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present invention relates generally to nmulti-view

vi deo coding and decoding. Mire particularly, the

present invention relates to the inplenentation of

paral | el decoder inplenentation for different views in

mul ti-view systens, even when dependencies exi st

bet ween vi ews. BACKGROUND OF THE | NVENTI ON [ 0002] This

section i gy

to the i nodt T ENTANDEIMICPHOB TR ESIND BRRALTHREEY
descri ?E%ﬁ%"]ﬂﬁ SEHCESH ORENMPOLTERY FE WS DO COTING
pur sue but are not necessarily ones that have been
previ ously concei ved or pursued Therefore, unless

ot herw se i ndicated herein is described in this
section is not prior éﬂELP6n1R%E&%¥EFIH?ﬂOH and cl ai s
in this application and is not admtted to be prior

art fayol|NCIeSirQBntlify hlbSrehRS emaalw[taef&&]-w\élvtmeroe@@lng and
advances in video capture and displ ay technolog

t hr edcodingreMercgngicufap) thy Pyest BysHoRrd &es O beafgplomentation of
ent eﬁ%ﬁleﬂﬁ@@&er%ﬁl\éﬁ@%tuﬁ{ Br Gt ekl New LR NEWAsyE@AL, ¥ when

and enter 1 nto consuner domain in the near
futu&@@K@mHWHéeébﬂﬁﬁﬁﬁﬂﬁW%at|on and entertai nnment
services wll likely revolutionize the way users

enj oy and i nteract gictdGEODNDGF 208 WhviENT@eRN t he door
for many new and exciting services. Such serV|ces nay

i ncl ude st ereoscopic video broadcastln

wi del08dli ekys setias ipitendeq oo %@&F’W%& qr&aretﬁ’aﬁ%t % ifvention

r eqUInGEGs RRRGS 1ﬁ|the%%1ﬁlﬁs S’@h@d’e%crvﬁﬂl‘aﬁ BerehahAChQGAeSdohEptsaBal could
vary. For exanple, if a 3D display is

aut obestustied PBbIF 80t nepesparily @r@ thb DD PRIEVIOWLY (RBEFIY Sy
Spe C]‘)lﬁlueh eRg&efo uﬁLs@%ﬁEﬁv&@mﬁﬁﬁe&jh&Elﬁr\?ﬁ‘att iV 8D el B this

each eye. MNbreover, a P cou ort
seveﬁ@mmMEQMHWPOMb@td¢@p@ay@nasdd@Wﬁ&ﬁé@%@H&C%@n@Wbﬁnm

usercﬁﬁpah%%gpﬁ@£%@%§ﬂ@g¥&ﬁ%ﬁh?§&ﬁ&9'ng on the user's

| ocal e screen. This feature is
r ef ejopes] tWHhig:ch&adivamottsiimMi-dp(apza)lturamlchchsplaystechnologlcs three-

gzgre ﬁltgﬁsg(l)élzag(}gﬁ dg? g0 omunlﬁas ion af R erzfér?a%me% geri/ig&earresjpxa(ly
becoming a reality and will enter into consumer domain in the near future. 3D video
communication and entertainment services will likely revolutionize the way users
enjoy and interact with content and will open the door for many new and exciting
services. Such services may include stereoscopic video broadcasting, 3D-TV, and a
wide variety of others.
[0004] 3D-TV applications require special 3D displays whose characteristics can
vary. For example, if a 3D display is auto-stereoscopic, then users do not need to
wear any special lenses or glasses to see different views for each eye. Moreover, a 3D
display could support scveral views to be displayed simultaneously so that user can
see different views depending on the user’s location with respect to the screen. This

feature is referred to as head motion-parallax and is characterized as one of the most

real and immersive experience available for uscrs.
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WO 2008/ 047300 PCT/1B2007/ 054197 [0005] In order to
enabl e these types of applications, new paradi gns are

wo e@alossob for the representation, transn ssi OPCHIBR007/054197
rendering of 3D video content, which could be very
different fromtypical 2D video use-cases. Recently,
the Joint Video Team (JVT) of the I TU T/ VCEG and
| SO MPEG st andar di zati on groups undertook the effort
for a Multi-View Video Coding (MC) standard. MVC is
an encoding framework of nulti-view sequences which
I S p Ogﬁﬂéceﬂl ShdRE En B tfi]esg%@§ & pYRLERs, & r!acﬁgrﬂgare required

caneras capturing the sanme event
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t empor al . and t| al redundang)l es. Ther

mul t SORPATSRE W %a&bqrzﬁé:aptg??gj £ o ev e?t Oét? (rii?fereinplocations orbya

depeng8nedpasic 8Xipturigh BO0crl ¢l Wpﬁﬁatmb@&@ﬁdltmg MVC the user can
Unfortunately, inter-view dep er]{gy_n i.es betwee

pi ct HVSHGRR BBPISYE S PEBHH EX ey PH SBeY cO {Rpjesents a three

par aihRhdiGR sSsdiged Spe. VT](’ee;%n&g)Eé(ﬁﬁéreﬂ_Jé%ﬁv ebeSNE\SC coder and
occur because two pictures at fferent views need

to,..
be d@@m@@ag&ﬁm@ F%ﬂeF . that y\&C ieyéplmésgﬁté{fylgwr?ﬂundancy, n agdltlon

probj,& dr]‘ﬁ Q% a%%rl&ﬁnﬁ%ﬁw@ AR S efoM) BT 1BulTBANY Vidensodied
to be ayeop si mul t aneously. To understand these

| s s uﬂmcturets, infr-wighpfenenderriesnist brév e PBIITTY system  t hat
\?\E’HH(%'] o @ gg@a}/el)g L RBLA% H%Joé(%ﬂcﬁéé BAR eenMGubb 88 serious

usi’ng t he ing structure
i I | ustinipadsiigt prqblﬁagand@a‘ﬁl eliarm ieudeto atvidederide Bhqse spugs @ccur

" VI ;Wl_cwse i{/o P1ﬁ%1re§: g}ldl% S VleWﬁ ﬁe@& *o%tdec(g & s%&%tﬁil? IThs is

oral 1 nstant
dec 0&961:151]yr;ﬁ<5bleﬂﬂttcff01t ?rID -§Vatse-aatey méi,eretrtmly(ym“gp ngedytothg displayed

di spl.ay t same i erv v
naves PHERE R e PORAAG ERg s FAEHEP chAEF A DoV sysem
r eguiharis ‘sﬁhﬁ:ﬁ%eﬂ&ﬂ@&@ﬁlaylnﬁwwlém uxgmwhmviiewsi ependk@ntsing the
decoder s runni n erent Il{)(Iejr%tfor

avai ?Oélﬁlgétmf}BIFH é‘&rﬁ é“r g dd PiUR 9¢ %d%%%&ur? Dopigylat

a regiylighph) MR ahSIsERAEH “ViERe)” Sittclsaint ampged tswor heuld be

as thé nunber of views sup orted b h 3tD di. svgs a ame fime

i ncrdagada. ﬁrStQWIF}é‘ikftSISV“CtFﬁﬂet ponfy & azw%y E RIS ﬁﬂ?&‘f’

Whi ¢y £ @Brefirs RIVRYheldOodeh BNGInG ithd LifnddReeSthin a RB6lal $idal decoder.

of the views depend on each other, then the decoder

run Boo though&wé mderandent decoders running on ditferent platiorms might be
available, both decoders need to run twice as fast as a regular 2D video decoder. The
situation gets worse as the number of views supported by the 3D display incrcascs.
Currently, there are commercial displays which can display 100 views
simultaneously, and if all of the views depend on each other, then the decoder must
run 100 times faster.

[0007] In light of the above, it is clear that parallel decoding of separate views is a

crucial requircment for 3D-TV systems. One solution for increasing the parallelism is
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[0007] In light of the above, it is clear that
paral l el decoding of separate views is a crucia
wo e@alsBent for 3D TV systens. One sol ution fRECT/AB2007/054197
increasing the parallelismis -2 WO 2008/ 047300
PCT/ 1 B2007/ 054197 to code each view i ndependently.
However, it has been | earned that this kind of
simul casting approach results in a significant penalty
in coding efficiency which is not desirable. [0008]
It would therefore be desirable to develop a system
and I i ] .| [ ; 3
Separ e i gL ol ARG AR RE ST sy ﬁ%?f%g;?% {8 kind o
whi | emplotstisg kfreedch gesiitoim atshenifeconti negal sfif icediegieljiciengyinglkich is not
descfggﬁﬂzabove. SUMVARY OF THE | NVENTI ON [ 0009]
Var i 0Us"eHbodi ments of the present invention provide a
syst pnvgndt wetll detreffe be éexdfablie ngdqyaloa lalsgdterd enbethod for

inplementatjon for different views, even wth exi
depeENREEEe B@f‘@‘é dreoding ?’ep‘T"i#esV"i"Wés t‘é{:ﬁ? gy et 59 afd b8k
encogistaghs wWhavsotwuiffrinpeftdnathe codiog sffic@hept issusoddsbrdtted abgve.
macrobl ock in a certain viewis allowed to depend only

on reconstruction %ﬁhg f 'ﬁH?f@& ﬁT cr obl ocks
in other views. The € ggygﬁc@conslra?n %ﬁ?hat i ncl ude

i nformati on about which MBs that coul d be referenced
in @06t hevarishewnlrdmkmosithbptienbipyention dwvidgnadgystem and method

decoder, ., ei t her, becayse the constr aj. s
pre- %é?r}ahglag %afalgepgencgflleé plre]m{s%t%tlchl f{orS ?1?%%% \ﬁ%sﬁsé even with existing
macr gpbiekcickcayechetane Thiswoachieveivsy amodiag siewbwith certain
signal ed to the decoder. The delay.can he sign

Che GAREIR e FHECBEHE CORAE FATRE Y B Bapp g o on

I Nt Oor na n.
W t hyebdHsEudtioh @A10@E dfaRubdehss rekeedthickginafther nizes o Thoalkcsding

different views can happen sinul.taneausl th are.
not sesrEREREFHgCIGErBpHE b pr T Wi Qo] raTeberrdin
encogi N ¢ieNStd 18loWhDothl dnddder hidaidCodef, fefihd dewmenthe constraints

codi ng efficiency, parallelismand conp|exi an be
r eal irg pre-definedrorsimalef b Fesigeam. dhe {nﬁ%rolblpé%%%ety etween two

| nvepti ons, 18 g%g%léd AN desaderrse §04y @hbt elzpNtd MiteMEme time

can run in parallel so that the delay involved in
out pastthé erherpoutigme informapiey uvdtl _thlf @@Igl}atl% thegigeoding of

embodl ENL S %%&ﬁ%ﬁ%&@@%&%ﬁpﬂm lsBnftfabidots19Ms 1RAtak ORY referencing

coders for e notl on vectors anong Vi ews

usi neach hénepdf al ¢rebdoy sigedo thalsheodyig cggstl(ap%};erta(i;rb%@@mffs between
R E L PRSI s e qoromen
PDS afthapgenentertiangebcotiak endddcopus i Biffraphyiges cagan frgparallel
the so that the delay involved in outputting pictures is reduced.

[0010] Various embodiments also provide for more cfficient entropy coders for
coding the motion vectors among views using the parallelly decodable slice (PDS)
concept discussed herein. This is accomplished taking advantage of the fact that (1)
motion vectors in a PDS arrangement cannot take all possible valucs due to the
restriction of the reference area, and (2) the statistical properties of horizontal and
vertical components of motion vectors are inter-related in PDS.

[0011] These and other advantages and features of the invention, together with the

organization and manner of operation thereof, will become apparent from the
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restriction of the reference area, and (2) the
statistical properties of horizontal and verti cal

W@ vpossmi s of notion vectors are inter-rel at eRCT/IB2PDRIS4197
[0011] These and ot her advantages and features of the
i nvention, together the organization and manner of
operation thereof, will becone apparent fromthe -3 WO
2008/ 047300 PCT/1B2007/ 054197 follow ng detail ed
descri ption when taken in conjunction with the
acconpanyi ng draw ngs, wherein |like el enents have

like L . £ AW .
B
[ 00 1@hwisiggwhereln lile demapylase hkatinemlothrarghon therneyeor arawings

san'p |ct|on chain for two views of a picture in
dﬁwﬁ’ﬁgg Chse; [0013] Figure 2 is an overview

d| agram of a systemw thin which various enbodi nments
of the present i BRéBE DEACRERTION OpHEARRAWINGF0014]
Figure 3 is a representation show ng how an enbodi nent

of t @E %2 F: 1id eﬂ%?&%n%oh 8rd E@lb%ﬂ&l%%%l%%éalcao@ Briin for

macr ween two views Figure 4
i's atwroemme‘mtpmtmrom shidviiVhgseaassanpl e decod| ng process

for fp Py ! 'P”glr san%wesﬁe“% é{&r&g@'asyrgtgﬁ mﬁ h[@g

Fi gu repr esentati o I ng
oper«aﬁbodnnemts (ﬁcbmrdﬂ:nt:levenmm tmaabpamnlq:mmt@l; errbodl ment

of t ent .i.nvention Fi gure 6
e or DLt FRRBH: T EPie b AR e Od Snulrierf otung pregent
E ggllgséﬂudh ngmpealcaet) \nlgn ammmmdblcd:kpllekay betvween tﬁ{ogwm 5
e 7.is an illustration sh
of sUBIYi %égurf:ﬁesearrﬁgweaw%lﬂﬂ SRS g 4 ﬁ%?l%%%fﬁ%“ i ihe
of Va(f 1&5@taﬁaba@bléf@d1ﬁm@fre3he pr esent invention;
[0019]0 ure 8.is an illust 1.0 Do how paddi n
my DBV e Attt wREspHEon LS B DoAY BF BUTHER ghiceortance
| SSUERN 9?:Bh&hﬁ%xﬂb@dﬁleﬁ%ﬁngpres[egﬁgoantlgh gure 9 is an
illustration of how coding efficiency can he affectgtgthe

t hr olgH7] tﬂi@rPﬁ“pﬂ%WéW?e@ﬁ“@ﬁSWI%ﬂ‘%e W HRERtsE W
the gy %ﬁlobﬂl\@ﬂ%‘r&@h d&ﬂ?&&% Fuse 10 is a

perspec ive Vview an el ectronic device that can be
used(0DH8] tMegure Apd arBptratiprothontnattheelfcoefsHb-PixsliBlstRogion

during the implementation of various embodiments of the present inv ention;

[0019] Figure 8 is an illustration showing how padding may be used to address the
sub-pixel interpolation issues depicted in Figure 7;

[0020] Figure 9 is an illustration of how coding efficicncy can be affected through
the implementation of various embodiments of the present invention;

[0021] Figure 10 is a perspective view of an electronic device that can be used in
the implementation of the present invention;

[0022] Figure 11 is a schematic representation of the circuitry of the electronic
device of Figure 10; and

