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Synopsis

Internet Protocol Television (IPTV) is an umbrella term for a number of multime-
dia services deployed over an IP infrastructurc. IPTV is expected to be a major
application in the next-generation of IP based networks and will grant service pro-
viders capabilities and opportuniiics through the inter-working of IPTV services
with other IP services such as presence, instant messaging (IM) and voice over IP
(VoIP). Many opcrators arc currently deploving. or investigating. the deployvment
of IPTV scrvices to counteract dwindling voice services revenues by opening up
new revenue strecams and attracting customers to their networks. Consumer inter-
est in IPTV services is currently being fuelled by Video on Demand (VoD) IPTV
scrvices. which provide users with access to a potentially large range of content
including Hollywood titles and TV network series. IPTV scrvices provide a highly
interactive viewing expericnce and go bevond what current broadcast television
services can offer.
] Given the recent interest in IPTV a number of standardisation bodics have de-
fined end-to-end. IPTV architectures. These include ATIS's IPTV Interoperability
Forum (ATIS-1IF). ETSI TISPAN and the ITU's IPTV focus group. Generally
two IPTV architectures are defined: The first architecture makes used of existing
protocols and svstems in order to deliver IPTV services while the second is based
on next generation networks, such as the IP Multimedia Subsystem (IMS).

The IP Multimedia Subsystem (IMS) is an architectural subsvstermn for the
control and provisioning of IP multimedia services over an all-IP. packet based
core. The IMS was first standardised by the 3rd Generation Project Partnership
but it has since been adopted by other standardisation bodies. including 3GPP2,
ATIS. ITU-T and ETSI-TISPAN., who contribute to its development. The IMS

promises a scalable. integrated platform that cnables the creation of new services
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and facilitates the convergence of telecommunications and Internet services. The
IMS also promiscs to achicve fixed mobile convergence by enabling the scamless
distribution of services over fixed and mobile broadband networks. However. this
requires that IMS services need to be able to cater for heterogencous access net-
works and a wide range of user end-terminal capabilitics. This presents a significant
challenge for IPTV services as the adaption of video content is no casy task.
There are numerous ways in which adaption of multimedia content can be achie-
ved: these include precoding, scalable video encoding (SVC). Multiple Deseription
Encoding (MDC) and/or trans-coding. This thesis involves an investigation into
which of these techniques are best suited for use in IMS-based IPTV services with
cach adaptation method cvaluated in terms of its rclative strengths and weak-
nesses. Precoding has low processing requircments for the adaption of video but
requires cxcessive amounts of disk storage; this is to ensure sufficient catering for
the diverse range of video bit-rates and capabilitics of user end-terminals. SVC and
MDC adaptation techniques are highly scalable but require widesprecad adoption
from industry of a specific SVC or MDC coding format: since only 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 varving user and session requirements
but does not scale well, due to its high processing and memory requircments. A
hvbrid scheme is then proposed in this thesis that leverages the advantages of pre-
coding and trans-coding, with a goal of ecnabling more cfficient adaption of content
in IMS-IPTV systems. A proof of concept IMS-IPTV test-bed was developed to
demonstrate the benefits of the proposed hybrid content adaptation scheme and
provided a good platform for several evaluations to take place. The test-bed and
its implementation is described in order to cnable 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 hvbrid scheme doces
cnable more efficient adaptation of content and that integrating the scheme will
benefit operators deploving 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 use of Internet services to conduct business. do rescarch, shop
for bargains. socialisc and more.

Services have been the key to the success of the Internet with electronic mail and
the World Wide Web being the first two Internet services to have found widespread
use in both the business world and in the home. With the advancements in Internet
access technologies and computer processing. a number of new services have begun
to emerge to take advantage of these new developments including. Voice over 1P
(VoIP). Internet Protocol TV (IPTV). presence and social networking.

The use of open protocols has played a large role in the success of Internet ser-
vices: anvone interested in developing Internet applications can find the necessary
information and tools available for free on the Internct. There are also numerous
books and publications devoted to the subject. as well as on-line communitics and
forums that allow developers at no cost the opportunity to gain insight from cx-
perts across the globe. All this has cnabled, with relative case and minimal cost, to
create and deploy new and innovative services for use by the Internet community
as a whole.

The success of the Internet and its scervices has been so much so that many
traditional telecommunication operators have deploved 1P access technologies allo-
wing connectivity to the Internet and thus access to its services. With the increased
proliferation of broadband nctworks, more and more businesses and individuals are

starting to make use of sophisticated. low-cost, third-party Internet communica-
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tions services such as VolP and instant messaging (IM). The result of this has been
the steady crosion of traditional voice services revenues and the possibility of ope-
rators being reduced to mere bit-pipes, while the bulk of user revenues are taken by
third-party scrvice providers. The telecommunication industry 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 scen with the development of Internet

services.

1.1 Evolution of service architectures in the telecom-

munications industry [1]

In the past the development of telecommunication services was complex and time-
consuming. New services had to be implemented directly within the core switch
svstems. 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 own infrastructure and functional systems. which were to a large extent indepen-
dent of other services. This lead to the so called ‘silo” or ‘stovepipe’ architecture.
sce Figure 1.1. as the operator’s network became a clutter of overlaid service ar-
chitectures and components. Furthermore development of these new services was
costly due to the requircment of specialized telecoms engineers and lengthy time

periods needed to develop the service.

o
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Tenminn|

Fipure [.1: "Bl or ‘Stovepipe’ architcemre

[ the carhy F98IF: the competitive noed for shorteor development. times and
the potential of the blooming 1T indostey led to the concept of Service-Delivery
Flatforms (SDPs). The idea behingd these SDPs was to provide an extensiblo sof
of rensable companents allowing for the rapid and efficient nplementation of new
serviees within an cperator’s network, [noaddition to this standardized components
and interfaces would enable network nperators independence from vendor specific
service sohitions and proprictary network technologics.

T'he: first, majer shift was the International Telecomprunieations Uplon's [1TU)
standardization of the Inteiligent Network (IN]. which was aimed at providing a
mare flexible way of developing new telecommunications services. IN defined an
overlay service architechare an top of the Signalling Sestemn T (SST) networl and
extracted the service intelligence from the legacy network switches into dedicated
central service coutral points, By defining a number of Serviee Independent DBaibi-
itg Blacks (SIBs), which can be chaived together in order o form newsr and
more sophisticated services, the IN network allowed to some extent service inde-
pendence. These S1Bs allowed operatars to develop value-added services for their
own networks and without the oeed to regquest the core switch manufacturer to
deveop the now service, Other varants of the [N platform were standardized and
deploved, imcluding the Advanced Tnteligent Network [AIN) in the United States
as well as Furopean and Japancse yananls, owitg to the 857 standards dilfering

glishtly from region to region. There are also I services for mobile networks which
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were standardized under the name Customized Applications for Mobile Enhanced
Logic (CAMEL). maintained by the 3rd Generation Partnership Project (3GPP).
Although many network operators have deploved IN. AIN and CAMEL scrvices
around the globe. they have not developed into the open market services the IN
comrunity initially envisaged. This can be attributed to the IN's IT systems being
too specific and not following mainstrcam programming practices. Furthermore.
the telecoms industry was at the time still very closed and monopolistic in nature.

In the mid-1990s Application Programming Interfaces (APIs) were introduced.
These APIs 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 teleccoms service implementations easicr then IN implementations by
abstracting the signalling protocol details from the underlving networks. The APIs
feature telecoms-related capabilities such as call control. conferencing. messaging,
ete.

The concept of APIs was to host the application logic on application scrvers
which would be able to access the provider's service gateway via a securc network
connection. The network operator would then be offer services from its own applica-
tion servers or make usc of a third party’s services through service-level agreements.
Both network operators and third parties would benefit as the network operators
could provide customers with a wider variety of services. while the third partics
would receive revenue for access to their services. It was also possible to add new
API operations and interfaces to cope with market trends and newer technologies.
Framework interfaces were also defined to allow registration and discovery of new
service interfaces and perform the necessary service-level agreements.

However. the uptake of APIs has becn slow with network operators not wishing
to open up their networks to third parties and due to these APIs being still far too
complicated for use by developers unfamiliar with the telecoms architecture.

In the year 2000. the Parlay Group noted how. through the use of open proto-
cols. the Internet had enabled its own open services market. The Parlay Group then
developed a simplified version of the Parlay/OSA APIs. named Parlay X. which
was a simplified ATT based on Web-services technologics.  Parlavy X was much

simpler to use then previous APIs and enabled developers familiar with crcation
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of Web-services to construct new and innovative telecommunication services. To-
day. most Parlay /OSA platforms feature a Parlay X gateway for exposing telecoms
interfaces to third parties. while operators still use the classic Parlay/OSA APIs
for the implementation of internal operators services on top of a rapidly changing
network architecturc.

More recently the IP Multimedia Subsystem (IMS) has emerged and promises
a scalable. integrated platform to support the creation of new services as well as a

means to facilitate the convergence of telecommunication and Internet services.

1.2 The IP Multimedia Subsystem

1.2.1 Development of the IMS

As the popularity of Internet services grew so did the need for mobile access to
them. Cellular networks werce ideal candidates for this as their coverage arcas ty-
picallv encompassed virtually all urban arecas as well as extending into key rural
arcas. The General Packet Radio Service (GPRS) was developed to provide 2G
ccllular svstems with data capabilitics and gave cellular handsets the ability to
connect to the Internet. GPRS data rates were however significantly lower than
those offered by fixed line access and other wireless access methods. The Univer-
sal Mobile Telecommunications System (UMTS). a third-generation (3G) cellular
network svstem., sought to increase the bandwidth available in cellular networks by
using improved spectral cfficiency techniques and allowing users access to a wider
range of more advanced services.

The 3GPP. a collaboration of a number of telecommunications standards bodies,
was formed with the goal of producing technical specifications for a 3G Mobile
Svstem 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, they
found these networks still inherited many of the limitations of the circuit and
voice-oriented GSM network on which they were based. In order to provide newer
services that could take advantage of the higher bandwidths. the 3GPP rcalised

that the network architecture needed to evolve [8,. This evolution came in the form
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of the IP Multimedia Subsystem which defines an architectural framework for the

delivery of 1P services in an all-1P packet based core.

1.2.2 Motivations for the adoption of the IMS technology

by operators

The IMS has attracted much attention from the telecommunications community
and there are a number of reasons for this. The key 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,
service creation and delivery as well as service interconnection. With the IMS the
operator is able to cither 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 specds to the Internect. is due to the
inability of the Internet to provide acceptable Quality of Service (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. Network congestion and
network failures could mean the loss of information packets as theyv pass through the
network. with end-points needing to keep track of packets in order to re-transmit
anv packets that did not make it through the network. Although this may be
acceptable for traditional Internet, non-real-time services such as web-browsing and
file-transfers. it is unacceptable for more modern. real-time multimedia services,
such as voice calling and video strecaming. Dclays 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 mav 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 cnable it to

be transmitted over present day communication links. The encoding of the video
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utilises the fact that many frames of the video are spatially redundant’ and the
encoder gencrates a reference frame to be utilised by the decoder for the predic-
tion and decoding of subsequent predicted frames. Loss of these reference frames
during transmission is likely to lead to interruptions in the plaxyback of the video
and could cause the user to abandon using the service.

The IMS however ensures end-to-end QoS for IP Multimedia packet flows hy
identifving session flows at the bearer level and prioritising the routing of packets.

as to cnsure reliable delivery of real-time IP-based multimedia services.

Separation of session signalling and media flows

The IMS scparates 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 IP routing protocols

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

Session-based charging of IP services

At present operators typically charge users for the amount of information transfer-
red while connected to their network. The operator cannot charge the user for the
use of individual services as the contents of the IP datagrams are not known. The
IMS on the other hand provides information about the service being used by the
subscriber and allows the operator to charge for the service using a method that
1s appropriate for that particular service; flat rate. time-based. QoS-based. or any
other tvpe of new charging method introduced. For example a VoD service may be
charged on a flat-rate. or per session hasis. and not on the amount of time he/she

spends watching the video.

IMS as support for a service delivery platform

The IMS defines standard interfaces for use by service developers for integration
of new services into the IMS network. Standardisation of common services such

as voice. presence, instant messaging (IM) and others. allow for their use in the

“Apart from major scene changes and scenes involving a good deal of movement there is listle
change in the information in successive frames of a video sequence.

-1
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creation of newer. morc sophisticated services. The IMS facilitates the convergence
of telecommunications and Internet services through the use of common Internct
protocols and Web technologics. This allows developers. who are already familiar
with these technologies. to quickly develop and deplov new IMS services. In addi-
tion to this the standard interfaces allow operators to obtain services from different
vendors. thus avoiding being locked to a single vendor for the acquisition of new
SCrvices.

