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Synopsis 

Internet Protocol Television (IPTV) is an umbrella term for a number of multimc­

dia services deployed over an IP infrastructure. IPTV is expected to be a major 

application in the next-generation of IP based networks and will grant service pro­

viders capabilities and opportunities through the inter-working of IPTV services 

with other IP services such as presence, instant messaging mvI) and voice over IP 

(VoIP). l\lan~' operators arc currently deploying. or investigating. the deployment 

of IPTV sen'ices to counteract dwindling voice services revenues by opening up 

new revenue streams and attracting customers to their networks. Consumer inter­

est in IPTV services is currently being fuelled by Video on Demand (VoD) IPTV 

services. which prm'ide users with access to a potcntiall~' large range of content 

including Holl~-wood titles and TV network series. IPTV sen-ices provide a highly 

interactive viewing experience and go beyond what current broadcast television 

services can offer. 

Given the recent interest in IPTV a number of standardisation bodies have de­

fined end-to-end. IPTV architectures. These include ATIS's IPT\' Interoperability 

Forum (ATIS-IIF). ETSI TISPAN" and the ITC's IPT\' focus group. Generally 

two IPT\' architectures arc defined: The first architecture makes used of existing 

protocols and systems in order to deliver IPTV sen'ices while the second is based 

on next generation networks. such as the IP Multimedia Subsystem (1I\lS). 

The IP Multimedia Subsystem (Il'vIS) is an architectural subs~'stem for the 

control and provisioning of IP multimedia services over an all-IP. packet based 

core. The 1:\1S was first standardised by the 3rd Generation Project Partnership 

but it has sincc been adopted by other standardisation bodies. including 3GPP2. 

ATIS. ITC-T and ETSI-TISPAN", who contribute to its development. The D,1S 

promises a scala bIe. integrated platform that end hks the creation of 11e\\' sen'jcC's 
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and facilitates the convergence of telecommunications and 1nteruet sen"ices. The 

1:.1S also promises to ilchievc fixed mobile convergence by enabling the seamless 

distributio)] of services OV<:l hx(~d i:illd lllobilt, bruadbaml lletworks. HOWCVC1. thic; 

requires that BIS services llced to be able to cater for heterogeneous accesc; nci­

works and a wide range of user end-terminal capabilities. This prcsents i:l significant 

challenge for 1PTV services as the adaption of vidco content is no eas~" task. 

There arc numerous ways in which adaption of multimedia content can be achiC'­

ved: these include precoding, scalable video encoding (SVC). l\lultiplc Description 

Encoding (MDC) and/or trans-coding. This thesis involves an iuvestigation into 

,,"hich of these techniques arC' best suited for usc in I.tvIS-bCk'ied 1PTV services with 

each adaptation method evaluated in terms of its relative strengths and weak­

nesses. Precoding has low processing requirements for the adaption of video but 

requires excessive amounts of disk storage: this is to ensure sufficient catering for 

the diverse range of video bit-rates and capabilities of user end-terminals. SVC and 

l\IDC adaptation techniques arc highly scalable but require widespread adoption 

from industry of a specific SVC or MDC coding format: since onl~" a handful of 

devices support these codecs. SVC and MDC based content adaption methods will 

be of little use in present IMS-IPTV deployments. Trans-coding is highly flexible in 

adapting video content in order to cater for varying user and session requirements 

but does not scale well, due to its high processing and memory requirements. A 

In"brid scheme is then proposed in this thesis that leverages the advantages of pre­

coding and trans-coding, with a goal of enabling more efficient adaption of content 

in L\IS-IPTV systems. A proof of concept IIvIS-IPTV test-bed vvas developed to 

demonstrate thE' benefits of the proposed hybrid content adaptation scheme and 

proyided a good platform for several evaluations to take place. The test-bed and 

its implementation is described in order to enable duplication of it and the results 

obtained during this thesis; as well as to enable extension of the test-bed for fu­

ture research. Findings from test-bed show that the proposed hybrid scheme docs 

enable more efficient adaptation of content and that integrating the scheme will 

benefit operators deploying IMS. Future work includes extending the test-bed ar­

chitecture to allow for dynamic adaptation to be performed and optimisation of 

the trans-coding process. 
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Chapter 1 

Introduction 

The Internet has revolutionised modern living with an estimated 1.5 billion [6] 

users making daily usc of Internet services to conduct business. do research, shop 

for bargains. socialise and more. 

Services have been the key to the success of the Internet with electronic mail and 

thE' World Wide \iVeb being the first two Internet services to have found 'widespread 

usc in both the business world and in the home. ""ith the advancements in Internet 

access technologies and computer processing. a number of new seryices hay<:, begun 

to emerge to take advantage of these new developments including. Voice over IP 

(VoIP). Internet Protocol TV (IPTV). presence and social networking. 

The usc of open protocols has played a large role in the success of Internet ser­

vices: anyone interested in developing Int.ernet applications can find the necessary 

information and tools available for free on the Internet. There arc also numerous 

books and publications devoted to the subject. as well as on-line communities and 

forums that allow developers at no cost the opportunity to gain insight frorn ex­

perts across the globe. All this has enabled, with relative case and minimal cost. to 

create and deploy new and innovative services for usc by the Internet community 

as a whole. 

The success of the Internet and its sen'ices has been so much so that many 

traditional telecommunication operators have deployed IP access technologies allo­

wing connccti"ity to the Internet and thus access to its sen'ices. \~'ith the increased 

proliferation of broadband networks. more aud more businesse;:; and individuals arc 

st arting tu make usc of sophisticated. lcw:-C'ost. third-part~· Internet COImlllmic:a-
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CHAPTER 1. INTRODUCTION 

tions services such as VoIP and instant messaging (EvI). The result of this has been 

the steady erosion of traditional voice services revenues and the possibility of ope­

rators being reduced to mere bit-pipes, while the bulk of user [('venues arc taken by 

third-part~' service proyiders. The telecommunication industr~' now finds itself at 

a crossroads as it tries to regulate IP services while at the same time attempting to 

foster the same level of service innovation as seen with the d('velopment of Internet 

services. 

1.1 Evolution of service architectures in the telecom­

munications industry [1] 

In the past tIlt' development of telecommunication services was complex and time­

consuming. !\"ew services had to be implemented directl~' within the core switch 

systems. with each new service requiring the development of a corresponding archi­

tecture 'which describes the various functional components as well as interfaces and 

signalling protocols used to interconnect these components. Each service thus had 

its m,'n infrastructure and functional s?stems. which wer(' to a large extent indepen­

dent of other seryicef3. This lead to the so called . silo' or 'stovepipe' architecture. 

see Figure 1.1. eke; the operator's network became a clutter of overlaid service ar­

chitectures and components. Furthermore development of these rww seryices was 

costly due to the requirement of specialized telecoms engineers and lengthy time 

periods needed to develop the service. 

:2 
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Fi!,;ur~ 1.1: 'Silo' or 'Stovcpipe' llTehitcet\IT~ 

In t.1l<' ~IlTI\' I!lHO\ tk compnjlj,.., nC<'d for shortcr d~vdopmelll. timcs and 

the potemiw of the bloumin1,\ IT indnstry leu tu the coneqJt of Y·Tvil .... ~Dt,liYery 

f'btfonn, (SOP,). Thc idea behind thc"" SDP, wa,<; to prm'idc an cxtcnsible >c1, 

of ]('uS<Lnl(' CUJlLp(l"~Ilt.' "ilowj "R f(l ' tiM' Tli]!irl lilocl dlil'l<'ut ill] pk"lCW ~I"," ,,( n"w 

sen-ire>< wit,hin an opcTlIwr\ ndwork, In ~ddit.ion to this "t.andllTruzcd eomponcms 

illId intrlf"ces "'oald enabk nNw" ,·k ur .... ~to'" incl~l)pn(klH'" f,,,,,,, wI,dm _,]W<'.jlk 

Hen-ire oolatiom and proprietary net.woTk t.c",hnol<>gi~,. 

The first m~lor shifT W8S U", Int~rn"ti(llHjJ T~leeomn'UIJitfl\io,,_' Un ion s 'ITC) 

;t"ndardilll!iOl1 of t.he Ink;li~cm. )lctwork (1)1). whioh wa, aimed at pfOvidin~ a 

,nor" flexiblr \q,y of dpvrloping new wh'(;ommutlic-Rtiolls """"i['\'8_ J\" cldine.::1 a,n 

'-""'Th,y ",rviee ~rcilltect\ITc' (In tup of the SIgnalling Sy~t"m T (SST) uetwork lind 

('Xtr8.('.trd tl'" se,yi,p intrlligcnt'<' from th~ legar\- nftwork _'''itdC'o' into cI"lieatc-d 

ecntmj ,;ervi,,' eOl!lrol pom!" lly d"fining '-' numh('! of Y'Ivir(' Illdq)('mknt Dnihi­

ing Bloch (SIRs), whic h eaJ l be d,,,in,,l togedw]' jn orciN t<l form IJe"'~1 "-Jld 

mor~ wphi,ti('~tlu IiCIV;CC;;, t,he 1l\ network allowed 10 wmc extent senier iudC'­

pi'lJdeltl'c . TheS(' SIB, allowc-d ope]'ators to dewlop valu(,-wltlL'd S('T\'ices for their 

own n~twolb and withuul llll' Tll'<-'<i to Tl'quL'hi, tbe ('ore ,,,-itoCh nlllllllfaeturcl to 

drvr:op 1,he new so]'viC<' . Olhn ,'at'ianl> of til(' l~ platfo],m "we _'tand"]'d;,,,d and 

tI('~luye<.l, jncludlng till' AciwLJl!'('d Inj(,lIi:>;em l\~lw(JIk (AIl\) in til(' Cnitcu Slllw" 

flS w(,11 '" Europe"" ><nd .11<1'''1''''''' v"tlanl" owinl( 10 lh~ ~ST ,,1"-l1<l~HI, <liJli-,lIl)', 

Hlightl,- from legion to rcgioll. TIll'T~ arc woo 11\- ""rvicco fOT mobik network> whir.h 
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CHAPTER 1. INTRODUCTION 

were standardized under the name Customized Applications for i'-Iobile Enhanced 

Logic (CA::VIEL). maintained by the 3rd Generation Partnership Project (3GPP). 

Although mallY network operators have deplowd I\". AI,\" and CA:\IEL sen'iccs 

around the globe. they have not developed into the open market services tlw IN 

community initially envisaged. This can be attributed to the II\'s IT s~-stcms being 

too specific ane! not following mainstream programming practices. Furthermore. 

the telecoms industry was at the time still very closed ane! monopolistic in nature. 

In the mie!-1990s Application Programming Interfaces (APIs) were introduced. 

These APb were based on object-oriented and middle ware technologies such as 

C +...:... and Java. Telecoms API standards such as Parlay. the 3GPP Open Service 

Architecture (OSA). and the Java APIs for Integrated Networks (JAIN) were aimed 

at making telecoms service implementations easier then Ic'\ implementations by 

abstracting the signalling protocol details from the llllderl~Ting networks. The APIs 

feature telecoms-related capabilities such as call control. confereneing. messaging, 

etc. 

The concept of APIs was to host the application logic 011 application servers 

which would be able to access the provider's service gateway via a secure network 

connection. The netvvork operator would then he offer services from its O\yn applica­

tion servers or make usc of a third party's services through sen'ice-Ievel agreements. 

Both network operators and third parties would benefit as the network operators 

could provide customers with a wider variety of sen'ices. while the third parties 

would receive revenue for access to their sen'ices. It was also possible to add new 

API operations and interfaces to copc. with market treuds and newer technologies. 

Framework interfaces were also defined to allow registration and discovery of new 

sen'ice interfaces and perform the necessary service-level agreements. 

However. the uptake of APb has been slow v,;ith network operators not ~'ishing 

to open up their networks to third parties and due to these APIs being still far too 

complicated for usc by developers unfamiliar \vith the telecoms architecture. 

III the ~Tear 2000. the Parlay Group noted how. through the usc of open proto­

cols. the Internet had enabled its own open sen-ices market. The Parlay Group then 

developed a simplified version of the Parlay /OSA APIs. named Parlay X. which 

,,'as et silllplified APr hased CHI \/V(~h-scrvi("cs l(~cllll()logi(~s. Par'let:-, X was llluch 

silllpler to usC' then prcvious APb aud enabled den'lopers familiar "'ith creation 
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CHAPTER 1. INTRODUCTION 

of \Veb-scryic('s to construct new and innovative telecommunication sCITices. To­

day. most Parlay/OSA platforms feature a Parlay X gatcway for exposing telecoms 

int('rfac('~ to third parties. iyhilc operators still usc the classic Parlay / OSA APIs 

for thc implementation of internal operators sen"ices un top of a rapidly challgillg 

network architecture. 

More recently the IP .1\1 ultimedia Subsystem (Il\IS) has emerged and promises 

a scala blc. integrated platform t.o support. the creation of new seryices as well as a 

means to facilitate the convergence of telecommunication and Int.ernet services. 

1.2 The IP Multimedia Subsystem 

1.2.1 Development of the IMS 

As t.he popularity of Internet services grew so did the need for mobile access to 

them. Cellular networks were ideal candidates for this as their coverage areas t.y­

picall~' encompassed virtually all urban areas as well as extending into key rural 

areas. The' General Packet Radio Service (GPRS) vvas developed to provide 2G 

cellular sYstems \,'ith data capabilities and gave cellular handsets the ability to 

conncct to the Internet. GrRS data rates were hOWeyel significantly lower than 

those offered by fixed line access and other wireless access methods. The l"niver­

sal =VIobile Telecommunications System (uMTS). a third-generation (3G) cellular 

network system. sought t.o increase the bandwidth available in cellular networks b~' 

using improyed spectral efficiency techniques and allowing users access to a wider 

range of more advanced services. 

The 3G PP. (l collaboration of a number of telecommunications standards bodies, 

wa~ forml:d with the goal of producing technical spccifications for a ;)G Mobile 

System based on evolved GSM core networks and the radio access technologies 

these networks support [7]. Initially the 3GPP focused on increasing the available 

bandwidth in 3G networks by improving the radio access methods. However. the~T 

found these net,vorks still inherit.ed many of the limitations of the circuit and 

voice-oriented GSM network on which they were based. In order to provide newer 

sen'icC's tlwt could take advantage of the higher handwidths. the 3GPP realised 

tlwt the llctwork architecture lleeded to eyolve 18;. This cyolutioll cawe' in the form 
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CHAPTER 1. INTRODUCTION 

of the IP l\Iultimcdia Subsystem which defines an architectural framework for the 

delivery of IP services in an a11- IP packet based core. 

1.2.2 Motivations for the adoption of the IMS technology 

by operators 

The Il\IS has attracted much attention from the telecommunications community 

and then' arc a number of rcasons for this. The ke)' one being that the IMS delivers 

innovative multimedia services over both fixed and mobile' networks using open 

standards. Furthermore, the IMS addresses modern issues such as convergence. 

sen'ice creation and delivery as well as service interconnection. 'With the IMS the 

operator is able to either retain its existing business models or evolve towards new 

ones. 

Quality of Service 

The main driver for the development of a new network architecture, as opposed 

to simply providing improved connection speeds to the Internet. is due to the 

ina bility of the Internet to provide acceptable Quality of Sen"iee (QoS) to users. 

The Internet only provides a best effort service in that it cannot guarantee delivery 

of all information transmitted between two end-points. i\etwork congestion and 

network failures could mean the loss of information packets as the\" pass through the 

network. with end-points needing to keep track of packets in order to re-transmit 

any packets that did not make it through the network. Although this may be 

acceptable for traditional Internet, non-real-time sen'ices such as web-browsing and 

file-transfers. it is unacceptable for more modern. leal-time multimedia services. 

such as voice calling and video streaming. Delays in the transmission of packets 

could cause these modern services to become unusable by customers. Even without 

congestion or failures in the network. the best effort nature of the Internet means 

it may not be able to provide acceptable QoS levels to all services at all times. 

To highlight this problem, consider that modern digital video transmission uti­

lises video encoding techniques to reduce the bit-rate of the video and enable it to 

he transmitted over present day communication links. The encoding of the video 
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CHAPTER 1. INTRODUCTION 

utilises the fact that rnan~' frames of the video arc spatiallY redundant 1 and the 

encoder generates a rcfcrellC:c frame to be utilised bv the decoder for the predic­

tion and decoding of subsequent predicted frames. Loss of these referenc(' frames 

during transmission is likely to lead to interruptions in the pl8:dJack of the "ideo 

and could cause the user to abandon using the service. 