[6023] Figure 12 is 2 representation of a reference area showing the ranges for
horizontal and vertical components of motion vectors when the parallel decoding of

views 1s permitted.
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[0022] Figure 11 is a schematic representation of the
circuitry of the electronic device of Figure 10; and

WO 0088}7360 gure 12 is a representation of a refRCHIR2007/054197
area showing the ranges , )r horizontal and verti cal
conmponents of notion vectors when the parallel &coy
views is permtted. -4 WO 2008/ 047300
PCT/ 1 B2007/ 054197 DETAI LED DESCRI PTI ON OF VARI QUS
EMBODI MENTS [ 0024] Various enbodinents of the present
[ nvelnltl Ion provi de a system and nethod for enabling
paral | el degpday jHBIRRERAADNGF Lol IBUS BB IMERHS
even wth existing ependencwdgs%&l%nﬁélﬁg%%%ﬁ?’s
I's achi eved by encoding views with certain
constPIntéarisbs embadimenys ofeles BICBCRYINHOR PRORIdE Aisystem ayg method
Is ablQ ARPERIIQ TR B i
s oI T B R g stng
c onsdapaidetgest Hetween niswgd & his i ashisned rengerbug vigws wih pggin
that _coul d be.referen ' er., Mi
pot HeBy) it St af AT » ARk IRy KA 6 Ry on
g onsieta@isthision auleesprfe-soeti ofethcoblwkygnalted viewst Fee encoding

itstream With this.informtiaon, .t e [ -

rcr BB GERS el e Bk it M SEE QTS Rerenced n
Slt Huirb&?ffaﬂaﬁ laye, knagvnlbh‘&n)by&ha)dﬂoindrdeécﬁfce rithan @pecagsecthe constraints
ot her. n encoder signals the codi. consty ai nt
cer tF Aretdelnel ot eisd U A'sTeamy RGTarp iU PEIREyT hedeoding of
par ahh@bi1sdks aNEl freRAPHEN dait heten Bignulte@dou @ chs tcd@RG]ot referencing
Figure 2 shows a generic nultinedia communi cati ons
syst eeh per. JEan ¢iepder sigpals te SRLOAEI AR So fTta radgifs fetween

be nQlied drfi@incy 3Rrdt B SRESMPRKRY Ban 1 rbiled.r eam to be
decoded can be received froma renote device Ioca‘t ed

wi t hiOA23li ritige P yhaarhye goppes BRIUMEE RRMRUNIAHUIE FY5H] 10§ Use with
the &EF%EJ@@EI&% B&NHEEBL NG fEOM diQ&&ed RakANAbi®s1@Hm to be

sof t wa oul d al'so be understood that, although
t ext deandtdenabplees vasiohtrak rebte dryvicsilerarpdyVidgedrtralyany gype of

descr be a&dﬁ@i%ﬁﬁ%n%e B3GRt Q{ﬁcé&d' A& 1 HaPRvaRE b

laﬁtwork.
woul d” " readi ndérstand t hat e same concepts and
pri naifplags Indyuldlatso bappdeystead thitealtheeghrte poh efamples contained

Gecofl 9., RSSTRA1HSpUALy ASRE Ly Ao

i N apadipnalegtndihachpsassedcgisghd atinciges Dangsewpbdo the

GO LR Shank.camtalon of theee Tormis,

medi @026] As shown in Figure 2, a data source 100 provides a source signal in an
analog, uncompressed digital, or compressed digital format, or any combination of
these formats. An encoder 110 encodes the source signal into a coded media
bitstream. The encoder 110 may be capable of encoding more than one media type,
such as audio and video, or more than one encoder 110 may be required to code
different media types of the source signal. The encoder 110 may also get
synthetically produced input, such as graphics and text, or it may be capable of
producing coded bitstreams of synthetic media. In the following, only processing of
one coded media bitstream of one media type is considered to simplify the

description. It should be noted. however, that typically real-time broadcast services

comprise several strcams (typically at least one audio, video and text sub-titling
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bi tstream The encoder 110 may be capabl e of encoding

nore than one nedia type, such as audio and video, or
WOorere/os3en one encoder 110 may be required to BPOOEB2007/054197

di fferent nedia types of the source signal. The

encoder 110 may al so get synthetically produced

i nput, such as graphics and text, or it may be capable

of producing coded bitstreams of synthetic nmedia. In

the follow ng, only processing of one coded nedia

bi t stream of one nedia type IS consideLed to Slnﬁ|lfy

t he escy i on, . It shouyl d not ed owever, that

typlchT JE u@i#Q%BPBEE $m§3¥@?H@%”mE@ﬁﬁWPé@wo¢ﬂSbu“ﬂ

severtad foQbWﬁ@mily(dny Rh&abi M 08¢ cdnSiasred RNGmAY R deVdrP8On without a

and text sub-titling -5 WO 2008/ 047300

PCT/ 8306 #F 197 streanm). It should al so be noted

t hat [0092) SYW8E eMeamEdiansbiida 1st§fbﬁqg§5t%ra§p 0. 1The stol?eﬁgc 120

followi ng only one encoder 110 is consider

si mpI"FPYFOMRESCHEY dYRet maps MEmoTs i stare thﬁa%)ldefblfnedla bltstream The

genertghiat ¥ thé 8RR Laem%n&%lﬁlqn CL'tcﬁa%& 158 Ll ?%5165 glementary self-

transferred to a storage 1 orage

conpePEainetyitsirogye f(@mattals@leme morgcoded sxtedja eumeme malg te

medi f,

bi t St%rrlée%ggr‘}?%t%]@l?ﬁlea c-sgngi}naeggfcﬁgmg g/s‘t%n% Oéjera llve A % g 0>r/n1t storage and

sel f tragsdevtcadadadedm lm@trpzemﬁmﬁmherrmcpdann 1@meeoﬂy tanhe eendé)dBd The

AR o R T

an d serv@ansf aemeed baked Thedmalabustes tin ha mﬁmmdghﬁa}aﬁet‘a@d @RJmentary

110 d| sgen nder The_ coded nedi a

o1 ¢ 504 Bl RSNt B SRS Eddie voorespde media

r ef ebitdarhomagbé O apsaRiedeiito a@bnta@inBe@e. PRSnSodef MED, the storage

for % in th% transm ssi on may. be an elenentary

%ﬁgﬁ RS

sel f1 &R PO AR fhgsamg Pbﬁé‘t@b‘t‘evsqeroéﬁﬁt'may be

f or matiud@l inQBRIrAE ddies THedRchdBEAivand Binkist 36 3E otg@rﬁte%th live
encapsul ated into a container file. The encodér 0,

t he Sploimgeontenson whish casqdhessoferbmedia bltiﬁ@?m negpigaly rn)t stheed
SaMepRRYSna &l bul BVHef Buf@ired @?Mnmenkags of1 ed g g ](_)g%nt encoder 110

separate devices. The encoder 110 and sen
oper AT i R sendgiel 3 Orte gnoqth met V@cm@mn prpwsm dfteye as@fer delay,

the gRdsg-dedidnRid.streamis typically not stored
permanent|y, but rather buffered for small periods of

t i mel0p381t hidesenter hi0 S@h@ddfetrodm@ledlahmtwamlmmglaeomemdeatmn

(o 9r Tar G, PRk B AR o RO R T8 Trmepor

sendiptot QR EBK WscrtlPetagraal Ed)tcmedtitﬁblb; argitinteam Risiond (EP). When

Commpéo(}%{’nimqgation protocol stack is packet-oriented, the sender 130 encapsulates the
coded media bitstream into packets. For example, when RTP is used, the sender 130
encapsulates the coded media bitstream into RTP packets according to an RTP
payload format. Typically, each media type has a dedicated RTP payload format, It
should be again noted that a system may contain more than one sender 130, but for
the sake of simplicity, the following description only considers one sender 130,
[0025] The sender 130 may or may not be connected to a gateway 140 through a
communication network. The gateway 140 may perform different types of functions,

such as translation of a packet stream according to one communication protocol stack
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protocol stack. The stack may include but is not
limted to Real -Tine Transport Protocol (RTP), User

wd2a0ag4s00 Prot ocol (UDP), and Internet ProtocoPCI/iB2P07/054197

When the communi cation protocol stack is

packet -oriented, the sender 130 encapsul ates the

coded nedia bitstreaminto packets. For exanple, when
RTP is used, the sender 130 encapsul ates the coded
medi a bitstreaminto RTP packets according to an RTP

payl oad format. Typically, each nedia type has a

dedi cat e RTP payl oad for shou be agai n

not e 1R %'{ AP R Bt GG S0 i B Gihiigpms. and

130, nﬁﬁipulfaﬁén stk sobard bemeldigd bYhe dd@sﬁlllﬁl@bﬂmr%wer capabilitics,
descrlptlon only considers one sender 130. [0029] The

sendaichpsgontlrgihghiy ekt thsdopsiied sirean poRingde eigiling

140 Hbmyﬁhleavo&@ammhgama%wg%mamysThl@lrg%@wlp%ﬂl@
may performdifferent tl)j/@es of functions. such as

t r ansoericeng contred upbRECUDt gagaarhyabe bpeli drguit-ewisehed and packet-

i f BhAEObuhLiBEkK 07 AR FRO0 P 1
PC#?F‘%%%?>%§%%§% 8?@ %n&t ero%onnun%gg§¢8% pr ot ogg@muamm
st acky digiml gidagbmadtastonkianghesf (COER-H) systaszner, seatog boxes that
mani Ry Qrdlb?oadggst ﬁ'j% %Bé'tokf%@&l@% B&Q%}Q%elte% JeWor%OVW{nénn[ETP 18

and/ O "Fecelver capapilitl es, ~such as contro ing t
b| t onatigthopatthey Mﬁ ismaltbd an R liPeninecand octd hnap dndpoint of an RTP
prevallln% downl i nk network conditions. Exanpl es of
gate 20 include mul tipoint conference contro

uni t oGMCUSHG sygrainéitayes bed waede ictictts t SG wpiahedapahld of

packet-. s ched vi deo teI e P sh t.o-t al k, over
or | T PEr oo ey YR BAR I oF ARt 0ed ] Bgoded

Vi degclih pasdeast Mg chia dhiglathifEddBr iklypsotBY gitBess@ further by a
set - top boxes that forward broadcast t rana}m SSi

| oc aPapderd ORoHeSHP 1B S TS FRET K OMpFesd @f asgea%ﬁs}ana“%

the gatgwayoldl éblﬁo&@le bRAinadnpRERedin¥@h stBdaths #6ths 1asdspéhker or a
endpoi nt of an connection. [0030] The system

i ncl digelsy. dvreexamplor be feegEinap, sieiCSjGr 1§ b‘idcrﬁlllqeyeré%%%es‘de 1
of  [RGEhY| rcaldc%vfwg%@;t hlibe ﬁ@l@déﬂﬁn%&ﬁﬁ#ﬁ@ @videg the
transmtte I gn Into coded nedia bitstream The
code0atdi %pabqbthsx méams|o§ btngam eeepdipe prraledyedndiniftengsize is a
by a t i
oot B2 AR, TRV i SR CEIRE, Tprery
may despaldduceddrhecameo hpmtetg@@ duated n@sgﬁlnémltmtﬁkdlwlay

| oud K
150, “aanbeptyed; kB okt B SRR LSoedlR L R e

same[(obysi Cahmd@vitoe dovicds lmé;hemmselhmwenmﬂmdadcqnnnumcate using

sepay efargo%s rgl}/slmlseslsbn technologies including, but not limited to, Code Division

Multiplc Access (CDMA), Global System for Mobile Communications (GSM),
Universal Mobile Telecommunications System (UMTS), Time Division Multiple
Access (TDMA), Frequency Division Multiple Access (FDMA), Transmission
Control Protocol/Internet Protocol (TCP/IP), Short Messaging Service (SMS},
Multimedia Messaging Service (MMS), e-mail, Instant Messaging Service (IMS),
Bluetooth, IEEE 802.11, etc. A communication device may communicate using
various media including, but not limited to, radio, infrared, laser, cable connection,

and the like. The communication devices may be located in a mode of transportation
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[0031] Scalability in terns of bitrate, decoding
conplexity, and picture size is a desirable property
wo oroslog13er ogeneous and error prone environnent BCT/IBR067/054197

property is desirable in order to counter limtations
such as constraints on bit rate, display resolution,

net wor k t hroughput, and conputational power in a

recei ving device. [0032] Communi cation devices of the
present invention may conmuni cate using various
transm ssi on technol ogi es including, but not limted

to, Code Division Miltiple Access d oba
Syst giflueitie W BPY lEniterifatisiRimobis ﬂc@@ma ta%‘?\\?e%‘é%f an airplane,

Mobi | g;.Jal eaampiplicakd ons System (UMTS), Tinme Division
NMItlpIe ‘Access” ( TDMA), Frequency Division Miltiple

éc cesH3BIFDRythe i agigi ehvangpysdinmengy Qfé}eﬂ PTFWﬂ@FY\f’é‘PO“ it
r Ot
%%%!ﬂﬁ(l-{gaénss@zri t%étb%gs%rﬁ/%gﬁ?]%kggd %1%% | Higt rae nJ ; two frames

I\/bs S leuew~(Bindé\f19\®tlrﬁre t(EEEtOS@Zquoﬁed and Vigy- é omipedtiiagTs as a
devi Cfer IR Egm{?{) Caﬁ% %h%&%g?igg 0 hopgouﬁrcfgfir@o dy a1‘ter the decoding

i ncl udi ng,” rare
cabl ef ¥ennAkitisiboen, conghded dnd ifs |récenstr'ﬁht$0rcl@ availlableatfi thmdecodmg,
devi ces 4% be located in a node of transportation -
WO 2008/f@Aigod PETeB 007Tu@8d TorsPeEtie Yy &1€ﬁ§he tB@{ d%%mg time
limted to, an autonohile, a truck, a ta
boat Would b, ﬁﬂvbﬂaﬁ@m“eﬁfﬁﬁéV%FgulBWHEF6WE%§F ’e%wgmse““tOhmm
[003&%)595d§§e i npl enent ati on of various enbodlnents

e present invention, it is helpful to consider
the f09p4leskmilid dgndidepf vat'es115|anh1€\regdeém3tmg the Rifgyercg agsa that

two fr gmacro ld V%Ie\ léaan% \Q%}F)?Agﬁyeggg{a@%bfogksk%ﬁ View-1 can

decode uses as a reference.
Conv erlty kefm:hdewn atdaén Memoeditngis obvevidawy-the colocded magrpblock and
only after the decodin e t
ond” PegoRaebEe TR PR Y 6% ol Fi P Pl o GETRGEL B
ti rTErrfa&f)bthl&Wl&aﬁdS\dOW) &vwWlewal eanhot raf&di-nte ﬂhe shaded area in Vlew 0.
respectlve , then he t a codjn

o i poile Sl e Gldlrerier aieh pikucelton By i aone
t he FR&OHILEESIBXh Shtwletn tmawa,odemo decoders. [00341
Paral | el decodi ng of vi s achieved by limti %V(Epwmdnl

r ef etlAdle Hews 4ipResents ol e Ie5RTIBE RIOFESS ré}iﬁtlwo A

use. plolret3NiThe QX RARIgGroFRCHH LML B Snd sfécéﬂdev\i\évﬂs sG] sm@.ﬂﬂat{eous
reference an area in View0 that is covere

co- | acdepisttdratioirocRw-dhand HRdFB I eEits Htecqﬁmqy Wgofa@@.m at
to t e §Qih AeataedadreasQbkrkore frRNViGKAMRERler AdMBics View-1 decoder

that available reference area for MB(0,0) of View-1 is available in the reference
memory. While the decoding of MB(0,0) of View-0 is being performed, the View-1
decoder can either enter into WAIT state (as dcpicted at 415), or perform a decoding
operation that does not require to access the reference area, such as parsing the
bitstream. Once the View-0 dccoder decodes the MB(0,0) at 410 and makes the
reconstructed macroblock rcady in the memory at 412, the View-1 decoder is notified
at 425. Once notified, the View-1 decoder can decode MB(0,0), as it does not
reference any arca in view-0 that is not yet available. (It should be noted that, if the
MB(0,0) of View-1 is intra coded, then the decoding operation could start before the

