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Abstract 

IPTV is a growing form of distribution for TV and media. Reports show that the market will grow from 

the current 20-30 million subscribers to almost 100 million 2012. IPTV extends the traditional TV 

viewing with new services like renting movies from your TV. It could also be seen as a bridge 

between the traditional broadcast approach and the new on demand approach the users are used to 

from internet.  

Since there are many actors in the IPTV market that all deliver the same basic functionality, 

companies must deliver better products that separate them from the competitors. This can be done 

either through doing things better than the others and/or delivering functionality that others can’t 

deliver.  

This thesis project presents the development of a prototype system for serving user generated 

content in the IPTV middleware Dreamgallery. The developed prototype is a fully working system 

that includes (1) a fully automated system for transcoding, of video content. (2) A web portal 

presented with solutions for problems related to user content uploading and administration. (3) 

Seamless integration with the Dreamgallery middleware and end user GUI, with two different ways 

of viewing content. One way for easy exploration of new content and a second more structured way 

of browsing the content. 

A study of three open source encoding softwares is also presented. The three encoders were subjects 

to tests of: speed, agility (file format support) and how well they handle files with corrupted data. 

  



  Acknowledgements 

 

vi 

Acknowledgements 

During this Master thesis project I have received valuable help from my examiner Simin Nadjm-

Tehrani. She has helped steer me in the right directions when I’ve gotten out of course and also 

provided guidance in all questions that I have raised, which is gratefully acknowledged. 

I would also like to thank my supervisor at Dreampark AB, Christian Ridmark, for giving me great 

support and guidance in the Dreamgallery system, advice during the development and someone to 

discuss ideas and solutions with. 

Finally, I would like to say thanks to all the co-workers at Dreampark AB who have helped me in 

many ways during my stay there. 

  



  <Contents 

 

vii 

Contents 

1 Introduction and background ...........................................................................................................1 

1.1 The company.............................................................................................................................1 

1.2 Background ...............................................................................................................................1 

1.3 Problem formulation .................................................................................................................1 

1.4 Requirements ............................................................................................................................2 

1.4.1 Basic requirements .............................................................................................................2 

1.4.2 Extended requirements ......................................................................................................3 

1.5 Limitations ................................................................................................................................3 

1.6 Targeted readers .......................................................................................................................3 

1.7 Structure of this report ..............................................................................................................4 

2 The Dreamgallery ecosystem ...........................................................................................................5 

2.1 Structure of the Portal Server ....................................................................................................5 

2.1.1 Module structure................................................................................................................7 

3 A system for user generated content in IPTV ....................................................................................8 

3.1 Overall system design ................................................................................................................8 

3.2 Web portal .............................................................................................................................. 10 

3.2.1 Plug-ins used .................................................................................................................... 10 

3.2.2 Structure .......................................................................................................................... 10 

3.2.3 Feedback on progress when uploading large files ............................................................. 12 

3.3 Conversion system .................................................................................................................. 14 

3.3.1 Conversion queue ............................................................................................................. 15 

3.3.2 Distribution of encoding ................................................................................................... 16 

3.4 Portal server............................................................................................................................ 17 

3.4.1 Web/controller layer ........................................................................................................ 17 

3.4.2 Service layer ..................................................................................................................... 18 

3.4.3 Proxy layer ....................................................................................................................... 18 

3.4.4 Domain classes ................................................................................................................. 19 

3.5 STB19…….. ............................................................................................................................... 19 

3.5.1 Channel view .................................................................................................................... 19 

3.5.2 Portal view ....................................................................................................................... 21 

4 Study of three open source video encoders.................................................................................... 24 

4.1 libavcodec ............................................................................................................................... 24 

4.1.1 FFmpeg ............................................................................................................................ 24 

4.1.2 MEncoder ......................................................................................................................... 24 



  <Contents 

 

viii 

4.1.3 VLC ................................................................................................................................... 25 

4.2 Performance of encoders ........................................................................................................ 25 

4.2.1 Test environment ............................................................................................................. 25 

4.2.2 Computation time ............................................................................................................ 25 

4.2.3 Multi -core test 1 – parallel instances ............................................................................... 27 

4.2.4 Multi-core test 2 – the threads option .............................................................................. 28 

4.2.5 File formats ...................................................................................................................... 29 

4.2.6 Damaged files ................................................................................................................... 30 

4.2.7 Memory ........................................................................................................................... 32 

5 Discussion ...................................................................................................................................... 33 

5.1 Result ...................................................................................................................................... 33 

5.1.1 Encoder test ..................................................................................................................... 33 

5.1.2 The prototype................................................................................................................... 34 

5.1.3 Meeting the requirements ................................................................................................ 34 

5.1.4 GUI ................................................................................................................................... 35 

5.2 Improvements ......................................................................................................................... 37 

5.2.1 Extended web portal functionality .................................................................................... 37 

5.2.2 Separate to multiple servers ............................................................................................. 38 

5.2.3 Hardware encoding .......................................................................................................... 38 

Glossary ............................................................................................................................................ 39 

List of references .............................................................................................................................. 41 

Appendix A - Encoder command lines ............................................................................................... 43 

 

  



  List of figures 

 

ix 

List of figures 

Figure 1 - Map over the ecosystem .....................................................................................................5 

Figure 2 - Communication between STB and server and back. .............................................................6 

Figure 3 - Module stretching over several layers. ................................................................................7 

Figure 4 - All parts in the system .........................................................................................................8 

Figure 5 - Communication routes with different database locations ....................................................9 

Figure 6 - Class diagram for the web portal. ...................................................................................... 11 

Figure 7 - Sortable_element in action. ............................................................................................... 12 

Figure 8 - Browser/server side vs. Flash/client side ........................................................................... 13 

Figure 9 - Class diagram for the converter ......................................................................................... 14 

Figure 10 - Interaction between Web portal, database and conversion system. ................................ 15 

Figure 11 – State machine describing the steps in the encoding server. ............................................ 16 

Figure 12 - Class diagram showing classes on the Portal Server ......................................................... 17 

Figure 13 - Domain classes on the Portal Server ................................................................................ 19 

Figure 14 - Class diagram for the channel view .................................................................................. 20 

Figure 15 - Structure of the portal view ............................................................................................. 21 

Figure 16 - Different parts of an exhibition ........................................................................................ 21 

Figure 17 - Class diagram for portal view ........................................................................................... 22 

Figure 18 – Deviations in computation times with the three encoders. ............................................. 26 

Figure 19 – Runtimes with multiple instances in parallel ................................................................... 27 

Figure 20 - Multi-core CPU usage with the threads option................................................................. 28 

Figure 21 - Examples of corrupted video. .......................................................................................... 31 

Figure 22 - Memory usage chart. ....................................................................................................... 32 

Figure 23 - Traditional TV channel ..................................................................................................... 35 

Figure 24 - User generated content viewed as a channel. .................................................................. 35 

Figure 25 - Channel view with progress and playback state showing ................................................. 36 

Figure 26 - Breadcrumb in the portal view. ....................................................................................... 36 

Figure 27 - Playing a video through the portal view ........................................................................... 37 

 

List of tables 

Table 1 - Tested formats ................................................................................................................... 29 

Table 2 - Results of tests with damage files. ...................................................................................... 31 

 

  



1  Introduction and background 

1 
 

1 Introduction and background 

This chapter goes through the background, purpose and requirements of this Master’s Thesis project. 

The thesis project was carried out at Dreampark AB in Linköping, Sweden between autumn 2008 and 

spring 2009. The thesis, covering 30 ECTS points, is part of the degree of Master of Science in 

Computer Science and Engineering at Linköping University, Sweden. 

1.1 The company 

Dreampark AB is a Swedish software and consultancy company. The company is based in Norrköping 

with offices in Linköping and Stockholm as well. Dreampark focuses mainly on IPTV applications and 

its main product is the software suite Dreamgallery, which provides functionality required by 

operators wanting to offer IPTV services over IP networks and different types of hybrid solutions. 

Dreampark is one of the largest suppliers of IPTV middleware in the Nordic region. 

1.2 Background 

IPTV is a growing form of distribution for TV and media. Reports show that the market will grow from 

the current 20-30 million subscribers to almost 100 million 2012 [1]. IPTV extends the traditional TV 

viewing with new services like renting movies from your TV and adding more interactivity. It could 

also be seen as a bridge between the traditional broadcast approach and the new on demand 

approach the users are used to from internet.  

But there are many actors in the IPTV market that all deliver the basic functionality. In order to gain 

advantage over the competitors companies must deliver better products that separate them from 

the competitors. This can be done through doing things better than the others and/or delivering 

functionality that others can’t deliver. This thesis project aims to investigate the last aspect; adding 

new functionality. 

User generated content (UGC), sometimes referred to as consumer-generated media, is content that 

is produced by the end-users instead of professionals employed by a company. In the last years UGC 

have grown fast and is now used on many web pages as the only source of material. YouTube, which 

is the largest player, announced in mid 2006 roughly a year after launch that they had more than 

65.000 videos uploaded per day [2]. And in late 2008 the co-founder Chad Hurley said that 13 hours 

of content were uploaded every minute [3].  

The purpose of the thesis work was to see how user generated content could be integrated in an 

IPTV system by building a prototype system around open source software. The goal was not to build 

a “YouTube version 2”, but rather to build a more closed system where the user could easily share 

content with friends and groups, more of a complement to current solutions than a competitor.  

