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[bookmark: _Toc480981982]Abstract 
This paper studies the effect of delay, jitter packet loss and corruption on video files running through an A to B network.  Chapter one takes you through the introduction to the paper and the expectations of any outcomes.  A look into the aims and objectives of the paper with a brief summary. 
Chapter two is where all the research happens. This chapter goes in-depth into IPTV and what affect it.  An investigation into delays, jitters, packet loss and how different bandwidths affect these parameters. A study of Quality of Service and different ways of measuring Video Quality.  Mean opinion score is explained and explored.  Then different effects of latency and bottlenecking on the network are visited and talked about. How codecs can affect video on demand and live streaming are surveyed. A number of peer reviewed papers are then studied and scrutinized in a literature review. 
The next phase of the project was methodology and the research onion.  As this paper is a case study there were certain paths that must be followed with in the research onion, in this case it was positivism this is used to help produce a hypotheses.  Deduction this is the means of the hypotheses.  Mono method quantitative is how the case study would be approached, then it’s the case study itself data collection and research design.  
The paper then goes into the design and implementation of the project.  This section discuses problem formulation this is the section that would document any problems that have been encountered, design this is where the design of the experiment is documented, Implementation this is how the experiment is to be implemented and all the specification are documented here, and finally network setting this section is where all the network parameters are sourced for the experiment.
Chapter five leads to the testing an evaluation stage of the paper. The testing was completed in five phases, each phase had a different set of parameters to test and explain the outcomes.
Chapter six is all about the conclusion of the paper and any future research to be completed, or if this project would benefit further experimentation.  The last section is the reflections of the project.
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[bookmark: _Toc480981987]1.1 	Introductions

Internet Protocol (IP) is the primary transportation protocol for the internet. IP is set for the conveying of User Datagram Protocol (UDP)[1] packets across the network borders. Its functionality allows for routing and was essential in creating the Internet as we know it today.  The IP has the job of transporting packets from one host to a destination host based on a unique IP address.  This IP address is stored in the packet header.  The purpose of this is to define IP packet structure and encapsulates the information that is being delivered.  Addressing methods are also defined by using labels on the UDP with the source-destination data. IP networks use IP to communicate across a network for sending and receiving communications among one or more workstations[2], [3]. IP is the most frequently utilized protocol across the world wide network.  IP is implemented across internet networks, LAN and enterprise networks. All hosts and nodes need to be configured to a TCP/IP suite. The best know use of IP is the internet. 

What is IPTV?
Internet Protocol Television (IPTV) is the distribution of programming via audio-visual stream encoded as a succession of UDP packets. The distribution of IPTV is done by a Service Provider (SP) like Netflix or YouTube. This service can be free or payment based.  It can stream either stored video or live TV. IPTV can be accompanied by other IP services such as High Speed Internet access and Voice of IP (VoIP).   IPTV sends one Video at a time. The SP retains the original copy while the user watches the streamed content. When the channel is changed a new data stream is transmitted from the SP to the user. The primary protocol for multicasting is Internet Group Management Protocol (IGMP) version 2. This is used for Real Time Streaming (RTS), and on-demand videos. The most common video compression used is AVI, MPEG-2 and MPEG-4. IP is a best effort network so this means there is no QoS. IPTV is fast becoming the largest ways in which the public views videos from all over the world.  Quality of Service has become paramount to networking firms and IPTV broadcasters alike. With the increase of bit-rates and the decrease in the price of equipment, the use of IPTV is pushing out the traditional protocols for newer and more up to date protocols. New technologies are now allowing traditional broadcasters the opportunity to migrate their viewing to an IP based service.  

AV over IP
Video over IP incorporates audio, video and presents file base structures for communication over a network. This idea provides number of substantial benefits to the users: 
  Only 1 cable is used as an alternative to a complex wiring system that is normally required.
  The users can buy ordinary IT goods which are available in the market place at reasonable prices.
  The total expense of the system can be reduced due to decreased device size and fewer cables.
  The service is easier to use and the resources can be located in several different locations. 

When trying to use all the benefits of AV over IP, the key is to regulate the protocols for all the various types of applications to enable co-operative working of products from different companies in the same network operation. 

Measuring using MOS
The measurement system for assessing QOS is called Mean Opinion Score (MOS).  The MOS is broken down into three distinct headers 
Subjective: - The score has been collected in a laboratory test by calculating the arithmetic mean value of subjective judgments on a 5-point ACR (Absolute Category Rating) quality scale, as it is defined in ITU-T Rec. P.800. Subjective tests carried out according to ITU-T Rec. P.830 give results in terms of MOS-LQS.[4]  
Objective: - The score is calculated by means of an objective model which aims at predicting the quality for a listening-only test situation. Objective measurements made using the model given in ITU-T Rec. P.862 give results in terms of MOS-LQO.[4]
Estimative: - The score is calculated by a network planning model which aims at predicting the quality in a listening-only application situation.[4] 
These will be the three criteria’s that the QOS will be measured and marked against in the paper.   

[bookmark: _Toc480981988]1.2 	Aim
Study the effects of different types of delays, jitters, noise, and packet loss on different quality video types such as 720p. 1080p and 4K.

[bookmark: _Toc480981989]1.3 	Objectives 
· Research and understand different types of noise on a network
· Test the affect different types of noise on the network has on raw data.
· Test whether changing the bandwidth will help or hinder the data flow.
· Synthesize different scenarios on simulation software
· Implement monitoring software and analyst the outcomes.


[bookmark: _Toc480981990]1.4 	Structure of the project

This project is split into three parts.  Part one details all research in QOS of IPTV and VOIP, this will also encompass the literature review comparing finding in other papers. Part two will detail to carry out the experiment and draw comparison on the reviewed literature. Part three details and reviews the result from the experimentation and a comparison of the finding on the review literature.


[bookmark: _Toc480981991]1.5	Review of Methodologies

This project is uses several different types of methodology; Objective, subjective logical, and quantifiable. This project will be using a subjective view to quantify the results. This project will have a three pronged approach, prime research (This will encompass the results obtained directly from the experiment), secondary research (This is the gathering data from white papers, journals and peer reviewed papers). Finally, the research for all the papers will be reviewed and compared to any results that have been obtained. 


[bookmark: _Toc480981992]1.6	 Summary

In conclusion this chapter reports on the aims, objectives. The introduction has been broken down into bullet points that amplifying all elements the project consists. Finally this chapter confers the basic outline of the methodologies of the chapters and the main report. Triangulation is used throughout to verify all claims and hypothesis in the project.  