The all-IP core enables the inter-working of different access networks as well as
facilitating fixed mobile convergence by allowing seamless distribution of services
over both fixed and mobile broadband access networks.

By separating out the application services from the core network infrastructure
the IMS allows independent scaling of the network and applications scervices; the
number of Call Session Control Functions (CSCFs) can be increased. enabling a
higher number of network subscribers to be served. while the number of application
servers which handle a particular service can be changed according to the demand
for the service.

The range of services is cxpected to be a major draw card to IMS nctworks.
The term “triple play” is often used when talking about the IMS and refers to the
integration of voice, video and data scrvices over a single network and from a single
network opcerator. The IMS allows network operators to provide bundled service
offerings to attract customers to their networks. while customers benefit from the

reduced cost and simplified billing associated with thesc 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 volce or anv other services
in detail. lcading to some confusion regarding the interoperability and realization
of these services. This prompted large corporations. such as Ericsson. to take it
upon themsclves to define IP telephony for the IMS and to have it included in
Release 7 of the 3GPP’s standards. Presently Relcase 8 is scheduled to be finalized
and published in December 2008/ January 2009 [9].

Supporting 3GPP s vision of an all-IP corc. a nunhber of other Standard Defini-

tion Organizations (SDOs) have contributed to the IMS standards. These include:
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o The 3rd Generation Project Partnership 2 (3GPP2) - a collaboration betwecn
North American and Asian standardising bodies. who have adapted the 3GPP
standards for CDMA2000 networks.

o Telecoms & Internet converged Services & Protocols for Advanced Networks
(TISPAN) - a standardisation bodyv of the Europcan Telecommunications
Standards Institute (ETSI), who have contributed to the IMS standards for

operators in the fixed-line access domain.

« CableLabs’s. a non-profit rescarch and development consortium consisting
of members from the cable industry, have adapted 3GPP, Relecase 6, IMS

standards for cable networks in their PacketCable project.

Other SDOs concernced with the IMS arc the International Telecommunications
Union (ITU). whose NGN focus group has included the IMS as part of its Next
Genceration Network (NGN) set of standards, as well as the WiMax 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 deplovments are onlv expected to be seen in 2011. Presently
however there arc a number of Web application frameworks and technologies, such
as Ajax: Adobe Flash: Adobe Flex; Microsoft Silverlight and Curl. which enable
developers to create sophisticated web services which can be accessed via web
browsers with an appropriate plug-in. As a result of these the Internet has seen an
explosion of innovative and sophisticated services emerging. such as social networ-
king and Web Mashups?. The transition from the World Wide Web being a number
of static pages to its usc for the deplovment of highly interactive and sophisticated
services has often been referred to as "Web 2.0

Given the open nature of the Internet, many Web 2.0 services arc offered frec of
charge to users and the predominant source of revenue is gained from personalised

advertising. An example of this would be a user requesting a content related to

“A weh application combining data from several sources in order to create a new and uuique
service
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motorcars may be interested in a special offer for a new vehicle. This presents a
problem for opcrators looking to deploy the IMS as thev are required to provide
new services that improve upon these Web 2.0 services to the extent that users will

want to pay for them.

1.4 IP Multimedia and Internet Protocol Televi-
sion

The transmission of high quality multimedia data over 1P-based communication
links. has been made possible by significant increases in network bandwidth over
the last few vears along with the improvement of video coding technologies. This
has lead to the development of new video services such as multimedia messaging,
video conferencing and Internet Protocol Television.

The ITU-T Focus Group on IPTV provides the following definition for IPTV:
“multimedia services. such as television, video. audio. text. graphics. and data,
delivered over 1P-based networks managed to provide the required level of quality
of service (QoS). quality of end-uscr experience (QoE). security. interactivity and
reliability 10}, IPTV syvstems go bevond traditional broadcast television svstems,
as the use of the IP protocol allows for two way communication between service
provider and IPTV user. Traditional television services were seen as push services.
since they only allowed the television content to be pushed to the user. IPTV ser-
vices however can take advantage of the two way communications channel between
the user and the scrvice to gather information from the user. This allows highly
interactive and sophisticated services such as Interactive game shows. television
shopping and content rating systems to be developed. Service providers are also

“able to note the viewing 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 intcrests. or suggest other content that may
be of interest to the subscriber using this information. The main driver behind
consumer interest in IPTV services is the potential for Content on Demand (CoD).
or Video on Demand (VoD). offerings. With this CoD scrvices users are able to
stream a wealth of Hollvwood and television network content to their end termi-

nals. The user is also able to control the delivery of the content by using VCR-like

10
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f1;';lﬂr.iﬂllﬂlir.}’ sich as PLAY, PAUSE, FAST-FORWARD and =0 on.

; IPTY s considered 1o be oue of the major services in next-generation networks
|Ip] As voice servioe revenues continue to dwindle, many operators have dedicated
IPTY projects investigating the deplovoent and roll out of IPTY services in order
t,rall altracn new onstoamets o their networks and retaining existing ones. A recont
fUIL"C:Ibt by the Multimedia Research Group lue, i April 2008, predicted that the
niimber of subseribers to IPTY serviees worldwide wil] grow from 2004 million in
2@08 to 841 miilion i 20120 The group also predicts that global revenucs from
IP 'V scrvices will rise from 5.4 billion USD to 29.6 USD in 2012, T ere 1.2 and
Fllg__,uru 1.3 show the breakdown of projected IPTV subscrivers and IPTV service

revennes for the different world rogions [117
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Figure 1.2: Farecast of global 1PTV subseribers [or the period 2008 - 2012
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\Figure 1.3; Foreeast of plobal IPTY service revenues for the preric] 2008 - 2012
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1.4.1 IPTYV standardization

Given the large amount of interest in IPTV. a number of SDOs have begun stan-
dardisation of cnd-to-end IPTV service architectures. Sowme of the major IPTV

standards activities are listed below.

ITU-T IPTV

The ITU-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 ITU study groups as well as Standards Developing Organisatious,
Fora and Consortia” [12]. The FG cnded its activities in January of 2008 and
transferred its documents to the relevant study groups within the ITU-T for the
development of draft Recommendations. The ITU has since formed the IPTV -
Global Standards Initiative (IPTV-GSI) with the goal of facilitating the intcraction
between the relevant study groups and accelerating the standardisation process.
The ITU-FG settled on three distinct IPTV functional architectures: A Non-NGN
architecture and two NGN-based architectures. one of which utilises IMS as the
control architecture.

The ITU-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 IPTV scr-
vices. as well as home networks supporting IPTV services. The final set of ITU-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 svstems and
scrvices. Important aspects are investigated by ATIS. within the IIF. including
the defining of IPTV logical domains. IPTV references architectures (IMS- and
non-IMS-based. as well as their cocxistence), content delivery concepts with QoE.
digital rights management (DRM) requirements. and the testing requirements of

the components. reliability. and robustness of service components (13,

12
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DVB over IP Networks

The Digital Video Broadcasting (DVB) Project is a consortium which includes
broadcasters, manufacturers, network operators. software developers. regulatory
bodics 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 spccifications though ETSI. Work re-
lated to IPTV is standardised under DVB-IPTV which is defined by the DVB as a
“set of open. interoperable technical specifications that facilitate the delivery of di-
gital TV using the Internet Protocol over bi-directional fixed broadband networks™
Specifications published to date define the transport of MPEG-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 firmwarc update sys-
tems for DVB IP services [16]. ETSI TISPAN incorporates these DVB standards

into their own IPTV architectures.

ETSI TISPAN IPTV

TISPAN NGN R2 contains several specifications that address IPTV service requi-
rements and architectures. Both a non-IMS IPTV subsvstem and an IMS-based
IPTV subsvstem arc specified. The standards for the IMS-based IPTV subsvstem
141 provide a comprchensive specification of the architecture and functions, inclu-
ding service discovery functions, scrvice control functions and end-user terminal
functions as well as the corresponding protocols and interfaces used for signalling

and media flows between these components.

3GPP MBMS

The 3GPP does not offer any specific IPTV specifications but their Multicast /broadcast
(MBMS) specifications [17] define an efficient way of delivery and controlling mul-
ticast and broadcast scrvices over 3G networks. These multicast and broadcast
services allow the optimisation of broadcast and multicast IPTV services delivery.
Although limited at present to cellular networks, there is ongoing rescarch to extend

MBMS services to apply to the IMS architecture as a whole 1181

13
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OMA BCAST

The Open Mobile Alliance {OMA) contains a Broadcasting Working Group that
deals with functional issucs that arc generic ecnough to be common to many broad-
cast services and that can be defined and implemented in a bearer-independent
way., This includes scrvice guides, file distribution. media stream distribution.
service protection, DRM. service interaction, service provisioning. terminal provi-
sioning. as well as notifications. and so on [13]. All arc key aspects related to IPTV
services supporting broadcast/multicast and which cnable the distribution of rich.

intcractive media content to a large number of mobile viewers.

1.5 Problem Definition

The IMS cnables 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 several Mbit/s. depending on the
access technology used. Similarly, wireless access technologies have varying data
rates but arc further complicated due to the mobility of users which impacts on the
received signal strength of the end terminal. In addition to this the number of end-
terminals that can connect to these networks is limitless. These range from portable
multimedia plavers and cell phones to high-end computers and set-top boxes. Each
of these devices has its own sct of capabilitics with screen size. processing power
and supported coding formats varying from device to device.

This need for IMS services to be able to adapt to meet differing user require-
ments presents a significant challenge for IPTV services. This is because video
encoded with a particular codec, bit-rate, spatial resolution and temporal reso-
lution may not be suitable for delivery over all access networks and to all user
end-terminal devices. As an example of this we have 4 different IPTV subscribers
who accessing the service from different networks and different end terminal de-
vices; Figure 1.4 depicts the scenario. In this example the video server is only able
to provide content at a fixed aspect ratio and at fixed bit rate (tvpical of today's
video services where video is cncoded using specific parameters that cannot be
changed unless the video is re-encoded). For user A this is a not a problem as his

cnd-terminal has a screen size in-line with the video's spatial resolution and the

14
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Wi-Fi connection he is connected 1o has safficient bandwidth 1o support the video

ream. I'he portable media player of user B however cannot hiandle the bit-rate
of the video und the video skips and pauses frequemly. User C i comiected w0 a
Iliglhl.l Subscriber Line [DSL) service with sufficiens bandwidsh but the video is
no! of a suitable quality for bis LD capable deviee. Finally user D s connected
via his operasors 36 network bt due to los mobility che signal strength frequently
drops causing Uhe video to buller and playback Lo stop:

IPTY Madia Sarver

User C

Figure 1.1; IPTV problem scenario

Although shis example s somewhas exagperated, it highlights the need for
IF1Y services in 1he IMS w0 adapt video sireams fo best suit the requirements of
sach individual chent and lacilitate the convergenee of fixed and neobile broadband
access nerworks for IPTV services.

1.6 Thesis Objectives

The developmens and standardization of IMS and its associated services s an
4]'111gﬁing process. There are many issues that need o be resolved hefore a lull
seale IMS-Tased IRV deploymeny, can be realised. Without the abilivy 10 adapi
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IPTV video services to meet the needs of individual users. consumer interest in
these services will be vsovcrally limited. This thesis primarilyv analvses multimedia
content adaption methods to support the adaptation of multimedia content in
IMS-IPTV deployments. 1t aims to showcase the advantages and disadvantages of
cach adaptation mcthod and determine their suitability for use in a present day
IMS-TIPTV deplovment. The most suitable content adaptation methods will be
incorporated into a content adaptation scheme for use in IMS-IPTV deployments.
This functional architecture will then be implemented in a test-bed architecturc,
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 softwarce devcloped for this
test-bed will be released as open-source, allowing for its extension and to scrve as
a basis for future IMS-IPTV research.

1.7 Thesis Scope and Limitations

There are a number of IPTV architectures currently being deploved by service
providers [19. 20. 21} or standardised by standards organisations [13]. Although the
concepts presented in this thesis may be used in order to achieve video adaptation
in other IPTV solutions, this thesis focuses on applyving them to an IMS-based
IPTV architecture.

In order to create a successful IPTV infrastructure a number of issues need to
be addressed. Quality of Service (QoS) mechanisms need to be in place in order
to cusure a reliable and acceptable IPTV experience for users: billing and charging
mechanisms need to be present, and flexible enough to support the various charging
modcls operators may wish to use (pre-paid, on line charging. time-based charging,
ete): Sccurity and Digital Rights management issues need also to be addressed in
order to protect uscrs and ensure that content copyright laws are not infringed.
These are complex peripheral issues and there is much standardisation work being
donc in 3GPP and other bodies to ensure that appropriate mechanisms are in place
to handle thesc issucs; as such they are bevond the scope of this thesis.

