1 SI GNALI NG CHARACTERI STI CS OF AN MVC OPERATI ON PO NT [0001] This
application clains the benefit of U S. Provisional Application Nos.
61/ 232, 2AR0 2bitadseAugust 7, 2009, 61/248,738, filed Cct ebers20108009 and
61/ 266, 861, filed Decenber 4, 2009, the entire contents of each of which
are hereby incorporated by reference inijheir respective entireties.
TECHNI CAL FI ELD [0002] This disclosure relates to transport of encoded
vi deo data. BACKGROUND [0003] Digital video capabilities can be
incorporated into a w deSIGN}.ING AHARASC TERISTUAISNQFANi t al tel evi sions,
digital direct broadcast systeNsVC\OFERATION POINESt systens, personal
digital assistants (PDAs), |laptop or desktop conputers, digital caneras,
digital recording. devices, digi talé madifa (gtj ayers, video gam ng devi ces,
vi deo game [%YHd Jihéss applicption staigy taedengfiti & Payii Brovisiowshwelicatipnglies-
tel econf er geisng deliELSAuRE 1.NS0bd K81 oR 958 Alried A5G0tV sCeRmObIRhGMENt
vi deo conpression techni qués, such ds those described in fhe standards
defi ned by 6NVPEGSB], filleE@e¢cmbdii4, P06, 2BSemwire kdiderits blf 264/ dVPEGMare Pardby 10,
Advanced Vi.deo Codi %g VC?:,].F]gth extensi ons af such standards, to transmt
and recei vl @R bYrfatsn FRISSBYFIYE CRUSHES ci ent 1 y. [0004] Vi deo
conpression techni ques performspatial prediction and/or tenporal
prediction to reduce or renove redundancy inherent in video sequences. For
bl ock-based video codi ng, a videqid¢@RNECRL BIEIQe nay be partitioned into
macr obl ocks. Each macrobl ock can be further partitioned. Macrobl ocks in an
i ntra-coded0§02) Thisdreclovursidates tartensprecorfencodidngdeptitd.al prediction with
respect to nei ghboring macrobl ocks. Macrobl ocks in an inter-coded (P or B)
frame or slice may use spatial prediction with respect to nei ghboring
macrobl ocks in the sanme frame or SBACKQROENPoral prediction with respect
to other reference frames. [0005] After video data has been encoded, the
vi deo dat a -af i : |t o4 FARSHL SSiQN rage.
VPEG 2" | noll WAL PEeRECIER CRATRIGGR (M, e BleRha i e o ey
vi deo encodndigdisg atigaald sele W&, 2digitansgpoctt bioadedst syystesiss wigledse brosdchsby
MPEG- 2 vi deo encoders, ot. other . videog coders conformng 2 to different
dig drDifsk ks k-

video encodVHEmt RGN TSy Ak 4RIy 85 (HPHEE AT En (18t odi ng
and decodi RgmBRE N@IRAIAGESRinEhRRi L R8It ImdMEEFagers Pl bE@mh @€I'Adeo
i npl enenting the techni ques of the EG 4 standard may still utilize the

MPEG 2 t r agemerconiodssetelhvbarion dutlbid redio t(Eloplasics. ndapelnlseen creneihg devicess and
"MPEG 2 systeps" in.this di,sclosur refer to the transport |evel of video
int 5 o eos el bbbl R o anh i oal BrifRsbh EBR kG its 8ord oo
referred t Qeidtibbliis @k SEdrdstdseddmeadrby’ MAHG 2, INPBSPRIITISTT B®3 & ITBUMpPly a
"transport stream" Likew se, the transport |evel of MPEG 2 systens al so

i ncl udes prbdrEMPdG-daksrt 10.andymced SYidemqodird (Y ohr2nd sxteeupirs genbehl |y
i nclude dif . Lver i ¥ . rq.a transport
stream conﬁﬁaﬁégl@’gé\g{%@ﬁ%ﬁégwg%gl g{%%ﬂglefltﬂﬁggﬁag%i)otq%e%gﬁngy'and vi deo
data, whil ¢0@4poridén ormpadssionhnechitiguan@cfoyr patialnplddiitiog bed/br awaperannd
video data. [Q007] Efforts have been de.to devel op new vi deo_codi n
standar ds BASBEIBrONTIS ST d SRS TiE ' YIQoRSogRRD) Eowdaiﬂsg-
codi ng (SV t : i i : i V

Anot her st %%%rﬁaggéﬁl}%%\ﬁ??d- %futél{?v%{/ ?fé%loﬁ?:%gie %&%f‘/éc@tmﬁ&%ﬁ‘éng?l% he
mul tivi ew exdcertdodrcandeHuaBet/paAionThe MREBI X kSyrs tre merasquded {1 dimtricam slice
descri bes how conpressed nultjnedi.a.(video and audi 0). data strea y be
mul €1 pl oxed  GQEDHE: SOEn SBHbrPRUEHN oV by feet] g e B aeS (PEAMTSHRT abl e
for digitahvidehlsflsSial ANnRE-cSAQN @ -Bi::ﬂﬁmle%tr%ﬁ&e 810§ Ghsé ispatal PredRtiolYREG 2
systens is specified in "Informati on Technol ogy-Generic Codi ng of Mving
Pi ct ures amebppeistodicaghbaring aiasrobBycks amthe Reeo fremma duitslion oHt@@wrd: prediction

I nternati onallthrOr ap{'oso%eir%f }‘reorC 1rtar%ndar di sation, 1SQO|EC JTC1l/5C29/ WGL1;
Codi ng of Novi I G Ures Nt “aAsedct at ed Audi o, " May 2006. MPEG recently
desi gned t hgoos] aT&ROFillecs Uadaik doceh MYEdQ elic VRIEG &ats Yisdyeb® pasiebtivfe blyad est
version of this specification is "Study of |SQIEC 13818- 1:2007/ FPDAMA
Transport &Rultigiexer fopianyissionysraragd/PRE’BE-2 sotudesay osksapd/segtion thahpyi |

Havai i, USfrARrd krat%s%ga'level for many video encoding standards. MPEG-2 transport level

systems may be used by MPEG-2 video encoders, or other video encoders conforming



SUMMARY [0008] In general, this disclosure describes techniques for

i nproving nultiview video coding in MPEG 2 (Mdtion Picture Experts G oup)
systens. wWo2pardiresul ar, the techni ques of this disclosureTarseoldionssted to a
data structure for an operation point of an MPEG 2 System bitstream where
the data structure signals a rendering capability for a receiving device, a
decodi ng capability for the receiving device, and in sone exanples, 3 a

bi trate foro tdicroplevaled omepdingtstarflarisdatar sxampleuMPEay! omseremsotiffercot an

operation point descriptor th ks i.ncluded in tembitstream
(50007 1 BRcling 558 dBhe " hado i ic s of bR BioVoih Tk f on
poi nt, a reepicvicAtngeNd eehsijoey 6f srt MPRG-4hendeepehy il waserthbedrhg-1 he
rendering capability and decodi ng capability signaled in the data
struct ure. NPROrDlcsy aashrdolngidk reans may include a plurality of operation
poi nts t hat ()(ﬁﬂilr] T 5%8&‘11}1%&\{&&%9 Y5 eHE-0 Eys@erﬂsr”oglr ﬁ’{@ éi%%lo@‘greg LI e Me
operation points for a’program all ows various clien evices ' to perform
adapt at i on trahfpmtt iesel oflviidoot datlepics@bediby MBEGERr €ht tespderlevy pagsdribelciodi ng
capabilities can extract_views fr n1&he sane pro%%an1to di spl ay .
t wo- di mensiMREY-ors #he deleHrrdAsP Rk divelawte datad "MREGE iBRIP eI EEY fhy
al so negot isph 8y W il RpSi®IsHelm HUliEEVitO heltanEHR RRER.LPIPES Y Bt G‘Fté@& es to
adapt to tﬁaﬁggorta?ﬁgn ﬁed%g'oflvaf%dus béh%%f%th cgpg%i |ti§§F 0010] In
one exanpl énchaietsmrh%r_dmi strﬁlamdesTI}ams_rp@_ttr s]mamgga,ndvprggram siwrgsegeaiemily_eincladdat a
structure corresponding to .a nultiview video cadin oper ation point
of i MPEGUITTRIBHIYE TG G S aE AR EHE P N T SRR 878 Pnal s
a renderi ngnaPaRigkdrhy” MR ctUIA ablEs GhH ReRo L RARL RO GAPaRIakdstiMcILg be
satisfied by a receiving device to use the MVC operation point, a decoding
fﬁpabilipypvapﬁéﬁyhamﬂ @&b@?ﬁsmﬁﬂg§@6ﬁbﬁ?@capabiIity tg be satiffiedlby

e receivi ce 1o use the eration point, .and a bitrate val ue
that  descr IBRAEHTE, s Ben ABon EREIR: PSR Barh oo R il Rifnedhata
structure is2é6NaMednasudhadtindatd tshide Béallsld o@D cadidg OSVEYElahdgd ! Weich is
bitstream conprising the data structure. [0011] In another exanpl an

; : er, nple,
appar at us ithcsoahible axtensian telfd et AM{atAnaihaitstandpigl 1y thpayltsyiewctigipecoding
correspondi g i NI : S g
b1t 5t oam AP e Ao ARER o yiBE Bl o A B Il e
t hat descr ispasfietive nderibbgheapainptdsted hultibedmalidebd iaad atdio pdate stesavisngaydevi ce
to use the WC aperafion point, a decoding capability value af descri bes
a decodi ng PEdpaBPIere togﬁths%wggml?ri 8@ 1ByOrha Sigefar %ﬁaaéw@%t]et lor QG351 e
M/C oper at iR RRLiBA 1oras)'&9a$e. birhE ahBstVLUE ARR oI REHG-DES SRR i rsgéc‘?ﬁ&f if he
MVC operation point, and that includes the data structure as part of the
bi t st ream “&rfdrmaationukqsbinolpgy-eieacrec Chding mithbertisg Phturbs tsd Aesomiatashpndisi ng

the data structure. [0012] .In er. exanpl e, .an appar at us_.i n¢cl udes neans
oy oonat  ShERS ReghpmeRharisd: B2l R TR SRy R o S R e o
an 'VPE_G* 2 SPS@IIE_@‘ _ﬁn@mg@wmmt@&mg oﬂ%&ﬁig@i&ﬁ%s%ﬁ%@béiﬁ%ﬁ%&ii@,"’QM@ S a
renderi ng caggblllt val ue that describes a rendering capability to be

satisfied Bf b veasytly dosigredt the traasnonestandaropleMMG overpdPREO:Z aysiknandi ng
capability val ue th describ .decodi-ng.capabidsity t i sfi by 4
t he receivﬁﬁg gg@i%%%Eowﬁégntﬁg ﬁ%&:%ﬁg@% i On %oiﬁb{ aﬁg gggﬁﬁﬁgtgkﬁgjue
that descrilE®7a#PDANMaEt ErapdrheofMVD/ OpenaREGNIROI N1 05 2nd\WREr @ 'VSUE(lat a
structure is included as part of the bitstream and neans for outputting
the bitstrdd 6PN §il hMareHaypi, WeAuRPEFZ091 0013] In anot her exanple, a
conput er -r eadabl e storage nedi um conpri ses instructions that cause a
processor of a source device to construct a data structure corresponding to
a MVC operation point of an MPEG 2 SISMMARYandard bitstream wherein the
data structure signals a rendering capability value that describes a
rendering qeguRPirh igederhQ thiS diRtdstiel @dciies dedREficY FRJintRYViIAE nndtivis® i MV/C
operation point, a decoding capability value that describes a decodi ng
capabi | i t y cpéinpeins MPEG2e dMofion hRictuee dixpirigy @oupt eystemsgs e In Hurtigudroples at i on
poi nt, and Ptr val. t ha 25Cr i be bitratec.of th C operation
ot nt . and ‘EILREO iR To B s AFRFE RER i SuP sl ST RBRED Y P o
and cause anPPOtPS¥stémbastast wierotheplata dthetudd tighdlearemRApg cspadfity er dat a
structure. [0014] In another exanple, a nmethod. includes receiving, with a
dest i nat i ofCEEINE doviee, dategoding Ganabiey &Jrthe 56ViendEVics- and MVEMSHRREMSN

point of an MPEG 2 (Motion Picture Experts G oup) System standard
bitstream wherein the data structure signals a rendering capability val ue
that describes a rendering capability to be satisfied by a receiving device
to use the MWVC operation point, a decoding capability value that describes
a decoding capability to be satisfied by the receiving device to use the

A I~ 4= . Y D e . Y .



