conducting living laboratory[5][14]. The position of living labs 

among different Test and Experiment Platforms (TEPs) has been explained highlighting its 

strengths and weaknesses [25]. Shamsi has categorized five stages in process of living lab 

configuration [24]. This setup brings out more realistic QoE in field as compared to lab 

settings. 

 

2.1.6   Experience Sampling Method (ESM) 

Experience Sampling is a method to collect information about people’s experience in real 

time in natural settings.  It is an established and validated method for naturalistic observation 

of events as they occur [19]. The aim of ESM is to self report the events by observer and to 

avoid memory based recall leading to bias of data. Several choices are to be made for ESM 

evaluation which depends on the experiment to be conducted. The process of ESM involves 

alerting the user regarding events, delivery mechanism of questionnaire to be answered by 

the user and the method adopted to capture user response. The questionnaires can either be in 

written form, voice form or in digital forms. 

 The questionnaires can include single answer, multiple answer and open ended questions 

which can be posed to the user. The observational data from the users can be collected as 

voice recording which is more suitable for open ended questions where the user has to record 

its responses, the background and people around are concerns for audible instructions using 

voice forms. Written questionnaires like diary, Paper booklets have been used to record 

responses. For experiments conducted on digital devices like Mobile it is suitable to use 

Mobile phones to record user responses by creating a digital questionnaire. 

The User experience on Mobile Internet can be measured as combination of paper 

questionnaires in the beginning of user experiment to collect user profile and habit 

information relevant to experiment. MIT has designed Context aware Experience Sampling 

(CAES) tools to be used on Mobile phones for automated capturing of live raw data from 

environment through sensors [18]. MyExperience is an open source mobile based context 

aware Experience sampling tool for capturing objective and subjective data available for 

Windows platform [17]. 

 

2.1.7   Impact of Law of Weber-Fechner in QoE assessment 

Weber-Fechner law (WFL) is one of the fundamental laws of psychology of perception. 

According to the law the sensory system is able to detect changes as soon as the basic 

physical stimulus changes for more than a constant proportion of its actual magnitude 

[16].For human sensory system the dependency is observed to be logarithmic in nature. With 
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many Quantitative QoE experiments conducted a logarithmic dependency between QoS 

parameter of communication system and QoE at the user has been observed.   

  

2.2   Related Work 

Literature Study is used to collect relevant research articles. Snowball Sampling has been 

used to access the research papers. 

MIUX is studied by I. Lee & Kim, (2005), Kaasinen et al. (2008) A. Kaikkonen (2009) in 

perspective of user and usage, context of usage, MI system.  

In [6] authors have quantified QoE of YouTube video by a way of conducting user 

experiments called Crowd sourcing. It is lending task such as video quality evaluation to a 

large group of anonymous users. The experiments are conducted on diversity of desktop 

users and authors claim high reliability after filtering based on Gold standard, Consistency 

test, and content based questions to users for collected experimental data. The users are 

selected across age, socio demographic parameters to ensure validity of analysis and results. 

They are tested for reliability, consistency, content to filter accurate and honest scores. 

However the method does not consider user behavior in natural environment and context of 

usage. 

The metrics and assessment framework proposed by authors is used by China mobile as 

standard for user requirements for video streaming services [13]. The authors in [14] have 

performed QoE measurements for mobile video streaming application in a live 3G Network. 

Authors have considered QoE as Multidimensional aspect and have measured it in a semi 

real life context. They have used context aware experience sampling tool called 

MyExperience to measure location, context. But the authors have not captured Network level 

packets to verify their observations. The in situ tool mentioned above is performing the 

measurement of context and usage on Darwin streaming server. The total number of test 

users is 18 which for each location and context are low to establish context and location 

based relationships concretely. The authors have not considered socio demographic profile 

of users.  

The author in [15] have proposed ARCU model which represents factors influencing QoE in 

4 dimensional space namely Application, Resource, Context and User. 