The n1S however ensures end-to-end QoS for IF Multimedia packet flovvs by 

identifying ::;ession flows at the bearer level and prioritising the lOuting of packet::;. 

as to ensure reliable delivery of real-time IF-based multimedi8 services. 

Separation of session signalling and media flows 

The ['vIS separates the session signalling, from the media flows. The session signal­

ling is routed through the IMS core for purposes such as authentication. authorisa­

tion and accounting. while the media flows take advantage of IF routing protocols 

to ensure optimised delivery of the media data across the network. 

Session-based charging of IP services 

At present operators typicall~' charge users for the amount of information transfer­

rcd while connected to their network. The operator cannot charge the user for the 

use of individual services as the contents of the IF datagrams arc not known. The 

I~IS on the other hand provides information about the service being used bv the 

subscriber and allows the operator to chargc for the service using a method that 

is appropriate for that particular service: flat rate. time-based. QoS-bascd, or an~' 

other type of new charging method introduced. For example a VoD service may be 

charged 011 a flat-rate. or per SCSSiOll hasis. and not on the amount of time he/she 

spends watching the "ideo. 

IMS as support for a service delivery platform 

The I~IS defines standard interfaces for use by service developer::; for integration 

of new se[\'ices into the IMS network. Standardisation of common seryices such 

as voice. presence. instant messaging (1M) and others. allow for their usc in the 

1 Apart from ma.ior scene' changes and scenes ilwoh-ing iI good deal of InO\,('111C111 1 here i, little 
chang(' iu the information ill s1lccessive framc" of iI \-icleo s('queu('(,. 
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CHAPTER 1. INTRODUCTION 

creation of newer. more sophisticated services. The n1S facilitates the convergence 

of telecommunications alld Internet services through the usC' of cornrmlll Internet 

protocols and \Veb techlJologies. This allm\'::; developers. ,dw arc alread,' familiRr 

,yith these technologies. to quickly develop Rnd deploY new nIS seryiccs. In addi­

tion to this the standard interfaces allow operators tu obtain serTices from different 

vendors. thus avoiding being locked to a single vcndor for the acquisition of new 

services. 

The all-IP core enables thc inter-working of different access networks as well as 

facilitating fixed mohile converg0,nc0, hy a.llowing s(:allll0,ss distrihutioll of s(~rvi(:r;s 

oycr both fixed and mobile broadband access networks. 

B~' separating out the application services from the core network infrastructure 

the IT\IS allows independent scaling of the network and applications services: the 

number of Call Session Control Functions (CSCFs) can be increased. enabling a 

higher number of network subscribers to be served. while the numb0,r of application 

servers which handle a particular service can be changed according to the demand 

for the sen'ice. 

The range of sen'ices is expectr;d to be a major draw card to nlS networks. 

The term ··triple play" is often usr;d wh0,n talking a hout the I:\ IS amI ref0,rs to the 

integration of voice. video and data services over a single network and from a single 

network operator. The IMS allows network operators to provide bundled sen'ice 

offerings to attract customers to their networks. while customers benefit from the 

reduced cost and simplified billing associated with these offerings. 

1.2.3 IMS standardization 

The 3GPP first released IMS specifications in 2002 as a small part of their Release 5 

specification. These documents did not however discuss yoice or any other services 

in detail. leading to some confusion regarding the interoperabilit~· and realization 

of these seryices. This prompted large corporations. such as Ericsson. to take it 

upon thelllselves to define IP t.elephony for tht:' EvlS and to have it included in 

Release'"; of the 3GPP"s standards. Presentl~' Release 8 is schcduled to be finalized 

and published in December 2008/Januarv 2009 [9]. 

Supporting 3G PP' s yision of an all- IP core. a llUlllber of ot hCl SI andarcl DCDni­

tiem Organizations (SDOs) have contributed to the 1.:\lS staudards. These include: 
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CHAPTER 1. INTRODUCTION 

• The 3rd Generation Project Partnership :2 (3G PP:2) - (j collaboration between 

~orth American and Asian standardising bodies. who have adapted the 3GPP 

staudards for CD:t\lA2000 networks. 

• Telecoms ~ Internet converged Services ~ Protocols for Advanced Networks 

(TISPAK) - a standardisation body of the European Telecommunications 

Standards Institute (ETSI), who have contributed to the I~lS standards for 

operators in the fixed-line access domain. 

• CableLabs·s. a non-profit research and development consortium consisting 

of members from the cable industry, have adapted 3GPP. Release G, IMS 

standards for cable networks in their PacketCablc project. 

Other SDOs concerned with the IMS arc the International Telecommunications 

Cnion (ITL"). whose NGN focus group has included the IMS as part of its Next 

Generation ~etwork (NGN) set of standards. as well as the \ViMax Forum and 

the Broadband Forum. who have specified requirements for the interaction and 

integration of IMS with their own architectures. 

1.3 Emergence of Web 2.0 

The first IMS network deployments are only expected to be seen in 2011. Pre::3ently 

however there arc a number of Web application frameworks and technologies, such 

as Ajax: Adobe Flash: Adobe Flex: Microsoft Silverlight and Curl. \vhich enable 

developers to create sophisticated web seryices which can be accessed via web 

browsers with an appropriate plug-in. As a result of these the Internet has seen an 

explosion of inuovative and sophisticated services emerging. such as social networ­

kiug and \Veb Mashups2. The transition from the World Wide Web being a number 

of static pages to its usc for the deployment of highlY interactive and ::3ophisticated 

::3cTvices has often been referred to as '\iVeb 2.Cf. 

Giyen the open nature of the Internet, many vVeb 2.0 ::3ervice::3 arc offered free of 

charge to users and the predominant source of r('venue is gained from personalised 

advertising. An example of this would h(' a U::3er requesting a content related to 

:: A web applicatioll combinillg dat8 from ,w\'eral source,. ill order Tu CTf'alC a llC,\" and uuiqu(' 

SCT\'if:l' 
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CHAPTER 1. INTRODUCTION 

motorcars may be interested in a special offer for a IWW vehicle. This presents a 

problem for operators looking to deploY the I.f\lS as they arc required to provide 

new seryice:-; that improve upon these \V(~h ~.O serviccs to the extent that users will 

want to pay for them. 

1.4 IP Multimedia and Internet Protocol Televi-
. 

SIan 

The transmission of high quality multimedia data over IP-based communication 

links. has lwml lllade possible by signifiC:Cint incn:ascs ill network bCindwidth ov(:r 

the last few years along with thf' improvement of video coding technologies. This 

has lead to the development of new video services such as multimedia messaging, 

video eonferencing and Internet Protocol Television. 

Thc ITC-T Focus Group on IPTV provides the follmying definition for IPTV: 

.. multimedia sefYices, such CiS television, video. Ciudio. text. graphics. and data, 

delivered over IP-based networks managed to provide the required level of quality 

of sen-icc (QoS). quality of end-user experience (QoE). security. interactiyit~- and 

rcliability";10]. IPTV systems go beyond tmditional broadcast teleyision systems, 

as the USf' of the IP protocol allows for two \vay communication bctween service 

proyider and IPTV user. Traditional television services were seen as push services. 

since they onl~- allowed the television content to be pushed to the user. IPTV ser­

vices however can take advantage of the two \vay communications channel between 

the user and the sen'icr to gather information from the user. This allows highl~' 

interactive and sophisticated services such as Interactive game shows. television 

shopping and content rating systems to be developed. SelYicc providers arc also 

able to note the \'iewing habits of IPTV subscribers allowing them to customize 

advertising content for individual subscribers as well as give subscribers access to a 

community of subscribers with similar interests. or suggest other content that may 

be of interest to the subscriber using this information. The main driver behind 

C(lllSUmer interest in 1PTV services is the potential for Content on Demand (CoD). 

or \'idco on Dcmand (\loD). offerings. \Vith thic; CoD c;Clyiccc; Uc;CIc; all' abh' to 

stream a wealth of Holh-.,\'(JOd and tcicyisioll network content to their cud termi­

nals. The user is also able to control the dclivcr~' of the content b~- using VCH-like 
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CHAPTER 1. INTRODUCTION 

1.4.1 IPTV standardization 

Given the large amount of interest in IPTV. a number of SDOs have begun stan­

dardisation of end-to-end IPTV service architectures. SOUlC of the major IPT\' 

standards activities arc listed below. 

ITU-T IPTV 

The ITl:-T created the IPTV Focus Group (FG) with a mission ··to coordinate and 

promote the development of global IPTV standards taking into account the existing 

work of the ITC study groups as well as Standards Developing Organisations. 

Fora and Consortia" [12]. The FG ended its activities in January of 2008 and 

transferred its documents to the relevant study groups within the ITC-T for the 

development of draft Recommendations. The lTD has since formed the IPTV -

Global Standards Initiative (IPTY-GSI) with the goal of facilitating the interaction 

between the relevant study groups and accelerating the standardisation process. 

The ITC-FG settled on three distinct IPTV functional architectures: A I\on-I\GN 

architecture and two NGN-based architectures. one of \vhich utilises IMS as the 

control architecture. 

The ITC-T standards include the IPTV functional architectures. requirements 

for support of IPTV services. overview of IPTV terminal devices. high-level speci­

fication of meta-data for IPTV, quality-of-experience requirements for IPTY ser­

vices. as well as hOllle networks supporting IPTV sClyices. The fiual set of ITl:-T 

Recommendations on IPTV is expected to be finalised by mid-2009 [10]. 

ATIS IPTV Interoperability Forum 

The Alliance for Telecommunications Industry Solutions (ATIS) initiated the IPTV 

Interoperability Forum (IIF) with the aim of developing standards that enable 

the interoperability. interconnection. and implementation of IPTV s~'stems and 

sen-ices. Important aspects arc investigated by ATIS. within the lIF. including 

the defining of IPTV logical domain::;. IPTV references architectures (IMS- and 

non-I.MS-based. as well as their coexistence). content dcliver~' concepts with QoE. 

digital rights management (DHM) rcquircmmts. and the tc'sting requirements of 

the components. reliability. and robustness of sen-icc COlllPOllCllts J3· .. 
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CHAPTER 1. INTRODUCTION 

DVB over IP Networks 

The Digital Video Broadcasting (DVB) Project is a consortium 'which includes 

broadcasters. manufacturers. network operator",. soft,nue dc:velopers. r('gulator~' 

bodie", and other organisations from around the world. The DVB project is res­

ponsible for creating standards for digital television in Europe. as well as many 

other regions of the world, and publishes its specifications though ETSI. \\7ork re­

lated to IPTV i::; standardi::;ed under DYB-IPTV whiclJ is defined by the DYB a::; a 

"set of open. interoperable technical specifications that facilitate the delivery of di­

gital TY using the Iuternet Protocol over bi-directional fixed broctdballd uetworks ". 

Specifications published to date define the transport of ~\IPEG-2 TS-based services 

over IP based networks [14]. thE' provision of Broadband Content Guide (BCG) 

information over IP [15], as well as remote management and firmware update sys­

tems for DYB IP services [16]. ETSI TISPAK incorporates thesE' DYB standards 

into their own 1PTV architectures. 

ETSI TISPAN IPTV 

TISPA::'\ :\'G\' R2 contains several specifications that address 1PTV ::;en'ice requi­

rements and architectures. Both a non-IMS 1PTV subsystem and an [,vIS-based 

1FTV subsystem are specified. The standards for tht: 1MS-based 1PTV ::;ubsy::;tem 

[4] pro',ide a comprehensive specification of the architecture and functions. inclu­

ding servicc discover!' functions. service control functions and end-user terminal 

functions as well as the corresponding protocols and interfaces used for signalling 

and nwdia flmvs between these components. 

3GPP MBMS 

The JGPP does not offer any specific 1FTV specifications hut their Multicast/broadcast 

(IdBMS) specifications [17] define an efficient way of delivery and controlling mul­

ticast and broadcast services over 3G networks. Thesc multicast and broadcast 

sen'ices allow the optimisation of broadcast and multicast 1PTY services delivery. 

Although limited at present to cellular networks. there is ongoing research to extend 

j\IB;\1S services to appl~' to the 1MS architecture as :3 whole CIS:. 
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CHAPTER 1. INTRODUCTION 

OMA BeAST 

The Open l'Ilobile Alliancc (OMA) contains a Broadcasting \Vorking Group that 

deals with fUllctional issues that arc generic enough to be common to many broad­

cast services and that can he defined and implemented in a hearer-independent 

WRy. This includes service guides, file distribution. media stream distribution. 

service protection. DR.i'vL service interactioIl. servicc provisioning. terminal provi­

sioning. as well as notifications. and so on [10]. All arc kcy aspects related to 1PTV 

services supporting broadcast/multicast and which enable thc distribution of rich. 

interactive media content to a large number of mobile viewers. 

1.5 Problem Definition 

The 1MS enables users to access services from a range of user end-terminals and 

access network technologies. Fixed line access technologies allow for the data rates 

in the range of a few hundred kbit/s per second to severall\ilbit/s. depending on the 

access technology used. Similarly, wireless access technologies have varying data 

rates but arc further complicated due to the mobilit!" of users which impacts on the 

received signal strength of the end terminal. In addition to this the number of elld­

terminals that can connect to these networks is limitless. These range from portable 

multimedia players and cdl phones to high-end computers and set-top boxes. Each 

of these devices has its own set of capabilities \vith screen size. processing power 

and supported coding formats varying from device to device. 

This need for 1MS services to be able to adapt to meet differing user require­

ments prcs(~nts a significant challcnge for 1PTV smTiccs. This is because video 

encoded with a particular cod(x, bit-rate, spatial resolution and temporal reso­

lution rna!" not be suitable for delivery over all access networks and to all user 

end-terminal de\"ices. As an example of this we have 4 different 1PTV subscribers 

who Rccessing the service from different networks and different end terminal de­

\'ices: Figure 1.4 depicts the scenario. In this example the yideo server is only able 

to provide content at a fixed aspect ratio and at fixed bit mte (t.vpical of today"s 

yideo scrviccs where "idco is CllCodcd USillg specitie paramet.ers that callnot be 

chclllg;ed ullless the \"idco if; fe-encoded). For user A this is a llot a problem as his 

end-terminal has a screen size in-line with the \"ideo's spatial resolution and the 
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CHAPTER 1. INTRODUCTION 

IPTV video services to meet the needs of individual users. consumer interest in 

these services will he severall~' limited. This thesis primarily analyses multimedia 

content adaption methods to support the adaptation of multimedia content ill 

Ii\IS-IPTV deployments. It aims to showcase the advantages and disadvantages of 

each adaptation method and determine their suitahility for usc in a present day 

r:v1S-IPTV deployment. The most suitable content adaptation methods will be 

incorporated into a content adaptation scheme for usc in IMS-IPTV deployments. 

This functional architecture will then be implemented in a test-bed architecture, 

to enable testing and evaluation of the proposed content adaptation scheme. In 

particular the storage and processing requirements of the stream will be analysed 

in order to access the scalability of the scheme. The software developed for this 

test-bed will be released as open-source, allowing for its extension and to serve as 

a basis for future IMS-1PTV research. 

1.7 Thesis Scope and Limitations 

There are a number of 1PTV architectures currently being deplo.ved by SerYICe 

providers [19. 20. 21] or standardised b~' standards organisations [13]. Although the 

concepts presented in this thesis may be used in order to achieve' "ideo adaptation 

in other 1PTV solutions, this thesis focuses on applying them to an HvlS-based 

IPTV architecture. 

In order to create a successful 1PTV infrastructure a number of issues need to 

be addressed. Quality of Service (QoS) mechanisms need to be in place in order 

to ensure a reliable and acceptable 1PTV experience for users: billing and charging 

mechanisms need to be present, and flexible enough to support the various charging 

models operators may wish to usc (pre-paid, on line charging. time-based charging, 

etc): Security and Digital Rights management issues need also to be addressed in 

order to protect users and ensure that content cop~Tight laws are not infringed. 

These arc complex peripheral issues and there is much standardisation work being 

done in 3GPP and other bodies to ensure that appropriate mechanisms arc in place 

to handle these issues; as such they are beyond the scope of this thesis. 

The I\IS uses man~' protocols standardised b~' the IETF: SIP. SDP. RTP and 

RTSP arc the four application layer protocols used extensivd~' in this thesis. A full 
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CHAPTER 1. INTRODUCTION 

dit;cut;sion regarding the inner-workings of thet;e protocols is bevond the scope of 

this thesis and readers arc advised to consult the relevant Request for CommentE 

!RFC) documents. 