View-1 decoder receives a notification that MB(0,0) of View-0 is reconstructed and
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macr obl ock at location (2,2) in View1 cannot

reference the shaded area in View0. 1In this
w@arosiogsb@ar exanpl e, two decoders for each vi eRCTERIOUIFI197

in parallel, with a one nmacrobl ock delay in between

the decoders. [00351 Figure 4 presents in detail the

decodi ng process for the two views depicted in Figure

3. The decodi ng process for the first and second views

starts simultaneously, as depicted at 400 (for

Vi ew-0) and 405 (for View1l). The decodi ng of MB(O, 0)

at the View | decoder does not start re. the

Ui ewsOniabE duHh Hi Prres R T gt ddad R&E(ﬁé& ma\l?faw Lo be

r ef eggidas dpemlbioss iNBCAeDdt 400 infiiewe 3. The RWaI-b akdoBeriufdates the

the reference nenory. Wile the decodln of MB

of VIMEWOD Wih BErsHnyBEHY Yl trpmeM(olony e e &rle%% fecoder

ei t h%n{gﬁ%?f’he 'dQcto‘aln\Q%lfI/IEﬁb ap. el"k(eaﬁleg@pde@&%g i cithdByait Blbe
per f or decodi ng” operation that does not require to

ac cesstifidddyrlef Bicwnlcdecades s deriethd afst3pairdl gag cermue to decode

bi t st

ot 10 A B R oy

i n t hpdanegroeyefatendelga. tThe Wevedvdecadeontificationribyt itfe dedoding

at 425. e t.h a

VB( Opli?)cesO%ore\dg{:bdda has lgjée{l corgpelgtlcg g’l:]rg%rgs%g@g g{ 464‘;) ﬁ“}}lﬁ?}&&%@s ds then

t hat rdpsatéfor yetneﬂ\mackc&)ﬂﬂok an(( itﬂasallneulnmhctmblonhi Edletdawry

if ot Vi ew-.1 ntr ode

decolltAg oparleaeatast it B oPe P! O Spbr fion of two

decodelodére a8jovseisic.alnMath & paald ﬁﬁplérhattatMB,(tﬁe }al décodingwint

is reconstructed and -8 WD 2008/ 047300

PCT/ FB2607/ 054197 available). Wth this system

MB(0,.1) Jiin, Vi e w1 could be

decod® lddﬁyo‘ Wﬁ' ggdwg&%ﬁgéé{eég%f 430 in Figure 4.

The Y6osvy OIndEl@ QE\tiohlPRAY e et is mlm’tﬁﬁqspdnttd?mtﬁlfge“or the initial

reconstruction val ues ron1NB 0,1 f

Vi ewipeiglogeyto be S?Fﬁrifé{ e‘%”ﬁth@ b 15 fbﬁ(‘a“eo*}m Fhie

Vi el 4eeRE85r Kcliofthé BRbAME ﬁtﬂc(ﬂe&ﬂlngl”tﬂTeh&ll eatrdWock hedifferent
View 1 decoder, as depicted at 435, it c

n
to deiewd éake%@ggr@@ltlﬁ@munﬁé)é HEBA tbiq&otlégﬁﬁco e(r%lixeggltrhgmt I‘or ea(,?l other

refe Pl?iﬂ?ccﬁ’[eh We&lt‘ir%ﬂ?@rs%ﬁﬁﬁcmfaﬁl@ﬁnt o\f‘fsytd&%hlzatmdﬁteﬂhezgl th&idition,
ref erence area View 1 decoder's notification_that

the déwodh pychignignedstvicsr doypias Opy hagmplsdpr coppaEhEgrtures, i
is 1 gcﬁfl&ﬁ@i\ﬁféﬁa B for daitSin REREERRed. St WHRM theF2hEBE €d
the ne cr Cr)%a[

for ock and subsequent nmacrobl ocks as
neces@xanb,ag%ﬁ@(ﬂﬁ@]ve fisvengynehreniprtive@smtep fremedut Wismogldragso

4, I’QD &ﬂﬂ? {%;J\rglllehsxqp IO%%&%%&{O%” tQﬁrle 1M1 dARARARIR vieVs is large
possi such a para enentation, the total
decolichy dveread is large) coding cfﬁc1ency of the system would increase because of
the increased area available for referencing.
[0038] In the process depicted in Figure 4, only a one-MB delay between two views
is discussed. It should be noted that it is possible to have a larger dclay, although this
would hinder the parallelism while, at the same time, increasing the coding efficiency,
as there would be a larger reference area available for cach macroblock in View-1.

Thus, the macroblock delay between two views could be signaled in the bitstream

rather than having it pre-defined.



equal s: -co + del ay-overhead +

synchroni zati on-overhead [0037] In this equation,
waledoaw4sver head is the tinme spent waiting for PEEIB2007/054197

initial nmacrobl ock(s) to be decoded. synchronization

overhead is the tinme spent in the WAIT states for

both of the decoders. |If the decoding of each

macrobl ock at different views takes different anmounts

of time, then both decoders need to wait for each

other quite often, resulting in a significant anDunt

of Sﬁmfhronlzatlon overhead. In_ addition, alth

syncHiU8¥i Zindghbelithedasien sertains dissyssedaroyppaiax @Fments can be

cert gifhe@sS M th AEh M (BSavallible Fedtbiite RRa GbH b€ RAQBMISHRLTH Garticular,
for certain architectures. It would therefore be

advandsablesiusize andpdseinftisludelay gancieruses to andiente plIpelt gzoyeg initial
fra ela@%s Jawaf@ﬂé &lzaﬁléb‘%@re dr Qﬁx%ak&ﬁalﬁﬁfe@édsﬁﬁdtéﬁkarmes
anot her” |n|t|a ay between views I s
| ar gérom(adet @fyn@véﬂdvéadlai &e glamgesyng ho dilloynefdghatioancy of
th i f

e gyst GO pgs In06[ 8a5e Pﬁﬁﬁé{ﬁ@%& bkjcm%ej NEELASEsize 1

area avai erencin he process

depi tH0del i A prialeldecager mlle}neata@ﬁ@cmsq efsalopletsize dHommgson to
vi e oAt pdrlexhdiple, 11
pos:? (%§ngﬁ§yé§§q %%%gﬁggﬂ%gmgﬁgﬁgﬁoughath|gex %etle

hi ndempihdéecpdinaproedsh gmsumd @1 Fla'ureﬂhﬁn@mes wreyiews at every

i ncr eaSI ?ckt r\}v%lc%%géarr}sgthg e is Bie. t %r s \@Qg%lddﬁ’% i@ used

| ar g&f T efer ence ‘ar ea av: ¥or “Bac ock ‘i n

Vi ewbyla dechtiarso déchie mimmmylpds: Iblcd:kk ayls b ma\lmsemmtmwr vf mwgoblocks

coul d. be. si gnal ed | e bits m ath

e b B EER S P BBt D el P R Y view
[ 0039é|foﬂe laled:ddgﬁtcaﬁ)ﬁegnh eFd eisd gameplenkbistrated trSFlgmrﬁ eudsed
above ghax el ements can be defined so as to define
t he @#amﬁ glay &ler ence area for each macrobl ock. In
part jgayljaryhe HUSyiRE SekaxShAebeanel Pdspletichi cak etBbdseatan the
be used to indicate a block size and initial delay,

r espREIBVSAOThe avail abl e reference area contains
reconstruction sanples froma |list of macrobl ocks

that are given using the follow ng equation: (-1, j],
where | (pds_initial _delay (nbAddr /

pds__ block _Size)) *pds_block size - 1 100401 A

paral | el decoder inplenentation can use pds_bl ock_size
information to decide how frequently it needs to
synchroni ze between views. For exanple, the sanple
decodi ng process illustrated on Figure 4 synchroni zes
two views at every
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macr obl ock, which neans that pds_bl ock_size is one.

The

pds_initial

_delay is used by a decoder to decide

whowsowrsyo pds bl ocks (pds_bl ock is a nunber of PCT/IB2007/054197

macr

obl ocks of

to be nade avail able by the reference view before

decodi ng can begi n.
Fi gure 4,

foll

enbodi nent of the
2008/-047300_PCT/ | B2007/ 054197

For the exanple illustrat
the pds_initial _delay is 1. [0041
oW ng syntax may be used to inplenment one
present inventio -10 WO

ed in
The

-
~

m

its size given by pds_bl ock size) need

1.C.
Y

A SRR ST wemump(ﬂm

| ep]

ext €

|f(\'

n

sl e
S e
L 3
1 S

G
(
\

_.,,-_.
N~ 3

IIJI DCoUT1
Idr\\
u("10)

@D
Q@ 1

) bescriptor
+)
1

“if(sve_mve Jlag = ,.1\} 4
1T VI ew

a

J

pi Cc

FeW RV EE e
ftag Zwig 1) }EISE{ stice headerO

u(10)

i f (pds_pahaRELR g PT €SENT _fTag[ vi ew_ i d]

u(l)

fi xed_pdsisdfior all

sequence flag[view id]

pds

par avidegrsié)) }else if ( dependency id

&

ity!level 0) if ( nal ref ide |- Q

el

/

qual
pi e

el ch
A ||-v-lch

n&kw4#5®rﬂa@M%c Wﬂ%

[7)]

C -+
(¢ o]
)

(D

21)
heac

fl ad(P%ﬂ(arnF‘“Wtemk f"%wﬂ F%g% nal unit

S paramelens! } .

—

L)
IC C)\lCll’blU\) Z 1

i3
J

@ P

Y}
A

)

) else §{

if (dependency id == 0 && quality level == 0)

if (nal ref idc != 0){

key pic_flag

u(l)

if ( key pic flag && nal unit type != 21)

Dec ref pic marking base()

}

} else {

slice header in scalable extension{ )

if( slice type != PR)

slice data in scalable extension{)

Else {

If{ fragmented flag == 1) {

if( fragment order == 0)

NumBytesInPRF = 0

while( entropy coding mode_flag && !byte aligned( ) )

cabac_alignment_one_bit

3

f{1)

if (fragment_order 1 =0) {

while(rbtmp byte] NumBytesInPRF ] == 0x00

NumBytesInPRF--

NumBytesInPRF--

}

while{ more 1bsp_trailing data() )

rbtmp_byte[ NumBytesInPRF++ |

2(3 4

b(@&)

if( next palu_not belongs to_current PRF())

swap buffers( rbtmp _byte, rbsp_byte )

if ( fragmented flag==0 {]|
next nalu not belongs to current PRF ()

progressive_refinement slice data in scalable extension( )

2034

!

if ( fragmented flag==0 ||
next nalu not belongs to current PRF (1))

Rbsp slice trailing bits( )

1
L

-11-




slice data in scal able extension() 213 4 Esl e{

agnented flag =1~ { if( fragnent order == )
wWOl0oBY#380 NPRF = 0 codin node fla && !'b e al i grem(B2097/054197

whi |l e( entropy cabac alignnent one bit 2 f(I) if

(fragnment order !' = 0) { while(rbtnp byte[

NumByt esl nPRF ] _ = 0Ox00 NunBytesl nPRF-

NunByt esl nPRF-- whil e( nore rbsp trailing data(} }

rbtnmp byte[ NunBytesInPRF++ ] 2 1 3 1 4 b(8) if( next

nal u not belongs to current PRFO ) swap buffers( rbtnp

1f( fr

byt e,rbsp byte) - (fragnented flag 0-nextnalu not
bel OfgSLEBENlant PREO-}—progressive +efremrpht— Desiptr
ol i cle_ppualicy” decodable shice flag v = TE TS o a0 Y u(l)
L N e e N AR S
fra ITETTEGM ”'Ol i ngm muldvible &5 ARttt zdgp pngs 10 cur et
PRF stice derba;lcll LiROmiALd S 1ise ofi- L1 WO 20087047300
PCT/ BZOOst@;ﬁAalQZxay 68 Larmpet ers(){ C Descri for
paral I elily decodable slice flag u(1) if(parallelly ]
decadablFer(is]0j ice num multiyieEepfs( for_bsti@view] idkrhium nul ti vi ew
ref s_f or Jds dlogk sizeomjnpsdfor st )”1 [ pds_ bl ock size
i nusL—t};d?“SJ.i‘?i%”tﬁ detpy for Yol ni ¢ al _delay for—tist—OLi
seq parameter set mvc extension( ) | C Descriptor |
num views minus 1 ue(v)
for(i=0; i <= num views minus 1;i++) {
num multiview refs for list0{i] ue(v)
num multiview refs for listl[i] ue(v)
pds_parameters_present flagli] u(1)
if(pds parameters present flagli]==1) {
fixed pds for all sequence flagi] u(l)
if(fixed pds for all sequence flagfi]==1) {
pds parameters();
}
}
for(j = 0; j < num_multiview _refs for list0; j++} {
anchor reference view for list 0[i][j] u(10)
non anchor reference view for list O[i][j] u(10)
}
for(j = 0; j < num_multiview_refs_for list]; j++) {
anchor reference view for list 1[i}[j] u(10)
non anchor referencc view for list 1[i}{j] u(10)
| }
1 !