 

2.3 LTE/4G Network 

 

The cellular communication services is expected to expand its demand and rapid growth for 

the next coming years, enhanced with new applications such as mobile web browsing, video 

downloading, online gaming and social networking. 3Gpp UMTS/WCDMA in 2001 is a 
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commercial deployment of 3G cellular network technologies and has evolved in to 

UMTS/HSPA networks. The evaluation of potential 4G took place to maintain the 

competitiveness of 3GPP UMTS networks. LTE is the major step in this evaluation process 

begins in 2006 and commercial services started in Scandinavia in December 2009 [27] 

                Traditional operators built different networks to serve customers with various 

services such as fixed telephony networks, cable TV networks, cellular networks and data 

networks. LTE supports Next Generation Networks (NGN) by providing multiple access 

technologies to come under one line. NGN interconnects and controls all multiple networks 

with a single IP core serving as a backbone. This NGN will provide variety of services and 

applications with reliable user experience and quality of service (QOS). Routing and 

mobility management handled by the NGN ensures that the core sees the other access 

networks simply as IP based network. As IP access network controls the security, 

authentication and billing among the multiple access technologies, handover between the 

access types will be seamless [21].  

                The major goals set by the LTE are higher user bit rates, lower delays, increased 

spectrum efficiency, reduced cost, and operational simplicity [1].  LTE supports Downlink 

and Uplink throughput up to 300Mbps and 75Mbps using OFDMA and SC-FDMA 

modulation, supports both FDD and TDD operational modes in uplink as well as in 

downlink, Different antenna diversity schemes, data modulation, code rates and channel 

bandwidth from 1.4 MHZ to 20 MHZ [26].   

                  In LTE, two major technologies which drastically helped to improve the data 

rates namely: OFDM and MIMO. Unlike in 3G HSPA, LTE uses OFDM: which mainly 

provide multi user diversity and adding additional advantage by involving MIMO [26]. 
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                                                                                                                      Chapter 3   

 

Methodology and Experimentation 

The Chapter is divided in three parts. First part describes the aim, research questions and 

Research methodology. The second part covers the options evaluated and selected for User 

Experiments. The third part provides an overview of experimental setup. 

3.1   Aims and Research Questions 

The main aim of the thesis is to analyze the impact of location based context on QoE for 

mobile YouTube streaming in 4G Networks and develop a QoE model for YouTube video 

streaming in 4G Network. 

 

 Investigate components, tools, methodology for capturing user experience. 

 Design context based user experience experimental setup. 

 Conduct Subjective User experiments at selected locations.  

 Select Analysis method based on data sets, analyze data and determine QoE models 

for video streaming. 

 

The research questions considered for answering in the thesis are as follows: 

 

RQ1: How do different context based locations impact QoE for Mobile YouTube Video 

streaming in 4G Network? 

 

RQ2: What is the QoE model for Mobile YouTube Video streaming in 4G Network? 

3.1.1 Research Methodology 

 Literature study is performed to find studies carried on QoE of mobile video 

streaming, methods for conducting subjective user experiments and methods for 

experimental data analysis. 

 Experience sampling method is performed during experiments to collect MOS 

reported by users. 

 Linear Mixed effect response model is technique used for data analysis. 
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3.2   Experimental Methodology 

 

The thesis involves real life on field evaluation of QoE of Mobile video streaming on  

YouTube in 4G Network. The focus of field trial is to evaluate user experience as they would  

feel in day to day normal life. The involvement of end user in an active way is essential for  

accurate evaluation of QoE. Different users are using the service independently as they 

would do in their everyday life. 

  Experience Sampling Method is accepted in various research communities like     

psychology and clinical research to capture human experience in a natural setting 

environment. Recently it has been used for studying QoE in Networks, it concerns with 

experience which is subjectively perceived by the user. 

 

 

3.2.1   Choosing the video 

 
The authors in [2] have shown there is significant impact of content on User ratings. The 

desirable content got an average score more than neutral and undesirable content. To 

neutralize the impact of content on ratings while evaluation of users, an initial filtering of 

video is performed. The playlist is created with different animation videos. The users provide 

favorable, neutral and negative ratings. The videos which have been rated as neutral by the 

user are used for the experiment.  

The 4G Network is expected to support high resolution videos, the videos selected for 

conducting experiments are of 1080p with frame rate of 25 fps. 