Simulations are an effective tool for the prediction of network performance. 

They arc however limited, in that they often do not take into account real-world 

factors and do not truly reflect the behaviour of physical networks. As such the 

conclut;ions drawn from t;imulationt; oftcn cannot be generated in the real world 

and for thit; rcason the dccit;ion wat; undertaken to implement the adaptation .ar­

chitC'cture in the form of a phyt;ical test-bed. This doet; however limit the research 

as it is not aE easy to adapt a physical test-bed to new technologies or to new 

experiments. 

1.8 Thesis outline 

The remainder of thiE thesis is outlined below: 

Chapter 2 det;cribes and analyset; the main content adaptation methods found 

in the literature with relevant literature relating to each method highlighted and 

reyiewed. The chapter then gives an overview and an allal~'sis of the ETSI TISPA.r\ 

I1\1S-Based IPTV architecture, chot;en as the reference architecture for this thesis. 

Chapter 3 begins with a discuEEion on the relevant design considerations for 

a content adaptation Echemc for IMS-IPTV architectures. after 'which each of the 

content adaptation methods presented in chapter 2 is re\'iewed as to their suita­

bility for usc in IMS-IPTV deploymcnts. A hybrid content adaptatioll Echcme, 

'which makes UEe of two of cOlltent adaptation methods. iE thcn proposed. The 

advantages associated with the UEe of the hybrid schcmE' are highlighted and the 

intcgration of the hybrid adaptation schcme with the ETS1 TISPA:'\ IMS-BaEed 

1PTV architecture is discussed. 

In Chaptcr 4 the architectural design of an evaluation framework for the adap­

tation of \'ideo content for IMS-IPTV Eerviccs is given. Initially. the objectives. 

requirements and limitations of the teEt-bed arc presented and after which the Eoft­

ware used and/or developed for the test-bed is discussed. Finally the tcst-bcd'E 

topolog\' is given along with a description of the hardware used ill the implC'men­

tation of the tes1-bed. 
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CHAPTER 1. INTRODUCTION 

Chapter 5 begins with a discussion on the tools and video sequences used during 

the tests performed using test-bed constructed for this thesis. This is followed by 

presentation and analysis of the results obtaincd using the test-bed. 

Chapter 6 presents a set of conclusions that were drawn from the evaluationf:i 

in Chapter 5. after which recornmendatioIlf:i and future work is presentcd. 
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Chapter 2 

Background and Literature 

Review 

The previous chapter introduced the 1MS and discussed the need for 1MS-1PTV 

services to be able to adapt multimedia content, to cater for heterogeneous access 

network!' and differing client terminal capabilities. This chapter provides a brief 

overYil~w of different conlent adapt.ation methods found ill literature as well as 

discussion on each. As video content adaptation has been a popular research 

topic in the past. with a number of publications related to the subject, the aim 

of this chapter is not to provide an exhaustive list of such literature but rather 

to highlight the most up-to-date and relevant publications in the context of video 

adaptation methods. This chapter also includes a discussion on ETSI TISPAN 

IPT\'-IT\IS architecture used as the reference architecture for the deplo~'ment of 

content adaptation methods in this thesis. The reader may consult Appendix 1 

to familiarise themselves with digital video compression and factors that influence 

the video adaptation process. 

2.1 Video content adaptation methods 

2.1.1 Precoding 

Prccoding is 11 lllethod for "ideo aclaption that has the content sen'er support 

multiple ,,(,Ision:', of thl' ulUltilllcdia content. v\'ith clifferellt formats and bit-rates. 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

VnlClJ the media server receives a request from a client. it dC'termines the client's 

requirement::; and capabilities, and uses this information to select a suitable version 

of thc content for thc client. 

B. Shen et al. mention precoding in [3]. The authors analyse the strengths 

alJd weaknesses of using precoding for video content adaption and contrast its usc 

against scalable video encoding (Section 2.1.2) and trans-coding (Section 2.1.4). 

The authors state that the major advantage associated with such a scheme is little 

to no qualit~· degradation between the encoded video and the original video, since 

thc encoded sequence is based on the original sequence of video frames. Another 

advi:tntage is that end-to-end security need not be affected when switching between 

different versions of tlw video. since each video sequC'ncc can be encrvpted indepen­

dently. The disadvantages of precoding, according to the authors. is the difficulty 

at the source of anticipating what codec, bit-rate and so on. the content should be 

precoded with as well as the inability to support real-time video applications such 

as telephony or group communication. 

D. i\!liras et al. [22] also mention precoding; referred to as m'ultiple verswns. 

The authors describe how the method can support d:mamic switching among the 

multiple streams. by using synchronisation points in the bit-streams: however. this 

has a disadvantage of complicating the encoding process. Other disadvantages of 

the method. according to the authors. are that it requires extra space to store the 

multiple encodings and that the granularity of the rate adaption is limited b~' the 

number of available streams. 

J. Chakareski et al. ~23] include precoding as a method for the rate adaptation 

of streaming media and explain hmv it can be implemented. The authors how('ver 

fail to mention an~' advantages of disadvantages associated with its usc. 

2.1.2 Scalable video encoding 

Scalable video encoding allows adaption of the output "ideo stream by allowing 

parts of the video bit-stream to be removed. Video is encoded into a number of 

layers 'with successive layers representing an improvement in the quality of the 

d('coded "ideo. The base layer represents the lowest quality version of the video 

bit-stream and each successive layer refines the "ideo and improves the "ideos 

perceived quality. Decoding of each successive la?er requires the presence of the 

20 

Univ
ers

ity
 of

 C
ap

e T
ow

n



lower lavers, 

--~" = -
~~­-".,.,,--,,-, -

.~,-,,-
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in-line with their "",pahilitiE<' 

P,-e,-ioll; coding stumlar,h ou(;h '" the 1l,2G2/~IPEG-2. [1.2G3. ,md -"!PEG·~ 

ViolHJ st,unrl.Td" all Slipportpd tool" thut at least p,-ovid~d ';']me form of ,;cala­

bilit~:: lww,,'vcr. the sc&!ahl~ profile" or these ~t"ndlt!(b w,,-e ra.:ce\y 11"'-'" "nrl not 

WiMlv arlopted b)' industry, The ,-ea.50n" fur this include; the chaTuctcri.5tic, of 

\.:cwliti(J]wl "ide,) bro""h.,~ting sv,T,e"',; the signifiL'an\ lp~s in en<'orl ing ~tlki~n('v 

(,,-llPn usin,.: opatiul and qualit)' scalability featurmj. w; well 'us the li.rrge inne""" 

in titt' (;olJlplexi tv pI the ,ml.blr rlecodN (when compar('(l "ith rll<' (.o,','e-spondin,.: 

non-"".Jable profil",;) [~ ,I [, 

The ",oot rL'L'en\ and acinmc('(l r,.:',"hhlr cndC'<.' L; thf' Sc"hhk Vi<im Cpd", 

(SI'C}; which APPO",", ns an mnendmrnt to the B.~ti.l/:'I!PEC-4 AYC stAnda:-rjl, 

joinily puhlioh('(i Lv Loih the- 1TL.:-T und ISO/JE-C stAnda,'dintion hodies_ Th~ 

H_2tJ~ standard hns P'-OVL'(\ popular with indust.:cy ~nd othe: standards lmdim and 

t-0da~' mAn} P"()(illc1~ And "vst~!Il" sUPP<)[t the ~bnd.Td_ J-k,'uw;{' of the- high 

adoption ,-ate of industry und the inVl'Stmenli; made in dewloping B.2&! compliant 

p,-oduct,,_ the ITU-T and ISO/lEC "ideo groupe found it appropriate to develop 

an S\'C ~"tell,ioll ""d rellbC the key f(,3t1lrp, of thp H_~()1 /A\T otund"rd, Thi" 
.-----

1 _\,,'" II _%1 /\1 I'bG--j A I'C- 11_~6-1 ~,~: A\'e ~'" "",J i"'cn.;I'~"gl·"hl" \h""Lghnul ,hi> l!w,;;, 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIER' 

SVc2 extension allows for the temporal resolution. spatial resolution and/or the 

fidclity of the vid(~o to he reduced in order to adapt the vidco cont(~nt. H. Schwarz 

cl vl. give a good oven'iew of the H.264 scalable extension ill i2-1]. Thcy discuss 

how the SVC extension incorporates techniques that can be used to reduce the 

loss in coder efficiency and bring it closer to the original H.264 standard. They 

also show how the decoder complexity can be decreased while still maintaining 

reasonable rate-distortion performance. The performance of the SVC extension is 

also analysed in [25], where the authors compare it the original H.264 standard as 

well as the 1vlPEG-4 ASP standard. They conclude that. although thE' usc of SVC 

leads to a compromise in either quality or bit-rate of the video. the gap between 

SVC and H.264 encoder efficiency can be relativcly small. Also the performance 

impact. of the increased scalability functionality. can be optimized by tailoring the 

layer configuration of the scalable stream to the needs of the application. 

D. I'vliras et al. [22] give a brief summary of the advantages and disadvantages 

of using scalable encoding. Advantages according to the authors. are that scalable 

encoding allmvs the "ideo bit-rate to be adapted to the network conditions. by 

dropping or adding layers, as well as imprm'ing the rcliabilit~, of video plavback by 

prioritizing lower layers. Additionally. um~qual error protection can be employed 

to protect the lower layers of the video bit-stream. Disadvantages include deciding 

what partition method to use. the efficiency cost. deciding how man~' layers to use 

and/ or how to distribute the bandwidth among the layers. 

J. Chakareski et aZ. (23 J include the use of scalable encoding at; a means of 

achieving bandwidth adaptation by rate scalability of thr media stream. The 

authors mention the advantages of its usc being for on-demand media applications 

or in one-t.o-many streaming architectures whe[(~ thp samE' media. or a finite set 

of streams, serves a number of different clients. The authors also mention the 

disadvantage of the generally smaller compression efficiency associated with the 

usc of scalable encoders. 

J. Kim et al. [26] proposr the usc of H264/MPEG-4 SVC in I\'lobile 1PTV ser­

vices and justify its choice through its usc in applications such as multi-resolution 

cOlltent analysis. content adaptation. complexity adaptation. and bandv/idth adap-

~sve ah\'a~·~ rcfcr~ tu the scalable amelldmellt to the H .:!(j·l l .\IPEG-.J AVe S\.iillClarcl ill thi;; 
thesis. 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

tation. The authors mention a disadvantage of the usc of SVC as the relatively 

high complr;xity of the SVC encocinr which makes lcal-time encoding very difficult 

to achieve. 

One major disadvantage of the SVC sclwme. not mentioned in i24. 25. 22. 26]. 

is the requiremr;nts of each individual user terminal to be capable of decoding the 

SVC bit-stream. If IPTV services were to be deploved using H.264/MPEG-4 SVC 

then all devices would need the compliant decoder or pla~'baek of the video would 

not be' possible3
. 

2.1.3 Multiple Description Coding (MDC) 

I\'lultiple description coding (MDC) encodes video into two or more independent 

streams. In contrast to SVC. where the lower layers need to be present in order to 

decode higher layers. Iv1DC streams can be independently decoded. These streams. 

called descriptions. are sent to the decoder over separate communications paths 

and in the event of one. or more .. descriptions failing to arrive. the decoder uses 

the available descriptions to approximate the original signal. The distortion in the 

reconstructed video decreases with the reception and decoding of an~' additional 

descriptions. This distortion is lower bounded b~' the distortion attained by single 

description coding (SDC), operating at the same overall bit-rate. in an error-free 

transmission scenario. MDC allows video to be adapted. b~' providing the client 

with only the relevant descriptions required to achieve the clients desired. spatial 

resolution. telllPoral resolutioIl and/or hdditv. 

?>.1- T Lu et al. [27] usc MDC in their Peer to Peer (P2P) 1PT\' architecture. 

l\1DC allows users of the s~'str;m to subscrilw to streams with diHr;rcnt resolutions, 

as well as to ensure that users receive the highest quality achievabk with the avail­

abk network resources. The authors propose a new ?vIDC schemE' that uses four 

bit-streams: even and odd strr;ams consisting of original video sequence. as well as 

even and odd streams consisting of the video sequence scaled by a quarter. The 

authors show how this scheme outperforms previous spatial and temporal interpo­

lation schemes for a single video sequence. The authors also compare l\1DC with 

:J~ute: De\"icEe'" ~u]Jporting thEe' nOll ~coJablt' prufilEe'~ uf H .2(;-+ 1:\ [PEG--+ AVe an' ahlt· tu df'codEe' 
just thc hase la:-'cr of the sve hit-stream hut this hase laver "'ill typicalh- he· of it wry low quality 
aud hence not suit,able for devices requiring higher quality \"Cr~iul1s of the yidc(). 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW' 

SVC and SDC. stating the major drawbacks of layer coding to he its high complex­

ity and lack of (~rrOl resilieIln:. while SDC achiev(:s higher coding effi(,iency than 

.\IDC since .\lDC canllot fully exploit the temporal relationship between frames. 

Similar to SVC. NIDC would require that all devices have the appropriate MDC 

decoder, which at present is highly unlikely since there is no standardized IVIDC 

format. 

2.1.4 Trans-coding 

Trans-coding is the process of decoding a video signal and re-encoding the frames 

to another coding format or to the same coding format but \-'lith altered parameters 

of the video. Early uses of this method mapped the bit rate of the video to the 

available capacit~, of the communications channel. Vhth the advent of mobile com­

puters and smart phones. the technology has evolved to support spatial resolution, 

frame-rate and/or bit-rate adaption of a video sequence. 

Figure 2.2 shows the trans-coding process and represents the most basic form 

of trans-coding. known as cascaded pixel-domain trans-coding. The signal is first 

decoded and the original "ideo frames reconstructed after which any required in­

termediate processing of the video frames is performed. Finally the frames arc 

re-encoded. subject to any new constraints specified to the required output format. 

This trans-coding approach however is very costly in terms of computing power 

and memory usage and as such. more efficient techniques are typically utilized. 