[0016] In another exanple, an apparatus includes neans for receiving a data
structure corresponding to an MVC operation point of an MPEG 2 System

st andar d wotetweasel wherein the data structure signal s CTarsd@wionyso
capability value that describes a rendering capability to be satisfied by a
receiving device to use the MVC operatiagn point, a decoding capability

val ue that describes a decoding capability to be satisfied by the receiving
devi ce to washEtratgefomiie O]p%fﬂ'fémﬂ D‘Pin'poffh@ datangirugtuse tagt eorveapersl tohait oplersden bes a
bitrate of th t|o mnlng whet her a vi deo
decoder of PPH dg\%ﬁlg%g 1513035@%% tge m%&o ??Sle?} \?%mCorrespondl ng to the
MV/C oper at i[@609pah rurdéiat@ep!ropm}t kecsecadi aigplappaddd Hity ofi ginapaskidty pbing flat a
structure, means for determ ning whether the apparatus i s capabl e of

rendering teesivnedevieoshoakbumidinge peoncrics oestisd battho rendeiing capabididy ard t he

rendering u _ f di ng
the views ?ggﬁgl%géﬁﬁbﬁggg g,:) ? %nggﬁtg?%@f%%g pgﬂ%ét OW%IH%?E&Y@ g{actg%& of
t he appar atindudehe plirbiéy wif dporatden @daits diat threcspppditatasoussvicies ef aipaggaino be

capabl e of decoglﬁgg and render.i ngpt he vi ews correspogﬁjl ng.to the

I\/gC
I @ REQFAT allgwe SaRRiHS 16?%%&1?? &0 BEEAYe

operati on BOL P REPLPRIP
medi um Comaﬁ FRCLIEQR FeViDRtw BB Rr At 9 zﬁ{d d%fcod'ﬁn%%%a'bﬁﬁfek Qth
device to e| ve ‘a data structure correspon ation point

of an I\/PEGeztrsysyueem ﬁbmrtharsatnblptcgrareamdlsptmteuoadltmemdmla)rshnemdmcmmmagnaI S
a renderin a val e.that descri bes a renderin

S at o eu " BAERREL b e et e BRE R e el s VR ety e e 1
capability o‘f@hrg%gtﬂlﬁfﬁtesjﬁﬁ&fabtb@&raﬁ agh ﬁ&dﬁaﬂalahbﬁstwanwldzﬁ coabilgfsed by

the receivin vVice to use the operation point, and a bitrate val ue
t hat descr i[$&] dn ising rexpmplss atm@hW@@m@pn@wcpog,nwth dtesoelrcm frvigghetdms a

vi deo decoder of t he des t|on evice .is ca de co

cor respondiigets FAERRR bR 4 MeftRior it 8878 Frve) SEEaGRGoL oM i ¢y

si gnal ed bywphe-H&yscmt §thitdaud emstd@lnermaemv\h@t fed strheuflesighdlatd esmdegyd ce 1s
capabl e of renderln? the views correspondlng to the MVC gperation point
based on t KaPabeliyeYalyry thehsighribies y Eongerince ganshility do gt satistied) Oy U ESCCHmR send
the views oper. Y oder
of the. destrvst o go MG, cBelEn Wiis R S ar ARbThy Mk et b o

i s determ recbdimg b@abﬂpﬁbcb be Qﬁtltd'&dd@l thg raclftﬁivmg mideﬂ‘ci: ng ukd eheVMBIS operation
correspondi ng to WC o i on poi nt 001 The details of one or nore

exanpl es arpémé’ei‘n‘£ Bty A e &%%@ﬁ@. n‘a aicat Hs OPRELgR O pERbN

bel ow. O heryfEALHE &fita &P&c@&%sls ﬁE‘Md@&i‘é?%ﬁg@ﬁ tHd Btst&%n@%arﬁﬂ%\tlﬁf&é%é he
description and draw ngs, d fromthe clainms. BRI E

DRAW NGS [(bﬂmﬁ}am:t@lpdsmgtha dblacs@mctdrfagram illustrating an exanple systemin

whi ch iqlvid A d d d vid ta t
A e T oS Rabt eor ErS eLB S PR o T B g
exanpl e ar KBRSERRHQ omfgawwtmv@f operfidnt pHheB¥Ehn MMPEGSE 8Ptted $tihdald S

di scl osure. [0021] FI Is a block diagramillustrating an exanpl e set of
program s p@@ﬁ11f¢3(tn,l\’f‘if€mlﬂﬁtel data steushuse sigowls R semsisringicanability salyp shat desgribes § 0022]

FIGS. 4-6 nc us VALl pus  ex: ets of
data that ?r%ndeggg Cgﬁ?bu@tgdtgl n aa%”gl%(gb 4t %er?gvmgggevdesgor |uspet or %lv&s)ﬁg?r G7is
a concept uq)bufdl ea@aroamnlglch ilitgtvah@ that d%xcamels @ dWbEdiRng efhabilittd Radatiefict by 0024]
FIG 8 is a flowhart ustrating an exanple nmethod for using a data
structure ttl&FaﬁeC@lV@lﬁaieglcé %ﬁ%ﬁ@M@@ jopgragen awnbaéd athiitee peiumthat geseabessp
DESCRI PTI T f r y.¢Gh, L ect ed
to enhanc?r?glg&%l%t? Illbel lglﬁv]%%gmh ?1%%8 (“%@ ]ﬂ&lﬁ%E%g tﬁcgﬁggg ?t%rogq perts
Group) systbiseeant,hat ansoutpyts tieomadeh #tat canpus noht OblMBEﬁnZ covnpiising shecdatd o
transport |evel details. MPEG 4, for exanple, provides standards for video
encodi ng, tipct lj@ner ally assunmes that video encoders conformng to the

MPEG 4 st ang@rg i ddotéd | éﬂaﬁﬁ)lévpﬁﬁaﬁ 4HROSRRMHed 8¥&hs S8 { @Btrucing 04 digl y,

t he technlques of this disclosure are applicable to video encoders that
conformto sWHREGeZpom@E@dA,ng itar g~ VIV 268ratipT gointHh 26 /MIPEG-24 Syssemasigndatcher

d t r.d th t EG 2 t. t d
br ogr am o0 PUARTT AR i Pl ishist Sadls noeietig S5 Rof e SR AR ARREPRA ar
the techni leﬁﬁn‘lﬁ% chﬁalb‘ihtgt%cﬁé)%ﬂfsﬁemy ARG SR @X teh&MBRL ISV op&i8tion

transport | evel 2 transport streanms and program streans. For
exanpl e,  point, a decoding capability value that describes a decoding capability to be satisfied by



7 the techniques of this disclosure include a descriptor that is
transmtted in the transport streamto describe features of an operation
poi nt. Awerwavoidevi ce, for exanple, may provide vari ouPCoOAS2@EDI0GLTSPOI Nt S
in an MPEG 2 transport |ayer bitstream each of which corresponds to a
respective subset of particular views ofg multiview video coding video data.
That is, an operation point generally corresponds to a subset of views of a
bi t st ream thawesommgalesivpliesse thadhViopwatipn painbped atbiteatc padinathat dedcubiesa vi deo

data at the.sanme.fr rate.. [ 0027] est.ination device nay use gperation
ot nt - desc PIEROPGHE ALY Gelstitsh 2o wl SR JRLAREPRSNE T PRl 5o 8RS0 o
points to hie sieeesadamindedtstfon@imltind RIeRtreth tEmprisindilsphayeditut® a user.
Rat her than@)assi ng data for all of the views to a video decoder upon
recei pt, tHe0lddde ppetherorrapela. e sompytesasidallgsiprageencdivmesoprisessiaptatctions

operation | I . i e i I

devi ce my%tgé%stregl %g(feegﬁr%?%vs?gl\%\gg? {118? J[O\?\ﬂ n?\%ga(%gh sﬁrggﬁ%ﬁgﬁ%%héﬂﬁﬁ%ﬁnanati on
devi ce nmay M¥€legperativnopeihatof cim MHHG-2b8gween amaridael bitghast, wheatint fhe Sdappor t ed
one of the operation points for a hitstream [0028] The server_ device may
send a pl urHPSIHLF BEnadybhIededng %@%Eﬁl(ﬁ%a%lﬁe dret dces ChifederRe SHBRELY & B
operation I | i K : r - Pr RN f:hough
in vari ousggﬂéggfte%lg ) ﬁsléfs |§%\{1€)€2{35§9ﬁ%§1%2§?y€%ﬁﬁ?\?§ lﬁg{nldééo[do a amt‘fef{r)lt(lll:tys)port
streant or valu¢phaglesantss nelepgding tapmhduy t besainted by dudrechimingtdesice e lusg ques
of this disgcl e are.generally applicable to either or .both 2
ransport 415 SVE G ST oBT Bin 0l L AHES PG ehEr SCnbr & WFSE Yelipeve -
describes toReratis® point, dRAGIHRLIR e Adta SHAITRIas Gl @ tak okt Wreke hiddireRRI hd M ng
the techniques of this disclosure. Descriptors are used to extend the
funct i onal iceyscah catmit frdentace Th eulgatibe bpstoras efmprising b detacyueteroray be used
both by tr rt streans _and program streans to i engnt.. t he techni ques
of this o JTARP aROREEREUANC RrEHRTE Ry Fph P I TR bl L
descri pt or flafSstrabtueXedispordidt @toSdn MYUS R rithoat poiiybfag MBEG-2 Qvisti@iRiktuge

rendering capability value for an og_er ation 1?oi nt, a decoding capability

val ue for tHecBHREPhPYpSMtstandsd hityroppat whergmy gher data paucyer signdh doi nt

it should r t S - - t

pert orm  negs PHEEb AT Ot Dh HesiRled Slnahiy SRRy % 38 B i
di scl osur e recduitig elediey ite aus2 Gheray VEoosdratitet paint, op eeaddimgn cgmibiltty deser that or

