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In the struggle for survival, the fittest win out a t the expense of their rivals because
they succeed in adapting themselves best to their e nvironment.

Charles Darwin, the Origin of Species.
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1-INTRODUCTION

Today most television signals are carried overllgatecable and terrestrial networks. Emerging
rapidly is a fourth method of direct-to-home distiion: Broadband IP.

By Broadband IP we mean a distribution system wherdast-mile access into the home is via a
high-capacity two-way IP network. In other word&8roadband IP is when bandwidth intensive
services such as TV and VoD are carried into thiediroom in IP frames.”

The two dominating broadband IP technologies tatayxDSL and Fibre-to-the-home using
Ethernet.

Broadband IP as a viable distribution mechanismélmvision and other interactive services is now
emerging rapidly.
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Fig 1- Broadband IP network is emerging as a new weadistribute television. The
two-way capability of the system can support fatgtractive services. It is
possible to transmit individual content to eachivilial subscriber.

| identified a number of services that require Bigant focus in this decade; one of these is
Internet Protocol Television (IPTV). This paperyides a high level overview of what IPTV is and
how it works.

IPTV has become one of the most talked-about neegdexmunications services the past two years
but the real opportunity resides in building prafiite multi-service access networks to residences
and businesses. Rightly so, telecom operators pkaoed a high priority on delivering video and
TV over IP (IPTV) as a means to complete theiderplay service bundles. Delivering VolP-based
infrastructure presents many new challenges; git®mequirements fundamentally differ from
traditional voice and high-speed Internet servié@isneers in IPTV service delivery have faced
both technical barriers and challenges.

2-DEFINITION *!

IPTV, essentially, has two components:

Part 1:
Internet Protocol (IP): specifies the format of lets and the addressing scheme. Most networks

combine IP with a higherlevel protocol. Depending on the vendor solutiosgrudatagram

! As defined in Broadband Services Forum, IPTV Eixald, Part 1.



protocol UDP) is the most typical higher level maal. The protocol establishes a virtual
connection between a destination and a source.

Part 2:

Television (TV): specifies the medium of communigatthat operates through the transmission of
pictures and sounds. We all know TV, but here veeraferring to the services that are offered for
the TV, like linear and on demand programming.

Add the two components together (IP+TV) and youehav

IPTV: specifies the medium of communication of prets and sound that operates over an IP
Network. In a private IP network specifically desegl for IPTV, a service provider can ensure
guality of service (QoS) for consumers. QoS refergiving certain IP traffic a higher priority than
other IP traffic. In an IPTV network, TV signalseagiven the highest priority. As a result, the TV
service is instantaneous; there is no downloadinglved for the linear or ondemand content.
An IPTV service model offers a complete broadcaatet “cable programmer” channel linaip,
including live programming delivered in real tim&dditionally, it can offer a video on demand
(VOD) service and enables the broadband serviceigepto develop new and unique services to
differentiate their offering from competitors.

2-1 - IPTV'S IMPACT

The impact that IPTV will have on the industry dancategorized into three areas:

Content — IPTV technology promises to make more contenilavia, make it easier to
access and make it portable (while maintaining $8gu

Convergence— The utilization of an IP network will allow sirglapplications to be run
over multiple end user devices, all over a single service delivetynek.

Interactivity — The two way nature of the IP network will enable unpreceddn
interaction among subscribers, content providedssanvice providers.

3-IPTV NETWORK ARCHITECTURE

An IPTV system is made up of four major elementisage generic are common to any vendor’s
infrastructure.
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Fig2- IPTV Network Elements

This is a high level overview and, in reality, many IPTV subsyssemnd vendor specific
architectures are required to make each incarnafitTV unique and of varying complexity.



Figure 2 also illustrates the twavay nature of an IPTV network, which contributesrtany of the
advantages IPTV has over traditional televisiowiserdelivery models. It should be noted that the
IPTV network elements combine to form an architecktnown as switched digital video (SDV):
Switched digital video (SDV) — Referencing the netkvarchitecture of a television distribution
system in which only the selected channel(s) astriduted to the individual connected household.
This enables the service provider to have no thieatemaximum linear channel count. IPTV
vendors will have different variants of the SDVatecture. This is another advantage to

using IP multicast for the broadcast televisioreatns. The most common protocol used for
switching channels in a SDV environment is IGMP @Rup Membership Protocol).

3-1 The Video Head End

As with a digital cable or digital satellite tele\on system, an IPTV service requires a video head
end. This is the point in the network at which #inde.g., broadcast TV) and omlemand (e.qg.,
movies) content is captured and formatted for ibistion over the IP network. Typically, the head
end ingests national feeds of linear programmimagsaitellite either directly from the broadcaster or
programmer or via an aggregator. Some programmiag also be ingested via a terrestrial
fiber based network. A head end takes each individuaire@daand encodes it into a digital video
format, like MPEG 2, which remains the most prevalent encoding stahfia digital video on a
worldwide basis. Broadband service providers arg dbeginning to use MPEG4 based
encoding,

as it has some advantages over MPEX such as lower bit rate requirements for encoding both
SD and HD television signals. After encoding, eabannel is encapsulated into IP and sent out
over the network. These channels are typically iRtioast streams, however, certain vendors make
use of IP unicast streams as well. IP multicastdea®ral perceived advantages because it enables
the service provider to propagate one IP streanbpmadcast channel from the video head end to
the service provider access network. This is bermfivhen multiple users want to tune in to the
same broadcast channel at the same time (e.gsahds of viewers tuning in to a sporting event).
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Fig3-The diagram above provides an overview ofkye components in the IPTV head end solution



3-1-1 MPEG2, MPEG4 and H.264

The need for an advanced video coding standarcetrves MPEG-2 and H.263 to the next level
has been addressed over the last several yeaugkheocombined working group of the ITU-T and
ISO/IEC organizations, who have previously produttedH.26x and MPEG-x standards,
respectively. The new standard has emerged as H264also called MPEG-4 Part 10, or MPEG-
4 Advanced Video Coding (AVC). The following tabsimmarizes the development of these
standards and their intended applications. MPE@G-bardware-based technology, has been the
industry standard digital video broadcast codearfany years for high bit rate applications.MPEG-
2 requires 2 Mbps of bandwidth, which is availableer coaxial lines and satellite airwaves, to
deliver broadcast-quality, jitter-free, digital eid.

MPEG-4 Simple Profile (SP) and Advanced Simple iRrofASP) were developed for
streaming video over Internet connections. MPEGHére a software method to compress and
decompress video over a network that provides ardgst-possible connection with a wide
range of data rates. The result is not what viewiexe come to expect from their televisions, but
enough to offer interesting services and enhareeithness of the Internet experience.
H.264/MPEG-4 AVC addresses the needs for greaterpoession, leading to lower data rates,
while maintaining broadcast quality for video-omtnd (VOD) and high-definition television
(HDTV) needs.

H.264 meets the needs of both broadcast and taméitby cutting the MPEG-2 bit rates in about
half for digital video transmission-without a lossvideo quality. This advance has followed the
evolution of video compression science toward higieality and lower bandwidth, and it opens
new doors for service providers operating overacal copper loop infrastructure.

H.264 is a breakthrough for video distribution of28L. The new standard:

» Doubles compression efficiency, lowering bit sate half of the MPEG-2 requirements for high-
guality video and decreasing necessary storageitapa

* Allows more content to be transmitted over erigtinfrastructures using its lower bit rates.

* Incorporates a Network Adaptation Layer that df@exibility through transportability over
packet and bit stream networks.

Performance comparison for 90-minute DVD-quality movie!
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Fig 4- H.264/AVC benefits bandwidth demand, storaggiirement, and download tinfes

% DSL Forum 2003, Envivio INC. 2004, H.264 & IPTV QvBSL.



3-1-2 H.264/MPEG-4 AVC: The IPTV Enabling TechnpjcStandard

H.264/AVC cuts in half the bandwidth required tdiwer fullscreen DVD-quality digital video
to consumers, and it reduces standard televisioalitgqudigital transmission bandwidth
requirements to 700 kbps—both well within the calgss of a 1.5 Mbps DSL loop. Using new
H.264/AVC delivery platforms and standard PCs oBS§Ttelcos can offer exciting IP video
services—video-on-demand (VOD), local, nationall aremium television programming, gaming,
music, and, even interactive television—to theimleoand business customers using their existing
copper infrastructure.

With DSL technology, the telcos hold a significanivantage by delivering IPTV to more of the
masses than cable operators. While cable andiataternet access is encroaching on the
telcos long-held dominance, DSL is still the legdbroadband technology that users subscribe to
around the worldAccording to the DSL Forum (www.dslforum.org), 58lian Internet users
worldwide use DSL; 25 million new subscribers alomere added from September 2002 to
September 2003. The growth trend is expected ttiraa with subscriptions reaching nearly 100
million users worldwide by 2006.

H.264/AVC reduces the barriers to entry for telowbp can offer more services than cable
operators. Similar to MPEG-2, H.264/AVC requiresating and decoding technology to prepare
the video signal for transmission
and then read it at the customer’s receiver (STd BwWmonitor, or PC). In fact, H.264/AVC can
use transport technologies compatible with MPEGH&plifying an upgrade
from MPEG-2 to H.264/AVC to help protect the invasnt in MPEG-2 some companies have
already made, while enabling transport over TCBAB wireless. A significant difference,
however, is that H.264/AVC does not require the emgive, often proprietary encoding and
decoding hardware that MPEG-2 depends on, makifagtér and easier to
deploy H.264/AVC solutions using standards-basextessing systems, servers, and STBs. This
also allows service providers to deliver contendéwices for which MPEG-2 cannot be used, such
as PDA and digital cell phones.H.264/AVC is ideal, fout not limited to, Video Services over
DSL; it increases the ground of applications based common video format.