 

 

3.2.2   Context Selection 

 
User experience can be better understood with user and usage context. The context is chosen 

with what people will most likely do at a given place. 

Choosing location for user experiment in YouTube streaming is a crucial aspect. The users 

are informed not to be conscious and rate videos as they would watch normally.  
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 Figure 3.1 A Conceptual frame work for use context for Mobile Internet I. Lee and Kim, 

(2005) [28] 

 

The locations and subjective parameters are selected considering the classification described 

above for context in Figure 3.1. Both Personal and Environmental contexts are considered in 

experiments. A crowded location and a location involving movement of the user are selected. 

Regarding social context an educational institution is selected in context of interaction. 

Residential apartment is chosen as the other location in context of privacy. 

OptimisticORPessimistic is defined asz user’s state of pyscological perception of observing 

events on daily basis. 

 

3.2.3   Location Selection 

The Locations are selected considering presence of different population of users and doing 

diverse activity. This is to map context and different locations. Centrum is the major market 

place in Karlskrona. Users come for shopping, dining in restaurants, business and work in 

institutions and some are simply walking on the footpath or sitting on benches. Residential 

apartments are places where people are relaxed and have more occasions to watch YouTube 

video on mobile. Bus is chosen for impact of mobility on user experience. Blekinge Institute 

of Technology is chosen for conducting User experiment tests on student community. This 

group is the most frequent consumer of YouTube. 
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User Experiments in Educational institution  

18 users are selected inside BTH. They are selected across various social backgrounds. The 

age of user is between 20 and 30 years. This age group is most active user of video 

streaming. 

 

User Experiments in Crowded location 

18 users are selected at Karlskrona Centrum in Sweden. The users are selected with contexts 

Shopping, eating in restaurant, walking, sitting and working in shop.  

 

User experiments in Residential apartments  

18 users are selected at different Residential locations like Kungsmarken, Valhallavaegn 

community in Karlskrona. The users are asked to view video as they do normally in home 

setup. 

 

User experiments in Moving Bus  

18 users are selected on different Blekingetrafiken Bus routes in Karlskrona. They sit in 

normal posture and view the video.  

 

3.2.4   User Selection 

An initial field test was conducted to find the user profiles across various groups. The users 

are selected for field trials by collecting answers to questions like who are the most frequent, 

experienced and day to day life users of YouTube mobile streaming. The users are diversely 

distributed on socio demographic scale to ensure universality of results and to prevent bias. 

The profile of user is distributed along age, social group, context based location.        

Selecting accurate number of subjects is important to capture randomness and validity of 

data with high accuracy. The experiments performed by [10] show on the scale of 1-5 for 

variation of data to be less than 5% of the scale the minimum number of subjects required 

are 10. The number of subjects chosen for each context in the thesis is 18 and overall 72 user 

experiments have been conducted. The experiments are conducted with different user’s at all 

four locations. 

 

3.2.5 Experiments conducted in 4G Network 

The switching of backward compatible 4G Network take places with 2G and 3G Networks in 

areas of randomly varying signal strength.  As the experiments are performed on user video 
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perception in 4G networks, switching of networks are monitored on the places where the 

experiments are conducted. Only the experiments where there are no effects due to network 

switching are considered. So the experiments are strictly restricted to 4g networks.  

                 The Android application called G-MoN-3.2.9 is used, a drive test application 

which runs for every individual user experiments at the background throughout the 

experimentation time. It logs the network shift continuously for every second and saves in a 

text file. This text file is monitored later on completion of the experiment and discarding of 

user take place if any network shift is observed.   

 

3.3   Experimental Setup  

 

                                    Figure 3.2 context based user experience experimental setup 

 

For Subjective evaluation of video quality Experimental setup in Figure3.2 is used. The 

Mobile device is streaming YouTube video through Tele2 4G Network using Snakis 

subscription with 1GB Subscription and 10GB extra Surf large add up service.  

Two Samsung Galaxy Note 2 NT1705 mobile sets are used in experiment. One set is used 

for viewing the YouTube video streamed from 4G Network and the other is used for 

selecting the user choices regarding video experience during the experiment. The identical 

sets are used to eliminate any impact of mobile set features on ratings. 

