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ABSTRACT 
 

 

In this thesis, the effect of buffer strategy on video quality has been investigated. 

For this purpose, a software system was developed to implement buffer strategy at 

sender and receiver sides. Four experiments were performed under this system and five 

scenarios were designed under each experiment. 

A subjective test of MOS was conducted for all the scenarios to collect people’s 

perception about three different videos. People from different background and of 

different age group were invited to take part in all the experiments. Three different 

videos were shown to each participant in order to investigate user perceived quality of 

video. MATLAB and MS Excel were used for data collection and plotting graphs.  

We conclude that people have convergence of opinions when communication 

break time increases than the size of buffers at both ends. Finally, the MOS ratings of 

this subjective test prove that by the use of same size buffers at both ends improves the 

user’s perceived quality of video at acceptable level.  

Because of empirical study, the main focus was on implementation strategy of 

buffers at both ends. The implementation strategy was the design of a number of 

scenarios in which the statistics of the behavior of sender and receiver buffers have 

been collected. 
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1 INTRODUCTION 
 

Internet is a single network of networks around the world which consists of a lot of 

devices i.e. personal/desktop computers, routers, servers and workstations. The 

delivery service of  internet is based on first come first serve basis normally termed as 

best effort delivery service model in which all the network traffic is treated as equal 

regardless of time sensitive traffic or priority. With the passage of time, network traffic 

grows because of increasing number of users which causes congestion and therefore 

the delivery of packets becomes slow down [1]. Secondly, due to the advancement of 

multimedia traffic over internet, the behavior of best effort network and its services 

become inadequate in order to assure the content delivery without loss or delay at user 

end. To overcome this problem, an issue of quality of service (QoS) has been greatly 

discussed [2]. Quality of service refers to the performance metrics which is defined as 

providing special treatment to some special traffic as compared to other network traffic 

in the internet. Quality of experience (QoE) refers to the quality of some service 

regarding user’s perspective. 

Queuing mechanism is one of the objective’s to improve the quality of network 

traffic specifically to real time traffic. Different queuing mechanisms like FIFO, WFQ 

and BWFQ have been applied in order to achieve better QoS and hence to achieve 

better QoE [3]. In this regard, buffers at sender and receiver sides play smooth effect 

for achieving the goal of QoE, specifically the sender buffer plays very important role 

for smoothly playing the video stream. Quality of video stream compromises if some 

delay or communication break occurs between the two communicating parties. To 

overcome this problem, there is a need to implement such a buffer strategy which can 

maintain the desired quality even during delay or communication break period. 

In order to maintain QoE, different algorithms and models for QoS have been 

developed so far like scheduling, traffic policing, resource reservation and labeling 

mechanisms. All the stated mechanisms almost propose new methods basis on 

complexity as well as existing system needs to be changed. Whereas our proposed 

method is based on sender and receiver buffer implementation [4] and which has a 

quality to implement within available resources and existing setup. 

Because of empirical study, we mainly focused on implementation strategy of 

buffers at both ends. The implementation strategy is the design of three different 

scenarios in which we collected the statistics of the behavior of sender and receiver 

buffers by implementing a communication channel (UDP socket) between sender and 

receiver sides. 

 

1.1 Problem Statement 
With the rapid growth of mobile/wireless network, the use and demand of real time 

streaming is also growing. Due to unpredictable behavior of best effort's network it is 

very hard to assure the content delivery without loss or delay at user end. However 

different efforts have been made to maintain QoE at acceptable level. Different 

scheduling algorithms were introduced based on sender buffer backlog for real time 

application.  Many similar algorithms are referenced by pointing out the drawbacks on 

the basis of complexity as well as existing system needs to be changed. 

In this regard, we introduce a new method, which has a quality to implement 

within the available resources and existing setup. The new method is based on sender 

and receiver buffer implementation for real time streaming.  
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1.2 Research Questions 
According to hypothesis our findings mostly based on answering the following 

research questions. 

 

1. How will you measure the effect of buffer strategy on video quality? 
2. What is the relation between communication break and sender buffer? 

3. How will you compare the results of your implemented method with 

any of the existing method? 
4. What is the relation between MOS and buffer strategy? 

 

We answered these research questions after the development of our new method and 

conducting a subjective test of MOS.  

 

1.3 Aims and Objectives 
The main aim of this thesis project is to implement a new method (buffer strategy 

at sender and receiver sides) and then collecting feedback of users according to MOS 

(Mean Opinion Score) and analyzing the results. Following objectives are set in order 

to achieve this aim. 

 

1. Studying and collecting literature about the problem. 

2. Requirements gathering for implementing buffer strategy. 

3. Development of algorithm/initial prototype. 

4. Implementation in C# under .Net 3.5 environment. 

5. Testing by playing different real time video streams. 

6. Collecting feedback of users according to MOS. 

7. Analyzing the results. 

 

1.4 Research Methodology 
In this thesis, we used both qualitative and quantitative research approaches. For 

qualitative approach, we focused on detailed study regarding video QoE and buffer 

strategy. For this purpose we searched from all the available sources like IEEE, ACM 

digital library and books available on the topic. For quantitative approach, we 

developed a software system and implemented a new method (buffer strategy at sender 

and receiver sides). Four experiments were performed under this method by 

conducting a subjective test of MOS. We then collected feedback of users according to 

MOS and analyze the results.  
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Figure 1.1: Steps involved during Research 

 

 

1.4.1 System Development-Quantitative method 
To validate our research problem, we have implemented it by using following 

tools and technology. 

 

 C# Language (.Net 3.5 Environment) 

 AVI Streaming Multimedia Container (For Streaming .avi files) 

 WinSock 2.2 Library (For UDP Socket programming) 

 Different .avi files for streaming (news, foreman and football) 

 

For system development, we first gathered all the requirements from 

documentation to deployment phase. During documentation, we were in regular 

contact with our supervisor and got system requirements by asking different questions 

regarding the problem. We used XP (extreme programming) approach for the 

development of the system and use iterative development model. After successfully 

getting software system requirements, we planned to implement it by initially 

developing a prototype of the system. 

 

1.5 Validity Threats 
There always exist some potential threats to every research. The most important 

threats include internal and external validity threats, statistical conclusion validity 

threats and construct validity threats [5]. 

In our thesis, the main factors for internal validity threats may be controlled 

environment i.e. implementation strategy and the technical skill set or capability of the 

people who are doing research. To overcome these threats, we ensured to equip us 

with all the technical skills that are required for this research. We got familiar with the 

issues of network traffic engineering, buffer strategy and latest developments in the 

core issue of QoE in real time video streaming [1]. 

The main factor for external validity threat may be the unsuccessful 

implementation of our method in real physical internet environment. We can overcome 

this threat by implementing our method in a small physical network. 

Problem Analysis Study of available 

resources 

 

Identification of 

problem 

 

 

Proposed 

methodology 

 

Implementation 

 

Results 
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1.6 Thesis Outline 
 

Chapter 2 provides background study related to topic and an overview of quality of 

experience. It also includes related research papers to introduce the reader about 

existing methods. Finally motivation for pursuing this research and our contribution is 

discussed. Chapter 3 discuses about detailed design and architecture of software 

system. It describes complete software development life cycle including class 

diagrams and system activity diagrams. It also describes client/server architecture of 

our system in detail. Chapter 4 discusses about detailed description of our proposed 

system and testing to check the functionality of the entire system. It includes detailed 

description of sender and receiver processes and interaction between those processes. 

It also discusses white box testing and provides three test cases to verify the system 

functionality. Chapter 5 provides detailed description about MOS, data collection, 

experimental setup and study limitations. It also includes four different experiments in 

order to collect feedback from 31 viewers. Chapter 6 includes results of experiments 

performed in chapter 5 and discussion on those results. Chapter 7 includes conclusion 

and future work. 
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2 BACKGROUND AND RELATED WORK 
 

In this chapter, we have discussed background of video streaming, and its 

architecture in internet.  The related research papers have been discussed in order to 

know what have been done until now. Lastly, we have described our motivation and 

contribution to this research.    

2.1 Background 
The advancement in computing technology has made it possible to provide real 

time multimedia services over the internet.  The challenges in multimedia traffic are 

timing constraints because the underlying best effort model is inadequate to provide 

the service without any loss or delay. Real time streaming is predominate technology 

in internet world. In this thesis, we are mostly concerned with video streaming and its 

quality regarding end user’s perspective. There are two modes of video transmission 

namely download mode and streaming mode. In download mode, the end user 

downloads the entire video file and then playback which takes long time to download. 

Whereas, in streaming mode, the video need not to be downloaded in full and starts 

playing as soon as some contents received and decoded. For multicast too, it is 

difficult to provide guaranteed service to users. Thus all the mechanisms and protocols 

for internet video streaming poses many challenges [30]. 

To meet these challenges, extensive research papers have been written by many 

researchers in this field. To understand this special issue with necessary background, it 

is important to understand six key areas of streaming video which include video 

compression, streaming servers, media synchronization mechanisms, application layer 

QoS control, continuous media distribution services and different protocols for media 

streaming. Each of these six areas is a basic building block for the architecture of 

streaming video. The detailed description of each of the six areas is beyond the scope 

of this thesis.  

In video streaming architecture, raw video data is pre-compressed and then stored 

in storage devices with the help of compression algorithms. Streaming server retrieves 

this compressed video data from storage device and transmits it upon client’s request. 

Before transmitting, the transport protocols packetize the stream and then send these 

packets to the destination. Packets during transmission may be dropped or delayed due 

to congestion which compromises the end user’s perceived video quality. To improve 

this quality continuous media distribution services are used in the internet. The packets 

that are successfully delivered to the receiver, they first pass to the application layer 

before being decoded by video decoder. 

 

2.2 QoS and QoE 
Guaranteed service models introduced a new technical term QoS (Quality of 

Service).  

QoS is to “quality assurance” (QA) and often part of some service level 

agreements between service provider and end user. Similarly, QoE is to “customer 

satisfaction” (CS) and describes about perceived quality of the user engagement. 

Different efforts have been made so far in order to maintain QoE at acceptable level. 

There are many formal definitions of QoS but some of the important definitions are 

described below. 

 

“In [6] the set of those quantitative and qualitative characteristics of a distributed 

multimedia system, which are necessary in order to achieve the required functionality 

of an application.” 
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“In [7] A set of quality requirements on the collective behavior of one or more 

objects.” 

 

“In [8] Quality of service refers to the capability of a network to provide better 

service to selected network traffic over various technologies including Frame Relay, 

Asynchronous Transfer Mode, Ethernet, SONET and IP-networks that may use any or 

all of these underlying technologies.” 

 

Quality of service depends on different parameters like jitter, throughput, latency 

and packet loss that put various affects depending on the nature of service provided. 

The sole purpose of QoS is to prioritize the traffic of some specific user by providing 

one of the guaranteed services like dedicated bandwidth, QoS specific protocols, 

algorithms and different QoS mechanisms [9]. 