The H.264/AVC encoder system in the main officeg(ffé 5) turns the raw video signals
received from content providers into H.264/AVC adgreams. The streams can be captured
and stored on a video server at the headend, btsanvideo server at a regional or central office
(CO), for video-on demand services. The video dataalso be sent as live programming over the
network. Standard networking and switching equipineutes the video stream, encapsulating
the stream in standard network transport protoclsh as ATM. A special part of H.264/AVC,
called the Network

When the video data reaches the customer’s siie,rituted to the client through a DSL
modem and the customer’s local network (wired aeless). A STB client decodes the stream for
display on a television or monitor, while a PC wtidecodes the data using a plug-in for the clent’
video player.
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Fig 5 IP video over DSL architectute

3-2 The Service Provider Core/Edge Network

The grouping of encoded video streams, represemi@ghannel line up, is transported over the
service provider’s IP network. Each of these neks@re unique to the service provider and usually
include equipment from multiple vendors. These weks can be a mix of wellengineered

existing IP networks and purposéuilt IP networks for video transport. At the netw@dge, the
IP network connects to the access network.

3-2-1 RTP, HTTP, FTP explanations

Streams are sent from a streaming media serveclterd using grotocol known as
RTP (Real Time Transport Protocol). RTP is similaH®TP and toFTP—protocols
used by Web servers—but there are some esseritekdices.

TCP/IP is the most dominant protocol suite on the Internemprised of two main protocols IP
and TCP. TCP/IP might be likened to a global aiffic control network that makes sure data goes
to the right destination and gets there intaBtInternet Protocol), the basis of most Internet
protocols, breaks up large chunks of informatioto idigestiblepackets.In addition to the data
being conveyed, each packet (also known dstagram) carries a header containing the source
and destinatiofP addressesas well as a sequence number that allows the déstincomputer to
reconstruct the packets in the correct sequencenwey arrive. This sequencing information is
critical, as the packets may not arrive in propuence, since they each find their own way to the
final destination—along whatever path is necessdepending on continually fluctuating network
traffic conditions. If a telephone line breaks doalong the way, a packet will find another route by

3 DSL Forum 2003, Envivio INC. 2004, H.264 & IPTV QVBSL.
‘A streaming media primer, from the Adobe dynamidiagroup, 2001.



which to travel. IP focuses mostly on the locatarhardware, getting the information across the
vast network, from one device to another.

TCP (Transfer Control Protocol) focuses on softwareusasg that the data actually gets sent, is
delivered, and is correctly reassembled at ther@hd. If any errors occur during transport, sueh a
degradation or loss of some packets, TCP will foalthose packets to be resent. TCP also works to
optimize network bandwidth by dynamically contmodji the flow of information, slowing it down
as the network becomes congested.

HTTP (HyperText Transfer Protocol) is the protocol usedransferhypertext files on the Web.
Hypertext, invented by Ted Nelson in the 1960shésstandard for content on the Web—i.e., Web
pages are hypertext files. Hypertext is a databgstem by which related “objects” (text, pictures,
music, video, etc.) can all be linked togetherenffg a non-linear experience of the information. |
general usage, hypertext has come to refer to extythat contains “links” to other documents.
Since hypertext is interactive, it requires a twaywcommunication protocol that allows the
receiver to communicate back through the netwarkall up the URLSs for the objects to

which the hypertext is linked. Take care not tofusa HTTP—a protocol—with

HTML (HyperText Markup Language), which is the complaeguagdypically used

to code Web pages, defining how they look and Hay behave.

FTP (File Transfer Protocol) is an efficient protocsled for transferring files between two devices
over the Internet, and does not rely on the WelR IsTused for a wide variety of purposes, as it is
handy for the upload or download of most any typdile. FTP is typically used for transferring
Web pages from the computer on which they weretedeto the server that will host the site of
which they will be a part.

HTTP and FTP cannot be used for true streaming

HTTP and FTP are both layered on top of TCP, apgaitthat ensures the retransmission of lost or
damaged packets. Audio and video content transiniitgng these protocols will be received
intact—eventually. Lost or damaged packets are lgimgesent. This works just fine for the
traditional “download it and then play it” modalitwhere the file will not be played back untilst i
received in its entirety.

When HTTP is used for progressive download, they veliability of the protocol can cause
problems, as the retransmission of lost or damage#lets may disrupt pseudo streaming playback.
The media file will still—eventually—arrive in itsntirety, can be saved, and can then be smoothly
played back from the destination hard drive, jissttacould be with a traditional download. So, as
reliable as they are for document transmission, PPERd FTP cannot be used for true streaming,
because their error correction schemes undermieetdimporal relationship between video and
audio packets. They provide no facility for accondalating the data transfer rate to the audio

or video data rate—that is, the rate at which @& domprising the media plays back. Using HTTP
or FTP, a one-minute movie might download in oneosd, one minute, or even take an hour,
depending on the size of the file and the spedldeo€onnection. If the connection speed is less tha
the media’s data rate, the media still makes th#oclient, progressive download just won't play
smoothly.

RTP enables streaming

RTP (Real-time Transfer Protocol) transmits data irl tie@e. This means that a one-minute movie
is transmitted in one minute. Layered on todJ&fP (User Datagram Protocol), rather than on top
of TCP, RTP provides very little error-correctiolwst, late, or damaged packets are simply



dropped. Whatever data arrives is what plays. Stenwmwve say that streaming is a “forgiving”
medium, we are referring to the fact that it wéldp on playing, even if it “skips a beat,” and that
these losses are tolerable—even preferable, tdelagys that would be imposed using TCP. In fact,
“Live-Live” streaming would be impossible withouhi$ tolerance. Of course, if the connection
speed is lower than the data rate, playback wifjdxky,” or the media might not play at all.

The other side of the coin, however, is that thalimés always streamed at the constant data
transmission rate needed to match the media’s ddat—i.e., in real time. So, with a faster
connection, there may be bandwidth left over. Oh¢he advantages of streaming media is the
predictable load per stream, on both the servearttie network.

RTSP controls streaming media

While RTP enables a one-way stream, transmittingianom the server to the cliemRTSPis a
two-way protocol (similar to HTTP) which uses TG@Pcommunicate, and is usually layered on top
of RTP.

According to its developers, “RTSP acts as a ‘netwemote control’ for multimedia servers.”Like

a VCR remote control, RTSP provides mechanismsdhaiv individual end-users or designated
Web conference participants to specifically reqe&stams from one or more servers, as well as a
specific transport type and destination(s) forwaely of the data; request information about the dat
in a format-specific fashion; start, stop, and eatlie delivery of the data; and gain random access
to various portions of the data (where applicablet-for example, in the case of a real-time live
feed).
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Fig 6- Streaming vs. web browsing

3-2-2 Hint tracks

The MPEG-4 team has adopted the QuickTime conckpind tracks for control of the stream

delivery. A streaming file is called a movie. Thevie file container contains tracks, which could
be video, audio, or other clip data. The track @iasof control information that references the
media data (or objects) that constitute the tratks means that several different movie files could



reference the same video media object. This cavebe useful for rich media presentations. One
video file can be repurposed into several diffeq@misentations — maybe multiple languages or a
number of levels of detail (introduction, overvieand in-depth). A movie is not the video and

audio media files; it is the metadata or instrutidor a specific presentation of the media Hata
The files are flattened into a single file when $fiam is encoded.

A streamable movie has a hint track in additiortite video and audio (MPEG- 4 files are not
limited streaming media applications). The hintkrgives the server software pointers to the RTP
information in order to serve the relevant mediardts. This information allows the server to

deliver the correct video material in the sequestqeulated in the track file, and at the correté ra
for the player display.
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Fig 7- Typical streaming file format.
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3-2-3 Adapting to network congestion

Both RealNetworks and Windows Media offer a way of changing the bit rate of a stream as
network congestion varies. To get the best viewing experience we want to stream at the highest
rate possible. But if the network slows down, rather than attempting to continue with a high bit rate,
it makes sense to throttle back the bit rate. If the congestion eases then the bit rate can revert to

a higher level. That way the viewer is not subject to stalling streams, just a graceful degradation in
quality. These technologies work only with unicasting. The Real-Time Protocol maintains the
correct delivery rate over UDP/IP (or TCP/IP if bandwidth permits). The RTSP framework supports
the client interaction with the stream, the VCR-like controls Play, Pause, and so on. The

streaming server application can use RTCP reports from the player to measure network congestion
and switch stream rates for multiple bit rate media files.

The player can report lost and delayed packets, and the reception of out-of sequence
packets.

® Focal Press, The Technology of Video and Audioghiag (2005).
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RealNetworks SureStream

SureStream allows different encoding rates to behioed into a single media file. The streaming
server will choose the appropriate data rate ferpghevailing conditions by negotiating with the
player. The lowest rate, called a duress streaim backstop, and will be streamed if congestion is
very bad. When you are calculating the server siggice, a SureStream file takes the space of

the sum of all the components. Because only thextgarver can extract the correct component, a
web server will serve the file in its entirety, imding all the different rates.

Windows Media Intelligent Streaming

This is a similar feature, allowing multiple cornstdit rate streams to be encoded and wrapped in a
single file. The streaming server will then stretira best rate for the current network conditions.
Windows Media Encoder comes with predefined mudtigi rate profiles, but the profiles also

can be customized to suit your special requireméhtgou want to multicast a file that has been
coded at multiple bit rates, only the highest railebe transmitted.

MPEG-4 and scalable streams

The MPEG team has proposed a different way to eofevariable network bandwidth. The server
transmits a basic low-resolution stream. Additiohalper streams can carry more detail. If the
bandwidth is available then these extra streamsvadl better quality picture to be assembled by the
player.

MPEG-4 also supports scalable encoding. This méatsa basic player may decode only part of
the stream to create the video, albeit at a lowslity than a more complex player, which can
decode and display all the stream information.



3-2-4 Announcing the content

The player usually locates streaming media by aeHyx embedded in a web page. This link
contains not only the URL for the content, but dls®instructions to start the media player.

The usual way to announce streaming media filby & hyperlink in a web page. The link points to
a small file on the web server. Windows Media ctiis the stream redirector, or ASX. Real uses
the RealAudio Metafile or Ram file. Once the browsszeives this file the metafile is passed to a
streaming plug-in. The metafile has the full addraad filename for the streaming content. The
media player than transmits a request to the spdatreaming server for the media file. This may
use MMS or RTSP for communication rather than tAG Pl used with the web server. If all goes
well the correct clip is streamed to the playeueces&

[— |
= HYPERLINK @

—
=
= LN
web page :

| pointer  http://address/filenama. ram |

link to metafils

starts player @

or plugin

wab sarver

@ -

| pointer  TESp://addreza/clipname.rm |

metafile or redirector

player requests

media clip @

streaming server

®

SUCCESS!