[0042]

having view_id equal to i utilize pds_parameters. If a pds_parameters_present_flag

In this syntax, a pds_parameters_present_flag equal to 1 indicates that slices

equals 0, then slices belonging to view_id equal to i are not

indicates that all slices belonging to v1ew__1d equal to i share the same
pds_parameters. The parallelly decodable_slice_flag indicates that the
interprediction is limited such that an un-deblocked reference is used for interview
arediction for the current slice, and macroblocks contain only samples from the
multiview reference that belong to their corresponding available_reference_area,
where available reference area include samples only from a group of macroblocks

that is defined for each of the macroblocks using the equation

-12-



For(i =0; i <= numnultiviewrefs for list 1 [view
id]; i++) { pdsblock size mnusl for list I[il pds

WO piogiogizoael ay for list 1 i } se aranmeter setPOWIB2007/054197

extension()f C Descriptor numviews mnus 1 ue(v)

for(i =0; i <= numviews minus 1; i+1-) numul tiview
refs for listo[ij ue(v) I numnultiviewrefs for
listl[i] I | ue(v) pds paraneters resent flag[i] u(l)

i f(pds paraneters resent fla [i] -- 1) { fixed ds for

al | segrence flag[i] u(l) if(fixed ds for all se

uence a i == for(j = 0; |, < num
mul t FbileWhses s(pfl“bfmtlargfl@y “{r / E\‘ﬁeﬂ?ﬁk(%’zg? )e*lpgiﬁ@@d‘fffléev\? l

for [doas] Opds] Mbcld.léllé)_)mmmnfoamﬁhO[‘l] slef eddmeetheipdwbioak size, in
list O[] < num nultiviewrefs

for Pﬁ“g‘?erflfmaqfﬁl‘?lofksafr%&ﬁﬁfn"rhé‘f“é‘?’ SAEensei W Sr 1 st

I[i] Fdis] inttial Qclay RPN h@tnogﬂpdeﬁh@é‘tﬁé BOC R € @aawcsr thd Sbiltiview
1[i]]j] u(10) ’100‘421” n this syntax, pd par anet er s

pres é«?ﬁ@rerfqeagﬁ léS&Qan%_BloFkﬁHGﬂB‘é‘P%’s fqrplit 1@1 PUiEd defingyithfy

Vi ews i dp, BAURIze FR the Mﬁlklb‘emeﬂ@%CQQB ROEL 6408 - initihl Belay for list 1{i]
pds__ pararreters present_flag equals O, then slices

bel ofefimegythe ody impli dplaydomthe meltivieay refarence 1 in list-1.
par ah}ﬂg{tj]lsy gﬂ ARl 88 Lo ikeEpt of‘how pfrallel decodlng Ofcratlon can be

fixe _sequence flag[i] equal
i ndi @n’amefysd whhperailﬂ er@bdlogsorbéiﬂofﬁgi ﬁ@uldcbemp@d/ﬂm ﬂ’@qmwm of the

to i share {h
. L FLBE ok Ea BB USHEA T pyyen gt
i nt eﬂquﬂceﬁmgtand) subkmxélumtiaxpehiti@u CWith hegardan adﬁptid@dﬁbdmkf@d itis

1oL ol 34480 05 Bt R PR Bl

f r omigth@kinmfilfer ¥ ivalizdded esherve ehethirakingeltdfags ms ddl’uefl transform and

o SRR 10, Rl 8D ! e, B IEL Sy,

gr OUQO&EarEV%Qﬁ&EJs @WeDetween two macroblocks, then decoded information from
neighboring macroblocks is required to filter the edges. This filtering process has to
be modified when it is used in conjunction with various embodiments of the present
invention. This is due to the fact that, at the time a macroblock is made available for
referencing by other views, all of its neighboring macroblocks might not have yet
been decoded. In such a case, the boundaries neighboring with macroblocks which
are not yet decoded cannot be filtered. There are a number of alternatives to address
this issue.
[0045] A first option to address the issue of not-yet decoded macroblocks involves
the use of unfiltered reconstruction for inter-view prediction. In this approach, a
decoder uses the unfiltered reference when performing inter-view prediction, but
regular referencing for temporal prediction. This eliminates the need for accessing
neighboring macroblocks. This approach is illustrated in Figure 3.
[0046] A sccond option to address around the issue of not-yet decoded macroblocks
involves the use of sliding deblocking. In this approach, before the macroblock is
madc available as a reference for other views, all of the boundaries except for the
right and bottom macroblock boundaries are filtered. This process is gencrally
depicted in Figure 5. Figure 6 shows the detailed implementation of this type of
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that is defined for each of the macrobl ocks using the
equation -12 WD 2008/ 047300 PCT/I1B2007/ 054197 (-1

W@ poosikpe | = (pds_initial delay + (nbAddr / pdeiBRoewds4197
size)) *pds block size -- 1 [00431 pds bl ock size
m nusl _for list _O[i] plus 1 defines the
pds_bl ock_size, in nunber of nmacrobl ocks, for the

mul tiview reference i in list-0.
pds_initial _dclay for list _O[i] defines the
pds_ initial _delay for the nultiviem; reference i in

list- pds bl ock s for list 1 [i] 1
def i H%‘é? {REPTBLR- t}w{s%fﬁlegliﬂg%ds gt dﬁw@eﬁm EWF it 4662t process
r ef engngeeidst dnd sl:doaa vibws R8s bifiufthRbusBe baWeph @¢d dt 660 (thr View-0)
1li] defines the g s_initial _delay for the multiview

1

r ef ephed® (foriVewilgt Affer s[tqgm’j_he Al 1§%6L¢§ppdleh@1rb%@$qt@y enters a WAIT

concepte a@BlJ‘QWh@@t‘h@'V'l&r!r 1@1@&999 i§'¢h tﬁ@%@ﬂs%b £3Ms, Qﬁe View-0
achi eved with certain encod |ng constraints, it should

be nétedertdssades He ME@B i G0 anh makesdhs woensevdiohinpmsehieck ready
of t Iﬂ'lethg ﬁl%gl%t}; at '6'112).’ eRt élqlnth@f\/flgwg b%efcﬁ@r RG] l"ﬁfz Elﬁ)tﬂe RfB(O 02 ﬁxcept

adapt’i ve I'ng and sub-pixel I nterpolation.
r egarfa th@oatdaxmnd \vxghtdmbhdwm thgreof. tOrics thinstcedpletrds the Niew-1

the Hec%éérﬂsf*n g%gb qﬁ‘cov utf@e%))détdg&q@m B(3H), while the

adap ockln S zed to reno
bl oc k/hfn:go aEntddélaiBb&ieS &wsxexdt rbqprdbﬂmks#—MBfﬁ A this 1nstance Before the

guan i,on | ocki n ter at es ed .
acrogé‘% Sﬂﬁgpnlgawﬁ pﬁgmn% %élrm: % eﬁ%V]mS Omgﬁéaxnﬂt
bet waais fovhenEew-ahlcoksto cbhh@mdiﬁediﬂ;e(ﬂmg of OIBI®R0). dﬁhls‘ wanng is
nei ghbori ng bl i S ui,red

dgoEPTHI A5t i G Db bEo s tieatis e pesiiepeen
it 1 orSiedd isereRhidn at 640N ThistpRocéais s re@aazadfomamxtof

the present invention. This is due to the(;act

at -t REOT e ST BIeBB BRSOk 8 N DALY S0 to e Bo0ve,an

ref epgRGiNGn It RLIEIdiNddeBIociahs offatioh SVhBRInGRRMdcRBoundaries are
macr obl ocks m ght not have yet been decoded. In such

a ca§lcred wishys upiaapmedscodst dHpoRating e ghheinginassabdocks other
whi ¢l @J otk fea t]ﬁ&c@ﬁg goxﬁ@ﬂ@ﬁénalpe% ih tHetoREBAm t&RRY Reoder.

are anu er o ernatives to address this issue.
[ 004947 f Artltd aysion emaddeesadid issesofinaey ¢t dgepdedmagrgploghsnvolves

dec ogur@ {Jﬁ?ﬁ{tﬁg }%cfgt%reh a%av Q%ith {hhse é)?ﬁ)%cfpfthe%]éa thﬁt%ﬁﬁa@roblock can

recons er view prediction
appra&ﬁhmealmwﬁwodew1uﬁ@®mﬂmauumﬁMMt@wewfﬂeﬂmﬁéﬁb@rmgm

\rNI;fe QF}gﬁﬁlg? :gféer Pﬂ%xl%ggatrg zr(i)l}oa cﬁ‘%rpr %96 81'%1% OJPBIJF] Q@:troaiclﬁ %&ﬁ%l?ore bse used in

t he aﬁ@dmﬁmfwﬂbdﬁﬂﬁ;mgkmhmgghbamhngmma@T@MVQcks Thi s

appr PO%SE& §u | 1|31!<e ?ﬁtgrapglggonl i pe'::rf(%meg for blocks whose motion vector has
fractional pixel accuracy. In the H.264/AVC standard, motion vectors may have
integer, half-pixel or quarter-pixel accuracies. The half-pixel samples are obtained by
using a 6-tap FIR filter, and quarter-pixel samples are obtained by bilinear filteting
using the two nearest samples at half or integer pixel positions. The effect of sub-
pixel interpolation in terms of different embodiments of the present invention can be
understood in view of the depiction in Figure 3. In figure 3, the macroblock at

location (2,2), might reference an area in View-1, where it lies within the available

area (indicated as white), but still requires pixels from an unavailable area of the

14-



10046] A second option to address around the issue of

not - yet decoded macrobl ocks ins u the use of sliding
waled@Boeiddng. | n this approach, before the nacrpOl/BMK07/@4197

made avail able as a reference for other views, all of

t he boundari es except for the right and bottom

macr obl ock boundaries are filtered. This process is

generally depicted in Figure 5. Figure 6 shows the

detail ed inplementation of this type of -13 WO

2008/ 047300 PCT/1B2007/ 054197 decodi ng operati on.

Li ke the enbodi nent depicted in Figure 4, the decaodjn

pr océ@@m@%ﬁgﬁmﬁg £ %m@edsla Al eRp ¢ eure 7 Hustates
Si mukieangoMskyihe avtifepictd-ed-@bs 803 (drale Va1 Xk at RR&on (2.2)
605 (for View1l). After starting, the View 1 decoder

i mrediratieyy- evtsemsn &iaw 7 sorge BNE i e 52y obiapfuhe reference

Vi ewyl {deGRdesilabie (1d) hGx PN khSIRE& fla) Shdrddri®sofl Ens0
decoder decodes the MB(0,0) at 610 and nakes the
r ecorsblene 8 edmha e b fesrakannaenglycs may bepecdrehtirsysugh agrach

At 614 ' ' r nt i
5 o B NRE S es, L R 1 B0 Bl
Oncemehviosy, ihs botserp laed Bght boralatitsene dxtendedbdpadding. The number of

notifi | C: [

ot b o A% 8 gt R RES BRI oo v
macr GhérdedetivB{od edgmple) it Hi2e4iANKT, arpaddin Beff thiree pixlals would be needed.
Vi ew-.0 df}gcs?lder thupd%]t gs the mam)r{ with the

r ec oREHFUCT P8R T RAEHSE 25 ohd RBEOS 5% waits for the

Vi ewsob49le cadedond appeeuth f@taddricitn gdRendiend natt yelVB(LlaBlp pixels

This. waiti iS. .represented at ,.and th i ew
Hocolvang Mo dmbel et s WiRupE2ErhAT. e tata
conphteslotiscanepeRE&I Th @fothdr vEAis fikteBliRares Fradtonilpertls. Asa
repeated for the next macrqblock and subse %gg%, .
macr BBHbERE Hdherirds Bapypnayapablgafed 116 459950 F1E-PRERb ikerpefpfion.

encOfiREHC aBecdtdelihZ@fcfent®sted fop thistaldpitcligoPRebRtrhiABd, the
wher e macrobl ock boundaries are filtered w thout

usi ngtilszagorgederediornireiodite e PT e seel igrsEen Mgy also resultina
macr bl 0ck SRl mlégr_aaéni%ﬂ of &SRS UGLSd TER TR AS malbeSome more

could be signaled’in the bitstreamto the deCcodér.

[ 0047]ideat intiertein sprére Arenserees By ck#eplp.gsigdclpful frotongider a
deco St i i1l AifeRG S Sorizontally
ref e?%%éggg{egl% ﬁ\%@ﬁlug %S?i%%gg%?%%éfﬁ tﬁg g?r 61§H t hat %HZOI'] o
macr ghtaiclk ilbanated of igen b e AsswmampthheYicwi(ewcoded g the heye view,

l'im¢ted t hat -none of t i X - ' ge
R a8 P ) G208,
appr fraaés, Tanri@ls smbbdimeste df tha prosom jryagticnare wied,hwigh 4 eiedgB

debl gokiing, approach. dj scussad ahove, L0048) Sub plxel

i nt e? PO BETBA 1L 5paFT OF MBY"F St B BekE Whdse ot on

vect gsuallaill in unavailable reference areas, thereby decreasing the coding efficiency.
This phenomenon can be addressed in many ways. A first approach involves
arranging vicw dependencies. In this approach, the encoder can arrange the
referencing structure between views according to the camera arrangement used to
capture the views. With this arrangement, the best matching blocks in each view have
a greater chance of being in the available reference area. In the example depicied in

Figure-9, reversing the order of references (i.e., with View-2 being the basc view,

-15-



fractional pixel accuracy. In the H 264/ AVC standard,
noti on vectors nmay have integer, half-pixel or
W@ aBner30pi xel accuraci es. The hal f-pi xel sanpPEFIE20€7/054197

obtained by wusing a 6-tap FIRfilter, and

quarter-pixel sanples are obtained by bilinear

filtering using the two nearest sanples at half or

i nt eger pixel positions. The effect of sub- pix~

interpolation in terns of different enbodi nents of the

present inventi ~.. sw, din view of the depiction in
\e p g % 3 (re nacr bl ock Iocatlon (2, 2),

i oht 95T SFERERTR Y iear2and Vieyr Lipterencipseyievs 1§ oplgatiread ine

mnthbahﬁ@@ﬁayablable area (indicated as white), but

still requires pixels froman unavail able area of the

14 VIS0 0B/ P00 ey 007 DS 49b7E CierandRedyFmadeing the

(i ndioggh8Gi Asre pRBAS Ené ddirdeh 8n 1 @5&{4&? HERBEA} useEh@HIRd
7 illustrates "the case where the notion vector is

(- 0. 28ging MByres Hr ceriEn Yiew gl seapRls dhe deedat thedetpds ofjthe
for oiclionS FSRRMmbR, YRS in/ine afap@?naml&%dsexmaa isflofizontally

require to obtaint e rererence are not
avai Irafbred,(blacks in Yike-2oivsad baviers higher dhaded falriea)them qorresponding

or de%estt a&ﬂl:s"lﬁ‘ Ehm‘ FieR g lecj, ceog!inc@ A3 eercogfn %%fq f e%(:ﬁnft should be
appr oac es may SRYITSESEch Gppfoach
i nvohuted tfpaddngl@us dpprdatﬁ diffepgt o@dificataint @oulidive required for different
macr obl ock i s Iﬁ . into the reference nenory, the

bot t S ARE TG Boundari es are extended by paddi ng.