QoS is very objective in nature and a generic term used only by service providers. 

The users may or may not have any knowledge about this technical term. According to 

user’s perspective, the term QoE (Quality of Experience) comes in, which is much 

more of subjective nature and addressed the requirements of a normal user. Like QoS, 

there also exists many formal definitions of QoE; some of these are described below. 

 

“In [10] Quality of Experience (QoE) has been defined as an extension of the 

traditional Quality of Service in the sense that QoE provides information regarding 

the delivered services from an end-user point of view.” 

 

“In [11] Quality of Experience (QoE) is a subjective measure of performance in a 

system. QoE relies on human opinion and differs from Quality of Service which can be 

precisely measured.”   

 

As QoS is very objective in nature, therefore it could not be related to the user’s 

subjective point of view about some specific service. Quality of Experience (QoE) in 

general and in telecommunications in particular can be defined as a subjective measure 

from the end user’s point of view of the service offered to them. It normally describes 

the user’s previous perception about the service and its future expectations. 

  According to different definitions of QoS and QoE, it can be concluded that QoS 

parameters like availability, throughput, packet loss, latency and jitter has resulting 

effect on end user’s QoE [2]. 

 

2.3 Related Work 
In this section, we tried to focus on detailed study regarding video QoE and buffer 

strategy. We have searched from all the available sources like IEEE, ACM digital 

library and different research papers. After reviewing all the literature regarding the 

topic area, we choose to include most important and relevant research papers in order 

to know what have been done until now. Therefore, we mentioned the most related 

material below. 

 

In [12], the author introduced a mechanism in which the real time video is 

transmitted over TCP by using Multi-Buffer scheduling. In this mechanism, real time 

internet video frames were transmitted over TCP and discovered that the delay of 

waiting TCP sender buffer was the main factor that causes large end to end delay. For 

minimizing this large end to end delay, a multi buffer scheduling model was proposed. 

In this model, video frames were scheduled among application layer sender buffer, 

TCP sender buffer, TCP receive buffer and play out buffer. In this model, the author 

presented a new rate adaptive scheme for delivering various frames of different bit rate 
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dynamically by adjusting the rate at which the frames are delivered in order to assure 

that the video frames will be played at normal time. The model was developed through 

extensive simulations by using NS-2 simulator in which no modifications were made 

to the underlying network infrastructure or TCP protocol stack. It only implements 

application layer sender buffer. 

In [13], the authors proposed a joint sender/receiver rate control algorithm for 

improving video quality. In this method, rate control algorithm determined 

transmission rate at the sender which implements program clock reference in the video 

stream. At the receiver side, an over-boundary playback rate adjustment mechanism is 

applied to maximize the visual quality of the video. Simulation results show that the 

proposed algorithm reduces the overflow and underflow of sender and receiver buffers 

and achieves better quality of video at the user end. 

In [14], the authors proposed a novel buffer driven adaptive streaming scheme for 

stored video. In this mechanism, the quality of transmission video is based on receiver 

buffer and sender buffer occupancy instead of bandwidth estimation. Simulation 

results show that the proposed algorithm achieve very good playback quality. Also this 

scheme utilizes the available bandwidth effectively without bandwidth estimation. 

In [15], the authors proposed an end to end system which implements multi 

channel digital television multicasting. It implements sender driven video rate 

adaptation and receiver driven playback adjustment. For video rate adaptation, they 

implement program clock reference in MPEG-2 stream to regulate the transmission 

rate in a refine way. They also integrate traffic control to separate streams of multiple 

channels for avoiding bandwidth competition between them. For receiver side, they 

introduce control theory and strategy of over-boundary for maximizing the visual 

quality of displayed video. The system was tested with standard definition and high 

definition MPEG-2 streams. The results show that the proposed algorithm reduces the 

overflow and underflow of sender and receiver buffers and hence achieve better 

perceived video quality.  

In [16] the authors introduced a new method called out-of-order buffering. In this 

method, important frames were selected from a video clip and buffer them before 

playback. In this method, a judicious selection of frames is required with 

corresponding quantization. A technique called video distortion estimation was used 

for run time selection of out-of-order frames. By using this technique, an out-of-order 

decision algorithm was developed that takes the decision for selecting frames 

depending on the underlying technology. By using this technique, a significant gain in 

video quality was obtained. 

In [17], the authors developed video communication system that manages buffer 

management and congestion control at source end. They also implemented the play out 

strategy at the receiver end. In this mechanism, the congestion control mechanism was 

implemented at source instead of network, so whenever packet loss will occur, it will 

only be dropped at the source end. Based on this strategy, integrated end to end buffer 

strategy was implemented to trade off random loss of packets. In play out mechanism, 

frame rate was adjusted as according to loss of packets in order to maximize the visual 

quality of the video. The system was tested with video coders H.261 and 

subband/wavelet. The results show that it improves the video quality at receiver end. 

 

2.4 Motivation 
Video over IP is an emerging technology in which video stream is transported over 

packet switched network. Because of latest technology, very few standards for video 

over IP exist. As packet switching technology was developed mainly for non real time 

data, therefore the integration of video stream with packet switching technology lead 

to several questions regarding quality of video. 
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So far different models, algorithms and methods have been developed for 

improving QoE over IP which are based on complexity and existing system needs to 

be changed. In section 2.2, in all the related research papers, various techniques of 

buffer strategy have been applied in order to improve QoE.   

Motivation behind all this literature is to introduce the reader about existing 

methods that already have implemented buffer strategy, so that we can conclude that 

the method we are going to implement is entirely new concept. 

 

2.5 Contribution 
Our main contribution is the development of software system (video streaming 

application) in which we implemented buffer strategy at sender and receiver sides in 

order to achieve user’s perceived quality of video stream. Four different experiments 

were performed in order to get the statistics of the behavior of sender and receiver 

buffers. On the basis of these statistics, MOS (Mean Opinion Score) was calculated.  

Further, in order to maintain user’s perceived quality of video stream at acceptable 

level, we collected feedback information from 31 different viewers from various 

backgrounds and of different age group (mostly BTH students). MOS rating was 

calculated for each streamed video out of three videos (Foreman, News and Football) 

of equal length. Finally various comparison graphs were drawn and analyzed the 

results.  
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3 SYSTEM DESIGN AND ARCHITECTURE 
 

In this chapter, we provided detailed design and architecture of our software 

system. For best solution, we follow OOAD (Object oriented Analysis and Design) 

process for analyzing our project’s requirements. 

OOAD is a generic term which is used for analyzing a problem and then 

developing a suitable approach for solving it. For our system analysis and design, we 

strictly adopted this process and shared a uniform way of communicating the results of 

that process to one another. 

 

3.1 Requirements Document 
The process of requirements gathering is a key task of the first stage of the 

software life cycle. The software life cycle specifies the stages through which the 

software goes from start to end. These stages include analysis, documentation, design 

implementation, testing and deployment. There exists many software life cycle  

models with its own preferences and specifications e.g. waterfall model performs each 

stage once in succession where as iterative model (that we followed) repeats one or 

more stages several times to fulfill the product’s requirements [18]. 

 

 

 

 

 

 
 

Figure 3.1: Iterative development model 

 

 

 

According to our hypothesis, we gather the requirements of our system. The 

requirements document of our system is the result of a detailed process of 

requirements gathering that includes interviews of specialists in fields related to the 

system.  

 The system contains the following logical components: 

 

1. Streaming server (AVI streaming) 

2. Video server interface 

3. End to end UDP/IP communication channel 

4. Video client interface 
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The system prototype consists of two different interfaces (Video server interface 

and Video client interface) that can be run on two different computers inter-connected 

to same or different networks. To start client/server communication, the server must be 

started before the client starts sending requests. The video server session consists of 

authenticating the client based on IP address and port number, followed by fetching 

and executing the requested video clip. To fulfill the client request, the video server 

must interact with the streaming server. 

Before first interaction of video server with video client, the user should 

experience the following sequence of steps: 

 

1. The video server interface should display an option of enable/disable 

sender buffer and prompts the user to select an option. 

2. The user selects the position for “Break Point” (Start, Middle, or End). 

3. The user specifies the value of “Sender Buffer” size in mille-seconds. 

4. The user specifies the value of “Communication Break” time in mille-

seconds. 

5. Finally the user should start the server by pressing an appropriate button. 

 

After these steps, the client should ready to view the requested video clip. If the 

video client interface establishes connection with video server interface successfully, 

the connection status at client end should changes from connecting to “connected” and 

simultaneously buffering should starts at receive buffer. As soon as buffering reaches 

at specified value, video processing algorithm should start re-constructing and playing 

back the video frames.  

Before viewing the requested video clip, the user should experience the following 

sequence of steps. 

 

1. The video client interface should prompt the user to select the video clip of 

his choice. 

2. The user specifies the value of “Receive Buffer” size in mille-seconds. 

3. Finally the user should start the video player by pressing an appropriate 

button. 

 

After the system successfully playback a video clip, the system should return to its 

original state so that the user can view a different video clip with different system 

settings (e.g. different values of sender/receiver buffer, communication break). 

 

  

3.2 Use Case Modeling 
To capture what a proposed system should do, we choose a technique known as 

use case modeling. This technique identifies the use cases of the system for example, 

our proposed system have use cases such as “Adjust Server Settings”, “Adjust Client 

settings” and “View Video Clip”. 

We created use case diagrams to model the interactions between our system’s 

users and its use cases. The goal of use case diagrams is to show the interactions 

between users and the system without providing detailed information. 
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Figure 3.2: Use case diagram for the system from user’s perspective 

 

 

3.3 System Structure 
System structure describes the system’s objects and their inter-relationship. There 

are several distinct types of system structures for documenting the models of the 

system. Here we used class diagrams to model our system structure. 

Class diagrams help us to specify the structural relationships between different 

parts of the system. To identify classes that comprise our system, we first identified 

key nouns and noun phrases that have significance in the system. During class 

identification, we investigated that some of the nouns and noun phrases are attributes 

of the other classes in the system. We also identified that some of the nouns do not 

correspond to parts of our system and therefore we decided not to model them. 

We determine the following classes for our system based on nouns and noun 

phrases that we have identified in the requirements document. 

 

1. Video Server 

2. Video Client 

3. Video Player 

 

We took four other classes from AVI file library (Audio video interleaving) which 

was developed by Microsoft as a multimedia container (open source) for its windows 

technology [19]. AVI files support streaming both for audio and video and allows 

synchronous audio with video playback. We took following classes from AVI library: 

 

4. AVI Stream 

5. Video Stream 

6. Editable Video Stream 

7. AVI Manager 

 

 

 

Adjust Server Settings 

Adjust Client Settings 

View Video Clip 
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3.4 Modeling Classes 
According to our requirements document, the class “VideoServer” has a 

relationship to all the classes of AVI library. 