Fig 9- Linking to streaming media.

3-2-5 Unicast and Multicast

When media isbroadcast a single stream is transmitted to all clients the network. To
understand what broadcast means, one need onlg #bout our traditional use of the term
“broadcast media,” where the network is a cablsatellite system, or the airwaves, and the clients

® Focal Press, The Technology of Video and Audioghiag (2005).



are television or radio receivér@ecause only a single stream is transmittedhalklients that are
“tuned in” experience the same portion of the megiagram, at the same time, whether the
program is live or pre-recorded.

When media is streamed over the Internet, it magitherunicast or multicast.

Unicast: A unicast is a one-to-one “narrowcast,” in whicltcle@nd-user gets a separate stream—
even if they are experiencing the same media sametiusly. Because they each get their own
stream, end-useisan be given options for controlling the media, suchttes ability to pause the
stream, replay portions, or to jump to a differgairt of the program. This type of control is,
however, only possible with pre-recorded contentienavailable on-demand, and this flexibility
comes at the expense of both server capacity amdwidth—every end-user must be served and
sent a discrete stream.

Multicast: Multicasting, or “IP multicasting,” is also consreéel a narrowcast strategy, and it is
designed to conserve both server processing cyaudtbandwidth. The server transmits only one
stream, which is replicated by special routersughmut the network, to be distributed to groups

of multiple end-users. Multicasting does not alliw same fl exibility for the end-user as does
unicasting—every end-user must experience the samient concurrently.

Multicasting is an excellent method for deliverithge same content to multiple clients at the same
time. The server sends only one data stream, wheusag unicast, the server must send a
redundant stream for each connected client. Sasnresults in a high server CPU load as well as
increased network bandwidth demands at the seBmryadcast would solve the problem of
duplicated streams, but would end up flooding thire network, even if only a few end-users wish
to receive the content.

Multicasting is only possible if both the streamisgftware and the network support it—not all
systems do. On the software side, the latest vessif the big three architectures—Apple
QuickTime, Microsoft Windows Media, and Realmediae—slipport multicasting. In terms of the
network, to multicast over an intranet, routers ninesupgraded or replaced with multicast-enabled
devices. While this adds yet another expense éasting implementation, for those organizations
looking to reduce the high costs of training ana/threr essential enterprise-wide communications,
the return on investment may be well worth the exittere. Furthermore, multicasting can be used
for a wide variety of other applications, in adalitito streaming media.

Unicasting
4 x 100Kbps simultaneous clients
100K bps
requires connection
A
from server 100K bps
¥ Best chaice for P
on-demand media j:’ ’ .
100Kbps Clients

¥ Each client gets a different b
- ¥ Each client can

stream, even if they are
' I 100Kbps L
watching the same movie P be given individual
. control over playback
» Heavier load (CPU and Media Server of on-demand

't
T y
- content

bandwidth ) on server per client

A streaming media primer, from the Adobe dynamidiagroup, 2001.



Fig 10- Unicasting vs. Multicasting.

3-3 The Access Network

The access network is the link from the servicevigier to the individual household. Sometimes
referred to as “the last mile”, the broadband catine between the service provider and the
household can be accomplished using a variety din@ogies. Telecom service providers are
using DSL (digital subscriber line) technology tens individual households. They also are
beginning to use fiber technology like PON (passigical networking) to reach homes. IPTV
networks will use variants of asymmetrical DSL (AD%nd very high speed DSL (VDSL) to
provide the required bandwidth to run an IPTV sevio the household. The service provider will
place a device (like a DSL modem) at the customemfses to deliver an Ethernet connection

to the home network.

3-3-1 Maximize Opportunity, Minimize Investment

H.264 opens the door to new opportunities and resluaperating and deployment costs when
compared to MPEG-2. There are several reasons:

* H.264 compresses video more efficiently, cuttiransmission costs over satellite or terrestrial
links.

* Density of services over existing DSL loops ighitwo standard-quality video streams can be
transmitted over a single 1.5 Mbps loop (Figure. Ti)stomers can watch (and telcos can bill for)
two video-on-demand streams at the same time.

» More content can be transmitted on longer loops#ore customers—raising the TAM for IPTV
(Figure 4). Where MPEG-2 could only reach custoners 9,000 ftservice area per CO (Central
Office), H.264/AVC video streams can reach cust@mer 16,000 fservice area per CO.

* A larger service area can be reached withoutogiey costly remote amplifiers.

* MPEG-4 interactivity capabilities let telcos expaARPU (Average Revenue Per User) with
value-added interactive services embedded in \stieams.

» H.264/AVC technology can be deployed on commdycevailable, industry-standard hardware
instead of expensive proprietary or RISC-basedesgyst (reduced instruction set computer),
lowering acquisition costs and the costs of scaktpnology to expand services.



* H.264/AVC is also part of the upcoming 3GPPV6 c#igsations. With the use of joint
technologies, UDP or TCP/IP and H.264, there israrnon ground for greater interaction
between the home and mobile devfces

Fig 11- H.264/AVC enables reaching greater distarmaer DSL with more content

3-4 The Home Network

The home network distributes the IPTV service tgimut the home. There are many different
types of home networks, but IPTV requires a velyust high bandwidth home network that can
only be accomplished today using wireline techngploghe end point in the home network, to
which the television set is connected, is the gep box (STB).

4-THE MIDDLEWARE: [IPTV ENABLER

The term IPTV middleware is used to describe tHaveme packages associated with delivering an
IPTV service. There are a variety of vendors is $pace, each with their own unique approach to
IPTV. The middleware selection by a service prowiden impact the IPTV network architecture.
The middleware is typically a client/server arcbitee where the client resides on the STB. The
middleware controls the user experience and, becaluhis, it defines how the consumer interacts
with the service.

For example, the user interface and services dlaita a consumer (such as the electronic program
guide (EPG), VOD or pay per view service), arerallde available and controlled through the
middleware.

8 DSL Forum 2003, Envivio INC. 2004, H.264 & IPTV QvBSL.



The ease of managing multiple services is a functb the two way IP network. This IP
architecture provides a standard for applications services to be integrated into the network, and
IPTV becomes just one of these applications. Tiierdntiating factor in an IP service model is
convergence. Because of the common structure fdicagions and services, convergence can be
realized for network elements, applications andrafens/business support systems (OSS/BSS).
Therefore, managing multiple services becomes &éemaft managing the same services through the
network and distributing them to multiple endiser environments.

5- SET ToP BOXES

The IP set-top box is responsible for presentihthal services carried on top of IP frames to the

end user in an easily accessible way. The set-top vall usually have an Ethernet network
interface for this and it will run a web browser iccessing services in the head-end. The set-top
will receive its boot software from the IP head-eviten it is turned on.

The output of an IP set top box can be a televi&ténchannel (e.g. channel 3), video and audio
signals or digital video signals. IP set top boaes commonly located in a customer's home to
allow the reception of IP video signals on a tedmn or computer.

Emerging Internet Protocol TV (IPTV) set-top boxesnstitute a rapidly evolving and fluid
product category. Market forces and available tetdgies are driving multiple variations on the
concept.

Set-top box designers are being asked to suppantray of new audio, video and image formats as
their products take on the attributes of more opeiywork-connected appliances. IPTV set-top
boxes may be enabled with the functions of perswoid@o recorders (PVR), digital media adapters
(DMA), voice over IP (VolP), videophones and more.

Deployment in the real world imposes further engimgg challenges. Broadband data rates are
variable. Latencies and delays impair two-way comications. Changes in head-end video
encoders produce interoperability problems withtsptdecoders. Your device may be installed on
networks the service provider doesn’t control,joparts of the network that perform below
standard, subjecting it to uneven and unoptimizegity of service (QoS).

IPTV set-box boxes typically have a set of demamaeqguirements in common. These tasks must
be performed in hard real time to provide a desgraler experience:

* receive streaming compressed audio/video ovetwark

* process the stream containers

» decode the streams

* present a synchronized audio/video output tdighener or viewer.

Digital rights management (DRM) protection and dtndal access (CA) (which ensures that only
authorized subscribers have access to contenthkasgise necessary, in order to satisfy media
companies and other content owners.

5-1 Design quidelines and restraints

« Design for multicast:

Although the network uses IP technology, two-waymmunications between the set-top and
servers on the network is not a given. Multicastapplications are predicated on the ability of the
set-top box to decode what comes, when it comdhput a back channel of communication. And
no back channel will be available when your “sgt*ts an in-car or portable system that provides
satellite TV.



* Processing load:

Many of today’'s media processors have limited céypamnd efficiency for network processing.
The drawbacks include dropped video frames andevbieakup on VolP calls. Experience shows
that what may not be apparent in the lab can beaineo clear in deployment, when unhappy
subscribers return their set-top boxes becauseonetprocessing did not keep up with what the
provider broadcasts out.

* Predict harsh network conditions:

Order and predictability are rare in the field. Wetk congestion delays content streams, for
example. Wireless connections drop. Streaming vidéolP and bulk data transfers require
bandwidth, and the user may decide to push eagltedo its limit simultaneously.

» Enable field upgradeability:

It's not possible to release a product that inctueeery existing and future variation of audio and
video codec, DRM scheme, media server protocol, amdio/video transport capability. New

services must be deployed. Rolling out trucks tofguen these upgrades is costly for service
providers. Software upgrades that can be accongalisemotely over the network eliminate this
problem.

* Don’t assume a constant data rate:

The nature of traffic on an IP network is burstpstdeam and downstream data rates may not be
symmetric, as with ADSL. Judicious use of memorifdrs lets you compensate for network jitter,
handle audio/video synchronization and separataaniezin control processing.

* Data interruptions:

Though packet loss is characteristic of the netwdr&pped video frames and sound problems will
kill the user experience. Many media systems asggded primarily for a constant, uninterrupted
data source environment and can’t perform the tmsxealment that is a must for both audio
(silence insertion, audio signal interpolation) amtko (bad packet detection and removal).