24 

Univ
ers

ity
 of

 C
ap

e T
ow

n



,~ 

• 

','lcn _ v. "" .... l...." .. c_.,' 
~-~ 
C _ (I" .... ,,""" 01 ,-.,.c, 
I"" _ """"" """'"_""n 
[)CT _ 0.." ... C,,,,,,, T, .. ,,,o"" 
"'CT _ '"'""" ~CT 
Me """",. Go".,.""",,, 

F ip;urc 2_~: lllm;t 'ation of cas",uk pixel-domain trans--CJ}din~ 

A. \'et :'(j d "I. [28- p!lwidl' ILlI ~xteIlsi\-e overview of the various t:-un8-cociing 

nrchit f'Ct\l r." 8nd t.",hni1J\l M tl)ai haw b w n "PSI'Jl rchrd fllld upwlopc.i Vim to 

n J3. The P"P"" j(jClks "t t "arI8-c,.J jrlg a:dlj tL'Ct ure8 t l181 enable bit-!Mc. splLt irLl 

" ~""lution alld tcmpo,-al ,,,,,,,Iulioll of ,ide>:) to be changed. III addition to t hi' eIor­

frn;i lj ~llCi' t"anfrcorlillg is nlso ~xami", .. l 'I'h~ allthors providr 8. (\'){)<J oyer\';rw of 
the tnlllo-eodill g process and give Ull cxicnsiw h:'!t of rdc,-enecs to m,her ,-cscurrh 

thnt ha.< b",," "'TIClurt.<:<:! 10 optimif.(' tl ,o tram;.-rodiTlg pro""",,_ 

J, Ch">c8rC@j tI "I. /23/ mcmi(jll tlwt t I tillS- coding in their rnscm;;;iuIl on mcth­

od~ for il('hip\i TI ~ "aTe 8('nlabilin' staling ThaT its appli('ntioll in practki' i, qll irt 

limited du~ to ito :lIgh cnJllputatiollaJ cOInpkxity, 

B. Shell of at. [:< acgue thm " idoo trull;;- cooillg i.' ocller "uite'-! for r ontcnt ndap-

1M,o rl thnn p I'('(mliug m id scalahlr v,,]oo <:od ir lg Hl rtho,], in tile n lS. Th~ ffallOn 

f",- th is ib dlle to the flexibilit,' of :ca,n >r-co dill g in l<d"pting t he yi<ir<> to nny ('000(', 

"l"1.ti&i rC801ntion. t~mpo"nl [('oolutioll and,!o" bit-"m.r the cli~m reqnirflS. Thr au­

thms prese,nt an Hltd ligent method of c."ploit ing the eoc,.cbt i0ll octween the input 

m"l ontput of a v:doo t"ans-rmkr; rn lh] xrod~. whirh ~ rI "hiM the tr"nf<-l~"J iri g to 

lw pnfocmcd withou t, hnvillg to fulh- rr_pnrod~ ~h~ "i<l ,.-, and thw optimi~in g the 

lra rl s--rofii Tl g prUCML 

25 

Univ
ers

ity
 of

 C
ap

e T
ow

n



F"" ... "",. trf,,,,,,,,.,,-
-"21 \~, , 

,~----, 
En.uj" _ J 

Figure 2 ,_J: Illuolralwn of ,he xcode proce"s prO[J(&'{1 ;ll 131 

Th~ xeodc method rcm;.:s the mot.ion rSlim~1. i on and Hm~ro-biol'b of (he origi­

n .. 1 ~nGOd<'(1 virko seq UeIle<' for ~Il~odiIlg "r liw a"",pt cd "ideo "''qllellre, 1 hus .. void­

iIlg h~\'iIlg 10 r~eakulale the transform-dolllAin informAl. iOll aIld reduf'ing prol'€:<'<­

ing r<>quir~n"'nt"'- This would l~ad '<J a decreU8e in thc proce""ill~ povwr !~quired to 

achi<cve th~ traru;-l'oding vocc",,; howcver, t,h~ auth",," d" Ilul provid~ any r",,"lt, 

~omparing U",j,- xewe l11ethod with the full rc-cnoo<iing or "ideo FurU.erm",,€. 

the)' admit that thc xeork IIl~thod would llOt w",,~ ,,'h~Il(,an.-;-cndjng to a U),diIlg 

(orm1<l, lhal does 'wI, U:;(' th~ :;a ,, >€ traIl,forrn baoc ill' the m il':iMI • .-OOing f""l11M_ 

Other tram-uxiiIlg i,,,-,c,, Addre",~f by the .. uthor:; ilwiude dYIl1<Tilic tralls-uxiillg 

for i nl e!M,-iv~ \' id~o ~ppkal,ioIls and the u,~ tral1"-u)(fin~' for the improv ing \' id"" 

'lllaJity in lo~-;)' a~ee"" n~tworb, 'J 'he Authms eoncl ude Thl' paper with a l'm..o ,tud,­

an~lnin~ The power C:Olls11mpt iOll Or" Hlobilf' ph"ne for ,-ide", pJa.)-b~ck of 'wo \'idro 

"""lueIl~"' , at a range of frmnc---Rizet< ~nd ITAIIlf>-rAt,,,,, , FindiIl&~ (ror" th~ UI,;e "t lldy 

sho,,- that pl~y bark of ,'iel"" with lower !,-anl('-,izt>; 3Ild framc---rates TAk"" long~! t.o 

dr"iIl the phone', batlery then v;deo with highcr fmmf>-8iz"" aIld rm"KHat(O<, 

') ') ETSI TISPA~ r:~VIS-based IPTV Architcc-

ture 

hI'S! TISl-'AN ,tand<lr(b tG-(i<lt.c define til<' Ill(lt;t ('olllpr~lwIl;;jw~ J'\lS·ba,.,.-,d JPT\­

a,ddedllrc. In adelitioll to this the 'l,andarcb are M'...,!"p,~1 in C:O--0I','TAtion with 

ITU-T FG, ATiS I If' and j)\"ll , a, (" ell"nr~ inte!opcmhilit.y hrL,wrt'Il IPT\' '."'-'­

t~"" ,kvei"pe<.l by different ycndors m,d (Jr,plond h.' differem Il~t"'0!k operators, 

Fo::- this !CII.'Oll, the E'J Si 'rJSPA:" l.\lS-ba,<"d 1PT\' ~bnel~rds ~r~ ~h""~ll a.' th~ 

re[erellcr L\IS-JP' l'V Ar~hi t ""lme fur thi' the"i,,_ 'fhis "'-'rtion p,'o"id"" a ddai­

Ifcl OVPr\'iew of til<.' TISPA.'I1II1S-b'hed Ar~hiwelnrr and i~ intcIldffi I" far,,;!ia,i:l' 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

uscr readable data related to the IPTV service such as channel names. start times 

and so forth. This information is usually presented to the user in the form of an 

Electronic Program Guide (EPG). which is 8 graphical Oll-screen displa~' of the 

information. 

Service Control Function (SCF) 

The Service Control Function (SCF) is a SIP Application Server (AS) responsible 

for authorisation during ::;e::;::;ion setup and modification: thi::; includes checking the; 

user's profiles in order to allow or deny access to the seryice: credit limit and credit 

control using on-line charging systems: as well as selection of the relevant IPTV 

media functions. 

IPTV Media Control Function and Delivery Functions (MCF and MDF) 

The IPTV IVledia Functions are responsible for the control and delivery of IPTV 

media fiow:-i to the UE. They are divided iuto the Media Control Functions (l\1CF) 

and "Media Delivery Functions (MDF). 

MCF Tasks: 

• Handling media fiow control of MDF. 

• Managing thC' media processing of MDF. if required. 

• ~\'Ionitoring the status of MDF. 

• J\Ianaging interaction with the UE (c.g. trick mode commands). 

• Haudling interaction with the IPTV service control function SCF. 

• Keeping an accurate view on status and content distribution related to the 

different J\IDFs that it controls. 

• Selecting an l\1DF, in the case of an MCF controlling multiplc MDFs. different 

criteria may be:' applicable (e.g. location of uK load on the Media Functions. 

etc). 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

• SelcctiOll of an alternative media function::; (l\lF). in the event the MF cannot 

process the request. (eg. Relevant content not lwailablc. load on the MF. etc) 

and the return of the MF informatioll to the SCF. 

• Generate charging information, e.g. for end-user charging ba.sed on the vie­

wed content. 

MDF Tasks: 

• Handling the delivery of the media flows to the CEo 

• Status reporting to MCF (e.g. reporting on established IPT\' media streams). 

• Storage of media (e.g. CoD assets) and possibly also storage of some service 

information related to the media. 

• In particular. it may be used for storage of the most frequently accessed 

content or user specific content (e.g. recording PVR. Time-shift TV. BC 

service with Trick mode, user generated content) if the same tasks are not 

performed by CE. 

• ':-'la~' additionally process, encode or tran::;-code (if required) media to dif­

ferent required media formats (e.g. TV resolution depending on terminals 

capabilities or user preferences). 

• l\la~' perform content protection functionalities (e.g. content encryption). 

• May support content ingestion of IPTV media. 

• For BC sen-ices MDF may act as source for multicast streams of BC media 

streams. 

• May collect QoE reports (e.g. from DE using Xd). 

Transport Functions 

The Transport Control Functions (TCF) enable policy controL resource reserva­

tion and admission controL as well as IP address provisioning. network level user 

authentication and acccss network configuration. as defined in TISPA?\. 

The Trallsport Pwc('s::;ing FUllcti(Jll~ (TPF) rcprC'scllt~ the IP corc and acccss 

lletwork transmission links. 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

ETSI TISPAN IMS-IPTV Reference points 

Table 2.1 shows the names given to each of the interfaces shovnl in Figure 2.4. as 

well as the signalling protocols that arc used on each interface. 

FE! UE 
Ref.point 
(protocol) 

UE 

IMS core GT, 
:·SI~:·.~D~ : 

UPSF 

SDF Vi" C.ore 

:Sl~/SD:): 

SSF X~ 
(,-iTP 

[lVBSTF' 
FLLlTE~ 

IMS core UPSF 

3M 
:SI="SDP: 

ex 
(D13metE'r', 

ex 
rDlameter, 

Sr, 
(Dlamerer) 

SCF U: ISC Sh 

MCF 

MDF 

ECF! EFF 

iH-:-TP:, :SI="SDP:: (Diameter; 
Via Core 

I'v:S 

Xc v::' 
rRT3 D j :SI:iSDP; 
iNc:e 1, 

Xd 
iUD~':;;TP, 

INc:€' 1, 

SDF 

via C.cre 
1M3 

(51=','5DD , 

3h 
(D,ameter; 

SSF 

Xa 
(HEP, 

DVBSTP 
"LUTE; 

I 

SCF 

U: 
{H7TP;, 
v;a Core 

Ii'/S 
:SIP'SD=': 

(.3e 
:SI~':SD~; 

Sh 
DlaT:etefi 

Via Core-
1I',1S & y':'. 
~SI~:SD~': 

MCF 

Xc 
:RTSP, 
tNOI~ 1) 

y2 
(SI=','SD=>, 

via Core 
1i"~';S & v2 

(SI='!S[):>1 

Xp 

oefi~e(j; 

MDF ECF! 
EFF 

X:J Dj. DI 
(UDF','R":i IG;'W, 
fNote 1) MLD 

Xp 
{rtot 

1\=:', = 1 F.~ (lescribeo 1n:3 :82027 [2: clmls8o, ':',': ancl!:":,, Xc a~lcI Xci are I:)glc<) reference po:nts that con I)e 
cleCO:i,DCsec: II1tO =;J ancillossibiv DI Os 01' I: refe'ence pomts clepe:Jell!lg on the lo::cntlon of the i',J:'=F or 
t.T:: 

Table 2.1: I?\IS-based IPTV functional entities and protocols used 011 reference 
points r5]. 

The following reference points, discussed below. arc considered relevant to this 

thesis: 

UE - SSF (Xa) 

The Xa reference point is used by the UE for the selection of IPTV services from 

the SSF. 

UE - IPTV Service Control Functions (Ut) 

The l:t reference point is used for configuration of the subscriber's IPTV profile. 
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CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

Core IMS 

The DIS Core provides functionalit\" for authentication. authorisation. and signal­

ling for the setup of the service provisioning allC] content delivery. It routes si­

gnalling messages to the appropriate application server or trigger)'; the applications 

based on settings maintained in the database of user profiles. For resource reserva­

tion and admission control this function interacts with the Resource and Admission 

Control Subsystem (RACS). 

User Profile Selection Functions (UPSF) and Subscription Locator Func­

tions (SLF) 

The "(ser Profile Selection Function (UPSF) (equivalent to the Home Subscriber 

Server (HSS) in 3GPP specifications) is a database that storcs thc uscr profiles 

as well as any 1PTV specific profile data. The 1PTV SCF communicates with 

the GPSF over the Diameter based Cx interface in order to obtain this information 

during session setup and modification. If multiple GPSFs exist (for load balancing) 

the IPTV SCF may make use of a Subscription Locator Function (SLF) in order 

to obtain the address of a relevant UPSF. 

Service Discovery and Selection Functions (SDF and SSF) 

The role of the Service Discovery Function (SDF) is to generate and/or provide 

sen"ice attachment information for users, as well as to provide a means for disco­

vering personalised IPTV services in the Il'vlS network. The sen"ice attachment 

information consists of Sen"ice Selection Function (SSF) addresses in the form of 

eRIs and/or IP-addresses which the user agent can usc to contact an appropriate 

SSF. 

The SSF provides service selection information such as a list of available servers 

that the CE can browse and select from. The SSF either generates this information 

itself or relays the information from another source. The information provided 

for each service includes an identifier associated with the IPT\" service. for CoD 

services this is a single content item while for broadcast services this is a set of 

challllels: optionalnctwork parameters rCCjuired lw the l"E to (lcti\"atc the sen"icc. 

e.g. inforlllatioll related to the content delivery ;:wd contrul challllcls: as well as 
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CHAPTER. 2. BACKGR.OUND AND LITERATURE REVIEW 

UE - Media Control Functions (Xc) 

The Xc reference point is a logical end-to-end refercncE' point jwtwC'en the FE 

and thr 1PTV l\lrdia Control Function, used for the exchange of media control 

messages. for thr control of 1PTV Media flows (~g. starting playback. stopping 

playback. etc). 

UE - Media Delivery Functions (Xd) 

The Xd reference point is a logical end-to-cnd referencr point between the DE and 

the 1PTV Media Delivery Function, used for the delivery of media data. 

The Xd reference point may also carry QoS and/or QoE reports from the ~CE 

to the MDF if the 1PTV system architecture supports QoS and/or QoE. These 

reports relate to the quality of the 1PTV Media Data that the MDF is providing 

to the CE. 

Core IMS - IPTV Service Media Functions (y2) 

ThE' y2 reference point is used by the 1PTV SCF for the control of the M CF. 

IPTV Media Control Function - IPTV Media Delivery Function (Xp) 

The Xp reference point is used by the MCF for the control of the MDF and supports 

session setup when content is distributed across one or more MDFs. 

2.2.2 An analysis of the ETSI TISPAN IMS-based IPTV 

Architecture 

The ETS1 T1SPAI\ 1MS-based set of standards for 1PTV is to date the most 

comprehensive set of standards defined for the implementation of 1PTV services 

in an [\IS architecture. The protocols and functional entities arc well defined 

alld the standards provide a complete end-to-end 1PTV solution. The easy and 

rapid development of a test-bed, for use in the evaluation section of this thesis. is 

possible due to the fact that the protocols dcfjlJ(~d hav8 heel! IETF stalldardis(~d 

for a HUlllber of vears nmv and open-source implementations arc iwaila hIe for usC' in 

dewlopment. One drawback however to the usc of these protocols is that some were 

32 

Univ
ers

ity
 of

 C
ap

e T
ow

n



CHAPTER 2. BACKGROUND AND LITERATURE REVIEW 

built to bE' independent. such as RTSP which duplicates the session setup of SIP. 

and some arc dated and in need of extensions to be capable of taking adyantagc of 

llCW IP tcchnologies and llCW developnlE'nts in IP multimedia. 
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Chapter 3 

Proposed content adaptation 

IMS-based IPTV architecture 

Chapter 2 discussed four methods which can bE' used to adapt video content for 

1PTV services. Chapter 2 also introduced the ETS1 T1SPAI\ 1IVlS-Based 1PTV 

architecture. which at present is the most comprehensive set of specifications re­

lated to 1PTV services for the 1MS, with the relevant functional components and 

reference points highlighted and discussed. 

This chapter begins by looking at the desired design requirements of a content 

adaptation architecture suitable for 1MS-1PTV s~'stems before evaluating each of 

the content adaptation methods. presented in Chapter 2. A hybrid content adap­

tation scheme is then proposed, which makes use of precoding and trans-content 

methods in order to provide a complete. scalable content adaption architecture for 

nIIS-1PT\' sen"ices. :Vlethod::; to integrate the relevant content adaptation methods 

into the ETS1 T1SPAN 1MS-Based 1PTV architecture are then discussed. 

3.1 Design considerations for a content adapta­

tion architecture for IMS-IPTV architectures 

Before selecting an appropriate content adaption method for lI\IS-IPTV architec­

tures. the fllncticJllaJ requirements of such all architecturc nced to be documented 

and understood. These requirements will help idcntify the fUllctionalities needed 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

to ensure that i: users arc satisfied with the service. ii) network operators arc easily 

able to int.egratr thr scheme within their ll(~twork and iii) the costs of implementing 

the schemc 'will he offset by the benefits gained by tht' network operator. 

The requirements for the proposed content adaptation scheme arc listed as 

follows: 

• The primar~' requirement for the content adaptation scheme is to enable the 

alteration of video content to ensure: 

delivery through any access network the subscriber may access the 1PTV 

service from. 

the video is in a suitable format for playback on a range of user end­

terminals. 

• Tht~ :JGPP and ETSI T1SPAN define standard 1MS functional components 

and iuterfaces. This is necessary to ensure interoperability between 1MS com­

pOllellts. originatiug from different v('udors. as well as to ensure interopera­

bility between ["dS s~'stems deployed b~' individual operators. The proposed 

content adaptation architecture should reuse. where possible. these standar­

dised components and interfaces thus limiting thE' need for new functional 

entities in the 11\1S architecture." 

• Each content adaptation method COIlles with its own set of advantages and 

disadvantages. The content ~ldaptation scheme should seek to find a balance 

behveen these advantages and disadvantages. in ordel to find an optimal 

method for content adaptation. 

• In mobile environments the mobility of users is problematic for video strea­

ming svstems. As users move around interference from objects causes signal 

strcugth to vary which causcs flurtuations iu the bandwidth of thc COlIlUlU­

nications channel. The proposed content adaption scheme should be able to 

cater for this by dynamically adapting the video to best match the available 

charlllcl capacity. 