The resber Aaliird @it e mba:mmgemtoﬁmgleﬂioﬁmdpl eﬂodesptchl dslization of

on details of 't tion

CT1 iRt i RS ARG HRRE e ReagaT Ve Rt Al dferen
t hr egliqeigkRips askBtdirth the cAeesl@ehngediér@UAS a EesBl qmscriah@: of finding an
padded. area in a generic scenario, [00491 ‘A secon

appr BRER! mchwd%l%gﬁl AR Hews 1§ spsimpedn Sor (s exampls }l%fﬁfraéed in

Pi Xekgurd NYRA M8 Dufl&§ItR@Foubt Hat rdBod BBtall R EBRENEEN dEBBther with
Wth this approach, the area that a nmacraobl ock can

r ef ePRETEEIrHmAPTEbIREES iy PWGF odmpigre HEcodingifisgnevor

f ractjogpal Al%ml Htiof¥or Anpro iRk kﬁe,comg effefcn&mvme%qmmg a
from unavail abl e area are used for Sub-pi Xel

i nt empdifiad faster scan.0BAB]thiBeenionsd. thhencodinededsdmeardsaof or
inte agljoﬁy)vcl&rlseghﬁ édo I’Il'of the g%@?ﬁ)g %&e H‘g}% 1ft\h€w Z%A&étﬁ&rkk &t to be

of the various enbodi nent résent invention

may elcsdedidesedet! fiom the topatghacameanmitaad obthe taglcl demin heghance
gs:jldglgf%n%grrﬁl b%lster{l]z&% W%Ja]%énrc%g%?irl%r%e {T%yea%igg Qog?nlgrreli’ﬁgenc? It should
it isefeddahat] witlothisoapprocelr, deffermmn ardysstend Wmeqdured for different
includes three cameras that vertically aligned but

hor i ZOHTAYTY*8Pated as illustrated in Figure 9.

Assufmsq] tihatdiNorew-tle atwve oidadimsah hieo bagablet @upugh the use of

supplemental enhancement information (SEI) message syntax. The elementary unit
for the output of an H.264/AVC-MVC encoder and the input of an H.264/AVC -
MVC decoder is a Network Abstraction Layer (NAL) unit. For transport over packet-
oriented networks or storage into structured files, NAL units are typically
encapsulated into packets or similar structures. In transmission or storage
environments that do not provide framing structures, a bytestream format has been

specified in the H.264/AVC standard. The bytestream format separates NAL units
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View 1 franes references View 0 franmes and Vi ew 2

frames references View1l franes, if various
weedpsditsent s of the present invention are usedPCTMB2007054197

one MB delay between views, then the optiml matching

bl ocks for View2 and View1 wusually fall in

unavail abl e reference areas, thereby decreasing the

codi ng efficiency. This phenonmenon can be addressed

in many ways. A first approach involves arranging

vi ew dependencies. In this approach, the encoder can

arrange the referencing structure bet %% Vi ews

accor@Mhgeh ethfy WATRST HiF Sttt o st Y- vihptqeid false

the WikRWon oA ddi Huaddridl) gﬁaﬁeﬁs mush@n B @§te-orehehi 'stﬁ@ code
bl ocks in each vi ew have %reater chance of bei

the. &WHlafemPievanipe AlgHeEmapBish 26 @W@u&laﬁaweéer@@}abwwhwﬂ

in Ghe Hﬁﬁoa%'lf 3 §4F [@e%uﬁd‘l@av@ biefwiQf ocb &t QI eNGRAS: hienSle
with View2 being t base view, -15 WD 2008/ 047300

PCT/ sB2gofores4d ratpw an@ﬁﬁthnrbéW@Pféﬁ@kﬁgJWP@WI@ iggm-oriented
Vi EWs stJn?sf ﬁirﬁg&dg%uXa{U% 12)6}]/ J%Hllﬁdal%% %ﬁﬁl%lehhﬁgargggsl d¥tS%hether

effic ency opt1on for I nproving the
codi g tikirgiefoyatinirolsves nodi fying the origina

pi ct 3{5 Er I orSEﬁgf %Qtdéoﬁtgins IOHe (%IJH’I(%C Epﬁiggg%rs \L}lﬁ& arg not

enco ses i'ed origrna pIC ur es certain

Vi ewseqairel for gmaileendidge)fdetpodﬁctuteh butdiestlﬂlni s:lamffd fréwgsses, such as

o AT AL Sl Py g e

bl ocks&ervhtiodi. ewort mﬂldndamges de birgndy spiehﬁi’edm mé Hfzéndm@,Mvc
hes .. n .ot her

their c best

{ her 88T har A SR L HESREa PR o By o8 Fm N (e SE!

not eehckads forkhikinGwh DicS MR PL.DACAY C diahdd edttrains the syntax and

nodi fi cations woul d_be required for dlff? HE

ar r afigfearEiat ‘or theapesdicd REL MCF 8GR BA PRASFSS; %3138@)? ¢ mEssages in

codi gy r@écqgllexﬁ'nﬁﬁﬁéén 'cUN\Qhﬁ(&ﬁll%@&in‘éB' Chstduiettly, @hcodSisiafrequired to
roach franmes in each view are

groups. In IS
par t ifaljosribe Hr—ﬁf‘/@‘*‘éﬁ? ﬁtﬁlﬂﬂ%‘f’hensth‘?yc‘éea&? Felgacssresnrnd dgotHe
camef; é&af&fr&ﬁg%‘%ﬁc?ﬁtzﬁcﬁif arvesthlard tRGLRFNEA 19FrobéstdiENg

an optimal” matching block in other views is
maxi mezsages fﬁmutmlﬁerd@kmﬂﬁ?@anqel ustrated in Figure 7,

One TP L5 AR AL 68 BB 1 s
i n oHdXE/AC istp rabw: S:YSItﬁal srodifingioas, sidi as 3EYP niddeatia gpecifications
U1y 808 R R AR SLELE PRy
appr aach mtérblserﬁﬁcbﬁh inghdtelaba isysteno siabeificgtfons can require the use of
particular SEI messages both in encoding and in decoding, and the process for
handling SEI messages in the recipient may be specified for the application in a
system spccification. In light of the above, signaling of parallelly decodable slice
paramcters can be accomplished utilizing SEI messages. In such case, the encoder
may want to disable the deblocking filter for pictures where inter-view prediction is
performed.
[6057] in addition to the above, there are still other tools which may be used to
increase coding efficiency. This is accomplished taking advantage of the fact that (1)

motion vectors in a PDS arrangement cannot take all possible values duc to the
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macr obl ocks i s changed. For the previous exanple, if
Vi ew- 2 macrobl ocks start to be encoded/ decoded from

WO b@sioeper i ght corner instead of the top-Ieft POI/IE2007/054197
the chance of finding best nmatch woul d increase,
hence increasing coding efficiency. It should be
noted that, with this approach, different scan orders
woul d be required for different canera arrangenents.
[00541 In addition to the above, signaling can also be
enabl ed through the use of suppl enental enhancenent
informati on (SEl). nessage synt%x. The el ementary unit
for tFEIGAR plthe Fifergprearaasad ARChRAre R SEprrtich gt igggontal and

| NputycRcalaBmbbordd/ AMetion Méord 8¢ dd@Lrelateddn MOSWIRKH 264/AVC
Abstraction Layer (NAL) unit. For transport over

packetdeo spdipmitendarerppiriedwe diflorest enyery pedingarageemgnig Context
fil esydahie WRibR [RFSH C¥Bing BEAVLCEREARHALAEHRABKEL S Arithmetic

or simlar structures. In"transm ssion or storage

envi Kodimat€4Breat Edenmiay ippleweriationg &gV st prgcramded as gollows
byt e pecified | H

o andn Qe fiots ARBIRRAR, nARGE LEF B b fp i SRALAH o
-16 Vi© 2008y @abo8ienRGTY dpBRCGDRE 0 TATDYC wikhom each ot her

by a ir t code in front of each L _uni

Ty ol BPu2s Pl aRRET vastorh i e borB B ealtBhbr ovvio and
encodertisal fMS4y) tethpaeityt Bachrebmpbedt sftaandtionodetor is coded separately
emul at.ion prevention al gorjthm whjch adds an

ormil S EAPREYERIP B P8 s ik e PR o pR s e and

a st @ieh tieOdgcremueibdtvial the @tdaestivh Sl tBE 6tiging Gnotion vodtetas coded for

to enabl st rai ght f orwar at ewa erat.ion between.

pack é%‘%?‘dff therosge &“@Y%‘é’ﬂf%ﬂ?"é‘ﬁwé 8%% Potemicctat ﬁ"ﬁ&s differenc
code i &pad ioiny EXEToldb doBevdd Yo i8Iz O HER Grobability of
regardl ess of whether the bytestreamformat is in

use. °9QOSEE. Khickr defagd Ririhe stansiatdaifios wle fefpiawvingjable

eSS 308&s P ool @tdr @l fferdn@HHhY B thnfl e dsfiRiHAAIRPLANI0RD
out put pictures but assist in related processes, such

as pPdengrds- out put timing, rendering, error detection,
error conceal ment, and resQii&Erd M €SeVIV@ i on. About 20
SEl nessages are currently specﬁ%ied(1n t he

H. 264/ AVC- WC standard. Usefslodat a SHI.23ressages enabl e
organi zati ons and conpani es @ld speci f-9.2SEl nessages
for their own use. The H 26WJ1AVC st aridard contains the
syntax and senmantics for t#@0specifi-ed SEI nessages,
but no process for handl i ng0IH8 messdgés in the
reci pi ent has been conventi ¢Hally defifed.
Consequently, encoders arc required to

[0059] The arrangement presented above has two drawbacks when used with the
PDS system. First, this arrangement assumes that motion vectors can point anywhere
in the reference area (within the limits defincd in the H.264/AVC standard). In PDS,
however, the reference area is restricted. Second, the H.264/AVC standard assumes
that statistical properties of horizontal and vertical components of motion vectors are
independent, as they are coded separately. However, in the case of the motion vectors
in the PDS system, these two components are inter-related. This point is
demonstrated in Figure 12, which shows the ranges for horizontal and vertical

components of motion vectors in view of the representation in Figure 12. In Figure

18-



foll ow the H 264/ AVC standard when they create SEI
nmessages, and decoders conformng to the H 264/ AV

WO hggost3amdard are not required to process SElIPCT/IB2007/054197
nmessages for output order conformance. [00561 One of
the reasons to include the syntax and semantics of SEI
nmessages in H 264/AVC is to all ow system
speci fications, such as 3GPP multi nedia specifications
and DVB specifications, to interpret the suppl enental
information identically and hence intenperate. It is
i ntended, that system specifications can require. the
use of “ﬁaiFQVYTb Vﬁflwgglmﬁég@awgt St R vgﬂeb}aﬁsﬁgfg’eawaranges
in d@@;ﬂﬂhiﬂg on &diokihentd "c@tﬁﬁ&ﬁmtf @lthe @@ ueb@r. SElparticular, Figure 12
nmessages in the recipient may be specified for the
appl Peoxtsiadist rtical aglaneiertepeBes 12398t 4 RN rticplgretiqey vector range
the abay e firg h&M@htadGioGbn RAIALNGE h ¥ 00BE AdaRhE heli2oG&1 motion
parameters can be acconplished utilizing SEI nmessages.
| n suediorgangs, 128G eWhpr g aerticaraotinn mectergs anpdigg plécr thgdhorizontal
debl %lﬁbﬁ]gecftdr! e ﬁrs} Qéni&é %FBI?@GC\M?%&G '1@(5092{1)' MtEWhen the horizontal
prediction is performed. [00571 a- ~: on tg t he above,
t her excéipe vetdriringotisiess thanair squeh toctsrarand the s¢nd eatieal motion

codi ef fici This.i ' ' -
ol NG ey GG BB LKL s
PDS a¢rp afgehent winarnhotert@akmoadl veows si doHel hoalzomsl moei@ntvector,
the -17 08/ 047300. PCT/ |1 B2007,L054197 estricrion ..
of ¢ e ARt BENoR R o P A TPy e bl Ronon
pr opesdidresngdfis leoarthanontabut grdter thed tliccald thosgponinirigomil motion
notion vectors are inﬁgr-related [ T

-re i n PDS, .hE 1&. 264 it -16
AVC VYIS EABRIH “SEART AP S IPR S PBN I g oF cdual to -16.
ent r o C OUhigis afrhebit@RAR Ala$ be Cauatte XddresddRbb Meshortcomings of the
Vari abl e Length ag) i n% (CAVLC) and Cont ext Adaptive
B naPy? AV aRIaET IeadinHg e esAmAT) & SBRE st cn be used to code
i Pl gHBIRE Ak icOmBordeRis oEAV e spdiiRe RioAYh G&ebrasn {daltlodVc mapping
according to various enbodi nents, but, one skilled in

the &PO IRSERAOLRES SUANERDS sy be adpicd st rashanagionlogk rspending
are apnlhcakk &k QrebABRC MBI of nloBBP Bdetdribditn e8I AW Gor disparity

noti on vectors have two components--horizont al X)

and vears)ivdeh tHaniasisticabpionere er of MAtge Nl gRBaNEnas e rejerence area

ot I Psr}es\{lfla&%cp rTlf.i rg\qgﬁsqm%%ﬁgﬁ;oﬁing effHR n@?,,b@t Q_gcﬁﬁgs&tséegg high
noti on vector. n ot her Irads, aprelc:lonlsflrst
f or mednplenty betdvenof theumtiafifigpreepsepdstormedfor £4vh macroblock.