The IMS uses many protocols standardised by the IETFE: SIP. SDP. RTP and

RTSP are the four application layer protocols used extensively in this thesis. A full
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discussion regarding the inner-workings of these protocols is bevond the scope of
this thesis and readers are advised to consult the relevant Request for Comments
(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 rcal-world
factors and do not truly reflect the behaviour of phvsical networks. As such the
conclusions drawn from simulations often cannot be gencrated in the real world
and for this reason the decision was undertaken to implement the adaptation ar-
chitecture in the form of a physical test-bed. This does however limit the rescarch
as it is not as easy to adapt a physical test-bed to new technologies or to new

cexpcriments.

1.8 Thesis outline

The remainder of this thesis is outlined below:

Chapter 2 describes and analyses the main content adaptation methods found
in the literature with rclevant literature relating to cach method highlighted and
reviewed. The chapter then gives an overview and an analvsis of the ETSI TISPAN
IMS-Based IPTV architecture, choscn as the reference architecture for this thesis.

Chapter 3 begins with a discussion on the relevant design considerations for
a content adaptation scheme for IMS-IPTV architectures. after which cach of the
content adaptation mcthods presented in chapter 2 is reviewed as to their suita-
bility for usc in IMS-IPTV deployments. A hybrid content adaptation scheme,
which makes use of two of content adaptation methods. is then proposed. The
advantages associated with the use of the hybrid scheme are highlighted and the
integration of the hybrid adaptation scheme with the ETSI TISPAN IMS-Based
IPTV architecture is discussed.

In Chapter 4 the architectural design of an cvaluation framework for the adap-
tation of video content for IMS-IPTV services is given. Initiallv. the objectives.
requirements and limitations of the test-bed are presented and after which the soft-
warc used and/or developed for the test-bed is discussed. Finally the test-bed’s
topology is given along with a description of the hardware used in the implemen-

tation of the test-bed.

17
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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 analvsis of the results obtained using the test-bed.

Chapter 6 presents a sct of conclusions that were drawn from the evaluations

in Chapter 5. after which recommendations and future work is presented.

18



Chapter 2

Background and Literature

Review

The previous chapter introduced the IMS and discussed the need for IMS-IPTV
services to be able to adapt multimedia content. to cater for heterogencous access
networks and differing client terminal capabilities. This chapter provides a bricf
overview of different coutent adaptation methods found in literature as well as
discussion on cach. As video content adaptation has been a popular rescarch
topic in the past. with a number of publications rclated to the subject, the aim
of this chapter is not to provide an cxhaustive list of such literature but rather
to highlight the most up-to-date and rclevant publications in the context of video
adaptation methods. This chapter also includes a discussion on ETSI TISPAN
IPTV-IMS architecture used as the reference architecture for the deplovment of
content adaptation methods in this thesis. The rcader 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

Precoding is a method for video adaption that has the content server support

multiple versions of the multimedia content. with different formats and bit-rates.
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When the media server reccives a request from a client, it determines the client’s
requirements and capabilitics, and uses this information to scleet a suitable version
of thie content for the client.

B. Shen et al. mention precoding in [3]. The authors analvse the strengths
and weaknesses of using precoding for video content adaption and contrast its use
against scalable video cncoding (Section 2.1.2) and trans-coding (Section 2.1.4).
The authors state that the major advantage associated with such a schemc is little
to no quality degradation between the encoded video and the original video, since
the encoded sequence is based on the original sequence of video frames. Another
advantage is that end-to-end security need not be affected when switching between
different versions of the video. since each video sequence can be enervpted 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. Miras et al. [22] also mention precoding; referred to as multiple versions.
The authors describe how the method can support dynamic switching among the
multiple streams. by using syvnchronisation points in the bit-strcams; 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 by the
number of available streams.

J. Chakareski et al. (23] include precoding as a method for the rate adaptation
of strcaming media and cxplain how it can be implemented. The authors however

fail to mention any advantages of disadvantages associated with its usc.

2.1.2 Scalable video encoding

Scalable video encoding allows adaption of the output video strecam by allowing
parts of the video bit-stream to be removed. Video is encoded into a number of
lavers with successive layers representing an improvement in the quality of the
decoded video. The base layer represents the lowest quality version of the video
bit-stream and cach successive laver refines the video and improves the videos

perceived quality. Decoding of cach successive laver requires the presence of the
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lower lavers,
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F;'jgum 2.1: Scalable Viden Encoding allows devices to subscribe to bit-sirearns
in-line with their capabilities

Previous coding standards such as the 11,262/ MPEG-2, 11.263, and MPEG-4
Visual standards all sypported tools that at least provided some form of scala-
B‘:]jt}': howewer, the scalable pmﬂiu&a of 1hese standasds wore rarely used and not
widelv adopted by industry, The reasons for this include: the characteristics of
tracditional video broadeasting svstems. the signifivant loss in encoding efficiency
(when using spatial and quality scalability featurcs), as well as the larpe inerease
in the complexity ol the scalable decocder (when compared with the corvesponding
nen-sealable profiles) [24],

The most recent and advaneed scalable codec i the Scalable Video Coelen
(SVC' which apprars as an amendment to the H264 / MPEG-4 AVC standard!,
Juinily published by boih the 1TU-T and 180/1EC standardization bodies. The
H.264 standard has proved popular with industry and other standards bodies and
today many prodiucts and systems support the standard.  Because of the high
adoption rate of industry and the investments made in developing H.264 compliant
products. the ITU-T and ISO/IEC video groups found 3t appropriate to develop
an SVC extension and rense the kev features of the H 264 /AVC standard. This

Txoges 11264 0P EG- AVE. H204 wned AV wre used interebiongenhly througbul chis Uhesis.

.
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SVC? extension allows for the temporal resolution. spatial resolution and/or the
fidelity of the video to be reduced in order to adapt the video content. H. Schwarz
ct al. give a good overview of the H.264 scalable extension in 124, They discuss
how the SVC extension incorporates techniques that can be used to reduce the
loss in coder efliciency and bring it closer to the original H.264 standard. They
also show how the decoder complexity can be decrcased while still maintaining
rcasonable rate-distortion performance. The performance of the SVC cxtension is
also analyvsed in [25], where the authors compare it the original H.264 standard as
well as the MPEG-4 ASP standard. They conclude that. although the use of SVC
leads to a compromise in either quality or bit-rate of the video. the gap between
SVC and H.264 encoder cfiiciency can be relatively small. Also the performance
impact, of the increased scalability functionality, can be optimized by tailoring the
laver configuration of the scalable stream to the needs of the application.

D. Miras et al. {22] give a brief summary of the advantages and disadvantages
of using scalable cncoding. Advantages according to the authors. are that scalable
encoding allows the video bit-ratc to be adapted to the network conditions. by
dropping or adding layers, as well as improving the rcliability of video plavback by
prioritizing lower layvers. Additionally. unequal error protection can be emploved
to protect the lower layers of the video bit-stream. Disadvantages include deciding
what partition method to use. the efficiency cost. deciding how many lavers to use
and/or how to distribute the bandwidth among the lavers.

J. Chakareski et al. [253] include the use of scalable encoding as a mcans of
achicving bandwidth adaptation by rate scalability of the media strcam. The
authors mention the advantages of its use being for on-demand media applications
or in one-to-many streaming architectures where the 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 cfficiency associated with the
use of scalable encoders.

J. Kim et al. {26] propose the usc of H264/MPEG-4 SVC in Mobile IPTV scr-
vices and justify its choice through its use in applications such as multi-resolution

content analysis. content adaptation, complexity adaptation. and bandwidth adap-

2SVC always refers to the scalable amendment 1o the H.261/MPEG-4 AVC siandard in this
thesis.
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tation. The authors mention a disadvantage of the use of SVC' as the relatively
high complexity of the SVC encoder which makes real-time encoding very difficult
to achieve.

One major disadvantage of the SVC scheme. not mentioned in [24. 25, 22, 26],
is the requirements of cach 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 plavback of the video would

not be possible?,

2.1.3 Multiple Description Coding (MDC)

Multiple description coding (MDC) encodes video into two or more independent
strcams. In contrast to SVC, where the lower layers need to be present in order to
decode higher lavers, MDC 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 decrcases with the reception and decoding of any additional
descriptions. This distortion is lower bounded by the distortion attained by single
description coding (SDC), operating at the same overall bit-rate. in an crror-free
transmission scenario. MDC allows video to be adapted. by providing the client
with only the relevant descriptions required to achieve the clients desired. spatial
resolution. temporal resolution and/or fidelity,

M-T Lu et al. [27} usc MDC in their Peer to Peer (P2P) IPTV architecture.
MDC allows users of the svstem to subscribe to strecams with different resolutions,
as well as to ensure that users receive the highest quality achicvable with the avail-
able network resources. The authors propose a new MDC scheme that uses four
bit-strecams: cven and odd streams consisting of original video sequence, as well as
cven and odd streams consisting of the video sequence scaled by a quarter. The
authors show how this schemc outperforms previous spatial and temporal interpo-

lation schemes for a single video sequence. The authors also compare MDC with

SNote: Devices supporting the non scalable profiles of H.264/NMPEG-4 AVC are able to decode
just the base laver of the SVC bit-stream but this base laver will typicaliv be of a very low quality
and hence not suitable for devices requiring higher quality versions of the video.
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SVC and SDC. stating the major drawbacks of laver coding to be its high complex-
itv and lack of crror resilience. while SDC achieves higher coding efficiency than
MDC since MDC cannot fully exploit the temporal relationship between frames.
Similar to SVC. MDC would require that all devices have the appropriate MDC
decoder, which at present is highly unlikely since there is no standardized MDC

format.

2.1.4 Trans-coding

Trans-coding is the process of decoding a video signal and re-cncoding the frames
to another coding format or to the same coding format but with altered parameters
of the video. Early uses of this method mapped the bit rate of the video to the
available capacity of the communications channel. With 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 pixcl-domain trans-coding. The signal is first
decoded and the original video frames reconstructed after which any required in-
termediate processing of the video frames is performed.  Finally the frames are
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.
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Figure 2.2 Ilustration of cascade pixcl-domain trans-coding,

A, Vetro et @l [28 provide an extensive overvicw of the varions frans-coding
architectures and technigues that have been researched and devoloped prior to
iﬂfﬂ. The paper looks at trangcoding architectures that enable bit-zate, spatial
vesolution and temporal resoletion of ¥ideo to be changed. In adidition to this crror-
r:ihsiljence trans-coding is also examimed. The anthors provide a gnod overview of
tpc trans-coding process and myve an extensive list of references o other zescarch
that has been conducted to aptimise the trans-coding process.

J. Chagaressi of ol /29 mention that trans-coding in their discussion on meth-
ads for achieving vatc sealability, stating that its application in practice is coiet
himited due toits high computational complexity,

B. Shen et ol [4 arpue that video trans-coding i better suited for content adap-
tation than precnding and scalable video coding methods in the IMS. The reason
for this is due to Lhe flexibility of trans-coding in adapting the video to any codeor,
spatial tesolution. temporal resolution and for bit-rate the client requires. The an-
ﬂituxs present an intelligent method of exploitine the correlation between the input
ﬂ_ITll'] oatput of a video trans-coder, called xeode. which enabies the trans-coding to
b performed withowt having o fully re-encode the viden and thus optimizing the
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Feuse side infizmationr -

Figure 2.3 Uustrstion of the xcode process proposed i [3)].

The xeode method renses the motion estimation and macro-blocks of the origi-
nal encaeled viden sequence for encoding ol the adapted video sequenee, thus avoird-
e having Lo recaleulate the transform-doniain information and redusang process-
ing requirements. This wonld lead to a decrease in the processing power tequired 1o
achieve the trams-coding process; however, the authors do not provide any resnlts
comparing Lhelr xcode mechod with the full re-eneoding of video, Turthermore,
they admit that the xeode method would not work when lrams-coding to o coding
frrmar Lhat does not use the same transtorms base as the original coding format.
Other trans-coding issues addressed by the anthors inelude dynanie trams-coding
for interactive video applications and the nse tratis-coding for the improving video
quality in lossy aceess networks, The anthors conclude the paper with o case stiudy
analvzing the power consumpt ion ol @ anohile: phone for video playback of dwo video
sequences, at o ranpe of {ramesizes and frame-rates. Tindings ltom the case study
show that plavback of video with lower [rame-sizes and frame-rates rakes longer to

drain the phoze’s batiery then video with higher frame-gizes sud Grame-rates,

2.2 ETSI TISPAN IMS-based 1PTV Architce-

ture

IETs] TISPAN standards to-date define the most comprehensive IMS-hased IPTV
architecture. In addition to this the standards are developed in co-operation with
ITU-T PG, ATIS DEF and TW1L a5 to ensure interoperability between IPTV sys
ters developed by different vendors and deploved b different network operators,
Frr this reason, the ETS0 TISTAN IMS-based [PTV standards ave chosen as the
referenee IMS-ITYIY arebiteciare lor this thesis. This section provides a detai-
led orverview of the TISPAN IMS-based architecrure and is intended 1o farailiarise

readers with the various functional eomponents and reference points to cnsure an
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understanding of the later chapters of this thests.