1.3 Problem formulation 

I will use a scenario, with the user Anna, to present the problem this thesis aims to present a solution 

to. 

Anna is a customer to IPTV-For-All which is an IPTV provider. IPTV-For-All have just sent out a mail, to 

their customer, about their new functionality where you can share videos with your friends. Anna 

goes to her computer and browses to the page stated in the mail. She is presented with the option to 

create an account and does so. After the account creation she is presented with different options 

like: upload videos, create playlists and join groups. She wants to try it out and chooses to upload a 



1  Introduction and background 

2 
 

video. She clicks to the page where you upload new videos and selects one from the summer 

vacation in Spain and uploads it. After the upload is finished she continues to explore the web page 

for a while. Transparent to the user the system immediately starts to convert the video to format 

that the Set-top-box can handle.  The system also generates images that can represent the video on 

the web page and on the Set-top-box. Anna notices that the video she uploaded has been converted 

and is now available to view directly on the web page and on the TV. She goes to the living room and 

starts the Set-Top-Box and changes the channel to the new “User generated content” channel. Since 

the system is fully integrated with the IPTV middleware the Set-top-box immediately starts to play 

the familiar intro of her video of the visit to Spain. She changes to the next video in the channel and a 

video of one of her friends skiing is shown on the TV. Anna is a bit confused at first but then she 

remembers that she joined a group that her friend created and that this must be a video that the 

friend has uploaded. 

The presented solution includes a web page for administrating content and a conversion system that 

is integrated with the current IPTV middleware.  

1.4 Requirements 

Dreampark had a rough idea of how the system could be built and how it should behave. They 

wanted a web page where you could log in and upload content, administer the content and share it 

with friends and within groups. The content should then be accessible on the TV via the Set-top-box 

(STB). The vision was to be able to represent the content in the same way as normal TV channels, to 

make it appear as a more integrated part of the TV experience. They also wanted the user to be able 

to browse the content in a more structured way than via the channels, if the user wanted to watch 

specific content. 

As part of the development of the prototype a study of different software for transcoding video 

content was also requested, to determine which the best alternative to use in the prototype is. 

Dreampark wanted to use open source as much as possible and therefore I choose to study the three 

open source encoders: FFmpeg, MEncoder and VLC. 

The requirements are listed as either basic or extended requirements. The basic should be read as 

“minimum” and should all be fulfilled by the prototype and the extended was to be implemented if 

time permitted. 

1.4.1 Basic requirements 

These are the basic requirements for the system.  

B.1 The system should be able to handle MPEG-2 and MPEG-4 video. This is needed since the STB 

usually supports these formats.  

B.2 The system should be able to serve content via HTTP. 

B.3 The system should be integrated with the customer database in Dreamgallery. 

B.4 The user should be able to create playlists. 

B.5 The user should be able to share playlists. 

B.6 The user should be able to create, join and administer groups. 

B.7 The user should be able to share content and build playlists in the groups. 

B.8 The system should be loosely coupled between the web interface and the Portals Server. 
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1.4.2 Extended requirements 

If time permits these requirements should also be considered. They are not listed in any particular 

order. 

E.1 The system should be able to handle the most common video formats: WMV, AVI, MPEG-2, 

MPEG-4 and DivX. 

E.2 The system should be able to convert these to MPEG-2, which is a format that the STB supports. 

E.3 The system should generate one or several images from the converted videos. 

E.4 The system should be able to serve content via Real Time Streaming Protocol (RTSP). 

1.5 Limitations 

The goal of this thesis was to produce a prototype, to see how a system of this type could be 

implemented and what kind functionality and performance one could expect.  Since building a whole 

finished system would be too much for a single master thesis I had to introduce a few limitations to 

the system.  

The web portal will only be developed with the basic functionality like uploading files, building 

playlist and administrating videos and playlists. The visual appearance will be kept at a simple level.  

The system will also be built to work with all system running on a single machine. In the ideal case 

the system would be split up into several servers: i.e. file servers, web servers, conversion servers, 

stream servers and so on. But this would add too much complexity and making the system too large 

to be developed during this thesis. By limiting the prototype to run everything on one server I will not 

need to implement file transferring and protocols for communication between servers.  

Integrating the system with one of the stream servers1 used at Dreampark would be needed in a 

finished system, but for the thesis I will use a simple stand alone server. The choice fell on Live555 

Media Server [4], which is open source and easy to set up.  

Dreampark envisioned that a complete system would handle video, images and sound. To limit the 

work I will only focus on implementing support for video, as this is seen as the primary purpose of 

the system. 

1.6 Targeted readers 

This thesis is primarily written for students with a background in computer science and professionals 

within the areas of IPTV. In the report I assume that the reader has basic knowledge within these 

areas. A short glossary is supplied in the end of the report if the reader finds an unfamiliar 

abbreviation or technical term.  

  

                                                        
1
 A stream server is used to serve a client with streaming on demand video. 
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1.7 Structure of this report 

This master thesis report is divided into five chapters. The first chapter is an introduction to the 

thesis project.  

The second chapter describes the current system, Dreamgallery, with its parts and structure. 

 The third chapter describes a proposed solution starting with the big picture and then narrowing it 

down to each part of the system. The report will not describe every line of code but rather focus on 

selected parts with special interest; providing the solution used and the underlying problem. 

The fourth chapter is the study of three open source encoders. The chapter is started with some 

background information about the software followed by the tests applied on them. The tests are 

listed with a descriptive text, the setup, and the result. 

The fifth and last chapter sums up the thesis with a short discussion of the thesis result and possible 

further development and improvements to the system.   
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2 The Dreamgallery ecosystem 

Dreamparks main product is the IPTV middleware, Dreamgallery. The middleware binds together 

different service suppliers, customer systems and billing systems and then exposes a single portal for 

the end user. For an overview of the ecosystem see Figure 1 which shows the interesting parts of 

Dreamgallery and some systems that interacts with it. The middleware also includes the Portal 

Generator for managing the GUI on the clients (editing menus, adding sections etc) interactively and 

the IPTV Admin interface for administrating the system.  

 

Figure 1 - Map over the ecosystem 

Dreampark tries to use open source software and also to use multi platform software, not to force a 

specific platform or licenses on their customers. The most common scenario is that the servers run 

Linux with Apache and MySQL but the system is built so that it is not bound to any specific operating 

system and database software.  

STB usually runs Linux and the client system is run inside a web browser by HTML/CSS and JavaScript. 

TV and video feeds are streamed directly to the STB from the streaming servers, either through 

multicast (TV and radio) or via unicast (on demand media).  

2.1 Structure of the Portal Server 

The Portal Server is written in Java and uses Spring Framework [5] as model-view-controller. In the 

database layer they use Hibernate [6], which is an object-relational mapping (ORM) and persistence 

framework. Hibernate maps the java objects, used in Spring, to rows in a database and handles all 

communication to and from the database. They also use the template engine Velocity, this is used to 

generate responses from the model passed on by the controller. The spring application runs in a 

servlet container. For this they use Apache Tomcat [7]. Hibernate, Spring, Velocity and Tomcat are all 

open source software and very often used together in a setup like this. 
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Figure 2 - Communication between STB and server and back. 

Figure 2 describes the overall software architecture on the Portal server. In the figure you can also 

follow the path the data takes from the database to the TV. For example if the box should list 

something from the database, the following steps occur. The box requests a resource via HTTP from 

the portal server. The request is received by a Spring controller in the controller layer. The controller 

performs some checks that it is a valid request and then uses the service layer to request data. The 

data is fetched from the database via Hibernate which queries the database and transforms the 

result into java objects which it passes on to the service layer. The controller receives the objects and 

then passes the data (the model) to Velocity. In the last step on the server Velocity generates a 

response in JavaScript that is returned to the box. This response is evaluated by the browser on the 

box and the GUI is updated with the new data. 
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2.1.1 Module structure 

Extra functionality is added to the core of the Portal Server by writing modules to it. A module is in 

itself a whole Spring application that stretches over all layers in the server, see Figure 3 below. 

Encapsulating all new functionality in modules results in a system that is modular and easy to change 

and allows to choose what parts to deploy. Dreampark can deliver tailor made systems to each 

customer by letting them choose exactly what modules should be included in their system. The core 

and the chosen modules are then compiled into a single file and deployed on Tomcat. 

 

Figure 3 - Module stretching over several layers.  
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3 A system for user generated content in IPTV 

During the thesis project a prototype system was developed. In this chapter I will present the 

proposed structure of the system. I will not go into so great detail that every class and interface will 

be described but rather present the overall description of the different sub systems. The chapter will 

begin with a short introduction stating the different parts and their purpose in the prototype. This is 

followed by a subchapter for each part describing its functionality in more detail. 

3.1 Overall system design 

The prototype is split into four different parts: a web portal, a conversion system, a module in the 

Portal Server and a module in the STB. In Figure 4 below the parts that were built from scratch during 

this thesis work are marked with a star. This includes the Web portal and the conversion system. The 

other two are developed as modules and parts of the already existing system. 

The need for a web portal arises since it was considered not feasible to do such tasks via for example 

a STB. This is primarily because the STB doesn’t have any means to keep content or to read content 

from external devices. But also because most STB’s only have a remote control for input and that it 

would be too hard to administer the UGC system by a remote control only. 

