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ABSTRACT

Widegpread armd affordable brodband aces opers Wy
opporturties for delivery of new streanmg service. Howeve,
what isexpectedto fundanentdly changethe way that pople use
the retwork is the alility to produce,andseamlesly deliver and
share their own multimedia coment. A corsottium is confdert
thatin afew yeas evayone wil be miltimedia omntentproduce,
mediator andconsumer, and aims t provide the mneans to
distribute A/V user-centric servies, with superior qudity ard
flexibility, in a tusedandpersonalizedway.

Categories and Subject Descriptors

B.4.1 [Input/Output and Data Communications]: Data
Communications Deices

C.24 [Distributed Systems]: Distributed applications

General Terms
Design Measuement, Perbrmance, Exgrimentation

Keywords
Scahble Video Codig, Multi-View Cdaling, P2P, Muli-
Desciption Coding CrossLayer Adaptation.

1. INTRODUCTION

Widegread and dfordable broadband ecess open up
oppotunities for delivery of new streaming sewices,
making ICT crucial to Europangrowth and qualityof life.
The netwaked future however, $ not ewisagedto be
simply a fager way to go online. Whats expectd to
fundamentally change the way that peoplseuthe netark
is the ability toproduce, andseanlessly deliver and share
their own multimedia contentSEA casortum is corfident
that in a few yeas everyone will be multimedia content
producer by publishing digital prctures,video recordirgs,
remote e-healt sewices, hore girveillance, etc.),
multimedia content mediator (by sbringforwarding
streaming contert) and multimedia content ccumer
(digital televison, video on dmand mobile kroadcasting
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and dike).

Towards thisforthcoming age,SEA (SEAntess Contet
Delivery) [1] aims to dfer a new epelience é& seamless
video delvery, maintaining the integrityard wherever
applicable adapting and eithing the quality 6the media
acmoss the whole distribtion chain

We believe that # user shdd be placed at the cen of a

multimedia streaming, conteit aware netwrk archiecture,
acting ascontert consumner, contentmediato and content
producer. The costt aware netwrk may corsist d four

typesof content deliverynetworks:

a) Broadcastig networks e.g. errestial (DVB-T),
satellte (DVB-S/S2, cable (D/B-C),
b) Interactie/on denand Bidirectional netvorks e.g.

xDSL, WiMAX,
¢) Mobile netwaks e.g3G/4G,GERAN,U'RAN,DVB-H
d) Mesh P2P loigal overlaytopologes

In more detai$, SEA ams to introduce novel sevicesand
new buiessmodds by innovating over thre&ey-content
delivery pillars:

A) Multi-layered/Multi-viewed content coding. SEA
corsiders the evoling H.264 S\C (Scahble Video
Codng), H.64 MVC (Multi View Caoding) and heir
emerging standads, as the major foreseencontent
delivery technologies ovetheterogeaows networks,
multiple terminals andlarge audieces. SVC Wl offer
layered temporal/spatial/quality contet scalablity,
while MVC will introduce a tuly personabed video
delivery experiene by allowing the userto sekct
among the diffeent viewsembedded in aingle video
strean. Futue truly freeview point applicatias wil
becane available by adding depthfammationto MVC
coded sequeres.

B) Multi-source/multi-network streaming & adaptation.
SEA will offer onthe fly content adaptatiqrinheried
redliency and enriched PQoS by dynanically
combining different conént layers, views and
represerations of the sane resurce (video stream)



transnitted from multiple saurces(diff erent serversor
peersin caseof P2Pstreaning) andobr receival over
multiple diverse patk or neworks. Reconstruain o
the contensegnernts may take place eidr within the
network (offering trarspaent steaming to lowend
teminals) or at the end-use teminal in cae multi-
network conectivty is available. Cioss-netvwork
adaptationard crosslayer optimization egecially in
P2P overlay topdoges, will offer trafic adaptatbn
(load balancing to avoid netrk flooding) andoptimal
use tle availableesouces(bandwdth).

C) Content Protection and lightweight  asset
management. New busines modet for large scale
contert distribution will be facilitatedside-bysideto a
proper corgrnt protecion ard as&t managenent
mechaism. Within SEA, peasonaised catent
protecton will be dferedin the extended delivery
environmert. Thework will advance in the adaptation
of the conteh protection and fghts managenent
solutions for newmedia n P2Pnetvorks.