2.2.1 Overview of the ETSI TISPAN IMS-based IPTV Ar-
chitecture
:T‘igurc 2.4 shows a high-lovel overview of the ETSI TISPAN IMS-based IPTY

functional architecture.
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user 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 a graphical on-screen display of the

information.

Service Control Function (SCF)

The Service Control Function (SCF) is a SIP Application Scrver (AS) responsible
for authorisation during session setup and modification: this includes checking the
user's profiles in order to allow or deny access to the service: credit limit and credit
control using on-line charging systems; as well as sclection of the relevant IPTV

media functions.

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

The IPTV Media Functions are responsible for the control and delivery of IPTV
media flows to the UE. They are divided into the Media Control Functions (MCF)
and Media Delivery Functions (MDF).

MCF Tasks:

« Handling media flow control of MDF.

« Managing the media processing of MDF. if required.

» Monitoring the status of MDF.

« Managing interaction with the UE (c.g. trick mode commands).

o Handling interaction with the IPTV scrvice control function SCF.

o Keeping an accurate view on status and content distribution related to the
different MDFs that it controls.

o Sclecting an MDF. in the casc of an MCF controlling multiple MDFs. different
criteria may be applicable (e.g. location of UE. load on the Media Functions,
ete).
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« Sclection of an alternative media functions (MF). in the event the MF cannot
process the request (eg. Relevant content not available. load on the MF. cte)

and the return of the MF information to the SCF.

« Generate charging information, e.g. for end-user charging based on the vie-
wed content.

MDEF Tasks:

» Handling the delivery of the media flows to the UE.
« Status reporting to MCF (e.g. reporting on established IPTV media strcams).

+ Storage of media (c.g. CoD assets) and possibly also storage of some service

information reclated to the media.

o 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 gencrated content) if the same tasks are not
performed by UE.

o May additionally process, cncode or trans-code (if required) media to dif-
ferent required media formats (e.g. TV resolution depending on terminals

capabilities or user prefercnces).
« May perform content protection functionalities (e.g. content encryvption).
« Mav support content ingestion of IPTV media.

o For BC services MDF may act as source for multicast streams of BC media

strcams.

o May collect QoE reports (e.g. from UE using Xd).

Transport Functions

The Transport Control Functious (TCF) cnable policy control. resource rescrva-
tion and admission control, as well as IP address provisioning. network level user
authentication and access network configuration. as defined in TISPAN.

The Transport Processing Functions (TPFE) represents the IP core and access

network transmission links.
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ETSI TISPAN IMS-IPTV Reference points

Table 2.1 shows the names given to cach of the interfaces shown in Figure 2.4, as

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

FE! UE IMS core UPSF SDF SSF SCF MCF MDF ECF!
Ref.point EFF
{protocoi)

- 5m - via Cere SN Xc xd
{SI7/SDF: IMS HTTF;, (RTSP: | {UDFRT
(SI=:S02 via Core Newe 1) {Note 13
IS
(51250
IMS core Gm - Zx — — 18T vz — -
[SIRIShE {Diametzn: SIEE0E LSIPSER)
UPSF — Cx — 5h - Sh -— — -
{Diameter: {Diameter} {Diaeten
SDF -— Sh — - — - -— -
(Diameter;
SSF — — — - — —
SCF 15C Sh — — — via Cere -— —
{S1='SDP |(Diameter: S & v2
(SI=:SE=)
MCF vl - — - via Lore -— Xp -
(RTS=j {SI=/SDP; IMS & 2 {not
{Ncwe i . Sl = cefined)
MDF Xd -— — — - Xp - —
(UD=/RTF: inot
{Newe 1 cafined)
ECF/EFF — — — — —
NTTE e i “4and 005, Xo and Xd are Ingica: reference ponts that can be
sibly Di. D3 or Iz reference points depending on the location of the MCZF or
rG=

Table 2.1: IMS-based IPTV functional cntitics and protocols used on reference
points [5].

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 sclection of IPTV services from
the SSF.

UE - IPTV Service Control Functions (Ut)

The Ut reference point is used for configuration of the subscriber’'s IPTV profile.
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Core IMS

The IMS Core provides functionality for authentication. authorisation. and signal-
ling for the setup of the service provisioning and content delivery. It routes si-
gnalling messages to the appropriate application server or triggers the applications
based on settings maintained in the database of user profiles. For resource reserva-
tion and admission control this function intcracts with the Resource and Admission

Control Subsystem (RACS).

User Profile Selection Functions (UPSF) and Subscription Locator Func-
tions (SLF)

The Uscr Profile Selection Function (UPSF) (equivalent to the Home Subscriber
Server (HSS) in 3GPD specifications) is a databasce that stores the user profiles
as well as any IPTV specific profile data. The IPTV SCF communicates with
the UPSF over the Diameter based Cx interface in order to obtain this information
during session setup and modification. If multiple UPSFs 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 UPSFE.

Service Discovery and Selection Functions (SDF and SSF)

The role of the Service Discovery Function (SDF) is to gencrate and/or provide
service attachment information for uscrs, as well as to provide a means for disco-
vering personalised IPTV services in the IMS network. The service attachment
information consists of Service Sclection Function (SSF) addresses in the form of
URIs and/or IP-addresses which the user agent can use to contact an appropriate
SSF.

The SSF provides service sclection information such as a list of available servers
that the UE can browse and select from. The SSF cither generates this information
itself or relayvs the information from another source. The information provided
for cach scrvice includes an identifier associated with the IPTV scrvice. for CoD
services this is a single content item while for broadcast services this is a set of
channcls: optional network paramecters required by the UE to activate the service.

c.g. information related to the content delivery and control channels: as well as
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UE - Media Control Functions (Xc)

The Xe reference point is a logical end-to-cud reference point between the UE
and the IPTV Media Control Function, used for the exchange of media control
messages. for the control of IPTV Media flows (eg. starting plavback. stopping

plavback. etc).

UE - Media Delivery Functions (Xd)

The Xd reference point is a logical end-to-end reference point between the UE and
the IPTV Media Delivery Function, used for the delivery of media data.

The Xd reference point may also carry QoS and/or QoE reports from the UE
to the MDF if the IPTV system architecture supports QoS and/or QoE. These
reports relate to the quality of the IPTV Media Data that the MDF is providing
to the UE.

Core IMS - IPTV Service Media Functions (y2)

The 32 reference point is used by the IPTV SCF for the control of the MCF.

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 ETSI TISPAN IMS-based set of standards for IPTV is to date the most
comprehensive set of standards defined for the implementation of IPTV services
in an IMS architecture. The protocols and functional entities are well defined
and the standards provide a complete end-to-end IPTV solution. The casy and
rapid development of a test-bed, for use in the evaluation scction of this thesis. is
possible due to the fact that the protocols defined have been IETF standardised
for a number of vears now and open-source iinplementations are available for use in

development. One drawback however to the use of these protocols is that some were

o]
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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 advantage of

new IP technologics and new developments 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
IPTV services. Chapter 2 also introduced the ETSI TISPAN IMS-Based 1PTV
architecture, which at present is the most comprechensive set of specifications re-
lated to IPTV services for the IMS, 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 IMS-IPTV syvstems before evaluating cach 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
IMS-IPTV services. Methods to integrate the relevant content adaptation methods
into the ETSI TISPAN IMS-Based 1IPTV architecture are then discussed.

3.1 Design considerations for a content adapta-
tion architecture for IMS-IPTYV architectures

Before sclecting an appropriate content adaption method for IMS-IPTV architec-
tures. the functional requirements of such an architecture need to be documented

and understood. These requirements will help identifv the functionalitics needed
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to ensure that i) users are satisfied with the service. ii) network operators arce casily
able to integrate the scheme within their network and iii) the costs of implementing
the scheme will be offset by the benefits gained by the network operator.

The requirements for the proposed content adaptation scheme arc listed as

follows:

o The primarv requircment for the content adaptation scheme is to enable the

altcration of video content to ensure:

— delivery through any access network the subscriber may access the IPTV

service from.

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

terminals.

o The 3GPP and ETSI TISPAN define standard IMS functional components
and interfaces. This is necessary to cnsure intcroperability between IMS com-
pouents. originating from different vendors. as well as to ensure interopera-
bility between IMS svstems deploved by individual operators. The proposed
content adaptation architecture should reuse. where possible. these standar-
dised components and interfaces thus limiting the need for new functional

entitics in the IMS architecture.”

« Each content adaptation method comes with its own set of advantages and
disadvantages. The content adaptation scheme should seek to find a balance
between these advantages and disadvantages. in order 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
strength to vary which causes fluctuations in the bandwidth of the commu-
nications channcl. The proposed content adaption scheme should be able to
cater for this by dynamically adapting the video to best match the available

channel capacity.

o Different clients desire different levels of interaction with the svstem. Clients

who want minimal interaction with the svstem should be able to use an
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automated process to determine the capabilitics of the client terminal and
access network. while other users who want to "tweak™ the svstem should be
able to alter parameters according to what thev desire. This process should
not allow the IPTV scrvice 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-
line 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 werc to precode content to
sceveral popular coding formats, the characteristics of the video may not suit all
clients capable of plaving 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-
tics of disk storage. It is possible to usc precoding methods for dyvnamic content
adaptation but this leads to a complicated encoding process. since svnchronisation
points need to be added to all copies of the video.

Scalable video coding and multiple description encoding are perhaps the most
attractive solutions for enabling content adaptation in the IMS. allowing the adap-
tion of the video to be done with minimal processing requirements. A major draw-
back is however the lower coding efficiency of SVC and MDC cncoders which causcs
SVC/MDC 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 dynamically altered and hence can
be used to adapt video strecams to varying link conditions in mobile environments.
SVC allows for graceful quality degradation: in the event of higher-laver packets
being lost during transmission the decoder is still able to decode the lower layers it
has rececived. The drawback to this is that the highest quality of the video is deter-
mined by the highest successive laver reccived. MDC on the other hand allows for

the decoding of all reccived streams and the MDC decoder can attempt to predict
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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. thev have found little success in
industry and even with widespread adoption of the H.264/MPEG-4 AVC standard
there are presently no devices, apart from computer software. which support the
scalable H.264 SVC extension. Similarly, solutions that make use of MDC encoding
require the device to have an appropriatec MDC decoder. or additional software to
be downloaded and installed. Unlike SVC however. there are currently no MDC
formats standardised which requires the use of proprictary MDC formats and third-
party software to be installed on subscriber IPTV terminals. The result is that SVC
and MDC methods are unsuitable for content adaptation in the IMS at present as
so few devices are able to support cither of them.

Trans-coding is the dominant method for content adaptation at present. Un-
fortunately the high processing requirements of the method mecans 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 fidelity that a client may require.

3.3 Proposed hybrid content adaptation archi-
tecture for IMS-based IPTV

From the previous section we noted that cach of the content adaption methods
discussed in Chapter 2 have both major advantages and disadvantages. None 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 cach 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 IPTV
users. The precoding of content is achicved by creating three versions of the source
content: a high-definition (HD) version. standard definition (SD) version and low

definition (LD) version. The definitions of the different versions refer to the re-
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solution of the video. HD video is considered to have a resolution of at least
1024> 768, while the SD and LD versions of the video should have resolutions of
around 800x600 and 320x240 respectively. These three versions of the stream ca-
ter for subscribers in different domains, for example the HD version will likely
be suitable for fixed-linc access networks and devices that are 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 AVC 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 AVC 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 AVC cncoded content should ensure that the ma-
jority of users are ablc to access the strcam without requiring content adaptation
to be performed. However, if none of the three versions are suitable for the user’s
equipment. or if the channel conditions are varving. trans-coding should be em-
ploved. The version of the content used for the trans-coding process is dependent
on the subscribers connection and terminal characteristics: i.c. 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.264 scalable profiles could also be incorporated into
this content adaptation architecture. An SVC copy of the stream could be located
at the MDF and used to cater for any client capable 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 very near future.
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3.3.1 Integrating the hybrid content adaptation scheme with
TISPAN IMS-IPTYV architecture

The previous section outlined the proposed hvbrid content adaptation scheme pre-
sented in this thesis. This section now discusses how this scheme can be integrated

into the ETSI TISPAN IMS-Based IPTV architecture outlined in the previous
chapter.

