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Abstract 
With the development of mobile web services, it is important to know for a service provider how 

Quality of Service (QoS) is related with the Quality of Experience (QoE) for the mobile users. 

Any change in the QoS could be reflected on the QoE. However, good QoS does not always 

provide good QoE. Thus, a proper combination of QoS and QoE results in a good user 

experience. Good understanding of QoS and QoE is necessary in order to achieve that. In 

addition, identifying the proper relationship between network level QoS and user-end QoE is 

extremely challenging task which requires the highest level of accuracy. 

 

In order to understand the relation between QoS and QoE in a web service, an Apache server was 

setup with Google Map Web Service. In the server side, QoS parameters- delay, jitter and service 

unavailability were introduced for an experiment.  In the user end, QoE was examined by doing 

experiment with different mobiles. In this test, 18 different conditions were experienced by the 

user who marked their QoE. This experiment was designed to collect data from the user to 

examine the user QoE and network level QoS.  !

!

The results show that without server end Apache QoS module the service might be unavailable 

in high delay and jitter. However, with the Apache QoS module the service is available in high 

delay and jitter even though it takes longer time to respond.  For better QoE, the delay and jitter 

should be as low as possible. Moreover, better QoE is experienced in better mobile design. Good 

mobile receiver and resolution make the QoE higher. Lower quality mobile design cannot ensure 

good service even though the network level QoS is good.  !

!
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Chapter 1 
Introduction 
This chapter introduces the reader to the subject of QoS and QoE. Firstly, the background of the 

thesis is introduced. Secondly, problem area is discussed and target audience followed by the 

aim, goals and objectives are presented. Then, the methods are taken to give answers with the 

scope of the research. Finally, a structure is presented to explain how the chapters are 

constructed by a figure and relate the chapters to each other. 

-.-&/"0123'4*5&
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During the past few years, with the development of information and communication technology 

the mobile communications environment is changing. The number of mobile devices is 

increasing day by day. In the past, the mobile was designed only for voice communication, SMS 

and GPS etc. But now a days this is not only for voice communication but also for different 

interactive services offered via the Internet [1]. Business activities of the peoples are changing 

with the growth of technology [2]. Moreover, the volume of mobile applications and services 

seems to be booming nowadays [7].Internet based services are becoming more and more 

interactive and collaborative. However, individual instance of service performance depends on 

different network solutions, variations in traffic load and different types of services. Thus, 

Quality of Service (QoS) has become an important issue for the service provider as well as for 

the users. Service providers are concern about the network level QoS parameters, such as 

throughput, loss ratio, jitter or delay to measure service performance. QoS is a technical term 

depends on the network level factors. On the other hand, the service performance on the user end 

is more subjective and non-technical term. The service need to be served within a reasonable 

time. Technical network parameters are not interesting to the users. User subjective perception is 

usually called Quality of Experience [3]. 
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1.1.2 What is QOE and QoS? 

Quality of Experience (QoE) is important for business because with good QoE the user will stay 

with service and revenue can be earned by the service. Moreover, QoE is defined by overall 

experience of the customer when they are accessing and using the provided services [8]. In good 

QoE, the customer wants to stay with service and feels happy - happy users use the service more. 

QoE is regarded as customer/user oriented service and QoS as network-oriented performance 

parameters. QoS parameters are typically easier to measure than their QoE. Rather, user 

happiness depends on service time how fast and easily the service is served.  Knowing the 

transient of QoE in face of QoS parameters change provides a correlation with (re-)act in time 

before user looses goodwill and starts considering churn [5]. 

Quality of Service (QoS) depends on network parameters. The network parameters are delay, 

jitter, packet loss and throughput. Reliability of a service is also in the QoS factors. Reliability 

means the availability of service. QoS factors depend on the subjective and objective QoS on the 

user overall perception [6].  

The ‘QoE’ refers the perception of the user about the quality of a particular service. These can be 

expressed by the human feelings like ‘good’, ‘excellent’, ‘poor’, etc. On the other hand, QoS is 

intrinsically a technical concept. It depends on the network side performance. Although in many 

cases better QoS will be result of better QoE, fulfilling all the parameters of QoS will not 

guarantee a satisfied user. QoE might be totally different in the best QoS.  Delay, jitter, 

throughput and packet loss are jitter depend on the network condition.  So, flawless transmission 

may not make happy user all the time. [10] 

-.6&73'#$%8&93%"&

Though mobile web services are booming nowadays, user QoE is not in the satisfactory level. It 

is very important for the service provider to understand the QoE of its service for the mobile user 

and improve it when needed to achieve customer trust and maintain in the competitive edge. End 

user will be dissatisfied by the poor QoE ultimately they will give up the service of the provider 

[19]. 
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QoE is important for any kind of service. Subscriber’s perception of a service is included with 

cost, reliability, availability, usability, utility and fidelity. Low QoE states that the user does not 

have a good experience of the service. A service provider cannot afford to wait for customer 

complaints to ensure the level of its service quality. About 90% of the people do not want to 

complain for the low quality service. They just leave the service and go to another one [19].  To 

prevail in this situation the only way is to plan a strategy to continually measure QoE and 

improve it as needed.   

QoE of the mobile user depends on the QoS of the mobile network. Any change in the QoS 

could be reflected on the QoE. However, good QoS does not always provide good QoE. Thus, a 

proper combination of QoS and QoE is necessary for a good user experience. Good 

understanding of QoS and QoE is necessary in order to achieve that.  So identifying the proper 

relationship between network QoS and user end QoE is extremely challenging task which 

provides the highest level of accuracy. 

For example, a shopping mall authority wants to provide lucrative offer of the mall to the user. 

They need to develop a native application for the web service and setup a server with a web 

service. The native application will be free and any user can install it on his mobile. A server 

could be in their office with map service of the mall. The offers are declared by the shop owner 

in the server side and the native application will collect the information from the server and 

shows that offer to the customers.   The offers are provided to the user on their previous interest. 

If the user wants to use this service, they will have good service at the first couple of weeks. 

Because at the beginning small amount of users served by the service. After increasing the 

number of user in the network, the service might be down. The user will not use the service next 

and they just go to their application and uninstall that. For this kind of situation, the service 

provider should aware of the QoE of the user as well as the QoS of the network. With measuring 

the impact each other on the service they can decide to provide their service. Without doing the 

measurement, the service will not continue with user satisfaction level. If they did proper 

measurement of QoS and QoE, then the service will be a user friendly one and continue with its 

market value.  
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The aim of this work is to setup a relationship between QoS and QoE. Impact of QoS to the 

mobile user experience (QoE) will be analyzed on the work. In order to fulfill the aim and to 

address the problem presented in the previous section. The goalofthis paper is as follows: 

• Describing and analyzing the mobile user experience (QoE) 

• Describing and analyzing the mobile network QoS 

• Analyzing the impact of  QoS on  QoE 

Further we have a number of objectives: 

• Describe the impact of Apache QoS module on the mobile end user. 

• Describe the impact of QoS parameter on Google Map Web Service user. 

• Describe the impact of service time on the user QoE.   

-.@&!"32%+&"45;%*0%&

The people working with mobile web services are the main target group of this research area. 

Particularly this work has been targeted to two groups-mobile web service providers and mobile 

operators - as they are normally tend to be in need of creating interactive mobile web services for 

peoples facing problems in their daily life. 

Finally, researchers and service provider who are willing to have a good understanding of mobile 

web services in current status and future directions might find this work interesting and can use 

its data in their complementation.  

-.A&B%+C'5,&

In the literature review, a solid knowledge foundation and study developed by previous 

researchers within the field has been described. With literature review one can understand the 

current state of the QoS and QoE and how they are studied.  
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Subsequently an experimental setup is done by the Google Map Service. Open source Apache 

server is setup in the server side of Ubuntu Machine. QoE tested from the user end with different 

mobile device. How User QoE is changed with the changes of QoS in the Google Map Service is 

examined here.  

Finally, the test will be done in the experimental setup and with the experimental result and 

analysis all the data are tried to study from the developer point of view.  

To sum up, different methods are used during the research:  

• Literature Review 

• Experimental study 

• Result analysis with conclusion 

-.D&E;8;+"+;'*,&

First of all, as Section 2.2 has demonstrated, there are several factors which have impact on the 

Mobile web QoS. Real time mobile web simulation could be affected by Network factors (delay, 

loss, jitter etc.). The noise, jitter, packet loss and delay of mobile network are common factors in 

mobile network.  Packets of mobile data can be affected in the long distance between the access 

points which causes propagation delay.  In our experiment, one test bed server is setup in the lab. 