SEA will test and validate the developed tedtogiesover

real testbeds rd real-time enulatas of various netvorks

(3G/4G, WIMAX, ADSL ard WLAN IEEE 802.11b/g/a)
along with a krge statefothe at P2P testbed and &al

3G/4G netvork. Over this hetrogeneos achitectue, an
innovative PP IPTV-like apfication will efficiently

combine and utilse all SEA néworking and multimedia
techndogical adances, wlidate the SEA carept and
optimise the SEA patform behaviour

In this maper, we pesentthe main issue that SEA will
tackle and the expected technological owetions ad
resuts.

2. LOGICAL NETWORK ARCHITECTURE

The SEA coicept anchetwork archiécture $ elabaated in
Figure 1. We assme an integated <rvice/ content
providers oriented bgines modd, reflected to the
network architectue. The serice/content povider is

locaked at thecore netvork and usinga clieri/servers

paradign-basel distibution chain, ffers streaning A/NV

servicesover broadcsting, intelactive/on denand netvorks

(including thelnterne}, and 2G/3G/4G nobile netvorks

Individuals may also orateas conént creatts andsewice

providers by distibuting ther peisonal content, including
but not Imited to videostreans. Moreover, novel “follow

me” like sevices may be itrodued, where tke hane-

based eqgpment may opeate asservice mediabr and

conten forwarder ad a subscriber ray caosune

peronalised streaming services propety adapted to
network chaacteistics/conditons and his mobile

phone/PDA capabilit® while on themove.
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Figure 1: SEA Logical Network Architecture

The SEAnetwak archiecture ado cansiders trusted Peer-
to-Peer (P2P) overlaytopdogies in a koadband,
heterogeacus archiecture. hisis also conpatible with the
increasing and expanding WiFi comunity netvorks
architectues.In this cas, sevicesmay be dfered rot only
by centrallylocatedmediastreaning sewers, but by goups
of enduser devices, acting as dstributed content
repcsitories. Gven content ptection andmanagenent s
in place,netwok operates ard sevice povidersmay offer
value-added Beaming sewices with remarkable PQoS,
while avoiding the nighmare of network scalingand the
expersesin network infradructure ugrades, ashe content
(at leas the mat popular ore) and the netark resource
(traffic load may be dstributed and ths balanced to a
large umber of peers. Meeover, individuds may prodee
their own (reattime) content andnake it publicly available
to a largeraudiencewithout having to ely on aspecific,
expersive networkirg infragructure. Inthis enviromment,
video streming scalaliity, resilierce and PQoSnay te
exponentially icreased, asot only multiple-networks, but
alsomultiple-souce maystrean video segnerts, eriching
the content osthe-fly either at the network adfor at tte
end-useteminal.

However, in order torealize the abay servee provisianing

scenaios, anumber d issues haveot be cmsidered ad

tackled. Advaned scalale and multiview video coding,
knowledge & the netwok conditiors, innovative cross
layer optimization, real-time sewvice adaptation, othe fly

PQoS enrichment, content ptection are sme d the issues
thatSEAaims to sole.

2.1 Advancesin Video Coding

The frst step in realising seanless content deliverand
truly pessonalised weo vew is to add innovative
scalabiity and multi-view featiresto the encoding streg
making minimal campromises to the requirecbandwidth.



Figure 2: Examples of multi-view coded video from a set of linear camer a settings

2.2 Advancesin scalability

Scahbble video codings a highly attacive slution to the
problems poseal by the chracteistics of muti-networks,
multi-sources, mltimodal videotrarsmission systens.

The Scalable Video Coding (SVC) activity group of the
Moving Pictire Expert Goup (MPES) of ISO/IEC ard the
Video Coding Expet Groyp (VCEG of ITU-T have
recentlyfinished theirjoint standad asH.264Annex G and
MPEG-4 Par 10 Advanced Video Cding Amendnent 3.
This standad is expected to outpfsrm al existing
salable video coding solutions in terms of coding
efficiency andrequred computational powgensurediy a
completesingle-loop decoding mcess.

Members o the SEA cosottium (Fraunhder HHI, STM,

Thomson) have played a keyole in the standardiation
activity, both coding stadage and signalling/tansprt.