Selection of precoded content

Scction 7.1 of ETSI TS 182 027 4] classifies the user data information stored by
the IMS operator. Of interest arc the User Equipment (UE) settings. stored under
cach subscriber’s IPTV Profile. These UE scttings include information related to
the capabilities of the all the UEs that an IPTV subscriber is associated with (a
subscriber may have more than one UE thus unique ID is given to each). The UE
capabilities may be used by the Service Selection Function (SSF) for customising
IPTV services to suit the subscribers current UE. For instance. an IPTV uscr on
a SD-only device would not be provided with information related to HD services.
Figure 3.1 depicts the process whereby the UE attaches to the IPTV service and

then scleets the relevant SSF.
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Figurc 3.1: IPTV scrvice attachment and sclection in pull mode [4].

Referring to Figure 3.1:
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1-2) UE sends initial invite towards the SDF which includes the UE’s unique ID.

3) The SDF determines the SSF (or SSFs) that arc appropriate for the UE's capa-
bilities. the user's profile and also the location of the UE. The SDF accesses
the UPSF for the subscriber’s IPTV service information or anv other entity

which holds the information.

4-5) The SDF replies with the service configuration information. including the
SSE that the UE should request the selection data from.

6) The UE requests the selection data from the SSF.

7) The SSF provides the UE 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.

When sclecting an IPTV broadcast service or IPTV on-demand content, the UE
maps the information reccived from the SSF into SIP and SDP paramcters as
shown in Figure 3.2. The identifier for the appropriate precoded content is placed
in the Request-URI field of the initial SIP INVITE message (highlighted in red in
Figure 3.2). which the core IMS uses to determine the SCF the INVITE should be
forwarded to. Other paramecters are mapped to the media description lines in the
SDP message. attached to the initial SIP INVITE.
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Figure 3.2: Initial SIP INVITE for IPTV CoD service with attached SDP content.

Trans-coding

If the UE requires the video content to be adapted (e.g. does not support the
H.264/MPEG-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. Figurc 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 bluc). The bandwidths
for the audio and video strcams are also present (highlighted in green).

Upon reccipt 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
MDF then selects the LD version of the content, since it notes the Request-URI

indicates the client terminal requires low definition content. It may not alwayvs be
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the case that the UE has the information concerning the content delivery channecls;
ETSI TISPAN standards allow the network operator to choose whether or not to
provide this information. If this is the case. then the UE 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 strecam. So for example, if the client supports both H.264/MPEG-4 AVC
and MPEG-4 ASP coding formats, it could specify this under the video m-line in
the SDP. Figure 3.3 shows an cxample of this.
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Figure 3.3: Multiple video payload types in SDP.

Figure 3.4 shows the complete signalling for setting up of an IPTV session; from
the initial INVITE all the way through to the delivery of the media flows from the
MDF to the UE.
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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 functionalitics 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 requircments.

Reuse of standard IMS components and reference points

The hvbrid content adaptation scheme does not add any new functional cntities to
the IMS architecture. Instead it reuses the existing Service Selection functions. Me-
dia Functions and User Equipment and merely defines how the interaction between

these entities should take place.

Optimal content adaptation scheme

The use of H264/MPEG-4 AVC 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 hvbrid 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 varving link conditions. QoS reports from the UE allow the MDF to adapt
the trans-coding process to cater for any changes in the link bandwidth. Also by

using synchronisation points, the MDF can sclect between the three versions 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 precoded
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
MCF in order to allow for further customisation of the IPTV content (cg. 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 are 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 IPTV services in the IMS. 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 IMS deployments and a hybrid content adaptation scheme that uti-
lises both methods was proposed. This hybrid scheme allows for a more cfficient
and scalable content adaptation architecture to be developed. The integration of
the proposed scheme with the ETSI TISPAN IMS-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 TISPAN IMS-IPTV 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 IMS-IPTV architecture in a prac-
tical scenario. First the objectives, requircments 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 hardware elements of the

test-bed are described.

4.1 Evaluation Framework Objectives

The key objectives of the evaluation framework arc:

o To determine the storage requirements of the three precoded versions of the

content required by the hybrid content adaptation scheme

« To cvaluate the performance of the trans-coding process when adapting dif-

ferent precoded versions of the content.

+ To show how the use of the hvbrid content adaption scheme will improve the

scalabilitv of IMS-IPTV video content adaptation.
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+ Finallv to determine the feasibility of using the hyvbrid content adaptation
scheme proposed in this thesis for the adaption of video content in IMS-IPTV

architcctures.

4.2 Requirements of the Evaluation Framework

In order to satisfy the objectives of the cvaluation framework a suitable test-bed
architecture must be designed. This test-bed should satisfy the following require-

ments:
[t must be integrated with an IMS framework.

o It must implement an IMS-IPTV client conforming to ETSI TISPAN IMS-
Based IPTV standards.

e It must implement the IPTV SCF function and Media Functions conforming
to ETSI TISPAN IMS-Based IPTV 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

Hardwarc test-beds are 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 rcal world factors (i.e.
processing requirements of servers, accurate delay estimates and so forth) but ins-
tecad choose to focus on those factors which are 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 draw conclusions on a large number.
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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 UCT IMS Client is an open-source IMS 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 IPTV viewing capabilities. The
client however required the use of a proprietary IPTV server and lacked standards
compliant IMS signalling. Hence one of the outcomes from this thesis has been to
modify the client to support ETSI-TISPAN IMS-based IPTV signalling. The client
is now capable of interacting with a ETSI-TISPAN compliant SCF and MCF for
the setup. control and termination of IPTV scrvices. The extensions made to the

client are listed below.

EPG capabilities

The UCT IMS client has been extended to cxtract, parse and display an XML
formatted EPG which contains listings of IPTV broadcast channcls and on-demand
content. Users can use the EPG to browse and select the broadcast channel or CoD

item thev wish to view. Figure 4.1 shows the display of the EPG in the client.
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E}}TSI TISPAN IMS SIP signalling

F]f)r communication between the SCF and MOF the elient was madified to wse S
signalling as defined in the IMS-IPTV ETSI TISPAN standards [31, This inciudes
the estabiishment and teardessne af an 1PTYV session with the SCF, as well ag the
negotiation of media delivery and contred channels between the client and the MOF.

In addition to the SIT signaliing. R'TSP signalling was implemented in the
L'lliunt. ETSI TISPAN standards defiue two methods for RTSI control of IPTV
media streams.  This is becanse RT5P was developed as a media session setup
a%ld vortral protocol and henee 1the Tull session establishment procedurn of RTSD
diﬁpiicatcs the session setup achioved with the SIP protocol in the IMS. Method ]
uses & subsel of RTEP sigualling messages for the trick-play functions and omils
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the session setup commands, Methad 2 uses the full range of signalling wessages
[_‘ieﬁn&d in the RTST TC aud the cliend uses the libvle (30] libmary, For Method
it was not possible to esctract ont just the trick-play funcions of the Bbvle library,
'.dfnd separate RTSP sivnalling methods wore added to the client to handle trick-play
funetions when the client communicates with the MCF using Method 1,

Figure 4.3 and 4.3 show the signalling for the teo methods,

T - Gore 1S SGE ‘ | l

1 5P Seasian Sawn U ]

| (2) RTSF PLAY

1
)
(JIRTSEOK

T
|
I
[
| |
[ I |
T : : : =
l {4) Media Dgivery r J
| i | ] |
51 Teamowr af SIP Session
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| r ; |

‘ Figure 4.2: ETSETISPAN IPTV - RTSP Method 1 sigualling,
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Figure 4.3 ETSE TISFAN IPTY - RTSF Methaod 2 signalling.

|
Decoding and display of multimedia streans

The client was extended 1o make use of the libvle library for receiving, decoding
and display of multimedia content. The libvle API supports a range of coding
formats, mcluding 31[:

| = MPE{(G-1/2
-« DIVX (1/2/3)

- » MPEG-4 DivX 5, XviD 3ivX D4

50




CHAPTER 4. ARCHITECTURE AND IMPLEMENTATION OF AN EVALUATION FRAMEWORK

« H.264

+ Sorcnson 1/3 (Quicktime)
« DV

+ Cincpak Theora (alpha 3)
. H.263 / H.263i

« MJPEG (A/B)

. WMV 1/2

Configuration of video preferences

Options for bandwidth. spatial resolution, frame-rate and encoding format werc
added as configurable preferences in the client. These allow users to customise the

video they wish to rececive and for content adaptation testing in the test-bed.

4.4.2 Hybrid MCF/MDF

The MCF/MDF software consists of an MCF module and MDF module both writ-
ten in ANSII-C for the Linux platform. Although ETSI TISPAN standards se-
parate out the two functions and point to the fact that the MDF nced 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 MCF and MDF as a single

software entity.

MCF Module

The MCF 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 video parameters such as bit-rate, spatial resolutions. etc. The MCF

makes usc of the osip libraries [33] for the SDP parsing and cditing.
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%&-‘[DF Module

%I"he MDFE module is responsible [or trans-coding and streaming nmitimedia cogrent

to the client and uses the libwle library [30).

4.4.3 Franhofer Fokus Open IMS Core [2]

iI‘hc Open IMS Core consists of a number of soffware programs to implement the
_'rr_hree IMS Call Session Contrel Functions (CSCFs), as well a5 o lghtweight Home
Subseriber Server [(HSS). Together these elements form the core clements of all
-jl"uIS,f_\I GN architectures which are specified within 3G, 3GTP2 ETSI TISPAN
and the PacketCable initiative. Clients register with the Open IMS core before
ﬂlilllterﬁ{‘.t-iﬂ::'; with the 1PTV service. The Open [MS core is responsible for the
_:E:nu’r.ing IMS SIF signalliine between the client, SCF and MOF. 1t 15 developed by
{Ihe Franhoter Foius bostitute and relessed as openssource sollware intended to
Z&rua’r.u interest and further development of [MS tﬁL‘hﬂnng'uﬁ. The Open IME cone
bas ap active community of developers and has become popular for nse in 1M3
JuE.':Et—hﬂdE, which makes it a relinkle referenee architecture to test with, Fioure 4.4

shows the Open IMS core architecture.

Figure 4.4: Fraunhofer Open IMS core architecture [27,
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4.5 Hardware

'mm test-hed architecture is shown in Figure 4.5, [t consists of seven machines
rﬂ:k)nnrrttsd via a 10Mbit /s Ethernet conneerion. One machine rans all O8O0 and
Fl"ﬁ of the Open IMS core with separate machines used (o run the simple SCF
b@fm arc and the hybrid MOF /MDF sofiware. Four machines are used for the cliom
terminals. all of which run the extended UCTIMSChient software to support the
fatures callod for in this thesis,

- The details of each machine used cun be fonnd in Appendix 2.

e o
g
s 8
‘ I
-
Hyowicd MO WDT

Juslir LT

Figure 4.5: IMS-IPTV content adapiation test-hod architecture,
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4.6 Chapter Summary

This chapter outlined the design objectives of the evaluation framework presented
in this thesis and discussced the requirements and limitations of the framework.

The test-bed architecture was given and the software and hardware used for
implementation of the test-bed discussed. These details should allow for the repli-
cation of the test-bed architecture, duplication of tests and results and for further
IMS-IPTV rescarch to be conducted.



Chapter 5
Evaluation Results and Analysis

In Chapter 4 the architectural design of the IMS-IPTV hvbrid content adaptation
test-bed was presented. Using this test-bed a number of tests were performed to
assess the hvbrid content adaptation scheme and determine the feasibility of its
usc for adapting video 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.264 and another popular coding format is contrasted. This is
followed by an outline and discussion on two further test scenarios: the first analyses
the trans-coding process when adapting cach 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 cditing
and was used to create the precoded video scquences.

The Dstat [35] tool was used to capture the CPU 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 CPU. All
tests were run for a period of 50 seconds with Dstat reporting on the CPU load

at onc second intervals. Dstat also allowed the saving of reports to a Comma
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Separated Value (CSV) file format. which were imported into Microsoft Excel for
the generation the graphs shown in this chapter. The disadvantage of using Dstat
is that it reports oulv the total CPU usage and not the individual CPU loads of
cach process. Other tools that allowed this were trialed but it was found they did

not report on the trans-coding processes that were forked by the MCF/MDF.