All the tests will be done in the lab environment where the mobile terminal uses the wireless 

LAN. There is a little possibility to have delay, jitter and extra noise etc. in the network. 

 

In the section 2.4 of the same chapter, QoE measurement processes are discussed. QoE totally 

depends on user's perception. It is hard to measure and quantify user's perception which does not 

directly observable, moreover, it is massively multidimensional. The environment may be 

affected users experience by ambient noise, quality of mobile set and distance form viewer to 

display. 

There are so many approaches to measure QoE which are mentioned by the researchers. All of 

them cannot implacable; poll based Mean Opinion Score (MOS) approach has been picked 

which is mentioned in the experimental setup chapter.  

The key question in this situation and this research has studied:  
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What are the best practices to relate Mobile Web Service QoS and QoE? 

Moreover, specifically this question is divided into three following sub-questions:  

• What kind of change can provide the best QoS?  

• What is the best approach to measure QoE?  

• How to build the network level QoS which will provide better QoE? 

-.F&G+340+43%&

Figure 1 depicts how this thesis is structured. A description of each chapter can be found below. 

Chapter 1, Introduction, gives an introduction on the topic and describes the problem, aim, 

goals, objectives, target audience, methods and limitations of the thesis.  

Chapter 2, Mobile Web QoS and QoE, presents a deep background on Mobile Web QoS and 

QOE: what are them, how they can be measured, why do they need, how they are related and, 

finally, the challenges presented.  

Chapter 3, Objective, Problem and Solution, presents the object of the thesis with the problem 

area. At the end how the solution of the problem can be achieved is explained here. 

Chapter 4, Experimental Setup, firstly, anApache web server with QoS module is setup. 

Subsequently GoogleMap Web Service is accessed through that server and network parameters 

are changed in different conditions. Finally, users experience the service with their own mobile 

and mark the QoE in the questionnaire. 

Chapter 5, Results analysis, describes the details and results of the QoS on the QoE - which 

have been previously analyzed in Chapter4.  



X!
!

Chapter 6, Conclusions, presents the conclusions with suggestions for future work. 

 

!
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Chapter 2 
Mobile Web QoS and QoE 
This chapter presents a deeper view on Mobile Web QoS and QoE. First the Mobile Internet and 

mobile web service is introduced followed by a description of Mobile Web QoS and QoE and 

why are they relevant with a number of examples. Subsequently, relationship between them is 

discussed here and after that problem area of them is also presented. 

6.-&B'#;$%&H*+%3*%+&

Mobile Internet data services are growing rapidly and it will occupy multi-billion euro market 

very quickly [19]. From the statistical analysis of North American Techno-graphics Benchmark 

Survey 2010, Japan and China has higher amount of mobile web user other than whole over the 

world. 

 

!
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US wireless carrier claimed to have experienced a growth of 5000% in cellular network data 

traffic over 3 years. The network manufacturer predicts mobile data traffic will have 108% 

compound annual growth rate (CAGR which is a business and investing specific term for the 

smoothed annualized gain of an investment over a given time period [16]) between 2009 and 

2014. Among HTTP traffic, the mobile data user uses 82% downstream traffic. Through the 

HTTP traffic various applications such as video streaming, data downloads etc., are 

downloaded[26]. 

Mobile web accessing is booming day by day. According to Morgan Stanley [20], mobile 

Internet devices will be number one gate of Internet within 5 years and the number of Internet 

mobile devices will increase 10 times than the fixed Internet access devices [20].     

From Cisco whitepaper February 2011, it is known that mobile traffic will grow 131 percent in 

2011 which is slight tampering in growth rates. The migration of internet traffic from the fixed 

network to the mobile network has higher growth rate. But the pricing and traffic offload of 

mobile internet may reduce the effect in the last two years. The current growth rate of mobile 

data traffic is like the growth of Internet growth from 1997 through 2001, when the average 

yearly growth was 150 percent. The comparison between global mobile data today and global 

Internet growth in the late 1990s is shown in the below table 1. 
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Global  InternetTrafficGrowth Global  Mobile Data Traffic Growth 

1997 178% 2008 156% 

1998 124% 2009 140% 

1999 128% 2010 159% 

2000 195% 2011(estimate) 131% 

2001 133% 2012 (estimate) 113% 

%EPQ;(+*)<(RQ@PEQ(S@P7Q;(3E>E(R:@T>B(+M))(7F(=7D7QE:(>@(RQ@PEQ(4F>;:F;>(R:@T>B(U67V;WX(7F(>B;(YE>;()11MC(N)-O(

 

In the next 7 to 10 years, the mobile data growth rates will remain higher same as global internet 

growth rate. In the long term mobile data and fixed traffic should settle into same growth rate 

[27]. 

From the Cisco VNI Global mobile data traffic forecast [27], between 2010-2015 Compound 

annual growth rate CAGR will be about 80% growth in the data traffic by mobile as well as 

109% growth in the M2M. Total picture of the mobile data traffic growth is shown below in 

table 2: 
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 2010 2011 2012 2013 2014 2015 CAGR 

2010-2011 

By application Category (TB per month) 

Data 73,741 160,101 321,036 561,242 893,330 1,407,000 80% 

Filesharing 33,510 64,186 113,821 176,657 258,727 378,559 62% 

Video 117,943 288,405 655,442 1,334,333 2,452,898 4,149,610 104% 

VoIP 4,021 6,120 9,067 11,797 14,386 23,282 42% 

M2M 7,462 27,234 63,575 113,509 186,603 295,5469 109% 

%EPQ;(+*+<(S@P7Q;(WE>E(%:EAA7?(+M))G+M).(

After plotting the table, the picture shows video data accessing will be booming between 2011-

2015. 

!
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From the figure 2.2, the mobile video data will be the most Mobile usable data. The mobile video 

data use is increasing over the near years. In 2015, web browsing in the mobile will also be in the 

second position. 

From the above description, it is understood that the mobile web service will be boomed next 

few years. Many more location-aware services such as personalized shopping offer through your 

near mall, or hooking up your friends in the evening or getting map direction while driving in the 

car will be available [9]. This kind of service will be so much popular and service provider will 

earn revenue from them.  To earn revenue from Mobile service, service provider should have 

proper understanding of QoS and QoE and perfect match of QoS and QoE should be 

implemented. Without the proper matching, the service will not generate revenue to the service 

provider.  

6.6&B'#;$%&I%#&G%3?;0%&

The W3C defines “web service” as a software system designed to support interoperable machine 

to machine interaction over a network [14]. Mobile web service is a service which is mainly 

designed for the mobile user. Mobile user can use the service from their mobile devices.  Mobile 

web services are designed on perspective of web service user on their compatible mobile 

devices.  Different mobile web services are available nowadays. Map service, weather service, 

Traffic service and online advertisement service are well known web services. Top ranked 

websites like Google, Flickr and Facebook uses web service for their revenue earning. Mainly 

these sites earn revenue by advertising. Similarly mobile websites can earn revenue by mobile 

web service.  

&
6.:&B'#;$%&I%#&J'G&

 Quality of Service (QoS) in cellular networks is defined as the capability of the cellular service 

which provides a satisfactory service in voice quality, signal strength, low call blocking and 

dropping probability etc. All the functions, mechanisms and procedures are encompassed by QoS 
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in the cellular network. Service quality is ensured by the user equipment (UE) and the core 

network (CN) [10]. 

In the network based services, QoS depends on the following factors- 

1. Throughput: The rate of packets which go through the network. Maximum rate is 

expected. 

2. Delay: The time  how long for a bit data to travel across the network from one end to 

another end. Minimum delay is expected.  

3. Packet loss Rate: The rate at which the packet are lost. It should be as lower as 

possible. 

4. Packet Error Rate:The errors in the packet due to corrupted bits. It should be lower 

as much as possible. 

5. Reliability: The availability of a connection [22]. 

The main aspects of QoS are classified in two parts: subjective and objective. Subjective QoS is 

the users overall perception of the service quality. It depends on user mentality. It relates to the 

specific condition of the mind for general or universal experience. It is also the user’s opinion 

whether a service is working satisfactorily or not. On the other hand, objective QoS is not 

influenced by personal feelings, interpretations, or prejudice. It is based on the facts and 

unbiased opinion. It is belonging to the object of thought rather than to the thinking subject 

(opposite of subjective). Sometimes it is difficult to be specified with the objective measurement, 

at least in a meaning full was to the user. User perceived is often expressed also non-technically. 

The technical aspects of QoS are referred by Objective QoS [23]. 
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QoS depends on network characteristics. The network characteristics can be explained for the 

packet switch network as bandwidth, packet size, delay, jitter, packet loss, burst packet loss and 

sequencing etc.  