Moreovera real-tme SVC encader is alreadyavailable to
the SEA project. SEA will further optmize SVC decode
for platforms like PDAs andfurther utlise and stepover
this encode for offering salable, multi-layered cotent

The different video layess will be stored n cerral

streaming sewers andér cached in diributed pess in tre
network.

2.3 Advancesin flexibility/per sonalisation

The next vsion in video encodingMulti-view Video
Coding (MVC) addesses eftient intgration of data and
will provide for pesondised views and exteled D
rendeing video functionalites. M/ C will enable newreal
time servicesllowing the end ser to interactively chase
from different views embedded in one videdrean, with
much better da rate peiformance thansimulcasting
different vews o the video. As a exenson d
H.264/AVC, MVC stamladization is schduled for 2008;

thus real tine capable mplementatiors ae not available.

Speific MVC algorithms give dgnificantly tetter esults
compared to methods propsed bdore or based onplain
H.264/IMPEG4AVC simulcast. Within SEA a real-tme
encoder and a deoder library for MVC will be
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implementedand optinized onPC phtforms. Thelibraries
are 0 be intgrated intoclientserver applicatiors.

Figure 2 illustrates multi-view video, i.e. multiple (N)
synchrornized video seans showving the ame 3D sceery
from different viewpoints. M/ C is urder cevelopnent for
efficient canpression of sud data.This format is directly
suitabe for 3D displays with up to Nsimultaneows views.
Based on stafiical analpis of interview/temporal
predicton, the MVC scheme wses the prediction stucture
of hierarchical B pictues br temporal anddifferent view
coding [2]. Herarchical B picures provide signficantly
improved RD perfformance when the quantization
paraneters for the vaious pctures ae assiged
appropriaely. Additionally, full inter-view predction is
usedfor enhancingoding peformance.

Apart rom MVC encocer/decoder, wihin SEA signaing
and transpd framework for MVC will be devebped anl
integrated, which wil be usd to effciently distribue
different vievs to the equesting usersonly, while allowing
aminimum usage ofbandvidth.

2.4 Advancesin Resilience

The SEA architectue canbines a multi-Radb Acces

Technobgy (RAT) network wth a nunber of access
networks and P2P ovelays; tus packt loss rate is
expeced to be signifiant. On the d&ter hand, the

probabiity of having more than one pathdetween the
server(s) and the teninal is also quite hgh. In this

particubr case, Multiple Description Coding (MDC)

turns ot to be vey efficient

Most MDC approaches & based orspatial and tenporal
sub-ampling. As an exaple, two low resoldion videos
can be genated fom the orighal high deihition signal
thus yielding two alterndive desriptions that canrefine
each dber; in sub a cae, the aded redudancy is
containedon the anount of correlation of the sighal and
canna be easly tuned accordig to user/ptwork needs



Recenty, rate distorton optimization approaches hae
proven to be very ééctive in the anabis and the desigrof
MDC techiques B]. In fact, stardard rate contol and
optimization algorithns can be designesb as a take into
accoun the possibity to insert acertan amount d
redundancyor erra resilience pupose.

This approach can be expited to allocate the MDC exr
rate accordigy to a given opthization criterion eg.

dependingon the netwrk status.In paallel, H.264 coding
standard ecompas®s the posgility to create rechdant
picture represrtations, whith can be usetb form H.264
compatide desciptions o the video sequence. In

conclsion, rate contol and the redadant epresenation
option can be jointlyused to design a H.264 cpatible
MDC cocec. H.264 cmpatibility guarartees thatsud

MDC solutions can be eghded ¢ SVC and MVC, thus

allowing nowel and not yet suudied approaches

3. ARCHITECTURE INNOVATIONS

The advanced codingschenes will facilitate video
distribution with enrichel QdS, especilly in caseof high-
end multi-modal teminals ale to receiveand recorstruct
multiple video dreans s@ment (i.e. layers, views,
desciptions) However, hane temminals or bw-cost mobile
terminals may be only cagble br decodng at a pdicular
bit-rateor may be onlyfeasble to corectly displayup to a
particubr imageresoluton. Thus, in ordetto meet all[SEA
innovativefeatues,the media delivergewice archiectue
should be contenaware ad have knowledgefdahe access
techndogies aswell as to the utilsed eml-user device
capabilities anaharacteristicsThe netvork has toprovide
the relaive adaptatin fundionalities, toseanlessly supmrt
the majoity of teminals. Onthe oher hand, paicular
accesgechnologiege.g.3G netvorks) can supprt sewvices
up to a paicular bit-rate andwith cettain QoS, while in
P2P néworks the ed-to-endpathmay be unknowror time
variant.