In the figure 3.2 below, the solid diamonds attached to the association lines of 

class VideoServer indicate that class VideoServer has a composition relationship with 

all the AVI library classes. Composition represents a whole/part relationship [20]. In 

the figure below, the class VideoServer that has solid diamond on its end of 

association line is the whole and the classes on the other end of the association lines 

are the parts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Class diagram showing composition relationship. 

 

 

 

  

The graphical model of the structure of our system (Figure: 3.4) represents one to 

one relationship with class VideoClient. The classes VideoClient and VideoPlayer 

represent the client part of our system. The client has a separate user interface contains 

many necessary algorithms that executes to establish the connection with video server 

and calls VideoPlayer class to play the requested video clip. We also model the fact 

that video client can request for one video clip at a time to the video server, therefore 

only one object of class VideoClient can participates in a composition relationship 

with only one object of class VideoPlayer. So class VideoClient has a one to one 

relationship with class VideoPlayer. 
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1 
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Figure 3.4: Graphical Model of the structure of the system 

 

3.5 Identifying Attributes and Operations 
The attributes are the properties of some real world objects. We identified many 

attributes of the classes in our system by looking for descriptive words and phrases in 

the requirements document. For each of the class of our system, we find appropriate 

attributes that can play a significant role in our system. We identified some attributes 

that can be assigned to more than one classes of the system. We also created some 

attributes to represent any additional data that a class may need [21]. As we have taken 

four classes from AVI file library, therefore we don’t need to identify attributes of 

these classes. We modelled all the attributes for the classes VideoServer, VideoClient 

and VideoPlayer in our system. The descriptive words and phrases in the requirements 

document lead us to identify these attributes. 

To identify class operations (behaviors), we identified verbs and verb phrases in 

the requirements document and relate each of these to particular classes in our system 

[22]. The class operations are represented by listing the operation name, followed by a 

comma-separated list of parameters in parentheses, a colon and the return type. 

 We modelled aspects of system operations (behavior) by using activity diagram. 

The activity diagram shows an object’s workflow (sequence of events) during program 

execution. Activity diagram models all the actions the object performs and in what 

order. We draw three activity diagrams for the three use cases of our system as it is 

described in section 3.2.  

 

 

 

 

AVIManager 

VideoServer 

AVIStream 

EditableVideoStream VideoStream 

VideoClient 

VideoPlayer 

1 

1 

1 

1 

1 

1 1 

1 

1 
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1 

Establish Connection 
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Figure 3.5: Activity diagram for server setting. 

 

 

 

 

 

 

 

 

 

 

Display option of enable/disable sender buffer 

Select sender buffer size 

Select break point value 

Set communication break time (millisecond) 

Start Server 

[User enables sender buffer] 

[User disables sender buffer] 

Display error message 

[Time  > 2 sec] 

[Time  <= 2 sec] 
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Figure 3.6: Activity diagram for client setting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: Activity diagram for view video clip. 

 

 

 

 

 

Send request for video clip 

Display error message 

View video clip in video player 

[Connection established] 

[Connection failed] 

Select video clip 

Select receiver buffer size 

Display error message 

Send request 

[Receive buffer = = 0 ] 

[Receive buffer <=2 ] 
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3.5.1 Class Diagrams 
After identifying all the attributes and operations, we modelled all the classes in a 

rectangle form with three compartments. The top compartment contains the name of 

the class centered horizontally in boldface. The middle compartment contains the 

class’s attributes and the bottom compartment contains the class’s operations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: UML class diagrams for VideoServer, VideoClient and VideoPlayer 

 

 

We don’t model the class diagrams for AVIStream, VideoStream, EditableVideo 

and AVIManager because they are taken from AVI library (open source) freely 

available on web. After modelling all the classes, diagrams and flowcharts of each 

module/part of the system, we established a relationship between different components 

to form complete structure of the system.  

 

VideoServer 

-portNumber : Integer 

-breakPoint : Integer 

-filePath : String 

-senderBuffer : Bitmap 

-flag : Integer 

-fileName : String 

-mS : MemoryStream 

-bufferFrame : Integer 

-senderBufferStatus : Boolean = true 

-bufferSize : Integer 

-totalFrames : Integer 

-SIZE : Integer 

-dropPacket : Byte[] 

-delayPacket : Byte[] 

+startServer( )  

+fillSenderBuffer( ) 

+startStreaming( ) 

+encode(Bitmap) : Byte[] 

 

VideoClient 

-SIZE : Integer = 0 

-milliSecPerFrame : Integer 

-currentFrameIndex : Integer 

-currentBitMap : Bitmap 

-frame : Integer 

-newFile : String 

-counter : Integer 

-frameCounter : Integer 

-flagStatus : Boolean = true 

-requestFrame : String 

-playCounter : Integer 

-packet : Byte[] 

+sendRequest( )  

+changeStatus( ) 

+bufferStatus( ) 

+startBuffering( ) 

+decode(Bitmap) : Byte[] 

 

VideoPlayer 

-frameNnumber : Integer = 0 

-communicationBreak : String 

-localImage : Bitmap 

-process : String 

+isRunning( ) : Boolean  

+playVideo( ) 

+setDispalyPicture(Bitmap) 

+setText(Int) 

+stopVideo( ) 

+timerTick(Object) 
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3.6 System Architecture 
The software architecture of the system describes complete structure of the system 

that comprises many components and the relationship between those components. 

The software architecture of our system is based on client/server model that 

separates the tasks between service provider called server and service requester called 

client. Both client and server communicate over a network or through separate 

communication channels. The information transferred within client/server architecture 

is normally in the form of sequences of bytes generally called packets. A packet 

contains control information such as packet’s destination address that the network 

router uses to forward it to its correct destination [23]. 

A protocol is a mechanism or a set of rules about the packets, its structure like how 

big it is, where its destination addresses and much more. Different protocols are 

designed for specific problem solution e.g., Hypertext Transfer Protocol solves the 

problem of transferring hypertext between clients and servers. TCP/IP is a rich 

collection of protocols called protocol suite or family. The main protocol in this family 

is Internet Protocol (IP), the Transmission Control Protocol (TCP) and the User 

datagram Protocol (UDP) [23]. In this thesis project, we use UDP for sending video 

data from video server to video client by using socket technology under .Net 

environment. UDP use addresses called port numbers so that the applications within 

hosts can be identified. There are total 65535 ports available for this purpose [23]. 

 

 

 
 

 

Figure 3.9: End-to-End UDP/IP communication channel 

 

In our client/server architecture, the client program initiates communication 

whereas the server program waits for client request and then responds to client that 

connects it. This interaction between client and server forms network application. The 

use of socket API enables the interaction between client and server peers. The 

distinction between client and server is important because initially for establishing 

communication, the client needs to know the server’s address and port number but this 

interaction does not need in reverse order. With the socket API, the server program can 

learn the requested client’s address information i.e., IP and Port number. Once the 

server knows the client address information, the distinction between server and client 

has been finished [23]. 

For client, it’s necessary to know the address information of server in order to 

connect and communicate. In principal, servers can use any port number, but in this 

case the client must be able to know that port. For this purpose, a convention is used 

know as Internet Assigned Number Authority (IANA). The authority assigns specific 

ports to well known applications, e.g. port 21 has been assigned to File transfer  
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Protocol (FTP). So the client running FTP application tries to connect FTP server 

on port 21 by default [23]. For private use, we can use port 1024 or any port greater 

than 1024. 

 

 

 

 
 

Figure 3.10: Relationship between Socket, Protocols and Ports. 
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4 DETAILED DESCRIPTION AND TESTING 
 

In this chapter we actually code our UML classes and developed two interfaces 

each for video server and video client. We also discuss the hardware and software 

requirements, third party tools and technology for the development of system. A 

detailed description about sender and receiver processes, interaction between those 

processes and the core issue of buffer strategy has been discussed. White box testing is 

used to check the entire system functionality [24]. 

 

 

4.1 Non Functional Requirements 
Non functional requirements include the hardware and software requirements, the 

development environment and some third party tools and technology. 

Video client runs under Windows Vista OS with 2.0GHz Intel core dual processor, 

64 bits single channel memory, SATA AHCI controller hard drive, the network 

interface card and an integrated Intel graphics media accelerator. The transport layer 

port should be opened in order for server to deliver packets to the client. The firewall 

settings should be adjusted so that the traffic can easily pass through the interface. 

  Video server also runs under Windows Vista OS powered by Intel Core 2 CPU 

2.0 GHz, a 2048 DDR2 SDRAM, 160GB SATA Hard drive and NIC. As the client 

and server modules can run on two separate networks therefore the underlying 

hardware may be different than this. 

 

 

4.1.1 Tools and Technology Used 
For implementation of the system, we choose following tools and technology: 

 

1. C# Language (.Net 3.5 Environment) 

2. AVI Streaming Multimedia Container (For Streaming .avi files) 

3. WinSock 2.2 Library (For UDP Socket programming) 

4. MATLAB and Microsoft Excel (for data collection and showing results) 

5. Different .avi files for streaming (Video files like News, Forman and 

football etc.) 

 

A .Net framework is a huge set of class libraries written by Microsoft which 

provides common functions and services that can be used by many programming 

languages like C#, Visual basic, C++ and more. The .Net framework also provides a 

common language runtime and execution environment to any .Net application written 

in any language [25]. 

Audio video interleaving was developed by Microsoft as a multimedia container 

for its windows technology [19]. AVI files support streaming both for audio and video 

and allows synchronous audio with video playback. The purpose of streaming is to 

deliver media from server to client over a network in real time just as mail server for 

sending emails and web server for sending web pages over the network. The AVI 

streaming transmits audio and video streams in response to requests using client 

software such as AVI player or other.  The streams are sent by using Real-Time 

Transport Protocol (RTP). In our thesis project, the AVI container creates streams 

from .avi video files stored on a local disk. 

Socket programming in .Net was started in 2002 when WinSock 2.0 was initially 

updated from WinSock version 1.1 in 1992. Sockets were initially created for Berkeley 

software Distribution (BSD) of UNIX and after that Microsoft launches WinSock 
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which provides standard socket functions available in Berkeley sockets C interface 

[23]. In 2002, Microsoft developed API frameworks know as .Net which is a unique 

class library among all the programming languages that Microsoft offer. A .Net socket 

class was introduced which is a wrapper around the WinSock socket functions. The 

three important higher level socket classes TcpClient, TcpListener and UdpClient were 

implemented under .Net Socket Class [23]. 

 

 

 

 
 

Figure 4.1: Relationship of socket classes 

 

 

 

Finally we choose three video clips with different picture motion and of same 

length for streaming [26]. The video clip of figure 4.2 is a slow moving video clip and 

the figure 4.3 is a fast moving clip where as the figure 4.4 represents the combination 

of slow and fast moving pictures. 

We took three different types of video clips for experiment in order to maintain 

user’s perceived quality of video stream at acceptable level. In this way, we were able 

to collect best results regarding user’s QoE. 