t hat descripes._characteri sti ]g‘@%}(’)f gn op r(ﬂ)i on point. The characteri ﬁi Cs

may i ncl udéSSHBPs aParrsliag camapeiy {0 basthted PRéhusE Ving davicsgerat FmMySi nt
and frame roggr%ﬁoﬁ gBi_nL%d‘é' BiMSre ik MRt QRES Al AMbitPRE BFtheW@@&f‘e’rﬁIdn%hﬁ?' nt
descri ptor y specify a rendering capability that should be supported by a

vi deo decodeterinming wbethtoa vetsei degodandf dee detintien dpecaisi @palgoiofitdecaling
decodi ng capability that ould be s ort.ed by the video decodey..in
order 1o 1 abaneoriaonBte e T EpernatiiBR R PRt T ey P e FoRD e

oper ati on REinAfed blyGASAhta ThacthRS ABlEHRM OV héthérSthe USHINAB B TBYisABPAIIAbE Y
represent each opération point as if the operation point were its own
program sirgisriag thy vigwp cogewanding te iy MV operetiempeot bassd vadhe smderipg ogr am
stream map in.a.progr trea ternativel V. n . r.Qaram. contains

ot ¢ 1ot o oserafi LR & Uy S ateaY Siotind DRG QP B AThFRE Gt

i nformati oMo satidaepsipetoathic oAdqotsdodeb L tHeadREndtRasdeidel wherl theodaeat i on
poi nt descrjptors. The operation point descriptors nmay further si%nal
dependenci d§cesier ehdeestaiatipn darise Isgetaringgyio bggapahiq of deepding pngrandering s g

bl ock di agr i j xqoel - O in which audio/video (AV)
source devf%g%g%gF@%%?%%ﬂ?%ﬁgﬁglo aﬁ)ee%ggg 1%ta to A/V destination device
40. Syst em[0® 5¢fin FnGthell axampeoranegparaug inchudes daoirtpat extorfier emdeusgdstem a
server/client system a broadcaster/receiver stem. or any ot her stemin
whi ch vi deae%\t@aag@t% STYCTRICOFATEE SBR[ &0 Méfé/ SRERTIGE nRMmy otk MPEEH co
20, to a desii-palhehdeYisGtEm, SWatteRStHA M ELADAL g1 d8VicAgertY- cdpabFige
exanpl es, V source device 20 and A/V destination device 40 ray perform

bi di r ect i onvalucithitotoveriticora rerddranggepabihigt toi lss satisicd byrcecdeni cevizo tamse A/ V

destination_deyi.ce 40 may be capabl e. of both. encodi d decoding {(and
ransm ¢ M SCE aRarlTh gp tacar S anin, Feh g s eSS I ERh S o
encoder 26 capabile9IH be SAisHcld Bl GEe RRGOHR devRle ukETRNIVE dRraRndoHACHIIES -
[0032] A/V source device 20, in the exanple of FIG 1, conprises audio
source 22 aittyivabe haudesridas aditpis efothec VA opesptien metitse, vider desedapl e, a
m cr ophone that produces electrical signals representative of captured
audi o data to be encoded by audi o encoder 26. Alternatively, audio source
22 may conprise a storage nmedi um storing previously recorded audi o data, an
audi o data generator such as a conputerized synthesizer, or any other

o, o o - o o - o,



[ 0035] In sone exanpl es, audi o encoder 26 may encode a tinestanp in each
encoded audio frane that represents a tine at which the audio data for the
encoded awOi2o1fmagee was recorded, and simlarly, video eQtaser10d478my
encode a timestanp in each encoded video frame that represents a tine at
whi ch the video data for encoded video fyane was recorded. In such
exanpl es, an audio frame corresponding to a video frane may conprise an

audi o fransociogmed & derode videe shatmpndadicauitindesr corgired tpdéteintige whethstne

ti mest anp. V. sour ce, devi ce, 20 .ncl ude an_internal ¢l rom whi ch
aud o encodts VisBS SRS R CBker By e AP uhBh EEE e, BT RSN o

t hat audi o paaidrese?dn ang détdlnn: Sopibiley 2eniByd by ehd dataSeRCad, Stoadidérghiand
video data, respectively, with a tine stanp. [0036] In sone exanples, audio
source 22 neipthseibc dapaatty inaenadlent sadering thoovicws porginrpding @ thiend VAt

whi ch audi . s r V(1 I | deo
encoder 26 B5RH gy PR bECH e ARk} CERORYSHRaEd oM SRR CARLR MR Y |
sone exanplsesd thewdews encopendidg torehe N0 dperatice goian aethedddéd d¢oddei whancoded
audio data to jndicate a relative tenporal ordering of encoded audi.o data
but wit houtth%@égsdéﬁ?fey 1 rﬁiate&lameﬁg}%h? SARBIE R cdaepshie nd KR EHEE gD cat a
was record st m han i der 28 nmay al so use sequence
identifiergg?g%?ﬂ%?gg%gégﬂygi fﬁggn?@%gbral ordering of encoded vi deo data.
Simlarly, [00164dnmenethanpiagymle, ansappuanscentlddert nfamsr fomegcebengraplpedstocture

otherwi se correl ated wt i mestanp.. 1 The techniques. of this
i ol osur e APETGRNERAPIY YV CeEPERToPeRLDL PAASHEYE ST SR BaEa T e HEal o
(e. 9., audiyhcadfl thd BRPdtridalrd sighild ar&fRBh: BNy SHRS eEH AB{cribB £ENISAL | on
and decoding of the transported nultinmedra data. The techniques of this

di scl osur e capabilsirtoi baubaiisfipd dypt ireesibvieg dgvice dasyserthe A VINLPRIr¢tianwpeing eb
Coding (MVQ) data, that is, videqg data C rj-sin .plurality of views. As
shown’i i ¢ MR st e i Ge-GRAA T PRISE SR By db s B PLIEy o
views of arseenfy devivé @easemed®IC FeratddiGdiRy ahe ausighitdl vah@r theeageabdsng

t hree-di nensi onal video data to be used by a three-dinensional display,

such as a ditertesstepVly Gopputiiasstante Barpios deteraiing whetbeioh xideqidgendsy o

[0038] A/V i Foik " ice i.nat i-
hovr ok 5o, BOYIEEGEN ERA0 oF BABY 85 JomBONGE 1o L LIVE dRSLEARBIAN
of dM/Cddat a)ase{aﬁn’n ‘él)&ﬁkmcbcﬁng M%E)ﬂ'ﬁy aigrf_mlyd ibe thy dath a’ﬁhﬁufeg h%eehgfdr d¢ieemm_' ding
oraere ZeraQ roug seven.. e erylice nay Ccorryespon O Sstere VI de
havi ng two W8S theavappasatys bt ﬁ%ﬁabﬁf‘eibfﬁre@ée%g/ theoViews FORGSRAB gt g‘FeWCO and

still anot f@,?éraﬁgﬁ b&f VIR GPHHERRARGhS Q%ﬁhllitﬁis%taleﬁitﬁ)"ﬁm ddta 9@&%1‘%,'6 and®

service corresponds to any conbination (that”is, any subset) of t

avai | abl e mews forAsendmgi the vikaxs edrsspavhing sptredViVE apaeindi peint omthef video
avai l abl e vj e as wel | as audi o data. An eration point correspond to
= Servi e, detiihr PR apoRlutr b HEidie S5ofy e AReRr o FaE R b Rebar | on
pol nt deSCfchPanSPé off Rico@ag An® RNMEGEy ﬂhEQ/deﬁ%rﬂé&boﬂdl\ﬂgﬁg%&ﬂ\@b’%&ﬁi&%oiﬁ@oc”9]
A/'V source device 20, in accordance with the techni ques of this disclosure,
i s abl e to [0V ilgenethendxgmpla, hgpmpoicr-eeadabld storags ewmtcopipriyesapsiructians
general , a.yview iS Lepresente ) view identi.fier Ll so referr .0 as a
w1 g, Ot el RERRErY § sty b PG Sl R EhEr B RSy e
used to i deskiNyCoptr&isn fint\GreMIPEdR? SpEtem daslatdBitdticaiti, wtheffin ehevdagwv When
the view is encoded. The view id may be used by an MVC decoder for

i nt er - vi ewSPREETCCHS dFenggring panability value Hrat dessabepFngdsarg capapility fope

rendering. f00Qloy DIEEHLIBLE) ELIRE MOCRLAARR! IS, § QEcRNROCAGIM/C
video data of & frame WL Feference to one Or more frames at a ¢o n

t enpor al | cehkithat descritiee aelkcatiegl ciabitey of belsdtisGed by thd ewsivinglddvicé,towkd ch i s
di scussed in greater detail. bel qw, provides an exanpl e cqQdi ng sche or

i nter-vi ew# Wét?nﬂﬁ%mnnpﬁ%én 14 blipeie raliRclat ASEbeY o MG e G ¥y may
be predi ctigyel¥of BoAdelicRA Phdter £ GARPEALHY oL GNinMiS N ddeEei @AM O
frames of other views at a common tenporal [ocation. Accordingly, reference
vi ews, fromfwktahngviess arewgonding for thdiMVEdopagaimer pdihtybascé odetbodechdied or e
the views for .which t ref.erence views act as reference, so.that these
tocoded i sty el b, UELARE Sibesil? ot 3R oS B R Pl Shyiears

Vi ews. Th_ecdﬁ&%bf‘ﬁn@éﬂ@tb@be%vs%heﬁ%@ﬁ%ﬂbithé’m bpsRass pbiat béred ondes of
the view ids. Therefore, the decoding order of views is described using

vi ew or der remsigeRrg sapabilaysignaled by ibiedats sanauicneskiead thaticwp gpeespending to
decodi ng order of correspondi ng view conponents in an access unit. [0041]
Each individual stream of data (whether audio or video) is referred to as
an elenmentary stream An elenentary streamis a single, digitally coded
(possi bly conpressed) conmponent of a program For exanple, the coded video

Y b1 - v e



12 transport streans. A program stream and a transport streamare two
alternative nultiplexes targeting different applications. [0045] In

general , woppagnasei st r eam i ncl udes data for one programpCriisk@om4478@nspor t
stream may i nclude data for one or nore prograns. Miltiplexer 30 may encode
either or both of a programstreamor agransport stream based on a
service being provided, a nediuminto which the streamw || be passed, a
nunber of pholPdreperatitrepaiahto, thervidse ecodsontihdeicstinaging deroe whiraths! wdearhen
the video data is .10 hbe.encoded in st or age . nedi | ti.plexer 30.may be
rore | kel sl B i A5IE0RRAR et Bafiriistas seRATS oHshiiBs Sttty be
streaned ovigd viawhebi&xpbndikg RAME A8V C operatibipoias part of video tel ephony,
mul ti pl exer 30 nay be nore likely to use a transport stream [0046]