Chapter one:
This chapter will illustrate and give an overview of the report.  It details the aims and objectives that once achieved will bring success to this research. 

Chapter two:
This chapter centres itself around the research of QOS for IPTV followed by the literature review and experiment.

Chapter three:
This chapter explores research and methods that are to be used for the experiment. A brief discussion of which are the most suitable test for the project.

Chapter four:
This chapter covers the methodology of the experiment and how it’s to be carried out.

Chapter five:
This chapter reviews any/all discoveries made from the experiment and compares them to other finding that have been mentioned in the literature review.

Chapter six:
This chapter covers the conclusion and evaluation section of the paper.

Chapter seven:
All reflections will be summarised are covered under this chapter.

Chapter eight:
References are stored in this chapter.



[bookmark: _Toc266447540][bookmark: _Toc480981993][bookmark: _Toc468967978]Chapter 2 – Literature Review  

[bookmark: _Toc480981994]2 	Introduction to literature review 
This chapter is broken down into two areas, related work and literature review. In this section research into what is IPTV, problems associated with IPTV, delays, jitters, and packet loss.  Also a look into what is QOS and how can it be measured. An overview of MOS and how this is measured and what applications are used to measure this.

[bookmark: _Toc480981995]2.1	What is Internet Protocol Television?

IPTV (Internet Protocol Television) is a digital TV service that delivers watchable TV programs through the internet by using TCP/IP packets[5]. These videos are transported to the TV through an internet connection, as an alternative to conventional broadcast setups[6]. Videos are streamed using TCP/IP encoding to carry the packets through the internet, this means that anyone could receive the service as long as they have a fast enough internet connection[7]. IPTV is commonly bundled with VoIP and the internet this is then referred to as “Triple Play”[8] service. This service allows users to watch TV, internet and making calls using VoIP[9].  

[bookmark: _Toc480981996]2.2 	What are the problems with IPTV?

There are several problems with IPTV.  
· The first issues is bandwidth, if there is not enough bandwidth on the users line the packets are unable to travel down the line fast enough to stream the TV program this causes buffering[10]. 
· The second issue is delays.  Delays can cause frames to be lost. When watching a TV show at low frame rate this may not be noticed but when watching a film in HD this can cause small glitches in the picture[11].
· The third issue is jitters.  Jitter can also cause frame loss, thus having the same effect on TV shows as delays[12]. 

[bookmark: _Toc480981997]2.3	What are Delays?

When designing a networks that will be transferring video packets, frames, and cell infrastructures, it’s key to understanding that delays will happen so steps must be taken into account. If the potential delays are accounted for correctly it will safeguards the network performance[12]. There are two different types of delay. The first type is fixed delay this delay adds directly to the total delay on the connection.  The second type of delay is variable delay.  This type of delay comes from queuing delays on the egress trunk which will buffer on a WAN port. This type of delay is called a jitter[13]. There are several causes for delay/latency on networks.  
· Internet traffic Spikes
During peak times the internet utilization has a tendency to spike and this  will often cause the network to lag[14].  Lag can vary by the users ISP or there geographic location.
· Routers
Not using the correct router for the job will also cause latency on the network. The correct setup on the system will normally elevate network latency, but if there is high traffic and this has not been taken into account then there could be latency on the network[15].
· Application Load
Web sites, multiplayer games and cloud computing, all these applications use shared IP services. These servers, applications can become overloaded with activity then there is a possibility the users can experience latency issues[16].


[bookmark: _Toc480981998]2.4	What are jitters?

Network jitter can be described as a difference in the delay of receiving certain packets. On the broadcast side, when sending a packets it is sent on a continuous stream, these are evenly spaced. Owing to network congestion, bottle necking, or configuration errors, the stream can becomes uneven, or there could be delays between each packet. Figure 2.1 illustrates what a jitters can look like on a networks.[17]
[image: 18902_Fg1.gif]
[bookmark: _Toc480982056]Figure 2. 1 Jitter effects on the network[18].

[bookmark: _Toc480981999]2.5	What’s packet loss?

Packet loss is the process of losing packets along the network path, which can severely damage the voice and IPTV application. Previous to deployment of IPTV applications, it used to be vital to assess the packet loss on the network, this was done conclude if the IPTV applications works. If packet loss measurements are made correctly they can assist in the best design and configuration for the traffic prioritising.  It also helps when it comes to the buffering parameters on the network[19]. There are four reasons for packet loss.


· Network Congestion
Data travels through several networks during its travels across the internet. If there is bottlenecking on any of these links the data could arrive late or it could be sitting in a Que. If a network device is bottlenecking and it has a large Que it is likely that the data will be discarded to clear the bottleneck. The application then recognises that the packets have been lost, it will then slows the transfer rate, and re-sends the lost packets. [20]

· Device Performance
If the users device has been is inadequate for the job the traffic will reaching the users device, but this device may have CPU or memory issues and may not able to handle the traffic.[15]

· Software Issues
There could be bugs on user’s current firmware and that it might not be able to manage certain routing protocols.  An update would normally solve this issue.[21]

· Cabling Issues 
One of the most common issues is hardware/cabling issues. This can lead to packets being physically dropped because the element is malfunctioning. Error messages can occur pointing to a cabling issue[22].


[bookmark: _Toc480982000]2.6	What is bandwidth and how does it affect network traffic?

Bandwidth can be describe as the maximum rate in which data can be transferred over an internet or network connection.  Bandwidth measures the amount of data that can be sent over a particular connection in a certain amount of time. An example of this, if a user has a gigabit NIC there potential bandwidth is 1,000 Mbps. A standard household router gives an Internet connection via phone cable an average of 22.8Mbps of bandwidth[23]. Bandwidth describes the network speed, it doesn’t however describe   how fast data move between locations. Bandwidth can be visualised as a tube in which water flows data being the water. If a larger amount of water is poured into a thin tube, it will flow through but water could flow over and be lost. This is revered to as bottlenecking, and the main cause of this is low bandwidth. If the same amount of water is poured through a wide tube, the water will flow through the tube unimpeded. By changing the bandwidth data can flow a lot easier[20].


[bookmark: _Toc480982001]2.7	What is Quality of Service (QoS)?