 

 

 

 

  
                     Figure 4.2: Foreman        Figure 4.3: Football             Figure 4.4: News 
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4.2 Functional Requirements 
Functional requirements describe the behavior/functions of the system that must be 

performed in order to accomplish the tasks for which the system was developed. In 

client/server interaction, our system should perform sender and receiver buffer 

processes and the interaction between those processes to fulfill the hypothesis. In our 

proposed mechanism, the sender buffer process works behind video server interface 

and receiver buffer process perform its tasks behind video client interface. 

We developed a prototype model of the system and after discussion and final 

approval; we started working on real system. The system consists of two parts in 

which one part is based on video server interface and other part is based on video 

client interface. The detailed functionality of both the interfaces is described below. 

 

 

4.2.1 Video Server Interface 
The prototyping model of the video server interface is shown below. The first 

section describes remote host setting i.e. IP address and UDP port number. The second 

section describes sender buffer management. In this section, the user is allowed to 

select one of the option buttons. The break point combo box allows selecting one of 

the three positions (Start, middle or end) where communication breaks. The sender 

buffer combo box allows specifying the size of sender buffer in milliseconds and 

communication break combo box allows specifying the time for which the 

communication will remain suspended. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Video server interface 

 

 

 

 



  22 

4.2.2 Sender Buffer Process  
The working strategy of sender buffer process depends upon communication break 

time in socket. As soon as communication breaks between client and server due to 

predefined artificial break time, the streaming server starts sending packets into the 

sender buffer with speed R (where R is predefined data transfer speed). The strategy of 

sender buffer depends on predefined communication break time and buffer size e.g., if 

“communication break” time is small as compared to size of the sender buffer, then the 

server will send the buffered packets to the client with speed 2R as soon as 

communication break time expired. But if break time is more than the size of sender 

buffer, then there is a possibility of loss of packets. Communication break strategy was 

implemented by using multi-threading functionality of .Net in which one thread 

performs the functionality of communication break time and calls its sleep method for 

a specified period of time in milli seconds. Whereas other thread performs the 

functionality of sender buffer process and fills it up with packets coming from server 

until first thread wakes up from sleep or sender buffer attains its maximum position 

depending which condition reaches first. 

The strategy of sender buffer is implemented at server side whereas the receiver 

buffer strategy is implemented at client side. At client side, the effect of sender buffer 

on video quality can be feeling by sending some video request to server and playing it 

in player. The working strategy of sender and receiver buffers is show in figure 4.7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Working strategy of sender and receiver buffers 

 

In this Project, we set maximum packet size equal to 1500 bytes for sending 

requested video stream. In AVI multimedia container, the requested media file is 

converted into editable video stream and then individual frames are extracted from that 

stream. The corresponding bitmap image from each of the frame is then converted into 
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byte array. The process repeated until last frame is extracted from the stream and 

converted into byte array. 

Before starting sender buffer process, the video server sets up a connection 

endpoint and waits for video client request. The video server class named 

“VideoServer.cs” performs the following steps in order to establish connection with 

“VideoClient.cs” class. 

 

 

1. Create an instance of UdpClient which specify the local port. 

2. Receive client’s request by using Receive () method of UdpClient class. 

The receive method takes the reference to an IPEndPoint and uses this 

reference later on when replying back to the client. 

3. Start communication by sending and receiving datagram packets by using 

Send () and Receive () methods of UdpClient Class. 

4. After finishing communication, close the UdpClient by callings its Close 

() method. 

 

 

4.2.3 Video Client Interface 
The prototyping model of the video client interface is shown below. The first 

section describes remote host setting i.e. Host IP address and UDP port number. The 

next section describes about connection status to server, processing time, total frames 

received at client end and receive buffer status. The status of receive buffer could be 

one of three values “Buffering…”, “Playing…” or “Communication break…” in 

socket. 

The video player section plays the video frames as received at client end. The 

effect of sender buffer process can easily be noted in this section as well as the video 

can easily be stopped or played as required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Video client interface 
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4.2.4 Receiver Buffer Process 
The receiver buffer process starts by sending video request to server. In response 

the server transmits the video stream and buffering starts at receiver buffer. As soon as 

buffering reaches at specified value, video processing algorithm starts re-constructing 

and playing back the video frames.  

Like sender buffer process, the receiver buffer also depends on predefined 

artificial break time in socket. If communication break time is more than the size of 

receive buffer, video player will consumes all the buffered data earlier and client will 

experience a temporary break in its transmission. In contrast, if artificial break time is 

less than the size of receiver buffer, then video player will continue to consume data 

sent by the server.  

Further, to fully understand the interaction between sender and receiver buffer 

processes, four experiments were performed by setting different sizes of sender and 

receiver buffers as well as communication break time. The logical model of interaction 

between two processes is shown in figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: Logical model of interaction 

 

 

 

Before starting receiver buffer process, video client begins communication with 

video server by sending an initial datagram which contains some video request and 

client’s addressing information i.e. IP address and Port number. The video client class 

named “VideoClient.cs” performs the following steps in order to establish connection 

with “VideoServer.cs” class. 

 

1. Create an instance of UdpClient and specify client’s IP address and port 

number. 

2. Use Send () and Receive () methods for sending and receiving datagram’s. 

3. After finishing communication, close the UDP client by calling its Close () 

method. 

 

Unlike TcpClient, an UdpClient does not need to be connected to a specific 

destination address because UDP socket is not required to establish a connection 

before starting actual communication. Because of this reason, a datagram can be sent 
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and received to/from different destination.  A connects () method of UdpClient is used 

for this purpose which takes IP address and port number as parameter values [23]. 

 

4.3 Testing 
After implementation and detailed description, we focused on empirical 

investigation to find the quality of the system with respect to the context for which it is 

developed to operate. This investigation checks whether the objectives of the system 

are achieved or not and the shortfalls in the software. It includes several test cases to 

check the functionality of the entire system and the individual processes. It verifies 

that the system meets the technical requirements as according to its design so that it 

functions as expected. 

 

 

4.3.1 White Box Testing 
Before conducting experiment, we make sure to test the functionality of the system 

for which it was developed. Therefore we test our system by using white box testing 

technique. In this technique, internal data structure, algorithms and the code is tested. 

 We planned three test cases to test and validate the functionality of all the 

processes [24]. In these test cases, we consider the parameters like testing unit, total 

number of steps followed for that specific unit, expected and actual results.   

 

4.3.1.1 Test Case 1 

In this test, UDP socket communication between client and server processes has 

been tested. A UDP socket is implemented between client and server for this process. 

In this process, client starts communication with server by sending an initial datagram 

which contains some video request and client’s addressing information i.e. IP address 

and Port number. The server sends requested video clip to the client on specified IP 

address and Port number through UDP socket. 

 

 
Table 4.1: Test case for socket communication 

Test Case 1 

Test Case ID 1 

Process to Test UDP socket communication  

Assumptions Does UDP socket establish connection between client and 

server processes?  

Steps to be executed 1. Setting up connection end point by server. 

2. Start communication by client with initial datagram 

request and client’s addressing information. 

3. Server receive client’s request through UDP socket. 

4. Server responds to client with requested datagram on 

specified IP address and port number. 

Expected result Connection established successfully 

Actual result All the steps of the process are successful.  

Pass/Fail Pass 

Comments  
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4.3.1.2  Test Case 2 

In this test, sender buffer process has been tested. In this process, whenever 

communication breaks, the server simply transmits the requested video stream into the 

sender buffer with speed R until break time expires. This process is handled by using 

multithreading functionality of .Net in which one thread performs the functionality of 

communication break time and other thread performs the functionality of sender buffer 

process. 

 

 

 

Table 4.2: Test case for sender buffer process 

Test Case 2 

Test Case ID 2 

Process to Test Sender Buffer Process 

Assumptions Does the system implements Sender Buffer Process?  

Steps to be executed 1. Connection establishment 

2. Requested video stream transmission to client end 

3. New thread generation for Communication break 

4. Placing packets in sender buffer 

5. Packet transmission from sender buffer 

Expected result Successful 

Actual result All the steps of the process are correct. The packets are placed 

into sender buffer as soon as communication breaks. The 

transmission of packets starts from sender buffer when break 

period expires.   

Pass/Fail Pass 

Comments Although the sender buffer process performs all the steps 

successfully, but it sometimes drops the packets if the 

communication break time is more than the sender buffer. 

 

 

4.3.1.3 Test Case 3 

In this test, receiver buffer process has been tested. A buffer at receiver side is 

implemented for this process. The AVI streaming server simply transmits the packets 

to the client end and is placed into receiver buffer before playing back the video 

stream. In this process, as soon as buffering at receive buffer reaches at specified 

value, video processing algorithm starts re-constructing and playing back the video 

frames. Like sender buffer process, the receiver buffer also depends on predefined 

artificial break time in socket. 
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Table 4.3: Test case for receiver buffer process 

Test Case 3 

Test Case ID 3 

Process to Test Receiver Buffer Process 

Assumptions Does the system implements Receiver Buffer Process?  

Steps to be executed 1. Connection establishment 

2. Requested video stream transmission to client end 

3. Placing packets into receiver buffer up to specified 

value. 

4. Frame re-construction (packet process) 

5. Playing video stream 

Expected result Successful 

Actual result All the steps of the process are correct. The packets are placed 

into receiver buffer up to specified value. The video 

processing algorithm re-constructs the frames and plays back 

the video.   

Pass/Fail Pass 

Comments Although the receiver buffer process performs all the steps 

successfully, but sometimes client experiences a temporary 

break in its transmission if the communication break time is 

much more than the receive buffer.  
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5 DATA COLLECTION  
 

After successful implementation and testing of software system, we conduct an 

experiment to collect the data regarding video quality based on individual user’s 

perception. For this purpose, we use subjective method commonly known as MOS 

(Mean opinion score) which is most common way used to determine image and video 

quality in all type of networks. Therefore it is considered an important factor in 

assessing the end user’s perception especially in case of real time video streaming. 

MOS derives from measurement of the quality of real time video at the destination end 

i.e. at client side in our client/server system. The methodology behind MOS is that a 

pool of users (for example 31 or more in our case) rate different types of real time 

videos by using a five grade scale ranging from 1 to 5 where 5 is considered as highest 

value regarding  user’s perception of video quality. 

According to ITU-T standard [27] [28], the mean opinion score is classified into 

five different groups as follows: 

 

 

Table 5.1: Mean opinion score 

MOS Video Quality Perception 

5 Excellent Imperceptible 

4 Good Perceptible 

3 Fair Slightly annoying 

2 Poor Annoying 

1 Bad Very annoying 

 

 

 

For this subjective analysis, people from different background and of different age 

groups were invited to take part in this experiment. A User’s Feedback Form presented 

in appendix A was used to collect perception of 31 different viewers. Three different 

videos were shown to each participant of the experiment in order to maintain user’s 

perceived quality of video at acceptable level. In this way, we were able to collect best 

results regarding user’s QoE. 