Mul ti pl exed0®IS] @y detailpofgrion mofeasreMPl® sl dorth Wribg pegangapEamdrayinghe
storage and, gigplialrBliof piloNg! SRLOBLAMS LOM.E HBlbahuLoOLAIBSRNIGE: A
program streamis I ntended fTor use in ertor-free environrments or

envi r onmentf®nt theslesatigtiopnd dewtingse aodfroimeh¢ clgingy.r or s, because program
streans are rather susceptible to errors. A program stream sinply conprises
the el enmentary streans belonging to it and usually contains packets of

vari able lengths. In a prmﬁﬁESEﬁPTféﬁ'GF%ﬁéWIN@é are derived from
ze

the contributing el enmentary streans are organi into "packs." A pack

conpri ses ~header n optional system header, and _any nunber of

pes packet PREEIOT T bl WAl R MRk S AEPE e vefTB P Phame. 1 any
order. The ag¥ishedBo@aUeso@d@jideSrans dio il Vil dhatoast &M ddstigdiodl the
program stream such as its nmaxi num data rate, the nunber of contributing

vi deo and &q¥ice el ement ary streams, further timng information, or other
informatio 'y ST L0t ' ' | header
to determ Egoz\mg?ﬁg%gr notdﬂtgﬁfa1 gggéot%fggé%E%%gﬁ%%%gégg?ﬁnﬁ%}éﬁg ogram
stream [ 0@4dyltiMekéen qoneixtent Bidh thaydisdeswae.t r ansport stream for the

si mul t aneous_del i very of )l uraljty of progranms over potentially

error-pr ondORL i 51 aﬂel?%ggaﬁlhgﬁ%%ap SRR IS¢ P IPEIRTHBYPSGHC f or

mul ti - pr ogr AL ARRI SALE QSRiskHE RiRShiLRRRGASE i g, so that a single transport
stream can acconmpdat e nmany i ndependent prograns. A transport stream nmay
conpri se a[80224d36Boh-tofre tormmpiol diagrankellsiratng hareas kxahplehef setsaofsiaor t
packets being 188-bytes J.ong. The use of short, fixed |ength packets causes
t he transpél?%néatyﬁ’gdﬁ?lll‘ie({dg agé)ggragﬁgl?%‘ﬂffi%glc@p% errors than the program
stream Funyé) FI6aCR al3@cdpti i@t nmﬂmp%én HARIHES MVRY pREicEibN httern.
additional error protection by processing the packet through a standard
error pr ot d8924d Flerosesitowahanhllesirates tn SoineMe methodddi wgng ergetaisﬁthed error
resili enceﬂ%{‘tmt rﬁglstcﬁgrgcsterqsrt} so%ggangrrrtlieoansoitthat it has a better chance of
surviving the §rror-prone cRanfePE Y b found in a broadcast environnent,
for exanple. 13 [0048] It mght seemthat the transport streamis better
than a program streamdue to its increased error resilience and ability to
carry many simultaneous progr SAETALBKBRESCRABTIONNsport streamis a nore
sophisticated nultiplex than the program stream and is consequently nore
di fficult 0025 daecaccmdiuappéthcodiptlpaat ed gamedduditeriot éx eolivaning Molbigream

stream The,fir byt atr r acket be synchroni zation byte
navi ng a varte SeiibaPhadnduBRRES GaeBoE SRl enSiooa bR Sedtniara oy - A
singl e trangpent tfk COMIHARY MREGY WRR Yespbét 8 tRREpd RUEIRailsCMPEBEHATHAM
conpri sing many packetized el enentary streans. I\I/JUItl pl exer 30 may use a

t hi rt een- bickarPplek @rovidrsnsthidaggs fq@| Dycd jcarefling bltsginstpllystssuman siydr vidgaacket s
contai ni ng the, data of .one ele treamfromith ryin e data
of "ot her bt argSim Bl T APERLY IR bt BT RERERE iR BReker %o
ensur e thatsygaah akesrgngBl shestdhaalies 6f twwedisieskude stdiagblécaBleRowaddaeencddigs | ast
byte of a transport packet mﬁ}éPEE,)Q?ﬁ; he conti nui t{}/ count field. Miltiplexer

30 i ncr emehia cpREHAP MPEE-2 T Hdik . 268 ubk U1} B12840dR Faeh o g adist ve
transport RAgK i A € r i s a
decoder or ot hgerrng%(ﬁ?% th?dag@t eag%ﬂitﬂ%ts ion a?vt?%%,ﬂ&gt%ﬁcl%aﬁgssa%g/@/p? r?rpﬁ{a}ﬁgﬂgsﬁ

devi ce 40, (ilso siefled t‘pohmnimsstraamsgpi n of a transport packet and hopeful |y
conceal thﬁo%r]ars thaLar% ht otherwise result fromsuch an event. %0049]

Mul ti pl exe B Aty UHAERBIS Of s GISSIASHECANGY SIQAEYYNBR SCTBEHY Ram
from audi o enGodeh 136, AR VIPERR2 SRAGIRT stA@nANG M RE FBnCALES P alicREmpRL wor k
abstraction |ayer (NAL) units fromthe PES packets. In the exanple of

H. 264/ AVC ( Advanced Vi deo Codi ng), coded vi deo segnents are organized into
NAL units, which provide a "network-friendly" video representation

addr essi ng applications such as video tel ephony, storage, broadcast, or
stream ng. NAL units can be categorized to Video Coding Layer (VCL) NAL

. o o o



[ 0053] The view id el enent may conprise syntax information that nmay be used
to identify a view, which nay be used for data interactivity inside an WC
decoder, wWO@o11/(lod61i nt er - vi ew predi ction, and outsi de aPdeasden/,4458¢., for
rendering. The inter view flag el ement may specify whether the
corresponding NAL unit is used by other wiews for inter-view prediction. To
convey the 4-byte NAL unit header information for a base view, which may be
conpl i ant tthe wmiq@smféhﬁﬂimumﬁhcluﬁ@ adlemrirp@u thart iW@lsrmitteql irethedranspart of
M/C, the ba§e v%ew ac ezstunlt ncl ud s the S& gn f t he  current
Cime i nst anbe B0 dRETUF doptdie™ Rt opstatipy PO i SﬁXEr ?1‘“?6 G S APSY ns
only the Nikowdd tadwadpeﬁﬁo@&ﬁwlﬁvﬁmm@eﬁaﬂ@w lgROb@stichR, BichfdDw AL

unit. [0054] A NAL unit including video data in its payload may conprise
various gr &ﬁtrp@pnti%/tq ?éIFéP%CtWP sybsgbef pritigulargews oA RpIEVicy RO Goding Yiego
conprise a | a f ks, a
slice of vi g g‘h?tfl negafagn0 |‘?(gn¢g§1{rreg£8? Vi edggoma b %?#loﬂgégwf§
receive enmdtechml Hesamcbaetxamfpte@mav:hm eNaDoiRratidd pomttdmudasrvmdsofdaaﬁﬁ thac ket s
of elenentary reans. Multiplexer 30 may associ ate each el enentary stream
with a corﬁ@@ﬁ%ﬁﬁpﬁﬁmprogran1by napplng streamids 15 to correspondi ng
Progr ans, - gadhy) A BedindMARARR Rty Al iﬁ;ﬂp Bl IHSH S R 435 2 BiBrQg am
Map Tabl e } or Progran1Strean1Nh 0055 p exer 30 may al so
assenbl e ade esskectu nn¢ of fthowperapbw raints yo dvfe ddebdedhatnd ultimatgl@rnmesdn,tedafﬁ gccess

nit m one or re L units r.re r nt ng a fr. ne of deo
ot s, "2y warPlEE B tut dovRedpontrnge bt e SrdnEt el uchimdre e a i s
avai | abl e. ypgn a@&ﬁﬁ&h@ruefsm%ﬂaﬁr@lvic% mgﬁ katdesnilthe MRkvsUSY 4 SclE@Ed Bp&afst put
e

time instance, e.g., all audio and video data for one tine instance. For
exanpl e, i fpoeéémthfsu \idechdasodert rlarvhis rr@@tn@eloﬁhezdﬁsfm%tmsdep@e r@@c@lﬁ@hr(l fdpt@)for t hen

each tinme |nst Lespo d 19 @ ti

this time vt T et BEAERRRE b8 Babfn 4PV S Ml OpR oS8R Reinlos
unit (the Sbama dnl tﬁ@higmsitam@let» sﬁppbriéﬁ oheaﬂﬂfeez@eﬁnaﬂbb@mus bitstrdafh.an exanpl e
correspondi ng to H. 264/ AVC, an access unit may conprise a coded picture in
one tine i N4P28hdde sgrice Heviay sy pnegepluedity sf éu%bltﬁﬁﬁaWc,(éﬁéﬂdoprétcmr@ay

Accor di ngl S i,S I f a
common t emsaraypof dBom, dbaiGPbofRIR 2Gndlk v AELE B D PR |
diSClOSUfEAﬂﬂﬁMgheﬁeﬂﬁthsaﬂKEHGDGEﬁs@DﬁﬁUﬁﬁq@fdﬁrpﬁh@ﬂﬁﬂbak)uiﬁmm@ana

"vi ew conponent " That , @ Vview.component nmay conprise an encoded picture
(or frame) SHe#™a Opdr CPRRAY Sy df S l@%‘i@ e %ﬂoqdlnﬁ%t thecteshang 9f thih
access uni ligRuRC.rdethaat AspIRABRNL Sk & bot of WIPHTRORERDS QfreinG FETON
t enporal instance. decodi ng order of access units need not necessarily
be the sanpregambsgcauns.pitgarraditbipldiylosniatescr{es 56] usttftdBwlrlem$ ag&anmpyje al so
enbed data regardi a NAL un -0r exa mul tlple r 30
maycr eat o AORRLC A OE BT e 4 PUBEARI i SRR DRy oBH® ARG Fam

St ream Map ckReMthe Fithc88RGHRlof adstiMh. | $hal 9@ ribRrdl 66 eil laﬁscﬁ)sﬁtreatﬁ%pgé tus&d r eam
while a PSMis used to describe a programstream As described in greater
detail wit F@oﬁheb]oé@msm%t sm@nwmdop@g@&m Pirgamg ¢ emplgmont, (the FﬂCémguess ﬁhaSy
conpri se Ordlsc[]ots ac}xltylmou @usda ?urg g%arl ch sa%n HR3N to%éeag %l ar y
streans receivad from audi 0 enco a8’ hcseer rans
and accor dida@l struetuid tHa€ i€ el Ns%dttdi aig@@m irerﬁitefl@gﬁ OBpabiily @aluprfoghd apataﬁ@arrs