To have a successful organization there must be a high end communications network backbone. This type of network would be expected to transport a verity of protocols, applications and data, this includes high-quality video and VOIP data. These applications are bandwidth-intensive and put a large amount of stress on the network and its capabilities.  Today’s networks are expected to provide a secure, measurable, predictive, guaranteed service. To achieve this level of Quality they must manage the bandwidth, delays, jitters and packet loss on the network. Therefore QoS is a required techniques for network management.[24]


[bookmark: _Toc480982002]2.7.1	Perceptual evaluation of speech quality (PESQ)

Perceptual evaluation of speech quality (PESQ). This is a standard method of precisely testing the perceived quality level that the user receives of a VoIP. To measure this successfully two WAV file are required to be generated by the two users connected to different nodes on the network, these files are will recorded and compared once  received. A comparison to the reference file in will determine any degradation of quality en-route.[25]
The ITU P.862 PESQ standard unites the outstanding cognitive and psycho-acoustic model; this is achieved with a time alignment algorithm to accurately manage the variation in delay. 
PESQ is scored in a range of 1 to 5. One is classed as unacceptable whereas 5 is classed superb. A characteristic score for a VoIP call ranges from 3.5 to 4.2.[26]



	
[bookmark: _Toc480982003]2.7.2	E-Model

E-model is a tool for planning transmission to provide a forecast of the expected quality of voice, this is looked at subjectively by a typical user.  A wide range of telephone impairments are taken into account with E-model, low bit-rate coding in particular is looked at as its main impairment.  Other elements of impairment are data loss, noise and echo. E-model can also be applied to evaluate the quality of voice over wireline and wireless connections, this is based on packet/circuit-switched technology. [27]
		
[bookmark: _Toc480982004]2.7.3	Perceptual Evaluation of Video Quality (PEVQ)

Perceptual Evaluation of Video Quality (PEVQ) is a measurement algorithm for end-to-end video experience.  PEVQ is used to mark the picture quality of a digital video that has been presented. The scoring used is done on a point system 1 being the worst and 5 being the best this is called the mean opinion score (MOS). This uses the P.910 standard used in ITU-T institution.[28]
	
		

[bookmark: _Toc480982005]2.7.4	Peak signal-to-noise ratio (PSNR)

Peak signal-to-noise ratio, (PSNR) measures the power of a signal and degradation from a corrupting noise, this affects the reliability of its representation. PSNR is mainly used to measure quality of reconstructed codecs in image compression.  In case study’s they would send original data an introduce noise to cause errors and them measure the results by comparing the compressed codecs. PSNR simulates the quality of human perception with regard to reconstruction.[29] The calculation for PSNR is below
	
[image: ]
[bookmark: _Toc480982057]Figure 2. 2 PSNR Calculation[29]

[image: ]
[bookmark: _Toc480982058]Figure 2. 3 PSNR to MoS Conversion [30]

[bookmark: _Toc480982006]2.7.5	Video Quality Monitoring (VQM)

[bookmark: wp1054551]Video Quality Monitoring (VQM) is a way of monitoring the quality of the VOIP sent over the network. Cisco offers an integrated service in routers Gen 2 which integrates quality metrics for codecs H.264. For the VQM to work to its fullest potential it parses the header and the first bytes if the video package to gain critical information about the video file. [30]
		
[bookmark: _Toc480982007]2.7.6	Moving Picture Quality Metric (MPQM)

Moving Picture Quality Metric (MPQM) is based on a vision model. To measure the metric the user would need to input the original file and then the distorted file. The distorted file is computed first and looks for any difference between the original and any distorted sequences in the file.  Figure 2.3 shows the formula used to calculate the differences.[31]



[image: ]
[bookmark: _Toc480982059]Figure 2. 4 MPQM Calculation [31]

[bookmark: _Toc480982008]2.8	How is QoS Measured?
QoS is referred to as the ability of a network to deliver a standard of service to particular network traffic over a number of protocols. QoS is not standard on a normal network but with the uptake of IPTV it has become a necessity. The main goal of QoS is to give certain application and there protocols priority’s this includes dedicated bandwidth. Another of its services is to make sure that none of the other flows of data fail. [32]

[bookmark: _Toc480982009]2.9	What is Mean Opinion Score (MOS)?
Mean opinion score is a way of measuring quality of experience for engineers.  MOS is normally used for measuring video, and audio quality. MOS gives a numerical score of the observed quality of the video file that has been sent to another nod on the network. The scores go from one which is not acceptable to five which is perfect connectivity.[33]
[image: ]
[bookmark: _Toc480982060]Figure 2. 5 Mean option Score [34]

[bookmark: _Toc480982010]2.10	How does latency affect the traffic?

Network latency is expressed as the time it takes for a packet to be sent across a network from one nod to another node. There are many things that can cause network latency on an end to end network, jitters, delays and packet loss. This causes traffic on the network to be lost and have to be resent which all takes time and processing power.[34] 

[bookmark: _Toc480982011]2.11	How does bottle necking effect traffic?

Network bottleneck is a results of slow bandwidth speeds and restricts user productivity on the network. A bottleneck will occurs when bandwidth is not capable of accommodating great amounts of data at a chosen transfer rate. The road traffic is often used as analogy. An example, bottlenecking is unavoidable when a busy motorway finishes and drops down to one lane from three, the road will become impassable for long periods of time.[35]

[bookmark: _Toc480982012]2.12	Codecs

A codec is an encoding/decoding program where digital signals can be formulated into the correct codec for the task at hand. Codec is made up of two words coder-decoder. 
A codec is a way of converting a data signal ready for transmission; this could be in a form of encryption where a decoder would have to reverse the function. [36]

[bookmark: _Toc480982013]2.13	 Video on Demand (VOD)

Video on Demand (VOD) is a new feature with the likes of SKY and Virgin offering the users access to video box sets online.  The users have the ability to play, pause and rewind the video as and when needed.  The video is only stored on the user’s hardware whilst it’s being watched and then is deleted for the placement of the next VOD.[37]

[bookmark: _Toc480982014]2.14	 Live Streaming 

Live streaming means that the user has access to real time video feed as opposed to having to download the file later on.  One major disadvantage with live streaming is that is can only connect to one stream per computer this makes it a ‘unicasting’ system. Broadcasters are looking into alternative means of broadcasting the events for example using a multicast protocol but this is still in the development stages at the moment. [38]


[bookmark: _Toc480982015]2.15	 Convergence Network

A convergence network is the effective synchronicity of video, telephony and data over a single network. This type of network offers accessibility and flexibility that would not be possible with independent network setups.  Other names that have been used for a convergence network are media network and triple play network. [39]

[image: ]
[bookmark: _Toc480982061]Figure 2. 6 Convergence Network [40]


[bookmark: _Toc480982016]2.16 	Introduction to related Work 

Chapter two, Sections two, related work, a comparison of a variety of books, journals, white papers and peer reviewed documents are analysed. An inspection of varies media types are scrutinised and qualified and discussed in this section. Appropriate levels of scrutiny will be used for example if the literature comes from a newspaper then this will have a brief inspection as opposed to a peer reviewed paper.  