* Partition the processing power

Usage scenarios for set-box boxes are evolving.idApartitioning your system such that new
applications can’t use processing power in new wkgs example, a service provider may opt to
move from an electronic program guide (EPG) styianformation bar to a highly interactive
Internet browser. Inflexible partitioning may resir a design that performs well for IPTV, but
leaves internet browsing slow and weak.

6- FEATURES AND SERVICES

In addition to providing the basic television sees and features, IP Television can provide
advanced features and services that are not pessitit traditional broadcast television systems.
These advanced features include anywhere televégionce, global television channels,



personal media channels, addressable advertisiagiranic program guides EPG , video on
demand VOD and multiple media chanfels

6-1 Anywhere Television Service

Television extensions are viewing devices that @enected to a television distribution system. Ehes
connections may be shared (several televisione@sdme line) or they may be independently coetioll
(such as in a private television system). Tradélbyn television extensions have a fixed wire amoanection
line.

Figure 12- Internet Television Extensions go Anyvehi@ the World

When an IP television viewer is first connectedu@gjed-in) to a data connection, it requests the
assignment of a temporary Internet address frondétia network. It uses this Internet address to
register with the ITVSP (ITV service provider) afitehas been connected to the Internet. Because
the ITVSP always knows the current Internet addtleasis assigned to the IP television each time
it has been connected to the Internet, this alllwvtelevisions to operate at any connection point
that is willing to provide it broadband accesslte Internet. In essence, this allows an IP telenisi

to operate like a television extension that caplbgged in anywhere in the world.

What makes this so interesting is that IP telemisioan be taken anywhere and they will continue
to operate as if there were no changes. Supposegedrson in Singapore subscribes to local
television services in Singapore. If this persdesatheir IP television viewer (possibly

a laptop) to a hotel in New York that has a broadbeonnection, when they plug the IP television
viewer into the Internet in New York, it will opdeajust as it was in their home in Singapore. It
does this because the IP television registers thiéh IP television service provider when it is
plugged into the Internet. The Internet addressauth IP Television is dynamically assigned each
time they are turned on and the IP television sydteeps track of these addresses. It doesn't

really matter where the IP television is plugged in

Figure 12 shows how Internet Televisions can bal wsg/where in the world that they can be
connected to an Internet connection. In this examgluser subscribes to Internet television service
from an IPTV service provider in Singapore. The\PService provider manages user accounts and
sets up connections between users and media soufbes diagram shows that an Internet
television user can obtain television service Hegnt locations such as at an airport, at home,
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in the office, or in a hotel. As long as the In&grelevision user has a valid Internet television
account, they can use different types of viewerhsas multimedia computers (laptops), standard
televisions with adapter boxes and IP televisions.

6-2 Global Television Channels

Global television channels are TV channels that lmarviewed anywhere in the world. IP
television channels that are delivered throughlibernet typically can be viewed anywhere in the
world that offers broadband data access.

The ability of IP television systems to provide eddservice to outside their local (often
regulated) areas allows for new competition. Thecl cost for viewing global television channels
is the content media access costs (such as arfeenfiovie) and the broadband data access cost (a
monthly broadband access charge).

the figure 13 above shows how IP television all@vgerson to view television channels in other
cities, states, or countries. In this example,eaver from the United Kingdom is traveling to the
United States and he desires to watch a Soccer garhestralia. This diagram shows that the
viewer connects his multimedia laptop to a broadbannnection and logs into his Internet
television service provider with his access codes.

He then selects the channel source and qualitynafyeé he desires (the rates increase for higher
quality access). The viewers ITVSP provider is tedain the UK. When the ITVSP receives and
authorizes the request, it sends an authorizatiessage to a media gateway in Australia that is
converting the video from the sports event data format that can be sent through theratefhe
media gateway then sends the information directtpé viewer through the Internet.

6-3 Personal Media Channels (PMC)

A Personal Media Channel (PMC) is a communicatiervise that allows a media user (e.g.
viewer) to select and view media (typically videonousic) from a variety of media sources.
An example of how a PMC may be used for IP telewiss the control and distribution of mixed
media (such as digital pictures and digital videbspugh a personal television channel to friends
and family members.

An IP television customer may be assigned a petsetevision channel. The user can
upload media to their personal media channels bon &riends and family to access pictures and



videos of family members and gatherings via thRitdlevisions.

Fig 14- Personal Media Channels

Figure 14 shows how personal media channels alltrosziewers to be given access to specific

types of personal media on their IP televisionsTéxample shows how an IP television user "Bob"
is uploading pictures from a party to his persanatia channel 9987. People on his list of viewers
who also have IP television service can select 8tdlevision channel 9987 and see the pictures.
This example shows that the personal media chacarelhave restrictions on who can view the

personal media channel.

6-4 Addressable Advertising

Addressable advertising is the communication ofessage or media content to a specific
device or customer based on their address. Theessldf the customer may be obtained by
searching viewer profiles to determine if the atlgerg message is appropriate for the recipient.
The use of addressable advertising allows for rapid direct measurement of the effectiveness of
advertising campaigns.

A key aspect of addressable advertising is thelatbn of the viewer. IP television systems
may ask (prompt) the viewer to select their nanoenfa list of registered users in the home when
the IP television is turned on. Because of the aded features offered by IP television such as
incoming calls/emails and programming guides tlehamber favorite channels, viewers will
typically want to select their programming namec&ese the programming name has a profile
(preferences), advertising messages can be selbetelest match the profile.

The potential revenue for addressable advertisiegsages that are sent to viewers with specific
profiles can be 10 to 100 times higher than themee for broadcasting an ad to a general audience.
The ability to send ads to a specific number ofveies allows advertisersto set specific budgets for
addressable advertising. It also allows the adserto test a number of different ads in same
geographic area at the same time.



Fig 15- Addressable Advertisitly

Figure 15 shows how addressable advertising camsbd to better match advertising messages to
the wants and needs of viewers. Tdiegram shows that a media program (such as adielewshow or
movie) is being sent to 3 homes where the televssio each home

have a unique address. When the time for a 30 demmmmercial occurs, a separate advertising message
sent to each one of the viewers based on the addf#se television. This allows each viewer to

receive advertising messages that are better éargettheir needs and desires.

6-5 Video on Demand (VoD):

Video on demand(VoD) services operate in a differeanner than linear television service as the
IPTV system provides the subscriber with a unicgtstam of programming with VCRIike
controls including pause, fast forward and rewifide IPTV middleware controls the user interface
and commercial experience/details of VOD and cao dle extended to include services like
subscription VOD and network based personal vigeonder (PVR).

Television on demand is a service that provides esels to interactively request and receive
television channels. These television servicesfeom previously stored media (entertainment
movies or education videos) to accessing live cotore (news events in real time).

VOD can be enhanced by advanced electronic progmgnguides that maintain a history of
previously viewed television or media shows. Thisves the viewer to scan through a list of
programs that they have not previously viewed.

Figure 16 shows how IP television can allow a viewe request control the presentation of
television programs on demand. This diagram shbassé television on demand viewer can browse
through available television channels. In this epkemthis IP television service provider informs
the viewer of which programs they have already eéwnd the length of time each program will
run. When the user selects a potential progranete,\a short description of that program

is shown at the bottom of the screen along withcthe for viewing that particular program.

10p1v Magazine septembre 2005.



Fig 16- Television on Demand

/—QUALITY OF SERVICE

Since IPTV is enabled by the availability of netlwdechnology, the network architecture used to
deploy IPTV is important. Content delivery requiteendwidth and performance, not only in the
last mile (the access network), but also in theeealigd core of the network and in the customer
premises.
The IPTV service model, and its market advantagesjot a new concept. However, recent
developments have enabled the delivery of IPTViserin an increasingly secure, scalable and
cost effective manner.
These recent developments include:
the proliferation of Gigabit Ethernet the ability I® networks to offer higher security and
QoS.
the development of high performance IP routers Btmrnet switches designed for IPTV
networks.
the creation of advanced middleware applicatioas thanage the delivery of video over the
network.

Over the past couple of years, the number of matlawdprotocols for setting quality of service
(QoS) in network equipment has increased dramticAldvanced queuing algorithms, traffic
shaping, access-list filtering, and so on, haveerthd process of choosing a QoS strategy
a much more daunting task.
IP Precedence can be configured for a given IP/&W& sending a single live broadcast.
IP Precedence is one of the differentiated senntethods for allocating network resources. Three
bits in the IP header designated as the type @icge(TOS) field can be manipulated to inform
network devices that a “priority” should be giventhe IP packet as it traverses the network.

This designation is also called “coloring” a dateeam because it causes IP packets with
TOS set to stand out from other IP packets
Figure 17 illustrates a network in which one IP/S¥rver differentiates its IP packets from another
IP/TV Server by enabling the TOS bits in the IPdeza

11 Cisco IP/TV and QoS 1999.



This configuration shows two IP/TV Servers (eaahdseg a 1-Mbps multicast stream).
The server on the right has had the Microsoft TERjarameter “default TOS” set so that all
packets sent by that PC will have the prioritysait in the Type of Server IP header field.

Fig 17- Sample Environment for QoS Using IP Preocede

7-1 Audio Quality

Audio quality is the ability of a speaker or audi@nsmission system to recreate the key
characteristics of an original audio signal. Audiaality can be affected by a variety of factors.
These factors include the type of audio coder @udmpression), transmission system and
bandwidth limits.

Generally, the more you compress the audio, theddine audio quality. Recently, innovations in
audio compression technology provide similar qyaédudio signals using a much lower data
communication (connection) speed.

IP Television (IPTV) service can provide audio dyathat is the same or better than standard
television quality audio. IP television systems adfer advanced audio options including stereo
and surround sound.

Audio distortion is the undesired changing of adliawsignal and it can come from a variety of
sources in Internet Television service. Howevemaamf the key factors in audio distortion are
packet loss and packet corruption. Packet losdsirtability of the communication network to
deliver a packet to its destination within a prédsed period of time. The effect of packet loss on
audio distortion is to temporarily mute or disttme audio signal. Packet loss can result from a
variety of events such as network congestion oipaaent failures.