5.2 Video test sequences

Three video sequences were used in the testing of the hvbrid 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 47. involves a car chase sequence with a large amount of motion and
many scene changes. This type of content is typically associated with high-bit
rates as the video encoder cannot exploit temporal locality well. due to the rapid
movement of characters/objects and constant scene changes. The second scenc is
taken from the movie “Gladiator™ and involves dialogue between two characters
with little movement and only occasional scene changes. This generally allows for
a lower bit-rate. since very little information changes between successive frames.
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 are tvpically not as detailed as real-world captured content.
Each of the HD sequences was captured using Avidemux from HD 720 H.264/MPEG-
4 AVC 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
cach of the LD test sequences were converted MPEG-4 ASP sequences for the com-
parison between the differences in trans-coding from H.264 and MPEG-4 encoded
video. Each of the video sequences has a length of approximately 60 seconds!.

Appendix C gives more details regarding cach video test sequence.

Since the content was taken from an cicoded video source, the sequences were broken on
kev-franes as close vo the minute mark as possible.
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5.3 File sizes of the test sequences

The main disadvantage associaled with the precoding of content, is that i requires
1.]@[& comdent server fo have more storage space to hold the differend versions of
tl_im video sequences, The bybrid comtent adaptation scheme aims to minimise the
amount of storage space reguired by limiting the number of copics, per sequenee,
ti three. This section describes the storage space reguired to store cach of the test
SeQUENTes chsisseed in Section 5.2 Table 5.1 shows the files sizes o eacli procoded
test sequence, with Figure 501 showing the total storage space required for cach

copy of 1he three video scquences.

| Vorsion | HD | SD D LD
Tie |lard Sequence | ETS0GR0D | TO30NG26G | 3485|183
Cladiator Sequence | 3625290 | 2032798 | 12926106
Antraation Sequenee | TITHTTE | 417720 | 2014484

Tabde 5.1; File stzes (in bytes) of the vanous precoded test sequence.

Required Disk Space for each Video Sequence

23222330 - : ! i

33223300

25000300 -+

Snymergn AN N

Skr (in hylos)

19955303

5022500 T

e Sard Arimation Giadizzar
Eeguence |

Fignre 5.1 Graph showing the contribution of cach precoded version to the total
dhisk stec required lor cach sequence,

Ly |
|
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Overhead Percentage contributed by SD and LD
versiens for each Seguence

e rheaabas a percentape ol the I eersion

D= Ae-d Anirmaaan aladimtor

Figure 5.2 Overhead as a pereentage of the HD version contributed by the ST and
LTY wergions of the content.

Aw HID television serviees hase become popular and metny conlent providers
wish to offer trne HDY video contemt. in sach a case a single HD version of the
content would typically be stored when not using precoding. The combaned fotal
of the ST and LT file sizes can therefore be seen us the storage overhead associstod
with the use of precoding in the hybrid adapiation scheme. Figure 5.2 shows the
storage overhead for cach of the test seonences.

The storage overbead associated with the 112 and 5T precoded versions of
the Die Hard 4, animation and the Gladiator scquences are 75,57, 517 and 91.73
respectively.  From these resnlts it can be estimated rhat the total disk space
required for the hybrd content adaptation scheine is romghly double that of a
scheme that only wses ome single-layer 1D encoded sequence. This s however still
sj}gniﬁtanti}-' less dhen what would be roquired {or o precoding scheme that oid oot
use & maximiun of three precoded sequonces.

There are a lew intereating poings 1o note from the Ole size variations of video
seguence. The Die Hard - action scguence bas the laroest file simes which can be
attrihuted to the large amount of motion and seene changes in the sequences. The

attintarion seonence tauks geeond o tering of file size as it also containg & targe
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amount of motion and scene changes. The file sizes of the Gladiator sequences
arc considerably smaller, duc to the low amount of movement and very few scene
changes in the sequence. allowing the sequences to he highly compressed. Following
on from this it can be seen that the percentage overhead increases with a decrease
in the file size. This can be attributed to the loss 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 hvbrid adaptation
scheme is due to the widespread adoption of the standard by industry and the
large amount of devices that alrcady 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 scction contrasts the trans-coding
from each of the two formats and is intended to show why the use of H.264 cncoded

content is preferable.

5.4.1 Experimental procedure

Initially a single 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 sequences to be converted
to H.264 cncoded video streams instcad. In order to investigate how cach of the
encoders CPU 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 onc.
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5.4.2 CPU load graphs far 11.264 and MPEG-4 ASP coding

COINPATISOn

'Fhu following three fyures show the difference o load on the CPU of the MDF
when trans-coding from H.264 to MPEG-4 ASE. and vice verss.

| e — ———— —
Die Hard 4 - Action Sequence: H264 vs
MPEGA-ASP transcoding

| 1 ——r—— =

@i o D a5l

IR0 e~ TR

| 1 H 1 'y
‘ felantihet n° Fliemts

Figure 5.3: Comparison between truns-coding from IL264/MPEGA-AVC Lo
MPEGA-ASP and viee versa [t the “Die Hard 47 - action sequenoe,
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Gladiator - Dialouge Scene: H264 vs
MPEG4-ASP transcoding

RMufiber 6 et

B jgure 5.4 Comparison petween traps-coding {rome HL.204 MPEGA-AVC 1o
I}-lf*h:f,:-t-ﬁ.ﬁ? and vice versa for the “Giadiator” - dialogue sequence.

Animation - Action Sequence: H264 vs
MIPEGA-ASP transcoding

1 - —

| e -

P SIES= NIEGLA5F
| "! L] LR R ¥
| E
| \

|
l
H
\
g =
i - 3 i
harmne: o Liests

Figure 5.5: Cowpatison between trans-coding from 11264/MPEGA-AVC 1o
MPEG4-ASP aud viee vorse for the animation - action sequence.
5.4.3 Discussion ol results

Wi enat sec from the figures o the previous soction, that ercoding video to 81264

recires more than double the amout of processing peower than when encoding

&1
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to MPEG-4 ASP. The newer H.264 standard makes use of more computationally
expensive coding methods than the older MPEG-4 ASP standard. allowing it to
achieve higher quality video at lower bit-rates. Subscribers would thus prefer to re-
ceive H.264 encoded bit-streams given the higher quality video generally 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.264 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 MDE CPU when adapting
cach 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
between trans-coding to different formats. The aim of these tests is to illustrate the
advantages of using scparate precoded 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 strecam to an H.264 encoded strecam, with a spatial resolution of 320x240 and
frame-rate of 30: the change in frame-rate is to ensure that the stream is trans-coded
since the LD H.264 encoded version is already at the required spatial resolution
and the MCF would merely stream it. The experiment was then repeated with
the number of clients increasing with cach experiment. and then this process is
repeated with the SD and HD versions of the test sequences. These experiments
were then re-run with cach of the clients then requesting the video to be converted
to MPEG-4 ASP.
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5.5.2 CPU load graphs showing trans-coding between dif-
|

ferent precoded versions of {he test sequences
!

Fum-cuding to H.264 AVC stremms

The following graphs show the trans-coding of the test sequences to H.204 AVC
|

BULT RIS,

Die Hard 4 - Action Sequence: H.2o to
| H.264 Transcoding

1% —_— 3 + —

5
I
|

‘T
N

o
|
|

it gyt — —f——
1D '__‘-;._

mumper of Clienty

Figure 5.6: Graph showing theload on the CPU with | - 4 chients reguiring H.264
streams of the “Die Hard 47~ action sequence.
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Gladiator - Dialouge Scene: H264 to H264
Trans-coding

muinber of Coer iy
|

dgure 5.7 Graph showing the load on the CPU with 1~ 4 chients reguuing 11,264
sureatns of Lhe “Gladiator™ - dinlogue sequence, '

Animation: H264 to H264 Trans-coding

P el

| huToe ciibent:

I'lgurr 5.8 Graph stivwing the load oc the CPU with 1 - 4 clients requiring H.264
streatns of the - “Casshern Sius™ animator sequence.

From the above graphs we can see that iu each of the scenarvios. the trans-
-Fuﬁ-‘ling from the HDV and SD version ol Lhe content mequires a signilicantly higher
percentage of processing power then when trans-coding [rom e L1 version. n
the Die Hawl 4 selienee traps-coding tests we s the CPU usage is near 100%
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|
for hoth HI and SD sequences with only 3 clients requiring trans-coding. The

I{:Iadjarur sequinors wits slishtly leee due o the lower-bit rate ol the viden, but
'lpw- =till significantly high fo both HD and SD sequenirs with £ clients consuming
more than 70% CPU iu all the tests. Simwilarly 1he animation sequence shows ver
'j_aigh CI'U usage for both the HD and SD sequences.

P'rnns-mding 1o MPEG-4 ASP streams

The following graphs show the trans-coding of the test sequences to MPEG-1 ASF
treats,

Die Hard - Action Sequence: H264 to
MPEG4-ASP

t —aHp |
R

Figure 5.4 Graph showing the load on the CPU with 1 - 4 clicuts requiring MPEG4-
ASP streams of the “Die lasd 47 - action sequence

fi%
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Gladiator - Dialogue Scene: H264 to
MPEG4-ASP
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f‘ig‘urc .10 Craph showing the load on the CPU vﬁrh] - 4 clients requiring
MPEGA-ASP streams of the - “Gladiatar”™ diatogne seguenre.
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jr:‘ig,uru 5.11: Graph showing the toad on the CPU with 1 - 4 clients roquiring
MPFGA-ASE stresans of the - “Casshern Sins” animation soguence.

Apart from the lowoer processing power required to encode the MPEC-4 AST

video. the same trends seen with the L2064 trans-coding can e seen here. 'Irans-
eoding frow: the lower definition versions of the stream aze significantly lower,
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5.5.3 Discussion of results

Clearly the use of three separate versions of the content allows for a major decrcase
in the processing power required for the trans-coding process. This results in an
increase in the scalability of the system with a single MDF being able to support
4 number of more clients when trans-coding from lower definitions of the streams.
The high processing requirements for the SD and HD versions of the streams are
troubling since. although not optimised for trans-coding. the MDF machine is
at present considered a high-end system. The results show that the use of the
hvbrid content adaptation scheme will work well in mobile environments where
the limited access speeds and devices with small screcn resolutions and limited

processing power will 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
scquences required a large amount of processing power. One typical application
for trans-coding of the HD and SD scquences is the changing of the aspect ratio to
fit the display of the IPTV user’s end terminal. Typically these displavs come in
wide-screen (16:9) and standard (4:3) aspect ratios. The trans-coding process may
be used to adapt from the wide-sereen format to the standard format, or vice versa.
The tests carried out in this scction arc intended to determine the load placed on
the CPU 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
are cvaluated with the HD versions changed to a resolution of 1280x960 and the
SD versions being changed to a resolution of 640x480. The frame-rate of the trans-

coded stream is kept the same as the original sequence.
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5.6.2 Graph showing the load on the MDF CPU when

trans-coding between different aspect ratios

Figure 5.12 shows the CPU loads during Lhe trans-coding of content to 4 clients

for cach of the 1D and S1) test sequences,

Trans-coding of HD and SD test sequences
io new aspect ratio

E f

#50

| Anirsaioe = Hzrd Sediamr

Fipure 3.12: Tratis-coding for HDY and 5D test sequences Lo i3 aspeel ratio.

5.6.3 Discussion of Resulis

Even on the high-cud munchine used for the MDF, with just 4 clients the svstem is
at approximalely 4 hutidred percens T usage for all the HD test sequencoes, The
reslts for the 5D sequences are stulitarly unsatisfactory as the “Die Hard™ artion
soquence Teguires almost knndred percent CP wsage. From these results i can be
seen thay trams-codineg of HD and 513 content. requires expensive high-end systems
und trans-coding of these sequences should be aveided.

It shomild be noled heweover that many of the devices thay are targeted by the
1D and 8D versions will be able to view the streams, but the parameters of the
video wiil not be ldew] Tor cach of the devices, For example a deviee with a 4:3
thisplay may not be able to take full advantame of Lhe screen area with 16:9 content
bt the video will still be vicwable, Beducing the number of clients that required

the HD) and S0 streams o be trans-coded witl be eritieal W ensuring seabability

iz
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advantages of both content adaptation methods.

A suitable evaluation framework was developed to asscss the performance of
the hybrid content adaptation scheme proposed in this rescarch and the test-bed
was able to successfully perform the evaluations required for this rescarch. The
results obtained show that the hybrid content adaptation scheme suffers from higher
storage overheads when compared to other methods such as using trans-coding or
scalable/multiple description coding. Considerable gains however where scen when

trans-coding from lower definition, precoded versions of content.