 

Figure 4 - All parts in the system 

The Web portal is a web page where the user can logon to and upload and administrate content. It 

also stores information about the uploaded content. This information can be accessed by the Portal 

server via an XML-api. The content that the user uploads to the Web portal can be seen as raw 

content that is not converted into the right format. This conversion is done by the conversion system. 

This system converts the uploaded content into a format that can be shown on the STB. It also 

generates images and a Flash video version of the content that can be used on the Web portal. As 

stated in the limitations both the Web portal and the conversion system is run on the same server. 

This server also acts as a file server and stream server. In a commercial system it would be preferred 

to split this into several servers. 

The Portal server module acts as a proxy for the STB. This because the STB should only communicate 

with the Portal server, except when playing media streams, and should not be aware any other 

servers. The STB is used to show and play content directly on the TV.  
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Location of the database 

The Web portal needs to store information about users, groups and content in the system. For this a 

database is needed and there are two good places to put it. Either the existing database used by the 

Portal Server could be used or a new one that is only used by the Web portal. Both solutions have 

positive and negative side effects.  

In Figure 1Figure 5 we see the different routes that the data must travel. To the left we see the 

solution to utilize the existing server and to the right we see the solution of adding a new database. 

 

Figure 5 - Communication routes with different database locations 

Using the Portal Server database would add more stress and traffic on it and make the Portal Server 

less responsive on requests. But requests from the STB would be handled quicker since the Portal 

Server wouldn’t need to request the data from another server.  

By adding a database to the Web portal we will move some traffic from the Portal Server over to a 

separate system. So that high traffic on the web portal won’t affect the responsiveness of the Portal 

Server. But it would also mean that UGC requests from the STB would take longer to respond to, 

since the Portal Server need to make a request to the Web portal. The Portal Server could have direct 

access to the database to lower the response times but this would tie the Portal Server 

implementation closer to using this system. By making it talk to an interface via HTTP/XML would 

result in a looser coupling and easier for refactoring or to swap system without the need of much 

work on the Portal Server. 

In the thesis prototype I used a second database. This solution was chosen since it doesn’t add more 

traffic to the Portal Server. I also choose to do all the requests from the Portal Server through the 

Web portal instead of having a direct connection between the Portal Server and the new database. I 

went for this solution since it results in a much looser coupling between the two systems. 
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3.2 Web portal 

Dreampark wanted the portal to be written in Ruby on Rails[8] since they already had servers 

running this language in the product. Ruby on Rails is a web application framework for Ruby. Rails 

provides a Model-View-Controller framework and Object-Relational-Mapping out of the box. It also 

provides scaffolding functions that automatically generate some of the basic model and views that 

are usually needed. This gives you a faster way of doing prototyping since you don’t have to bother 

about doing all the basic stuff that always have to be there, like filling objects with data from the 

database and creating views for adding data to the database.  

3.2.1 Plug-ins used 

Ruby on rails supports plug-ins which let you add functionality without being forced to writing it all 

yourself. The most common way of handling plug-ins is through the Ruby Gem packaging system, but 

there are also several others. In the web portal the following plug-ins/gems are used. 

• mimetype_fu – plug-in for reading the mime-type of a file. Mime-types are used to identify 

the media type of file. This is used to evaluate if a file uploaded to the system is of the right 

type. Normally the mime-type could be read via ruby, but when uploading content via Flash 

this data is removed. Mimetype_fu uses the operating system to establish the mime-type of 

the file instead of reading it from the files header. 

• restful_authentication – plug-in that adds a login system. It handles: registration, log in, 

cookies, activation emails and session handling. 

3.2.2 Structure  

The web portal is built around four main classes: user, group, video and playlist. The structure and 

relationship between these classes can be seen in Figure 6 below. In the figure you can also see more 

classes that primarily have a more service role, adding some data to the relational bindings. They are 

more a result of how the classes are bound together in the databases relational mapping than 

specifically implemented classes.  
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Figure 6 - Class diagram for the web portal. 

User class 

The user class holds data about the user, like: name, email, login and also an external id from the STB 

if the user has registered one. The prototype is limited to only one user registered with each STB 

since Dreamgallery doesn’t support multiple users on a single STB yet. 

The STB external id is an id number that is tied to a specific customer in the customer database in 

Dreamgallery. This id is meant to be used by external services that are integrated with Dreamgallery.  

When the user registers a STB external id the user has to submit the pin code used on the STB also. 

The Web portal then retrieves information from an API in Dreamgallery. The information contains 

data about the customer and the Web portal checks that the provided pin code corresponds to the 

one that Dreamgallery supplies via the API. The Web portal ties the user to the given STB external id 

if the pin codes are the same. After this procedure the user is able to view uploaded content directly 

on the TV via the STB. 

Group class 

The group class contains data about a group. It also includes functions for joining and leaving groups 

and setting and removing admin and editor rights to users in the group. 
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Video class 

The video is a representation of the video that the user uploads. It handles verification of the files 

that the user uploads and rejects them if they are in the wrong format or the file is too large.  

A video object always have a user as the uploader, but it can be owned by either the user that 

uploaded it or a group that the user is a member of. This way a video can be tied to a group or to a 

single user, but the system always knows who uploaded it.  

When the user creates a video in the web portal many of the fields will be left blank, these will later 

be filled in by the conversion system; i.e. length, url’s to thumbnail images, formats. The status of the 

video is saved in the status field. This is updated by the conversion system so that one can see where 

in the pipeline the file currently is. 

Playlist class 

Similar to the video a playlist can either be owned by a user or a group depending on where it is 

created. The playlist object only holds meta-data about the playlist. The entries are of the type 

PlaylistEntry that are a separate class. These are linked to a playlist and declared with the acts_as_list 

interface in Rails. This tells Rails that all entries connected to a playlist should act as an ordered list 

and forces Rails to keep a position number in the database. This together with the sortable_element 

functionality in Rails allows for easy reordering of entries in the playlist, see Figure 7 on the next 

page. 

 

Figure 7 - Sortable_element in action. 

In step 1 the user selects which entry it wants to move. Step 2, the user clicks and drags the entry to 

the correct place in the list. Step 3, the user releases the entry in its new position. When this is done 

the browser sends an asynchronous call to the web portal telling it to update the order of the entries 

and it is saved to the database.  

3.2.3 Feedback on progress when uploading large files 

One problem when handling large files over internet is that uploading and downloading can be slow 

if server or user bandwidth is filling up. This is usually ok when downloading because most programs 

that allow the user to download content give feedback of the progress in the form of a progress bar. 

And also because most connections have a greater download speed then upload. But when 

uploading this could become a problem.  

Browsers in general don’t give much feedback when uploading files. Uploading large files might take 

30 minutes or more and it has to be restarted if the user happens to click on “back” or “reload” 

during this interval. Visual feedback is almost a must have feature if the user is to understand that 

he/she has to keep the browser open for this long time.  
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I’ve looked at a few different approaches to this problem. These can all be classified in two groups: 

server side solutions and client side solutions. In server side approaches, the server keeps track on 

how much of the file that has been transferred and on client side approaches, the client keeps track. 

 

Figure 8 - Browser/server side vs. Flash/client side 

Server side solutions 

The server side solutions I’ve looked at all work in more or less the same way. A plug-in or module is 

added to the server that allows it to return how much of a file that has been uploaded. The client 

(web browser) then periodical polls the server of how far it has come. The server responds and the 

client updates a progress bar. This is usually done through AJAX (Asynchronous JavaScript and XML) 

requests and JavaScript. One big downside with this is the periodically polling that has to be done. 

With this approach a good balance between a responsive progress bar and not overloading the 

server with “how-far-have-I-come-requests” has to be decided.  

Client side solutions 

The problem with browsers is that there is no callback function, for reporting progress status, which 

you can use in your code to update the progress bar. In all the solutions you must use a plug-in of 

some sort as workaround for this problem.  

The solution that I’ve looked at uses a small Adobe Flash[9] application that you embed in the HTML 

of the page. When uploading it uses the upload functionality of Flash instead of the one found in the 

browser. Another solution would be to use a Java Applet embedded in the page for the same 

functionality. Both solutions have a big advantage over the browser since they know how much of 

the file has been transferred, and can regularly update the progress bar, instead of asking the server 

for this information.  

This approach doesn’t overload the server with progress requests and the server doesn’t have to 

have functionality added for getting the file progress. A clear disadvantage with this approach is that 

it relies on proprietary software and that the user has to have the plug-in installed to use it.  

In the prototype I choose to go with the client side solution and use the Flash application since it is 

very common to have Flash installed on the computer. And the other solution puts a larger load on 

the servers. 
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3.3 Conversion system 

When working on the design I had two main goals for the system. First it should scale well so that 

there would be no problem if the load grew. And secondly it should be versatile, so its behavior 

should be easily changed to fit into different systems and requirements.  

Since the system will spend most time in the video encoding process and I am unable to optimize this 

process much. I choose to focus on making the program easy to deploy on new servers instead. This 

would make it easier to deploy more servers if the load on the system grows. There is no central 

node that keeps track of all conversion nodes and the nodes don’t know anything about the others. 

Nodes can be removed or added to the system any time.  

The converter must be able to convert videos of different formats to one or more specific formats. 