[ 0057] As with nost video coding standards, H. 264/ AVC defines the_ syntax,
semanti cs, PAHG Yéewdingcinabeiby galug fop fhegpneration msints R ArRitrats ipluss %ﬁh%h
conf or m £ 0 (.G FMeRE AdUIE pOTunhEUShd uid 2R ANG QLRGP RES th NN
encoder, ncoder 1S h guarant eei ng that e generated
bitstreanspaﬁbnsﬂamd&cﬁnqmmpl|ant for a decoder. In the context of video
codi ng stan roflle rre onds to a set of algorith
features, 8&93611 SosMiRss St dhp ST Lbphy 51639%% SOMECCIaTYsfodl )2t he
H. 264 st an@@ﬁs@rucf h BARBh Soift dé%Er@%tb} hat | Bs@ibeyRE Sk cRfisddiIS e | b?@ratlon
bitstream syntax that is specified by the 16 H 264 standard. A "level
correspond$omm tThe d¢hardcteaisiionmapfindlhde, dec oderle.esbioh oécvooms ungtidahin such

as, for exa decoder, apd conput at ch are related to the
osol ut i on cBRen PRl B s B 5 TRy snalc PEams SR or SRELETHIH ar e
[0058] The pblint @dsceipirdad: spe&@j; a@é&ﬁi@ﬁhgcaﬁa%ﬂﬁg@ha%@ﬁodl@% supfdrfati bythadgpunds

i nposed by the syntax of a given profrle, it is still possible go require a
| arge vari devaster imordse tpzaceive rmad ciscerde ha@partion daint.de dowding chppbifitsi Hgt upon
the values taken by syntax elenments in the bitstream such as the specified
size of the decoded pictures. The H 264 standard further recogni zes that,
in many applications, it is neither practical nor economcal to inplenent a
decoder capable of dealing with all hypothetical uses of the syntax within



[ 0062] Each PMI or PSM rmay include an operation point descriptor that

descri bes characteristics of an operation point. For exanple, source device
20 may prwoida/aiheioper ati on poi nt descriptor to provi deCa/usendsui’ag
capability value that describes a rendering capability for client device
40. In order for client device 40 to pragperly render (e.g., display) video
data of the operation point, client device 40 should satisfy the rendering
capabi | i t i sbodil gaabprbrivg tyhde videdealccodsr cmpedsi o regeivaland .deqmé the nperriiory
capability val ue escribe, for exanple, a nunber of views to be

di spl ayed €8¥&f?d§ﬁﬁ%%B§Ft%?°9¥€ﬁ£1?%$beted for rendering) and/or the frane
rate of theoo3odamdedadtmidues of s MisewSure s gerfekdBfep gt GackHBpéraort pdiar m ne
that the rendering capabilities are satisfied when video output 44 of
client deviagdl thg apsrasipn ofns veire pis AVt Progrdiviregnaied Ry @ EoBEmMm BEY @td on

poi nt at t r.at I.fJ [.O in I hpt 0063]
' oxampl od napofichl, £ el St oladin BARO BB R ABESR Mok

mul ti cast @rodrimadmasis mubiphe op&ati@opoines, diey tcckniglcsnafythipadikebsure prdvaédentire
MVC bitstreaminto transport streans, which n%y be regeived by client

devi ces hayMREAY 8% ‘W%H%éPPﬁﬁ“%héﬁBﬁ%?Fﬁ8%.GPBW”@% WBP@,W§@#@nlxmﬁ

three-di mengi@palrs Pr 9L aRrdIRY PAUE @idripRdie haf UTRALS sizh 1Vh§1¥&% (Ri& of tWO
vi ews, four vighg? Si X V|eas, OP e?éﬁt iéﬁ2§?yan va?%o%s echeé ngy be
capabl e of opsianign pomtshehehbetywesnbone and four pairs of views. Thus, each

client devicge determ ich operation point to ,use bas on th

cuppor t eq AOFHTPIGE S P Workt dbitn B ol gineD 8t " il SSrERnd DBl eaSh For
exanmpl e, Cla,@RlvidRViAT) 40urtBYcHes 20 MaRGorhiaGiiohd i oQRes &t AON d8@inatien t O
use by determ ning a nunber of views that can be displayed by video output
44 and a f dawec 8t eSyatenwih) o FI6. Vimdeo couespord #1a jvideoaigleborfcshealbsiinayd ng

vi deo dat a aRﬁrq?%§rnkghqg y@ichmgkmthgrgpg%§%k%g B in%s shoulq?99i§§§d
based on t K& Fé% erﬁﬁb dap%8|WP€|és of" vf&eo’outp&t ﬁ.y$ﬁﬁéﬁfv e %nples
in which thietaSOuds €roey ke cd @NSITkilich RM/Maubic iR, thSd B tifatihl dodtde,
protocol, client device 40 nmay establish a session correﬁgpnding to a
program wi thcla#s ACC dpttamlien Aeviprtl.ofn reasxamplen el eyractievice reridntyV

S art y. PRREHbh SR, B%E° DR B RBRAL hABRRloR o (REEK PHRl . v
conput er - r saglabldevist a0 age ARddtindton deotal40phay backpabtd ofbdth devedieg did nay
he oper at s dRs HICQEEOMIBHE 80 gr T HBE PIILS Gra i, SfBods omb Peamiiy co. |
20 may al squoQ it 26 A8 RRELhIIES BILRrbE PR PRROAL 0N PO Nt
descriptor. The nunber of views to be decoded may not necessarily be the
sane as t hd00R2reV oirogieweet20, ethdiesphplged FIGher@hgrieses audeo speeatl amd poi nt

d i pt ; | i | t nb f v to be di d
he nunber "1o0, RN 21l dBRisa' To Y B aliroroBus TBPBBYL hef ne
oper ati on peddifcesl8s@titNtsPnaBYpreR@Edtive ©Rlchptuicd @nliof datd BeVdn8¥Eed by audio

corresponding to the operation point. Certain client devices may prefer
parti cul ar cofasdss 2por Alemnptovedy, prawdposarce @2 gnay pespiibeon siprassi medinmgstering

Accor di ngl Wt g0 TR be SO0 T B8PSt AN ARsLaben |

lient d
poi nt baseg’Tevous |5ﬁxg [ e opéeration poin

on VI ews are aval
sone exanplsgsthediie, sleagdithg searaiflavdioafitsi Yhrbaduich 24 heayogshi@iseanviged nt
may additionally or alternatively specify a profile and_a |level to which

t he oper at ic8mcdh# Prediace yjisadlata tg be cdsbyi YidgthPraedeioift desterags pedipm
transmts ' ' t r hQus

ol font devine Rl ARMRHE, Boid VR8T ket PRI RbdURRARAL B afPLEY

bi t stream séare eKaidpd datasonme decoders m ght only be capabl e of decoding two
views with 30 fps, whjle so m, ght be capabl e of decoding foyr views with
60 fps. In @9@9 s B0 AR GHICOOTE eRATaE 2 g g sl i b Anaioizeifa usi ng
a uni cast pEBIQCHitiZl HRRYrc BEMLCRCAIEIRY aREd RGP 28 aflilot 3RI6 BS&R 2R, (for

a specific three-§|n9n5|onal program after checking the decoding

capabi | i t y /splex bdurexi2? may lobtae sedip platar fsorhra sphéliang Santricipant whild the spoaaig

pl ayback, client device .40 may .gel ect a,suitable. programby checkin he
ecad: ng c BB § WEakne: 1 1S Rerepal SormpbRO TR LR pOGRS S ke or
PSMs. [ 0067 spRuliAE pﬁ!@l‘égﬁﬁt. 20 ot cagdples, anald ufde@ahaypédrpise al ddhpyufat i on

in the operation point descriptor. The bitrate infornmati on may descri be
either or Beadablsf storggc avedingecenpisang swiel epdiphdatarasaidnyificpi sousce24 gnay he
operation point. For exanple, when source device 20 transmts the bitstream
usi ng a unicast protocol, the channel used to transmt 19 the bitstream
may be limted in terns of bandw dth. Accordingly, client device 40 may

sel ect an operation point having a tol erable maxi num or average bitrate for

o - - F A/ ST o - o o - ~ o~



[0071] Video conpression standards such as I TU-T H 261, H 262, H. 263,
MPEG 1, MPEG 2 and H. 264/ MPEG- 4 part 10 rmake use of notion conpensated

t enpor al woedilativesm t o reduce tenporal redundancy. The @eQTa$er100$480 a
notion conpensated prediction fromsone previously encoded pictures (al so
referred to herein as franes) to predictg the current coded pictures
according to notion vectors. There are three major picture types in typical
vi deo codi mgmpTlikey camputatirealablodwerags otedien comppsiog wtozed visieo "datef r kndhes ) |

pr edi cted et 8 el rEbedh b GidREE PP bl R S ne
reference pegitinicealdled MdevitOedAalbF ®MrcHIVEL, Yrcerebdrdb @ Bindb ahd Oiddetatal N a
B-picture, each bl ock of the B-picture may be predicted fromone or two

reference pP®Mliraxiio frrees thet spepwmengitet vides fEungsd akse epusedbe udief Bracor
after the g i Cture | | | 5% 140 the
7 264 codi ng el B0 B8 bl bATRENGleadRlgio WIEE L RuB AR ARRER, Wl

previ ous| y~idudethta efpaured g videot sones, 24 thst is@oatatheldiveithid theThidse fitawes.| Fst S can
each contain past d/or future coded pictures in tenporal order. Blocks in
a B-pictur @Xﬁapleb&(ﬁ{l? B APk RaigRt &Fnegélia@w#u%fﬁwrﬁ § bhsReakipgniiiced
predi ction ghiama L] reQﬂ&?E&ﬁSQﬁﬁthﬁtﬁﬁ&asHH%éQﬁ'&@ﬁH&P% 5% Bkt | on
froma list 1 referéence picture, orf notion-conpensat prediction fromthe
conbi nat i ospadkigopdrtitipsit @ thadathe $imel thafigremdbe ayplic tsones .22Tie cgpturinpahe

comencat eduiierBie el umudi b gy sbir e SpSes oo Sord DekPlience
picture re&mtﬂra&ﬁésy-Aaréaﬁaih%rj{g)a@iaﬁ@fbif%néﬂfbéﬂres 6n¢1ﬁ§@o hQiddoeHhRE gbi@albur I ent

bl ock. [0073] The ITU T H 264 standard supports intra prediction in various
bl ock si zesorrgspondsat astugiion g whichyudio dgta andpgrdep dage wetesapssehdrtbasame and