The playlist have been created for Animation video. There are total five different videos in 

the group, all of 1080p high definition. The users are asked to choose one video which is 

neutral for viewing in their respect. The user views the video of exactly 4 minutes. The data 

is collected in two parts from user; before watching video they are asked about their personal 

data, their habits on YouTube and how to enter the observational ratings are explained. 

Experienced Sampling Method is used to perform sampling of user experience during 

experiments. During the streaming they can report their experience about video and 

immediately report perceived freezes in video on the second phone provided to them. After 
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watching the video the user is asked to rate video quality on 1-5 MOS scale. The person 

conducting user experiments has been termed scout in thesis. 

 

 

Figure.3.3 Experience sampling method for collecting User experience of Mobile YouTube 

in 4G Network 

 . 

An Android application called G-MoN-3.2.9 is used in the experiment. This is a drive test 

application which runs for every individual user experiments at the background throughout 

the experimentation time. It logs different network perspective elements such as eNB ID, 

Signal Strength (RSSI, RSRP and RSRQ), Network Type (2G, 3G or 4G) and Location area 

code (LAC). It logs the network continuously for every second and outputs a text file. The 

logging app is started before the start of every user experiment by the scout. Then user is 

explained about handling the mobile device on which experiments are conducted, shown the 

list of video he can access for viewing, and procedure of experiment regarding recording its 

experience on the other phone. The mobile is then handed over to user.  The user is informed 

to handle device as they use it in a natural daily life setting. 

 

ODK Collect is the User Interface platform used for collecting the user evaluation and 

ratings. It is used in Android Mobiles for data collection in surveys. Form hub is the web 

application connected to ODK through internet. The second mobile phone is used to carry on 

the above process shown in Figure3.3, which removes errors due to memory recall and is in 

accordance with Experience Sampling method. The logging app is closed after user finishes 

its experiment on streaming mobile device and hands over both the devices to scout. The 

data is stored in Form hub server after end of every experiment, the data from the storage 

will be used for analysis and evaluation. 
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                                                                                                                      Chapter 4 

   

Results and Analysis 

Location site of experiments 

                  

Figure 4.1 List of all Locations where User Experience has been collected 

 

The Figure 4.1 shows the places and routes where experiments were conducted in 

Karlskrona city. 

 

4.1 Model Selection by Linear Mixed Modeling 

 
Linear mixed effect model (LMER) is applied on clustered data. The LMER model consists 

of two parts namely fixed effect and random effect. Fixed Effect parameters are expected to 

have predictable and systematic influence on data. They have an exhaustible set and all the 

members are present in experimental data. The impact is measured by intercepts and higher 

magnitude of intercepts has higher bias on the response variable. Random effect in the 
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predictor model arises from the fact the experimental data set is a subset of large number of 

levels physically possible for a parameter [29] [31]. The experimental data does not contain 

all the members of the parameter set of random effect parameter. So these parameters are 

stochastic part of the data. The varying QoE is the variation in MOS and is measured as a 

combination of intercepts by fixed effect parameters and conditional mean, conditional 

variance of random effect parameters. 

The analysis parameters generated in lme4 package in R numerical analysis software provide 

information regarding goodness of fit for model. The goodness of fit is shown by Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC).The AIC values can 

only be compared for Models with same random and fixed effect component. Lower the AIC 

value better fit the model is for data. The residual is the error or component of data outside 

the purview of factors considered in the experiment. Lesser the residual better the variance in 

output variable explained by variance in fixed and random effect. The number of samples 

has an impact on choice of ML or REML as fit algorithm. The model with same fixed effects 

can be compared for AIC values.  

The AIC and BIC provide the measure of model fit for observed data. REML is algorithm 

used for the purpose of fitting data [30]. Residual of data is evaluated for selecting best 

fitting model. The suitability of a parameter as fixed effect or random effect is tested by its 

variance. The model having minimum residual value is the best fitting model. The limitation 

of using the residuals is that they only provide information regarding how well does the data 

fit the model but do not give any information on best fitting model. 