Live Meda

Broadcasting SNMG

Media OnDemand

Interadive

Contert Download (WiMax, ADS

Best Effort

Broadcasting
(DVB-C, DVB-T,
DVB-S/S2)

SEA shoud also be able to suppt terminal mobility,

including service continuity, between dferert (radio)

accesstechnologés or maintaining ad supprting the
sane capabilites d access coml (auttentication,
autlorization), privacy ancchargirg whenmoving between
different (ado) accesstechndogies. P service continuity
shoull be maintained, i.eSEA should hidethe mpact d

mobility evens to the end ser and th IP applicatio(s),

i.e. the sevice can continue wliout user irgrvention or

specialapplication sypport to mask the dfects o a mobility

event

In case obuilding a service arckecture uporthe desribed
variety of acces networks, it is desirableto have as mch
information and adaptation ateHower layrs (up to the
network layer) as possile, along with scalablity

functionality coming with the media codec. Cesgin
functions sich ascontent caching in the netwg content
adaptationard crosslayer optimization would cetainly
need knowledge fothe netvork corditions/claraceristics.
In order b overcane ths problem, wherever applicable in
the SEA arditecure, we introduce intelligent media/
network awarenodes. A Media Aware Netwok Element
(MANE) is defned asa netvork elament, such asan
application layer gaeway thatis capable 6 parsing certan

aspects ofthe RTP myload headrs a the RTP paylad and
reacing to the corgnts and rmdifiy session sigaling. In
SEA two MANE types wi be introduced (Figure 3):

e seanless Hone Media Gatway (SHMG), located at

the edje ofthe extended hoe envionment and

seanless Network Media Gatevay (SNMG) at the
edge 6 the 3GPP Serge Architectue Evoldion
(SAE).

The EA MANE nades §6HMG and sNMs) will be
network-baed canponents fo SEA architectue and will
suppat the intelligent,seanless ontert digribution. They
will offer functiors like netvork andteminal awarenss,
contert errichment and contenprotection. Inthe Ianger

Powerline
Coaxial

Figure 3: SEA Network Architecture
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term, they may be integrated ro Internet Mitimedia
Sygems (IMS) as deine by ETSI TISPAN. They will offer
multimedia storage, dynenic content adaptation and
enriched P@QS by dymmically combining multiple
multimediacontent lagrs fom vaiious sarrces.Moreover,
as they will have knowledge fothe urderlined netvorks
they will provide iformation on the network
condtions/chaacteristics, wich will be utiised by the
Cross Layer Control (CLC) mechansm and adapt the
multimedia streans © the next netwdk in the delery
path This wil be extrenely impatart in case 6 a low
bandvidth, butguaranteed)oSmobile retwaks ard in the
broadland, but best effort P2Ptopdogies.

Another imovation,alsorelated with thdoreseen bsiness
modd and tre SEAapproacho provide onthe-fly enriched
PQoS, is that sHMG will be able to offer multimedia
contert adaptation and cachyjfsiorage functiors to the
service provder armd the conmunity. The storage
capabilities d the sHMS will be divided in two pditions
One partiibon will be allocated to te user, where
peronal/givate content will be locatedhis content will
be distribuéd on userdemand and undeuserpemissions,
asert and will to sugport P2 canmunications. Arother
partition will be allocated to tl sevice provider andor the
community network, ard will be utilisedastemporal cacle.
A/V contentfiles, layas a segnerts will be stored amh
indexed there, adapd and retievedfelayed on renote
(guest)uses a sutscribers’ request. In his way, not only a
“follow me” service will be available, whe the ger will
be able to eceve sevicesand retieve conteh remotely,
adapted to the netwk and the teminal that he/sheis
currently located, but P2P(superlistribuion and load
balancng will also befeadble. Of course, as tuplink(e.g.
ADSL) connectiormay beflimsy, the avner of the sSHMG

UCLA/STM
P2P PlanetLab Testbed

sNMG

@ Pome {

TV sNMG

| sNMG

:'/Y\SNMG
J Vodafone
- ~J

Network

will have priority over dberuses.