6.2 Conclusions

Based on the findings in the preceding chapters of this thesis. the following conclu-

sions are drawn:

« No single content adaptation technique is suitable for use in IMS-IPTV imple-
mentation. Precoding is associated with large amounts of storage overhead,
SVC and MDC are not well supported at present and trans-coding has signifi-
cantly high processing overheads. A hyvbrid scheme. which incorporates more
than one of these methods, is thercfore needed to leverage the advantages of

cach.

o The use of H.264/MPEG-4 AVC encoded video in the proposed hybrid content
adaptation scheme will ensure that many IPTV clients do not require adap-
tation of the video to a difficrent coding format. as the H.264/MPEG-4 AVC

standard is well supported in industry.

« Three scparate precoded versions of the content increases the storage ove-
rhead to approximately double that of a scheme using a single-layer cncoded
version of the content, but it is envisaged to allow the majority of user end-

terminal devices to be supported.

e The usc of trans-coding requires significant processing requirements for stan-
dard and high definition versions of the streams but has acceptable perfor-

mance for low definition streams. such as those using the mobile domain.
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Furthermore the use of three encoded versions of the stream allows adapta-
tion of a strecam which is a closer match to the user’s requirements and assists

in reducing the processing overhead associated with 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

rescarch emerged.

e Scalable video coding and multiple description coding were not used in the
hvbrid content adaption scheme due to little support from industry 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 MDC
methods. The integration of SVC and/or MDC methods into the hvbrid

scheme presented in this thesis would give good insight into their benefits.

o The test-bed architecturc only investigated clients requiring the adaption of
video 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 dynamically 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 MDF and user [36]. These RTCP reports can then be used to
dynamically alter the video to meet the current QoS level achievable for the

client.

e 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 ensurc better performance of the hyvbrid content adaptation scheme.
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Appendix A

Digital video compression and

video characterstics

A.1 Brief overview of digital video compression

Raw video data requires large amounts of bandwidth in order to be transmitted.
Consider a grev-scale image with a height and width of ten pixels. Each pixel is
assigned an cight 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 typically in the region
of thirty frames per sccond 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 pixcls. with 24 bits represent
the colour of cach pixcl, our video information rate is now 345.6 Mbits/s. This vi-
deo bit-rate alone is greater than the transmission rates of current communication
links: vet present day High Definition television supports resolutions of up to 1920
by 1080 pixels per frame. These high resolution video transmissions are possible
duc to modern day video compression methods which reduce the number of bits
required to be transmitted while still providing video with an acceptable quality.
Video compression can be divided into two categories: loss-less compression
and lossv compression. Loss-less compression. as the name implics. allows the
video data to be compressed and reconstructed without loss of any information.

Loss-less compression methods typically involve entropy encoding and are based
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on information theorctic techniques, such as repetitive scquence suppression and
statistical encoding. Lossy compression methods on the other hand do not allow
for the reconstruction of the original signal and are aimed at achicving the best
fidelity for a given bit-rate. or at minimising the bit-rate in order to achieve a given
fidelity measure [37]. Lossy compression methods exploit the fact that the human
ove is largely insensitive to the removal of certain parts of a video signal, as well
as the redundancy in successive frames of a video scquence (c.g. during a scene
with two people talking. apart from the peoplc’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 advances in compression
methods to allow for video to be reproduced at an acceptable quality [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/IEC’s Moving Picture Experts Group (MPEG) and the 1TU-
T's Video Coding Experts Group (VCEG). Each new standard has emerged to
take advantage of improvements in compression and video broadcasting technology.
In addition to this, large corporations have devcloped proprictary video coding
formats for use in their software and systems. some of which have later been adopted
bv other manufacturers and standardizing bodies: Microsoft’'s WMV and VC-1

coding formats are examples of such formats.

A.2 Factors influencing the adaptation of video

content

Section A.1 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. which may make
it necessary for the adaption of video content to suit different user devices and

network characteristics.
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A.2.1 Coding Format

As mentioned in the previous section. there are a number of video coding formats
available and although cnd-terminals usually support multiple formats it mayv be
the case that the strcamed video format is encoded using 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 vidco content to a format supported by 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 different application
domalns. to which various video streams may conform. Not all profiles and levels
are supported by devices that support a particular coding standard. As such the
adaptation of video from one profile to another may be required. As an example. the
recent H.264/MPEG-4 AVC coding standard specifies. amongst others. a Bascline
profile {targeted at low-cost applications with limited computing resources. such
as in mobile environments) and High profile (targeted at mainstream broadcast
and disc storage applications). A user may have a smart-phone only capable of
supporting the Bascline 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 networks which allow
high bit-rate video to be transmitted, morc and more high resolution video is
being captured. A the same time, the emergence of mobile. multimedia-capable
devices has created a need for the reduction of such high-quality content in order

to suit the smaller display sizes associated with these devices.

A.2.3 Temporal Resolution

The temporal resolution of the video refers to the frame-rate of the video 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 requiring a
higher transmission rate. A reduction in the temporal resolution can translate to a

significant decrcase in the bit-rate of the video or alternatively for an improvement
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in the quality of the individual frames. Some devices. particularly those in the
mobile world. may only be capable of decoding and displaving a certain number of
frames per second and henee require the video to he at a remporal resolution equal
to or lower than this amount. Also mobile devices have limited battery life and
may wish to conscrve 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 values used to compress a
range of pixel values, the higher number of discrete svmbols required to transmit
the video. This impacts on the video as the higher the number of svmbols that need
to be transmitted, the higher the bit-rate of the video. Tvpically 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 sct (referred to as
a colour palette) while frequency quantisation exploits the fact that the human eye
is not very good at distinguishing the cxact strength of a high frequency brightness
variation. By reducing either the number of colours or the frequency components
that make up an image, the bit-rate of the video can be reduced in order to adapt

it to various communication channel transmission rates.
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Details of machines used in the
test-bed

This appendix gives the details for cach machine used in the test-bed architecture.

The information was obtained using the following commands in ubuntu:
1. #head /proc/cpuinfo
2. #hcad /proc/meminfo
3. #lIsb_reclease -a

4. #uname -a

OpenIMS core machine

« vendor id: Genuinelntel

o cpu_family: 15

+ model: 2

« modecl name: Intel(R) Pentium(R) 4 CPU 3.00GHz
o stepping: 9

« cpu MHz: 2992.G88

e cache size: 512 KB
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o phvsical id: 0

o siblings: 2

+ MemTotal: 1016508 kB

« OS: Ubuntu - 8.10 - Intrepid

« OS Kerncl: Linux 2.6.27-9-gencric

SCF machine

o vendor id: Genuinclntel

» cpu familv: 6

« modcl: 15

« model name: Intel(R) Pentium(R) Dual CPU E2160 @ 1.8 GHz
» stepping: 13

o cpu MHz: 1803.000

» cache size: 1024 KB

o physical id: 0

« siblings: 2

+ MemTotal: 1025124 kB

« OS: Ubuntu - 8.10 - Intrepid

« OS Kernel: Linux 2.6.27-9-gencric
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Hybrid MCF/MDF Machine

o vendor id: Genuinelntel

e cpu family: 6

» modcl: 23

« model name : Intel(R) Core(TM)2 Quad CPU Q9300 @ 2.50GHzs
« stepping: 7

» cpu MHz: 2003.000

« cache size : 3072 KB

» phyvsical id: 0

+ siblings : 4

e cpu cores: 4

o MemTotal: 3111724 kB

+ OS: Ubuntu - 8.10 - Intrepid

« OS Kernel: Linux 2.6.27-7-gencric

Client Terminals
Alice:
« vendor id: Genuinclntel
+ cpu family: 15
» model: 3
+ modcl name: Intel(R) Pentium(R) 4 CPU 3.20GHz
» stepping: 4 cpu
« MHz: 3191.938
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cache size: 1024 KB

o physical id: 0

« siblings: 2

+ MemTotal: 1032748 kB

o OS: Ubuntu - 8.10 - Intrepid

o OS Kernel: Linux 2.6.27-9-generic
Allan. Bob and Justin:

« vendor_id: Genuinelntel

« cpu family: 6

« modcl: 15

« model name : Intel(R) Pentium(R) Dual CPU E2160 @ 1.80GHz

» stepping: 13 cpu MHz: 1803.000

« cache size : 1024 KB

o physical id: 0

o siblings : 2

+ MemTotal: 1025124 kB

. 0S: Ubuntu - 8.10 - Intrepid

» OS Kernel: Linux 2.6.27-7-generic



Chapter 6

Conclusions

6.1 Summary

The convergence of IP access networks in the IMS network architecture and the
diverse range of IP-multimedia enabled end-terminal devices make it a requirement
for IPTV-IMS scrvices 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.

Precoding. scalable coding, multiple description coding and trans-coding were
the methods investigated in this thesis fo perform the adaptation of video content.
with cach of the methods outlined and discussed. The kev issucs of video content

adaptation were identified as:

1. Comprehensive adaptation of video in terms of format. spatial resolution,

temporal resolution and quality.
2. Optimal use of scrver resources such as processing power and storage space.
3. Able to be integrated with current IMS spocifications.

Each of the methods investigated was evaluated in terms of these three criteria but
it was found that no single method was truly suitable for the task.
This thesis then proposed and outlined a hvbrid adaptation scheme that makes

use of both the precoding and trans-coding methods. in order to leverage the
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Information related to Test

Sequences

C.1 Animation - Action Sequences

C.1.1 casshern_sins_ep2_action_h264 hd.avi

Format : AVI

Format/Info : Audio Video Interlcave
File size : 7.23 MiB

Duration : 1mn (Os

Overall bit rate : 1 005 Kbps

Video

Format : AVC

Format /Info : Advanced Video Codec
Format profile : High@L5.1

Format settings, CABAC : Yes
Format scttings. ReFrames @ 2 frames
Codec 1D : H264

Duration : 1mn 0Os

Bit rate : 864 Kbps

Width : 1 280 pixcels

Height @ 720 pixcels
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Display aspect ratio : 16/9

Frame rate : 23.976 fps

Resolution @ 24 bits

Colorimetry @ 4:2:0

Scan type : Progressive

Bits/(Pixcl*Frame) : 0.039

Stream size : 6.21 MiB (86%)

Writing library : x264 core 59

Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analyvse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_rcf=0 / me_range=16 / chroma_me=1
/ trellis=0 / 8x8dct=1 / cqm=0 / deadzone=21.11 / chroma_ qp_offsct=0 /
threads=6 / mr=0/ decimate=1 / mbaff=0 / bframes=2 / b_ pvramid=0 / b_ adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / kevint=250 / kevint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx~(1-qComp)" / qcomp=1.00 /
qpmin=10 / gpmax=>51 / gpstcp=4 / ip_ratio=1.40 / pb_ratio=1.30 / aq=2:1.00
Audio

Format : MPEG Audio

Format version : Version 1

Format profile : Laver 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 : 942 KiB (13%)

Alignment : Split accross interlcaves

Interleave. duration : 24 ms (0.58 video framc)

C.1.2 casshern_sins__ep2_ action_h264 sd.avi

Format : AV]

Format /Info : Audio Video Interlcave
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of IPTV services. The use of H.264 encoded video should ensure most client’s
requiring HD and SD content will not require trans-coding to a different encoding
format. since many of the devices that the HD and SD versions target are likelv to
support the H.264 standard. It may be necessary however to have both wide-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 rcal arca where the adaptation of HD and SD
sequences may be truly needed. Although many devices in the mobile domain are
sequences may be truly needed. Although many devices in the mobile domain are
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 o f the content. The mobility of
such a user through arcas with varying signal quality could cause large fluctuations
in the link bandwidth and would require dvnamic alternations in the video. 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

services.

5.7 Chapter Summary

This chapter began with a look at the tools and video sequences used for testing the
hvbrid content adaptation scheme in the IMS-IPTV 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 MPEG-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 analysis of the file sizes of the three precoded versions of the content showed
that the use of precoding in the hybrid content adaptation scheme lead to almost
double the amount of storage space being required. when compared with schemes

that only use a single HD encoded video stream. The increase in required storage
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spacc is however offsct by the performance gains achicved when trans-coding the
Jower definition versions of the streams and the results from the trans-coding of
cach precoded version of the test sequences showed this.