The linear mixed model has been evaluated on modeling response as Mean Opinion Score 

(MOS), log (MOS) where base is natural exponent e, exp (MOS). One of the motivations 

behind using log scale has been concept of utility functions which are useful for reducing 

bias of MOS ratings [11].   

The log and exponential models have been chosen for the reason of logarithmic nature of 

human perception [16]. 

 

4.1.1 Components of  LMER Model 
 

 The lmer model has a response variable and its variation is modeled by predictor 

variables. 

 The predictor variables are classified as fixed and random effect parameters. 

 The fixed effect parameters have close to zero variance and are represented in 

Intercept form. Negative intercept means the factor adversely affects the MOS and 

positive intercept means the factor increases the MOS score. Higher magnitude of  

intercept means the impact of parameter is higher on the MOS. 
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 The random effect parameters are calculated in random slope or random intercept 

form; Random intercept model has fixed slope and variable intercept, Random slope 

model has fixed intercept and variable slope. 

 The parameter Residual measures the error in LMER model which is not explained 

by the predictor variables for variation in the response variable.  

 

4.1.2   Interpreting the QoE in LMER model: 

 QoE is recorded by the user at the end of the experiment as MOS and is considered 

as response variable in the LMER model. 

 The QoE model shows the variation of MOS scores measured by different predictor 

variables. The predictor variables opted are Time spent in hour on YouTube, Sex of 

the user, Optimistic or Pessimistic, Location based on context and Freezing due to 

buffering for the QoE model. 

 The context based locations is a predictor variable for MOS response variable. The 

magnitude of predictor variable shows the impact of context based location on QoE.  

 The residual values show the goodness of fit of QoE models. 

 

4.2 QoE Model for YouTube Video Streaming in 4G 

Network  

 

 

Figure 4.2 Boxplot showing MOS scores of Users on y-axis and different subjective 

parameters selected as fixed effect on x-axis  
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The box plot in Figure 4.2 shows variation of MOS scores with three parameters namely 

time spent on YouTube in hours, Optimistic or Pessimistic state and User being male or 

female. The maxima and minima of MOS score are represented by horizontal dotted line. 

The box contains 25 to 75 percentile values. A single observation is represented by a 

horizontal line and dot. The mean value is represented by single dot. 

Five parameters have been chosen to build the mixed response model. The ‘~’ operator 

connects log(UserMOS) as response variable to fixed effect parameters TimespentINhour as 

average time spent by a user on Mobile YouTube per day, Sex as Sex of the user, 

OptimisticORPessimistic as user’s state of pyscological perception of observing events on 

daily basis . Freezing refers to visible disruption of video perceived by the user during 

experiment. Place refers to location of the experiment.  

 

The lmer functionality in R is used for data analysis to generate 

following models: 

 

MOS QoE model 

QoEAnimation=lmer(UserMOS~ TimespentINhour + Sex + OptimisticORPessimistic + 

(1|Freezing) + (1|Location), data = priming) 

Log MOS QoE model 

QoEAnimationlog=lmer(log(UserMOS)~TimespentINhour+Sex +  OptimisticORPessimistic 

+ (1|Freezing) + (1|Location), data = priming) 

 Exp MOS QoE model 

QoEAnimationexp=lmer(exp(-UserMOS)~TimespentINhour+Sex+OptimisticORPessimistic 

+ (1|Freezing) + (1|Location), data = priming) 

 

Goodness of Fit of log MOS and exp MOS model Vs MOS model  

 MOS Model log(MOS) Model Exp(-MOS) model 

AIC Value 139.6 -53.92 -413.1 

Residual 0.2937412 0.0161115 7.2054e-05 

     Table 4.1 Goodness of Fit of log MOS and exp MOS model Vs MOS model  

 

The AIC value in Table 4.1 demonstrates log and exp model have better goodness of fit 

compared to MOS Model [22]. The low residual values indicate randomness in experiments 

is effectively explained and modeled by log and exponential model. Hence after log (MOS) 
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and exp(-MOS) models are considered for analysis. exp(-MOS) is better model compared to 

log(MOS) model for the data set as AIC value is lower for exp(-MOS).  