4. SEA PLATFORM VALIDATION

Due to the coplexity of the SEA plaform, the geat
heterogeaity of thetarget accesnetwak technolgies and
topdogies (RP), vaidation andestirg will not bea trivial
task. A nurber of network and netwrk camponens have
to be initiated and integratdzbfore SEA functionality can
be validate.

Figure 4 shows the &A tesbed referene archiecture. It
consists othreeisland:

a) aSAEemuhbted testbedlocated in Gamany,
b) a largeP2Ptesbed,hosted by UCLA andSTM, ard
c) a3G/4Ginfrastrucure tesbedhosed by Vodifone.

The egbeds vill be interconnected via high-speédtemet
links, thusfunctionality from one tesbed can betested,
validaed and dmonstratedfrom anothe. In more deails:

The SEA emulated tesbed B a multi-RAT envirorment,
which incorpoates a nunber of SAE componens and
accesdetworks basedon RAT real-time emulators In this
way, it will enable the SE project to operate with
dedicated cell and channel cofidihs, without being
annoyed by any integfence andide dfects

5. SEA P2P TESTBED

The P2P testbed ilv be hosted in he UCLA Network
Reseach Lab (NRL). Via NRL UCLA, SEA will get access
to the PlaptLab, me d the lagestand mosadvanced P2P
networks worldwide. Planethb is aworld-wide dstributed
network testbed hat embles he develoment and

Nomor
SAE TestBed

sNMG

SAE
Anchor

Figure 4: SEA testbed architecture
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performarce evaludabn o large sake distibuted systems

such P2P pldorms. Planetab cumrenty consists & 776

nodes at 378 dtes. Nodes ae deloyed on university

campusesand indstrial neworks, geographtaly spread

around theworld. Initially, nodes ae populated with a
minimal Fedea Cae 2 Linux instalation. Eachuseris

assgned a slice, a st of allocatedresouces dstributed

acmss Plandtab. After naleshavebeen asgined toa slce,

virtual sewers for tha slice ae created on eachfothe

assgned nales.

NRL UCLA testled implemerts an overlaynetwork on
PlaretLab, which aims a teding P2P freamingdrategies
in areal, bu controlled deployment. Presatly, the testbhe
evaluatesa P2P netwdk which canprises250 nodesand a
single videosource. Thetestted design ealdesto measure
the playback delaybuffer and continuity index at each
single node. Byplanning the fietime of eachsinde node in
the network, it is possie to enulate ser belaviou and
measure its irpact onperformance. Moreoer, any video
codec can be easily integrdti such sefing. In partiailar,
PlaretLab wil allow SEA to evaluate oupeer selection
algaithm and multidescripion codes ategiesin realistc

yet controled ervironment. We will be able to evaluate the

reliability of the propased archite¢ure urder differentlevel
of chuns andwithin a netwak that preseista wide range
of roundtrip times tus evaluating théeasbility of alarge
scale PTV systan based on P2P oryhrid archiectures.
On the topof this testled, the SHMG functionality will be
ported @ an eyperimental STB to ke integrated rd
validated in tte PlanetLaliestbed

6. SEA 3G/4G TESTBED

Vodaone’s canmercial network will be used fa the
evaluationof the SEA conceps and pototype. SEA will
get accesin one seqentof the netwak, integratea gnall
number of SHMG and §NMG, while it will also be able to
utilize the real 2&/3G (3GFP release 5)WiFi commercial
accessnetworks. In this testbed SEA will validate the
emulated reslts and provie for interoperdility tests wih
actual3GAG eguipment.
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Moreover, inerconnection epecially between this tdsed
and the P2P testd will enable longdistarce tests.For
exanples, two sNMGwill be instded as testbd’sanchas
(Figure 4. The video quality will beestel at:

a) the P2Ptegbed anchp to validatethe behavour as
comparedto the P2P delay

b) the elge of the 3G/4G testbed to tet the netvork delay
(with and withot sSNMG optmization and content
enrichment) and

c) the usermobile phone, to validatevaious access
techndogies almg with multi-network streanng.
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