But it also needs to be able to generate images that can be used together with the videos. The 

converter is split up into three parts: a video converter, an image converter and an interface to the 

database. 

In the thesis I tested three different open source encoders: VLC, MEncoder and FFmpeg. The tests 

were done to see which of the three was the best alternative to use and the result of these tests are 

presented in chapter 4. Based on the results I choose to use FFmpeg as the encoder used in the 

conversion system. But the conversion system is written in such a way that it should be possible to 

change it to some other, command line based, encoder without too much work.  

 

 

Figure 9 - Class diagram for the converter 

The converter is built as a standalone program. Its main class, the Converter class, has the main 

method which is the entry point to the program. This class then uses three other thesis specific 

objects as shown in Figure 9. It uses the UploadDatabase interface to talk to the database in the 

system, the VideoConverter interface to talk to the video encoder and the ImageConverter to talk to 

the image encoder. 
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VideoConverter 

The concrete implementation of the video converter uses the Java Runtime environment2 to launch a 

command line version of FFmpeg. It then parses the text that FFmpeg outputs to gather data such as: 

duration, video codec and audio codec. Failures are also caught by parsing the output and looking for 

specific strings. If the strings aren’t found it is recognized and reported as a failure to the database. 

ImageConverter  

When making the design of the system I planned to use FFmpeg to generate images also. But when I 

started to work with it I noticed that outputting images took almost the same amount of time as 

encoding video. I tried to optimize the parameters given to FFmpeg but was not able to make any 

considerable speed gains. In my search to speed up FFmpeg I found Movie Thumbnailer [10] (MTN). 

MTN is based on the same library as FFmpeg but it is designed only to generate images from videos 

and does this in a fraction of the time it takes for FFmpeg. Since it shares the core with FFmpeg it also 

supports the same formats. It also has a nice feature to identify frames where the image is blurry and 

then chooses another better suitable frame. MTN is open source and free to use. 

3.3.1 Conversion queue 

Since encoding is computationally demanding a need for distributing this work is almost inevitable. 

Therefore the system was built from the beginning to handle this. The need to encode will probably 

change during the day and at times with high activity the users will probably upload more content 

than the encoders are able to convert. Therefore there was also a need for some kind of queue 

system, where uploaded files are placed in a (presumably FIFO) queue and as soon an encoder is 

finished with one file it continues with the first one waiting in the queue.  

 

Figure 10 - Interaction between Web portal, database and conversion system. 

In the system this is implemented by using the database, connected to the Web portal, as a queue. 

When content is received by the web server a row is created for this in a special table in the 

database. The encoding servers then check for the oldest entry in the table and mark it so that other 

servers “won’t see it in the queue”. This is an easy way of implementing a queue and works as long 

as it is implemented atomically, so that another conversion won’t get in between the SELECT and 

UPDATE queries. This is implemented by using transactions. 

  

                                                        
2
 Runtime.getRuntime().exec(cmd) 
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3.3.2 Distribution of encoding 

The system also needs to handle several simultaneous encoders. As seen in the tests in chapter 4 

when encoding to MPEG-2 TS you could get a speed between 3x to 6x (on the test system hardware). 

This means that one encoder could encode somewhere between 3 and 6 minutes of content each 

minute. Faster speeds were achieved when the resolution was lowered, but this can’t be lowered too 

much.  

When analyzing these numbers you find that one server, with roughly the same hardware as used in 

the tests, could encode up to 140 hours of content each day, which might seem like quite enough for 

a small system. But this number is misleading if you add time constraints on how fast the uploaded 

content should be converted and available on the STB. During peak hours the time from upload to 

when it is available to the STB will grow to much more than just the time it takes to encode the 

content. There might also be a need to convert to several different formats which greatly lowers this 

number. Also target format has a large impact on encoding time; encoding mpgv (MPEG-2) is quite 

fast compared to encoding h.264 (MPEG-4 AVC). 

The solution implemented in the thesis work uses the database as a central server. The conversion 

servers poll the database in a regular interval. If the server finds that there is content waiting to be 

processed it changes it status to “STARTED”, downloads the content to itself and starts encoding.  

When finished it uploads the converted files to the file servers and then polls the database once 

more. If it finds more content waiting it proceeds with it immediately otherwise it will sleep a pre 

configured time before polling again. 

 

Figure 11 – State machine describing the steps in the encoding server. 

By letting the encoding clients poll the database instead of using a message passing approach we do 

not force the web server (receiving server) to know anything about the conversion servers. 

 In this approach we let the receiving server to focus on receiving content from the user. It does not 

need to know which encoding server that is busy and which is free for processing at the moment and 

it does not have to be notified when a new server is added or when one is removed. This approach 

makes it easier to add new servers because you don’t need to configure the receiving server each 

time. It might also ease integration with cloud computing which might be used to temporarily extend 

the numbers of servers when needed. Cloud computing is concept of companies selling dynamically 
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scalable resources as a service. A program is deployed in the cloud and then you can scale the 

program by paying for more resources. It is possible to both scale the system up or down depending 

on the current need. 

3.4 Portal server 

The UGC system is implemented as a separate module in the Portal Server, allowing for ease of 

packaging and deploying. It is decoupled from all other modules except the core part which is needed 

by all modules. In the module I have changed the database layer to be more of a proxy layer. This 

since it is not actually talking to a database but talking to the API on the Web portal. But I still 

consider it as a database layer as its only purpose is to retrieve data. The three layers are: 

• Web/controller layer for communication with external sources such as the STB. 

• Service layer that usually holds all the business logic, but since this system doesn’t have 

much it mostly acts as an interface between the controller and the proxy layer. 

• Proxy layer that holds proxies for, potentially different, UGC systems.  

 

Figure 12 - Class diagram showing classes on the Portal Server 

The proxy layer is used to de-couple that part of the UGC system from the Portal Server and STB. The 

idea is that only a new proxy has to be developed if Dreamgallery is to be integrated with a new 

system for user generated content, the rest should remain the same. Along with the tree layers 

domain objects that hold data have also been developed. 

3.4.1 Web/controller layer 

The first layer in any Model-View-Controller (MVC) application is the controller layer. It is in Spring 

applications often referred to as the web layer since many Spring applications are centered around 

the web. 

In the UGC module this layer is implemented as a single class, the UgcController class. This class 

implements the MultiActionController[11] from Spring which lets the class map several URL’s to the 

same controller class by mapping the request URL’s to different methods rather than distinguish the 

nature of the requests by a passed parameter parsed by a single method. This controller is good 
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when you want to group similar requests into one controller but want, for example, better 

readability by having multiple entry points to the controller.  

The controller receives requests from the STB via HTTP GET requests and parses the parameters 

passed, does some basic validation of the requests and then uses the UgcService object, injected by 

Spring, for fetching data for the response. The service is an implementation of the UgcService 

interface and part of the service layer. For relations see Figure 12. 

The data that the service layer returns is then packaged into a ModelAndView object which is 

returned to the Spring framework and parsed by Velocity which generates a response to the STB. 

3.4.2 Service layer 

The service layer includes an interface, the UgcService, and an implementation, the UgcServiceImpl 

class, see Figure 12 above. The service layer is used for defining and exposing services for the web 

layer and the UgcService is mostly a mapping to the functions of the proxy since most work is done in 

that layer. 

The controller also uses other service classes for accessing information from the Dreamgallery 

system, especially the CustomerService class which is used to fetch and update data about the 

customer that is registered with the STB. 

3.4.3 Proxy layer 

The proxy layer communicates with the external parts of the UGC system. In the thesis project this 

external part is the web portal which exposes an API to access the data it holds. The proxy class talks 

with the web portals API via HTTP requests to a certain URL and the web portal responds with data 

structured as XML, that the proxy then parses and converts into objects of the domain classes. 

For parsing and mapping XML onto domain classes I’ve used XStream3 which is a library used in other 

parts of the Dreamgallery. XStream is a library for serializing and de-serializing Java objects and is 

used for mapping and de-serializing in the thesis project.  

The proxy layer is made up of an interface, the UgcProxy interface, and a thesis specific 

implementation of the interface, the DreamparkUgcProxyImpl class, see Figure 12. This class is the 

proxy written to communicate with the web portal developed during the thesis project. If the system 

was to be integrated with some other type of system for user generated content then another proxy 

would have to be developed. As long as the new proxy class fulfills the interface class, then nothing 

else would have to be adapted to this change. 

  

                                                        
3
 http://xstream.codehaus.org/ 
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3.4.4 Domain classes 

The domain classes used in the UGC module in the Portal Server are representations of the same 

data used on the web portal and on the STB. On the portal server there are classes for groups, 

playlists and videos. There is also a class for the response from the API which encapsulates the other 

classes in a single object, see Figure 13.  

 

Figure 13 - Domain classes on the Portal Server 

3.5 STB 

On the STB there were two parts that needed to be implemented. As stated in the requirements (see 

1.4) the end user should be able to see both the content as a channel and browse it through the 

portal. These two parts are called the channel view and the portal view.  

On the STB the system and GUI is written in JavaScript and run inside a web browser. The 

Dreamgallery system is a complete framework with routines, structures, components and other parts 

needed for developing new modules. The system also includes a layer that abstracts away the 

hardware from the rest of the system, letting the developer focus on the task at hand instead of 

writing functions for different hardware. 