 

4.2.1   LMER Model for YouTube Video Streaming  

The Lmer model is described by fixed effect and random effect components [31].  

 

4.2.1.1   Fixed Effect  

The Intercepts are fixed bias on the response. The positive intercepts mean the User MOS 

increases with the parameter while negative intercepts mean MOS score decreases with the 

parameter. 

Table 4.2 The Intercept and Coefficients for fixed effect parameters in log and exp model of 

YouTube Video Streaming in 4GNetwork 

 

On comparing the magnitude of the fixed effect variable in Table 4.2 shows that Optimistic 

or Pessimistic state has highest impact on log model of MOS. The second most important 

factor is Sex of the user and has negative intercept on MOS scores.  The daily time spent on 

YouTube has minimum impact on MOS ratings. The users spending higher time on 

YouTube have higher MOS scores. 

The order for impact of parameters for exp model has same as log model. However Time 

spent on mobile Youtube has negative intercept. The reported state of being Optimistic or 

Pessimistic by user has significant impact on response. The intercept is positive for sex of 

the user. 

 

4.2.1.2   Random Effect 

 
Strictly speaking random effects are not parameters but unobserved random variables in the 

data set. This means random effect variable acquires members from inexhaustible data set 

and always a subset appears in user experiments considered for analysis. Location and 

freezing are random effects considered in QoE analysis. 

 

 

 

Response Intercept Optimistic/Pessimistic Time spent     Sex 

log(UserMOS) 1.307585641 0.049732895 0.009511544 -0.02836631 

exp(-UserMOS) 0.0298592756   -0.0037022555 -0.00093779 0.002526507 
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The location and freezing have the random intercept model which means baseline impact of 

location and freezing on MOS score is same for each user. The model was tested for both 

random intercept and random slope. The AIC values for random intercepts model were lower 

and hence it is used for analysis. 

Random effects have conditional mean for dataset E [random effect | response=y] and 

conditional standard deviation [8]. A prediction plot is drawn in probability plot known as 

caterpillar plot. The below table shows conditional mean for location and freezing. Hereafter 

conditional mean will be represented by mean and conditional standard deviation will be 

represented by standard deviation for random effect. 

 

          

 Context 

exp(-UserMOS) 

Model Intercepts 

log(UserMOS) 

Model Intercepts 

 

 

 

Location 

Bus 0.0019961622 -0.012400336 

Centrum 

 

-0.0002088751 -0.001107724 

College 

 

-0.0015965143 0.014543549 

Residence -0.0001907728 -0.001035488 

 

 

Freezing 

0      -0.019120327 0.22747083 

1 -0.009863831 0.06153860 

2 -0.006050987 0.02061446 

4 0.017883315 -0.16168137 

5 0.017151829 -0.14794253 

 

Table 4.3 The Intercepts for random effect parameters in log and exp model of YouTube 

Video Streaming in 4G Network 
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4.2.2 Impact of Context based Locations on QoE for YouTube Video 

streaming in 4G Network 

 

 

 

Figure 4.3 Boxplot showing Mean Opinion score observed by users on Y-axis and locations 

on X-axis 

 

Box plot is used to plot data group in form of quartiles. The box represents data values 

between 25and 75 percentiles. The outliers are represented as individual points. 

The MOS scores plotted in Figure 4.3 at four different locations show College location has 

most frequent high MOS scores of 5. It is followed by Centum and Bus in decreasing order. 

The 75 percentile value MOS score lies at 5 and 25 percentile value lies at 4 for both 

locations. Centrum has minimum MOS score of 4 whereas Bus has minimum MOS score of 

3.Residence has lowest mean MOS score 
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4.2.2.1 Caterpillar Plot for context based locations 

 

 

Figure 4.4 The random effect for Location on MOS score in exp Model of YouTube Video 

streaming in 4G Network  

 
The Caterpillar plot in Figure 4.4 shows Bus location has a positive mean and Centrum, 

College and Residence have negative mean for the four locations in exp (-MOS) model. The 

greatest magnitude of negative mean is college location which means it has highest negative 

impact on MOS scores. The Bus is the location with positive mean which means overall the 

users at bus have positive impact on MOS scores.  
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Figure 4.5 The random effect for location on MOS score in log Model of YouTube Video 

Streaming in 4G Network  

 

 

The Caterpillar plot in Figure 4.5 shows that the College has positive mean and Bus, 

Centrum and Residence have negative mean in log model. The highest magnitude of mean is 

for College in log model. The four locations show standard deviations are almost similar. 