[bookmark: _Toc480982017]2.17 	Quality of Service Management for IPTV services support in VANETs: A Performance Evaluation Study[40]

[bookmark: _Hlk479149639]This papers is well structured and delivers insight into IPTV and Vehicle Add-hock networks.  Michael Oche, Rafidah Md Noor and Ali Jalooli[40] go into depth on VANETs and don’t concentrate too much on IPTV at the beginning of the paper but go more in-depth the throughout the paper. They break down all elements in to bullets and subject heading throughout the paper. There provided an adequate amount of visual aids as well as all equations used, they also provided a vast array of reference material to back up there finding and research.   All three authors have stated that because of the rapid increase in the number of vehicles on the roads that congestion has now become unavoidable. They have studied the amount of congestion on the roads and traffic work and found that there is no infrastructure that is applying safety applications using vehicular ad hoc networks (VANETs).  With the use of VANETs they hope to minimize the impact that the construction and road traffic accidents have on congestion. VANTEs uses embedded wireless equipment at a standard 802.11p in the vehicles allowing communicate with one another, this is called vehicle to vehicle network (V2V).  The authors are looking to implement infotainment system into the cars where they could have applications such as vehicle collision software and traffic notification to software that will play IPTV. Michael Oche, Rafidah Md Noor and Ali Jalooli[40] believe to deliver a good quality of IPTV on VANETs, a QoS tool is needed to manage network allocation of the VANTES resources. The three authors have pointed out certain floors with the VANETs that I would have difficulties handling IPTV as it’s a real time traffic streaming protocol. The authors postulate that real-time streaming of IPTV requires a minimum bandwidth or else QoS will degrade due to packet loss, jitters and delays on the VANET system.   The authors have pointed toward three different ways of measuring QoS the first Mean Opinion Score (MOS), the second V-factor and the last one is Media Deliver Index (MDI).  To combat the floors in the VANETs network the authors are running simulations, they going to change parameters on the network to give IPTV packages priority on the network. They will then measure the QoS using a subjective method for measurement.


2.18 	IPTV and Coding Technology[41]

The paper has a good structure and methodically moves from chapter to chapter making it flow dynamically. This paper concentrates on the use of different codecs, and how they can affect the QoS for IPTV and setting a standard codec of H.264 to use on multiple platforms. This paper uses lots of abbreviations but with no follow on explanation on what they mean. Le-qing Zhu, Sanyuan Zhang[41] believe to achieve a good level of QoS for IPTV, a standard codec should be implemented like a protocol would be for the internet. The authors believe that the best codec for this would be H.264 and test it against other codecs such as Mpeg-2, Mpeg-4 and JVT.  It would seem that the authors did not use many reference and this was indicated in the research of the paper. The paper does have some nice visual aids and a lot of equations on how the codecs are encrypted and decrypted. Le-qing Zhu, Sanyuan Zhang make an assessment of the compression capabilities of H.263, MPEG-2, MPEG-4 and H.264. The authors compare the bit rates of each of the codecs and runs them through a PSNR. The authors concluded, that changing to a standard codec across all IPTV platforms would help toward the improvement of QoS, but in the long run this would only patch over the problem with insufficient bandwidth and terminal complexity’s.



[bookmark: _Toc480982018]2.18	Voice Quality in VoIP Networks Based on Random Neural Networks[42]

This paper is well structured and gives a good account into all aspects of MOS, E-model and ITU.  A comprehensive overlook on how QoS on VOIP is calculated and all equation are given. H. Larijani, K Radhakrishnan[42] postulated that they would be able to predict the perceived quality of voice on real time traffic using the Random Neural Network (RNN). The authors explain the methods that they have chosen has the ability to learn and adjust the network traffic flow without human intervention.  When testing VOIP in there experiment they used the codec G711.a across the board for control purposes.   H. Larijani, K Radhakrishnan[42] go into great depth on the RNN model and how it would be calculated. The authors break down all elements in to bullets and subject heading throughout the paper.  The paper methodically moves from section to section making it flow dynamically.   The authors express interest in further experiments with a larger number of variables.  To evaluate the data the authors, use perceptual evaluation of speech quality (PESQ), this is a measurement algorithm.  The authors explain all aspects of their experiment and where they want it to go and all the possible problems they could encounter.  The authors give an in-depth account of all software used.  Any and all acronyms used are explained.  H. Larijani, K Radhakrishnan provided an adequate amount of visual aids, they also provided a vast array of reference material to back up there finding and research. The authors also talk about the method in which they intend to measure there out comes, they opted to implement an objective method to quantify there collected data.  







[bookmark: _Toc480982019]2.19 	End-to-End (e2e) Quality of Service (QoS) For IPv6 Video Streaming[43]

Rosilah Hassan, Rana Jabbar[43] are studying reliable quality of service for real time applications on IPV6. This paper is well structured and well laid out with a good use of visual aids. The authors have stated, that because of IPV4 address are now depleted, that IPV6 protocol need to be updated to support real time streaming for IPTV with a reliable QoS mechanism.   The authors have studied the amount of real time traffic on the internet. The two authors plan to run a number of scenarios using a differentiated service (DiffServ), this will test the QoS of the IPV6 video streaming, they intend to use different video quality’s and measure the outcomes. Rosilah Hassan, Rana Jabbar[43] believe that the solid end to end (e2e) approach will not work for IPV6 and they hypothesized that video spilling is required to get a constant QoS for IPV6.  This paper concentrates on IPV6 protocols and E2E for QoS and all simulations are run through a simulation software Opnet. The paper methodically moves from section to section making it flow dynamically. The authors explain all aspects of their experiment and where they want it to go and all the possible problems they could encounter. The authors noted a marked improvement in the using DiffServ as opposed to E2E approach.




[bookmark: _Toc480982020]2.20 	QoS guarantee for IPTV using Low Latency Queuing with various dropping schemes[44]

This paper is well structured with a nice use of visual aid and ample amount of references. The paper flows from section to section very methodically. The authors state that the differentiated services comprises to key elements, this is traffic conditioning (which is the QoS instrument which involves packet metering, marketing analysis with constricted shaping and dropping)[45] and PHB (Per Hop Behaviour)  describes the priority and policy given to a data when negotiating a hop on a DiffServ network[46].  The authors look at all aspects of LLQ (Low Latency Queuing), and how it dropping scheme relays to QoS in conjunction with delays, jitter and packet loss.  Gang Su, Pham Thuy Oanh, Shuo[44] He go into great details about RED (Random Early Detection), WRED (Weighted Random Early Detection) and ECN (Explicit Congestion Notification). The authors hypnotized that combining LLQ, WREN and ECN would give the best performance for IPTV. An in-depth look into the type of advanced video coding and H.264 codecs has been explored in the paper this also includes the bit transfer rates and there broadcasting channels. A large amount of the paper has been dedicated to network congestion and broadband voracious and the problems it can cause on the network. Gang Su, Pham Thuy Oanh, Shuo[44] conclude that without network starvation WFQ is scalable and with high traffic volumes they proposed to implement SCFQ, WF2Q and LLQ.