8x8 for chroma c onents, . a |1 as.inter.predicti.on in varjous bhlock

i zes, | such heneiy antcpeqpe i Wime B3 M nBLECATRNTS A Per el i nen: s
and cor r espandindghseidbedats taesal oipteldd anthegoapanRRNt s. I n this disclosure,
"x" and "by" na% be used interchangeably to refer to the pixel dinensions
of the bl odf03IShTe spms capmplep.tqudig crepdemdt may shegded Haspadn cachyencoded 16

pi xel s or hy; i . 6 i jxels in
a vertical%gwgé%%?%ﬁwfs%ngg?agﬁ%§%%k%$§g%%5%%)ghgggﬁggﬁkgﬂﬁgﬁyégﬁggﬁy(x =
16) . Li kewvas reanddix bhdsiodlerlgeriésatdcpddraXy dhypencelds aitimestangy ihicadl crtodett i on
and N pixels in a horizontal directiaon, where N represents a, nonnegative

i nt eger valvifieo e alropeeses atlmeoaéwm‘éythw%ﬁ% PR IIRE RN Bms.
[0074] Bl oGko3dees 1 Rath RksmpIes Sart Mo LoarkY chficifRUdRE Hef §idBfhfe Afay
partitions of a 16 by 16 nacrobl ock. Video bl ocks may conprise bl ocks of

pi xel dat acomptibe apiaxdio ftamaicomposingl otksstafmpt andns fvolem fcoed Compesing tha t he
transform donmi.n, e.q., | | owi ng. application of.a 2 r form.such.as a
i scret e cosmnanisGind: i eERRd i BB bt Sh e AR BOR RN RS or m
or a concephélel ¥6 Shilol dldeb e8P DM ddABrakehic Anddstaripdes: hosldisladdee
representing pixel differences between coded video bl ocks and predictive

vi deo bl oc 123.anﬂrw@9rmuws?élsma3auw @erssasiiaie Rugraang oideo dagn, itspeitrebs, wilhant i zed
transforn1g§%%#jcients in the transformdomain. [0075] Smaller video bl ocks
can provi de be {'® resol ution, and may be used for |ocations of a video
franme that [0089] uslesoncgRxargyles,sa@fio deudic! 22 | Magearad alata MBCaQN eaksdoanzb t he
various partitions, sonetines referred to as sub-bl ocks, may be consi dered
vi deo bl ocl€8rrespandingite jdohme At syhicheaydiy dgie weniicaricddandovigeo soWreZqImey of

vi deo bl oc h. as.: {mc C b- bl acks. : i ce y an
independen?%?i?g%bghgrggd%??h%fgg(@?gégkgﬁgﬁ%.Lﬂﬁ?éfﬁgﬁﬁggﬁé?&?Pgﬁégg§

t hensel ves remyddie bthesoaabkanpins, taadicoencotitre?26 paiyt ¢mende afscqudnca ndentifigr e
defined as decodable units, The term "coded unit". or "coding unit" na

refer to aﬁi}c‘?dﬁgéﬁém‘gaﬁ% FQ gt Bt gl ardriagofrenanms e due Bt
entire frangmodt ibdeQri®f ilidaliffBn BsAlRUMOLt RhEhUWheSudiFEta §hsdofiar r ed
to as a sequence, or another inhdependently decodable unit defined according
t o appl i cakhe sowdlirlyg video lencaige 88 niy0ats] uskthrequ@rcmidmmtifiobty| togkdic#t errslatioe a

dat a struc%ure for encodi.n (gh@ture nd/ og. vj deo.dat a accorgin to a

Lo di mensi ORI EPdErg of ot Ve dris oSty i ol Sximnlet, Bissichce
conpri ses adéififieNmARBE thapPEPONR R rnadttodrel il WA E Enfe@@RPnNENt . Accordingly,

t he macrobl ock may define four |um nance bl ocks, each conprising a

t wo- di nensi onal array of 8x8 pixels, two chrom nance bl ocks, each
conprising a two-di nensional array of 16x16 pixels, and a header conprising
syntax information, such as a coded bl ock pattern (CBP), an encodi ng node
(e.g., intra- (l), or inter- (P or B) encoding nodes), a partition size for
partitions of an intra-encoded block (e.g., 16x16, 16x8, 8x16, 8x8, 8x4,

e




[0080] Utimately, input interface 36 retrieves the data from
conput er -readabl e nmedium 34. Input interface 36 may conprise, for exanple,
an opti cavoaninvm7eé6a magnetic media drive, a USB port, aPCEAS2010/044780
transcei ver, or other conputer-readable nmediuminterface. Input interface
36 may provide the NAL unit or access uppt to denultipl exer 38.
Demul ti pl exer 38 may denul tiplex a transport stream or programstreaminto
const i t uent[0037$ Tier isalimiquad eplatkedisgosuiveaPES nstal yadmedies! tetthd ewesponcotied
data, and senqithe gncqﬁgqﬁdata(yo ehthe ?%%k? QEFOderﬁﬁ§ or vﬁgeo dgcoder
48, dependi R EH RSP & e ALBAH uatieo! SaFhr 1 ERIGUAMS BIPSTHEEL
stream e. gGaterpd@atididabd@0diny JPite patbitcdpRtnSiOHathhahstte@atuedudiias
decoder 46 decodes encoded audi o data and sends the decoded audio data to

audi o out p@iscluroip rerticuiely dpdisthde tograpwesdeisMakbaee Videaeadingt®al
ds th Vi y v of o f
2Fraam e o ERURCEME 4 SyplliRl M gITae Lol I gL ciipiegel °

uses a pl urmaGi 1,yiddo seuew4ahayeprecidne,pl@ality, of&istsarfaosetpioo/iddo encoder 28.

aut ost er eoscopi ¢ djsplay that presents each view of a scene simultaneously.
23 [0081] IMYE&IPW be izt %&&mqrﬁltmgetk@ﬁ-ds@%wai sidke dagriodierat P BFnt of
a recei ved dihLaldtaBis TRl SRR € otembbicPh e floskitalEbhic AREmensional
characteristics of operdtion points of the bitstreamto select an

appropri at @ispper ati on point to be used by A/V destination device 40. In

|, d i 3 tt t. | ect, t he. ti i nt
That wi i1 S0t (B VEbares ErBELoThe PRydrrmenace ey Vet igh e ab vhat " °
can be deC@Q@%e%m&hﬂ?@oﬁ&%_@%ﬁo%&ubfe@& S%ATPL & icvlITWI VTR 28X S or 38 akiBlé,

conpare the rendering capabilities and decodi ;g capabilities of video
decoder 48 M¥Ctdua suydestvedable frenghiiamd otdeeetizag thrapalbbevcni d¥nesicgvied ed by

t he oper at incl)an pglirnst dgstcripe%oorsi&)ef hhenbittsot ream qdﬂt hae g%eraet iion rﬁé)i nts

t hat derul ti B’I eXEr-PIBT g & in e Qolid %e“f)ralpe“r'ﬁ’yw ecode Bys Vi 'deo Becoder
48, denul ticphespond EBfotRyicws| Skl stllnandfRF driied nRGidireipoat tavhll kight ei¢ivdel he

hi ghest quality video data, e.g., the highest frame rate and/or bitrate. In
ot her exanpgredal, gsainieq rerRendsgo gay cambidation (fBatgs, anyesubpgshel thedvairdlat i on

poi nts bas n Qther c i,derat.i C r . r

Bonsunpt | on L0831 s i G BhERARY G ol oA AMRIE VAR el

arr angenmentaudib doaponeonpsatdén puint inpdyex@tespond kd @ seiice, |sachi hieat eX/ahphiecof
FIG 2, multiplexer 3Q includes stream nmanagenent. unit 60, video inpu
nterface 86VICRaMiBAY ST PRYEIRF S 0BT frsestar &rreéa%ﬁ%tcammwﬁ@ir face
84, and prqﬁygvh§gﬁgk$gﬁeb@fornation tabl es 88. Stream managenent unit 60
includes NAL unit constructor 62, PMI constructor 64, streamidentifier
(stream | DI00DIAUN sonrde &6jccal(tl ipraogprdancie deitit el technidRicP)of dbisi dysohesnte, uni t
68. [0083] t he exanple of FIG 2 video input_.interface 80 . and.audio
“nput i nt erPics B IR e IR R PR PE VRSP £ Bt BRI PESITNT o
from encodeghrvicdr@ sptaaviendidensmdedlsaudicpredabaas b Nvdkied.” eXasR! i@sntifrdleo
and/ or audi o packetizers may be included in a unit or nodule that is

ext ernal t@enublly shepase otaxelementssibac may det weddpagpitdy of vRWG An MVdeo

i nput interfac for.m PES ;packet s from.encoded .yi dat a. recej ved
From vi deo CRESHERTBY dlar T At rRATAE sk RTUSR G B MRLaRBR

f r om encodegdecdbid e MNaC AcE®ize foraitltctf W piedicbo® B€ b 6the? fnit] B0 8MHer Plifpesdy)
managenment unit 60 receives PES packets fromvideo input interface 80 and
audi o i nputc-§-fPEfNde#B2. Each PES packet includes a stream I D identifying
t he el enent a1 Lch - - NBsE e I p
unit 66 nnﬁ{(s:l‘bgt] gfrltrﬁfne a&p??%g?lgﬁ% '? ge%ﬁuﬁ%@ﬁgﬁiﬁg%acket&%r%Bgﬁﬁ%
gueryi ng pmatr sferspectof ore emforenfrimenatt @bb@moB&emphuat locations tis damerddddédokup

unit 66 may, deterpine ta whigch program a. recejved PES packet corresponds.
Each pr ogr AFHTRES CGRBRISEVE Bl aliie) TbRISBer b APyod aaPROWiPYEe] f _
general , onga.ghRMEBIAR YeldhlcCRMiRQEVRAPARAR A, OR! YerBAE R BAIRBY fHaNeY¥er, in

some exanples, an el ementary streammay be included 24 in a plurality of
prograns. BA¥R PHESopdakenayree beediativblydeucddad sspptialtyal tempowatlys andansvidut put
fromnmul tiplexer 30,.as variqQus services may each include various,subsets
of Cavar | ablESTET dO e e8TET S o AEOPUPRGRPPOR! BT D AERABEIN ¢ oo
may det er mrgRraAbELREK, RoREhiBR6the! visWe tcthrBEcleCdeRtly lafe ®REIQT bdT®@hO UL put
streans (e.g., one or nore transport or programstreans), and particularly
i n whi ch ofvigwrefopwhinlitthe rafergngs tiows atlap aferches, PEap thekedecoflgbBsyvs pin bhe
exanpl e, each elenentary stream corresponds to a program Miltiplexer 30
may be responsible for ensuring that each elenentary streamis associ ated
with a particular program and accordingly, a programID (PID). Wen a PES
packet is received including a streamID that is not recogni zed by

o o, L, .



[ 0090] PMI constructor 64 nmay al so determ ne a nunber of views to be
decoded for the operation point and a |l evel value for a profile to which

t he vi ewswof2otina7é@per ati on poi nt correspond. For exanpl @eCTRISTO100mEB8¢ uct or
64 may determ ne a nunber of nacrobl ocks that need to be processed, a
decoded picture buffer size, a coded pigjure buffer size, a vertical notion
vector range, a maxi mum nunber of notion vectors per two consecutive

macr obl ocksisecahel/ wfergigst waen de@dmd efersanalhuigws s ubherdesasingm okdepaloes nobns

| ess than 8x8 pixels, and use these termnati gpns to termne the | evel
for the opdraruts sBirsloniiy i gRr oL B iy PPachfeft AR bifnelon
from vi deo vesotiedes28bad asiig desy iodiH indedes! fafeey 8Rier PMexe9REd fdekay tHad nmay
then represent the nunber of views to be decoded and/or the |evel value of
t he profi | éndigdtegierdseodiag oichel coarsapandingvigwicamppainty HANAsEISALNEN poi nt .