The similar interval for standard deviation shows it’s equally probable to expect variation in 

MOS score at all locations.  
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4.2.3 Caterpillar plot for freezes due to Buffering  

 

Figure 4.6 The random effect of freezing on MOS score in log Model for YouTube Video 

Streaming in 4G Network  

 

 The 0 freezing level has smallest variance which shows variation in MOS for 0 freezing 

cases is minimum. Other freezing levels except 0 have similar standard deviation interval. 

Lower MOS scores are reported by users for higher than 2 freezing values. So the 

observations with number of freezing explain that freezing values higher than 2 decrease the 

MOS scores and have similar standard deviation interval. 
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Figure 4.7 The random effect of freezing on MOS score in exp Model for YouTube Video 

Streaming in 4G Network  

 

The Table 4.3 shows 0, 1, 2 freezing levels have negative mean and 4, 5 have positive mean 

for exp (-MOS) model. The mean is lowest for 0 rating. It increases for freezing levels 1, 2, 

4, 5 in the model. 

The Figure 4.6 and Figure 4.7 show standard deviation is higher for greater number of 

freezes showing people rate the Mobile video experience very differently for higher number 

of freezes. The standard deviation for zero freezes is lowest pointing to the fact that user 

experience is evenly rated by Users and has higher MOS scores. It is more certain to predict 

user experience for zero freezes as compared to higher number of freezes in 4G Network for 

Mobile YouTube streaming.  
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                                                                Chapter 5 

 

Conclusion and Future Work  

 

In this thesis QoE model for Video streaming on YouTube in Tele2 4G Networks have been 

developed. The impact of different contexts on QoE of mobile video streaming on YouTube 

for User has been studied. The contribution of thesis includes the fact that standards for 

conducting user experiments in natural environments for mobile video streaming are yet to 

be standardized. The thesis is one of the first works on modeling QoE experience at different 

context locations in natural settings for YouTube video streaming in 4G networks. 

 

5.1 Conclusion 

exp (-MOS) model is found to be better fit compared to log(MOS) model based on AIC and 

hence conclusions have been based on exp(-MOS) model. 

 

RQ1: How do different context based locations impact QoE for YouTube streaming in 

4G Network? 

 RQ1 was intended to investigate if different locations have an impact on QoE of user for 

YouTube in 4G Network. The user context at Bus has positive impact on MOS score 

indicating it enhances user experience. The contexts at Centrum, College and Residence 

have negative impact indicating they adversely affect user experience. The users travelling in 

buses expect bad video experience due to mobility. However, Good video streaming sessions 

experienced by user in 4G Networks on buses may have more positive bias compared to 

other context based locations. The context of being in relaxed state like residence and 

professional state like college may make users more critical towards video quality as their 

expectations are high. Users’ being in Centrum is a context of leisure activities and expects 

good streaming quality. So any deviation in their activity may lead to change their user 

experience. Hence, enhancement or decrement of user experience is found to be context 

based location specific. 

 

RQ2: What is the QoE model for video streaming on YouTube in 4G Network? 

The QoE of mobile users for YouTube streaming on 4G Networks have been measured by 

collecting MOS scores. Five factors affecting user experience namely optimistic or 
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pessimistic, Sex of the User, average daily time spent on mobile YouTube, Context based 

location and Freezing of video observed during video session have been considered. The 

impact of first three factors is found to be at fixed magnitude. The factors in decreasing order 

of influence on QoE are optimistic or pessimistic, Sex of the user and average time spent on 

mobile YouTube. Context based location and Freezing of video have random effect. Their 

impact is shown in form of conditional mean and conditional standard deviation for 95% 

confidence interval.  