[bookmark: _Toc480982021]2.21	The Technical Framework of End-to-End Video Transmission System for the IPTV[47]

This paper is well structured with a nice use of visual aid and ample amount of references.  The paper flows from section to section making it easy to read and digest.  The author talks about how triple play networks have revolutionised the way the users now see the internet. Geng, Wei, Lenan, Wu, Deguo, Wang[47] go in-depth in to how Video on Demand (VoD) works and how the companies that are utilizing this technology have to guaranty the quality of service (QoS).  In their case study the authors propose a new end to end transmission system that would allow better QoS.  The authors have used an ample amount of visual data to help with explaining end to end transmission.  There are lots of acronyms that have been left unintroduced and there for the paper then becomes more difficult to read at that point.  Overall Geng, Wei, Lenan, Wu, Deguo, Wang[47]propose because of the “millions of users”[47] and the multitude of video data available to the general public better codecs, bandwidth need to be implemented for the better of QoS.
















[bookmark: _Toc480982022]2.23	Summary 

In conclusion this chapter has been broken down into two sections. The first section was a literature review on all aspects of research undertaken for the project.  The second section pertains to related work by peer reviewed papers and books.  The introduction to this chapter has also been broken down to give an overview of both sections. Finally this chapter shows all aspects of research undertake and how this will be implemented into the main body of the project. 






[bookmark: _Toc480982023]Chapter 3 – Methodology

[bookmark: _Toc480982024]3.1 	Introduction

This chapter will encompass all aspects of the methodology.  A discussion on different approaches that have been made to the methodology, for example which areas of the research onion has been approached. The research methodology will be linked to the aims and objectives given in chapter one.  An in-depth look at the methodology onion and all that it pertains to.  An explanation of what Positivism is and how it has been applied to the methodology will be explained and discussed. Deductive approaches has been used throughout the research methodologies.  Mono method quantitative, case study and data collection will then explained and examined.

[image: ]
[bookmark: _Toc480982062]Figure 3. 1 Research Onion [49]


[bookmark: _Toc480982025]3.2 	Positivism

It is well established that the principles of positivism are difficult to pin point and explain in an exact and concise manner; this is because of the many differences in which positivism is used by researchers. Positivism is related to the perspective given by a researcher needs to focus on facts.  In conclusion, positivism is founded on the knowledge that the only way to learn the truth is through science.[49]

[bookmark: _Toc480982026]3.3 	Deduction

The deductive method is all about progressing a hypothesis based on a current theory, and then planning a research approach to test that hypothesis.  A deductive method can be described by the means of its hypotheses; this can be derived from the plans of the concept. In conclusion the deductive method is the premise that a deduction and conclusion can be made from the theory.[50]

[image: ]
[bookmark: _Toc480982063]Figure 3. 2 Deduction



[bookmark: _Toc480982027]3.4 	Mono Method Quantitative

Monomethod research in this case is all about using a quantitative approach to the case study.  Monomethod research only uses one method to quantify its results, one quantitative or qualitative.  Over-all, in quantitative research, the data is in statistical form and analysed using quantitative analysis methods.  There is also a mixed methods research this merges quantitative with qualitative methods within the same study. The mixed method is fast becoming the most popular method in the fields of education, psychology and sociology. [51]

[bookmark: _Toc480982028]3.5 	Case Study 

A case study in methodology is an in-depth research in to a particular condition as opposed to an analytical survey. Case studies tend to be a refine approach to an appropriate field of study into a condensed researchable area. The case study will not answer the whole question but it will give a good indication as to where the study is going and further elaborates the hypothesis. The research design within the case study will be useful for examining whether technical theories and simulations will work outside of the case study. [52]

[bookmark: _Toc480982029]3.6 	Data Collection 

Through this methodology data collection will use a quantitative methods as oppose to a qualitative method. Quantitative methods are widely understood to produce more accurate data as this method uses a standardized method of collection, they can also be replicated and analysed using statistical techniques. Qualitative methods have been found to be more suitable for formal evaluation. There is also comprehensive evaluations which require quantitative methods to evaluate the value of the project.[53]




[bookmark: _Toc480982030]3.7 	Research design

In figure 3.3 this outlines the three core components of the research methodology.  This amalgamation of primary elements illustrates the reach design methodology’s purpose. Therefore, MOS, QoS and Video proved the course on which the project direction will flow.   

[image: ]
[bookmark: _Toc480982064]Figure 3. 3 Research Design



[bookmark: _Toc480982031]3.8	Summary

In conclusion this chapter reports on all aspects of the methodology and the research onion.  This chapter has been broken down into six distinct sections.  Each sections outlines the meanings and how it’s being implemented into the methodology of the project.  The introduction gives a brief overview of methodology.   

[bookmark: _Toc480982032]Chapter 4 – Design & Implementation 

[bookmark: _Toc480982033]4.1	Introduction

This chapter will encompass all aspects of the design and implementation stage of this project. The design and implementations will follow on from the methodology’s core principles as per figure 3.3 the research design. A discussion on different approaches that have been made to the design, for example all applications used and all PC specifications. Any changes to the design and implementation will also be explained in this chapter.  All aspects of the implementation will be documented and examined in this section. Any problem that have occurred during the design and implementation staged will be gone through and all possible outcomes will be documented. In figure 4.1 all the aspects of the project are displayed as a life cycle.