3.5.1 Channel view 

Dreamgallery supports different types of channels. Some of the current implemented types are: basic 

channels that play a certain stream either through internet or pulled from the air by an antenna, and 

movie list (or trailer list) channels that are on demand and play certain movies or trailers.  

The UGC channel view is implemented as an own subclass of the abstract channel class, see Figure 

14. The abstract class includes functionality for zapping between channels, showing information and 

default implementations for all the key handlers. A key handler is a function that is called when a 

certain key is pressed by the user.  
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Figure 14 - Class diagram for the channel view 

A subclass of AbstractChannel needs to implement the startChannel() function which is called by the 

zapper when the user changes to this channel. This function is responsible for starting the video 

stream or picture slideshow if it’s a slideshow channel. 

Further it needs to implement callback functions for when the status of the playback changes. This 

could be when the player comes to an end of a stream or if the stream fails for some reason (could 

be an erroneous stream or a network/connection error). 

It also needs to implement key handlers for those keys that it wants to handle itself. The keys are 

abstracted away from hardware specific keys by the Dreamgallery framework and mapped to 

internal constants. The framework calls specific functions for each key when it is pressed. These 

functions look like handleKeyPlay() and handleKeyBlue(). If the channel doesn’t implement a specific 

key handler it will be passed up along the chain of inherited channels and finally be handled by a 

default implementation in the abstract channel. 

The class also updates graphics when needed by polling the box object (which is an abstraction and 

representation of all functionality tied to the box hardware, including playing streams) for where in 

the stream we currently are and then updating a progress bar and graphics. 

There are three types of UGC channels: 

• Latest content, which lists the latest content that the user has access to. Both users own 

content and content uploaded to the groups that the user is member of. 

• Favorites, lists the videos that the user has tagged as favorites.  

• Last played playlist, shows the videos in the last played playlist played through the portal 

view. 

All these three channel types are populated when the box starts and then updated in a configured 

interval, or if the user forces an update through the menu. The lists are requested from the Portal 

Server which in turn requests new lists, from the web portal, in order to always show the latest 

updates. 
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3.5.2 Portal view 

While the channel view is intended for a fast and easy way of watching a subset and exploring new 

content, the portal view is more focused on finding specific content. This view gives the user a 

“Windows Explorer” approach where the user can browse content group by group and playlist by 

playlist. The user also has more control over the playback than the channel view. 

 

Figure 15 - Structure of the portal view 

The portal view is structured according to Figure 15 in a tree like structure. For every step down in 

the structure that the user browses an icon is placed in the icon strip giving the user visual feedback 

on where in the structure the user is. This type of visual feedback is called Breadcrumb or 

breadcrumb trail and the term comes from the breadcrumbs that Hansel and Gretel left behind them 

to find the path back to the beginning[12]. Number 1 in Figure 16 is the strip which in the UGC menu 

is used as a breadcrumb, here the user is 4 steps down in the menu, number 2 is the extra info area 

and number 3 is the list that shows the content of the menu. 

 

Figure 16 - Different parts of an exhibition 

The menu is built up by a special Dynamic Display Object (DDO). DDO’s are a special type of list, in 

Dreamgallery, that can be used to show different types of information and functions.  
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The basic function of a DDO allows for displaying a list and paginates it if it doesn’t fit in one page. To 

every DDO there is also a renderer and a handler. In a way the three components (list, handler and 

renderer) can be compared to the three components that the MVC pattern is built up of. The DDO 

framework uses the renderer to draw the list and the handler handles key handling, logic and data 

manipulation. A video player has also been adapted and implemented to the specific needs of the 

UGC system. 

All parts of the portal view are listed in Figure 17 below. All fields and methods are not listed because 

all are not interesting to the thesis. 

 

Figure 17 - Class diagram for portal view 

List 

The menu is made up of a list of objects of the UgcMenuItem class. These are pretty simple domain 

objects that hold a title, an icon, a state, some descriptive text and a URL. The URL points to a new 

layer of menu items on the server (for “layers” see Figure 15 above). 

Handler 

When the user selects a menu item and presses OK the menu items URL will be requested. The 

handler will step one layer down in the hierarchy and the response from the Portal Server, a new 

menu list, will be rendered. The handler also caches the previous list on a stack so that it doesn’t 

have to be requested when the user goes back up along the path.  

If the DDO displays a list of videos the handler will act a little bit different. When the user presses OK 

on a video the handler will launch a player that starts to play that video.  

Renderer 

The renderer is called from the DDO framework when it renders the list. The framework calls 

renderItem() and passes an item and the list itself to the function. The renderItem() constructs HTML 

elements (TR and TD mostly)  for the item and appends them to the end of the list. The renderer 

must also implement the populateExtraInfo() function. This function is called every time the user 

moves the cursor in the list. Passed to the function is the item which currently has focus and the 

function sets the elements in the area to the right of the list which is used for displaying extra 

information. 
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Player 

The player is made up of the UgcPlayer class and the UgcPlayerKeyController class. The player 

handles playback and the key controller handles user input. When the handler calls startVideo() on 

the player object it will take over, save the current keyHandler to a variable, and switch to its own 

keyHandler.  

The player class keeps track of when to jump to the next video if the stream server fails to send an 

end notification, it also keeps track of the position in the video and playback rate. Compared to the 

player used in the UGC channel this player can show position, a progress bar and jump back and forth 

in the video.  



4  Study of three open source video encoders 

24 
 

4 Study of three open source video encoders 

When encoding you want to represent some complicated bit of information in a simpler way. It could 

be an abstract of a report, a digital representation of an analog input or a way to represent a series of 

images in a less demanding way by finding common parts in them. Video encoding software takes 

raw pixel data and encodes this into a video by compressing and packaging the data in a certain way 

defined by a codec. If there is sound in the video it encodes the audio in the same way. It then 

packages the video stream, the audio stream and maybe subtitle streams into a container along with 

some meta-data.  

It is quite common that people mix the definitions of containers with codecs, but there is a big 

difference. A codec defines how data should be compressed and decompressed and a container 

defines how different streams (compressed by different codecs) should be packaged/wrapped into a 

file. The Matroska (usually .mkv) container, for instance, supports more than 10 different video 

codecs and more than 20 audio codecs [13] and you can package, if you like, an Mpeg video (mpgv) 

stream in a Matroska container. 

4.1 libavcodec 

Almost all open source decoders and encoders use, at least in some way, libavcodec. libavcodec is 

part of the FFmpeg project and is an open source library for encoding and decoding video and audio.  

The FFmpeg project includes several other libraries and programs. These libraries and programs are 

continuously developed and any “official” releases are almost never released, on the web page they 

state that official releases are “bound to be very out of date.”[14]. Therefore some releases might 

not include all of the functionality listed on pages on the internet. 

libavcodec is used in all three encoders studied in this thesis and released under LGPL (GNU Lesser 

General Public License) and available for most commonly used operating systems. 

4.1.1 FFmpeg 

The ffmpeg encoder is part of the FFmpeg project, which also includes ffserver (a HTTP multimedia 

streaming server) and ffplay (a simple media player).  According to the project homepage FFmpeg is 

a “complete solution to record, convert and stream audio and video.” [15]. The FFmpeg project was 

started by Fabrice Bellard and the name is a combination of Fast Forward and MPEG (an acronym for 

Moving Picture Experts Group) [16].  

FFmpeg is available under LGPL (GNU Lesser General Public License). It is developed under Linux but 

can be compiled under many different operating systems. 

4.1.2 MEncoder 

The MEncoder encoder [17] is a part of the MPlayer distribution. MPlayer is an open-source media 

player that can read and play many different audio and video codecs and containers.  MEncoder can 

decode all of the files that MPlayer can decode and then encode the stream into several codecs. It 

uses the libavcodec library from the FFmpeg project for most of the decoding/encoding. But it can 

also use binary codecs where there is no open-source decoder available and can therefore decode 

more formats than FFmpeg. MEncoder is command line program but there is many GUI’s for it. 

MEncoder is released under GPL (Gnu General Public License). It is available for a lot of different 

operating systems.  
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4.1.3 VLC 

VLC [18] is one of the most famous open-source media players. It is a part of the VideoLAN project, 

which originally developed two programs for media streaming, one client program known as VLC 

(VideoLAN Client) and one server program known as VLS (VideoLAN Server). Much of the 

functionality of the server has been moved into the client and the project has been renamed to VLC 

media player. 

VLC also uses the libavcodec for most of the decoding and encoding, but it also uses a large number 

of other free libraries. It mainly uses its own muxer and demuxers which sets it apart from MEncoder 

and FFmpeg a bit. [19] VLC comes with a GUI but can be run as a command line program. 

VLC is available under GPL version 2 and available for many different operating systems. 

4.2 Performance of encoders 

I found it interesting to test the performance of the different encoders, even though all of the tested 

encoders use the same library, libavcodec. Since some have more advanced features such as filters 

and other muxers this makes them more flexible. But it could also mean that they have greater 

overhead when transcoding. Following this theory FFmpeg should be the fastest software of the 

three when it comes to encoding, but MEncoder and especially VLC should be more flexible when it 

comes to decoding, filters and supported formats. 

I’ve looked at four different aspects of the transcoding: speed (computation time), memory usage, 

support for different file formats/codecs, and how they handle damaged files. 