Because IP television communication systems caayd®uffer) the delivery of packets of data, it
is usually possible and practical to resend packétdata that contain audio information. As a
result, packet losses are infrequent. When packetsost, this can result in the temporary muting
of audio. Packet corruption is the changing of sarhé¢he packet data during its transmission.
Packet corruption can come from a variety of saaiigch as poor communication line quality or
momentary line loss from lightning spikes. BecallReTelevision service typically uses speech
compression, the packet data represents a soundithbe recreated rather than a specific portion
of the actual audio signal. As a result, if coragbtlata is used, this can create a very diffenediba



sound then expected. This distorted sound is cortyroatied "Warble."

Figure 18 shows some of the causes and effectadyd aistortion in IP Television systems. This
example shows that audio signals are digitized, pressed and error protection coded prior to
transmissioff.

During the transmission process, some packetsoatelt corrupted. The loss of packets can result
in the temporary muting of the audio signal. Beeatlse data compression process represents
sounds by different codes in a codebook, packetption results in the creation of

a different altered sound than the sound that wasiqusly transmitted. When there is significant
data corruption, this can create unusual sounti&/éable" sound).

Fig 18- Internet Television Audio Distortion

7-2 Video Quality

Video quality is the ability of a display or vidé@nsfer system to recreate the key characterigtics
an original video signal. Traditional video qualitgpairment measurements include blurriness and
edge noise. Digital video and transmission systempairments include tiling, error blocks,
smearing, jerkiness, edge busyness and objectimten

Video quality can be affected by a variety of fastthat interact with each other. Some of these
factors include the choice of video coder (videonpeession), transmission type and bandwidth
limitations.

The types of distortion on analog video systemsuthe blurriness and edge noise. Digital video
and transmission system impairments include tiliegior blocks, smearing, jerkiness, edge
busyness and object retention.

Tiling is the changing of a digital video imagedrgquare tiles that are located in positions other
than their original positions on the screen. Eblocks are groups of image bits (a block of pixels)
that do not represent error signals rather thamtiggnal image bits that were supposed to be at th
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image block. Jerkiness is holding or skipping afeo image frames or fields. Object retention is
the keeping of a portion of a frame or field ongpthy when the image has changed.

Figure 19 shows some of the causes and effectsled distortion that may occur in IP Television
systems. This example shows that video digitizatind compression converts video into packets
that can be sent through data networks (such asntbenet). Packet loss and packet corruption
results in distorted video signals. This examplewshthat some types of digital video distortion
include tiling, error blocks and retained images.

Fig 19- Internet Television Video Distortion

7-3 Reliability

Reliability is the ability of a network or equipnmteto perform within its normal operating
parameters to provide a specific quality levelervice. Reliability can be measured as a minimum
performance rating over a specified interval ofeinihese parameters include bit error

rate, minimum data transfer capacity or mean tigtevben equipment failures (MTBF).

Reliability factors for IP television service indiel IP television access device reliability, data
network connection reliability, data network relldip, call server reliability, and feature opexaiti
reliability.

7-3-1 Access Device Reliability

Access device reliability is the ability of systeguipment or a device to allow a user to gain acces
to a network within a specific quality level of giee. For IP television service, the access device
must beable to request and view IP television ceBniTo be effective, IP television access devices
must be able to continuously process video andoasidinals during the viewing of a channel.
Access device operation may be dedicated (such H3 &elevision) or they may be shared.

Access devices are often connected to a modencar diata network equipment. The reliability of
these local data communication devices also affeetseliability of IP television service. Some of
these devices may change their configuration dudognection and disconnection. If the data
communication device does not appear to be working,best to turn its power off and restart the
equipment.

Figure 20 shows that the selection of access desdreaffect the operation and quality of IP
television service. In this example, a standarevision that has an IP television set top box @mpal
television adapter) and a laptop computer are vigwi television channel via a



media server through the Internet. The analog i&t@v adapter is designed to perform one

function, viewing IP television service and it algahas the resources (processing power) to do
this. Unfortunately, the laptop computer is a nmuitpose device that is currently running

several applications (word processor, spreadsheetemail). When the laptop computer receives
this television channel, the other processes magecthe audio and video to become somewhat
distorted or the resulting delays may drop the mednnection.

Fig 20- IP Television Access Device Reliabtfity

7-3-2 Data Network Reliability

Data network reliability is the ability of the conumication network to consistently provide data
transmission between points that are connectethéodata network. Data networks such as the
Internet were designed to successfully operate #large portions of the network were destroyed.
To accomplish this, the Internet was designed damab network that uses smart switches. Each
switch in the Internet (called a router) has thiéitglto dynamically change the path it uses

to sending data through based on information wileaty receives from other routers. If a router can
no longer send data to a neighboring router, it avitomatically start to send data to a routeaii ¢
communicate with. As a result, the Internet is verljable as it can repair itself in the event of
equipment failure$.

Figure 21 shows that the Internet is a web of ptithinterconnect endpoints and that if this web i
broken, it is possible for information to take dveatpath to reach its destination.

Fig 21- Internet Reliability
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7-3-3 Data Connection Reliability

Data connection reliability involves the connectistom your computer, IP set top box or IP
television to the data network (such as the Int@riv®our data connection may be divided into two
parts; access provider and data network providerh(ss an ISP). The access provider manages the
connection between your equipment and the dataanktprovider converts your data into a format
that it can transmit through the data network.

Figure 22 shows the key parts of an Internet serpiovider (ISP) and how they can affect your
communications reliability. This diagram showsttha Internet connection can be divided into an
ISP portion and an access provider portion. TR&mle shows an IP television that is connected
to a cable modem. The cable modem is connectedetté¢ad-end of the cable television system
where a gateway adapts the data from the cableonleinto a format that can be used by the ISP.
The ISP has a router that connects the gatewayarfiormat that is sent to the Internet. This
diagram shows that this ISP only has one connettidhe Internet and if it experiences difficulty,
the Internet connection can be lost.

Fig 22- ISP Reliability

7-3-4 IPTVSP Server Reliability

Internet television service provider reliability the ability of a television service provider
(television channel processing system) to setup @mdrol IP television channels along with
selecting and managing video switches and gateways.

To ensure reliability, IP television service prosigd may have redundant (duplicate) server
equipment, updated lists of IP television gatewawsl use equipment that confirms

to specific and compatible revisions of communmafprotocols.

Figure 23 shows the key parts of an IVTSP thaseduo provide IP television service and how the
configuration can affect reliability. In this exatepthe ITVSP television server has two media
centers that are connected to the Internet atrdiftdocations. IP televisions communicate

with the ITVSP servers to setup and receive televishannels.

Each ITVSP sever has a media provider list thatefrom a company that maintains lists of the
gateways at media sources (e.g. movie distributtmshe event of a failure of one of the servers,
the other server will operate to setup and conkietelevision channels.



Fig 23- ITVSP Reliabilit

7-3-5 Feature Operation Reliability

Feature operation reliability is the ability of tegstem to recognize and process feature requests.
There are many features available in televisionvasts (such as pay per view, pause, rewind and
mute) and these features have been designed ded tesnteroperate with each

other. These features are usually managed by &siggtem. When these features are offered via
IPTVSPs, there may be interaction with these festwrith features offered by different service
providers. This can cause challenges with the dip@raf specific features. For example,

if an ITVSP provides access to movies on demandtfamanedia server uses a proprietary protocol
for control messages, the player control commamnadsemu selection may not work correctly.

8-CONTENT PROTECTION : SCRAMBLING AND ECRYPTION

8-1 CONTENT SECURITY

A fundamental point to generate revenue is to pie@wa product that customers will buy. But it is
likewise important to make them pay in order tothetcontent.
The most important services for TVoIP are the beaated TV channels. In addition new services
as true video-on-demand should be offered in aerovide more content than satellite or cable
providers are able to present.
When launching value-added services such as pagiitWideo-on-Demand, protection of the
content is important.
Currently there are accepted solutions for pratgathe content on a TVolP system.
These are:
DVB scrambling of MPEG TS packet. The DVB commonrasabling algorithm is however
not suitable for IP as it requires hardware forcdesbling. Today there are no STB suited
for hardware descrambling.
IP scrambling. The vendors of DVB scrambling systesmd new vendors are providing
solutions adapted for two-way IP networks. Two s/mé solutions are being proposed;
Either based on a direct adaptation of IPSEC tdogyovhere the IP payload is encrypted
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or based on MPEG-2 system where the payload ofspah Stream packets are scrambled
with algorithm developed for IP systems. Solutievith and without smart cards will be
possible
Access control in the network. Some manufacturersaacess equipment for ATM
(DSLAM) and IP (Edge routers) have implemented ssamntrol. The access router will
not support transmission of services that the silicdoes not have rights for.
When discussing online content the insecurity of Rased content, and the piracy issues which
have plagued the entertainment industry, often ctommind. Each IPTV solution vendor has a
slightly different approach to the content securgguirement. Usually vendors will partner with
experts in this space to provide a complete solutiothe service provider and one which will be
acceptable to the content community.

8-2 Digital Rights Management

Digital Rights Management is the use of computehmelogy to regulate the authorized use of
digital media content, and to manage the conse@sesfcsuch use; for example, a payrient
A Digital Rights Management (DRM) system encrypis tontent so that distribution
can be controlled in accordance with the agreddsignd their terms and conditions. To this end, it
wraps prices and business rules around the cottemniable the payment transaction.
For the transaction, the DRM is tightly integrateith the chosen e-commerce systems. Streaming
media is representative of the many formats thdhternet content provider may want to manage,
deliver, and sell. The digital information also tbbe electronic books, research reports, or geaphi
images like still photographs.

Most DRM systems are designed to protect somdl mf dhese different media formats.
The initial developments in DRM were for text filddot all these systems can handle streaming
media. Encryption tends to be at file level. Fetr@amed file the encryption has to be implemented
at packet level, otherwise the media playback castert immediately. This, plus the intimate
connection required to the player, has led natutalmany DRM solutions being proprietary to the
codec format. The MPEG-4 format has a standardlecteal property management protection
(IPMP) interface, so potentially will offer a moopen environment.