[image: ]
[bookmark: _Toc480982065]Figure 4. 1 Project Life Cycle

[bookmark: _Toc480982034]4.2 	Problem Formulation 

The aim of this project was to study the effects of different types of delays, jitters, noise, and packet loss on different quality video types such as 720p, 1080p and 4K. With this there lied many problems, this section will document them all.  
The first problem that needed to be overcome was where would the testing take place?  The testing involves three PC’s and a switch. Some rooms in the University of Wales Trinity Saint David on the fifth floor have switches built in, but this project required a standalone switch. The first room that was attempted to be utilised was room MH509, this room proved to be problematic as there were lectures going on and the hardware available was inappropriate for the task at hand, so an alternative room had to be sourced.  
After acquiring a cisco switch (specifications to be given in Implementation) and three PC’s (specifications will be given in implementation), it had been arranged that room MH505 was available for the allotted time that the experiment required.  The second problem, as the experiment requires playing a video over a network certain applications needed to be sourced.  These applications have been mentioned in the related work in chapter 2 giving credibility to their worth in the experiment.  
The first applications chosen for this experiment had to manage the network traffic and let variable be altered, for this research had been done on an application called WANem.  WANem is an application created by TATA consultancy services.  This application is freeware and is available to download at http://wanem.sourceforge.net/.  This application allows the user to alter the delays, jitters and packet loss on the network traffic.  This application sits on a PC in-between two other PCs and all the traffic is passed through this PC allowing the user to make the changes.  The next application needs to be able to play video over the network, for this VLC was implemented as it had the ability to play a variety of streaming protocols over the network and record the outcomes. VLC has been created by a company called Video Lan organisation and is a freeware application and can be downloaded from http://www.videolan.org/vlc/download-windows.en-GB.html. The third application perhaps the most important application was MSU Quality Measurement Tool.  MSU was created by Moscow State University in support of Computer Graphics and the Multimedia Labs of the maths and cybernetic department[54]. The software is freeware for non-profit company’s and was sourced at http://www.compression.ru/download/. Alternative software has also been sourced in case of issues, this software is Matlab.  Matlab was created a company called Math works and has been purchased by the University of Wales Trinity Saint David and is freely available to students across all campuses.  Matlab is used to run mathematical equations and simulation work.  BVQM is an external function created by Mark A. McFarland [55].  

[bookmark: _Toc480982035]4.3	Design

After reviewing many pieces of peer review literature and white papers, it was clear that path that other academics had applied and why.  The most commonly used design implemented three PC’s and a switch.  No all reviewed literature went down this method some had decided to go down the route of simulation with similar outcomes. The design that has been implemented requires three PC’s and cisco switch.  The PC’s must have a minimum specification of Dual Core 2.4 GHz with a minimum graphics intake of 256 MB RAM and a core clock of 600 MHz[56] and a cisco router is compatible with network interface cards 100 MB. When the network was first designed there was not going to be a switch. The design will look similar to figure 4.2
[image: ]
[bookmark: _Toc480380805][bookmark: _Toc480982066][bookmark: _Toc480380794][bookmark: _Toc480380818]Figure 4. 2 Network Design Old

This design proved particular difficult to implement as the hardware that was available did not have enough network interface cards and WANem was having trouble passing the data through the PC.  A new design was required and this is when the use of a switch was implement re figure 4.3.  The actual network looked life figure 4.4.
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[bookmark: _Toc480380806][bookmark: _Toc480982067][bookmark: _Toc480380795][bookmark: _Toc480380819]Figure 4. 3 Network Design New
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[bookmark: _Toc480982068]Figure 4. 4 Physical Network Setup






[bookmark: _Toc480982036]4.4	Implementation

This project was implemented within the University of Wales Trinity Saint David in block H on Mount Pleasant Campus in room MH505.  This room was chosen for several reasons, the first being the room had not classes timetabled when testing was scheduled, and the room housed the appropriate PC for the project meeting the minimum requirement for the testing.  

Hardware minimum requirements: 
2.4Ghz (dual core)[57]
256MB Video RAM[57]
Core clock 600 MHz[57]
Monitor refresh rate 60 Hz [58]

The software’s required for the project were:

VLC: (http://www.videolan.org/vlc/download-windows.en-GB.html) this is freeware and is downloadable at the given URL. 
[image: ]
[bookmark: _Toc480982069]Figure 4. 5 VLC Player Screen Shot[59]




WANem: (http://wanem.sourceforge.net/ ) this is freeware and can be downloaded at the given URL.

[image: ]
[bookmark: _Toc480982070]Figure 4. 6 WANem software screen shot [59]

MSU Video Quality Measurement Tool: 
http://www.compression.ru/video/quality_measure/video_measurement_tool.html
This is a software is a paid for software but has an educational free version which has limitations.  
[image: ]
[bookmark: _Toc480982071]Figure 4. 7 MSU




Video file used was sourced from BQVM for the case study.  
Once all this software and hardware requirement were meet, the case study was then setup.  The framework consisted of 3 PC’s and a cisco switch:

Hardware specifications:
PC A:
Make & Model: Dell Optiplex 9010
Processor: Intel i7-3770 3.40 GHz
RAM: 16 GB
Operating System: Windows 10 Pro

PC B:
Make & Model: Dell Optiplex 9010
Processor: Intel i7-3770 3.40 GHz
RAM: 16 GB
Operating System: Windows 10 Pro

WANem:
Make & Model: Dell Optiplex 9010
Processor: Intel i7-3770 3.40 GHz
RAM: 16 GB
Operating System: WANem

Switch:
2950 Catalyst Series
Monitors:
Make: Dell
Model: 1908WFP-F
Refresh Rate:  50 - 60 Hz



[bookmark: _Toc480982037]4.5 Network Setting

The Implementation will be completed over five phases.  Each phase will be the network parameters will be changed.  The minimum network setting for IPTV are shown in figure 4.7 these means there should be good results after going over the acceptable network configuration threshold.  

[image: ]
[bookmark: _Toc480982072]Figure 4. 8 Network acceptable values[60]

Phase one will measure the effects of delay on the network.  The testing will start with a standard 480p 8 second video sending it over the network without any changes to the delay.  After the first file has been sent all other files will be varied as per figure 4.8.  Starting on 20MS should not make any difference to the Quality of Service and the MOS.  Testing was done to breaking point on the network this is why the delay of 1300MS has been chosen.

[image: ]
[bookmark: _Toc480982073]Figure 4. 9 Network Delay Variables

Phase two will measure the effects of Packet Loss on its own on the network.  The testing once again starts with a standard 480p 8 second video sending it over the network without any changes to the packet loss.  After the first file has been sent all other files will be varied as per figure 4.9.  Starting on 5% shouldn’t make much difference to the Quality of Service and the MOS.  Testing will be done to breaking point on the network this is why the packet loss goes up to 50%.

[image: ]
[bookmark: _Toc480982074]Figure 4. 10 Network Packet Loss Variables

Phase three will measure the effects of corruption on its own on the network.  The testing once again starts with a standard 480p 8 second video sending it over the network without any changes to the corruption.  After the first file has been sent all other files will be varied as per figure 4.10.  Starting on 5% shouldn’t make much difference to the Quality of Service and the MOS.  Testing will be done to breaking point on the network this is why the corruption goes up to 20%.