The context and location information will help operators to optimize allocation of Network 

resources and still provide good video streaming services to the customers in accordance 

with new findings on Quality of Experience. 

 

5.2 Future Work 

The work on QoE model can be extended to other mobile operators and different mobile 

phones and the models can be compared. As future work mix of subjective and objective 

parameters is considered to evolve QoE model. Impact of dimensions and features like size, 

resolution of screens in smart phones can be investigated using different models. For 

analysis and developing QoE model stochastic models can be investigated. 
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APPENDIX A 

 

Technical Details of Samsung Galaxy Note 2 NT1705 

Model Galaxy Note 2 

Type Android Smartphone 

Processor Quad core 1.6GHz Cortex-A9 Exynos 4412 Quad 

GPU Mali-400MP 

OS Android v4.1 (Jelly Bean) 

Display 

5.5 inch Super AMOLED capacitive multi-touch screen (720 x 

1280) 

 

Features: Corning Gorilla Glass 2 

 TouchWiz UI 

Camera 

Rear: 8MP autoocus, LED flash (3264 x 248 pixels) 

 

Features: Geo-tagging, touch focus, face and smile detetion, image 

stabilization 

 

Front: 1.9MP 

Multimedia 

Loudspeaker 

MP4/H.263/H.264/WMV player 

MP3/eAAC+/WMA/WAV player 

Audio-jack 3.5mm 

Stereo FM radio with RDS 

Storage 

2GB RAM 

16/32/64GB internal memory 

up to 64GB via microSD 

Technology 

GSM 850 – 1900 

HSDPA 900/2100 

LTE 700 – 2100(N7105) 

GPRS 
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EDGE 

Connetivity 

Wi-Fi 802.11 a/b/g/n,  

 

 

 Colors 

Tatinu Gray, Marble White 

 

          Features 

 SNS integration 

Active noise cancellation with dedicated mic 

TV-out (via MHL A/V link) 

ocument editor (Word, Excel, PowerPoint, PDF) 

Google Search, Maps, Gmail, 

YouTube, Calendar, Google Talk, Picasa integration 

Predictive text input (Swype) 

A-GPS support and GLONASS 

Dimensions 151.1 x 80.5 x 9.4 mm 

Weight 180 gram 

Battery Standard battery, Li-Ion 3100mAh 
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APPENDIX B  

Questionnaire: Quality of Experience for Mobile video streaming from YouTube in 4G 

Network 

To be filled by User: 

Sex:    M/F 

 

    Age: 

 Mean Opinion Score  Video1  (1-5)  

 

Mean Opinion Score Video 2  (1-5) 

Are your ratings optimistic or pessimistic: Cultural Background :  

How long do you spend on mobile YouTube in 

a day? 

 

 Are you currently using 4G Network 

Services:                                       (Y/N) 

What is the primary reason for watching videos 

on YouTube? 

Which place do you watch YouTube 

videos most frequently? 

Have you noticed stalling of video 1? Please 

specify frequency. 

Have you noticed stalling of video 2? 

Please specify frequency. 

 

Any Comments: (Noticeable event, quality while watching video) 

 

To be filled by Scout: 

Date and Time                                                     Mor/AN/Eve 

Place  

Context  

User Serial Number  
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APPENDIX C 

Specifications for determining a parameter as fixed or random effect in  Linear Mixed 

effect Model for R package 

 

f1.fix= lmer(UserMOS~Place + OptimisticORPessimistic + Sex + TimespentINhour + 

Freezing, data = priming) 

 

f1.freeze=lmer(UserMOS~ 1 +(1|Freezing), data=priming) 

 

f1.ORP= lmer(UserMOS~ 1 +(1|OptimisticORPessimistic), data=priming) 

 

f1.time= lmer(UserMOS~ 1 +(1|TimespentINhour), data=priming)  

 

prime.lmer = lmer(log(UserMOS) ~ TimespentINhour + Sex +  OptimisticORPessimistic + 

(1|Place)+ (1|Freezing), data = priming) 

 

 

 

 

 

 

 

 

 