 

5.1 Experimental Setup 
As the main goal of this project is to investigate the effect of sender buffer on 

video quality, therefore we performed four experiments with five different scenarios in 

each. The experimental setup for each of the experiment consists of a video server and 

video client interfaces installed on two separate systems connected by LAN. The three 

different videos (Foreman, news and football) were stored on local machine where 

video server interface was installed. All the experiments were performed at Campus 

Grasvik BTH, Karlskrona. Before setting up the experiment, following settings were 

done: 

 

1. Check the firewall settings of both the systems 

2. At client machine, set IP address and port number of remote host (server 

machine). 

3. At server machine, set up a connection endpoint by pressing “Start server 

button” so that server can listen client requests. 
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Figure 5.1: Experimental setup for collecting feedback 

 

 

After the above settings, we test our system with different values of sender and 

receiver buffer as well as communication break. For appropriate results, we check the 

quality of video  by setting different values of sender and receiver buffer while 

keeping the communication break  parameter constant and vice versa. In this way, after 

running the system many times, we choose best values of sender and receiver buffers 

for experiment. Moreover, all the values of sender and receiver buffers as well as 

communication break are taken with respect to time i.e. in milli seconds. 

 

 

5.1.1 Experiment 1 
In this experiment, we set the size of sender buffer equal to receiver buffer. For 

appropriate results, the size of both the buffers was set equal to 500 milli seconds. We 

performed experiment 1 with five different scenarios and collected feedback from 31 

different people. The five scenarios are based on five different values of 

communication break as shown in table 5.2 below. Three different videos (Foreman, 

news and football) were shown to all the viewers.  

 

Table 5.2: Experiment 1 (sender = receiver) 

Video Type Scenario Sender Buffer Receiver 

Buffer 

Communication 

Break 

Foreman.avi Scenario 1 500 500 200 

Scenario 2 500 500 400 

Scenario 3 500 500 600 

Scenario 4 500 500 800 

Scenario 5 500 500 1000 

News.avi Scenario 1 500 500 200 

Scenario 2 500 500 400 

Scenario 3 500 500 600 

Scenario 4 500 500 800 

Scenario 5 500 500 1000 

Football.avi Scenario 1 500 500 200 

Scenario 2 500 500 400 

Scenario 3 500 500 600 

Scenario 4 500 500 800 

Scenario 5 500 500 1000 

 

 

  

Ethernet 

Video Client Interface Video Server Interface 

194.47.152.75 194.47.152.88 



  30 

 

After setting the values of sender and receiver buffers as well as communication 

break for scenario 1, we run the system for video clip foreman and 31 people were 

invited to show the video under this scenario. We use “User’s Feedback 

Questionnaire” attached in appendix A for collecting all 31 viewer’s perception about 

the video. The same procedure was repeated for video clips news and football for 

scenario 1. 

Similarly, we set the values of sender and receiver buffers as well as 

communication break for scenarios 2, 3, 4 and 5 and invite same people to show the 

video. In this way, the mean opinion score of 31 people for all the five scenarios was 

calculated by using “User’s Feedback Collection Form” attached in Appendix B. The 

detailed information of all the 31 people i.e. their name, role and perception level is 

also mentioned in Appendix B. The table 5.3 shows MOS of 31 people for videos 

foreman, news and football under five different scenarios. 

 

Table 5.3: MOS ratings under experiment 1 

Video Type MOS 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Foreman 4.1 3.9 3.6 3.0 2.5 

News 4.2 4.0 3.6 3.0 2.5 

Football 4.4 4.1 3.9 3.6 2.9 

 

 

5.1.2 Experiment 2 
In this experiment, we set the size of sender buffer double than receiver buffer. For 

appropriate results, we choose 500 milli seconds for sender buffer and 250 milli 

seconds for receiver buffer size. This experiment was also performed with five 

different scenarios based on five different values of communication break as shown in 

table 5.4 below.  In this experiment, the three videos (Foreman, news and football) 

were shown to all the viewers for collecting feedback from 31 same people as in case 

of experiment 1.  

 

Table 5.4: Experiment 2 (sender > receiver) 

Video Type Scenario Sender Buffer Receiver 

Buffer 

Communication 

Break 

Foreman.avi Scenario 1 500 250 200 

Scenario 2 500 250 400 

Scenario 3 500 250 600 

Scenario 4 500 250 800 

Scenario 5 500 250 1000 

News.avi Scenario 1 500 250 200 

Scenario 2 500 250 400 

Scenario 3 500 250 600 

Scenario 4 500 250 800 

Scenario 5 500 250 1000 

Football.avi Scenario 1 500 250 200 

Scenario 2 500 250 400 

Scenario 3 500 250 600 

Scenario 4 500 250 800 

Scenario 5 500 250 1000 

 

 

 



  31 

After configuration, the video clip foreman was shown to 31 people and collected 

feedback. Again for this purpose, we used “User’s Feedback Questionnaire” for 

collecting the same 31 people’s perception. 

Similarly, for scenarios 2, 3, 4 and 5, we set the corresponding values of 

communication break as shown in table 5.4 above. Again the same people were invited 

to show the videos and MOS was calculated under five scenarios by using “User’s 

Feedback Collection Form”. The table 5.5 shows MOS of 31 people under five 

scenarios for videos foreman, news and football respectively. 

 

 

Table 5.5: MOS ratings under experiment 2 

Video Type MOS 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Foreman 3.9 3.7 3.4 3.2 2.9 

News 3.8 3.7 3.3 2.9 2.8 

Football 4.1 3.8 3.4 3.5 2.9 

 

 

5.1.3 Experiment 3 
In this experiment, we set the size of receiver buffer double than sender buffer. For 

appropriate results, we choose 500 milli seconds for receiver buffer and 250 milli 

seconds for sender buffer size with same values of communication break parameter. 

This experiment was also performed under five different scenarios.  In this experiment, 

the three videos (Foreman, news and football) were shown to all the viewers for 

collecting feedback from 31 same people. 

 

 

Table 5.6: Experiment 3 (sender < receiver) 

Video Type Scenario Sender Buffer Receiver 

Buffer 

Communication 

Break 

Foreman.avi Scenario 1 250 500 200 

Scenario 2 250 500 400 

Scenario 3 250 500 600 

Scenario 4 250 500 800 

Scenario 5 250 500 1000 

News.avi Scenario 1 250 500 200 

Scenario 2 250 500 400 

Scenario 3 250 500 600 

Scenario 4 250 500 800 

Scenario 5 250 500 1000 

Football.avi Scenario 1 250 500 200 

Scenario 2 250 500 400 

Scenario 3 250 500 600 

Scenario 4 250 500 800 

Scenario 5 250 500 1000 
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In this experiment, after setting the values of sender and receiver buffers as well as 

communication break for scenario 1, the system was started by sending foreman video 

request and 31 people were invited to show the video under this scenario. Again 

“User’s Feedback Questionnaire” was used for collecting the entire viewer’s 

perception about the video.  

Similarly, we repeated the procedure for scenarios 2, 3, 4 and 5 with 

corresponding values of sender and receiver buffers and communication break. In this 

way, the mean opinion score of 31 people for all the five scenarios was calculated by 

using “User’s Feedback Collection Form”. The table 5.7 shows MOS of all 31 people 

under five scenarios for videos foreman, news and football respectively. 

 

 

Table 5.7: MOS ratings under experiment 3 

Video Type MOS 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Foreman 3.9 3.3 3.0 2.4 2.2 

News 3.9 3.4 3.0 2.4 2.4 

Football 4.0 3.9 3.5 2.7 2.4 

 

 

 

5.1.4 Experiment 4 
This experiment was performed without enabling sender buffer at server side. 

Whereas, the receiver buffer was set equal to 500 milli seconds. Main purpose of this 

experiment is to investigate user’s perceived quality without sender buffer strategy. In 

this experiment, five scenarios were designed based on five different values of 

communication break as shown in table 5.8. 

 

Table 5.8: Experiment 4 (without sender) 

Video Type Scenario Sender Buffer Receiver 

Buffer 

Communication 

Break 

Foreman.avi Scenario 1 0 500 200 

Scenario 2 0 500 400 

Scenario 3 0 500 600 

Scenario 4 0 500 800 

Scenario 5 0 500 1000 

News.avi Scenario 1 0 500 200 

Scenario 2 0 500 400 

Scenario 3 0 500 600 

Scenario 4 0 500 800 

Scenario 5 0 500 1000 

Football.avi Scenario 1 0 500 200 

Scenario 2 0 500 400 

Scenario 3 0 500 600 

Scenario 4 0 500 800 

Scenario 5 0 500 1000 
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The subjective test of MOS for this experiment is performed by inviting 31 people 

as we did in case of experiment 1, 2 and 3. User’s feedback Questionnaire is used for 

collecting feedback of all the people.  Similarly, the procedure was repeated for all the 

other scenarios with corresponding values of sender and receiver buffers and 

communication break time. The table 5.9 shows MOS of all 31 people under five 

scenarios for videos foreman, news and football respectively. 

 

 

Table 5.9: MOS ratings under experiment 4 

Video Type MOS 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Foreman 2.4 2.4 1.9 1.3 1.1 

News 2.7 2.6 2.2 2 1.6 

Football 3.2 3.1 2.5 2 1.6 

 

 

5.2 Limitations of the Study 
Some limitations of this study may include external validity or generalizability of 

the study [29]. We invited 31 participants in our complete study and the results are 

based on the perception of these people. Almost all these people were BTH students 

with various degreed professional living near Campus Grasvik, Karlskrona. All the 

students have almost same educational background and are all middle to upper middle 

class adults.  

In addition, as the study is based on human participants, it might be possible that 

perception about the videos may be different if the people with different background 

and of different age group from outside the university were invited.  
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6 RESULTS AND DISCUSSION 
 

In this chapter we presented the results obtained under all the scenarios of four 

experiments that we performed in previous chapter. These results were presented by 

plotting graphs in MS Excel. Three graphs for videos foreman, news and football were 

plotted for each experiment. Three different graphs in each experiment represent 

different settings of the system. Finally a comparison graph was plotted between three 

videos in each experiment in order to know the difference of MOS ratings of three 

video clips. 

  

6.1 Results of Experiment 1 
In experiment 1, five scenarios were designed based on five different values of 

communication break. For each scenario, three video clips were shown to 31 different 

people in order to collect their ratings. Results show that different people have 

different perception about the quality of video under same scenario. Individual rating 

of all 31 viewers is mentioned in Appendix C. After getting all the people’s perception 

regarding video quality under specific scenario, we calculated MOS. In this way, MOS 

under all the scenarios was calculated and a comparison graph was drawn. The MOS 

for three videos under all the five scenarios is shown in table 6.1 below. 