[ 0091] PMI t - OF- u 1.N&: |4 at o, e
operation Aoy Ta8 0ula ek bl Wk CELRCE 080T HERLR RN 6ok 412

bi trate valeleenciyy carcams potdl dlemanagv ettage ibid rsatete, odighaliypxcodedn(podsibit e f or
t he operation point. PMI constructor 64 may Cf?:ecul ate th bita:}@te for _the
operati on [SBMRECSH) CERBPRANT Qh 4 RTERY | Y GEMPHe i $9d8e &iqs0dth AdieRrtERE o der
28. [0092] bbb pheXfthehd Gam ARtk G {iBhenB4 FRYmIRHLbY EonRBRePitdTOr €
NAL units aﬁ% OF access unclqts @%m s%r'eam managgér’ent r&rﬁ%ﬂéo ne. ge., nNAL

uni ts conpri pichgtiegS ] pracikteatysst{e@ny (PEQubkiforcomuitiplieed datoad paogthmr stidain oni t s
conprising.,a PMI. In sqne .exanples, nultiplexed.streamoutput.inte ce 84
" or m SCRBSETIRE. FYBH SeRBT HOPETNABIGHTHD K oy LU B BESomon
tenporal | %@ﬁd@&l@&%ﬁ tot 4R MNMerttdty tsfredth GronicloBi®] TRE bAIOTNiISbF &AMbF an
managenent unit 60. tiplexed streamoutput interface 84 transmts the
NAL units ofenznass stream issa packeigadulementary stearaSpbbupasget rEmspench viay em or
program str, Jvul t1.pl exed stream output.interface 84 ..al.so receive the
ats ot r s e e S Sioli B BhPeaFE sl TEi aSete SIYAALE Pulipif B
part of theoktipphdL@bnelod a3 rdspdativa cietentady Sedanddi agrami |l ustrating an
exanpl e set of programspecific information tables 88. The el enentary
stream t o W4h A Maspaed vidse kequepes BiyLecserapteddBiesqveri qubrhEEEragi: t he
PI D val ue er +f 8d|§6r- . jo%ﬁ{

decode r ecglgglﬁe%g{cg%? Iﬁ%feggg%g}g%mﬁépédggcgloguge@{asgﬁaeﬂt%g detlgtre%nfgée |éc%n

el ement ary MVCedow lledubig. tRBasedoh the egnapt oPrady BV pasy fid cubsef, anmeviCon, as

included in programspecifjc information table 88, may explicitly spegify
relati onshiVﬁgeO%{)%été‘ﬁeaPh@ 45%854%% MK Ve@ﬁ?p%la- SRR RIS yleéﬂfg\%aw&.s S 1t he
exanpl e of il GewSiisRE GONRYREGLH! £ WBLRT Mabibefint ARkASeARrN AR RINOT K
information table 100, conditionalr access table 102, program access table
104, and prtigNah wap whabh erclfdén thaoe of lee dxmmpthey stfcamb Glt i3 alsotdesigneds thahed
that the outggt strea co ri ses an I\/PEGZdtranlrsport stream In an

al t er nat i vaMELEAHICRCIARES g%f‘ﬁlffm%ot CRYAHNA BB Y'ER & program stream in

whi ch case [pg£gyTaMHRBRx4AHL ol GEGTRY, BRulapRLRdd BOt el NoldmPi@S dfFeahs €am
map. [0094] The MPEG 2 Systens specification specifies that every program

carried i ncamprising yétep dotar semmvidey cacedasglaum wkgmantdsy streanycepnapyispreoapdam nmap
tabl e 106, ciat with Lk. Program tahle 1 { ncy. ils
about the. SPRGRERALRE <Lhidt Pl SRR, LRk et TRl REBY PR as
one exanpl enayacqehagélane phel@tidrh ifedfamin PES JuchRusiRm 3ncody daent B Bthar vi deo
el enentary streamwith PID 33, an English audio streamwith PID 57, and a
Chi nese audremBler-eafisaeraede 5 aud aydiojegcqssy b natcscHriniripsrwith Tesrsctive mor e
t han one pr M : | t e spechfli G2
systens sp gl e?lg}értsi%g%n%mgg)ﬁe@ gﬁlfel%sgg)réﬁvr%lﬁd%go@n%gofﬁlt Etgﬂ r?félﬁes %és rélgbtors,
e.g., descmmgtipleserlBmaygpedidd patkedizans fort foemMBHES psokstsefitam specdddi aalio on.
Descriptors ﬁ}rg’8 rrgy include any or all of the specified descriptors of the
MPEG 2 systBfyideg @ﬁafi cation. In general, descriptors, such as descriptors
108, conveyojdd| t1ehrobRh0P ARLLQNiNARRUIIs @oREOHRAM RhiprieS: CHIRRRER oSl RN ary
streanms or sub-bitstreanms. The descriptors may I ncII) ude vi deo encodi ng

par anet er s datwatidoviderc daing g pan andioeslsmentarygumgm ardensilisctcaf aonlable views

pan- and- scan,.i nf or mat i on itional access. detail s, . copyright .

PR or | oR el PR oS A o G5 e b g ek RO sesam iy
define additkd: gaakifies theadlEmERS§T RhAMS -whidy thle ackBi Sel6HSCIMSIMpRxBY Rvi des
an operation point descriptor to describe characteristics of an operation
poi nt in ans MPE@sDle el asyembling elemicpgnb streamseiain coissiticnp pEsan] GRCarAy or

i ncl ude operation point descriptors for each operation point of the
correspondi ng bitstream As showin FIG 3, descriptors 108 include MWC
extension descriptors 110, hierarchy descriptor 112, and operation point
descriptors 114. Each of operation point descriptors 114 may correspond to

. -, .



28 TABLE 1- WC extension descriptor Syntax No. O bits Menonic MWC
extensi on descriptor() { descriptor tag 8 ui nsbf descriptor length 8

ui s bf
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transport streams. A program stream and a transport stream are two alternative
multiplexes targeting different applications.
[0045] In general, a program stream includes data for one program, while a transport
stream may include data for one or more programs. Multiplexer 30 may encode either
or both of a program stream or a transport stream, based on a service being provided, a
medium into which the stream will be passed, a number of programs to be sent, or other
considerations. For example, when the video data is to be encoded in a storage medium,
multiplexer 30 may be more likely to form a program stream, whereas when the video
data is to be streamed over a network, broadcast, or sent as part of video telephony,
multiplexer 30 may be more likely to use a transport stream.
[0046] Multiplexer 30 may be biased in favor of using a program stream for the storage
and display of a single program from a digital storage service. A program stream is
intended for use in error-free environments or environments less susceptible to
encountering errors, because program streams are rather susceptible to errors. A
program stream simply comprises the elementary streams belonging to it and usually
contains packets of variable lengths. In a program stream, PES-packets that are derived
from the contributing elementary streams are organized into “packs.” A pack comprises
a pack-header, an optional system-header, and any number of PES-packets taken from
any of the contributing elementary streams, in any order. The system header contains a
summary of the characteristics of the program stream such as its maximum data rate, the
number of contributing video and audio elementary streams, further timing information,
or other information. A decoder may use the information contained in a system header
to determine whether or not the decoder is capable of decoding the program stream.
[0047] Multiplexer 30 may use a transport stream for the simultaneous delivery of a
plurality of programs over potentially error-prone channels. A transport stream is a
multiplex devised for multi-program applications such as broadcasting, so that a single
transport stream can accommodate many independent programs. A transport stream
may comprise a succession of transport packets, with each of the transport packets being
188-bytes long. The use of short, fixed length packets causes the transport stream to be
less susceptible to errors than the program stream. Further, ecach 188-byte-long
transport packet may be given additional error protection by processing the packet
through a standard error protection process, such as Reed-Solomon encoding. The
improved error resilience of the transport stream means that it has a better chance of

surviving the error-prone channels to be found in a broadcast environment, for example.



average bit rate 16 ui nsbf maximum bitrate 16 ui nsbf reserved 4 bsl bf view
order index mn 10 bslbf view order index max 10 bsl bf
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[0048] It might seem that the transport stream is better than a program stream due to its
increased error resilience and ability to carry many simultaneous programs. However,
the transport stream is a more sophisticated multiplex than the program stream and is
consequently more difficult to create and more complicated to demultiplex than a
program stream. The first byte of a transport packet may be a synchronization byte
having a value of 0x47 (hexadecimal 47, binary ‘01000111,” decimal 71). A single
transport stream may carry many different programs, each program comprising many
packetized elementary streams. Multiplexer 30 may use a thirteen-bit Packet Identifier
(PID) field to distinguish transport packets containing the data of one elementary stream
from those carrying the data of other elementary streams. It is the responsibility of the
multiplexer to ensure that each elementary stream is awarded a unique PID value. The
last byte of a transport packet may be the continuity count field. Multiplexer 30
increments the value of the continuity count field between successive transport packets
belonging to the same elementary stream. This enables a decoder or other unit of a
destination device, such as A/V destination device 40, to detect the loss or gain of a
transport packet and hopefully conceal the errors that might otherwise result from such
an event.

[0049] Multiplexer 30 receives PES packets for elementary streams of a program from
audio encoder 26 and video encoder 28 and forms corresponding network abstraction
layer (NAL) units from the PES packets. In the example of H.264/AVC (Advanced
Video Coding), coded video segments are organized into NAL units, which provide a
“network-friendly” video representation addressing applications such as video
telephony, storage, broadcast, or streaming. NAL units can be categorized to Video
Coding Layer (VCL) NAL units and non-VCL NAL units. VCL units contain the core
compression engine and may comprise block, macroblock, and/or slice levels. Other
NAL units are non-VCL NAL units.

[0050] Multiplexer 30 may form NAL units comprising a header that identifies a
program to which the NAL belongs, as well as a payload, ¢.g., audio data, video data, or
data that describes the transport or program stream to which the NAL unit corresponds.
For example, in H.264/AVC, a NAL unit includes a 1-byte header and a payload of
varying size. In one example, a NAL unit header comprises a priority id element, a
temporal id element, an anchor pic_flag element, a view_id element, a non_idr flag

element, and an inter view_flag element. In conventional MVC, the NAL unit defined



tenporal id start 3 bslbf tenporal id end 3 bslbf no sei nal unit_present 1
bsl bf reserved 1 bsl bf }
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by H.264 is retained, except for prefix NAL units and MVC coded slice NAL units,
which include a 4-byte MVC NAL unit header and the NAL unit payload.
[0051] The priority id element of an NAL header may be used for a simple one-path
bitstream adaptation process. The temporal id element may be used for specifying the
temporal level of the corresponding NAL unit, where different temporal levels
correspond to different frame rates.
[0052] The anchor pic flag element may indicate whether a picture is an anchor picture
or non-anchor picture. Anchor pictures and all the pictures succeeding it in the output
order (that is, the display order) can be correctly decoded without decoding of previous
pictures in the decoding order (that is, the bitstream order), and thus, can be used as
random access points. Anchor pictures and non-anchor pictures can have different
dependencies, both of which are signaled in the sequence parameter set. Other flags are
to be discussed and used in the following sections of this chapter. Such an anchor
picture may also be referred to as an open GOP (Group Of Pictures) access point, while
a close GOP access point is also supported when the non_idr flag element is equal to
zero. The non_idr flag element indicates whether a picture is an instantaneous decoder
refresh (IDR) or view IDR (V-IDR) picture. In general, an IDR picture, and all the
pictures succeeding it in output order or bitstream order, can be correctly decoded
without decoding of previous pictures in either decoding order or display order.
[0053] The view id element may comprise syntax information that may be used to
identify a view, which may be used for data interactivity inside an MVC decoder, ¢.g.,
for inter-view prediction, and outside a decoder, e.g., for rendering. The inter view_flag
element may specify whether the corresponding NAL unit is used by other views for
inter-view prediction. To convey the 4-byte NAL unit header information for a base
view, which may be compliant to AVC, a prefix NAL unit is defined in MVC. In the
context of MVC, the base view access unit includes the VCL NAL units of the current
time instance of the view as well as its prefix NAL unit, which contains only the NAL
unit head. An H.264/AVC decoder may ignore the prefix NAL unit.
[0054] A NAL unit including video data in its payload may comprise various
granularity levels of video data. For example, a NAL unit may comprise a block of
video data, a macroblock, a plurality of macroblocks, a slice of video data, or an entire
frame of video data. Multiplexer 30 may receive encoded video data from video
encoder 28 in the form of PES packets of elementary streams. Multiplexer 30 may

associate each elementary stream with a corresponding program by mapping stream_ids