6.@&ICK&5'&L%&*%%5&J'GM&

Imagine a situation where you are hardly able to connect in the Internet. After some times the 

Internet connection goes down and you connect that again. The data of the web site is not as 

interactive as desktop Internet user. Moreover, you need to pay high monthly bills for such kind 

of low quality service. QoS should to be given maximum priority by service provider. It is 

important to differentiate the traffic based on priority level. In the traffic based priority level, 

data service should not be given lower priority than voice service[22]. It should be noted that 

more preference has to be given to customers who pay more to get better service without 

affecting the remaining customers who pay normal amount.   

6.A&B'#;$%&I%#&J'N&

Quality of experience (QoE) is a subjective measure of a customer's experiences with a service 

(web browsing on cell phone, voice communication, online game etc.). Sometimes it is also 

called as user experience (UX). Quality of Experience systems will try to measure the customer’s 
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directly perceived quality of a service. For example, use a web service with  the mobile phone. 

How the service is worked and how it is interactive e with the command is measured. 

!
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Mobile devices use the mobile network and service provider equipment to access the mobile 

content from the content providers. The mobile network provider maintains the network 

infrastructure alongside system integrators. 
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Figure 5 illustrates, Quality of Experience (QoE) is the combination of QoS, context and user 

experience (UX) [7]. The QoE depends on the Quality of Service, context and user experience. 

User experience depends on user emotion, expectation, interaction and personalization etc. 

Moreover, context of mobile user depends on the personal context, social context, motivation, 

tangibles and price etc. 

QoE can be measured in two parts. First one is subjective QoE and another one is Objective 

QoE. Subjective QoE is a measurement on user satisfaction. This type of work is totally 

subjective. For example, the definition of QoE is mentioned as: 

“...the term to describe user perceptions of the performance of a service” [13, p. xiv]. “QoE is 

how a user perceives the usability of a service when in use — how satisfied he or she is with a 

service...” [13, p. 3] 

“The overall acceptability of an application or service, as perceived subjectively by the end user” 

[14, p. 5]. 
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The concept behind the subjective user perception is the methodologyto focus on the user 

opinion via questionnaires and rating scales. 

Objective QoE is originally prompted by human computer interaction researchers to emphasize 

the outcomes of the user’s experience with or through the technology. The main point is that 

measurement of user experience or QoE should concern user performance based on actual usage. 

User performance can be measured in different network services in the different ways because 

the user network situation can vary with situation and time. For example, the measurement of 

user task completion is happened by the correct recognition of visual information and user 

interactivity of the program. It can be measured by the number of clicks from the user end. These 

types of measurement are not based on the user opinions, although this is in human content 

interaction in the service usage. 

 For subjective measure of QoE, objective measures of QoE can and should collect from user 

feed backs. These measurements enable us to extend beyond user perception to user 

experience.   However, understanding user opinion remains important and combination between 

subjective and objective has better reflect on the complexity of QoE [12]. 

6.D&ICK&5'&L%&*%%5&J'NM&

Subscribers’ opinion on the service usability and perception are used for the term QoE. With the 

increase of mobile internet usage the mobile web service use will be increased. For the mobile 

web services, it is important to measure the QoE on the mobile end and how the service 

accurately provides to the user. How possible improvement can be done for customer loyalty in 

the competitive age. All the mobile web service providers want to serve their customer with 

better QoE. How better QoE can be achieved. Without better QoE, the customers will not stay 

with the service. The customer always look for better service. 

QoE is a concept which is the combination of all the elements of a subscriber's perception and 

how they meet the expectation of the user. The user happiness and satisfaction depends on QoE, 

if the QoE is good then the user will be happy but in the low QoE the user does not have a good 

experience. QoE depends on the network interaction on the mobile terminal [19]. For the mobile 

user, good QoE tends to reduce the user frustration and dissatisfaction. At the same time, the 

good QoE enhances the end-user happiness and loyalty [7]. 
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According to Accenture survey [19], 64 percent of customers switched from at least one service 

provider due to poor customer service in 2010. Moreover, the frustrated customer will tell to 13 

other people about their bad experience. An operator service quality cannot afford to wait the 

customer due to bad service. They usually look for another operator. Survey also shows that 90% 

of the user will not complain about their bad experience. They just give up the service and goes 

to other service.So to overcome in this situation, it is advised to constantly measure QoE and 

improve it as needed. Ignoring QoE when designing a system/ service and waiting for users 

comments with the loyalty is expensive and can have even worse consequence [19]. 

 

!
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From the figure 5, QoS is the objective quality of a mobile service and QoE is the subjective 

quality of a mobile service. QoE depends on the user perception and it is a subjective 

measurement but network QoS is an objective measurement. 
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For measuring QoE different researchers use different techniques. Among the measurement 

technique Bark Spectral Distortion (BSD), Perceptual Speech Quality Measure (PSQM), Video 

Quality Measurement (VQM) and  Mean Opinion Score (MOS) are well known. The description 

of the measurement techniques are given below:  

QoE measurement Technique Description 

Bark Spectral Distortion (BSD) BSD is used for the objective measurement of 

audio data to incorporate the psychoacoustic 

responses. 

 

Perceptual Speech Quality Measure (PSQM) PSQM is used for voice quality measurement  

Video Quality Metric (VQM) VQM is used for video data measurement  

Mean opinion Score (MOS) MOS is used for audio and video as well as 

mobile data service measurement. MOS can be 

used in any subjective data measurement. 

 

Among the QoE measurement technique MOS is suitalbe for this experiement. For that, MOS is 

used in this experiment.  

All of the QoE measurement techniques in MOS come from the user perspective. QoE 

measurement is done as follows: 

• Scale base ranging from -5 to +5 

• Task effectiveness of service X is better than service Y. 

• QoE is good but not very good 

• A service is usable or unusable [12]. 

The common practice to estimate the user experience in the network level performance is to 

conduct in a controller environment. By changing different performance criteria within a range 

user’s feedback on the service is pointed by Mean Opinion Score (MOS) [11]. The MOS is a 

numeric value between 1 and 5, with 5 is representing the highest quality and 1 is representing 
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the lowest quality. In MOS, it is a manual process and time consuming procedure. For this, some 

people should be recruited and invited to use the service. Different questions are asked to the 

user after using the service the person will mark a numeric score of the service. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

%EPQ;(+*/<(S[=(C?@:;(

The average score will be the MOS value of the service. A score greater than 4 is considered as 

very good, while a score less than 3 is considered as poor.  MOS is, by definition, a relative 

measurement that is used as a comparative measure of quality. We can say, “My new product has 

a MOS of 4.17, while the competitive has a MOS of 4.08.” But it is incorrect to say “My product 

has a MOS of 4.1”. Because different group of people may use different grading criteria, it is 

important to consider the scores as a relative measure of quality. [8]  

MOS scores may be analyzed using statistical techniques to develop predictive models of media 

quality. This score system has two critical disadvantages in the perception domain. First, the end 

user is entirely in the perception domain. For this, human ability is needed to detect or recognize 

different media quality. But the work of this area does not measure the user behaviors and 

interaction which will have effect on the perception. Important QoS changes may change small 

in the unconscious user perception. Second, user perception has also effect on the psychological 

factors. There should not be a reliance on the test reporting opinion of the participants. But the 

users may have unconsciously affected by the testing environment [12]. 

Likert proposed a scale which is known as liker scale. It evaluates subjective application quality. 

The six-point base Likert scale is used in evaluating subjective application quality[18]. The 

scores are- 

1. Excellent: “The service worked impeccably.” 

2. Good: “The service worked well, I noticed only few deficiencies.” 

3. It was all right: “The service worked sufficiently well considering the purpose of use.” 

4. Somewhat poor: “The operation of the service was a bit annoying, but would use the  
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            Service anyway” 

5. Unsatisfactory: “I would use the service only if it was absolutely necessary.” 

6. Unusable: “I could not use the service at all” 

 

Conceptual model of QoE consists of five building blocks. These five building blocks, which are 

shown in Figure 6, are as follows [25].  

Quality of Effectiveness: Technical performance (at the level of the network, 

infrastructure, application, and device) is dealt by it.  

Quality of Efficiency: By subjective technical evaluation performance is determined by 

the user. 

Usability: It deals with how easy it is for the user can accomplish tasks. 

Expectations:  The quality of users’ experience is influenced by the degree (good or bad) 

of user expectation. 

Context: It deals with the various contextual aspects that might influence a user’s QoE 

(e.g., individual context, social context, etc.). 
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From above mentioned measurement technique, the poll base QoE is picked for the experiment. 