• Diffcrcl11 r-licub el('sire diffcn~nt Icvds of intclcH'ticlll wit 11 the system. Cli(;nts 

who want minimal interaction with the s~'stcm should be able to use an 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

automated process to determine thE' capabilities of the client terminal and 

access lletwork. while other users who want to 'tweak' the system should be 

able to alter parameters according to what the~' desire. This process should 

not allow the 1PTV service to be compromised and checks need to be in 

place to ensure that user parameters arc within acceptable bounds. Also the 

network should be able to check that the values the users are using arc in­

linc with the user's subscription. (Users with a subscription for SD content 

should not be able to access HD content for example). 

3.2 Evaluation of content adaption methods 

Precoding of content is difficult. even if the operator were to precode content to 

several popular coding formats, the characteristics of the video may not suit all 

clients capable of playing back the formats; small devices would require low-bit rate 

and low spatial resolution video content, while HD TV users would expect high-bit 

rate. high-quality video. Multiple copies of every title would require large quanti­

ties of disk storage. It is possible to usc precoding methods for dynamic content 

adaptation but this leads to a complicated encoding process. since s~'nchronisation 

points need to be added to all copies of the video. 

Scalable video coding and multiple description encoding arc perhaps the most 

attractive solutions for enabling content adaptation in the 1MS. allowing the adap­

tion of the video to be done with minimal processing requirements. A major draw­

back is hmvever the lower coding efficiency of SVC and l\lDC encoders which causes 

SVC /i\IDC generated bit -streams to have higher storage requirements than single 

laver bit-streams. However, the amount of storage space required would be far less 

than that required by precoding. The H.264 scalable extension as well as MDC 

encoders allow the quality of the content to be d)'namically altered and hence can 

be used to adapt video streams to varying link conditions in mobile environments. 

SVC allows for graceful quality degradation: in the event of higher-layer packets 

being lost during transmission the decoder is still able to decode the lower layers it 

has received. The drawback to this is that the highest quality of the video is deter­

millcd b~' the highest successive laver received . ."viDC OIl the other hand allows for 

t he decoding of all received streams aud the MDC decoder can attempt to predict 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

the lost stream information by using the received descriptions. This helps MDC 

provide possible higher picture quality than SVC in the event of packet loss. 

Despite the benefits of SVC coding methods. they h3ve found little success in 

illdustr~' and even with widespread adoption of the H.2G4/MPEG-4 AVC standard 

there arc presently no devices, apart from computer software. which support the 

scalable H.264 SVC extension. Similarly, solutions that make usc of MDC encoding 

require the de\'ice to have an appropriate MDC decoder. or additional software to 

be downloaded and installed. unlike SVC however. there arc currently no MDC 

formats standardised which requires the use of proprietary MDC formats and third­

party soft,,:are to be installed on subscriber 1PTV terminals. The result is that SVC 

and l'vIDC methods are unsuitable for content adaptation in the IMS at present as 

so few devices are able to support either of them. 

Trans-coding is the dominant method for content adaptation at present. un­

fortunately the high processing requirements of the method means that operators 

and service providers will need to spend large amounts of capital in order to obtain 

high-end systems. capable of trans-coding many multimedia streams. Trans-coding 

does however allow the adaptation of multimedia content to almost any format, 

temporal resolution. spatial resolution and/or fidclit~, that a dicnt m8.Y require. 

3.3 Proposed hybrid content adaptation archi­

tecture for IMS-based IPTV 

From the previous section we noted that each of the content adaption methods 

discussed in Chapter 2 have both major advantages and disadvantages. ~one of 

the literature presented in Chapter 2 however considered a combination of different 

content adaptation methods. A hybrid content adaptation scheme. consisting of 

two or more of these methods, could benefit from the advantages each content 

adaptation method used. 

The proposed hybrid content adaptation architecture developed for this thesis, 

uses both precoding and trans-coding methods to adapt video content for 1PTV 

users. The prccoding of content is achieved by creating thre(, versions of the sourC(' 

content: Cl high-defillition (HD) version. standard definition (SD) ycrsion and 1m\" 

dcfinitioll (LD) vcrsion. The dcfinitions of tlw diffcrcnt YClsiOllS rcfcr to the rc-
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

solution of the video. HD video is considered to have a resolution of at least 

102cly76S. while the SD and LD versions of the video should have resolutions of 

around 800x600 and 320x240 rcspectivch·. These three versions of the stream (,CI­

tel for subscribers in different domains, for example the HD version will likcl~' 

be suitable for fixed-line access networks and devices that arc connected to HD 

displays. while the low-definition version may be suitable for cell-phones and hand­

held multimedia devices in low bit-rate access networks. Each version is encoded 

using an H.264 encoder. The AVe standard was chosen since it has received a lot 

of attention from industry and has been adopted by various standards bodies for 

usc in video applications. The AVe standard is expected to be the predominant 

video standard used in the near future [24] and many devices currently support the 

standard. 

The use of H.264/MPEG-4 AVe encoded content should ensure that thE' ma­

jority of users arc able to access the stream without rcquiring content adaptation 

to be performed. However, if nonc of the three versions arc suitable for the user's 

equipment. or if the channel conditions arE' varying. trans-coding should be em­

plo~·ed. The version of the content used for the trans-coding process is dependent 

on the subscribers connection and terminal characteristics: i.e. if the user has a 

mobile phone, which essentially requires a low definition version of the stream. then 

the LD version should bE' used for the trans-coding process. To further improve this 

scheme. methods such as those used in [3] could be used to reduce the requirements 

of the trans-coding process and optimise performance. 

It should be noted that H.2G4 scalable profiles could also be incorporated into 

this content adaptation architecture. An SVC c:op~' of the stream could be located 

at the MDF and used to cater for any client capablc of supporting the scalable 

coding format. However, since only a handful of devices currently support the 

scalable standard, its use is unlikely to add value to thE' proposed content adaption 

scheme in the vcr~' ncar future. 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPT\· ARCHITECTURE 

3.3.1 Integrating the hybrid content adaptation scheme with 

TISPAN IMS-IPTV architecture 

The previous section outlined the proposed hybrid content adaptation scheme pre­

sented in this thesis. This section now discusses how this scheme can be integrated 

into the ETSI TISPAN 1MS-Based 1PTV architecture outlined in the previous 

chapter. 

Selection of precoded content 

Section 7.1 of ETS1 TS 182 027 i4] classifies the user data information stored by 

the 11\IS operator. Of interest arc the user Equipment CCE) settings. stored under 

each subscriber's 1PTV Profile. These UE settings include information related to 

the capabilities of the all the UEs that an 1PTV subscriber is associated with (a 

subscriber ma~· have more than one DE thus unique 1D is given to each). The liE 

capabilities may be used by the Service Selection Function (SSF) for customising 

1PTV services to suit the subscribers current UE. For instance. an 1PTV user on 

a SD-only device would not be provided with information related to HD services. 

Figure 3.1 depicts the process whereb~' the CE attaches to the 1PTV service and 

then selects the relevant SSF. 

Figure 3.1: 1PTV service a.ttachment a.nd selection ill pull mode [4]. 

Referring to Figure 3.1: 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPT\' ARCHITECTURE 

1-2) CE sends initial invite towards the SDF which includes the CE·s unique ID. 

3) The SDF determines the SSF (or SSFs) that arc appropriate for the CE·s capa­

bilities, tl)(' user·s profile and also the location of the l-E. The SDF accesses 

the CPSF for the subscriber's IPTV service information or an:--· other entity 

\vhich holds the information. 

4-5) The SDF replies with the service configuration information. including the 

SSF that the UE should request the selection data from. 

6) The CE requests the selection data from the SSF. 

7) The SSF provides the DE with customised electronic program guides (EPG) 

and CoD catalogues that point towards the appropriate precoded versions 

of the content. Other information may be present in the EPG and CoD 

catalogues. including information about the content media streams such as 

encoded format. profile level. bit-rate. etc. 

'v\-hen selecting an IPTV broadcast service or IPTV on-demand content. the UE 

maps the information received from the SSF into SIP and SDP parameters as 

shown in Figure 3.2. The identifier for the appropriate precoded content is ph-tced 

in the Request -l-m field of the initial SIP INVITE message (highlighted in red in 

Figure 3.2). which the core IMS uses to determine the SCF the Il\VITE should be 

forwarded to. Other parameters arc mapped to the media description lines in the 

SDP message. attached to the initial SIP INVITE. 
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Ii'J'~!ITE SIP :iJ arn'?s b,)rr:l CaSllle, 1-'0 va LE: Latcn pt ' .. 0()e:-, - 111::' . L~:=' t SII=' =-. (. 
\,'1 a: :n=',:.. (I: UDt=' l~ .. 1:,E. .. 1:::':, . .23:: :,L}>:I':'; r~po rt; bran,: 11_:~'j·I;:l4D!.=::::":::,:'.:.l':l.:..l­
Kl.)'Jt"=,: "'-sl[,:0rlg(9::,::s,:1.(Jf.-H?n-lfTIs.to:?st:6C,I:,c':lr;· 

Fr 'Jn1: f< F:.obl? t" t r-la r~tol"l" ·~Sl p: I~Db~lopen - 1 m':c . t-:-st",,; t.s';I=:21 .. BCl '::\8""'::: 

T(: <Slp:JamE;_bcrld_:aslnc_r0~'6l~_ld01Gt~ .operl-lms.t~~~-· 

:.;1 l~. - I C': 31 ':"C'3E:IE:-.4 

Co~tent-Type: appllcatl0nlsd~ 

Hcu . Fo n.;a rds: 70 
Usee ·Agent: UCT I1~lc :hent 
SUDJ e,:t: rr~E, COr, S~S;lDn 

E.(lH res: 12D 

CC'r'ltent- L"?ngth: 31 7 

Q=- (; C' IN IP4 13:-.158.~25.:3: 
s=I ~E, I rr: '=-0[' S'9SS1 'JrI 

-:=III IP4 13~.1:)c.l~:).23:. 

m=audl c' 662c, RTP,' t..vt:.' 14 
b=~_::.: 12E-
Ci=rtpmap: 14 MPf. ·'9000(1 
nl;:'.:l doS(' 663C' RTr: .... · t.V!=' 97 
b;;:OS:-16DC 
a=rt rna :'0- MP4\/-ES/9000(1 

a=f rameSl=;:.: 9"':" 32(1- 240 
Cl=f ram~rate: l~, 
m=appllcatlon ,. TCP Ipt-,_rtsf­
a=setup: actl '.'Eo 

B==onne~tlon:new 

Figure 3.2: Initial SIP INVITE for IPTV CoD service with attached SDP content. 

Trans-coding 

If the CE requires the video content to be adapted (e.g. does not support the 

H.264j.:vIPEG-4 AVC standard, has an uncommon display resolution, etc), it should 

place additional attributes in the media description lines indicating how the content 

should be adapted. Figure 3.2 shows an example of the SDP content message where 

the user requests the video of the content to have a resolution of 320 by 240 pixels 

and a frame-rate of 15 frames per second (highlighted in blue). The bandwidths 

for the audio and video streams are also present (highlighted in green). 

upon receipt of the INVITE, the MCF examines the SDP and determines that 

the client is requesting adaptation of the video content. it instructs the MDF to 

trans-code the content to a format suitable to the client device. In the example 

shown in Figure 3.2, the original content has a frame-rate of 24 frames per second 

but the client's device would prefer a frame rate of 15 frames per second. The 

:\lDF then selects the LD version of the content, since it notes the Rcquest-URI 

indicates the client lcrmincll requires low definition content. It may not always be 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

the case that the lYE has the information concerning the content delivery channels: 

ETSI TISPAI\ standards allow the network operator to choose ,dlCther or not to 

proyidc this infornmtion. If this is the case, then the CE may configure the media 

description lines in the SDP to be in-line with its capabilities. Also. RFC 2327 [29] 

allows for multiple payload types to be specific for the different media components 

of the stream. So for example, if the client supports both H.264/MPEG-4 AVe 

and lvIPEG-4 ASP coding formats, it could specify this under the video m-line in 

the SDP. Figure 3.3 shows an example of this. 

I.:: -rtpmap: ~~ H~i::,"" £<X'II.:,.(> 
fo=T m'tr: s:': pEl ::.h.etl :a::l or! -mod'7'=l; p r ofl l".:' - le'.'E l-l ci='':'4C'028; sp ror_' - par ame-:e r - set'~'===·:':'~·J" ... 8:"J ':'US.";6E!:."::':'!=pA.t :7g1 8'O"lr nl, a(>6,"\' L,:;=; 
!,:;-t ram€'s: -e-: 9c, ;2C,-14C' 

Figure 3.3: Multiple video payload types in SDP. 

Figure 3.4 shows the complete signalling for setting up of an 1PTV session: from 

the initial L'\VITE all the way through to the delivery of the media flows from the 

J\IDF to the liE. 

(oJ MedIa ControJ anc:or Del!very 

Figure 3.4: Signalling flow for initialisation of an 1PTV session [4]. 
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CHAPTER 3. PROPOSED CONTENT ADAPTATION IMS-BASED IPTV ARCHITECTURE 

3.3.2 Relating the functionalities of the proposed hybrid 

adaptation scheme back to design requirements 

In section 3.1 design considerations of a content adaptation scheme were discussed. 

This section analysis the hybrid content adaptation scheme. outlined in the previous 

two sections, and relates the functionalities back to these design considerations. 

Comprehensive content adaptation procedure 

The three precoded versions of the content allow it to be viewed by the majority 

of IPTV subscribers; however, the use of trans-coding allows for the adaptation of 

content to multiple formats. profile-levels, bit-rates. spatial resolutions and tempo­

ral resolutions. This allows for the hybrid content adaptation scheme to be able to 

cater for all envisaged client requirements. 

Reuse of standard IMS components and reference points 

The hybrid content adaptation scheme does not add any new functional entities to 

the ll'vlS architecture. Instead it reuses the existing Service Selection functions. l'vIe­

dia Functions and User Equipment and merely defines how the interaction between 

these entities should take place. 

Optimal content adaptation scheme 

The usc of H264/MPEG-4 AVe precoding allows for a reduction in the overall 

processing requirements of the scheme, since the trans-coding process need not be 

invoked for the majority of users. By limiting the number of precoded versions of 

the content to three, the storage requirements of the hybrid scheme are kept at a 

minimum. 

Dynamic content adaptation for mobile environments 

The trans-coding of content allows the scheme to cater for mobile environments 

with varying link conditions. QoS reports from the GE allow the MDF to adapt 

the trans-coding process to cater for any changes in the link band\,"idth. Also b~' 

using synchronisation points. the MDF can select uetwcen the three versiems of 
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the content in order to optimise the trans-coding process while ensuring the client 

receives the best achievable video quality. 

Customisation of content adaptation scheme 

Customisation of the hybrid adaptation of video content is performed in two stages. 

The first stage involves storing information related to the subscribers UEs in the 

profile information stored in the UPSF. This allows the SSF to select the' prec:oded 

version of the content that is most suitable for the UE which subscriber is currently 

using. The second stage involves the media negotiation between the UE and the 

1'.1CF in order to allow for further customisation of the IPTV content (eg. to reduce 

the frame-rate to ensure playback on devices with low processing power). In both 

cases the network is able to determine if the users' preferences are acceptable by 

checking that the values arc within an acceptable range and that they are in-line 

with the users' subscription. 

3.4 Chapter Summary 

This chapter has discussed the various requirements of a content adaptation ar­

chitecture for 1PTV services in the 11'.1S. Each of the various content adaptation 

methods were evaluated and each of their advantages and disadvantages described. 

The precoding and trans-coding methods were determined to be the most suitable 

for current 1MS deployments and a hybrid content adaptation scheme that uti­

lises both methods was proposed. This hybrid scheme allows for a more efficient 

and scalable content adaptation architecture to be developed. The integration of 

the proposed scheme with the ETSI TISP AI\ 1MS-Based IPTV architecture was 

then discussed and the functionalities of the scheme related back to the design 

requirements outlined in the beginning of the chapter. 
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Chapter 4 

Architecture and Implementation 

of an Evaluation Framework 

In Chapter 3 the ETSI T1SP AN 1MS-1PTV functional architecture was outlined 

and a hybrid content adaption scheme was proposed for USE' within this archi­

tecture. This chapter presents the architectural design and implementation of a 

suitable test-bed for evaluating the trans-coding 1l\lS-1PTV architecture in a prac­

tical scenario. First thc objectives. requirements and limitations of the evaluation 

framework are presented. This is followed by a description of the software used to 

implement the test-bed. Thereafter. the architecture and hard"vare clements of the 

test-bed are described. 