[image: ]
[bookmark: _Toc480982075]Figure 4. 11 Network Corruption Variables

Phase Four will measure the effects of fixed delay and variable jitter on the network.   Files have been sent over the network in the order of figure 4.11.  Starting with 10MS delay and a 10MS jitter shouldn’t make much difference to the Quality of Service and the MOS.  Testing will be done to breaking point on the network this is why the jitter goes up to 50MS.

[image: ]
[bookmark: _Toc480982076]Figure 4. 12 Fixed Delay Variable Jitter
The final phase five will measure the effects of Variable delay and variable jitter on the network.   Files have been sent over the network in the order of figure 4.12.  Starting with 100MS delay and a 50MS jitter to see how much difference to the Quality of Service.  Testing will be done to breaking point on the network this is why the jitter goes up to 400MS.

[image: ]
[bookmark: _Toc480982077]Figure 4. 13 Variable Delay Variable Jitter


[bookmark: _Toc480982038]4.6	Summary

This chapter conveys all aspects of the project design and implementation.  This chapter has been broken down into three distinct sections Problem Formulation where all the problems that have arisen during the test phase have been documented and examined.  Design this section has delivered all the requirements and any proposed strategies used for the design of the project, and Implementation this section examines all the hardware and software that has been used throughout the testing phase of the case study.  


[bookmark: _Toc480982039]Chapter 5 – Testing & Evaluation 

[bookmark: _Toc480982040]5.1	 Introduction 

This chapter encompass all aspects of the testing and evaluation stage of the project. The testing and evaluation section will follow on from the design and implementations core principles as per figure 4.1 the project life cycle. A video file will be passed through a WAN emulator, where different types of delay and packet loss will be added to the emulator and the outcome will be compared to the original file, this will all be documented with pictures, screen shots and other graphical data.  All outcomes that and problems encountered will be documented in this chapter. 

[bookmark: _Toc480982041]5.2 	Testing 

Before all the testing could take place the network had to be set up.  First the test was to make sure that the network could see each other so a simple ping test was run as per figure 5.1 and figure 5.2.

[image: ]
[bookmark: _Toc480982078]Figure 5. 1 Ping test from 192.168.140.14



[image: ]
[bookmark: _Toc480982079]Figure 5. 2 Ping from 192.168.140.12
The pings were running through the WANem which was on 192.168.140.20 IP address. Figure 5.3 and 5.4 shows the route being added to the machines.

[image: ]
[bookmark: _Toc480982080]Figure 5. 3 Route add 192.168.140.14
 
[image: ]
[bookmark: _Toc480982081]Figure 5. 4 Route add 192.168.140.12
Once the IP route has been added the machine had to have the network drive mapped to PC B this is shown in figure 5.5.

[image: ]
[bookmark: _Toc480982082]Figure 5. 5 Network Mapping

[bookmark: _Toc480982042]5.2.1 	Phase One - Variable Delays
[image: ]
[bookmark: _Toc480982083]Figure 5. 6 PSNR Score for delay
Phase one tests the difference that variable delays make to the network with regards to QoS for IPTV and giving a MOS score. Figure 5.6 shows the results from the tests performed in phase one.  The first three tests performed gave unexpected results as they all were 100% regardless of the delay given.  The following test were as expected due to the increased delay the video degradation caused the video to become unwatchable. Test one added 20MS delay on the network, this made no effect to the PNSR and the MOS would be rated at 5.  The second, third and fourth test where the delay was increased by a factor of X2 also showed that there was no effect to the MOS as they all rated 5.  The fifth test made a drastic difference to the PSNR score and in turn the video degradation that was recorded ended up with an MOS of 1, this means that the image was unwatchable. The sixth and seventh test showed that PSNR and MOS were lower each time.  The MOS scores for six and seven was 1. 


[bookmark: _Toc480982043]5.2.2 	Phase Two - Packet Loss

[image: ]
[bookmark: _Toc480982084]Figure 5. 7 Packet Loss PSNR

Phase two tests the difference that variable packet loss make to the network with regards to QoS for IPTV and giving a MOS score.  Figure 5.7 shows the results for the tests in phase two.  As the expected due to the increased packet the loss the degradation became too much for the network to deal with, this  caused the video quality to become unwatchable the more packet loss was introduced.  Test one showed the impact of 5% packet loss, figure 5.2 shows that there was no degradation in the video quality and according to MOS conversion chart Figure 2.3 the score would be 5 perfect quality.  Test two shows that a 10% packet loss makes a big difference and drops the PSNR score to 84% meaning the MOS score would be 5.  Test three 15% had an impact and knocked the PSNR score down to 75% giving it a MOS of 5. Test four 20% had a little impact dropping the score to 73%. Test five dropped down to 62%.  Test six where the packet loss was ramped up to 50% showed that the PSNR score was at 12.96% meaning the MOS dropped down to 1 making the video unwatchable.



[bookmark: _Toc480982044]5.2.3 	Phase Three - File Corruption 
[image: ]
[bookmark: _Toc480982085]Figure 5. 8 Corruption Test

Phase three concentrates on the corruption of the file being sent over the network.  Figure 5.8 shows the results of the testing for phase three.  The first test had the corruption set at 5% as expected there was no change to the video degradation leaving the MOS score at 5 and the PSNR score at 100%.  The second test had the corruption value set to 10% the results showed that the video quality degraded by 14% still making the video MOS 5 so the corruption was not noticeable as far as MOS and QOS is concerned.  Third test the corruption parameters were set to 15% this in turn made a large increase in the degradation of the video. The PSNR score went down to 71% this was however to be expected as the more corruption in the file the more degradation of the video quality would be expected. The final test parameters were set to 20% corruption, this had a marked increase the in the video degradation as expected. 


[bookmark: _Toc480982045]5.2.4 	Phase Four - Fixed Delay & Variable Jitter
[image: ]
[bookmark: _Toc480982086]Figure 5. 9 Fixed delay 10ms with variable jitter (ms)
Phase Four is where two different types of delay were added to the network.  In this test a fixed delay of 10 MS throughout was set with the jitter being the variable. Figure 5.9 shows the results of the test.  The test shows with 10MS delay and 10Ms jitter there was no impact the video quality this is to be expected as its still within the minimum parameters.  The second test shows a rather large drop in video quality,  the PSNR score drops by 30% this still put the video in the MOS of 5 but the change of 10MS in jitters as cause a big impact to the files integrity.  Third test shows yet a further decline in the PSNR score, this is to be expected to go along with the results at the beginning of this test.  Fourth test shows even more degradation in the videos quality and the fifth test shows that video degradation has completely broken down and the MOS is not 1 meaning that this video would now become unwatchable.  