0 G 5 SR B B0 MEEL Lo SO

not i oectorecandie. sepbinitely dodefl ewlgitvcadso considering the available reference area
for each component when mapping the motion vector component to the binary
codeword. For examplc, it is helpful to consider the situation where the motion
vector for a designated macroblock 1250 in Figure 12 is to be coded. In this situation,
one can assume that the horizontal component of the motion vector is coded first,
aftcr which the vertical component is coded (although it may desirable to reverse this
ordcr in certain situations). Because MVy follows MVx in the bitstream, MVy
information cannot be utilized to code MVy. For this reason, the largest range that is

possible for MVx should be utilized to map MVXx to the binary codeword. After MV

is coded, the range that the vertical component vector can take is known. For
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is mapped to binary Exp-CGol onb codewords according to
their probability of occurrence, which is defined by
wo b@sssaoaar d. For exanple, the follow ng tablBCT/IB2007/054197

presents the notion vector difference (nvd), and the
associ at ed Exp-CGol onb codewords. Codeword MVD 1 n

010 0.25 011 -0.25 00100 0.5 00101 -0.5 00110 1.0
00111 -1.0 [0059] The arrangenent presented above has

two drawbacks when used with the PDS system First,

this arrangenment assunes that notion vectors can point

anywhere in the reference area (Wthin the limts

def i FEIAIH 1k HEXHF 2RAFUAGCARE-RTY Ny can potBike Valupieivesp [-16, 0.
the [g8f8HANFER MR chifeal &%ipoh&l @nappeeRNEe bih&l® codeword. The

H. 264/ AVC standard assunes that statistica

pr opéTaPPIQSOEmOW‘TeE@ﬁt?CHPPOQﬁT&S {pernary gadewergs Girentady grvolves

Mot i OB, HBEHAL Sal@dsShat h&%ﬁ@\%ﬂgﬁgbecaé’s% otft}f%)fcf%{eﬁcecé?gaeé@nstramt and
separatel However, in the case of the the notion
vectdmﬁugﬂm3$h@mPB$O§W§Féﬁv%ﬂmegéwﬁwbm@@hbﬁnents are

inte | i

12, (f6§]!n &'lﬁedfolla—\b 1f%né§gr§ E?Pslt-orﬁ gﬁ{o%fjve{nﬁ b & {h;e%)g s may
conpbﬂampgdmfmwmﬁmmm\V§Uh©ﬂ®vcmnVMmmmu$HﬂﬁéABACcnwmmnwnLIn

;88%%@2%%% glr(fl:-’rﬂlﬂn o %E}f/;ag éhéfl gl}ow%év%%% len, ahco\ﬁg ﬁgresenha set of

vert inpéabn campdifénénced, wath it folbmwivie btiog theaslydiafidiéatevdriable length
ranges, depending on the horizontal conponent of the

mot i 6Mector. In particular, Figure 12 shows a first
vertical notion vectoCaidd@e 1200Vamab&eiCapth Grlet | ca

notion vector range—1210,  a fifsthorizontal-mpiion
vector range 1220/ and a 4econd hori zontdl notion
vector range 1230 Wien ghe vertical nofjpon vector is
applied after the _horizontal tion vectar,  the|first
vertical notion vector r@nge 1200 applﬂéé when t he
hori zontal notion—vectoyTange| s tesgHlyan or equa
to zero, and the second vertical notion

E 00101
F 00110
G 00111

[0063] In this examplc, it is also assumed that, because of the parallel decoding
restriction, the motion vector (i.e., the motion vector prediction plus the motion vector
difference) can only take certain values. The prediction is known to the encoder and
the decoder, so both the encoder and the decoder know what values cannot constitute
the motion vector difference. If this restriction means that motion vectors A, B and C

cannot be used, then the variable length codes could be altered as follows:

Candidate Variable Length Code
D 1
E 016
F 0011
G 00100
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vector range 1210 applies when the horizontal notion
vector range is greater than zero, Simlarly, when

wo bh@swer3ve cal notion vector is coded horizont abCHB20G1054197
vector, then the first horizontal notion vector range
1220 applies when the vertical notion vector range is
| ess than zero but greater than -16, and the second
hori zontal notion vector range applies when the
vertical notion vector range is less than or equal to
-16. [0060] Various arrangements may be used to
address the above hortco ngs of the H 264/ AVC
st andifiedl  fmazespltp tﬂle EREEYy e codingvaeotdddehiging G comprise
can hewdsed to code both of the conmponents of the
respective notion vector. In addition, the map
f r oml¥A6BT oFigvise bl Hoheweanesprseniatiye @@ctm@%:edg within which
each M&gﬂs@[ﬁh%ﬁlorﬂﬁm i HRAN 1R 68 EARNEBIANRRver, that the
The coding of notion vectors between views (or
di sparesnynvorsonas B9t invérsiad tore Isnitedite phecrartiqykao pee OF dsctippic
not i :
r est r&?\g :}%gf%c&&%p%e&l 2 %togﬁlggl%g 8l 1?(?@ g{dgéaa hdu§mg 30, a display
ef fiad2 anbsl foripot aalqsxd cposbdsges aaemagﬁél acoivpipbsiet 36, an ear-piece

b da for med f
ngg?g |aobg terty 0%1211 %rlecpg %Ce%e&%% of srrrrtleaﬁ caﬁ%?ﬁ?lglgﬂ% for’m ofa

er exa
and vecc |amkdm:g)1mspmn embﬁdlméntmﬁthemenwm b oarg resger 48eradio interface
separ at el cod d,. while al so il.abl e

" oF oPEHIE 7 Gaee Pt AeanpiREn Trranenip e Rl Sreuis

ot | @it &K ar€ AINPONE P wEIDkAdNME 1b itheaity ThesdayiotsctompOfients can
hel pful to conS|der the situyation, where

exanpl e

t henE‘bt“F%fﬁoraWEé‘%tB‘r“e‘f‘ffP °B VR YR B R ELSER 4 586 n

Fi gUI@6di2 Tife frescREne@Eleslis deqtribél 16 tisd deahl @Rtext SBcte@Nkteps,
assune that the horizontal conponent of the nption

vect yhich gnay e daplepmpied mong gpbogimer by gereasig progpet including

coMpEfERtkericR e GPARAn iR GARUGEY hd priBYmEB&d, bABb&ed &h a computer-
reverse this order in certain si uatlons Because

My featldbbrmeditn anchexchieedby empraiang mwworlmdfeévlﬁweaﬁ Examples
canngt cog-f:pu{g' &éaazo?edmwu&ggﬁ %@Y@ﬁie aRbus tweé of a&%g@me&taﬁs

| argest range 1's possi Mvx should be utilized
t o nanolulitg, bud notlienltﬂdnfareimtr@rded\m@ menfare pnifgl/sendgrg access memory

code n

o Pl MR, 08 G S SR i

PCT/ {MQ%@BﬁiﬁﬁteH&kmtw}al stbrafi/itevies. aGposillyi pregram modules

Vet et Bt S R ik Bl SaPhRS aRE W ARED e ety ertorm

t he pirianat t&ﬁd&vmipd:meﬂifmmm phsigctatbitanyytes oﬁompmmeafxecutable
rds .essenti al.l

L R (P N Y AR -

t he pRbRMEIAE fRELEUEONEER AT th meBtivds disclosed herein. The particular
scquence of such executable instructions or associated data structures represents
examples of corresponding acts for implementing the functions described in such
steps.
[0067] Software and web implementations of the present invention could be
accomplished with standard programming techniques with rule bascd logic and other
logic to accomplish the various database searching steps, correlation steps,

comparison steps and decision steps. It should also be noted that the words

21-



shifting the remai ning possible values up in the
codeword list. [00621 The following is an exanple
waleossiogi3p@t i ng how variable | ength codes may BPET/1B2007/054197
adapted in accordance with the above enbodi nents in a
CABAC environnment. In this exanple, it is assuned
that the follow ng variable | ength codes represent a
set of notion vector differences, with the follow ng
being the only candidate variable |length codes:
Candi date Vari abI e Length Code A BO0O10 CO011 D
00100 E 00101 F 00110 G Q0111 [00631 In this
exanpfanpongnt; and;nagdules’as et et andija die fiadmis infrgded to
par aleh@mpdRGRQIcREnta8&tsIukial bAdor 418 1AL JrapR Vs t&e, and/or
.e., the notion vector prediction plus the not | on
v ect 8flfd“’éﬁeﬂ$lé¥e§ﬁ@é‘)10rk§a%ﬁld@ﬁ PYuipEKE frapechiine HIvabisPutThe
pr ed'[(ﬁfﬁh]? nThéfo OMB dbQribfiéh SRERIEMARGS th‘él'ﬂ)?esgﬁ%on have
so both the encoder and the decoder know what val ues
cannbeengoessttid {or purppses ohidlupteation erd dnscrditipn.e e intgrded to be
this L GF 06 RSt is B A€
cannsr e B B R oy
be aloédifieaticas arﬁ(bi/drxams a&Mslbllamethalof éxblab()\@ewghlh QGodeay be
D1 1 001 .0 2008/.047
PCT/ PEDOTPOB RIS I {igBR Ay PR g chosen and
changescribdden enidi gxplainuksprofciplys of thefprasimt G catopandss practical
fewer hits. 0] S d. 11l howon
+ opr Bt gt rRFER AorER bbby R fvepyon in various
embodiments and with various modifications as are suited to the particular use
contcmplated. The features of the embodiments described herein may be combined in
all possible combinations of methods, apparatus, modules, systems, and computer

program products.



the present invention may be inplenmented. It should be
under st ood, however, that the present invention is
woodosiostdended to be limted to one particul ar pgPEB2067/054197
el ectronic device. The electronic device 12 of Figures
2 and 3 includes a housing 30, a display 32 in the
formof a liquid crystal display, a keypad 34, a
m crophone 36, an ear-piece 38, a battery 40, an
infrared port 42, an antenna 44, a smart card 46 in
the formof a U CC according to one enbodi nent of the
invention, a card reader 48, radio interface
C|rc ngd |rCU|try 54, a controller 56 and
%iii}% ]gzc ?) circuits and elenents are all
of a type well known |n the art. These vari ous
conponent$ canAnhﬂuﬂnﬁdﬂpdmgﬁemwiﬁmUHQQMﬂQES“ehawngmamwm
vi rtual Iy(fqr 110 hle&&gegldlscussed herein. [0066]
The pPrESER C(WJgﬁilg PiS"HEEEFi bed in the general
cont ext of netdadvisg &paticulmmaetobimy obe fitsnfrhreerefd gduiataken
one nboq%nent %%d (F ogram product including
cénp Rttt &B19c99 % r uct i ons, such as program
cqgde, enbodi eddcoitlidg ﬁmdﬁ(ﬁfregd'rﬁﬁgiaih B iR fbblodk SAA corresponding
executed b conmputers in networked, envi ronnents.
EXanpfeaad T4e B olp ke ESIEBN & SR Y SRR IHERGEbbY the

VQFI?M%CMMQ§§xQﬁm§tOFage medi uns i ncludi ng, but not
linmited to, electronic device menory units, random

aécess menory if hRAMrrobloskpeshitipd FFEWPV@F@%Y the prpetar
digsc %agig%):k h@e%’eéﬂec&ﬁ@(r@@&' th % IR m&IQVP%)eC(% ¥l @t B&ticular
intern or external storage devices. Generally,
progmapmobiodul es i ncl ude routines, programs, objects,
conponents, data structures, etc. that perform

particul ag tasky Qindd BRI AIEN wRaih b GHiRausPStERREd d8ka
types. Conputer-executabl e instructions, associated

dat adgferant daspdas thas the npcetyioshs pRsaiiicd 4o beststeeanspit by the particular
e ARl 30 BLK nRLBUAR LR uRtEElhiddeRbgPs Of the

mét hods dISC ose erein. The particular Sequence of
such executable instructions or associated data

structured reprhssesthos! of sl lagheromprisies pierdhandscadingof the
for | frlefWebod

stc‘? epg%%@%‘é@ﬁ&%c%&gsr lgeéég%&&ﬁgéd gmglﬁeq%?dét ?}gns of ei he
present inventic 6e acconpllshed wi th standa

programmihg t eBwmepsofwiaimh Ly fHﬁ'eerB%@é‘éP‘%Be%fer?éFOdmg the

1 901 Gaki0u AGHRRIMd R Nark J@l@pt}’\@rdblgb'&n%aﬁl?ep %&ﬁe@t%@érﬁ@x"eﬁﬂockmg
step$, correlation steps, onpari son steps and
de0|sﬂ@wmsnepymﬂbbehﬂmﬁ&xaw%%mb%mWGPéﬁﬂPh@ﬂoﬁwemﬁbwﬁé

gl }QQCI%nggé Q%‘ZI%QQ: }P g&laﬁ%‘%@%él@& L Qdcoded.

1 5. The method of claim 4, wherein the right and bottom borders of the

2 filtered macroblock in the second frame are not filtered.

6. The method of claim 4, wherein the corresponding macroblock of the

2 second frame is used, unfiltered, for inter-view prediction, and wherein the

(#)

corresponding macroblock of the second frame is used, post-filtering, for temporal

a4  prediction.
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"conponent” and "nodul e,” as used herein and in the

clains, is intended to enconpass inplenentations
waigimg4sne or nore |ines of software code, andP@I/1B2007/054197

har dwar e i npl enent ati ons, and/ or equi pnent for

recei ving manual inputs. [00681 The foregoing

description of enbodi nents of the present invention

have been presented for purposes of illustration and

description. It is not intended to be exhaustive or

tolimt the present invention to the precise form

di scl osed, and nodifications and variations are

possible Ln |ight abqgve, t eachi ngs .or may be .

acdqui r ed :'7 Tom eef%‘%f‘%éeo SHp %ewb‘?“élg i}}ﬁ ar'?"n({fg%et "IOB‘%?pO?WEg
enbodiamblosk vethe sabas fimamd: cad ®8 edftrbREd b tHerpdficulaPmacroblock
explain the principles of the present invention and

i s priBESdcal application to enable one skilled in

the art to utilize the present invention in various

enbodi nengs anThewhdthoddTrclafh s, wheih itteeiottomSinad 8 glitredges of a

suited to the_particyular use cont |.ated, The .

£ Sat RSSOl DR ST AR P P TEUn HapdiH g rglock i
cenbipReEd b a pRlabieRASE] in® LI IBLHO NS cOfresiBAdMALSacroblock has
appar atus, nodul es, systens, and conputer program
pﬁod@@ﬁ§@xm?@PQNé 2008/ 047300 PCT/1B2007/ 054197 WHAT

IS CLAIMED IS: 1 1. A nethod of decoding franes from

nu: tiple %i ewsTHeandt@ i@klairl EWherdn Wicadd btk e inl tbécorresponding
rel ati onship, copprising: 3 receiving a particular. .

cr SBPELRaBE Wik P be FFtimeedpy the b‘?%?‘ﬁ?‘"é‘%%ﬁjéé%ﬂ ay limpigsih for
asfi mgtionhiekdiQr decoding; 5 decoding information
regardi ng whi ch macrobl ocks in a corresponding 6

second frame of the picture taken from a.second_.vi ew

can be retter entEd RGN slaim havherap gderndinediic of magropipcks in

t he PRGIARLhOSHSnPRIMIstrh&Es FromBeof-RFQIERESLkabl frihi€towards a
particul ar s macrobl ock have been reconstructed to a

r éf ePREETIERPO$T. decodi ng the particular 10
macrobl ock. 1 2. The nethod of claim1l, wherein a

netification ithcheeRidwdiafh OMvidrdn dicfderdantorée @dah@croblocks in
that the macrobl ocks perm{ted to be referenceg b¥ t he
par t fhedirgiand seppbirgpEsIRR chHYE HRRsHE SEBRS ALY Byng wards a

the LetRl-RACSHERMOIY.

1 12. The method of claim 1, wherein the decoding order of macroblocks in

2 the first and second frames follows an arbitrary direction.

1 13. The method of claim 12, wherein the decoding order of macroblocks in

2 the first and second frames are signaled in the bistream.

1 14. The method of claim 1, wherein the first and second frames are
2 partitioned into slice groups based upon the arrangement of first and sccond cameras

3 responsible for the first and second views.

1 15, The method of claim 1, wherein the macroblocks in the corresponding

2 second frame which can be referenced by the particular macroblock are based at least

4.