4.1 Evaluation Framework Objectives 

The key objectives of the evaluation framework arc: 

• To determine the storage requirements of the three pre coded versions of the 

content required by the hybrid content adaptation scheme 

• To evaluate the performance of the trans-coding process when adapting dif­

ferent precoded versions of the content. 

• To shmy bow the usc of the IJ~'brid content adaption scheme \,"ill improve the 

scalability of D.IS-1PTV video content adaptation. 
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CHAPTER 4. ARCHITECTURE AND IMPLEMENTATION OF AN EVALUATION FRAMEWORK 

• Finally to determine the feasibilitv of using the hybrid content adaptation 

scheme proposed in this thesis for the adaption of video content in ItvlS-1PTV 

architectures. 

4.2 Requirements of the Evaluation Framework 

In order to satisf~' the objectives of the evaluation framework a suitable test-bed 

architecture must be designed. This test-bed should satisfy the following require­

ments: 

• It must be integrated with an 1MS framework. 

• It must implement an 1MS-1PTV client conforming to ETSI T1SPAN 1MS­

Based 1PTV standards. 

• It must implement the 1PTV SCF function and Media Functions conforming 

to ETSI T1SPAN 1MS-Based 1PTV standards. 

• It must integrate the hybrid content adaption scheme proposed in this thesis 

and be capable of adapting video content to different coding formats, spatial 

resolutions and temporal resolutions. 

4.3 Limitations of the Evaluation Framework 

Hardware test-beds arc limited in size due to associated costs and limitations of 

the hardware required to construct the test-bed. Simulations arc often used for 

the testing of scalability issues since they allow the number of systems or users 

to be scaled to amounts that could not be practically implemented in a test-bed, 

Simulations however do not often take into account all the real world factors (i.e. 

processing requirements of servertl, accurate delay estimates and so forth) but ins­

tead choose to focus on those factors which arc regarded as the most important. 

Practical implementations on the other hand allow for a more realistic analysis to 

be performed and can show trends with just a handful of entities that can be scaled 

up to drm,' conclusions on a large nurnl)er. 
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4.4 Software 

This section provides details on the software used in the test-bed architecture. 

4.4.1 UCT IMS Client 

The VCT 1MS Client is an open-source 1MS client developed by students in the 

Department of Electrical Engineering, at the University of Cape Town. The client 

is written in ANSII-C and supports a number of functions including voice and 

video calling. instant messaging, Presence, uploading/fetching of XCAP documents 

and. before the completion of this thesis, basic 1PTV viewing capabilities. The 

client however required the use of a proprietary 1PTV server and lacked standards 

compliant 1MS signalling. Hence one of the outcomes from this thesis has been to 

modify the client to support ETS1-T1SPAN 1MS-based 1PTV signalling. The client 

is now capable of interacting with a ETS1 -T1SPAl\ compliant SCF and M CF for 

the setup. control and termination of 1PTV services. The extensions made to the 

client are listed below. 

EPG capabilities 

The UCT IMS client has been extended to extract. parse and display an XML 

formatted EPG which contains listings of 1PTV broadcast channels and on-demand 

content. Users can use the EPG to browse and select the broadcast channel or CoD 

item they wish to view. Figure 4.1 shows the display of the EPG in the client. 
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• H.264 

• Sorenwn 1/3 (Quicktime) 

• DV 

• Cinepak Theora (alpha 3) 

• H.263 / H.263i 

• J'vIJPEG (A/B) 

• WlvIV 1/2 

Configuration of video preferences 

Options for bandwidth. spatial resolution. frame-rate and encoding format were 

added as configurable preferences in the client. These allow users to customise the 

video they wish to receive and for content adaptation testing in the test-bed. 

4.4.2 Hybrid MCF jMDF 

The MCF /MDF software consists of an MCF module and MDF module both writ­

ten in A~SII-C for the Linux platform. Although ETSI TISPAN" standards se­

parate out the two functions and point to the fact that the MDF need not be 

co-located on the same hardware as the MCF. this functionality was not needed 

for this thesis and it was decided to implement the l'vICF and MDF as a single 

software entit!·. 

MCF Module 

The IvICF module is responsible for handling the SIP signalling, using the eXosip 

libraries ~32]. as well as parsing SDP messages from clients to determine the clients 

required '"ideo parameters such as bit-rate, spatial resolutions. etc. The MCF 

makes usc of the osip libraries [33] for the SDP parsing and editing. 
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4.6 Chapter Summary 

This chapter outlined the design objectives of the cvaluatioll framework preselltcd 

in this thesis and discussed the requirements alld limitatiolls of t he framework. 

The test-bed architecturc was given and the soft\varc and hardware used for 

implementation of the test-bed discussed. These detaib should allow for the repli­

cation of the test-bed architecture, duplication of tests and results and for further 

I:vfS-IPTV research to be conducted. 
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Chapter 5 

Evaluation Results and Analysis 

In Chapter 4 the architectural design of the IMS-IPTV h~'brid content adaptation 

test-bed was presented. Using this test-bed a number of tests were performed to 

assess the hybrid content adaptation scheme and determine the feasibility of its 

usc for adapting \'ideo content in IMS-IPTV architectures. 

The chapter begins with a discussion of the tools and video sequences used 

in the testing. This is followed by a discussion on the influence of precoding on 

the three different versions used in the hvbrid content adaptation scheme. Trans­

coding to and from H.2G4 and another popular coding format is contrasted. This is 

follmved by an outline and discussion on two further test scenarios: the first analyses 

the trans-coding process when adapting each of the three precoded versions of the 

test sequences with the second further analysing the trans-coding of HD and SD 

content. 

5.1 Tools used for testing 

Avidemux [34] is a free open-source program used for multi-purpose video editing 

and was used to create the prec:oded video sequences. 

The Dstat [35] tool was used to capture the CFU load on the machine used 

for the hybrid MCF /MDF.s. For all test involving the load on the CPU the idle 

state column was subtracted from a hundred to get overall load on the CPt;. All 

tests were run for a period of 50 spconds with Dstat reporting on the CPt' load 

at une second intervals. Dstat also allowed the saying of reports to a Comma 
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CHAPTER 5. EVALUATION RESULTS AND ANALYSIS 

Separated Value (CSV) file format. which were imported into l\Iicrosoft Excel for 

the generation the graphs shown in this chapter. The disadvantage of using Dstat 

is that it report::; onl~" the total CPl' usage and 110t the individual epe loads of 

cacl! process. Other toob that allowed this were trialcd but it was found they did 

not report on the trans-coding processes that were forked by the l\lCF IMDF. 

5.2 Video test sequences 

Three video sequences were used in the testing of the h~'brid content adaptation 

scheme. Each sequence was chosen for its unique characteristics in order to gather 

results from a range of video sequences. The first sequence. taken from the movie 

.. Die Hard 4". involves a car chase sequence with a large amount of motion and 

many scene changes. This t~Tpe of content is typically associated with high-bit 

rates as the yideo encoder cannot exploit temporal locality well. due to the rapid 

movement of characters I objects and constant scene changes. The second scene is 

taken from the moyie .. Gladiator" and involves dialogue between two characters 

v\"ith little movement and only occasional scene changes. This generally allows for 

a lower bit-rate. since very littlE' information changes between successive frarnes. 

The last sequence is taken from an animated series called "Casshern Sins - Episode 

2" and is an action sequence with a good deal of movement and scene changes. 

Animation sequences arc t?pically not as detailed as real-world captured content. 

Each of the ED sequences was captured using Avidemux from HD 720 H.264/MPEG­

-4 AVe sources. Each HD sequence was then re-encoded using the Avidemux tool 

to generate a further two versions: the SD sequence with resolution of 800x600 and 

the LD sequence with resolution of 320x280. The frame-rate of the LD and SD 

versions were kept identical to the original HD sequence at 23.976 fps. Additionally 

each of the LD test sequences werE' converted T\IPEG-4 ASP sequences for the com­

parison between the differences in trans-coding from H.2G4 and MPEG-4 encoded 

video. Each of the ,·ideo sequences has a length of approximately 60 seconds1 . 

Appendix e gives more details regarding each video test sequence. 

I Since the content was taken from an encoded video source. the sequences were broken on 
b',"-fralllC" a, close to the minute Illark a~ possible. 
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amount of motion and scene changes. The file sizes of the Gladiator sequences 

arc considerably smaller. due to the low amount of movement and vcr v few scene 

challgcs in the sequence. allowing the sequences to he highlY compressed. Following 

on from this it can be seen that the percentage overhead increases \vith a decreaCie 

in the file Ciize. ThiCi can be attributed to the 10Cis of information being greater for 

higher bit-rate sequences when converted to a lower quality. 

5.4 Comparison between trans-coding from MPEG4-

ASP and H.264/MPEG4-AVC 

The justification for the use of H.264 encoded content in the hybrid adaptation 

scheme is due to the widespread adoption of the standard b~· industry and the 

large amount of devices that already support the standard. The Advanced Simple 

Profile (ASP) of the MPEG-4 Visual standard is another well supported standard 

with which the video could be encoded. This Ciection contrasts the trans-coding 

from each of the two formats and is intended to Cihow why the usc of H.264 encoded 

content is preferable. 

5.4.1 Experimental procedure 

Initiall~· a Ciingle client was used to request the H.264 encoded LD test sequences 

to be converted to MPEG-4 ASP streams, with the load on the server being mea­

sured during the trans-coding process. This is then repeated but with the client 

requesting each of the LD MPEG-4 ASP encoded test sC'quenc:es to be converted 

to H.264 encoded video streams instead. In order to investigate how each of the 

encoders epe requirements changes with an increase in the number of clients. the 

tests were repeated three times with the number of clients increasing in increments 

of one. 
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CHAPTEH 5. EVALUATION RESULTS AND ANALYSIS 

to ~IPEG-"± ASP. The newer H.264 standard makes llSC of morE' computationally 

expensive coding methods than the older IvIPEG-4 ASP standard. allowing it to 

achieve higher qualih' video at lower bit-rates. Subscribers would thus prefer to re­

ceive H.2G4 ellcoded bit-streams given the higher quality \"ideo generall~" associated 

with them. Even if MPEG-4 ASP were to be used. the higher computational costs 

of trans-coding MPEG-4 ASP bit-streams to H.264 would lead to a less scalable 

solution as the number of devices that support the H.2G4 standard increases. 

5.5 Trans-coding performance test results 

Trans-coding is typically associated with requiring large amounts of processing 

power. In this section we examine the load placed on the rvlDF CFe when adapting 

each of the three precoded versions to a low definition version of thE' content. Trans­

coding is performed using both H.264 and MPEG-4 ASP. to show the difference 

bctW(~CIl tralls-codillg to differcnt forlllats. The aim of these t(~sts is to illustrate the 

advantages of using separate precodcd versions of the content and not trans-coding 

from a single HD source. 

5.5.1 Experiment procedure 

In this experiment one client was used to request the trans-coding of thE' LD version 

of the stream to an H.2G4 encoded stream, with a spatial resolution of 320x240 and 

frame-rate of 30: the change in framc-rate is to ensurE' that the stream is trans-coded 

since the LD H.2G4 encoded version is already at the required spatial resolution 

and the .\lCF ,vould merely stream it. The experiment was then repeated with 

the number of clients increasing with each experiment. and then this process is 

repeated with the SD and HD versions of the test sequences. These experiments 

were then re-run with each of the clients then requesting the \"ideo to be converted 

to j\IPEG-4 ASP. 
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CHAPTER 5. EVALUATION RESULTS AND ANALYSIS 

5.5.3 Discussion of results 

Clcarh' the usc of three separate versions of the content allows for a major decrease 

in the procC'ssing power required for the tmns-coding process. This results in an 

increase in the scalability of the system with a single MDF being able to support 

a number of more clients when tnms-coding from lower definitions of the streams. 

The high processing requirements for the SD aHd HD versions of the streams arc 

troubling since. although not optimised for trans-coding. the IvlDF machine is 

at present considered a high-end system. The results shmv that the use of the 

h?brid content adaptation scheme will work well in mobile enyironments where 

the limited access speeds and devices with small screen resolutions and limited 

processing power \yill require the LD version of the content to be trans-coded. 

5.6 Trans-coding HD and SD test sequences to 

video with altered aspect ratio 

In Section 5.5 it was noted that the trans-coding process for the HD and SD test 

sequences required a large amount of processing power. One t~'pical application 

for trans-coding of the HD and SD sequences is the changing of the aspect ratio to 

fit the display of t hc IPTV user's end tc:nllillal. Typically these displa?s come in 

wide-screen (16:9) and standard (4:3) aspect ratios. The trans-coding process may 

be used to adapt from the wide-screen format to the standard format. or yice versa. 

The tests carried out in this section are intended to determine the load placed on 

the CPC when trans-coding wide-screen HD and SD test sequences to a 4:3 aspect 

ratio. The aim of which is to determine the feasibility of trans-coding HD and SD 

content. 

5.6.1 Experiment procedure 

In this experimental scenario. four clients require the wide-screen test sequences 

to be adapted to a standard 4:3 aspect ratio. Both the HD and SD test sequences 

arc eyaluated 'with the HD versions changed to a resolution of 1280x960 and the 

SD ,'ersions heing changed to a resolution of G40x480. The frame-rate of the trans­

coded stream is kept the same as the original sequence. 
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CHAPTER 6. CONCLUSIONS 

advantages of uoth content adaptation methods. 

A suitaule C'valuation framework was developed to assess the performance of 

the h:-brid content adaptation scheme proposed in this research aud the te::;t-bed 

was able to successfully perform the evaluations required for this research. The 

results obtained show that the hybrid content adaptation scheme suffers from higher 

storage overhead::; when compared to other method::; such as using trans-coding or 

scalable/multiple description coding. Considerable gains however where seen when 

trans-coding from lower definition, pree-oded versions of content. 

6.2 ConcI usions 

Based on the findings in the preceding chapters of this thesis. the following conclu­

sions arc dra'wn: 

• .\0 single content adaptation technique is suitable for u::;e in ItvlS-IPTV imple­

mentation. Precoding is associated with large amounts of storage overhead, 

SVC alld T\IDC are Dot well supported at present and tralls-coding has signifi­

canth- high processing overheads. A hybrid scheme. 'which incorporates more 

than one of these methods, is therefore needed to leverage the advantages of 

each. 

• The use of H.264/MPEG-4 AVe encoded video in the proposed hybrid content 

adaptation scheme will ensure that many 1PTV clients do not require adap­

tatioll of the video to a different codillg forlllat. a,; the H.2G4/MPEG-4 AVe 

standard is well supported in industry. 

• Three separate precoded versions of the content increases the storage ove­

rhead to approximately double that of a scheme using a single-layer encoded 

version of the content, but it is envisaged to allow the majority of user end­

terminal dcyices to be supported. 

• The usc of trans-coding requires significant processing requirements for stan­

dard and hir.;h definition versions of the streams but has acceptable perfor­

mance for lcyw definition strcdIllS. such fl:'i those using the mobile domain. 
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CHAPTER 6. CONCLUSIONS 

Furthermore the usc of three encoded versions of the stream allows adapta­

tion of a stream which is a closer match to the user's requirements and assists 

in reducing the processing overhead associated \\'it.h the trans-coding process. 

6.3 Recommendations and Future Work 

During the course of the work for this thesis a number of avenues for further 

research emerged. 

• Scalable video coding and multiple description coding were not used in the 

hybrid content adaption scheme due to little support from industr~' at present. 

This however may changE' in the future and if industry were to widely adopt 

and support a particular SVC or MDC format then the scheme presented in 

this thesis could benefit from the advantages provided by the SVC and MDe 

methods. The integration of SVC and/or TvlDC methods into the hybrid 

scheme presented in this thesis would give good insight into their benefits. 

• The test-bed architecture only investigated clients requiring the adaption of 

"ideo at the start of the streaming session. Once the content was being 

streamed the characteristics of the adapted video were kept constant. It is 

highly desirable however for the video to be d:mamically altered for mobile 

environments where clients arc moving and the received signal strength is 

fluctuating. Further research should investigate the use of the Real-Time 

control Protocol (RTCP) to determine the current state of the connections 

between thE' I'vIDF and user [36]. These RTCP reports can then be used to 

d)'namically alter the video to meet the current QoS level achievable for the 

client. 