The use of H.264 was justificd by showing that although it required more proces-
sing power to trans-code to H.264. uscrs 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 industry 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 four clients the high-end
MDF machine was at full CPU load for the HD versions. and near full load for
the SD versions. 1t is however envisaged that many devices 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 not required and that switching
between the different versions of the content be used to adapt HD and SD versions

of the video in mobile environments.
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File size : 3.98 MiB

Duration : 1mn 0Os

Overall bit rate : 554 Kbps

Video

Format : AVC

Format/Info : Advanced Video Codcc

Format profile : High@LS5.1

Format scttings, CABAC : Yes

Format scttings, ReFrames : 2 frames

Codec ID : H264

Duration : 1mn 0Os

Bit rate : 412 Kbps

Width : 800 pixels

Height : 480 pixels

Display aspect ratio : 1.667

Frame rate : 23.976 fps

Resolution : 24 bits

Colorimetry : 4:2:0

Scan type : Progressive

Bits/(Pixel*Frame) : 0.045

Stream size : 2.96 MiB (74%)

Writing library : x264 core 59

Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analyse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_ref=0 / mc_range=16 / chroma_me=1
/ trellis=0 / 8x8dct=1 / cqm=0 / deadzone=21,11 / chroma_ qp_ offsct=0 /
threads=6 / nr=0 / decimate=1 / mbaff=0 / bframes=2 / b_pvramid=0 / b_adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / keyint=250 / kevint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx~(1-qComp)" / qcomp=1.00 /
gpmin=10 / gpmax=51 / gpstep=4 / ip_ratio=1.40 / pb_ratio=1.30 / ag=2:1.00
Audio

Format : MPEG Audio

Format version : Version 1

Format profile : Laver 3
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Codec ID : 55

Codec ID/Hint : MP3

Bit rate mode : Constant

Bit rate @ 128 Kbps

Channel(s) : 2 channecls

Sampling rate : 48.0 KHz
Resolution : 16 bits

Strcam size : 942 KiB (23%)
Alignment : Split accross interleaves

Interleave, duration : 24 ms (0.58 video framc)

C.1.3 casshern_ sins__ep2__action__h264 ld.avi

Format : AVI

Format /Info : Audio Video Interlcave
File size : 1.92 MiB

Duration : 1mn 0s

Overall bit rate : 267 Kbps

Video

Format : AVC

Format/Info : Advanced Video Codec
Format profile : High@L5.1

Format settings, CABAC : Yes
Format settings, ReFrames : 2 frames
Codec ID : H264

Duration : 1mn 0Os

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 tyvpe : Progressive
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Bits/(Pixcl*Frame) : 0.070
Stream size : 953 KiB (48%)
Writing library : x264 corc 59
Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analvse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_ref=0 / me range=16 / chroma me=1
/ trellis=0 / 8x8dct=1 / cqm=0 / deadzonc=21.11 / chroma qp_offset=0 /
threads=6 / nr=0 / decimate=1 / mbafl=0 / bframes=2 / b_ pvramid=0 / b_adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / keyint=250 / kevint_min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx"(1-qComp)" / gcomp=1.00 /
gpmin=10 / gpmax=>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
Duration : 1mn 0s
Bit rate mode : Constant
Bit rate : 128 Kbps
Channecl(s) : 2 channcls
Sampling rate : 48.0 KHz
Resolution : 16 bits
Stream size : 938 KiB (48%)
Alignment : Split accross interleaves
Interlcave. duration : 42 ms (1.01 video frame)

General

C.2 Die Hard - Action Sequences

C.2.1 die_hard_action_h264 hd.avi

Format : AV]
File size : 16.7 MiB
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Duration : 59s 393ms

Overall bit rate : 2 358 Kbps

Video

Format : AVC

Format profile : High@L5.1

Format settings. CABAC : Yes

Format settings, ReFrames @ 2 frames

Codec ID : H264

Duration : 59s 393ms

Bit rate : 2 216 Kbps

Width : 1 280 pixels

Height : 544 pixels

Display aspect ratio : 2.35

Frame rate : 23.976 fps

Resolution : 24 bits

Colorimetry : 4:2:0

Scan tvpe : Progressive

Bits/(Pixcl*Frame) : 0.133

Stream size : 15.7 MiB (94%)

Writing librarv : x264 core 59

Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analvse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed ref=0 / me_range=16 / chroma_me=1
/ trellis=0 / 8x8dct=1 / ¢cqm=0 / deadzone=21.11 / chroma_qp_offset=0 /
threads=6 / nr=0 / decimate=1 / mbaff=0 / bframes=2 / b_pvramid=0 /b_adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / kevint=250 / keyvint _min=25 / sce-
necut=40(pre) / rc=crf / crf=26.0 / rceq="blurCplx"(1-qComp)" / qcomp=1.00 /
gpmin=10 / gpmax=51 / gpstep=4 / ip ratio=1.40 / pb_ratio=1.30 / aq=2:1.00
Audio

Format : MPEG Audio

Format profile : Layer 3

Codec ID : 55

Codec ID/Hint : MP3

Bit rate mode : Constant
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Bit rate : 128 Kbps

Channel(s) : 2 channcls

Sampling rate : 48.0 KHz
Resolution : 16 bits

Stream size : 928 KiB (5%)
Alignment : Split accross interlcaves

Interlcave. duration : 24 ms (0.58 video frame)

C.2.2 die _hard action h264 sd.avi

Format : AV]

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
Format profile : High@L5.1

Format settings. CABAC : Yes
Format scttings. ReFrames : 2 frames
Codec ID : H264

Duration : 59s 393ms

Bit rate : 1 245 Kbps

Width : 800 pixels

Height : 480 pixels

Displayv aspect ratio : 1.667

Frame rate : 23.976 fps

Resolution : 24 bits

Colorimetry @ 4:2:0

Scan type : Progressive
Bits/(Pixcl*Frame) @ 0.135

Stream size @ 8.82 MiB (90%)

Writing library : %264 core 59
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Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analvse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed__ref=0 / me_range=16 / chroma_me=1
; trellis=0 / 8x8det=1 / cqm=0 / dcadzone=21.11 / chroma_qp_ offsct=0 /
threads=6 / nr=0 / decimate=1 / mbaff=0 / bframes=2 / b_ pvramid=0 / b_ adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / kevint=250 / kevint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx" (1-qComp)’ / qcomp=1.00 /
qpmin=10 / gpmax=>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 ratc : 128 Kbps

Channcl(s) : 2 channels

Sampling rate : 48.0 KHz

Resolution : 16 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 ld.avi

Format : AVI

Format/Info : Audio Video Interleave
File size : 3.30 MiB

Ovecrall bit rate : 465 Kbps

Video

Format : AVC

Format/Info : Advanced Video Codcc
Format profile : High@L5.1

Format settings. CABAC : Yes

Format scttings. Rekrames @ 2 frames
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Codec ID : H264

Duration : 59s 393ms

Bit rate : 324 Kbps

Width : 320 pixcls

Height : 240 pixcls

Display aspect ratio : 4/3

Frame rate : 23.976 fps

Resolution : 24 bits

Colorimetry : 4:2:0

Scan type : Progressive

Bits/(Pixel*Frame) : 0.176

Stream size : 2.30 MiB (70%)

Writing library : x264 core 59

Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analyse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_ref=0 / mc_range=16 / chroma_ me=1
/ trellis=0 / 8x8dct=1 / cqn=0 / deadzone=21.11 / chroma_qgp_offset=0 /
threads=6 / nr=0 / decimate=1 / mbaff=0 / bframes=2 / b_ pvramid=0 / b__adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / keyint=250 / kevint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx~(1-qComp)" / qcomp=1.00 /
gqpmin=10 / qgpmax=>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 : Laver 3

Codec ID : 55

Codec ID/Hint : MP3

Bit rate mode : Constant

Bit rate : 128 Kbps

Channel(s) : 2 channcls

Sampling rate : 48.0 KHz

Resolution : 16 bits

Stream size : 922 KiB (27%)

Alienment : Split accross interleaves
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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 Intcrlcave

File size : 3.46 MiB

Duration : 1mn Os

Overall bit rate : 479 Kbps

Video

Format : AVC

Format /Info : Advanced Video Codec

Format profile : High@L5.1

Format scttings, CABAC : Yes

Format settings. ReFrames : 2 frames

Codec 1D : H264

Duration : 1mn 0s

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 tvpe : Progressive

Bits/(Pixel*Frame) : 0.015

Stream size : 2.43 MiB (70%)

Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analysc=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_rcf=0 / me_range=16 / chroma_ me=1
/ trellis=0 / 8x8dct=1 / cqm=0 / deadzonc=21.11 / chroma_ qp _offset=0 /

threads=6 / mr=0 / decimate=1 / mbaff=0 / bframes=2 /b pyramid=0/ bh_adapt=1
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/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / kevint=250 / kevint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx™ (1-qComp)" / qcomp=1.00 /
qpmin=10 / gpmax=>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 channcls

Resolution : 16 bits

Stream size : 945 KiB (27%)

Alignment : Split accross interlcaves

Interleave. duration : 24 ms (0.58 video frame)

C.3.2 gladiator__h264_sd.avi

Format : AVI

Format/Info : Audio Video Interlcave
File size : 1.94 MiB

Duration : Imn 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 pixcls

Resolution : 24 bits

Colorimetry : 4:2:0

Scan tvpe : Progressive
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Bits/(Pixel*Frame) : 0.014
Stream size : 936 KiB (47%)
Writing library : x264 core 59
Encoding settings : cabac=1 / ref=1 / deblock=1:0:0 / analvse=0x3:0x113 /
me=hex / subme=5 / brdo=0 / mixed_ref=0 / me_range=16 / chroma_me=1
J trellis=0 / 8x8dct=1 / cqm=0 / deadzonc=21.11 / chroma__qp_ offset=0 /
threads=6 / nr=0 / decimate=1 / mbafil=0 / bframes=2 / b_pyramid=0 / b_adapt=1
/ b_bias=0 / direct=1 / wpredb=1 / bime=0 / kevint=250 / keyint_ min=25 / sce-
necut=40(pre) / re=crf / crf=26.0 / rceq="blurCplx"(1-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
Codec ID/Hint : MP3
Bit rate mode : Constant
Channel(s) : 2 channels
Sampling rate : 48.0 KHz
Resolution : 16 bits
Stream sizc : 945 KiB (48%)
Alignment : Split accross interleaves

Interlcave. duration : 24 ms (0.58 video frame)

C.3.3 gladiator_h264_1d.avi

Format : AVI

Format/Info : Audio Video Interlcave
File size : 1.23 MiB

Duration : 1mn 0s

Ovecrall bit rate : 171 Kbps

Video

Format : AVC

Format/Info : Advanced Video Codec
Format profile © High@L3.1

Format scttings. CABAC : Yes
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Format scttings. ReFrames : 2 frames
Codec ID : H264
Duration : Imn Us
Bit rate : 28.9 Kbps
Width : 320 pixels
Frame rate : 23.976 fps
Resolution : 24 bits
Colorimetry : 4:2:0
Scan type : Progressive
Bits/(Pixcl*Frame) : 0.016
Stream size : 214 KiB (17%)
Writing library : x264 core 59
/ me=hex / subme=5 / brdo=0 / mixed_rcf=0/ me_range=16 / chroma_me=1
/ wrellis=0 / 8x8dct=1 / cqm=0 / deadzonc=21.11 / chroma_qp_offset=0 /
thrcads=6 / nr=0 / decimate=1 / mbaff=0 / bframes=2 / b__pyramid=0 / b_adapt=1
/ b__bias=0 / direct=1 / wpredb=1 / bime=0 / keyint=250 / kevint _min=25 / sce-
necut=40(pre) / rc=crf / crf=26.0 / rceq="blurCplx~(1-qComp)" / qcomp=1.00 /
qpmin=10 / qpmax=>51 / qpstep=4 / ip_ratio=1.40 / pb__ratio=1.30 / ag=2:1.00
Audio
Format : MPEG Audio
Format version : Version 1
Codec ID : 55
Codec ID/Hint : MP3
Bit ratec mode : Constant
Bit rate : 126 Kbps
Channel(s) : 2 channels
Resolution : 16 bits
Strcam size : 945 KiB (75%)
Alignment : Split accross interleaves

Interleave. duration : 24 ms (0.58 vidco frame)
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Appendix D
Accompanying CD-ROM

The CD-ROM included with this thesis contains the following files and information:

o Research Literature - Electronic copies of the rescarch papers and other lite-
raturc used during the course of this research can be found in the dircctory

labelled “Research Literature”

o Software - All the source code devcloped for the evaluation framework can

be found in the directory labelled “Software™

o Test Sequence Video Files - The test sequences used for the testing section

of this thesis can be found in the dircctory labelled “Test Sequence™

o Thesis - An clectronic copy, in PDF format. of this document can be found

in the directory labelled “Thesis”
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