Users use the service after that they will mark the service in a scale 1 to 5 with MOS scale. It will 

be discussed details in the experimental setup chapter 4. 

6.P&!C%&3%$"+;'*,C;Q&#%+L%%*&J'G&"*5&J'N&

QoS and QoE are interdependent [10] but the relationship between them is not linear. For any 

kind of service, the service providers are mainly interested in how users perceive usability , 

reliability, quality and  price worthiness is increased. User satisfaction is the main focus to the 

service providers. The provider needs to observe and react quickly to fix the problem before the 

user notices the problem and considers churn. Facing this kind of quality competition, the 

providers should have a clear view Quality of Service (QoS) and Quality of Experience (QoE). 

User perception, experience and expectations are combined in the QoE which is technically and 

non-technically depends on the application and network level QoS[24]. 
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From the figure 6, it is shown that with the increase of QoS and QoE mismatching the value of 

QoE is decreased. When the QoS and QoE are matched then the QoE is high and users are 

satisfied. But when the QoE and QoS mismatch is increasing, the QoE is decreasing. The user 

feels disturbance. When this mismatch comes up higher level the user gives up the service and 

goes to another service provider.  
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Web browser is a well-known user interface for mobile web service. By the increase of different 

services and applications use of the web browser response time is well-understood and well-

known. By requesting the service the user need to wait for the response. The response within one 

second makes the user think that the system is interactive. Long response time makes the user 

suffer. The question is now: How patient the user will sink with time in case of bad network 

conditions? This response time question needs to be related with the application, which means 

considering the performance from a web service [4].  

Several studies investigate the user willingness to wait for web services. The user usually follows 

the user perception: 

• T<100ms : the user notices that the service is interactive; 

• t>1s: The user’s in the path of thinking interrupted; 

• t>4s: the user get bored; 

• t>10s: the user attention lost and they usually give up the service and want to change the 

alternative [1] 
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Chapter 3 
Objective, Problems and Solutions 

This chapter starts presenting an overview of the thesis and what are we are expecting from the 

thesis within the time period of the thesis.  Then problem area of the thesis and the expected 

solution is discussed one by one. 

:.-&=#>%0+;?%&

The objective of this thesis is to define a relation between QoS and QoE. How can it is improved 

user experience in the end user. A QoE- aware QoS management process aims at maximizing the 

user experience with the reducing of network cost.  Herein the thesis, response time of server is 

tried to decrease with the modification of QoS which will have impact on the QoE. 

:.6&73'#$%8,&

In the mobile web, the relationship between QoS and QoE is not well defined. Improvement of 

QoS does not mean the improvement of QoE, although QoE depends on QoS. But the 

relationship is not theoretical. This depends on the practical measurement of the parameters. 

0"1"!#2).3%45#6%7#
Delay, jitter, Packet loss etc. are the common phenomenon in the network level QoS. In the 

wireless network, the connection speed depends on the distance between the access point and the 

terminal (User mobile, PDA, laptops etc.). If the distance increases the connection speed will be 

affected with the Delay, jitter and packet loss. 

Another problem is that many small companies’ wants to setup their server in the local office. 

They don’t want to setup a high configured server. High configuration server will cost high 

expenditure. They want the server will be within the budget. If they want to setup a low 

configured server, the low configure server can not serve too many user at a time. If many user 

want to access the server at a time, then the server will be gone down.  The user end QoE will 

not be in satisfactory level.  
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Mobile users do not have good user experience like desktop/ laptop users, even though they are 

using same type of network.  The reason behind that is data processing and memory of mobile is 

limited in comparison with a computer. Data processing power of the mobile is not like 

computer. So the mobile web services cannot be served quicker. Another thing is that, mobile 

cache is not as sufficient as for good surfing. But cache of a mobile is also an important for 

mobile browsing.  For better QoE, resolution of the screen is also an important factor. The 

mobile screen is too small than desktop computers. For the small screen, the mobile does not 

provide good performance on browsing like desktop or laptop computers. The mobile user needs 

to wait more than the desktop or laptop user. The speed of the mobile surfing should be like 

desktop users. 

0"1"0#+)(<.)#3'.=#)<>=#%.=)4#
Within these constrains how the QoE will be better with the change in the QoS of the server. 

What type of change in QoS will improve user experience of the mobile end user. How the QoE 

and QoS are related to each other.  

:.:&G'$4+;'*,&

To solve the problem, an Apache server is setup which is open source and configurable. In the 

apache server, it can be added and modified any kind of module. For this experiment, Apache 

QoS module is used.  

To investigate the behavior of mobile user experience, server QoS is changed and tested it in the 

experimental setup. Impact of server change is investigated by the user end QoE. To change in 

the server side, the network side delay and jitter is produced. To maintain service availability the 

QoS Apache module is used in the server side. For examining the QoE in the user mobile, user 

need to answer the different questions with MOS value.  

The description of QoS parameters which are used in the server side is given below: 

Delay means a data bit time to traverse through the network in one end to another end. Delay 

may differ slightly, depending on the location of the specific pair of communicating nodes.  

Delay may differs slightly on different the location, depending on specific pair of communicating 

nodes. 
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Jitter refers to variable delays caused during transportation in a service through the network. 

Jitters occur due to variable phase delay in a particular service of packets from source to 

destination. It may be happened in all data packet service like audio and video data. In the voice 

service a phase delay with “I am a student” at the source; may be  heard as “I ama student”. 

Phase delay occurs due to propagation delay which is constant and  transmission delay, Queuing 

delay or Node processing delay at the transmission of packets which are variable [17].     

Phase delay: Phase delay occurs due to propagation delay, transmission delay, queing delay or 

node processing delay at the packet transmission time in the network. Propagation delay is 

constant and other next three are variable [17]. 

Propagation delay: Propagation delay is the time for a data packet to travel from one end to 

another. 

In the Apache web server mod_qos is a quality of service module which implements control 

mechanisms that can provide quality of service by providing different levels of priority. It 

insures the service in a certain level. 

Apache QoS module implements the control mechanisms to manage the following: 

• The maximum number of concurrent user to a location or virtual host. 

• Limit the bandwidth for the user such as maximum or minimum Kbytes per 

second. 

• “Detect” very important persons (VIP) which may access the web server with first 

priority. 

• Limits the TCP connection level, e.g., the maximum number of connections 

allowed from a single IP source address [21]. 
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Chapter 4 
Experimental Setup 
This chapter starts with presenting an overview of the experimental setup. The main contents of 

this chapter are to clarify the environment basically the preliminary status of the experiment and 

how the experiment was conducted.  

The goal of this study is to evaluate the QoE in the user perspective for the change of the 

network side QoS. The relational study of QoS and QoE under the real world mobile bandwidth 

conditions are in our main focus. In the experiment, while mobile user is using our service, the 

QoS parameters of server side are changed. With the change of network side QoS, QoE is 

measured. To measure QoE Mean Opinion Score (MOS) is used from mobile user end. How the 

mobile user QoE changes with the change of QoS is studied here. The summary of their 

experiences are also collected for every condition.  

6789:;(/*)<((Z@&(7C(D;EC9:;W(T7>B(Z@=(HE:ED;>;:C 

In figure 7, User examines the QoE with the consistently controlled QoS parameters. To control 

QoS parameters an apache server is setup between the internet and mobile terminal. All the 

request of the mobile user goes through the Apache server or comes to the Apache server.  

!!
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In the experiment, an Apache server is used in the server side which is installed in Ubuntu 11.4 

operating system. The server configuration is shown in the table 4 

Server Computer 

Processor 3.00 GHz 

CPU cache 512 KB 

RAM 1 GB 

6789:;(/*)<(=;:K;:(?@DH9>;:(?@FA789:E>7@F(

  The network QoS configuration is changed by the change of Apache server parameters. It is 

needed to configure Apache QoS module to ensure certain level of performance in the data 

service. QoS module manages the resources by a control mechanism to provide different priority 

level of service on the different HTTP requests. Apache QoS module ensures the service in a 

certain level. For the experiment, the number of connections per IP is 50. If the number of 

connection requests per IP is more than 50, then the extra requests are discarded by the server. 

Maximum number of TCP connections in the server is limited to 256.  Service maximum 

connection close is responsible to keep-alive the number of request. The service maximum 

number is 70%. If the keep alive request is more than 70%, it will disable the HTTP Keep Alive 

requests within one HTTP session. Moreover, user minimum bandwidth conditions are defined 

which will deny the slow users blocking from the server. This bandwidth is measured while 

receiving request data (request line, header fields, or body), sending response data (header fields, 

body) and also when the request is in the keep-alive condition. If the client does not fulfill this 

required minimal data rate, then the client connection is closed. 