• The trans-coding method used in the test-bed was simple and not optimised 

for performance. An investigation into methods for optimising the trans­

coding process. by lowering the processing power and memory requirements, 

would ensure better performance of the hybrid content adaptation scheme. 
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Appendix A 

Digital video compression and 

video characterstics 

A.I Brief overview of digital video compression 

Rmy "ideo data requires large amounts of bandwidth in order to be transmitted. 

Consider a grey-scale image with a height and width of ten pixels. Each pixel is 

assigned an eight bit value, indicating the shade of the pixel. This image represents 

just one frame of a video sequence and requires eight hundred bits to bE' transmit­

ted between the sender and receiver. Video frame rates are t~'picall~' in the region 

of thirty frames per second which means that for onE' second of video the commu­

nications channel capacity needs to support a video bit-rate equal to at least 24 

kbits/s. Scaling this up. an image with 800 by 600 pixels. with 24 bits represent 

the colour of each pixel. our video information rate is now 345.6 J\Ibits/s. This vi­

deo bit-rate alone is greater than the transmission rates of current communication 

links: yet present day High Definition television supports resolutions of up to 1920 

b~' 1080 pixels per frame. These high resolution video transmissions are possible 

due to modern day video compression methods which reduce the number of bits 

required to be transmitted while still providing video \vith an acceptable quality. 

Video compression can be divided into two categories: loss-less compression 

and lossy compression. Loss-less compression. as the name implics. allows the 

,'ideu data to be compressed and reconstructed \\'ithout loss of an~' information. 

Loss-less compression methods typicallY involve cntropy encoding and arc based 
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APPENDIX A. DIGITAL VIDEO COMPRESSION AND VIDEO CHARACTERSTICS 

on information theoretic tcchniques, such as repetitive sequence suppression and 

statistical encoding. Lossy compression methods on the other hand do not a11ov\" 

for the rccclllstruction of the original signal and are aimed at achic\'ing the best 

fidelity for H givcn bit-rate. or at minimising the bit-rate in order to achieve a given 

fidelity mea::mre [37]. Lossy compression methods exploit the fact that the human 

eye is largely insensitive to the removal of certain parts of a video signal. as well 

as the redundanc:" in successive frames of a video sequcmce (e.g. during a scene 

with two people talking. apart from the people's facial and body movements. little 

information is likely to change from frame to frame). Modern video transmission 

methods compromise by using lossy compression methods in order to reduce the 

bit -rate of high resolution video but exploit the latest adyances in compression 

methods to allow for video to be reproduced at an acceptable qualit.~" [38. 39]. In 

practice both loss-less and lossy compression methods arc used fro the reduction 

of video bit-rates. 

A number of video compression standards have been developed by organizations 

such as the ISO JIEC's Moving Picture Experts Group (MPEG) and the ITU­

Ts Video Coding Experts Group (VCEG). Each new standard has emerged to 

take advantage of improvements in compression and \"ideo broadcasting technolog~T. 

In addition to this, large corporations ha.ve developed proprietary video coding 

formats for usc in their software and systems. some of which have later been adopted 

b:" other manufacturers and standardizing bodies: .t-.licrosoft's v\"MV and VC-I 

coding formats are examples of such forma.ts. 

A.2 Factors influencing the adaptation of video 

content 

Section A.I introduced the concept of compression technology which reduces video 

bit-rates and allows transmission of video over modern day communication links. 

This section highlights some of the key aspects of encoded video. \\"hich may make 

it necessary for the adaption of video content to suit different user de\'ices and 

network characteristics. 
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APPENDIX A. DIGITAL VIDEO COMPRESSION AND VIDEO CHARACTERSTICS 

A.2.1 Coding Format 

As mentioned in the previous section. there arc a number of yideo coding formats 

Clvailablc and although end-terminals usuall~' support lUultiple formats it may be 

the case that the streamed video format is encoded usiug a format that is not 

supported by the user's device (usually related to licensing of the coding format). 

In such a scenario. adapting the video content to a format supported b~' the device 

is necessary to ensure playback of the video to the user. Furthermore. coding 

standards often have a number of profiles or levels. targeted at difi"erent application 

dornaius. to which various vid(~o strCaIllS llmy conforlll. "\ot all profiles and l(~vds 

arc supported by devices that support a particular coding standard. As such the 

adaptation of yidco from one profile to another llla~' be rr~quired. As all example. the 

recent H.264/MPEG-4 AVe coding standard specifics. amongst others. H BHseline 

profile (targeted at low-cost applications with limited computing resources. such 

as in mobile enYironments) and High profile (targeted at mainstream broadcast 

and disc storage applications). A user may have a smart-phone only capable of 

supporting the Baseline profile: hence content encoded 'with the High profile will 

need to be adapted in order to cater for this particular user. 

A.2.2 Display Resolution 

Due to the popularity of Digital Video Disks (DVDs) and high-definition Blu-ray 

disks. along with the increased proliferation of broadband nehvorks which allow 

high bit-rate video to be transmitted. IIlore and more high resolution "ideo is 

being captured. A the sallle time, the emergence of mobile. multimediCl-capable 

deyices has created a need for the reduction of such high-quality content in order 

to suit the smaller display sizes associatcd with these devices. 

A.2.3 Temporal Resolution 

The temporal resolution of the video refers to the frame-rate of the yideo and is the 

number of video frames displayed per second. A higher temporal resolution means 

more frames need to be transmitted in the same amount of time. hence requirillt': a 

higher transmission rate. A reduction in the temporal l"csoluticlll call translate to a 

significant decrease in the bit-rate of the ,"ideo or altemativc!y for an improvement 
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APPENDIX A. DIGITAL VIDEO COMPRESSION AND VIDEO CHARACTERSTICS 

in the qualit'· of the individual frames. Some devices. particularly those' in the 

mobile world. may only he capable of decoding and displa~'ing a certain number of 

framc:; per scccllld alld hence require' the vid(~o to he at (j temporal resolutioll equal 

to or lower than this amount. Also mobile devices have limited batter~' life and 

ma~' wish to conserve power by reducing the processing requirements of the video 

at the cost of receiving a lower frame rate. 

A.2.4 Fidelity 

The quality of compressed video is mainly determined by the quantisation step 

in the encoding process. A higher number of quantum \'alues used to compress a 

range of pixel values, the higher number of discrete symbols required to transmit 

the yideo. This impacts on the video as the higher the number of symbols that need 

to be transmitt.ed. the higher the bit-rate of the video. T~Tpically both the colour 

and frequency components of a video frame are quantised. Colour quantisation 

limits the number of colours that make up a frame to a discrete set (referred to as 

a colour palette) while frequency quantisation exploits the fact that the human eye 

is not ver~' good at distinguishing the exact strength of a high frequenc~' brightness 

yariation. By reducing either the number of colours or the frequenc~' components 

that make up an image. the bit-rate of the video can be reduced in order to adapt 

it to yarious communication channel transmission rates. 
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Appendix B 

Details of machines used in the 

test-bed 

This appendix gives the details for each machine used in the test-bed architecture. 

The information was obtained using the following commands in ubuntu: 

l. #hcad /proc/cpuinfo 

" #head /proc/mcminfo 

4. #uname-3 

OpenIMS core machine 

• vendor id: Genuinelntel 

• model: 2 

• model name: Intel(R) Pcntium(R) 4 CPt: 3.00GHz 

• stepping: 9 

• qm '\IHz: 2992.G88 

• cache size: 512 KE 
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APPENDIX B. DETAILS OF MACHINES USED IN THE TEST-BED 

• physical id: 0 

• siLlings: 2 

• I\IemTotal: 1016508 kB 

· as: Ubuntu - 8.10 - Intrepid 

· as Kernel: Linux 2.6.27-9-generic 

SCF machine 

• vendor id: Genuinclntcl 

• cpu famil:.:: 6 

• model: 15 

• model name: Intel(R) Pentium(R) Dual epe E2160 :Q 1.8 GHz 

• stepping: 13 

• cpu I\IHz: 1803.000 

• cache size: 1024 KB 

• physical id: () 

• siLlings: 2 

• IvIemTot.al: 1025124 kB 

· as: Ubuntu - 8.10 - Intrepid 

· as Kernel: Linux 2.6.27-9-gencric 
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APPENDIX B. DETAILS OF MACHINES USED IN THE TEST-BED 

Hybrid MCF /MDF Machine 

• vendor id: Genuinclntel 

• cpu family: 6 

• model: 23 

• model name: Intel(R) Core(TM)2 Quad CPC Q9300 IQ 2.50GHzs 

• stepping: 7 

• cpu MHz: 2003.000 

• cache size: 3072 KB 

• physical id: 0 

• siblings: 4 

• cpu cores: 4 

• rllcmTotal: 3111724 kB 

• OS: ubuntu - 8.10 - Intrepid 

• OS Kernel: Linux 2.6.27-7-generic 

Client Terminals 

Alicc: 

• vendor id: Genuinclntel 

• cpu family: 15 

• model: 3 

• model name: Int.el(R) Pentium(R) 4 CPC 3.20GHz 

• stepping: 4 cpu 

• I-.IHz: 319l.938 
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APPENDIX B. DETAILS OF MACHINES USED IN THE TEST-BED 

• cache size: 1024 KB 

• physical id: 0 

• siblings: 2 

• MemTotal: 1032748 kB 

• OS: Ubuntu - 8.10 - Intrepid 

• OS Kernel: Linux 2.6.27-9-gcneric 

Allan. Bob and Justin: 

• vendor id: GenuineIntel 

• cpu family: 6 

• model: 15 

• model name: Intel(R) Pcntium(R) Dual CPC E2160Q 1.80GHz 

• stepping: 13 cpu MHz: 1803.000 

• cache size : 1024 KB 

• physical id: 0 

• siblings: 2 

• .tvIemTotal: 1025124 kB 

• OS: l;buntu - 8.10 - Intrepid 

• OS Kernel: Linux 2.6.27-7-generic 
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Chapter 6 

Conclusions 

6.1 Summary 

The convergence of IP access networks in the II\'IS network architecture and the 

diverse range of IP-multimedia enabled end-terminal deyices make it a requirement 

for 1PTV -lIdS services to be able to adapt the multimedia content to suit indivi­

dual client requirements. This Thesis has involved an investigation into methods 

that could be used to adapt video content to cater for different access network 

bandwidths and client end-terminal device characteristics. 

Prccoding. scalable coding. multiple description coding and trans-coding were 

the methods investigated in this thesis to perform the adaptation of yideo content. 

with each of the methods outlined and discussed. The ke~' issues of video content 

adaptation WCf(~ identified as: 

1. Comprehensive adaptation of video m terms of format. spatial resolution, 

temporal resolution and quality. 

2. Optimal use of scrvcr resources such as processing power and storage space. 

3. Able to be int(~gTatcd with currcnt IMS specificatiolls. 

Each of the methods investigated was eyaluated in terms of these three criteria but 

it was found that no single method was trul~' suitable for the task. 

Thi:-. thesis thclI proposed alld outlillC'd a h,'brid adaptation schcllle" that makes 

use of both the prccodillg and trans-coding methods. in order 10 leverage the 
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Appendix C 

Information related to Test 

Sequences 

C.l Animation - Action Sequences 

Format: AYI 

Format/Info: Audio Video Interleave 

File size: 7.23 :t\liB 

Duration : Imll Os 

Overall bit rate: 1 005 Kbps 

Yideo 

Format: AVe 

Format/Info: Advanced Video Codec 

Format profile: HighIQiLJ.1 

Format settings, CABAC : Yes 

Format settings. ReFrames : 2 frames 

Codec ID : H264 

Duration : 1mn Os 

Bit rate: 864 Kbps 

Width: 1 28CJ pixels 

Height : 720 pixels 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Displm' aspect ratio: 16/9 

Frame rate: :23.976 fps 

Resolution: 2-1 bits 

Colorimetr~' : -1::2:0 

Scan type: Progressive 

Bits/ (Pixd*Frame) : 0.039 

Stream size: 6.21 MiB (86%) 

vYriting library: x264 core 59 

Encoding settings : cabac=l / rcf=l / deblock=l:O:O / analysc=Ox3:0x1l3 / 

l1le=hcx / submc=5 / brdo=O / rnixcd_rcf=O / l1lc_rangc=16 / chroma_me=l 

/ trdlis=O / 8x8drt=1 / cqm=O / deadzonC'=21.11 / chroma_qp_offsd=O / 

threads=6 / m=O / dec:imate=l / mbaff=O / bframcs=2 / b_pyramid=O / b_adapt=l 

! b_bias=O! direc:t=l / wpredb=l / bime=O / ke~'int=250 / keyint_min=25 / sc:c­

necut=40(prc) / rc=crf / crf=26.0 / rc:eq='blurCplx~(l-qCompr / qc:omp=1.00 / 

qpmin=10 / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format : ~'vIPEG Audio 

Format version: Version 1 

Format profile: Layer 3 

Codec ID : 55 

Codec ID /Hint : 1'vIP3 

Bit rate mode: Constant 

Bit rate: 128 Kbps 

Channel(s) : 2 channels 

Sampling rate: 48,0 KHz 

Resolution: 16 bits 

Stream size: 942 KiB (13%) 

Alignment : Split ac:c:ross interleaves 

Interleave. duration: 24 ms (0.58 video frame) 

C.l.2 casshern_sins_ep2_action_h264_sd.avi 

Format: A\'I 

Format/Info: Audio Video Interleave 
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CHAPTER 5. EVALUATION RESULTS AND ANALYSIS 

of IPT\' sernees. The usc of H.2G4 encoded yideo should ensure most client's 

requiring HD and SD content will not require trans-coding tc) a different Cl1coding 

format. since many of the deyices that the HD and SD versions target arc likely to 

support the H .264 standard. It may be necessary however to have botb ""ide-screen 

and standard versions of the content to ensure that trans-coding of the HD and 

SD versions between wide-screen and standard aspect ratios is not required. This 

will of course lead to an increase in the storage space required by the scheme. 

The mobile domain is the only real area where the adaptation of HD and SD 

sequences ma~' be truly needed. Although many devices in the mobile domain arc 

sequences may be truly needed. Although many devices in the mobile domain arc 

mobile phones. mobile access technology has started to become very popular with 

notebook and laptop mobile computer users. It may be the case that a particular 

user may access the IPTV service from high-end mobile device with a large display 

and thus requiring the higher definition versions a f the content. The mobility of 

such a user through areas with varying signal quality could cause large fluctuations 

in the link bandwidth and would require dynamic alternations in the '(ideo. In 

such a case it will be better to switch between precoded versions of the content 

instead of trans-coding the HD and SD versions so as to ensure scalability of IPTV 

sen'ices. 

5.7 Chapter Summary 

This chapter began with a look at the tools and video sequences used for testing the 

hybrid content adaptation scheme in the IMS-IPT\' test-bed. This was followed 

by a discussion on the file storage requirements of the precoded content and a look 

at trans-coding of content between H.264 and the older ':'vIPEG-4 ASP formats. 

After which the trans-coding between different precoded versions was analysed 

and discussed before a further analysis of trans-coding HD and SD content was 

gIven. 

An anal~'sis of the file sizes of the three precoded versions of the content showed 

that the usc of precoding in the hybrid content adaptation scheme lead to almost 

double the amount of storage space being required. when compared vi'ith schemes 

t hat olll~' usc a sillgle HD encoded video stream. The illerease ill required s10rage 
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CHAPTER 5. EVALUATION RESULTS AND ANALYSIS 

space is however offset by the performancc gains achieved when trans-coding the 

lower definition versions of the stn~arus and tll(' results from the trans-coding of 

cach precoclcd version of the test sequem:cs showed this. 

The usc of H. 2G4 was justified h~' showing thCl.t although it required mOIl' proces­

sing power to trans-code to H.264. users would prefer H.264 content as it provides 

better video quality than previous coding standards such as MPEG-4 ASP. In addi­

tion to this the widespread adoption of the standard by industr~' means it is highly 

likely that a video capable user end-terminal will support the standard. 