 

Table 6.1: MOS ratings under all the scenarios of experiment 1  

Foreman News Football 

Scenario MOS Scenario MOS Scenario MOS 

Scenario 1 4.1 Scenario 1 4.2 Scenario 1 4.4 

Scenario 2 3.9 Scenario 2 4.0 Scenario 2 4.1 

Scenario 3 3.6 Scenario 3 3.6 Scenario 3 3.9 

Scenario 4 3.0 Scenario 4 3.0 Scenario 4 3.6 

Scenario 5 2.5 Scenario 5 2.5 Scenario 5 2.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: MOS for foreman video (experiment 1) 
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Figure 6.2: MOS for news video (experiment 1) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.3: MOS for football video (experiment 1) 
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Figure 6.4: Comparison of foreman, news and football under experiment 1 

 

6.1.1 Discussion  
The MOS ratings for the foreman video are shown in figure 6.1. The X-axis 

represents all the scenarios and Y-axis represents MOS of all 31 viewers that were 

invited to take part in this experiment. Form this graph; it is obvious that MOS 

decreases with the increasing value of communication break parameter. The graph also 

indicates that there is minor difference of MOS ratings for first three values whereas 

the last value of MOS decreases with higher factor as compared to its previous values. 

Figure 6.2 represents MOS ratings for news video. News video is a combination of 

fast and slow moving pictures. The X- axis represents scenarios and Y-axis shows 

MOS of 31 viewers. It is clear from figure that the trend almost remains same as in 

case of foreman video. The graph also indicates that there is minor difference of MOS 

ratings for first two values when compared to foreman video where as the last three 

values are exactly same as in case of foreman video. 

Figure 6.3 represents MOS ratings for football video. Football video consists of 

fast moving pictures. The X and Y-axis represents the same values as in case of other 

two graphs. The trend in this case remains same as in case of foreman or news videos 

but in this case, ratings of MOS are higher as compared to foreman and news videos. 

The three videos foreman, football and news consists of slow, fast and a 

combination of slow and fast moving pictures respectively, therefore, a comparison 

graph was drawn between the three videos. The aggregated MOS ratings for the three 

videos indicate almost the same trend. The point to be noted, that the football video 

which consists of fast moving pictures has highest MOS ratings as compared to 

foreman and news videos.  The foreman and news videos have a minor difference of 

MOS ratings for the first two values whereas the ratings for the last three values 

remain same. From this comparison graph, we can conclude that video with fast 

moving pictures (football in this case) has better quality regarding user’s perceived 

quality of video. 

 

6.2 Results of Experiment 2 
In experiment 2, again we invited same 31 people and three videos (foreman, news 

and football) were shown to them in order to collect their ratings under all the 

scenarios. After getting all the people’s perception, MOS was calculated and 

corresponding graphs were plotted. A comparison graph was also plotted in order to 

know the trend of MOS ratings for three different videos. The MOS for three videos 

under all the five scenarios is shown in table 6.2 below. 

 

 

Table 6.2: MOS ratings under all the scenarios of experiment 2 

Foreman News Football 

Scenario MOS Scenario MOS Scenario MOS 

Scenario 1 3.9 Scenario 1 3.8 Scenario 1 4.1 

Scenario 2 3.7 Scenario 2 3.7 Scenario 2 3.8 

Scenario 3 3.4 Scenario 3 3.3 Scenario 3 3.4 

Scenario 4 3.2 Scenario 4 2.9 Scenario 4 3.5 

Scenario 5 2.9 Scenario 5 2.8 Scenario 5 2.9 
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Figure 6.5: MOS for foreman video (experiment 2) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6: MOS for news video (experiment 2) 
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Figure 6.7: MOS for football video (experiment 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.8: Comparison of foreman, news and football under experiment 2 

 

 

6.2.1 Discussion  
The MOS ratings for the three videos foreman, news and football are shown in figures 

6.5, 6.6 and 6.7 respectively. The X-axis of all the three videos represents the scenarios 

under which MOS ratings were calculated and Y-axis represents MOS of 31 viewers that 

were invited to show the videos. The graph of figure 6.5 shows that there is minor difference 

of MOS ratings for first three scenarios and then the trend goes down. 

Figure 6.6 represents the ratings for news video which is a combination of fast and 

slow moving pictures. The figure shows that the trend remains same as in case of foreman 

video with minor differences in first three values. The overall ratings made by 31 people are 

higher than foreman video. 

Figure 6.7 represents MOS ratings for the football video which consists of fast moving 

pictures. It is obvious from the figure that the trend of ratings remain same in all the three 

cases but the values of MOS under all the five scenarios are higher than foreman and news 

videos.  

Finally we plotted graph for aggregated MOS ratings for the three videos and noted 

that the trend remains almost same. In this experiment, we noted that MOS ratings under 

scenario 3 are almost same for all the video types. Further, we observer that football video 

has highest MOS ratings as compared to foreman and news videos. So, the experiment 

indicates that video with fast moving pictures has better quality according to people’s 

perception.  

 

6.3 Results of Experiment 3 
In this experiment, the same procedure was repeated and videos were shown to all 

the participants under five different scenarios. After collecting user’s feedback, MOS 

was calculated for all the three videos and graphs were plotted to clearly understand 

the people’s perception. A comparison graph was also plotted like experiment 1 and 2. 

The MOS for three videos under all five scenarios is shown in table 6.3 below. 
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Table 6.3: MOS ratings under all the scenarios of experiment 3 

Foreman News Football 

Scenario MOS Scenario MOS Scenario MOS 

Scenario 1 3.9 Scenario 1 3.9 Scenario 1 4.0 

Scenario 2 3.3 Scenario 2 3.4 Scenario 2 3.9 

Scenario 3 3.0 Scenario 3 3.0 Scenario 3 3.5 

Scenario 4 2.4 Scenario 4 2.4 Scenario 4 2.7 

Scenario 5 2.2 Scenario 5 2.4 Scenario 5 2.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.9: MOS for foreman video (experiment 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6.10: MOS for news video (experiment 3) 
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Figure 6.11: MOS for football video (experiment 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.12: Comparison of foreman, news and football under experiment 3 

 

 

 

6.3.1 Discussion  
Figure 6.9 represents MOS ratings of foreman video. The X-axis represents the 

scenarios and Y-axis represents mean opinion score of all the viewers. The graph shows that 

MOS decreases with the increasing value of communication break. In this experiment, the 

trend of ratings is same as in case of experiment 1, but in this case MOS ratings decreases 

with higher factor as compared to experiment 1. 

Figure 6.10 represents MOS ratings for news video. The trend of ratings almost 

remains same as in case of foreman video. The graph also shows that there is a minor 

difference of MOS ratings under all the scenarios when compared it with foreman video. 

Figure 6.11 represents MOS ratings for football video. The X and Y axis represents the 

scenarios and MOS respectively. Again, we noted that the trend of ratings remains same, but 
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the values of MOS are higher under all the scenarios as compared to foreman and news 

videos. 

A comparison graph shown in figure 6.12 represents aggregated MOS ratings for the 

three videos. Like experiment 1 and 2, football video has highest MOS ratings as compared 

to foreman and news videos. Finally, we can conclude that video with fast moving pictures 

has better quality according to people’s perception. 

 

6.4 Results of Experiment 4 
For experiment 4, feedback information was collected without enabling sender 

buffer strategy. Results show that people have lowest perception about the quality of 

video under this experiment. After getting all the people’s perception, we calculated 

MOS. In this way, MOS under all the scenarios was calculated and a comparison 

graph was drawn. The MOS for three videos under all the five scenarios is shown in 

table 6.4 below. 

 

 

Table 6.4: MOS ratings under all the scenarios of experiment 4 

Foreman News Football 

Scenario MOS Scenario MOS Scenario MOS 

Scenario 1 2.4 Scenario 1 2.7 Scenario 1 3.2 

Scenario 2 2.4 Scenario 2 2.6 Scenario 2 3.1 

Scenario 3 1.9 Scenario 3 2.2 Scenario 3 2.5 

Scenario 4 1.3 Scenario 4 2 Scenario 4 2 

Scenario 5 1.1 Scenario 5 1.6 Scenario 5 1.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.13: MOS for foreman video (experiment 4) 
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Figure 6.14: MOS for news video (experiment 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.15: MOS for foreman video (experiment 4) 
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Figure 6.16: Comparison of foreman, news and football under experiment 4 

 

6.4.1 Discussion  
Figures 6.13 to 6.15 represent MOS ratings for foreman, news and football videos. 

The X-axis represents the scenarios and Y-axis represents mean opinion score of all 

the people. This experiment is not a part of our proposed method (i.e., three 

experiments with different strategies of sender and receiver buffers). The main 

objective of this experiment is to investigate the people’s perception without sender 

buffer strategy. In this experiment, all the figures above depicts that MOS ratings are 

lowest as compared to other three experiments.  

The comparison graph shows that MOS ratings for first two scenarios are almost 

same for all the three videos. From scenario 3, the trend of ratings goes down with 

higher factor and attains lowest value. It is obvious that the video quality cannot be 

improved without sender buffer strategy if communication breaks between client and 

server.     

 

6.5 Effect of Buffer Strategy on QoE 
Figures 6.17 to 6.21 present all the five scenarios of experiments 1, 2 and 3. In 

Experiment 1, the values of sender and receiver buffers were same. The buffer strategy 

for experiment 2 was such that sender buffer value was double than receiver buffer 

whereas in experiment 3, receiver buffer was double than sender buffer.   The system 

settings for each scenario are based on five different values of communication break 

parameter. The X-axis represents three experiments and Y-axis represents the MOS 

ratings under each experiment for the five scenarios respectively. Each group of 

histograms contains three blocks of different colors. The block with blue color in each 

experiment represents foreman video which consists of slow moving pictures. The red 

blocks represent news video which is combination of fast and slow moving pictures 

whereas the green block in each experiment represents football video which consists of 

fast moving pictures. 

By comparing MOS ratings under five scenarios of experiment 1 in all the figures 

below, the general trend shows that smaller the communication break time, higher the 

MOS value. This means that viewers have better quality of experience when videos 

during their transmission experience small communication break. The trend remains 

same for experiment 2 and 3. It is also clear from all the five figures below that MOS 

ratings are highest under all the scenarios of experiment 1 as compared to experiment 

2 and 3. Finally, by comparing three experiments under scenario 1 (Figure: 6.17), 

experiment 1 attains highest ratings. 

We therefore can conclude that by the use of same size buffers (Experiment 1) at 

both ends improves the quality of experience.  
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Scenario 1  

Communication break: 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.17: MOS ratings under scenario 1 of experiment 1, 2 and 3 

 

 

Scenario 2 

Communication Break: 400 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.18: MOS ratings under scenario 2 of experiment 1, 2 and 3 

 

 

Scenario 3 

Communication Break: 600 
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Figure 6.19: MOS ratings under scenario 3 of experiment 1, 2 and 3 
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Communication Break: 800 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.20: MOS ratings under scenario 4 of experiment 1, 2 and 3 

 

 

Scenario 5 

Communication Break: 1000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.21: MOS ratings under scenario 5 of experiment 1, 2 and 3 
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6.6 MOS for Different Video Types 
Figure 6.22 represents mean opinion score of all the 3 video types under 5 

scenarios of experiment 1, 2 and 3 respectively. In each experiment, blue histogram 

represents foreman, red histogram represents news whereas green histogram represents 

football video. Each histogram in this graph represents 5 scenarios under which MOS 

was calculated. 