4.2.1 Test environment 

Most tests were run on a HP 6220 notebook which has an Intel Pentium M processor running at 

2.0GHz, 2 GB of memory and a disk spinning in 5400 rpm. The notebook sat in a dock during the tests 

so no battery saving actions should have been applied (i.e. clocking the CPU lower). This hardware 

performance is not comparable to the normal server systems today so the magnitude of the tests 

data is a bit misleading. The processor is also a single core unit while most newer servers have 

multiple cores letting them run processes in parallel more efficient.  

The multi core test were run on an Intel Core 2 Duo E6750 running at 2.66 GHz, with 4 GB of memory 

and a 7200 rpm disk. 

Both systems were running clean installations of Ubuntu 8.10[20], with packages that the encoders 

needed installed. 

4.2.2 Computation time 

The first and one of the more important tests are how long it takes for the different encoders to 

encode different files. This is interesting for the system to scale well with more and more uploads. 

The system will then have to transcode a lot of files and the faster each server can do it the fewer 

servers will be needed.  

The setup 

The test setup was to encode the different files with the three encoders, set up to produce the same 

output file. The goal was to produce a MPEG-2 Transport Stream (MPEG-2 TS) video with Variable Bit 

rate (VBR). The choice to use MPEG-2 TS is because it’s the most common format supported by STB’s 
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(together with MPEG-4 on newer). The reason to go with VBR was that it produces a better 

quality/size ratio, since it can use more bits in parts with a lot of change and fewer where the video is 

less demanding [21]. 

I set up a test script that ran the different files through each encoder 5 times and in two different 

resolutions: 720x576 (PAL) and 360x288 pixels.  The script started the command lines with the Linux 

command time which prints timing information when the program exits. The script dumped all 

output into a file for later review. At the same time a second script was run that periodically dumped 

output from ps [22], which is a Linux command for printing statuses of processes. This second script 

collected information about how much memory that the encoders used.  

 In pseudo code the script looked like this: 

for each video do 5 times 

  for each encoder do 

    time encoder encode video >> outputFile.txt 

  end 

end 

I then ran the script on a clean Linux installation with as little as possible running at the same time. 

For the command lines used to launch the programs see appendix A. 

Test results 

The result of this test can be seen in Figure 18 below where the deviation from the average is plotted 

for each encoder. The values are averages between the high resolution and the low resolution runs. 

Some encoders could not convert some of the files and therefore a few values are missing on these 

files. A lower value (ex: -20%) indicates that the encoder is faster than the average. 

 

Figure 18 – Deviations in computation times with the three encoders. 

When examining we see that FFmpeg comes out as the fastest on almost all files. It is harder to draw 

any real conclusions on the other two. But on the files that both VLC and MEncoder manage to 

complete MEncoder is often faster than VLC. On average MEncoder is roughly 12% slower than 

FFmpeg while VLC is almost 20% slower. As the viewer might have noticed is that on file number 11 

only MEncoder was able to produce a working result. This was a video captured by a Sony Ericsson 
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cell phone and both VLC and FFmpeg returned that the audio codec was unsupported. I have found 

fixes for this problem for at least FFmpeg [23], and it should be possible to fix this to VLC also, so it is 

not a big problem. 

4.2.3 Multi -core test 1 – parallel instances 

All processors, both server and desktop, move towards having more and more cores in the same 

circuit.  This allows the OS to run processes in parallel more efficiently, since it is like it having 2 

separate processors to work with. I’ve done some tests on multi-core CPU’s to see if any of the three 

encoders can use multiple cores more efficiently than the others. And also how they perform if you 

transcode several videos simultaneous on the same CPU.  

The setup 

For this test I used the same command lines as in previous test, but here we started several instances 

at the same time running them in parallel. The tests were run on a dual core processor. 

The results 

In Figure 19 you can see the results of the test. In the figure we see both the total time noted as: 1 

for a single instance, 1+1 when two instances run in parallel, 1+1+1 for three and so on. We also see 

the average value which is the total time divided by the number of instances. 

 

Figure 19 – Runtimes with multiple instances in parallel 

The first thing we see in Figure 19 above is that running two instances in parallel doesn’t imply a big 

overhead and it takes almost the same time to run as a single instance. In theory it should run on 

exactly the same time as a single instance, but the OS always has some processes that also need time 

in the CPU. We also see that, at least, Linux handles multitasking well since adding more instances 

doesn’t result in much more average time. And lastly we can conclude that running more than two 

instances on a dual core doesn’t lead to any performance gains, which was expected.  
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4.2.4 Multi-core test 2 – the threads option 

All three encoders have a threads option that lets you specify the number of threads via the 

command line. This test aims to see if we are able to speed up the encoding of a single file by using 

this option. 

The setup 

The command lines from the earlier tests were used and threads=n was added. This is supposed to 

force the encoders to use the specified number of threads.  

 

Figure 20 - Multi-core CPU usage with the threads option 

The results 

When I run the tests I noticed that there was no speed gains at all by utilizing the threads option. The 

tests were set to produce MPEG-2 files like before. The negative result can probably be due to the 

nature of the encoder. It seems that the MPEG-2 encoder in libavcodec does not support multi 

threading, at least not the version used in the tests. This explains the behavior we see in Figure 20 

above which is screenshots from the resource manager in Ubuntu. The first graph shows threads=1 

where one core is busy working with the encoding. In the lower graph we see the result from 

threads=2 where the encoding software (FFmpeg in this case but the same was seen on the others) 

looks like it tries to spawn several threads. But only one thread is run at a time since this is the only 

mode supported by the encoder.  

By the time of writing the thesis FFmpeg have officially released4 a new version, version 0.5, which 

according to the change log [24] supports multithreaded encoding for MPEG-2. Sadly there was no 

time to try it out. 

Last it should be noted that when I ran VLC with the threads option larger than 1 it behaved strange. 

After 30-40 seconds the process goes to a sleeping state and never wakes.  

  

                                                        
4
 Contrary to the official line not to offer any official releases. 
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4.2.5 File formats 

Since the system should allow the user to upload the users own videos it should be able to handle a 

lot of different file formats. We don’t want the user to have to transcode their videos before he/she 

uploads it to the system, even if most of the files probably will be in one of the more common file 

formats. 

The idea with this test was to see if one of the encoders handled more codecs/containers than the 

others and also to see if all encoders handled the most common codecs. In theory both MEncoder 

and VLC should be able to handle more formats than FFmpeg. This was expected since FFmpeg only 

uses libavcodec as its decoder/encoder and the other two use it as its main, but are able to use 

others as well. 

The setup 

The following files/codecs where used in the test: Codec information was gathered using GSpot[25], 

MediaInfo[26] and VLC. 

File Video codec Audio codec Resolution Description 

1 Motion JPEG PCM Audio 640x480 Footage from a digital camera (Canon 
Ixus 60) 

2 Mpeg Video (mpgv) Mpeg Audio 

(mpga) 

720x576 A test file used at Dreampark to test 

STBs. The video contains a lot of 
movement which makes it particularly 

hard to decode right. 

3 DivX 5.2.0 Mpeg-1 Layer 
3 (MP3) 

1280x720 DivX video in HD 

5 Flash/Sorenson Mpeg-2 Layer 

3 (MP3) 

320x240 Flash video downloaded from 

internet. 
6 Mpeg Video (mpgv) a52  Mpeg video in HD 

7 WMV3 (VC-1 

simple/main) 

WMA v2 720x576 Encoded by Windows Movie Maker, 

encoding software bundled with most 
Windows installations.  

8 Sorenson Video 1 
(SVQ1) 

QDM2 480x360 Low resolution QuickTime 

9 H.264 (AVC1) Mpeg-4 AAC 

LC (mp4a) 

1280x720 QuickTime in HD 

10 Unknown AMR  Movie shot by a Sony Ericsson mobile 

phone. 

11 Mpeg Video (mpgv) Mpeg Audio 
(mpga) 

 Recorded by a NPVR server 

12 WMV3 (VC-1 

simple/main) 

WMA v2 1280x720 WMV in HD 

13 Raw DV (IEC 61834)  720x480 Footage a DV-camera.  

14 H.264 (AVC1) Mpeg-4 AAC 
LC (mpg4a) 

1280x800 Screen cast from the internet, very 
low frame rate which seems hard for 
the encoders. 

Table 1 - Tested formats 
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Test results 

FFmpeg and MEncoder managed to transcode all of the files in the test, and VLC transcoded all but 3 

files. With file number 6 it reported “memory corrupt” and then exited, and with the video shot by 

the Ixus 60 (file number 1) it did nothing (just exited).  Both FFmpeg and VLC had problems with the 

file with low frame rate (file number 14). MEncoder managed to encode it to a file with a size of 80 

MB, FFmpeg ended up with a good file also, but 365 MB. VLC reported “Failed to create audio filter” 

and did not finish.  

All three programs ability to transcode all or almost all videos could probably be explained by their 

common part; All three use libavcodec which handles all of these codecs. Therefore is no need to use 

other libraries which could differentiate the three.  

4.2.6 Damaged files 

I’ve also looked at how the encoders handle broken files with more or less overwritten data.  I think 

this test is interesting since files could more or less easily get corrupted. The encoders should not 

crash or hang when trying to transcode these files. If the programs fail gracefully, i.e. exiting with a 

understandable and consistent status message, it is considered to be ok since you can prepare for 

and have a fallback plan for this. Worst case scenario would be if the encoder hangs, instead of 

succeed or fail gracefully, since it’s hard to build workarounds for this.  