The trans-coding of HD and SD versions of the test sequences requires signi­

ficant processing power and it was shown that with just fOUl clients the high-end 

:\IDF machine was at full epe load for the HD versions. and ncar full load for 

the SD versions. It is however envisaged that many deyices will support the H.264 

standard and thus the number of clients requiring trans-coding for the HD and 

SD versions to a different encoding format will be minimal. It was suggested that 

wide-screen and standard versions of the content be kept in order to ensure trans­

coding of content between different aspect ratios is lIot required alld that switchiug 

between the different versions of the content be used to Cldapt HD and SD versions 

of the "ideo in mobile environments. 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

File sizE' : 3.98 l'vliB 

Duratioll : 1mn Os 

Overall bit rate: 554 Kbps 

Video 

Format: AVe 

Format/Info: Advanced Video Codec 

Format profile: HigM1ILS.1 

Format settings. CABAC : Yes 

Format settings, ReFrames : 2 frames 

Codec ID : H264 

Duration: 1mn Os 

Bit rate: 412 Kbps 

Width: 800 pixels 

Height : 480 pixeb 

Display aspect ratio: 1.667 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: 4:2:0 

Scan tnlE' : Progressive 

Bits/(Pixel*Frame) : 0.045 

Stream size: 2.96 MiB (74%) 

vVriting library: x264 core 59 

Encoding settings : cabac=1 / ref=l / deblock=1:0:0 / anal:\'se=Ox3:0x113 / 

llle=hex / subme=5 / brdo=O / mixed_rcf=O / me_range=16 / chroma_me=l 

/ trellis=O / 8x8dc:t=1 / Cqlll=O / deadzonc=2Lll / chrollla_qp_offsct=O / 

threads=6 / nr=O / decimate=l / mbaff=O / bframes=2 / b_pyramid=O / b_adapt=l 

/ b_bias=O / direct=1 / wpredb=1 / bime=O / keyint=250 / kcyint_min=25 / sce­

necut=40(pre) / rc=crf / crf=26.0 / rceq='blurCplx~(l-qComp)' / qcomp=l.OO / 

qplllin=lO / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format: lvIPEG Audio 

Format version: Version 1 

Format profile: Layer 3 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Codc:c ID : 55 

CocicC' ID /Hint : IvlP3 

Bit rate modE:' : Constant 

Bit rate: 128 Kbps 

Channel(s) : 2 channels 

Sampling rate: 48.0 KHz 

Resolution : 16 bits 

Stream size: 942 KiB (23%) 

Alignment: Split accross interleaves 

Interleave, duration: 24 ms (0.58 video frame) 

Format: AVI 

Format/Info: Audio Video Interleave 

File size: l.92 MiB 

Duration: Imn Os 

Overall bit rate: 267 Kbps 

Video 

Format: AVC 

Format/Info: Advanced Video Co dec 

Format profile: High:QiLS.1 

Format settings, CABAC : Yes 

Format settings. ReFrames : 2 frames 

Codec ID : H264 

Duration : 1mn Os 

Bit rate: 129 Kbps 

Width: 320 pixels 

Height : 240 pixels 

Display aspect ratio: 4/3 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: 4:2:0 

Scan type: Progressive 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Bits/(Pixel*Frarne) : 0.070 

Stream size: 953 KiB (48%) 

\Ahiting library: x264 core 59 

Encoding settings : cabac=1 / ref=1 / dcblock=l:O:O / anah'sc=Ox3:0x113 / 

me=hex / subme=5 / brdo=O / mixed_rcf=O / me_range=IG / chroma_me=1 

/ trellis=O / 8x8dct=1 / cqm=O / deadzone=21.11 / chroma_qp_offsct=O / 

threads=G / m=O / uecimate=1 / mLaff=O / Lframes=2 / L_pyramiu=O / b_auapt=1 

/ b_bias=O / direct=1 / wpredb=1 / bime=O / keyint=250 / keyint_min=25 / sce­

necut=40(pre) / rc=crf / crf=26.0 / rceq= 'blurCplx ~(I-qComp)" / qcomp= 1.00 / 

qpmin=10 / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format : MPEG Audio 

Format version: Version 1 

Format profile : Layer ;) 

Codec ID : 55 

Codec ID /Hint : MP3 

Duration: Imn Os 

Bit rate mode: Constant 

Bit rate: 128 Kbps 

Channel(s) : 2 channels 

Sampling rate: 48.0 KHz 

Resolution: 16 bits 

Stream size: 938 KiB (48%) 

Alignment: Split accross interleaves 

Interleave, duration: 42 ms (1.01 video frame) 

General 

C.2 Die Hard - Action Sequences 

Format: AVI 

F ik size : 16.7 1\ liB 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Duration: 59s 393ms 

Overall bit rate: 2 358 Kbps 

Video 

Format: AVe 

Format profilt~ : HighrQ:LS.l 

Format settings. CABAC : Yes 

Format settings, ReFrames : 2 frames 

Codec ID : H264 

Duration: 59s 393ms 

Bit rate: 2 216 Kbps 

\Yidth : 1 280 pixels 

Height : 544 pixels 

Display aspect ratio: 2.35 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: 4:2:0 

Scan type: Progressive 

Bits/(Pixel*Frame) : 0.133 

Stream size: 15.7 MiB (94%) 

\iVriting library: x264 core 59 

Encoding settings: cabac=1 / ref=1 / deblock=l:O:O / analvse=Ox3:0xI13 / 

me=hex / subme=5 / brdo=O / mixed_rcf=O / me_rangc=16 / chroma_me=1 

/ tlcllis=O / 8x8dct=1 / cqm=() / deadzorw=21.11 / chroma_qp_oHset=O / 

thrcads=6 / nr=O / decimate=1 / mbaff=O / bframes=2 / h_pyramid=O / b_adapt=1 

/ b_bias=O / direct=1 / wpredb=1 / bime=O / keyint=250 / ke~'int_min=25 / sce­

necut=40(pre) / rc=crf / crf=26.0 / rceq='blurCplx~(l-qCompr / qcomp=l.OO / 

qpmin=10 / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format: IvlPEG Audio 

Format profile: Layer :; 

Codec ID : 55 

Codec ID /Hint : IVIP3 

Bit rate mode: Constant 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Bit rate: 128 Kbps 

Channel( s) : :2 channels 

Sampling rate: elS.O KHz 

Resolution: 16 bits 

Stream size: 928 KiB (5%) 

Alignment : Split aecross interleaves 

Interleave. duration: 24 ms (0.58 video frame) 

C.2.2 die hard action h264_sd.avi 

Format : AVI 

Format/Info: Audio Video Interleave 

File size: 9.82 MiB 

Duration : 59s 393ms 

Overall bit rate: 1 387 Kbps 

Video 

Format: AVC 

Format/Info: Advanced Video Codec 

F onnat profile : HigM~IL5.1 

Format settings. CABAC : Yes 

Format settings. ReFrames : 2 frames 

Codec ID : H264 

Duration : 59s 393ms 

Bit rate: 1 245 Kbps 

Width: 800 pixels 

Height : 480 pixels 

Display aspect ratio: 1.667 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: el:2:0 

Scan type: Progressive 

Bits/(Pixcl*Frame) : 0.135 

Stream size: 8.8:2 l\1iI3 (90Cj(',) 

Writillg librar~' : x2(jel core 59 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Encoding sC'ttings: cabac=l / rcf=l / deblock=l:O:O / analysc=Ox3:0x113 / 

mc=hex / submc=5 / brdo=O / mixed~rcf=O / IIlc~rangc=16 / chroma~me=l 

/' trellis=O / 8x8dct=1 / cqm=O / deadzone=21.1l / chroma~qp_offset=O / 

threads=G / nr=O / decimatc=l / mbaff=O / bframes=2 / b_pvramid=O / b_adapt=l 

;' b~bias=O / direct=l / wpredb=l / birne=O / keyint=250 / ke~'int~min=25 / sec­

necut=40(pre) / rc=crf ;- crf=26.0 / rceq='blurCplx~(l-qCornpr / qcomp=1.00 / 

qpmin=10 / qpmax=51 / qpstep=4 / ip~ratio=1.40 / pb~ratio=1.30 / aq=2:1.00 

Audio 

Format: MPEG Audio 

Format version: Version 1 

Format profilE' : Layer ;) 

Codec ID : 55 

Codet ID /Hint : MP3 

Bit rate mode: Constant 

Bit rate: 128 Kbps 

Channell s) : 2 channels 

Sampling rate: 48.0 KHz 

Hcsolution : 1G bits 

Stream size: 928 KiB (9%) 

Alignment : Split accross interleaves 

Interleave. duration : 24 ms (0.58 video frame) 

C.2.3 die hard action_h264_1d.avi 

Format: AVI 

Format/Info: Audio Video Interleave 

File size: 3.30 MiB 

Overall bit rate: 465 Kbps 

Video 

Format: AVC 

Format/Info: Advanced Video Codec 

Format profile: High:QiL5.1 

Fornwi settiugs. CABAC : Yes 

Format settings. RcFramcs : 2 frames 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Codcc ID : H264 

Duration : 59s 393ms 

Bit rate: 324 Kbps 

'Width : 320 pixels 

Height : 240 pixels 

Displa~' aspect ratio: 4/3 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimctr~' : 4:2:0 

Scan t~'pe : Progressive 

Bits/(Pixel*Frame) : 0.176 

Stream size: 2.30 MiB (70%) 

vVriting library: x264 core 59 

Encoding settings : cabac=l / ref=l / dcblock=1:0:0 / analyse=Ox3:0x113 / 

me=hex / subme=5 / brdo=O / mixed_ref=O / me_range=16 / chroma_me=l 

/ trellis=O / 8x8dct=1 / cqm=O / dcadzone=21.11 / chroma_qp_offset=() / 

threads=6 / nr=O / decimate=l / mbaff=O / bframes=2 / b_pyramid=O / b_adapt=l 

/ b_bias=O / direct=l / wpredb=l / bime=O / ke~'int=250 / ke~'int_min=25 / scc­

necut=40(pre) / rc=crf / crf=26.0 / rceq='blurCplx~(l-qCompr / qcomp=1.00 / 

qpmin=10 / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format : MPEG Audio 

Format version: Version 1 

Format profile: Layer 3 

Codec ID : 55 

Codec ID /Hint : MP3 

Bit rate mode: Constant 

Bit rate: 128 Kbps 

Channel(s) : 2 channels 

Sampling rate: 48.0 KHz 

Resolution: 16 bits 

Stream size: 922 KiB (27%) 

Alignment: Split accross int.erleaves 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Interleave. duration: 24 ms (0.58 video frame) 

C.3 Gladiator - Dialogue Sequences 

C.3.1 Complete name: gladiator_h264_hd.avi 

Format: AVI 

Format/Info: Audio Video Interleave 

File size: 3.46 IvIiB 

Duration: 1mn Os 

Overall bit rate: 479 Kbps 

Video 

Format: AVC 

Format/Info: Advanced Video Codec 

Format profile: High@L5.1 

Format settings. CABAC : Yes 

Format settings, ReFrames : 2 frames 

Codee ID : H264 

Duration: 1mn Os 

Bit rate: 337 Kbps 

Width: 1 280 pixels 

Height : 720 pixels 

Display aspect ratio: 16/9 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: 4:2:0 

Scan t:\'pe : Progressive 

Bits/(Pixel*Frame) : 0.015 

Stream size: 2.43 MiB (70%) 

Encoding settings: cabac=l / ref=l / dcblock=l:O:O / analysc=Ox3:0x1l3 / 

me=hcx / submc=5 / brdo=O / mixed_rcf=O / mc_rangc=16 / chroma_mc=l 

/ trcllis=O / 8x8dct=1 / c:qm=O / deadzone=21.11 / chromCl_qp_offset=O / 

tlucads=6 / m=(I / uCl'imatc= 1 / mbaff=O / bframc~=2 / b_p)Tamicl=() / ],_adapl = 1 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

/ h_hias=O / direct=l / wpredb=l / bimc=O / kcyint=250 / keyint_min=25 / sce­

nccut=40(pre) / rc=crf / crf=26.0 / rceq='blurCplx~(l-qCompr / qcomp=1.00 / 

qpmin=10 / qpmax=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.3() / aq=2:1.00 

Audio 

Format : MPEG Audio 

Format version: Version 1 

Format profile : Layer 3 

Codec ID : 55 

Codec ID /Hint : .vIP3 

Bit rate mode: Constant 

Bit rate: 128 Khps 

Channel(s) : 2 channels 

Resolution: 16 bits 

Stream size: 945 KiB (27%) 

Alignment: Split accross interleaves 

Interleave. duration: 24 ms (0.58 video frame) 

C.3.2 gladiator_h264_sd.avi 

Format : A VI 

Format/Info: Audio Video Interleave' 

File size: 1.94 I\1iB 

Duration : 1mn Os 

Overall bit rate: 269 Kbps 

Video 

Format: AVC 

Format/Info: Advanced Video Codec 

Format settings, CABAC : Yes 

Codec ID : H264 

Bit rate: 127 Kbps 

Height : 480 pixels 

Resolution: 24 bits 

ColorimC'try : 4:2:0 

Scan t~'pe : Progressive 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Bits/ (Pixel*Frarne) : o.c114 

Stream size: 936 KiB (47%) 

Writing library: x2fi4 corc 59 

Encoding settings: caba("=l / rcf=l / dcblock=1:0:0 / allal~·s('=Ox3:0x113 / 

me=hex / subme=5 / brdo=O / mixed_ref=O / me_range=lG / chroma_me=l 

/ trcllis=O / 8x8dct=1 / cqm=O / dcadzonC'=21.1l / chrom8_qp_offset=O / 

thrcads=G / m=O / clecimatc=l / mbaff=O / bframes=2 / b_pyramid=O / b_aclapt=l 

! b_bias=O / direct=l / wprC'db=l / bimc=O / ke~"int=250 / keyint_min=25 / sce­

llecut=40(pre) / rc=crf / crf=26.0 / rceq='blurCplx~(l-qCompr / qcomp=1.00 / 

qpmin=10 / qprna.x=51 / qpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format : }\IPEG Audio 

Format version: Version 1 

Codee ID /Hint : MP3 

Bit rate mode: Constant 

Channcl(s) : 2 channels 

Sampling rate: 48.0 KHz 

Resolution : 16 bits 

Stream size: 945 KiB (48%) 

Alignment : Split accross interleaves 

Interleave. duration: 24 ms (0.58 video framC') 

C.3.3 gladiator_h264_ld.avi 

Fonnat : AVI 

Format/Info: Audio Video Interleave 

File size: 1.23 MiB 

Duration: 1mn Os 

Overall bit rate: 171 Kbps 

\"idC'o 

Format: AVe 

Format/Info: Advanced Video Codcc 

FOrI1mt pmfilc : High'CILo.1 

Format settillgs. CABAC : Yes 
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APPENDIX C. INFORMATION RELATED TO TEST SEQUENCES 

Format settings. ReFrames : 2 frames 

Codec ID : H264 

Duration: Imn Os 

Bit rate: 28.9 Kbps 

Width: 320 pixels 

Frame rate: 23.976 fps 

Resolution: 24 bits 

Colorimetry: 4:2:0 

Scan type: Progressive 

Bits/(Pixel*Framc) : 0.016 

Stream size: 214 KiB (17%) 

Writing library : x264 core 59 

/ me=hex / subme=5 / brdo=O / mixed_rcf=O / me_range=16 / chroma_me=1 

/ trellis=O / 8x8dct=1 / c:qm=O / deadzonc=21.1l / chroma_lIP_offset=O / 

thrcads=6 / nr=O / decimate=1 / mbaff=O / bframes=2 / b_pyramid=O / b_adapt=l 

/ b_bias=O / direct=l / wpredb=1 / bime=O / keyint=250 / keyint_min=25 / sce­

necut=40(pre) / re=crf / cr£=26.0 / rceq='blurCplx~(I-qComp)' / qcomp=l.OO / 

qpmin=10 / lIPmax=51 / qpstcp=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00 

Audio 

Format: l\IPEG Audio 

Format version: Version 1 

Codee ID : 55 

Codoc ID /Rint : MP3 

Bit rate mode: Constant 

Bit rate: 128 Kbps 

Channel(s) : 2 channels 

Resolution: 16 bits 

Stream size: 945 KiB (75%) 

Alignment: Split accross interleaves 

Interleave. duration: 24 ms (0.58 video frame) 
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Appendix D 

Accompanying CD-ROM 

The CD-RO:l\1 included with this thesis contains the following files and information: 

• Rcsearch Literature - Electronic copies of the research papers and other lite­

rature used during the course of this research can be found in the directory 

labelled .: Research Literature ". 

• Software - All the source code developed for the evaluation framework can 

be found in the directory labelled "Soft\vare ". 

• Test Sequence Video Files - The test sequences used for the testing section 

of this thesis can be found in the directory labelled "Test Sequence". 

• Thesis - An electronic copy, in PDF format. of this document can be found 

in the directory labelled ::Thesis". 
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