By comparing all the 3 histograms in experiment 1, the MOS ratings for football 

video scored high as compared to foreman and news videos and this trend remains 

same under all the 5 scenarios of each histogram. It is also obvious that the trend is 

same for experiment 2 and experiment 3 as well. We therefore can conclude that 

football video has highest MOS ratings as compared to foreman and news videos 

under almost all the scenarios of experiment 1, 2 and 3 respectively. So, the graph 

indicates that video with fast moving pictures (football in this case) has better quality 

according to people’s perception. 

Further, by comparing 3 experiments for all the 3 video types, it is clear that 

experiment 1 scored highest MOS ratings which prove that by the use of same size 

buffers at both ends, user’s perceived video quality can be improved.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.22: MOS ratings for different video types under 3 experiments 
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7 CONCLUSION AND FUTURE WORK 
 

7.1 Conclusion 
In this thesis, we have investigated the effect of buffer strategy on video quality. 

For this purpose we developed a software system in which buffers at sender and 

receiver sides were implemented. Four experiments were performed under this 

software system in order to get the statistics of the behavior of sender and receiver 

buffers. For each experiment five scenarios were designed and under each scenario, 

feedback information was collected from 31 people.  

In Experiment 1, the sizes of sender and receiver buffers were same. The buffer 

strategy for experiment 2 was such that sender buffer was set double than receiver 

buffer whereas in experiment 3, receiver buffer was double than sender buffer. 

Results show that MOS ratings are highest under all the scenarios of experiment 1 

as compared to experiment 2 and experiment 3. We therefore can conclude that same 

size buffers at sender and receiver sides will lead to better quality of received videos. 

Results also indicate that viewers have better quality of experience when videos 

during their transmission experience small communication break. This trend remains 

same for all the experiments.  

Further, the result of aggregated MOS ratings for three videos depicts that video 

with fast moving pictures (football in our case) has highest MOS ratings as compared 

to video with slow moving pictures (foreman and news in this case). 

 

   

7.2 Answers to research questions 
 

Q1: How will you measure the effect of buffer strategy on video quality? 

 

For measuring the effect of buffer strategy, we have written a software system in 

which buffers at sender and receiver sides were implemented. The detailed description 

about software design, its architecture and implementation is available in chapters 3 

and 4. Then we performed four experiments under this software system and conducted 

a subjective test by inviting 31 different people. Three different videos were shown to 

participants in order to get feedback and calculated MOS. With the help of MOS 

ratings under these experiments, we measure the effect of buffer strategy on video 

quality. Further detail is available in chapter 6. 

 

Q2: What is the relation between communication break and sender buffer? 

 

The working strategy of sender buffer process depends upon communication break 

time in socket. As soon as communication breaks between client and server due to 

predefined artificial break time, the streaming server starts sending packets into the 

sender buffer. If “communication break” time is small as compared to size of the 

buffer, then no packet will be dropped and server will send the buffered packets to 

client. But if break time is more than the size of buffer, then there is a possibility of 

loss of packets. Further detail is available in section 4.2.2 chapter 4. 
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Q3: How will you compare the results of your implemented method with any of the 

existing method? 

 

        The comparison can be made by conducting subjective test of MOS under any of the 

existing method. Those results then can be compared with the results of our method. 

 

Q4: What is the relation between MOS and buffer strategy? 

 

       MOS ratings depend on strategies of sender and receiver buffers. In experiment 1 (where 

sender and receiver buffer values were same), MOS ratings was highest. In experiment 2 

(where sender buffer was set double than receiver buffer), MOS was less than experiment 1 

whereas, in experiment 3 (where receiver buffer was set double than sender buffer), MOS 

ratings was lowest. The detailed results of MOS ratings with respect to buffer strategies are 

available in chapter 6.  

 

 

7.3 Future Work 
The system can be implemented under wireless channels and the results regarding 

video quality can be analyzed by MOS. In this way, four different experiments could 

be tested again in order to collect best statistics of the behavior of sender and receiver 

buffers. Secondly, after successfully implementing the system under wireless network, 

it can be compared and tested with that of wired networks in order to judge its 

behavior within different networks. 
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APPENDIX A 
 

 

User’s Feedback Questionnaire (Foreman.avi) 
 

Name:          _______________________________________________ 

 

Occupation: ________________________________________________ 

 

 

 

Age:              ____________ 

 

  

Video: Foreman.avi 
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User’s Feedback Questionnaire (News.avi) 
 

Name:          _______________________________________________ 

 

Occupation: ________________________________________________ 

 

 

 

Age:              ____________ 

 

  

Video: News.avi 
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User’s Feedback Questionnaire (Football.avi) 
 

 

Name:          _______________________________________________ 

 

Occupation: ________________________________________________ 

 

 

 

Age:              ____________ 

 

  

Video: Football.avi 
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APPENDIX B 
 

User’s Feedback Collection Form (FOREMAN.avi) 

Sr.

no 

NAME Degree PERCEPTION LEVEL UNDER ALL SCENARIOS 

EXPERIMENT 1 EXPERIMENT 2 EXPERIMENT 3 

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

1 Chandan Ku. Elect. Eng 4 4 3 4 3 3 3 4 3 3 3 3 4 2 3 

2 Rajiv Ghimire Comp. Sc 4 4 4 3 2 4 3 4 3 4 3 4 2 2 3 

3 Faisal Tahir Elect. Eng 4 3 4 3 2 4 4 5 2 4 5 4 5 5 4 

4 Pokhrel Pras. Comp. Sc 3 4 4 4 3 4 3 3 4 3 3 3 3 3 4 

5 Aftab Hassan Elect. Eng 4 4 3 3 3 5 4 4 3 3 4 4 3 2 1 

6 Bishal  Neup. Elect. Eng 3 4 3 4 4 3 4 2 3 4 4 4 3 2 4 

7 Ashok Shrest. Elect. Eng 4 4 4 3 2 5 3 2 3 4 3 4 5 3 3 

8 Jyoti prasad Elect. Eng 4 4 4 3 3 3 4 4 3 3 3 4 2 3 2 

9 Deepak Shahi Elect. Eng 4 4 4 3 3 4 4 3 3 4 5 3 4 2 3 

10 Abdul Samad Elect. Eng 4 4 3 4 3 5 4 5 4 3 4 3 3 2 2 

11 Faisal Ahmed Elect. Eng 4 4 3 4 3 4 3 4 3 3 4 3 2 2 3 

12 Shan Shafiq Soft. Eng 5 5 4 4 3 4 4 4 4 3 4 3 3 3 3 

13 M. Tosif Elect. Eng 5 5 4 3 2 4 5 4 3 3 4 3 3 3 2 

14 Nadeem Butt Comp. Sc 4 4 4 4 3 5 3 4 4 2 4 4 3 2 1 

15 Zeeshan Khan Comp. Sc 5 4 4 3 3 4 5 4 3 3 4 4 3 3 3 

16 Umesh Raigh. Comp. Sc 5 4 4 2 1 4 4 4 4 3 5 4 3 3 2 

17 Harka Baha. Comp. Sc 4 3 3 3 3 5 4 4 4 3 5 3 3 3 2 

18 Shiva Prasad Comp. Sc 4 3 3 3 2 4 4 3 3 2 4 3 3 2 2 

19 Gyanu Koirala Comp. Sc 3 3 3 4 3 4 3 3 4 3 3 3 3 3 2 

20 M. Salahuddin Elect. Eng 4 4 4 3 2 3 3 3 3 2 4 4 3 1 1 

21 Salman Zah. Elect. Eng 4 3 3 2 2 4 4 4 4 3 5 3 4 2 1 

22 Saqib Anwar Comp. Sc 5 3 3 3 3 4 4 3 3 3 5 4 4 3 3 

23 Aamir Hassan Elect. Eng 5 4 4 3 2 4 4 4 4 3 4 3 3 2 2 

24 Rizwan Yous. Soft. Eng 5 4 3 3 3 4 3 3 3 3 4 2 2 2 1 

25 Zeeshan Akht. Soft. Eng 5 4 4 3 3 4 4 3 3 2 3 2 2 2 1 

26 Tarique Bhut. Elect. Eng 5 5 5 2 2 4 4 4 4 3 4 4 3 3 2 

27 Yasir Ali Comp. Sc 4 4 4 3 3 3 3 2 2 2 3 3 2 2 2 

28 M. Bilal Comp. Sc 4 4 3 3 2 4 4 3 3 3 4 4 3 3 2 

29 Adeel Akhtar Comp. Sc 4 3 4 2 1 4 4 3 3 2 4 4 3 2 2 

30 Fahad Khan Student 4 5 4 3 3 3 3 3 3 2 4 3 3 2 2 

31 M. Burhan Elect. Eng 4 4 3 2 2 4 4 2 2 2 3 3 2 1 1 

MOS 4.1 3.9 3.6 3.0 2.5 3.9 3.7 3.4 3.2 2.9 3.9 3.3 3.0 2.4 2.2 
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User’s Feedback Collection Form (NEWS.avi) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr.