In this study, the main focus is on QoE of the user. That is mostly depends on the request 

response time of every request. How the subjective QoE is changed with the change of server 

side QoS is examined here. What type of QoS should be implemented for the services is also 

tested here. Two Linux machines are involved in the experiment. One of them is server machine 

and another one is normal computer with Ubuntu 10.04 operating system. For the experiment, 

the traffic controller (tc) is used in the user end to simulate the network QoS parameters in the 
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packet delivery which creates the real mobile environment.  Web services content goes through 

the server machine. So, network emulator (NETEM) is used to configure Traffic Control (tc) in 

the Linux kernel which works in the server side network layer. Traffic controller (tc) shapes the 

requests by taking the transmission under control. Traffic controller can cause packet delay and 

jitter, packet loss and others in the server side which is used to smooth outbursts of traffic in the 

network.  

6789:;(/*+<(R@@8Q;(SEH(];P(C;:K7?;(9C7F8(PL(S@P7Q; 

In the figure 4.2, it is shown that mobile user experience the service which fetches data from the 

Google Map Server through the test bed server. Server is always busy by one thousand requests. 

Laptop also tests the service response time by the Apache benchmark tool.  Mobile user tests his 

experience among one thousand requests with different network condition. 
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The server is always busy with one thousand concurrent users. To simulate one thousand 

concurrent requests at a time apace benchmark tool (ab) is used from shell script. Concurrent 

user requests are created by cron job in the Ubuntu machine.  

Moreover, apache benchmark is used to measure the response time of a service. Apache 

benchmark is a tool for benchmarking the Apache Hypertext Transfer Protocol (HTTP) server. 

This especially shows how many requests per second the Apache installation is capable to serve. 

How it changes the response time with the change of Apache server parameters is also examined. 

So, the experiment setup is listed as follows: 

• Apache Server Machine 

• Laptop  

• Mobile (Android is preferred) 

Control over vital parameters to delay, bandwidth and server load shedding. These are related to: 

• Delay and bandwidth: Traffic Controller (TC) 

• Web Server load balancing: Apache QoS module 

• Traffic injection and measurement: Apache benchmark tool (AB) 
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From the above figure 9, it is shown that the server is busy with traffic controller and apache 

benchmark tool. One thousand requests are always make busy the server. Within that condition 

the mobile will experience the service. 

 

 User will test the service from their mobile terminal. The mobile terminal uses the KTH wireless 

network for their experiment. The distance between server and mobile terminal is too limited that 

it will not effect on the service performance. The service will be varied with the change of QoS 

parameters in the network side. With the change of the QoS parameters, the QoE will be 

changed. To measure the QoE the QoS factors should be considered.  

QoS factors which have impact on the mobile web services are listed below-- 

• Delay 

• Packet loss 

• Throughput 

• Jitter 

• Packet duplication 
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• Packet corruption 

• Reliability 

In the experiment, it is limited to focus on the delay, jitter and reliability. Packet loss causes the 

delay in the user end. Furthermore, throughput also makes delay in the mobile web service. 

Packet duplication and corruption are also responsible for reliability. So others factors are 

ultimately related to delay, jitter and reliability. These factors are picked as follows: 

50 millisecond 

500 millisecond 

 

Delay 

1 second 

50 millisecond 

100 millisecond 

 

Jitter 

1 second 

With QoS module Reliability 

Without QoS Module 
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The service will be unavailable if there are so many users at a time. Apache QoS module is 

introduced there to prevent the unavailability which will protect the server from being 

unavailable.  
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From the mobile end, users can use the service which is in the experiment server. It is preferred 

to use android mobile in mobile end because android is open source and is a popular mobile 

nowadays. After using the service the end user rates the service manually by answering the 

questionnaire. For QoE measurement, the experiment is tested by twenty one (21) students who 
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are using the services and answer the Questionnaire which is in the appendix 1. The questions of 

the questionnaire are taken with help of the paper [25]. The questions are answered by the user in 

the Mean Opinion Score (MOS). The scale of the answer sheet will be Bad, Poor, Fair, Good and 

Excellent with score value from 1 to 5 respectively. These score values will help us to measure 

the QoE. 

The experiment is done by anonymous users. To measure their behavior on the mobile their age, 

handset mobile brand, daily usage of mobile per day, when did they own the mobile, which apps 

they usually use in their mobile and which web service they do use in their real life is asked. At 

the end of  the experiment, user opinions on the experiment problems are also collected. Using 

these data user behavior on the web service can be understood.  

Moreover, a conceptual model of QoE consists of five building blocks [25]. The building blocks 

are shown in the below table: 

Building block of QoE How is it determined? 

QualityofEffectiveness deals with technical performance of the network device and 

application level 

QualityofEfficiency depends on performance determined by the user 

Usability  how easy it is for the usersto accomplish their tasks 

Expectations Quality of Experience (QoE) of the user is influenced by the 

degree (good or bad) of user expectation 

Context Various contextual aspects that might influence a user’s QoE (e.g., 

individual context, social context, etc.). 

%EPQ;(/*-<(Z@&(P97QW7F8(PQ@?JC(

The relation between QoE and the asked questions are given below: 

Question 

No. 

Question Conceptualmodelof QoE  
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Q1 Did the service meet your overall expectations? Expectation 

Q2 Could you indicate performance of the service in 

terms of speed? 

QualityofEfficiency 

Q3 Could you indicate your satisfaction during the usage 

of the service? 

Usability 

Q4 How long does it take to use the service? Usability 

Q5 How do you summarize the experience of the service? Context + Expectation + 

Quality of Efficiency  
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From these questions user end QoE can be understood. The questions answer are important to 

understand the user experience on the test conditions. 
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To test a service in the test bed, Google Map service is selected for our experiment. Google Map 

API is used in our server. Google Maps API fetches data to the server. The mobile can get 

Google map from the server. Web service of Google map is used in our server.  By the longitude 

and latitude of a place Google map is rendered in the webpage. In this experiment, longitude and 

latitude of Electrum, Kista is written in the code. That will fetch the data and geographical map 

of this area which is shown in the web page.  

In this URL, one can see satellite view of Electrum, Kista in the mobile browser. That fetches 

data from Google Maps API web service. It is a collection of HTTP interfaces which is 

responsible for providing the geographical data for map application.  Google geocoding is also 

used in the Google map. Geocoding is a piece of software or web service that fetches the data 

from Google Map.  The Google Geocoding API provides user to access a Geocoder through an 

HTTP request. In our experiment, JavaScript API V3 Client Geocoder is used. User can test the 

Google map web service through our server. Mobile browser will load the service in the mobile. 

After loading the service, the mobile browser will render the map and interact with the user.  
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In the figure 4.4, it is shown that the user was experiencing the testbed by using his mobile set. 
Network parameters were changed with the change of the network emulator command line. 

The satellite and panoramic view of electrum is shown below:  
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For this service, user can check the satellite view of the area. The satellite view of Map is shown 

by the JavaScript. After loading all the data, the browser renders the map to the user. The 

browser renders that data to the user. Panoramic view of that area can also be shown in the 

mobile. Mobile user can see that panoramic view of any structure of that area. 
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Chapter 5 
Analysis and discussion 

In order to empirically analyze and test the reference Server Setup with different Quality of 

service conditions by QoE measurement has been carried out previously described in Chapter 4. 

In this chapter it will be described the details of both result and analyze the user end QoE 

acquired while testing them.

In this section, the experimental results are discussed which was done during a week. Twenty 

one (21) users tested the service within eighteen (18) different network conditions and marked 

their MOS with their remarks. With the change of network parameters (delay, jitter and 

unreliability) the user’s measurement on the test bed was changed. Within the test period 

sometimes user felt so much frustrated and sometimes the service was like interactive. Moreover, 

sometimes with the change of network parameters the user did not feel any change.  The 

procedure of Subjective QoE of the mobile web service was discussed in the chapter 4.  MOS 

value of the user end was collected to evaluate the user experience.  

 The test was experienced by the user on the mobile browser. The test on the mobile browser was 

carried out to see how well the service was performing, how fast it was loaded and overall user 

experience which was experienced by the user. Google Map web Service was used in the 

experiment which is run by the JavaScript. In the mobile browser execution of JavaScript is not 

as fast as desktop web browser. The mobile browser responsiveness is poor causing a bad user 

experience.  Browsing experiences varied with mobile brand as well as resolution capability. 

Good mobile browser can fetch the data from the server quickly and render it easily and 

lucratively. That might have effect on mobile user experience. 