1 3. The nethod of claim1, further conprising, after

the decoding of the 2 particular macrobl ock has been
wa@ormplogtded notifying the different decoder, 1 BECT/IB2807/054197

met hod of claim11, further conprising, before decoding

the 2 particular macrobl ock, an adaptive debl ocking

filter is used to renove blocking 3 artifacts in a

macr obl ock of the second frame that corresponds to the

particular 4 macrobl ock before the particul ar

macr obl ock is decoded. 1 5. The nethod of claim4,

wherein the right and bottom borders of the 2 .

f 1t ByReg upae Fsigrargenent affiest dedesend qamsens sgseonsgile for the first and

filterggh vibws. The method of claim4, wherein the

correspondi ng macrobl ock of the 2 secon - used,

unfiltered, for inter-vieM/grediction, and wherein _the

31 cor r espbhdi nigematdnt slim of vheran adethencqf dhrefirpigand second

used g, RSt 1dickh H6hiaFotude Mat (WBIPRVBhsly Rolitied b bl 8Roder23
WO 2008/ 047300 PCT/'1 B2007/ 054197 1 ?. The net hod of

claim4, wherein the area, of the,corr&% ondiggg% )
mécr obl ock’- of &S a2 éﬁﬁheﬁﬁ%\fhc_é 10p &g bg gumber
by t BemRastb K Ak ardREoRMueRl to Be teFerbhddimc@thry BefSre rddeBring a
met hod of claim 1, wherein the bottom and right edges

of angtifiraidenoisire dhe differetidcepdelond frame that corresponds
to the particular macrobl ock is 3 padded by a

pr edet er jged THIFRSKoIYF cRink €] Wheddih Bic it BEnL0RR hiksEengdhugber of
macr obl ock has 4 been reconstructed. 1 9. The net hod

of chefifieationshepiebe{orchssinpias 81519569648 MOtoRe

corresponding 2 second frane which can be referenced

by the pafd i cuh@mndm@ro®blafe k \aegeih th¥iré@ell @ifordhation is signaled at
fractional pixels. 1 10. The nmethod of claim 1,

wher BiesequReCPaEsiigetdivder of macrobl ocks in 2 the

first and second frames noves froma top-left corner

of each fx@ame tRwads o cRin Ot Wiameis itghtcebod gormatiod ik.signaled at
The nmethod of claiml, wherein the decodi ng order of

mecr BISIPEES PFAmetsr $hiEVEli r st and second franes noves

froma top-right corner of each frane towards a 3

bottom | efft COMakethod of claim 1, wherein the received information is signaled at

2 the slice header level.

1 22. The method of claim 1, wherein the received information is signaled at

2 the macroblock header level.

1 23. The method of claim 1, wherein coded motion vector information is
2 also received and decoded, and wherein the coding of motion vectors between the first
3 view and the second view are modified when the statistical properties of motion

4 vectors change as a reference area is restricted.

1 24. The method of claim 23, wherein a single codeword is used for coding
2 both components of motion vectors between the first view and the sccond view, and
s wherein a mapping from motion vectors to codewords is adapted at each macroblock,

4 depending on a reference area.



1 12. The nmethod of claim 1, wherein the decoding

order of macroblocks in 2 the first and second franes
wo cloBowso@an arbitrary direction. 1 13. The net POUIR2007/054197

claim 12, wherein the decodi ng order of macrobl ocks in

2 the first and second franmes are signaled in the

bistream 1 14. The nmethod of claim1l, wherein the

first and second franmes are 2 partitioned into slice

groups based upon the arrangenent of first and second

caneras 3 responsible for the first and second views.

15. The mu "claim1, wherein the macrobl ocks in the

correspongding . .2 second fra ich can be referenced

by the pa'?gt'i c ul hgrmetagd, bfaﬁﬁ E?’a%r%%gwogﬁaleﬁngﬁ?m _cgyponents
VO 2008/ R h6800 vEdel/i £380rélyQ24dd dnd Whdréin pAkaildiflo FeférBgte arca for
arrangenent of first _ and second caneras, responsi bl e

for thRdorrends! anghyertioal SUBRARENT SeRasidefed ghenppadpipg Epdingfon

cl,ai Mclor WhGHRINDAH bihLASIdeRBRY. Of the first and second
2 franes is taken froma picture that was previously

modi fied by an encoder. 1 17. The nethqod of claim1,.
wher ei n tHe i nh SPRBETOHOSTHE PRS- TRROdf bR FOmRIGrreadable

Macr gREREK forldB@fdird! finfed GORShiIHAT O bwk Datil@adl Bl RACK ediction
menor y before recei vi ng a 3 notification fromthe

dif f egldiopship coMBHESINg 18. The nethod of claim 1,

wherein the inf,of,0REERR bl UAES) FarfiiiR &lacRblocRof u first frame of
notifications to wait before beginning the decodi ng

pEocegiturd taken frthe fnstvivodioodecediagim 1, wherein the

recei ved inforimt onedss (5 QO Pl BE BRINERE Sacroblock
pgr aneter set @&gf%?caféﬁo. %ﬁiﬁﬁg?’ﬁ’gﬁ of Q%rai%rqn 1, ReTopIoTs
wher @i ncdriespondingissedd frathophtht piohird ke fipmh eetond view cambe

pi cture par ter set level. .1 21. The method of claim

1° mﬁ%?SQﬁnggwﬁgggP%%ga?ﬁlgﬁéation is signaled at 2

tbe slice heademphevelde fdr, 2zhe idveobiekhpomafeddd bé refetgnced by

wherein th [ i nf t [ ' | ed at ,
e STt ST BRI DAL ey

wher giebageoiefmaabbiock. vect or information is 2 al so
recei ved and decoded, and wherein the coding of notion

V$Ct ors b%t. weel, Etxpr%)gra is,,r cs(’)tmprising:
2 a processor; and
3 a memory unit communicatively connected to the processor and
4 including:
5 computer code for recciving a particular macroblock of a first
5 frame of a picture taken from a first view for decoding;
7 computer code for decoding information regarding which
8  macroblocks in a corresponding second frame of the picture taken from a second view
9  can be refercnced by the particular macroblock;
10 computer code for, if the macroblocks permitted to be

11 referenced by the particular macroblock have been reconstructed to a reference

12 memory, decoding the particular macroblock.
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3 view and the second view are nodi fi ed when the

statistical properties of notion 4 vectors change as a
WO 2§os/0e13e® area is restricted. 1 24. The mnet hoPCDiB2007/054197

claim 23, wherein a single codeword is used for co e;2

bot h conponents of notion vectors between the first

view and the second view, and 3 wherein a mapping

fromnotion vectors to codewords is adapted at each

macr obl ock 4 depending on a reference area. -25 WO

2008/ 047300 PCT/1B2007/ 054197 1 25. The net hod of

claim 23, wherein horizontal and vertical conponents 2

of each nption vector is separately coded, and wherein

ah avail abl e rdfEPRmEE @Fgaggga’r“’h"é%? A&° ‘iafl%’ﬁtr%ﬂewg‘ﬁgoma

vert jgRlenCOIPRR Bt fre nfac8RSkAREAMALH: TRRALAIDYEBE Particular
notion 4 vector conponent to a binary codeword. 1 26.

A2 comstreRipckhayg Pegh iponsitHeted te His GefFTeaCy RerRory-
conput er -readabl e 2 nedium for decoding frames from

mul ti pl e M ewsrHRaparGusadT claith @1 - MitBW cPifallied, bB& thédecoding of
rel ati onshi p, conprising: 4 conputer code f,g

r ecefhpipagicalapaparpRinkdies hesecomPister ngrtyperths dftereptsodsy.

5 a picture taken froma first view for decoding; 6

conput er wpde fhehpseaedi Mairh nf ofARricoRp eaa belorgcaddigdthe
macr obl ocks 7 _ in a caorres din%giggond ranme of

t
pP ct DFBECHRBAFTIOISH B GRRIYR gg‘gi)%w B ‘Péffa?veerP&%cg‘g‘g

b% t R@FRANE h SHALRBIERET BDLREKS frinSMRIeHEIposRdS tHeQfarticufar
t he macrobl ocks permtted to be referenced by 10 the

par t ineeroblocliedore eguricHaymagellack s d8ivded uct ed to a
reference nmenory, decoding 11 the particular

macrobl ock. 1 @h{.apfat@Ridlaihys, wk@dR tHeSightind bdttém borders of the
processor; and 3 a nmenory unit communi catively

connéteredimagroblpek igthrcssedriramsgre wtififeretdi ng: 5
conmput er code for receiving a particular macrobl ock of

a,first H frame apfarduddiClaich 80} wkedin tHeBiraspbhding mudréblock of
for decoding; 7.cquuter code_for,deco%ing info%natign
r egathdisergnipep s used, unfiltered, for inter-view prediction, and wherein the

3 corresponding macroblock of the second frame is used, post-filtering, for temporal

4  prediction.

1 33. The apparatus of claim 30, wherein the area of the corresponding
> macroblock of the second frame that can be referenced by the particular macroblock

3 1is limited.

1 34.  The apparatus of claim 27, wherein the bottom and right cdges of a
> macroblock of the second frame that corresponds to the particular macroblock is
3 padded by a predetermined number of pixels after the corresponding macroblock has

4  been reconstructed.

1 35, The apparatus of claim 27, wherein the macroblocks in the

2 corresponding second frame which can be referenced by the particular macroblock are

(44
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8 macrobl ocks in a correspondi ng second frane of the

picture taken froma second view 9 can be referenced
whygoosiog73p@r t i cul ar macrobl ock; 10 conput er codeCT/B2007/(54197

the macrobl ocks permtted to be 1 referenced by the

particul ar macrobl ock have been reconstruct a

reference 12 nenory, decoding the particul ar

macr obl ock, -26 WD 2008/ 047300 PCT/1B2007/ 054197 1

28. The apparatus of claim 27, wherein a notification

Is received froma 2 different decoder that the

macr obl ocks pernitted to be referenced by the

particul ar croblock have _been recopstructed to

t he referthce %r‘?&’a}?amslo frdpim g ewherein the dgeodine qrlegjofmagroblocks

furt hehe GRMRID siddg fragfet BlovistBondl @ ERALM Borér of dadhBime towards a

particul ar macrobl ock has been conpl eted notifying the

dp f f BettrigEce®st. 1 30. The apparatus of claim 27,

further conprising, before decoding the 2 particular

macr obl ocks,  amhadapirdtiEodeth Q0 ki RGcih teldeEodiits 31881 fracroblocks

renove blocklng 3 artifacts in a macrobl ock of the

secotdht fishandispeand dBrEe BRBHITM dtoapHiehhertg Of pagh frame towards

macr ghl@ackrRefRf e the particul ar macroblock is
decoded. 1 31. The apparatus of claim30, wherein the

ri ght and bottom borders of the 2 filtered macrobll ock
i h the setond ¥ apRarapeetisbim £/ wféqr%thefe%@mgm%ﬂo macroblocks

appafnahdlfrsPindGt@nMidfcs MIBHELNarbh@rcFLasPondi ng
macr obl ock of 2 the second frane i's used, unflltered

for inter- V|eM/pred|ct|on and erein the

cbr r espontdi ng 1HEEPRIFABH clppm ¢ RV i Hig dF?OélHJé qrder g§macroblocks

PoSt imfthd £@F indGecoh@fratn@oReki@haledinfkEslbtedainon. 1 33. The
apparatus of claim 30, wherein the area of the

correspoqglng macr obl

chn be refer er@é&pwﬁf CEHPIZ?’C %5‘??1? gd fr(g%gog‘g@ff“%es are

|3 m $@gkiondd Bo slitB@roappedsad Wn@he Flaabdmedr of MM kEtohd Cameras
bottom and right edges of a, 2 macrobl ock of the

sécdﬁ&mpﬁgﬁémﬂh%fm&@FV%gﬁéH&?*to the particul ar
macrobl ock is 3 padded by a predeterm ned nunber of

pi xel s afsier trhe amf&@wemdh DY WIRE Ok atkrobRSks ift theen
reconstructed ? The app ara}us of. claim 27,
wher ©rSSRoR ng(ﬁtao% r%tER which carpbe reterenced by the particular macroblock are

3 based at least in part upon the arrangement of first and second cameras responsible for

4  the first and second views.

1 42. The apparatus of claim 27, wherein at least one of the first and second

2 frames is taken from a picture that was previously modified by an encoder.

1 43.  The apparatus of claim 27, wherein the information includes, the
2 number of macroblocks that are reconstructed to the reference memory before

3 receiving a notification from the different decoder.

1 44.  The apparatus of claim 27, wherein the information includes a number

2 of notifications to wait before beginning the decoding process.

1 45, The apparatus of claim 27, wherein the received information is

2 signaled at the sequence parameter set level.

228



2 correspondi ng second frame which can be referenced
by the particular nmacroblock are 3 limted for

wo e@sismal  pi xel s. -27 WO 2008/ 047300 PCT/IB2007/054197
PCT/ 1 B2007/ 054197 1 36. The apparatus of claim 27,
wherei n the decodi ng order of macroblocks 2 in the
first and second franmes noves froma top-left corner
of each frame towards a 3 bottomright coner. 1 37.
The apparatus of claim27, wherein the decodi ng order
of macroblocks 2 in the first and second franmes noves
froma top-right corner of each frane towards a 3
bottomleft corner. 1 38, The_apparatus of claim27,.
wher ei n tHe dé@’G&PW@a%ﬁr‘bfé}al’Bf?’Jﬁg %BF‘B&R@l"Cglafﬁmta%“ 18

fbrstigned & ergn ulé?axrm@tefwtle@ws an arbitrary
direction. 1 39. The apparatus of claim 38, wherein

t he decoding der of croblgcks 2 .in the first and
Socond {1 Has L QPRI HHAT A HEFTEh S eHeS POt She
appagighdisl DtheGliad Kadof levoherein the first and second

franmes are 2 partitioned into slice groups based upon

t he arrangene of first. and_second caneras,. .
bepons, B T o AR el 47 SO o e o et
appasighais @theGhatdML¥ healdele@dln t he macrobl ocks in the
2 correspondi ng second frane which can be referenced

O, 10 Do G Bl okt 5 8, DR Bl Bk o

I s papsichdited 8 dedbdtd)@nd wh&tinanck o8 g @f thovbieW&torslbedeen the first
The appar at us of c]ain127__mhe[ei at .| east one of the

71 stiewand heepsond vevaremad fird whendbn s igRt 2T pegics pmotion

t hat yavasss HafYd RUShkiéreRBArEd i@eshittcan encoder. 1 43. The
apparatus of claim 27, wherein the information

i ncludes,_the__ 2 nunber of . robl ocks, that_ are,.
rbconst r utt ed 16 R éi‘aéﬂgg’ ‘ﬁ?ﬁ%ﬁ‘ o SIBRF Gpdewgrd is used for

I eCeiddidi®both dd@ipohétadingitioh Meddh Bewdbd fhe fianticdeaddrrsecchd
44. The apparatus of claim 27, wherein the informtjon
i hcl VigEsing YHISFET mapping frofg profipe ¥e9h i qogevipift 1 pegpiidet cach

begi ARirBbodk BelRGRL bR iR S%a, 45. The apparatus of
claim?27, wherein the received information is 2

signal ed at the sequence parapeter set |evel. ,
1 g 51.  The app%ratus of cI?nm 49, wherein horizontal and vertical components
2 of each motion vector is separately coded, and wherein an available reference area for
3 the horizontal and vertical components is considered when mapping each motion

4  vector component to a binary codeword.