no 

NAME Degree PERCEPTION LEVEL UNDER ALL SCENARIOS 

EXPERIMENT 1 EXPERIMENT 2 EXPERIMENT 3 

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

1 M. Ibrar Soft. Eng 4 3 4 3 3 2 2 3 2 2 2 2 1 1 1 

2 Naveed Abbas Elect. Eng 4 4 3 4 3 4 3 3 3 3 3 4 4 4 3 

3 M. Hanif Comp. Sc 3 4 4 4 4 3 3 3 4 4 3 2 2 2 2 

4 Hamza Niaz Comp. Sc 4 4 3 3 2 4 4 3 4 3 3 4 2 2 3 

5 Mahezabin Comp. Sc 5 4 5 4 3 5 4 4 5 4 5 4 4 3 2 

6 Waqas Ahmed Elect. Eng 5 4 5 3 4 4 4 2 4 2 4 1 1 1 2 

7 Ezike Chioma Elect. Eng 4 5 5 4 4 5 4 4 4 4 4 4 4 4 4 

8 Farid Ali Elect. Eng 4 4 4 3 3 4 4 3 3 2 4 3 3 3 2 

9 Gedion Bired. Elect. Eng 4 4 4 4 3 4 4 3 4 2 3 2 2 2 3 

10 M. Azam Elect. Eng 4 3 4 3 2 4 4 2 2 2 3 3 2 2 2 

11 Faisal Ahmed Elect. Eng 5 5 4 4 2 5 4 4 4 3 4 4 3 3 3 

12 Shan Shafiq Elect. Eng 4 5 4 4 3 4 4 3 4 3 5 4 4 3 2 

13 M. Tosif Elect. Eng 5 4 4 4 3 4 4 3 3 4 4 4 3 3 3 

14 Nadeem Butt Comp. Sc 5 4 4 3 3 4 4 4 3 3 4 4 3 2 3 

15 Zeeshan Khan Comp. Sc 5 5 4 4 4 4 4 4 3 4 3 3 3 2 2 

16 Umesh Raigh. Comp. Sc 4 4 3 3 2 3 3 3 2 3 4 4 4 3 3 

17 Harka Baha. Comp. Sc 5 4 4 3 2 4 4 4 3 2 4 4 3 3 3 

18 Shiva Prasad Comp. Sc 4 4 3 3 3 4 3 3 3 2 4 4 3 2 2 

19 Gyanu Koirala Comp. Sc 4 3 3 3 1 4 4 3 3 3 5 5 4 3 3 

20 M. Salahuddin Elect. Eng 4 4 3 2 2 4 4 4 2 3 4 4 4 3 2 

21 Salman Zah. Elect. Eng 4 3 3 3 2 4 4 3 2 3 3 3 3 2 2 

22 Saqib Anwar Comp. Sc 4 4 3 2 2 3 3 3 2 2 5 4 4 3 2 

23 Aamir Hassan Elect. Eng 4 4 3 2 1 4 4 4 3 3 4 3 3 3 3 

24 Rizwan Yous. Soft. Eng 5 5 4 3 3 4 4 4 2 2 3 3 3 2 2 

25 Zeeshan Akht. Soft. Eng 4 4 4 3 3 4 3 3 2 2 4 4 3 3 3 

26 Tarique Bhut. Elect. Eng 5 5 4 3 2 3 4 3 3 3 5 4 4 2 2 

27 Yasir Ali Comp. Sc 4 4 3 2 2 4 4 4 3 3 4 3 3 1 1 

28 M. Bilal Comp. Sc 4 4 3 2 2 4 4 3 2 3 4 4 3 2 3 

29 Adeel Akhtar Comp. Sc 4 4 3 2 2 3 3 3 2 2 5 3 3 2 2 

30 Fahad Khan Student 5 5 4 3 3 4 4 4 3 3 5 4 4 3 2 

31 M. Burhan Elect. Eng 4 4 3 3 2 4 4 4 3 3 4 4 3 3 3 

MOS 4.2 4.0 3.6 3.0 2.5 3.8 3.7 3.3 2.9 2.8 3.9 3.4 3.0 2.4 2.4 
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 User’s Feedback Collection Form (FOOTBALL.avi) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr.

no 

NAME Degree PERCEPTION LEVEL UNDER ALL SCENARIOS 

EXPERIMENT 1 EXPERIMENT 2 EXPERIMENT 3 

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

1 Chandan Ku. Elect. Eng 4 4 4 3 3 4 4 3 3 2 4 4 4 3 2 

2 Naveed Abbas Elect. Eng 5 5 4 4 3 4 4 4 3 3 5 4 3 2 2 

3 Faisal Tahir Elect. Eng 4 5 4 4 4 4 4 4 4 4 4 4 4 3 3 

4 M. Kashif Elect. Eng 4 4 4 3 3 4 3 3 3 2 4 4 4 3 2 

5 Aftab Hassan Elect. Eng 4 4 3 3 3 4 4 4 3 3 3 3 3 2 2 

6 Waqas Ahmed Elect. Eng 4 5 5 4 4 5 5 4 4 3 4 4 3 3 3 

7 Fahad Saleem Elect. Eng 4 4 4 3 1 4 4 4 4 3 5 5 5 4 3 

8  Bilal Khan Elect. Eng 5 4 4 4 2 5 3 3 4 3 5 4 4 4 2 

9 Arif Siddiqui Elect. Eng 4 4 3 3 2 4 4 4 4 3 4 4 4 4 3 

10 Abdul Samad Elect. Eng 5 5 4 4 4 5 4 3 3 2 4 4 3 2 2 

11 Faisal Ahmed Elect. Eng 4 4 3 4 2 4 4 3 4 2 4 4 2 2 2 

12 Shan Shafiq Soft. Eng 5 4 4 3 4 4 4 3 3 2 3 4 4 2 2 

13 M. Tosif Elect. Eng 4 3 3 3 3 3 4 4 3 3 3 3 3 2 2 

14 Nadeem Butt Comp. Sc 5 5 4 4 4 5 5 4 4 4 5 4 4 3 3 

15 Zeeshan Khan Comp. Sc 4 4 4 3 3 4 4 3 4 2 4 3 3 2 1 

16 Umesh Raigh. Comp. Sc 5 5 4 3 2 5 4 3 3 3 5 5 5 4 3 

17 Harka Baha. Comp. Sc 4 4 4 4 3 4 3 3 3 3 4 5 4 3 3 

18 Shiva Prasad Comp. Sc 5 4 4 4 3 4 4 3 5 4 4 4 4 3 3 

19 Gyanu Koirala Comp. Sc 4 4 4 3 2 3 3 3 3 3 5 5 4 3 3 

20 M. Salahuddin Elect. Eng 4 4 4 3 2 4 3 3 4 4 5 4 4 3 3 

21 Salman Zah. Elect. Eng 5 4 4 4 3 5 4 4 4 3 4 4 3 2 2 

22 Saqib Anwar Comp. Sc 5 4 4 4 3 4 4 4 4 4 4 4 4 4 3 

23 Aamir Hassan Elect. Eng 4 4 4 4 3 3 3 3 3 3 3 4 4 3 3 

24 Rizwan Yous. Soft. Eng 5 5 5 5 4 5 4 4 5 4 4 4 4 2 3 

25 Zeeshan Akht. Soft. Eng 4 3 3 4 4 4 4 3 3 2 4 4 3 2 1 

26 Tarique Bhut. Elect. Eng 5 5 4 4 4 5 4 4 3 3 3 3 2 2 2 

27 Yasir Ali Comp. Sc 5 4 3 5 4 4 4 3 3 2 4 3 3 2 1 

28 M. Bilal Comp. Sc 3 3 4 3 2 3 3 3 2 2 3 3 2 2 2 

29 Adeel Akhtar Comp. Sc 5 4 4 3 2 4 3 3 4 3 4 5 4 4 3 

30 Fahad Khan Student 5 4 5 4 4 5 5 4 4 4 4 4 3 3 3 

31 M. Burhan Elect. Eng 4 4 4 3 2 4 4 4 3 2 3 3 3 3 3 

MOS 4.4 4.1 3.9 3.6 2.9 4.1 3.8 3.4 3.5 2.9 4.0 3.9 3.5 2.7 2.4 
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User’s Feedback Collection Form (Experiment 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr.

no 

NAME Degree PERCEPTION LEVEL UNDER ALL SCENARIOS 

FOREMAN NEWS FOOTBALL 

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

1 Chandan Ku. Elect. Eng 4 3 3 1 2 4 4 3 2 2 4 4 4 3 3 

2 Naveed Abbas Elect. Eng 3 2 2 1 1 3 3 2 2 1 3 3 3 3 2 

3 Faisal Tahir Elect. Eng 3 3 2 2 1 3 4 2 2 1 3 2 2 2 1 

4 M. Kashif Elect. Eng 4 4 3 1 2 4 3 2 1 1 4 4 3 2 2 

5 Aftab Hassan Elect. Eng 3 2 1 1 1 3 2 2 1 1 3 2 2 1 1 

6 Waqas Ahmed Elect. Eng 4 3 3 2 1 4 4 3 3 2 4 3 3 2 2 

7 Fahad Saleem Elect. Eng 2 1 1 1 1 2 2 1 2 1 4 3 2 2 2 

8 Bilal Khan Elect. Eng 3 2 2 1 1 3 3 2 2 2 4 3 2 2 1 

9 Arif Siddiqui Elect. Eng 1 2 1 1 1 3 2 3 2 2 3 3 3 2 2 

10 Abdul Samad Elect. Eng 2 2 2 1 1 3 3 2 2 1 4 4 2 2 2 

11 Faisal Ahmed Elect. Eng 2 2 1 1 1 2 2 2 2 2 2 2 3 2 2 

12 Shan Shafiq Soft. Eng 3 2 2 2 1 3 3 3 2 2 3 2 2 1 1 

13 M. Tosif Elect. Eng 2 2 1 1 1 3 2 3 2 2 4 4 3 2 2 

14 Nadeem Butt Comp. Sc 2 3 2 1 1 2 2 2 2 2 4 3 2 3 1 

15 Zeeshan Khan Comp. Sc 2 2 1 1 1 2 2 2 2 2 2 3 2 2 2 

16 Umesh Raigh. Comp. Sc 3 2 1 2 1 3 3 3 2 2 4 2 3 3 2 

17 Harka Baha. Comp. Sc 2 1 3 1 1 1 3 2 2 2 4 3 2 1 2 

18 Shiva Prasad Comp. Sc 1 3 2 2 1 3 3 3 2 2 2 4 2 1 2 

19 Gyanu Koirala Comp. Sc 1 4 2 1 1 2 2 2 3 1 3 3 3 2 2 

20 M. Salahuddin Elect. Eng 3 3 3 2 1 4 3 4 2 1 2 4 2 2 2 

21 Salman Zah. Elect. Eng 3 2 1 1 1 3 2 2 2 1 3 3 4 3 1 

22 Saqib Anwar Comp. Sc 2 3 3 2 2 2 3 2 2 2 3 3 3 2 1 

23 Aamir Hassan Elect. Eng 1 2 2 1 1 1 3 3 2 2 3 4 3 2 1 

24 Rizwan Yous. Soft. Eng 2 2 2 1 1 3 3 2 2 2 4 3 3 2 2 

25 Zeeshan Akht. Soft. Eng 3 3 2 2 2 3 3 2 2 2 3 4 2 2 1 

26 Tarique Bhut. Elect. Eng 2 2 1 1 1 3 2 2 2 1 4 2 3 2 2 

27 Yasir Ali Comp. Sc 3 3 3 2 2 3 2 2 3 2 4 3 3 3 2 

28 M. Bilal Comp. Sc 2 2 2 1 2 3 3 3 2 2 3 4 2 2 2 

29 Adeel Akhtar Comp. Sc 3 3 2 2 1 2 3 1 2 3 3 4 3 3 1 

30 Fahad Khan Student 2 2 3 2 1 1 1 2 2 1 2 4 2 2 1 

31 M. Burhan Elect. Eng 3 3 1 1 1 3 3 2 1 1 3 2 2 1 1 

MOS 2.4 2.4 1.9 1.3 1.1 2.7 2.6 2.2 2.0 1.6 3.2 3.1 2.5 2.0 1.6 

 