A.-&S,%3&/%C"?;'3&'*&+C%&8'#;$%&

The experiment was done within the age limit 23 to 31. The users tested the service as a 

volunteer work. Among the participants of the experiment, 19% owned android mobile, 38% had 
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Iphone and rest of the participants used normal handset. The below table shows the mobile 

handset owner list:  

Mobile Handset Owned by the user 

Iphone Android Normal Handset 

38% 19% 43% 
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In case of mobile web browsing duration, a diversified picture was depicted. From the 

experiment it was found that 19% user browse mobile web for more than two hours daily and 

43% accessed the mobile web less than two hours and rest of them did not use any mobile web 

before.The people who did not use mobile web before, they have no idea about mobile internet 

web service and others.  

Mobile browsing habit 

>2 Hour per Day <2 Hours per Day Never or seldom 

19% 43% 38% 
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The mobile web users are facing problem to use the mobile web. The mobile web is not so much 

interaction like broad band internet in personal computer. The problems the user felt are listed 

below: 

1. Mobile data transmission is slow.  

2. 3G internet connection fluctuates frequently  

3. Sometimes Mobile web browser closed down automatically.  
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In the subjective QoE measurement, the user tested the experiment with several Mobile handset. 

The browser of the smart phone/ mobile was fetched the data from the server and rendered that 

in the browser. The overview of the mobile handset used in the experiment is given below:  

Mobile  Handset used on the experiment 

iPhone HTC (Android 2.2) 

Sample one 

Other Android mobile 

7 users 8 users 6 users 
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In the experiment, three types of mobile handset were used. Sample mobile handset was given to 

the user which is HTC (Android 2.2). The sample one was not the best. The user chose their own 

mobile for the experiment. If they did not have any smart phone then the sample one was given 

to them. In the experiment seven users experienced with iPhone, eight users experienced with 

sample handset (HTC Android 2.2) and six user experienced with another android mobiles which 

was better than sample one. 

For the result analysis, all the data are divided into three categories. The categories are sample 

mobile (HTC Android 2.2), other android mobiles (Android 2.3 and greater version) and iPhone 

3 &4.    

The experiment results in the test are given below: 

5.4.1 Result analysis with the sample Android Mobile (HTC Android 2.2) 

a) Experimental result: MOS with experience time in the sample HTC (android 2.2) mobile 

with different network conditions are shown below: 
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Experiment 

Number 
Delay jitter Reliability 

Service Time 

(in seconds) 

Meanof 

MOS value 

4 1000ms 1000ms Without QoS 3-infinity 2.09 

6 50ms 50ms With QoS 1-9 4.04 

10 1000ms 100ms Without QoS 5-infinity 2.10 
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b) MoS value in the experiment: Experiment result of the above table shows that the best MOS 

value is 4.04 which was perceived in the experiment number 6 (delay 50ms, jitter 50ms and with 

QoS module).  The network condition was the best in the experiment. User experience time was 

1-9 seconds however most of time the service was in the 1 to 5 seconds. On the other hand, the 

worst MOS value was 2.09 which was experience in the experiment number 4 (delay 1000ms, 

jitter 1000ms and without QoS module). Moreover, in the experiment number 10 where delay 

was 1 second, jitter was 100ms without QoS module. This could not improve the MOS value. 

The users experienced time was 3 to infinity. Most of the time users felt distressed within the 

condition. 
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5.4.2 Result analysis with the iPhone (3 & 4): 

a) Experimental result: MOS with experience time in the iPhone with different network 

conditions are shown below: 

Experiment 

Number 

Delay Jitter Reliability Service Time 

(in seconds) 

Mean of 

MOS value 

(Overall) 

4 1000ms 1000ms Without QoS 3 - 10 3.04 

5 50ms 1000ms With QoS 1 - 5 4.33 

6 50ms 50ms With QoS 1 - 4 4.50 

12 1000ms 50ms Without QoS 6 - 12 1.92 
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b) MoS value in the experiment: Experiment result of the above table shows that the best MOS 

value is 4.50 which was perceived in the experiment number 6 (delay 50ms, jitter 50ms and with 

QoS module).  The network condition was the best in the experiment. User experience time was 

1-9 seconds however most of time the service was in the 1-4 seconds. Moreover, experiment 

number 5 network condition with 50ms delay, 100ms jitter with QoS module has MOS value 

4.33. On the other hand, the worst MOS value was 2.09 which was experience in the experiment 

number 4 (delay 1000ms, jitter 1000ms and without QoS module). Moreover, in the experiment 

number 10 where jitter was reduced into 100ms, others was same, that could not improve the 

MOS value. The users experienced time was 3 seconds to infinity. Most of the time users felt 

distressed within that condition. 
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5.4.3 Result analysis with other Android Mobiles: 

a) Experimental result: MOS value with experience time in other Android mobile with 

different network conditions are shown below: 

Experiment 

Number 

Delay jitter Reliability Service Time 

(in seconds) 

Mean of 

MOS value 

(Overall) 

4 1000ms 1000ms Without QoS 5-17 1.94 

6 50ms 50ms With QoS 1-8 3.83 

9 50ms 100ms With QoS 1-10 4 

12 1000ms 50ms Without QoS 1-17 2.33 
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b) MoS value in the experiment: Experiment result of the above table shows that the best MOS 

value is 4 which was perceived in the experiment number 9 (delay 50ms, jitter 100ms and with 

QoS module).  The network condition was the best in the experiment. User experience time was 

1-10 seconds however most of time the service was in the 1-4 seconds. Moreover, experiment 

number 6 network condition with 50ms delay, 50 ms jitter with QoS module has MOS value 3.83. 

On the other hand, the worst MOS value was 1.94 which was experienced in the experiment 

number 4 (delay 1000ms, jitter 1000ms and without QoS module). Moreover, in the experiment 

number 10 where jitter was reduced into 100ms, others was same, could not improve the MOS 

value. The users experienced time was 1 to 17 in this case. Most of the time users felt distressed 

within the condition. 
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The summary of three types of mobile phone result:  

Experiment 

Number 

Delay jitter Reliability Sample 

Mobile(HT

C Android 

2.2) 

OtherA

ndroid 

mobiles 

iPhone Average 

(MOS) 

4 1000ms 1000ms Without QoS 2.09 1.94 3.04 2.36 

6 50ms 50ms With QoS 4.04 3.83 4.5 4.12 

12 1000ms 50ms Without QoS 1.86 2.33 1.92 2.04 
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In the eighteen (18) different network conditions, the worst QoE was measured when the server 

was in experiment number 12 (1second delay, 1 second jitter and without QoS module). The 

service was seems to be unavailable at that time. On the other hand the best MOS value was 

experienced in the experiment number 6(50ms delay, 50ms jitter and with QoS module).  
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From the figure 12, it is shown that the best MOS value was experienced in the iPhone. Good 

android mobile performance was better than general one. In the sample android mobile MOS 

value was good even the network parameters were good. 
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The MOS value was given by the user depending on their mentality. Some users were pleased to 

have the service within 2-3 seconds. Some users were pleased in 1 second. Moreover the users 

who got their service after 10 seconds they marked MOS value as poor. They were not satisfied 

with the service for that most of them marked the service as poor.  
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Users are so smart to add their experience in the answer section. They compared with the 

previous experiment to add their comment. Some of the users who did not use the smart phone 

they tried to add their experiment summary in a single word, like good, bad, Excellent etc. 

However their experience should be in details.  

When user got excellent result from the service, they have written their excitement on their 

comments. Some of them are shown in the below. 

1. It is functioning really. 

2. There was no problem and it takes 2 second so it is excellent. 

3. Very excellent  
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4. It feels okay. 

The user who got poor experiment result from the service they put the comments on their 

frustration on the service. Some of them are written below: 

1. Really bad service 

2. I was doubtful if the service finally works. 

3. It takes too much time. I want to give up the service. 

4. The service is unavailable.  

5. Very slow service. It is unexpected. 
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With the QoS module, the service was not unavailable. It might take longer time but it was not 

longer than 10 seconds. The user was not want to give up the service with the QoS module even 

though the network condition was too slow. But when the server was without QoS module, with 

longer delay and jitter, service time was longer even more than 10 seconds. That time the service 

was seems to be unavailable to the user.  
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Experiment 

Number 

Delay jitter Reliability Sample 

Mobile(HT

C Android 

2.2) 

OtherA

ndroid 

mobiles 

iPhone Average 

(MOS) 

4 1000ms 1000ms Without QoS 2.09 1.94 3.04 2.36 

17 1000ms 1000ms With QoS 2.91 3.22 3.63 3.25 

12 1000ms 50ms Without QoS 1.86 2.33 1.92 2.04 

8 1000ms 50ms With QoS 3.33 3.44 3.75 3.51 
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If it is compared with experiment number 4 and 17 average MOS value was totally different even 

though the delay and jitter was the same. With the implementation of QoS module the service 

was acceptable to the user. They marked the service 3.25 where it was 2.36 without QoS module. 