[bookmark: _Toc480982046]5.2.5 	Phase Five - Variable Jitter & Variable Delay
[image: ]
[bookmark: _Toc480982087]Figure 5. 10 Variable Jitter & Delay
Phase Five the final phase of testing, these tests have two variables.  The variables being measured in these tests are Delay and jitter.  The start parameters for the first test were jitter 50MS and delay 100MS, this made no difference to the performance of the degradation of the video and the score for MOS of 5.  Test two the jitter was increased to 60MS and the delay was increased to 200MS, this made a little difference to the PSNR score of 12% from the first test but the MOS score stays at 5.  Test three the jitter was increased to 100MS and the delay to 300MS the PSNR went down to 63% which was to be expected as the jitter send the file packets in out of order.  Test Four as expected shows much more video degradation dropping the PSNR to 38% and the fifth test the PSNR goes down to 2% which means the video is unwatchable. 



[bookmark: _Toc480982047]5.3 	Summary
This chapter conveys all aspects of the project testing.  This chapter has been broken down into five distinct phases. This section has explained all facets of the testing stage.  All the results have been collected and examined.  With each examination of the results the conclusion has been drawn and tested against the hypotheses that have been observed in chapter 1.2 Aims.  There have been many issues with the testing, in the way that the case study was set up to the way the results didn’t always meet expectations.  

[bookmark: _Toc480982048]Chapter 6 – Conclusion 
[bookmark: _Toc480982049]6.1	Conclusion

Throughout this paper there have been summary’s for each chapter.  This chapter will culminate all of the summaries and conclude how the all testing relates to each section. Chapter one is the introduction to the paper, this chapter explains what is going to be happening throughout the rest of the paper, it will also examine what should be expected along with the aims and objectives.  
Chapter two is the research chapter, this section is where all research is explained and examined.  This chapter also contains peer paper reviews, this is where the author has taken a peer written paper which relates to this project and reviewed what other authors have achieved from their case studies.  
Chapter three looks at the methodology, this chapter reviews the research onion and the path that would be taken for a case study.  
Chapter three looks at positivism, deduction, mono method quantitative, case study, data collection and research design, each heading is explained and examined. Chapter four is all about the design and implementation of the case study.  This chapter is broken down into four subsections, problem formulation this section is the core of the project, all theory’s stated and problems to overcome are surveyed in this section.  Design this is where the design of the experiment is explained and studied.  Implantation covers all the aspects in how the experiment will be setup and all specifications of the setup are documented there. Network settings are where all other network parameters are explained and scrutinised. 
Chapter five is all about the testing & evaluation stage of the paper.  This chapter has been broken down into five section, each section relates to its own phase of testing.  This chapter is where all the efforts of aims, objectives, research, and methodology culminates and the end product are the results from the test.  Each phase of testing has been labelled and the results have been explained.  Some of the testing did not meet the expectations of the research while other tests where as expected. 



[bookmark: _Toc371255565][bookmark: _Toc480982050]6.2	Recommendations for Further Research

For future research there are lots of areas in to expand upon. A larger network could be implemented where different types of network traffic would cause other problems on the network for example latency and bottle necking.  Changing the bandwidth on future tests would be a benefit from future research as it could mean that delay and jitter may not affect the video degradation as much.  In future research it would be beneficial to test newer codecs such as HEVC H265.  This would lead to testing on high quality of videos such as 720p, 1080p, 4K and soon 8K resolutions. The tests would benefit from having more video and voice traffic run whilst testing corruption.




[bookmark: _Toc480982051]Chapter 7 – Reflections 

[bookmark: _Toc480982052]7.1 	Areas of improvement

Throughout this project there have been many areas in which improvements could have been made but all in all the experiment stage was a success. This chapter will focus on any all aspects of the paper and experiment that could have been improved.  More research could have been could have been done on the software that was used, an example of this is BVQM software would not run because of limitation of the hardware this meant that a new software had to be sourced.  Once the new software MSU had been sourced it was found that to run the 720p and 1080p files the software would have to be purchased and there was no money available for this.  
Other areas of improvement would have been time management. The author’s time management for the project was insufficient and completely underestimated for the completion of the project. A new Gantt chart figure 7.1 will show how much extra time was needed for the project to be finished.  

[image: ]
[bookmark: _Toc480982088]Figure 7. 1 New Gantt chart

No enough research was done in the area of the operating systems used, whereas WANem was running on Linux based operating system the problems occurred in windows while trying to add the route through the WANem machine as the route add command would not work as per figure 7.2.
[image: ]
[bookmark: _Toc480982089]Figure 7. 2 Problem adding route

Due to time restriction and cost restrictions MSU software could not process HD files without payment at this stage a 480p file was found and used for the experiment stage image 7.3 will show the error message received once the experiment was started.

[image: ]
[bookmark: _Toc480982090]Figure 7. 3 MSU HDTV file failure

  
[bookmark: _Toc480982053]7.2 	Personal Benefits

The areas that have benefited me are firstly time management, over the past few years my time management has been appalling but knowing that this project had to be in I have managed to put the required time aside to finish my report on time, in the future thou I believe more time would be required then initial thought. I have learned how to overcome new issues with unfamiliar software such as how to run a live disk for Linux, how to change the environmental setting in windows and so forth.  An understanding of the different types of codecs available has been ingrained into me with the amount of research I have done on codecs and how they will be manipulated in the future growth of IPTV.  I know understand gravitas and benefits of meeting with the project supervisor throughout such a big project.  

[bookmark: _Toc480982054]7.3 	Project Management 

For better time management within this project a new Gantt chart was made see figure 7.1. This chart unlike my original chart shows that more time was needed for the write up, experimentation, literature review and the project on the whole.  The previous Gantt chart shown in figure 7.4 stated that I did not give myself a whole lot of time to finish the project

[image: ]
[bookmark: _Toc480982091]Figure 7. 4 Gantt chart Old


The first timing I changed was the amount of time I gave myself for the literature review.  As I was going through the paper you never stop researching so this was extended until the hand in date.  Due to poor time management the experiment did not take place until the 10th of April but I was supposed to be completed in January to give myself more time to understand the results,  the experiment was finished on the 15th April and the result were correlated over the weekend and added to the report. More time was allotted to the write up as originally I had not put in a time for the write up in the Gantt chart, in reflection I would have made sure that there was time set aside for this. 
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