The setup 

The idea with this test is to try to write over important data structures in the video files and see if the 

encoders fail because of this. The files were prepared by using the dd [27] program in Linux. This 

command does a low-level copy of data from one file to another by copying block by block from the 

disk. I used it to corrupt the files by copying raw data from /dev/urandom, in the Linux file system, to 

a specific point in the video files. /dev/urandom is a special file in Unix-like operating systems which 

generates random bit sequences.  The generator generates true random numbers partly by reading 

noise from the mouse and other external devices [28].  

The following command line was used (O is number of kb in offset and A number of kb copied):  

dd if=/dev/urandom of=videofile seek=O bs=1k count=A 

The test was run with files of three of the more common file formats: .wmv, .avi and .mov. The files 

were prepared for the test by writing over 1000, 100 and 1 byte of data with a starting offset of 100, 

10 and 1 byte.  

The files were then fed into the encoders that tried to transcode them and the behavior and result 

was noted. If they were able to transcode the file I tried to open and view the result to see if there 

were any defects in the resulting video and audio. 
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Offset Amount File format MEncoder VLC FFmpeg 

1000 1000 .wmv Segmentation fault Hangs 3 5 

1000 1000 .avi 5 3 4 3 4 5 
1000 1000 .mov Segmentation fault 0 4 4 4 

1000 100 .wmv 4 5 4 5 4 5 
1000 100 .avi 5 5 5 5 5 5 

1000 100 .mov 5 5 Unable to decode 5 5 

10 100 .wmv 4 5 4 5 4 5 
10 100 .avi Exception Unable to decode Broken header 

10 100 .mov Broken header 0 0 Broken header 

10 1 .wmv 4 5 4 5 4 5 
10 1 .avi Missing video Invalid file 5 5 

10 1 .mov 5 5 Unable to decode 5 5 
1 1 .wmv 5 5 4 5 5 5 
1 1 .avi 5 5 5 5 5 5 

1 1 .mov Segmentation fault Unable to decode 5 2 
Table 2 - Results of tests with damage files. 

Test results 

The results of the test are shown in Table 2 above. The result is listed with two numbers shown for 

each encoder. The first number is the subjective experience of the resulting video and the second 

number represents the audio. A 0 means that there are grave glitches in the video and a 5 represents 

perfect result. If an encoder failed to produce a good output a short descriptive text is shown in the 

table, instead of the two numbers. 

In this test FFmpeg stands out as the better program. It managed to read and transcode most of the 

files, even though not with 100% success all times. MEncoder handled a little better then VLC which 

had a lot of problems to decode the files. VLC also stopped responding with one file, which is really 

bad.  

 

Figure 21 - Examples of corrupted video. 

In Figure 21 above you can see some typical defects from the results that were not perfect. The 

leftmost image is the original of the two. In the left pair you can see that we probably managed to 

overwrite a whole I-frame, this resulted in that the decoder missed the next “whole picture” and 

continued with only moving the blocks. An I-frame is a frame where the MPEG-2 video codec updates 

the whole picture instead of only motion vectors. 

 In the right pair we probably only corrupted the I-frame, with the result that the image is corrupted. 

Both kinds of defects usually only lasts until the next I-frame is shown and I don’t consider them that 

damaging to the end result. 
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4.2.7 Memory 

The last tests I did were to see how much memory the different programs used. This could be 

interesting if it turns out that they use a lot of memory. But usually this kind of computation does not 

use a lot of memory, since they only need to keep a few images in memory at all times. The decoder 

first decodes the video into an image and then continues to encode that image and then decodes the 

next and so on. 

This test was run at the same time as the computation time tests and I used the information 

gathered in the ps dump I did in those tests.  

 

Figure 22 - Memory usage chart. 

Figure 22 shows real memory usage (not virtual memory usage) and we can see one thing clear: VLC 

uses more memory than the other two. FFmpeg and MEncoder use almost the same amount.. 

One conclusion of the test is that memory usage will probably not be a problem, in a system like this, 

with any of the tested encoders. None of the tested encoders use enough memory to make it a 

bottleneck. Even if you ran several conversions in parallel the memory need wouldn’t grow too big. 

With a server with 4 cores running 4 simultaneous conversions the memory usage would probably be 

less than 1GB which is well within normal limits of a server. The CPU or disk access would probably 

be a bottleneck first. 
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5 Discussion 

The following chapter will round up this thesis report with a discussion around the result of the 

project and possible further development. 

5.1 Result 

This thesis has described the design and development of a system for publishing and sharing user 

generated content, which integrates with an IPTV middleware. The project resulted in roughly 3500 

lines of code, distributed over: 1000 lines of Java, 1000 lines of Ruby (Ruby on rails) and 1500 lines of 

JavaScript code. 

The resulting system has not been tested in a large scale environment but rather been continuously 

tested while developing. It has also been demonstrated to co-workers and supervisors at Dreampark 

with much positive feedback. Preferably the system should have been tested harder to see how well 

it fared under stress. But due to the limitations the project had (see 1.5, page 3) I suspect that it 

would be hard to draw any concrete conclusions from such tests.  

5.1.1 Encoder test 

The thesis has also looked at three different open source encoders and studied how well they fare in 

different performance aspects. The results of the tests show that there are some differences 

between the three encoders even though they have much in common since all three use the same 

library for decoding and encoding. 

On the test on computation time I found that FFmpeg was the fastest of the three. It is however not 

much faster and it might be possible to optimize all three encoders more by changing the input 

parameters. The tests also show that none of the three encoders support multithreading which 

otherwise could have greatly improved the computation times. 

MEncoder and FFmpeg have both excellent file format supports and both managed to convert all the 

files used in the tests. VLC is still good but not as good as the other two. 

When it comes to memory usage the tests show that memory is probably not a candidate to be a 

bottleneck in the system. All three uses less than 50 MB when encoding. The tests also showed that 

MEncoder and FFmpeg used less memory then VLC. 

The tests with broken and damaged files proved to be hard for all three encoders. FFmpeg managed 

to convert most files of the three. MEncoder came in at a second place and VLC had a hard time with 

many of the files.  

To conclude the tests all three encoders would probably work well in a system like this. In the thesis 

prototype I used FFmpeg since it proved to be the better choice of the three in almost all of the tests. 
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5.1.2 The prototype 

A fully working prototype was developed during the thesis project. The prototype includes: 

• A web portal for uploading, administrating and sharing content. On the web portal the user; 

can easily upload content including progress bar for continuous progress feedback, 

administrate playlists with easy drag-and-drop, see a flash version of the uploaded content 

and create and join groups. 

• A conversion system that converts the uploaded content. The system supports enqueuing of 

content, a decentralized approach for adding more servers and support for generating 

thumbnail images from the video streams. 

• A strand alone module in the Portal Server. The module is built in a way that it should be 

easy to adapt to other systems for user generated content. 

• Integration on the STB. Both channel view and portal view have been developed on the STB. 

Letting the user discover new content in a relaxed and unplanned way via the channel view. 

Or browsing for specific content through the portal view. 

The whole workflow has been tested; from when the user uploads content via the web portal, to 

converting it into the right format and finally watching it on a TV via a STB streaming the content 

from a server. 

The system handles most common formats used in daily life. For a list of potentially supported 

formats (all are not tested in this thesis though) see Wikipedia [29]. 

5.1.3 Meeting the requirements 

Here follows a short summary on how the requirements, stated in 1.4.1 and 1.4.2, were met 

The system handles an extensive list of formats and is also able to convert videos into many of these, 

including MPEG-2 (B.1, E.1 and E.2). The system also generates images of the converted videos (E.3). 

It is integrated with the customer database in Dreamgallery in that extent that you can bind an 

account in the Web portal to a customer in Dreamgallery (B.3). It would also be possible to populate 

the Web portal account with customer information such as name, address and phone number. In the 

Web portal the user is able to create playlists and groups and share content with others in the same 

group (B.4, B.6 and B.7). The user is not able to share a single playlist with a friend without creating a 

group and therefore I consider requirement B.5 to not be fully met. The system is able to serve 

content to the STB both via HTTP and RTSP (B.2 and E.4). However during the development of the 

system it was shown that the STB had problems with streaming files via HTTP and that RTSP should 

be chosen whenever possible. I consider the integration between the Web portal and the Portal 

server to be loosely coupled (B.8) since only the proxy implementation have to be swapped in the 

Portal server when changing to another system.  

To summarize, the system fulfills almost all basic and extended requirements. The only one it does 

not fulfill fully is B.5 “the user should be able to share playlists”. 
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5.1.4 GUI 

Below are a few images from the final STB GUI listed and short texts describe what they represent. 

First the channel view is shown followed by the portal view. 

Channel view 

The user can change between channels by specific keys on the remote control. The channel view 

presents the user content in the same way as a traditional broadcast channel. 

 

Figure 23 - Traditional TV channel 

Figure 23 above shows the end user GUI when she is zapping between channels. An information 

window is displayed at the bottom of the screen, for a short while. This window shows information 

(name, progress and marks set) about the current and next program. Sadly the information is not 

visible in the figure since the development system wasn’t connected to an EPG provider.  

 

Figure 24 - User generated content viewed as a channel. 