Similarly, experiment number 12 and 8 was in the same delay and jitter but QoS module changed 

the average MOS value. With QoS the service was 3.51 where without QoS service was 2.04.    
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Chapter 6 
Conclusion and Future Work 
In this work Mobile web service is examined from a user’s perspective how the QoE changes 

with the change of QoS. In the introduction several goals and objectives were listed (Section 

1.3). In this chapter, those goals and objectives are revised. Moreover, general guidelines on 

mobile web QoS and QoE and the main contributions are described. Finally future work of the 

arena is discussed. 
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The aim of this work is to build a relation to understand and analyze the mobile QoS and QoE. 

The aim and objective of this area is presented in the section 1.2, a number of goals and 

objectives were listed in section 1.3. The following sections are dissected one by one these goals 

and objectives. 
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The first goal is described and analyzed the network QoS. In this case, delay, jitter and service 

availability is taken for this experiment. In the server side all the parameters are changed with 

command line.  

In the description part, the details of QoS factors are discussed. In the experiment different 

combination of QoS factors are taken. At last, impact of QoS parameters are analyzed in the 

experiment.  
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The second goal is described and analyzed the user end QoE. Different QoE measurement 

techniques are discussed. QoE measurement technique picked by the poll based MOS value. In 

this case, user QoE is examined by answering the questions.  

The description includes the QoE factors and methods. In the appendix section, the asked QoE 

questions are attached.   
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6.1.3 Analyzing the impact of QoS on QoE 

By analyzing the experiment result, it is understood that QoS factors delay and jitter should be in 

the minimal level. When the delay and jitter are between 100ms to 500ms, the impact of them is 

more or less same. Service availability of a server depends on Apache QoS module. For that QoS 

module should be implemented in the server side. 
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By examining different QoS factors on the mobile user end QoE, several types of data are found. 

The conclusion of the research work is as follows: 

• QoS has direct relation with QoE. It is not the only factor that can effect. 

• MOS value can be improved by 1 to 1.5 by using QoS module.  

• Mobile design can affects the user who can perceive better response. 

D.:&)'*+3;#4+;'*&

In this project, the author has contributed by access the QoE in the external factors relating to  

user behavior, not used in similar experiments.  How the QoS effect on the QoE, different QoE 

measurement technique is discussed. Among them one QoE measurement is picked for the 

experiment.  User end QoE examination is the key to explore the best QoS setup in the server 

side. Moreover, QoE depends on the mobile design also. To get better QoE the user end mobile 

terminal should be changed. The summary of the contribution is: 

1. To access the QoE, the author considers external factors relating to user behavior, not 

used in similar experiments.  

2. It is an attempt to measure the impact of the QoS Module on the QoE in a Mobile Web 

Service.  
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In the experiment only Google map service is tested. Other popular services should be examined 

in the test bed. With the change of QoS how QoE is changed should be examined with other 

popular services. 

6.4.2 Impact of mobile design on QoE measurement should be evaluated. 

In the experiment, it is found that mobile design has some impact on QoE of the mobile web 

service. Future study would be on impact of mobile design on QoE.  

 

0*/*-((Real life busy server should be included in this type of experiment. 

The experiment is done in the test bed. It should be examine in the real life busy server where 

there will be huge amount user in real time. How they effect to change the QoE should be in the 

experiment. 
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Appendix 

A1. Result 

Sample Android mobile output with different network conditions: 

Experiment 

Number 

Delay jitter Reliability Service Time 

(in seconds) 

Mean of 

MOS value 

(Overall) 

STD 

1 500ms 1000ms Without QoS 2 - 5  3.43 0.69 

2 50ms 1000ms Without QoS 2 - infinity 3.48 0.57 

3 50ms 50ms Without QoS 1 - 7  3.29 0.99 

4 1000ms 1000ms Without QoS 3 - 10 2.10 0.81 

5 50ms 1000ms With QoS 1 - 5 3.57 0.53 

6 50ms 50ms With QoS 1 - 4 4.05 0.73 

7 500ms 1000ms With QoS 1- 5 3.33 0.61 

8 1000ms 50ms With QoS 1 - 5 3.33 0.69 

9 50ms 100ms With QoS 1 - 4 3.95 0.62 

10 1000ms 100ms Without QoS 1 - 11 2.10 0.92 

11 500ms 50ms Without QoS 1- 11 2.67 0.58 

12 1000ms 50ms Without QoS 6 - 12 1.86 0.92 

13 500ms 100ms Without QoS 6- 11 2.95 0.59 
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14 50ms 100ms Without QoS 1.5 - 4 3.71 0.71 

15 500ms 50ms With QoS 1- 6 3.33 0.77 

16 1000ms 100ms With QoS 1 - 7 3.19 0.92 

17 1000ms 1000ms With QoS 1-7  2.90 0.60 

18 500ms 100ms With QoS 1- 5 3.19 0.81 

 

 

 

iPhone output with different network conditions: 

Experiment 

Number 

Delay jitter Reliability Service Time 

(in seconds) 

Mean of 

MOS value 

(Overall) 

STD 

1 500ms 1000ms Without QoS 2 - 5  3.79 0.67 

2 50ms 1000ms Without QoS 2 - infinity 3.79 1.08 

3 50ms 50ms Without QoS 1 - 7  3.83 0.94 

4 1000ms 1000ms Without QoS 3 - 10 3.04 0.65 

5 50ms 1000ms With QoS 1 - 5 4.33 0.71 

6 50ms 50ms With QoS 1 - 4 4.50 0.47 

7 500ms 1000ms With QoS 1- 5 4.13 0.50 

8 1000ms 50ms With QoS 1 - 5 3.75 0.66 
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9 50ms 100ms With QoS 1 - 4 4.38 0.70 

10 1000ms 100ms Without QoS 1 - 11 3.21 1.28 

11 500ms 50ms Without QoS 1- 11 3.46 0.73 

12 1000ms 50ms Without QoS 6 - 12 1.92 0.90 

13 500ms 100ms Without QoS 6- 11 2.63 1.19 

14 50ms 100ms Without QoS 1.5 - 4 4.00 0.53 

15 500ms 50ms With QoS 1- 6 4.46 0.71 

16 1000ms 100ms With QoS 1 - 7 3.79 0.91 

17 1000ms 1000ms With QoS 1-7  3.63 0.77 

18 500ms 100ms With QoS 1- 5 4.29 0.70 
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Other Android mobiles output with different network conditions: 

Experiment 

Number 

ConditionNumber Delay jitter Reliability Service 

Time (in 

seconds) 

Mean of 

MOS 

value 

(Overall) 

STD 

1 6 500ms 1000ms Without 

QoS 

1- 4  3.17 1.47 

2 3 50ms 1000ms Without 

QoS 

1-11 3.28 1.41 

3 1 50ms 50ms Without 

QoS 

1-8  3.56 0.81 

4 9 1000ms 1000ms Without 

QoS 

5-17 1.94 1.12 

5 12 50ms 1000ms With QoS 2-10 3.11 0.75 

6 10 50ms 50ms With QoS 1-8 3.83 0.98 

7 15 500ms 1000ms With QoS 1-10 3.28 0.74 

8 16 1000ms 50ms With QoS 1 -11 3.44 1.03 

9 11 50ms 100ms With QoS 1-10 4 0.99 

10 8 1000ms 100ms Without 

QoS 

3-16 2.56 1.41 

11 4 500ms 50ms Without 

QoS 

2-17 2.89 1.11 
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12 7 1000ms 50ms Without 

QoS 

1-17 2.33 0.92 

13 5 500ms 100ms Without 

QoS 

1-14    2.94 1.12 

14 2 50ms 100ms Without 

QoS 

1-15 3.38 0.88 

15 13 500ms 50ms With QoS 1-9 3.5 0.91 

16 17 1000ms 100ms With QoS 2-10 3.28 1.12 

17 18 1000ms 1000ms With QoS 2 – 11 3.22 0.96 

18 14 500ms 100ms With QoS 1 - 7 3.83 0.75 

 

The summary of three types of mobile phone result: 

Experiment 

Number 

Delay jitter Reliability Sample 

Mobile(HT

C Android 

2.2) 

OtherA

ndroid 

mobiles 

iPhone Average 

(MOS) 