Fig 24- Exchanging the license.

18 Focal Press, The Technology of Video and Audiog@hiag (2005).



Digital content is subject to many forms of piracy:
lllegal copying
Loss of data integrity — tampering with content
Peer-to-peer distribution

Perhaps the best example of peer-to-peer distibwtias the case of Napster. If there is a secure
DRM, then e-commerce can be used for online confHmt electronic distribution removes the
manufacturing costs of physical media and can sfyngistribution. Within the corporate networks

it can protect valuable and confidential informatid-or a distance-learning project it ensures
protection of intellectual property.

8-3 Piracy protection

Two methods are used to fight piracy: onensryptionand the other igiatermarking
Encryption gives the primary protection. Should #rcryption be compromised, watermarking
enables the tracing of the possible sources ofptrecy. There are two different points where
content files can be encrypted.
The first is before media is placed on the consemver. The second is to encrypt onthefly, as the
content is streamed to the media player. The lattére model that conditional access systems have
used for pay-per-view television.

Pre-encryption and on-the-fly:
Pre-encryption systems usually package the clgd8 a whole, rather than packet by packet. For
live use this is not an option; for webcasts thergstion has to be on-the-fly. To meet this need, a
different form of encryption has been developedemghthe processing takes place at the point of
delivery. This on-the-fly encryption has a secoddaatage that a new key is generated for
each stream. Pre-encryption generates a singléokelge file at the time of wrapping. So if the key
is compromised, all copies of the file can be opene
On-the-fly encryption can be an additional applaatunning on the streaming server, but this will
lower the number of streams a given server canealetypically by 30 percent. The alternative is to
use a bridge or router at the output port of theashing server that can perform the encryption.
This allows the use of a standard media server.

Fig 25 -Wrapping the content



Unwrapping:
The final user or the consumer wants to view asigti to the content. To decrypt the content, first
the user has to obtain authorization. This autltion, suitably modified by the business rulesnthe
initiates the decryption of the content.
The DRM client follows this typical sequence:
1. Send a request for the content and, if necessadertake a financial transaction.
2. If the client has credit, the commerce senamdmits the authorization key.
3. The DRM client requests the business rules ftlenrights server and the media file from the
content server.
4. The rights server forwards the business rules.
5. The content server streams the media.
6. The DRM client allows access to the media adogrtb the business rules.

8-4 Encryption

Cryptography has two uses within DRM. The firsttds encrypt content for confidentiality or
protection of the owner’s rights. The second istha protection of the certificates that are used f
authentication and for access control(authorization

There are two families of cryptography: sharedeteand public/private key.

A shared secret key (also called a symmetric) tlesame key to encrypt the content and then to
decrypt it at the receiving end. In cryptographg thear file is calleghlaintextand the encrypted
version is callectiphertext The scrambled ciphertext feasibly can be decamndy with the key.
One way to crack the encryption is to try manyatdiht keys until you chance upon the correct
one. The more characters in the key, the longevilittake, on average, to find the key. This
cracking can be made more difficult by changingkieg at certain intervals. Shared key encryption
is efficient and suited to large files — just likeedia files. An example of a shared secret is a
personal identification number (PIN).

Fig 26- The secret shared encryption¥ey
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The standard for shared secret cryptography i®#® algorithm (Data Encryption Standard).

The problem with a secret key is the secure disfiobh from one party to the other. Different
methods can be used to deliver the key. One isebere courier. Another is the telephone callback.
One party phones the other, and says ‘call me bahbk. other party calls back to an unlisted phone
number; now the original party has authenticatexy thave the wanted party and can divulge the
key.

One algorithm that has proved popular is the Difiellman key exchange. It starts with two
publicly available integers, P and G. Each pattg, tights server and the client, generate private
keys, X and Y. The Diffie—Hellman algorithm thenused to generate public keys, E and F, which
the two parties exchange. Each party then usestiieg’s public key, their own private key,

and the public number P to generate a common nuriiibé common number K is now a secret
shared by both parties. Note that at no time hasdhared secret key been exchanged over the
Internet. This shared key then can be used to phtrg media file.

8-5 Watermarking

In the digital domain, watermarking embeds a p#sissignature that identifies the source of the
content or the client copy. The latter is ofterleghifingerprinting. For a content provider to trace
the sources of piracy, two clues are necessaryfifdtas a means of identifying the owner of the
stolen content, and the second is a trace of that¢hat compromised the security. These clues can
be introduced as a watermark to identify the owofethe stolen content and as a fingerprint to
identify the instance that was copiéthe fingerprint is akin to the serial number of the golf a
clear copy is found, the fingerprint identifies tw@py that was compromised.

8-6 Examples of DRM products

In recent years, Microsoft has devoted much atiento security. Their initial focus was on
solutions to protect digital entertainment in teni of audio and video files, although they since
have added document security. The Windows MediahtRiglanager can protect audio-visual
content encoded in the Windows Media streaming &rim 2003, Microsoft announced Windows
Rights Management Services. Much like Windows Mgdiacentral rights management server
stores licenses that control access to proteckesl fiVindows 2000 and XP both offer flexible file
security and access control, but only on the catgonetwork. There is always the constant
problem of staff burning copies of files to CD-ROMetwork security and access control lists
cannot protect files outside the corporate firewall

Windows Media Rights Manager 9
Microsoft's Windows Media Rights Manager providesexure end to digital media e-commerce
solution for Windows Media. This solution enablexibapplication service providers and Internet
content providers to manage, deliver, and selbstieg media. It supports download-and-play and
conventional streaming.
The Windows Media Rights Manager system is desigioedvork with third-party credit card
software that is compatible with MS Site Server. I8e Windows Media Rights Manager allows
the publisher to set up the rules for the transactiThe player then uses these rules to open the
encrypted content.




RealNetworks has developed a fully integrated DR/stesm for the Real architecture
under the Helix name. The Helix DRM 10 Suite corsgsithree components:
1. Helix DRM Packagera set of tools for content providers to securelgkpge streaming
media files.
2. Helix DRM License Server an HTTP server that generates licenses for adoesscured
media. They are issued in response to a requesttfre player client.
3. Helix DRM Client: allows the media player to dedrypotected content in a trusted and
tamper-resistant environment.
Real also provides support for consumer electridgcgemanufacturers who want to design secure
native support for the Helix DRM platform. Thesemgmonents interact with existing content
delivery mechanisms, a retail web server, and &-bad database.
The Helix DRM supports the Real codecs, MP3 andB8l.®Dnce the licensing issues are resolved,
MPEG-4 codecs will be added.

MPEG-4
The design of DRM solutions to protect MPEG-4 cahteas lagged behind the
development of the audio and video codecs. Underatlspices of the Internet Streaming Media
Alliance (ISMA), a specification for content protem has been drawn up. This will enable
encoders, servers, and players from different vendo exchange encrypted content. The
specification supports both file download and striea. It is independent of device or operating
system. It uses the AES 128-bit encryption algariths a default, but stronger encryption
can be used. The specification has simple intesfémesupport of codecs like MPEG-2 and AVC.

9 - BILLING STANDARDS FOR IPTV

IPTV billing systems are a combination of softwpregrams and hardware devices that receive,
organize and process service usage informatiosgecific accounts or customers, produces
invoices, creating reports for management, andrdéng (posting) payments made to customer
accounts. IPTV billing systems typically includdlibg capabilities for ad insertion, television
commerce (t-commerce) and usage profiling.

User profiling is the process of monitoring, me&asy and analyzing usage characteristics of
a user of a product or service. IPTV service offeespossibility for recording and using viewer
information to better target services to usersefample is offering of movie service packages
(such as 5 films for children at a discount pritet based on the previous viewing habits (such as
watching 5 children's movies in the past 2 weekkhough the discussion of user profiling did
create some discussion on privacy issues, it & ¢hat IPTV offers the potential to better track
viewing habits. IPTV systems will likely take adtage of user profiling to target promotions or
for data mining.

To take advantage of user profiles, IPTV systenilsuse profile management systems.
Profile management is systems capture, organizationaccess control of service usage
information that is related to the device, personampanies who has obtained access rights to the
media or servicg.
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9-1 User Identification

A key challenge for profile management in IPTV syss$ is user identification. There are a
variety of types of users, devices and servicd®TV systems. In addition, there may be several
varying identification codes for each of these. 8awhthe ways to identify users include account
codes, device serial numbers, email address, IRssidwhich can dynamically change), telephone
number, screen name, social security number, govemhID or a variety of user IDs. Users may
have multiple identification codes such as sevemten names or telephone numbers. These
identification codes can have different scopes whew are used. For example, a video conference
that is provided over a company telephone numbsr lmeabilled to a company account whereas a
personal video conference on the same multimedimpater needs to be billed to a personal
account.

The figure below shows how there may be severasy users in an IPTV system and each user
may have multiple identification numbers or cod&his example shows that a user may be
identified by their telephone number, account numbser ID, IP address or screen name.

Figure 27- User Identificatidn

Privacy can mean different things to different deofcompanies can have a privacy policy or
privacy statements to inform customers of the pemses of customer information. Privacy
policies are the self proclaimed rules a receivenformation claims to follow when a customer or
visitor sends or provides information. Privacy pglrules typically state how the information may
be used and who the information may be distribtted

9-2 Content Management

A content management system identifies, categoriaed manages the storage and
distribution of content. Identification of contefiot an IPTV system can be as complicated as there
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are a variety of media identification codes that @sed for different types of media such as media
files, streaming media or images.

Another aspect of content management is the needtémdardization of content classifications.
Broadcast media typically includes metadata thacuees the content. These descriptions are
commonly changed by local broadcast service proside meet the cultural and preferences of
their viewers. For example, a program that is di@skas a "Thriller" in one geographic area may
be classified as a "Suspense" movie in another. dtea changing or use of non-standard content
management classifications can result in the wimhigg rates or the potential delivery of content
to unauthorized viewers (such as the delivery afiltadontent to minors). Another potential
challenge for content management in IPTV systentkas the characteristics, rights and value of
content can change over time. For example, a bigakéws story may be given prioritisplay
and higher than average advertising rates may &eyetl when the media is viewed.