1 52. A method of encoding frames from multiple views having an inter-

2 view prediction relationship, comprising:

3 encoding into a bitstream a first plurality of macroblocks of a first

4 frame of a picture taken from a first view;

5 encoding into a bitstream a second plurality of macroblocks of a

6  second frame of the picture taken from a second view, at least a portion of the second

v frame referencing at least a portion of the first frame; and

220



-28 WD 2008/ 047300 PCT/1B2007/054197 1 46. The
apparatus of claim27, wherein the received

WO ndos/osmdé on is 2 signal ed at the picture par aPEr/EB206#154197
level. 1 47. The apparatus of claim 27, wherein the
received information is 2 signaled at the slice
header level. 1 48. The apparatus of claim 27, wherein
the received information is 2 signaled at the
macr obl ock header level. 1 49. The apparatus of claim
27, wherein coded notion vector information is 2 also
recei ved and decoded, and wherein the coding of notion
vectors bet wedignelig if theditstram qdpdighignoh dossebmacroblag in the
age did&ad. WRRA of bR phlrAlt) 8 mG@bbIBHQREME RS fidhne MR/ LON
4 vectors change as a reference area is restricted. 1
530. Mikseppar at us of claim49, wherein a single
codeword is used for 2 coding both conponents of
npti on vept or SHBEWRERT Ly £, hdlbrei B¥%si3RAMinE BEcuBEA MG euence
view, and wherein a mapping fromnotion vectors to
codeRiragernsst laghpt ed at each 4 macrobl ock, depending
on a reference area. 1 51. The apparatus of clai m 49,
wherein hari zant fetRBAr M8kt 5 3hehNRONSMIiSg odeudd at @RGHcture
notion vector is separately coded, and wherein an
avai paBndcrseflevébnce area for 3 the horizontal and
vertical conponents is considered when nappi ng each
nption 4 ssect qhe GRIFBOBEAInT 0, ¥ hBicRARY siERUBYBESrs at t1RAlice
A met hod of encoding frames fromnultiple Views having
ah ilppederlevel.yi ew prediction rel ationship, conprising:
3 encoding into a bitstreama first plurality of
npcr obl oGS Offhamkihb8 bf cl4inf $20WMBe@fn te QlGalliHg Bcdupthkd® fhe
froma first view, 5 encoding into a bitstreama
seconarrhleskdicpdsy 3¢l macr obl ocks of a 6 second frane of
the picture taken froma second view, at |east a
portion afy. t hehsgemvdof ffiane, WatemheRCinAgolbcks @ask fidst frame
portion of the first frane; and -29 WO 2008/ 047300
PCT/ ViBslbern/bgsefersneed by gipgrisHihg a5 ablpfhein Hhe seeqnd drpmgs based at

I Ndigat nPartRben Hehrrfaeh chREHRRhQEkch I dah8ras responsible for the first

4 and second views.

1 58. The method of claim 52, wherein the area of macroblocks in the first
2 frame that can be referenced by a particular macroblock in the second frame is limited

3 for fractional pixels.

1 59.  The method of claim 52, wherein the cncoding order of macroblocks in
2 the first and second frames moves from a top-left corner of each frame towards a

3 bottorn-right corner.

60.  The method of claim 52, wherein the encoding order of macroblocks in
2 the first and second frames moves from a top-right corner of cach frame towards a

3 bottom-left corner.

1 61. The method of claim 52, wherein the indication includes a number of

2 macroblocks that are to be reconstructed to the reference memory before a notification
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9 second frame, which of the plurality of macrobl ocks
inthe first franme may be 10 referenced. 1 53. The
woreiokoda73ed cl ai m 52, wherein the signaling ocCRPCHIEN07/054197

the sequence 2 paraneter set level. 1 54. The nethod

of claim 52, wherein the signaling occurs at the

picture 2 paraneter set level. 1 55. The nethod of

clai m52, wherein the signaling occurs at the slice 2
header level. 1 56. The nethod of claim 52, wherein

the signaling occurs at the 2 nmacrobl ock header

| evel . 11 57. The nethod of claim52, wherein the

nicr Bilaperiged mdcpingthy she depeting ofat {¢att oRe elfhe grgond plurality of
r;feﬁgag@gdgxmgbgg{tlcular macrobl ock in the second
frame 1s based at” 3 least in part upon the arrangenent

of first and second caneras responsible for the first

4" and sed®nd Vihewsthod obgainThe WhstcHoe licatiol ifflgges a number of

wher gl hiifis & §at SffodReS d%@é)cﬁ’l?é(ﬁ a't H:agt Rge & tﬁ@gecgndc PRy of
that can be referenced by a particul ar macroblock in

t he wewoeckscameegis |inited 3 for fractional pixels.
1 59. The nmethod of claimb52, wherein the encoding

of der of gyacr aiil aekBdiofclaitn SN hbiclst d@Mns&aand ntarcﬁ%%ks in
noves froma top-left corner of each frane towards a

bot t GenfiFst gtk seedrfemes §pignrled imide hisHedt cl ai m 52,

wherei n the encodi ng order of nacroblocks in 2 the

fjrst angssecqndnfef@descimyYSs wheRR @dtRotidndRtof HdHation is
of each frame towards a 3 bottomleft corner. 1 61

The #Hetmeeredfnte theibitstmeam, gpbwherein theecofing oEmptigmvectors between
ipel ydes: @ewﬂ@ B sg&ma VITRCLORL BEKS whiphe 8h8stlD Péerties of

reconstructed to the reference nenory before a
not i hipteamtveoars chae anDrdOe8EA3OCSIRCTEA.| B2007/ 054197 3
is transmtted indicating that the decodi ng of at

| east onesof ﬁﬂ@né@ﬁ@BﬂchH&@hﬁ&%m&ymﬁ%$m%ﬁéﬁgh9§&§dﬁﬁ%omné
begin. 1 62. The method of claim52 erein the

i ndi ot saronents efdeedion visgiplsdetwsen the first view and the second view, and

3 wherein a mapping from motion vectors to codewords is adapted at each macroblock,

4  depending on a reference area.

1 66.  The method of claim 64, wherein horizontal and vertical components
2 of each motion vector is separately coded, and wherein an available reference area for
3 the horizontal and vertical components is considered when mapping each motion

4 vector component to a binary codeword.

1 67. A computer program product, embodied in a computer-readable

2 medium, for encoding frames from multiple views having an inter-view prediction
3 relationship, comprising:

4 computer code for encoding into a bitstream a first plurality of

5  macroblocks of a first frame of a picture taken from a first view;

6 computer code for encoding inte a bitstream a second plurality of

7 macroblocks of a sccond frame of the picture taken from a second view, at least a

8  portion of the sccond frame referencing at least a portion of the first frame; and



2 notifications to wait before the decoding of at

| east one of the second plurality of 3 macrobl ocks can
whe@sn47300 63. The net hod of clai m52, wherei n BCT/IB2007/054197

decodi ng order of nmacroblocks in 2 the first and

second franes is signaled in the bistream 1 64. The

nmet hod of claim52, wherein coded notion vector

information is 2 also encoded into the bitstream and

wherein the coding of notion vectors between 3 the

first view and the second view are nodified when the

statistical properties of 4 notion vectors change as a

réf erence ar e£oMBuiERdr fusignaling ip the bitgEeameindagicaifon of, for each

Ch ai MaEnlo WNRIR RethaStAW, GntRdeNe LRy yﬁﬁ&tr&%ck]g _ijt'htE' Grst

2 both conmponents of notion vectors between the firs

Vi ewfraineimahbe sdereedd-vi ew, and 3 wherein a mapping from
notion vectors to codewords is adapted at each

macr obl ocdg, A ASREHL APaQRisEohfpliShence area. 1 66.

The nethod of claim 64, wherein horizontal and

vertical conp@m&tessoRapd each notion vector is

separat ely codetmd thithet fiic A0Vl

area for 3 the égfz%ntgFzﬂﬁTv%?t@%%?g%%&%glgg %ﬁ?gi
consindadiog when mappi ng each notion 4 vector conponent
to a binary codewo co ter ogr.am
p?oduct , enbodi ed ?Ognpé&cégfzr%euftére?ﬁc? ég%lg%? &éﬁ,%g;% ial?rrﬁt p}ucr)
enc owhdgblbakawes fifst Gamernd 4 piphe: tvice i mhafiisng ewan
inter-view prediction .3 relationshi C rising: 4 .
cgnputer code for %ﬁ@%ﬁ?ﬁ%tﬂﬁ{%“ 55@F@i?@gﬁ?ﬁnFF%?Pdph“d“y
pd ur @lnhdeyobifcks & areondlftaaeks thefpidurt itdkst frbmanecdill vaew, at least a
picture taken fr a first view, a conpute ode for
Chedlirig df o 6 i Bt E S st § Ry of the st fame and
macrobl ocks of a segguttr téRTer YnatiREinPhEhitiBarh kK MBication of,
ogha second view, at |ea ortion of the

fr W, l east a e pg ( .
dlec oREHR APl dhitieRg ddfam e which AT s ity BF megseblocks in the
fd 1 sirstfffaaitanayidefeihoedMO 2008/ 047300 PCT/ | B2007/ 054197

9 conputer code for signaling in the bitstream an
indicat;ﬁp of .. for each_ 10 nmacrobl ock in the second

f'r ame, ch ORe 4PRaraps OF diim §5> ghersidhoHEnsliRg ofgyrs gy ghe

fa 1 stqubdcelpatdieetdva 1Bl r ef erenced. 1 68. An encodi ng
appar at us, conpri si ng:

'?,lity of

1 70.  The apparatus of claim 68, wherein the signaling occurs at the picture

2 parameter set level.

1 71. The apparatus of claim 68, wherein the signaling occurs at the slice

2 header level.

1 72. The apparatus of claim 68, wherein the signaling occurs at the

2 macroblock header level,

1 73. The apparatus of claim 68, wherein the macroblocks in the first frame

2 which can be referenced by a particular macroblock in the second frame is based at

Cal

least in part upon the arrangement of first and second cameras responsible for the first

4 and second views,
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2 a processor; and 3 a nenory unit communicatively
connected to the processor and 4 including: 5

W@ op8Bn0 code for encoding into a bitstream aP€T/IBE007/054197

plurality of s macroblocks of a first frane of a

picture taken froma first view, 7 conputer code for
encoding into a bitstreama second plurality 8 of
macr obl ocks of a second frane of the picture taken

froma second view, at least a 9 portion of the

second frane referencing at |least a portion of the

first frame; and 10 conputer code for signaling in the

Che Seconth 1 r IS DRHHCH G BhGHA RILyEHH macreofocs I the i
MRCT @hh®8KBcanibe krétBrended bllalpaktichihARBCrOBYCKIR tKLk&I8MRAR is limited
1 69. The apparatus of claim68, wherein the signaling

oé cuf%s figetiqplgixeds. sequence paraneter set level. 1 70.

The apparatus of claim 68, wherein the signaling

ogcurs at74 he e @bphiLus of R BBV RN ciS Bl ch@i®l g order 6 macroblocks
The apﬁaratus of claim68, wherein the signaling

ot cutishahirst 4d sgpopg dramss maxgtdon) gipetictt qorpy of prp frame towards a

appap@tousrigh c6ndd. M 68, wherein the signaling occurs at
the 2 macrobl ock header level. t 73. The apparatus of

claim68, wherein the macroblocks in the first frane
2" whi ch c#n bdDf aPRIFAEM Glany 0% WWhiskin thIeasodigrdas obmreroblocks

i 0 thehsBeORd sbdofilBramefnoksifidnPAob-risRO RS each frame towards a
arrangement of first and second caneras responsible

for PREnFieftgpmey and second views, -32- WO
2008/ 047300 PCT/1B2007/ 054197 1 74. The apparatus of

¢ ai m 68,77wherrgi hethde o RIS &F, wiBEHAR! Bk stidindiN&shintSber of
2 frame that can be referenced by a particul ar o
nac r BMTRRCKE fhat #e taleisprRIsTycio e rEferpneememgrythgfore a notification

f1 ack banaditdd it@ksing haf Be dEORIRRPH RIY Snddt thd REMdGBurality of
wherei n the encodi ng order of nmacrobl ocks

4 macroblocks can begin.

1 78. The method of claim 68, wherein the indication includes a number of

2 notifications to wait before the decoding of at least one of the second plurality of

3 macroblocks can begin.

1 79.  The method of claim 68, wherein a decoding order of macroblocks in

2 the first and second frames is signaled in the bistream.

1 80. The method of claim 68, wherein coded motion vector information is
2 also encoded into the bitstream, and whercin the coding of motion vectors between
3 the first view and the second view are modified when the statistical properties of

4 motion vectors change as a reference area is restricted.

1 81.  The method of claim 80, wherein a single codeword is used for coding
2 both components of motion vectors between the first view and the second view, and
3 wherein 2 mapping from motion vectors to codewords is adapted at each macroblock,

4 depending on a reference area.
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2 in the first and second franes noves froma top-1left
corner of each franme towards a 3 bottomright corner

wa 2008/047Bhe appar at us of claim 68, wherein the PODRNOTS4197
order of macroblocks 2 in the first and second franes
noves froma top-right corner of each frame towards a
3 bottomleft corner. 1 77. The nethod of cl ai m 68,
wherein the indication includes a nunber of 2
macr obl ocks that are to he reconstructed to the
reference menory before a notification 3 is
transmtted indicating that the decoding of at | east
one of the_second p|u ity of 4 macrobl ocks can
agin. 1 7. - THE THARHHE Ut Hr OB CORRBIRCH T er components
i Rdi @atdcRMtDE WetlRSs sepdfeiedodd, an@wh@tihfah GdilaPBSefti@nce area for
wait before the decoding of at |east one of the second
pl3ur & hojizestal andrier e corpRAnCpta i 99BYslgied whepgnarpHig saeht Heen
of, claih BfwoldAeI findy 88&0diNY order of macrobl ocks
in 2 the first and second frames is signaled in the
bi stream 1 80. The nethod of claim68, wherein coded
notion vector information is 2 also encoded into the
bitstream and wherein the coding of notion vectors
between 3 the first view and the second view are
nodi fi ed when the statistical properties of 4 notion
vectors change as a reference area is restricted. 1
81. The nethod of claim80, wherein a single codeword
is used for coding 2 both conponents of notion
vectors between the first view and the second view,
aid 3 wherein a nmapping fromnotion vectors to
codewords is adapted at each nmacrobl ock, 4 depending
on a reference area. -33 WO 2008/ 047300
PCT/ 1 B2007/ 054197 1 82. The met hod of cl ai m 80,
wherei n horizontal and vertical conponents 2 of each
notion vector is separately coded, and wherein an
avai l abl e reference area for 3 the horizontal and
vertical conponents is considered when mappi hg each
notion 4 vector conponent to a binary codeword. -34
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