In Figure 24 the user has zapped to the Recently Uploaded channel, showing the newest videos 

uploaded. It is shown in the same way as the traditional channels to make the user feel that it is a 

normal channel.  
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It has a few differences though. The user can browse through the list with the up and down arrows; 

which is impossible with normal broadcast channels. The channel also shows extra information like 

the star that indicates that the user has tagged the video as a favorite. Also if the info key is pressed a 

window showing the description of the video will be shown. 

The user can also control the playback of the movie. This is done through using the: play, pause, stop, 

fast forward and rewind keys on the remote. When the user changes playback state a new window 

will be displayed temporarily showing position and current state, see Figure 25 below, where the 

user has pushed the fast forward key. 

 

Figure 25 - Channel view with progress and playback state showing 

Portal view 

The user can browse uploaded content in a tree like way much like the user is accustomed to do on 

the computer.  

 

Figure 26 - Breadcrumb in the portal view. 
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In Figure 26 you can see five pictures of the portal view GUI. The upper leftmost picture shows is the 

entry to the browser. On the second picture the user can choose from 5 different directories. On the 

third the user has selected to view the own content and is shown the choice to view videos or 

playlists. In the fourth picture the user should see a list of playlist, in the example the user only has 

one playlist. The last picture shows the videos in the playlist. On the right side of the last picture is a 

auto generated picture of the video currently selected with the description below. When the user 

clicks on a video the player is launched, see Figure 27 below.  

When in player mode the user can skip between the videos in the playlist by using the up and down 

arrows on the remote. 

 

Figure 27 - Playing a video through the portal view 

5.2 Improvements 

Just like everything else in the world a system is a continuously improving and evolving entity. And 

since there was a limited timeframe in the thesis project some shortcuts had to be taken, some 

functionality had to be cut away and some were not suitable for the current project. I will present 

some aspects of the final system that could be improved. I present three parts where further 

research and development is needed. 

5.2.1 Extended web portal functionality 

This part of the system has only been implemented in its basic form, as stated in the limitations of 

the thesis. This choice had two reasons. First it was done this way to get more time to put in other 

parts of the development, and secondly this part could very well be rewritten and integrated into a 

client’s own site if the system is deployed in a live system. Therefore only basic functionality was 

implemented to see what problems might arise in this part of the system.  

Functionality for adding comments to a video would make the site more interactive and was one of 

the features that I would have liked to implement. 

Extending the groups and playlists by letting the users upload pictures to them could also add to the 

experience. This picture could be used as a representation of the group/playlist, much like you often 

can upload a picture of yourself when creating an account. Uploading pictures, complementing the 

video content, to use in the playlists or creating slideshows would be a nice feature also. 
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5.2.2 Separate to multiple servers 

The developed prototype was developed to work on a single machine, running all the different parts 

locally. This would not scale well in a live system since the transcoding process uses too much 

resource to run parallel with other services on the same system.  

By spreading this functionality on different servers the system could scale better. But to be able to do 

this some development has to be done. The software has to be able to fetch files remotely instead of 

from a local folder, and also distribute them afterwards.  

Integration with enterprise stream servers might be a good step also. Live555 media server doesn’t 

seem to work well in a large scale system. One hint is that it serves only the files in the same 

directory as the binary, forcing every video file to be stored in a single directory. Usually there is 

already a stream server running in the IPTV environment, used for VoD, which could be exploited by 

the UGC system. 

5.2.3 Hardware encoding 

One interesting study would be to see if the encoding part could be done in hardware in some way. It 

could possibly speed up the conversion quite a lot by utilizing specific hardware instead of using 

software encoding. But at the same time flexibility might suffer if the hardware system only handles 

specific input formats. One solution would be to have a software system as fallback when the 

hardware system fails to convert. 
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Glossary 

Terms Description 

CBR Constant bit rate. See VBR. 

CPU Central Processing Unit. 

CSS Cascading Style Sheets (CSS). CSS is a style sheed language used to 

describe the look and formatting of a document. Commonly used 
with HTML but also applicable to many other formats. 

dd A UNIX program for low-level copying and conversion of raw data. 

DDO Dynamic Display Object 

Dreamgallery IPTV middleware developed by Dreampark AB, Sweden. 

ECMAScript A standardized scripting language. JavaScript and Jscript are two 

major dialects that ECMAScript is based on. See JavaScript. 
EPG Electronic Program Guide. A digital guide for scheduled broadcast TV 

or radio programs. 

GUI Graphical User Interface. 

Hibernate an object-relational mapping (ORM) library for Java. Provides a 
framework for mapping java objects to tables in a traditional 

relational database. 

HTML Hypertext Markup Language (HTML). HTML is the predominant 
markup language for web pages. Used right the HTML document 

should only include the structure and text of a web page and CSS 

should be used to specify the design and format. 
HTTP Hypertext Transfer Protocol (HTTP). HTTP is an application level 

protocol using request/response calls. It is the predominant protocol 
used on internet. 

I-Frame Also called Key Frame. A frame where the codec updates the whole 
picture. An I-Frame is built by macroblocks. Between I-Frames only 
the differences (the movement of the macroblocks) are encoded as 

motion vectors. 

Inversion of Control (IoC) or Dependency injection. IoC is a principle of software 
architecture designs. The approach tries to remove hard 

dependencies between classes by moving the declarations of 

relations between objects to the environment instead.  In the code 
you program to interfaces and in the environment you specify what 

class that should be used with the interface. 

IPTV Internet Protocol Television. A system where digital television 
content is delivered by using the Internet Protocol, over a network 

infrastructure, instead of being distributed through traditional 
broadcast or cable formats. 

JavaScript A scripting language. JavaScript is one of the original dialects that the 

ECMAScript standard is based on. It is a dynamic Weakly typed, 
prototype-based language. It s widely used for client-side web 

development but also used in many other applications/tools. 

Mpeg-2 Transport 

stream 

A communications protocol for audio, video and data. One of two 
specified in MPEG-2 Part 1, the other is Program Stream. TS, with 

features such as error correction,  is designed for unreliable media 
while PS is designed for reliable media such as DVDs. 

Mux/demux Short for multiplexer and de-multiplexer. A mux combines multiple 

inputs into a single data stream. 

MVC Model-View-Controller. 
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Portal Server Central server in the Dreamgallery ecosystem. 

ps A program that reports process statuses in Linux. 

RTSP Real Time Streaming Protocol. A protocol for streaming media 
systems that allows the client to control the stream via sending 

commands to the streaming media server. 
Ruby on Rails An open source web application framework. Often referred to only as 

Rails. It is based on the Ruby programming language. It uses the MVC 

architectural pattern to organize a application. It also provides a 
scaffolding service which automates the construction of many basic 

models and views needed when developing web pages. Rails follows 

two design philosophies: “Don’t repeat yourself” and “Convention 
over configuration”. 

Spring  Spring is an open source application framework for both Java and 

.Net framework. It defines itself as a lightweight framework in 
comparison to the Enterprise Java Beans Framework (EJB) which is 

usually considered unnecessary complex. Spring is mostly used in 

building web applications but can be used for any Java application. 
STB Set-top-box, a device that translates external signals to content which 

is displayed on a TV. 

Transcode The combination of decoding of a signal and then encoding it again. 
Usually encoding it into a different format then the supplied. 

UGC User generated content is also called consumer-generated media or 
user-created content. UGC is content produced by the consumers 

compared to content normally being produced by the producers. 

Unicast/multicast Different ways of sending information. Unicast is sending to a single 
destination and multicast is similar to broadcast in the sense that 

information is sent to multiple clients. 

VBR Variable bit rate. In VBR the bit rate for a certain stream can change 
over time, while it is constant in CBR. 

Velocity Apache Velocity is an open source template engine based on Java. It 

is commonly used as the "view" part of the MVC in Spring. 
VoD Video on Demand, a system that streams video to a single user on 

demand, i.e. when the user wants requests it compared to a TV 

broadcast that is broadcast at a specific time. 
XML Extensible Markup Language. 
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Appendix A - Encoder command lines 

These command lines and parameters where used in the tests. The “${…}” are variables used in the 

script.  

FFmpeg 

ffmpeg -i ${file} -y -f mpegts -aspect 16:9 -vcodec mpeg2video -b $VBITRATE 

-acodec mp2 -ar 48000 -ab $ABITRATE -ac 2 -s $WIDTH:$HEIGHT -r 25 

${OUTPUTFILE}.mpg 

MEncoder 

 mencoder ${file} -of lavf -lavfopts format=mpegts -ovc lavc -lavcopts 
vcodec=mpeg2video:vbitrate=$VBITRATE -ofps 25 -vf 

scale=$WIDTH:$HEIGHT,harddup -srate 48000 -af lavcresample=48000 -oac lavc 

-lavcopts acodec=mp2:abitrate=128000 -quiet -o ${OUTPUTFILE}.mpg 

VLC 

cvlc ${file} --sout 

'#transcode{vcodec=mpgv,vb=$VBITRATE,acodec=mp2,ab=${ABITRATE},samplerate=4

8000,channels=2,width=$WIDTH,height=$HEIGHT,aspect=16/9,venc=ffmpeg{qscale=

10}}:duplicate{dst=std{access=file,mux=ts,dst=\"${OUTPUTFILE}.mpg\"}}' 

vlc://quit 

 