1 500ms 1000ms Without QoS 3.38 3.17 3.79 3.45 

2 50ms 1000ms Without QoS 3.48 3.28 3.79 3.52 

3 50ms 50ms Without QoS 3.29 3.56 3.83 3.56 

4 1000ms 1000ms Without QoS 2.09 1.94 3.04 2.36 

5 50ms 1000ms With QoS 3.52 3.11 4.33 3.65 

6 50ms 50ms With QoS 4.04 3.83 4.5 4.12 
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7 500ms 1000ms With QoS 3.33 3.28 4.13 3.58 

8 1000ms 50ms With QoS 3.33 3.44 3.75 3.51 

9 50ms 100ms With QoS 3.95 4 3.63 3.86 

10 1000ms 100ms Without QoS 2.10 2.56 3.29 2.65 

11 500ms 50ms Without QoS 2.67 2.89 3.46 3.01 

12 1000ms 50ms Without QoS 1.86 2.33 1.92 2.04 

13 500ms 100ms Without QoS 2.95 2.94 2.63 2.84 

14 50ms 100ms Without QoS 3.71 3.38 4.5 3.86 

15 500ms 50ms With QoS 3.33 3.5 4.46 3.76 

16 1000ms 100ms With QoS 3.19 3.28 3.79 3.42 

17 1000ms 1000ms With QoS 2.91 3.22 3.63 3.25 

18 500ms 100ms With QoS 3.19 3.83 4.29 3.77 
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A2. QoE measurementQuestions 

Measure Quality of Experience (QoE) on Google Map Web Service 

You will use Google map service in this test. During the test we will adjust the network 

parameters and ask how you experience these different conditions. In total we will test 18 

different conditions and after each part in the test you will answer five questions. The test will 

take aprox 30 min. All the data in the test are collected anonymously and the video will only be 

reviewed by a 2-3 researchers at KTH to sort out eventually language translations problems. 

Thanks for your help and time!. 

 

1. Subject No: .................................. 

2. Age: …….................................... 

3. Your phone brand: ………………………………………… 

4. How long have you owned your present phone? 

Morethan 2 

yr 

Morethan 1 

yr 

Morethan 6 

months 

Morethan 3 

months 

Morethanonemonth WithinOnemonth 

5. How do you feel about it?  

Bad poor Fair Good Excellent 

6. Which kind of the apps are you using on your mobile? What are they? 

...........................................................................................................................................................  

7. How often do use your mobile? 

>2h everyday <2h ever y 

day 

A couple of 

times per 

A few times 

per Month 

Seldom Never 
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week 

8. How often do you use mobile service, like apps?  

>2h everyday <2h ever y 

day 

A couple of 

times per 

week 

A few times 

per Month 

Seldom Never 

9. How often do you use mobile web service, like surfing on the phone? 

>2h everyday <2h ever y 

day 

A couple of 

times per 

week 

A few times 

per Month 

Seldom Never 

 

10. Which web apps do you like best and why? 

………………………………………………………. 

Youtube Maps mail calendar skype paypall 

 

11. Which mobile web sites do you use mostly? 

Google Facebook Twitter amazon  ebay paypall 

 

 12. Did you feel any kind of problem on the mobile web? What are they? 

...........................................………………………………………………………… 

After the experiment you will answer these questions: 

 1. How did you experience the service (Including your expectation on the service)?  

Answer: 

……………………………………………………………………………………………………… 
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2. Did you feel any kind of problem in the experiment? If any, please explain. 

Answer: 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………  

3. How did you experience the phone that you used in the test compared with your own phone? 

 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

4. How did you experience the service that you used in the test compared with services in your 

own phone? 

 

Bad poor Fair Good Excellent 

1 2 3 4 5 
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Experiment: 1 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.……….……………………………………………………………………………………………

………………………………………………………………………………………………………

……….…………………… 

 

Experiment: 2 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 
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1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

…………………………….…………. 

………………………………………………………………………………………………………

……… 

Experiment: 3 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 
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1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.......................................................................... 

………………………………………………………………………………………………………

……… 

 

Experiment: 4 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  
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Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.........................................................................  

………………………………………………………………………………………………………

……… 

Experiment: 5 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  
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Q5: How do you summarize the experience of the service? 

......................................................................... 

………………………………………………………………………………………………………

……… 

 

Experiment: 6 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.........................................................................  
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………………………………………………………………………………………………………

……… 

Experiment: 7 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.......................................................................... 

………………………………………………………………………………………………………

……… 

 

Experiment: 8 
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Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

............................................................................ 

………………………………………………………………………………………………………

………
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Experiment: 9 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

......................................................................... 

………………………………………………………………………………………………………

……… 

Experiment: 10 

Q1: Did the service meet your overall expectations? Mark your score.  
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Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

.................................................................... 

………………………………………………………………………………………………………

……… 

 

Experiment: 11 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 
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Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

........................................................................ 

………………………………………………………………………………………………………

……… 

 

Experiment: 12 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 
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Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? ............................................................ 

………………………………………………………………………………………………………

……… 

Experiment: 13 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 
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Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

........................................................................... 

………………………………………………………………………………………………………

……… 

 

Experiment: 14 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  
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Q5: How do you summarize the experience of the service? 

......................................................................... 

………………………………………………………………………………………………………

……… 

Experiment: 15 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

........................................................................ 

………………………………………………………………………………………………………

……… 
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Experiment: 16 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

......................................................................... 

………………………………………………………………………………………………………

……… 

Experiment: 17 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 
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1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

........................................................................ 

………………………………………………………………………………………………………

……… 

 

Experiment: 18 

Q1: Did the service meet your overall expectations? Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 Q2: Could you indicate performance of the service in terms of speed? Mark your score. 
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Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q3: Could you indicate your satisfaction during the usage of the service?  Mark your score.  

Bad poor Fair Good Excellent 

1 2 3 4 5 

 

Q4: How long did it take to use the service? …………….. in Seconds  

 

Q5: How do you summarize the experience of the service? 

........................................................................ 

………………………………………………………………………………………………………

……… 
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A3 Opponent Questions and Answer  

 
1. What is your argument to pick up poll based Mean Opinion Score (MOS) approach 

for your Experiment, in comparison to other approaches to measure QoE? 
For measuring QoE different researchers use different techniques. Among the 

measurement technique Bark Spectral Distortion (BSD), Perceptual Speech Quality 

Measure (PSQM), Video Quality Measurement (VQM) and Mean Opinion Score (MOS) 

are well known. The description of the measurement techniques are given below:  

QoE measurement Technique Description 

Bark Spectral Distortion (BSD) BSD is used for the objective measurement 

of audio data to incorporate the 

psychoacoustic responses. 

 

Perceptual Speech Quality Measure (PSQM) PSQM is used for voice quality measurement  

Video Quality Metric (VQM) VQM is used for video data measurement  

Mean opinion Score (MOS) MOS is used for audio and video as well as 

mobile data service measurement. MOS can 

be used in any subjective data measurement. 

 

Among the QoE measurement technique MOS is suitable for this experiment. For that, MOS 
was used in this experiment. 
2. Why have you decided to omit some important QoS factors (i.e. throughput, packet 

loss, etc.) from the experiment? 
In the experiment, it is limited to focus on the delay, jitter and reliability. Packet loss 
causes the delay in the user end. Furthermore, throughput also makes delay in the mobile 
web service. Packet duplication and corruption are also responsible for reliability. So 
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others factors are ultimately related to delay, jitter and reliability. For that I chose these 
QoS factors. 

3. What was the reason to scope the experiment with users’ perception to measure 
QoE only with the service time? Did the users give their experience with other 
factors, too (like display, screen size, memory, battery usage, etc.) also? 
For measurement QoE, I did not consider only the service time in the experiment. I use 

Katrien De Moor proposed Conceptual model of QoE. The quality of effectiveness, 

quality of efficiency, usability, expectations and context are considered. I picked the 

questions on the basis of conceptual model of QoE.  In the experiment, display, screen 

size, memory, battery usage etc. were not considered. 

4. How do you measure the credibility of your experiment as it was performed with a 
test-bed server using WIFI connection? (on real busy server and with 3G network, 
the experiment results can differ!) 
The experiment was done in the KTH network. How QoE is changed with the change of 
QoS is examined in the simulated environment. I thought that KTH network is ideal. I 
simulated the network delay, jitter from server side traffic controller. Mainly delay and 
jitter are added in the data packets. In the real busy server and 3G network there might be 
some other factors would be included in experiment. For doing the experiment in an ideal 
network, I chose KTH WIFI and LAN network.       

5. Why did you use Apache QoS Server for the experiments? Were there any other 
alternatives? 
 
I read many papers related to this issue. I found that Apache QoS module has some criteria which 
are needed for the experiment. That is why, I chose Apache QoS module in the server. I do not 
know any other alternative. 

 