Offer management is the process of creating, asgjgand tracking specific product and
service offers from people and companies. An IP&kise provider may allow other companies to
create and manage offers as the providers of cbmay have knowledge about specific needs or
events that can enhance a marketing campaign.

9-3 Partner Management and Media portability

Partner management is the process of identifyisgigaing terms and tracking performance
of companies that have a collaborative (partnemafgtionship. Partner management systems may
allow affiliated companies to retrieve, analyze aodsibly provision services for IPTV systems.

Media portability is the ability to transfer medi@m one device or storage area to another
device or storage area. Portability rights arepsenissions granted from an owner or distributor of
content to transfer the content to other deviceshisas from a set top box to a portable video
player) and other formats (such as low bit ratesieeis).

A media portability management system may be useallow users to transfer media from one
device to another. An example shows how a perserdbanloaded a TV program to their set top
box. The media portability management system haspsauthorization for the media to be
transferred throughout the user's personal doneaia period of 24 hours. This allows the person to
access and view the program through other devicteeihome and to transfer

it to their personal media player.

9-4 Network Requirements Management (NRM)

A network requirements manager is a person or fomdhat identifies, determines and assigns
network resources that are required to profédgures or services. The IPTV system may be able t
determine the requirements for services the cust@malkects and automatically determine if the
capabilities of the network can provide the typeseawsvices the user has required.

IPTV networks may have limitations on what servigesan offer that depend on the location and
status of the network. Examples of network limdas include the amount of available transmission
bandwidth on a consumer access line (such as a d®hection), the availability of content
distribution servers and gateways in the systemyip@gent protocol capabilities and other
requirements.



Figure 4 shows how a network management systentocknup the requirements for services that
may be offered by the company and it can deterihithe network is able to provide those services
to the customer's location. This example showsahgger has requested to obtain television service
for 1 standard definition television and 1 highidigion TV at their home. The NRM system
determines that the total bandwidth required fa service is 10 Mbps if MPEG-4 service is
provided. This example shows that the network abée of providing of 20 Mbps to the user and
it has MPEG-4 capability so the system enablespaodsions the service.

Fig 28- Media Portability Management

Some of the major IPTV billing companies are: HiglaDNY, Inovaware, IntralSP, IPlay3, Softrax
and MTS

10-THE FUTURE OF IPTV: BUSINESS ANDTECHNOLOGY CHALLENGES

Technology innovation fast-forwards natural selattiin the telecommunications
marketplace by destroying old markets and creatiemy ones in their place. As examples: VolP
(Voice over IP) and the competition it allows haxanbined to destroy the longdistance telephony
market; similarly, cell technology has undeterredrs' dependence on home wire line phones. As
VoIP and cell phone usage increases, the revertdatg distance and local carriers collect from
residential users decreases. Due to the wides@@ajtion of these two technologies, incumbent
telephone companies have had to look for ways temgge revenues outside of residential voice
service.

The good news is that even as traditional voice kaetar have collapsed, emerging
technologies have created new opportunities focdel Advancements in DSL (Digital Subscriber
Line) technology allow for increased throughputu@led with progress in video compression, like
H.264-MPEG 4 Part 10 and Microsoft Windows Mediayer 9, telephone companies now have
the ability to deliver broadcast-quality video oubeir copper access lines. These technological
innovations and the race to control customer carttelivery are now driving the largest investment
in network infrastructure since the late 1990s.

With the promise of new revenue streams, delivevidgo to the home brings dramatically
higher bandwidth requirements. Since today's DSiwokks were designed for web surfing, this



will force telcos to significantly upgrade theircass networks. This upgrade cycle is happening
now as traditional voice carriers make haste terethie video-delivery market to match or stave off
competition. There are technological barriers tRX8L providers face in supporting video
applications while upgrading their current ATM (A®hronous Transfer Mode) networks. Telcos
can use a new approach to quickly and cost-effelgtideliver video services over their current
DSL networks today and, as the video subscribee gasws, to seamlessly evolve these networks
into the Ethernet-based broadband architecturésediture.

Today's incumbent telcos are at a disadvantageetopdable competitors who already offer
broadcast video and Internet access. By bundlin@\ased voice services, cable multiple

service operators (MSOs) can deliver on the tnp#sr. Telcos must race to achieve video-service
parity with cable operators and, by so doing, camfer control of what will become the single
communication channel to the subscriber's homebtbadband port. It doesn't matter whether that
channel is DSL, FTTH (Fiber to the Home) or an aymay technology like WIMAX, this
household communication port will become the "ot sshop” for consumer content, yielding
recurring subscriber revenue and opening potengal income streams from application service
providers (ASPs) looking for access to subscribers.

There is another technology shift that offers aveathge to the telcos. Thanks to the videocassette
recorder (VCRs) and the new personal video recer(feYRs) from companies like Tivo, viewers
are time-shifting their video consumption and watghprogramming when it's convenient instead
of when it is first broadcast.

The wide embrace of this technology means that maok more video is being watched at the
viewer's discretion. Video on Demand (VoD) is tlaumnal extension of this trend. MSO networks
are optimized to support broadcast video.

In the move to VoD and the unicast traffic thatves it, telcos have the advantage. New DSL
technology allows carriers to deliver significanthpre directed bandwidth to the home, positioning
DSL providers to take the lead in VoD delivery.

10-1 Barriers to Offering Video

Today's DSL service networks were designed fodeggial access to the Internet at greater speeds
than dial-up modems could provide. Internet acpesgiously meant simple web surfing. The web-
surfing model allowed DSL providers to assume natly low, relatively bursty bandwidth
utilization per user. In fact, many of today's DB&tworks have been provisioned to support less
than 20 to 30 Kbps of average bandwidth per sufscri

The advent of peer-to-peer file sharing has chahgedwidth consumption significantly,

much to the dismay of DSL operators. The requirdmtar video delivery will blow these

networks out of the water. Do the math: A standkefinition channel requires 3.5Mbps using
MPEG-2 compression. A competitive video offering snwsupport at least 3 channels of
simultaneous viewing per home. For basic broadddsio parity a provider must offer more than
10Mbps per household, and that's independent efrlat service.

In short, video delivery requires a significant taude to the DSL access infrastructure.



Fig 30- A typical DSL aggregation netwétk

Barrier #1: Today's Unreliable B-RAS (Broadband-Renote Access Server)
In a typical DSL network, ATM-based DSLAMs (Digit8ubscriber Line Access Multiplexers) are
aggregated through ATM switches that are, in taonnected to a BRAS. The B-RAS controls
subscriber access to the DSL provider's networlelforms a large variety of tasks, including
subscriber authentication and accounting, IP addassignment, service advertisement, dynamic
binding to virtual routing domains, and layer 2 tieff to a retail ISP.
The B-RAS has a lot to do - and that's the problEime. strains on the typical B-RAS make it
one of the least reliable devices in the netwodddy DSL providers are able to tolerate B-RAS
outages that affect their Internet service offesingideo, however, is not just another
Internet service. Telcos will not be able to coref®y offering a video service that consistently
goes down due to B-RAS flakiness.
The typical B-RAS also tends to support lower spiegerfaces (OC-3¢/STM-1 ATM) and few of
the gigabit Ethernet ports required for cost-effectideo services.
Video delivery must avoid the traditional BRAS.

Barrier #2: Today's Centralized, ATM based DSLAMs
Most of today's DSLAMs are deployed in central @8 where they can support thousands of DSL
subscribers. This was an efficient and cost-effecthodel when the goal of the network was to
deliver Internet access to as many households ssljje. But even with compression, delivering
video services to the home requires an order ofnizde more bandwidth. Since DSL rates
increase only as the DSL loop length decreases,AMBLmust be placed closer to residential
subscribers to service their video bandwidth nedtiss means deploying DSLAMs in remote
terminals (RTs) or service area interfaces (SAl$ens they will serve only a few hundred
subscribers.
As a result, new DSLAMs will likely be smaller. Thiays of the single, large CO-based DSLAM
are numbered. Broadcast video delivery also regueféicient IP multicast support. To minimize
core network load it will be necessary to performltinast replication as close as possible to the
subscriber.
The first commercial deployments of video over Digdve relied on replication from deep in the
network at the IP multicast router level or via ATpdint-to-multipoint PVCs (Permanent Virtual
Circuits) in the DSLAM.

20 | aurel Networks, the Future of IPTV: Business @ieghnology Challenges



However, most of today's ATM-based DSLAMSs are rédo support multicast or the necessary
protocols, such as IGMP (Internet Group ManagerReotocol) snooping, to make multicast
delivery practical.

Video delivery requires increased functionalitytbea DSLAM to scale.

Barrier #3: Video Distribution Within the Home
Telcos must meet the challenge of distributing eigdéthin the subscriber's home. Several options
exist including reuse of the subscriber's existiable plant, CAT5 cabling, wireless networking
or use of the existing interior telephone linesngsthe Home Phoneline Networking Alliance
(HomePNA) standards.
Video delivery requires an adequate inside wiriolgison.

Stepping Up to IP Video Quickly
For many telcos the fastest way to support broadoas VoD services is to deliver them over their
existing ATM-based DSL infrastructures.
This can be done even as investments are being im&&l. access-network upgrades.

Fig 31- The Drop-In Video Solution

Developing a parallel network, shown in the pictab®ve, is probably the simplest approach.
Using this model involves three basic activitiespquring content, supporting IP multicast
protocols, and installing multi-service broadbaadting technology.

Migrating to Ethernet-based DSL Aggregation
Once the initial IP video network equipment is lage, the next step in widening video deployment
is to continue expanding the DSL access networkreduce DSL loop length and support the
higher DSL rates necessary for multiple simultarsechannels, Ethernet based DSLAMs must be
deployed closer to residential subscribers.
These new DSLAMs must function - at a minimum Lager 2 Ethernet switches with support for
multicast replication and IGMP. (See Figure 32.)
“IP DSLAM” is a popular term today and one that ca@an many things. Sometimes it
means that the DSLAM acts as a full IP router gredhaps, may even incorporate B-RAS



functions like authentication and accounting. IPLBBI can also refer to a relatively

simple DSLAM with a gigabit Ethernet uplink and I&\Msnooping or IGMP proxy support.

To efficiently support broadcast video, it is clé#zat the DSLAM must support multicast
replication and understand IGMP. Due to their remiotations and short local loops in an

IP video-optimized network, the number of subsaslmer DSLAM is likely to be less than

a few hundred. In order to keep costs low, theswte DSLAMs will generally require a

single gigabit Ethernet uplink towards the backbone

IP routing is required where the network topologynénds it — where there is a choice of

network links towards a destination. Adding IP setisprouting, and IP address

management for single uplink devices complicatesnéttwork with no appreciable gain.

Given that most of today’s B-RAS (Broadband Accessiote server) must support dynamic
bandwidth changes to maintain evolving Interneeascservices, any DSLAM that claims B-RAS
functionality would also require policy interfaces.

Itis in the telcos' best interest to keep DSLAMBe and cost-effective. This translates

to a DSLAM with layer 2 Ethernet forwarding cap#ibnd basic IGMP awareness.

The DSLAMs must be able to make the decision tasimat a given multicast stream on a DSL line.
Most new DSLAMSs have the ability to listen to ont®p" IGMP messages sent by the set-top box
and build multicast forwarding tables accordindyMP snooping implies that multicast joins from
the set-top box pass upstream transparently. Mamy DSLAMs have the ability to perform an
IGMP proxy function as well.

IGMP proxy aggregates and suppresses upstream IB&43ages to ensure that only one message
per group is transmitted to the video router.

Figure 32- Adding Ethernet Based DSLAMs

Distributing the IP Edge
As the DSL access network grows, it will becomeirddde to build an aggregation layer between
the new DSLAMSs and the IP Video Router. If the togy includes multiple paths, it will be
beneficial to use routers as aggregation deviceshawn in Figure 33. As the IP edge is pushed
closer to the Ethernet-based subscribers, the déo/Routers will be able @mssume the B-RAS
function in order to support Internet service. Oficse, these routers will still be highly reliabied



capable of advanced IP multicast support.

Fig 33- Distributing the IP edge

As the network grows over time, the telco can deo@srion the legacy ATM-based DSL network
completely and combine the video and Internet sesvi

Fig 34- Combining Video and Internet Services atlfh Edgé*

11-1PTV MARKET

Tables below identify which IPTV systems and sofevaompanies are leading each of
IPTV markets globally and within the four regiomadrkets: North America, Europe, Asia and the
Rest Of the World (ROW), market positions estimategend on the actual number of active IPTV
subscribers that are using or being supported dgdmpany’s products. For video head-ends, the
estimate depend on the number of IPTV channelsged\by the company as the number of
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channels is a much better measure of the relatséipn of each company rather than the number
of subscribers.

11-1 Competition is hot in France

IPTV continues to surge forward in France. Freayigar the leading IPTV service provider,
the 4.1 million total subscribers accourftedorldwide include one million subscribers for Frite
has developed its own DSLAMs and does not buy tliem outside companies, France Telecom
had more than 150 thousand IPTV subscribers anttidle of 2005 and continues to add
subscribers at a good rate. Neuf Telecom’s IPTVisethad more than 20 thousand subscribers by
the middle of 2005. Neuf announced a merger witge@ in May 2005 in order to challenge Free
in the broadband market.

All three of these companies offer premium confearh the 2 French satellite service
providers, Canal+ and TPS. This means that theio§fédrom France Telecom, Free, and Neuf are
not significantly differentiated since their conté&noffered under the Canal+ and TPS branch.

France is shaping up a strong market for IPTV sesii There are many areas where cable
services have not been deployed. It is also difftcuget approval to install antennas in many
metropolitan regions including Paris and otherdacgies.

11-2 Access Systems Market Leaders

Ratings based on the number of IPTV subscriberaexiad to network ports provided by these
manufacturers.

Table 1: Access Systems Market Rankings

Access Asia Europe North ROW Total Rank
Subscriber America
NEC 500.000 0 0 0 500.000 1
ECI 75.400 318.510 0 1.800 395.71( 2
Lucent 40.000 275.000 49.000 10.000 374.000 3
Alcatel 25.000 308.000 18.125 5.000 356.225 4
Motorola 17.000 40 263.361 0 280.401 5
Cisco 109.000 75.000 3.704 0 187.704 6
Huawei 120.100 20.000 0 100 140.200 7
Siemens 5.000 60.000 0 0 65.000 8
UTStarcom 60.000 0 500 0 60.500 9

The total of IPTV subscribers identified is abolit #illion. The Top 5 companies account for 47%
of all subscribers. NEC, the number one companpailg in Asia due to its PCC# deployment,
ECI is number one in Europe and Motorola is nundrer in North America.
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11-2 Video Head-End Market Leaders

Based on the number of IPTV channels rather thembeu of subscribers receiving content
provided by these manufacturers because a singlenehcan support as few as 2 thousand and
other channels support 500.000 subscribers.

Table 2: Video Head-end Market Ranking$*

Channel Asia Europe North ROW Total Rank
provider America

Tut 302 132 13.960 223 14.167 1
Skystream | 347 368 3.368 180 4.263 2
Minerva 100 110 3.001 50 3.261 3
Harmonic 307 1.047 964 0 2.318 4
Optibase 220 161 1.117 100 1.598 5
Tandberg 204 472 352 180 1.208 6
UTStarcom | 100 0 500 0 600 7
Envivio 186 24 0 0 210 8
Scientific 0 0 100 0 100 9
Atlanta

Total 1.766 2.484 32.652 733 46.270

There are 46 thousand channels in IPTV marketst @38 of these channels are in North America
due to large number of small IPTV deployments mdmall US Telcos. Tut is the number one
globally and in North America, Skystream holds #san market, Harmonic in Europe, Envivio
appears in Asia due to deployments primarily inn@hi

11-3 Set Top Box Market Leaders

This section discusses the market leaders for Tfel#sed on the number of IPTV subscribers
using these manufacturers Set Top Boxes.

Table 3: Set Top Boxes Market Rankings
STB Asia Europe North ROW Total Rank
Subscribers America
Motorola 64.500 403.240 245.719 25.000 738.459 1
Yuxing 500.000 0 0 0 500.000 2
Sagem 0 231.000 0 0 231.00(¢ 3
Telsey 0 121.800 0 0 121.800 4
Thomson 15.000 75.900 4.500 0 95.40( 5
Amino 125 76.700 12.063 5.000 92.888 6
Pace 40.600 9.200 32.000 0 81.80( 7

This table does not include the 1million Freebok\V\FSTB that Free has provided to its capable
subscribers, if it was included it would take theniber one ranking.
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SUMMARY

An IPTV service model offers a complete mulghannel video line up as well as on demand
programming. IPTV technology promises to make nuwetent available because of the limitless
nature of the switched digital video architecturedretically giving access to niche content that ha
not previously been available on TV.

Middleware vendors are focused on making more cwrteailable, making programming easier to
access and making the solution portable (while taaiimg security).

The extensible user environment of IPTV increakesititeractive nature of the consumer product
and will allow single applications to be run oveultiple end user devices, all over a single
service delivery network. IPTV also capitalizestbe two way nature of the IP network, enabling
unprecedented interaction among subscribers, coptewiders and service providers.

With a single standardized service delivery netwdte integration and management of new
services becomes simpler, reducing time to mankétthe cost of launching that new service. This
provides marketing opportunities to use new apptioca to gain or keep market share and generate
added revenue.



ACRONYMS

AAA : Authentication, Authorisation and Accounting

ASI : Asynchronous Serial Interface. Most used MPEf@terface. Defined by DVB

ATM : Asynchronous Transfer Mode. Protocol commambed on Telecom networks

DOCSIS: Return channel system for cable network

DTH : Direct to Home broadcasting. Normally useddmscribe a satellite based broadcasting
system

DVB : Digital Video Broadcasting. Standardisatiaogp for digital broadcasting

EPG : Electronic Program Guide

HFC : Hybrid Fibre Coax. Used to describe modetreaV system where fibre and coax are
used in combination. Fibre is used in the distiduhetwork and coax in the access network
IP : Internet Protocol. Commonly used protocolléorg and short haul communication. Is
applied on large range of transmission media and farge range of services

MPT :S Multi Program Transport Streams

MSO : Multi-Service Operator

NPVR : Network PVR. An alternative to PVR functidibain the STB is to do the storage in the
network and let it be operated in a similar marteePVR. This model has many benefits, not at
least cost and security wise

OC3 : Optical Carrier level 3. 155 Mbit/s Telecameirface. US version of STM-1

POTV : Plain old TV. Television services being lioasted in the traditional (uni-directional) way
PSI : Program Specific Information.

PVR : Personal Video Recorder

QoS : Quality of Service

QPSK : Quadrature Phase Shift Keying. Normal mdehrigechnique for satellite

Sl : Service Information. DVB standardisation favigation and service support

SPTS : Single Program Transport Stream

STB : Set-top box.

STM-1 : Synchronous Transport Module-1. 155 Mhbi¢lecom interface.

SVOD : Subscription VOD

TVoIP : Television over IP

VOD : Video On Demand

VolIP : Voice over IP

VSP : Video Service Provider

XDSL : x Digital Subscriber Line. Common acronyros ¥arious solutions for transmission of
high-speed data over twisted pair telephone cable



BIBLIOGRAPHY

[1] http://www.broadbandservicesforum.org/images/Pdag&$/%20Explained.pdf
[2] http://www.envivio.com/pdf/whitepaper_H264_ IPTV_QvBSL.pdf

[3] www.tandbergtv.com

[4] http://www.adobe.com/products/aftereffects/pdfsibeStr.pdf

[5] Focal Press, The Technology of Video and Audie&tring (2005).

[6] http://www.iptvnews.net/

[7] http://www.microsoft.com/windowsserver2003/techryds/rightsmgmt/default. mspx
[8] http://www.iptv-industry.com/

[9] http://www.dlib.org/dlib/june0l/iannella/O6ianneldéml

[10] www.iptvmagazine.com/

[11] www.cisco.com/iptv/

[12] http://dnd.ecitele.com/company/whitepapers.html

[13] Market Leaders Report, Multimedia Research GrQg06)