[0098] In the exanple of Table 1, the descriptor tag field may correspond
to an eight-bit descriptor tag field that is included in every descriptor,
as set fowOhotwoitdse MPEG 2 Systens standard, to parti culParius2eidemt7séy t he
descriptor. The MPEG 2 Systens standard defines certain descriptor tags and
mar ks ot her descriptor tag values, e.g.;svalues 36 to 63, as "reserved."
Amendnent 4 to the MPEG 2 Systens standard, however proposes setting the
M/C ext ensit@portesperdipg programs; 4@,.,"in wiiatshassarr roglsyy da@sstruetuem sudf astanrograger ved
descriptor ,ta S i fhed inqthe E stens specification. This
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[0106] Table 2 bel ow provi des one exanple of data included in hierarchy
descriptor 112. In MPEG 2 systens, a hierarchy descriptor may be defined
for a progoamigtiream of video that contai ns an enbeddedPeirdseopnegs@m
stream The various fields and bit depths of the fields, shown in Table 2,
are provided as one exanple. The hierarghy |ayer index value identifies the
| ayer index of the current program stream and the hierarchy enbedded | ayer
i ndex val udlP@entanflirds 4 Oepdidemespaderto tha liviGtgesianthe adggodyr waowes eam

may depend on _anot her program stream using the hjerar descript or. That
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2011/ 017661PCT/ US2010/ 044780 31 Syntax No. O bits Nenonic spati al
scal abi | i t J0938%d'he Hhdohstardaad.ifoycxpamlappqognizes thay withys thgfbounds imposed by

the syntax of a given profile, it is still possible to require a large variation in the
performance of encoders and decoders depending upon the values taken by syntax
elements in the bitstream such as the specified size of the decoded pictures. The H.264
standard further recognizes that, in many applications, it is neither practical nor
economical to implement a decoder capable of dealing with all hypothetical uses of the
syntax within a particular profile. Accordingly, the H.264 standard defines a “level” as
a specified set of constraints imposed on values of the syntax elements in the bitstream.
These constraints may be simple limits on values. Alternatively, these constraints may
take the form of constraints on arithmetic combinations of values (e.g., picture width
multiplied by picture height multiplied by number of pictures decoded per second). The
H.264 standard further provides that individual implementations may support a different
level for each supported profile.

[0059] A decoder conforming to a profile ordinarily supports all the features defined in
the profile. For example, as a coding feature, B-picture coding is not supported in the
baseline profile of H.264/AVC but is supported in other profiles of H.264/AVC. A
decoder conforming to a level should be capable of decoding any bitstream that does not
require resources beyond the limitations defined in the level. Definitions of profiles and
levels may be helpful for interpretability. For example, during video transmission, a
pair of profile and level definitions may be negotiated and agreed for a whole
transmission session. More specifically, in H.264/AVC, a level may define, for
example, limitations on the number of macroblocks that need to be processed, decoded
picture buffer (DPB) size, coded picture buffer (CPB) size, vertical motion vector range,
maximum number of motion vectors per two consecutive MBs, and whether a B-block
can have sub-macroblock partitions less than 8x8 pixels. In this manner, a decoder may
determine whether the decoder is capable of properly decoding the bitstream.

[0060] Parameter sets generally contain sequence-layer header information in sequence
parameter sets (SPS) and the infrequently changing picture-layer header information in
picture parameter sets (PPS). With parameter sets, this infrequently changing
information need not be repeated for each sequence or picture; hence, coding efficiency

may be improved. Furthermore, the use of parameter sets may enable out-of-band
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transmission of header information, avoiding the need for redundant transmissions to
achieve error resilience. In out-of-band transmission, parameter set NAL units are
transmitted on a different channel than the other NAL units.
[0061] The MPEG-2 Systems standard allows for extensions of the system by way of
“descriptors.” Both PMTs and PSMs include descriptor loops in which one or more
descriptors may be inserted. In general, a descriptor may comprise a data structure that
may be used to extend the definition of programs and/or program eclements. This
disclosure describes an operation point descriptors for performing the techniques of this
disclosure. In general, the operation point descriptor of this disclosure enhances the
conventional MVC extension descriptor by describing a rendering capability, a decoding
capability, and a bitrate for an operation point. A destination device, such as A/V
destination device 40, may use operation point descriptors for each operation point to
select one of the operation points of a bitstream to be decoded.
[0062] Each PMT or PSM may include an operation point descriptor that describes
characteristics of an operation point. For example, source device 20 may provide the
operation point descriptor to provide a rendering capability value that describes a
rendering capability for client device 40. In order for client device 40 to properly render
(e.g., display) video data of the operation point, client device 40 should satisfy the
rendering capabilities signaled by the rendering capability value. The rendering
capability value may describe, for example, a number of views to be displayed (e.g., a
number of views targeted for rendering) and/or the frame rate of the video data for the
views. Thus, client device 40 may determine that the rendering capabilities are satisfied
when video output 44 of client device 40 is able to display the number of views of the
operation point at the frame rate specified by the operation point descriptor.
[0063] In examples in which source device 20 transmits an MVC bitstream using
multicast or broadcast protocols, source device 20 may packetize the entire MVC
bitstream into transport streams, which may be received by client devices having
various rendering capabilities. For example, some three-dimensional programs may
have different numbers of views (e.g., two views, four views, six views, or eight views),
and various devices may be capable of using anywhere between one and four pairs of
views. Thus, each client device may determine which operation point to use based on
the supported number of views that can be displayed by the client device. For example,
client device 40 may determine which of the operation points to use by determining a

number of views that can be displayed by video output 44 and a frame rate at which
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speci f i eswOhatl/aa®h descri ptor includes a descriptor tagCitshaoantdsa
descriptor length field. Accordingly, hierarchy descriptor 112 includes a
descriptor tag field and a descriptor |geggth field. In accordance with the
MPEG 2 Systens specification, nultiplexer 30 nay set the value of the
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length field to a value of four, indicative of four bytes in an instance of
hi erarchy dakest petgeol sheqtgleviogi49gman stablishor saspien gegeIoptine P aéngrorran el d.

with an acceptable number of views by checking the rendering capability specified in
corresponding operation point descriptors. Similarly, in examples in which the MVC
bitstream is encoded in a computer-readable storage medium for local playback, client
device 40 may select a suitable program by checking the rendering capability specified
in the operation point descriptors of the PMTs or PSMs.

[0065] Source device 20 may also provide a decoding capabilities value in an operation
point descriptor. The number of views to be decoded may not necessarily be the same
as the number of views to be displayed. Therefore, the operation point descriptor may
separately signal the number of views to be displayed and the number of views to be
decoded for the operation point. Moreover, the operation point descriptor may
specifically identify the views corresponding to the operation point. Certain client
devices may prefer particular views for various purposes, ¢.g., based on viewing angle.
Accordingly, client device 40 may be configured to select an operation point based on
which views are available in the operation point.

[0066] In some examples, the decoding capabilities signaled in the operation point may
additionally or alternatively specify a profile and a level to which the operation point
correspond. In examples in which source device 20 transmits the bitstream using
multicast or broadcast protocols, various client devices with different decoding
capabilities may receive the bitstream. For example, some decoders might only be
capable of decoding two views with 30 fps, while some might be capable of decoding
four views with 60 fps. In examples in which source device 20 transmits the bitstream
using a unicast protocol, client device 40 may establish a suitable session (for a specific
three-dimensional program) after checking the decoding capability specified in the
descriptors in PMTs. Similarly, for local playback, client device 40 may select a
suitable program by checking the decoding capability specified in the operation point
descriptors of PMTs or PSMs.

[0067] Source device 20 may additionally signal bitrate information in the operation
point descriptor. The bitrate information may describe either or both of the average
bitrate and/or the maximum bitrate for the operation point. For example, when source

device 20 transmits the bitstream using a unicast protocol, the channel used to transmit



[0109] The hierarchy type field describes the hierarchical relation between
the associated hierarchy layer and its hierarchy enbedded | ayer. In one
exanpl e, wolzpipgiegeeer 30 sets the val ue of the hierarchyprCyps26iomi4isbased on
the hierarchical relationship, e.g., as described by Table 3 bel ow. As one
exanpl e, when scalability applies in noqje than one di nension, nultiplexer
30 may set the hierarchy type field to a value of "8" ("Conbined
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[0071] Video compression standards such as ITU-T H.261, H.262, H.263, MPEG-1,
MPEG-2 and H.264/MPEG-4 part 10 make use of motion compensated temporal
prediction to reduce temporal redundancy. The encoder uses a motion compensated
prediction from some previously encoded pictures (also referred to herein as frames) to
predict the current coded pictures according to motion vectors. There are three major
picture types in typical video coding. They are Intra coded picture (“I-pictures” or “I-
frames”), Predicted pictures (“P-pictures” or “P-frames”) and Bi-directional predicted
pictures (“B-pictures” or “B-frames”). P-pictures use only the reference picture before
the current picture in temporal order. In a B-picture, each block of the B-picture may be
predicted from one or two reference pictures. These reference pictures could be located
before or after the current picture in temporal order.
[0072] In accordance with the H.264 coding standard, as an example, B-pictures use
two lists of previously-coded reference pictures, list 0 and list 1. These two lists can
cach contain past and/or future coded pictures in temporal order. Blocks in a B-picture
may be predicted in one of several ways: motion-compensated prediction from a list 0
reference picture, motion-compensated prediction from a list 1 reference picture, or
motion-compensated prediction from the combination of both list 0 and list 1 reference
pictures. To get the combination of both list 0 and list 1 reference pictures, two motion
compensated reference areas are obtained from list 0 and list 1 reference picture
respectively. Their combination will be used to predict the current block.
[0073] The ITU-T H.264 standard supports intra prediction in various block sizes, such
as 16 by 16, 8 by 8, or 4 by 4 for luma components, and 8x8 for chroma components, as
well as inter prediction in various block sizes, such as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8
and 4x4 for luma components and corresponding scaled sizes for chroma components.
In this disclosure, “x” and “by” may be used interchangeably to refer to the pixel
dimensions of the block in terms of vertical and horizontal dimensions, ¢.g., 16x16
pixels or 16 by 16 pixels. In general, a 16x16 block will have 16 pixels in a vertical
direction (y = 16) and 16 pixels in a horizontal direction (x = 16). Likewise, an NxN
block generally has N pixels in a vertical direction and N pixels in a horizontal
direction, where N represents a nonnegative integer value. The pixels in a block may be
arranged in rows and columns.
[0074] Block sizes that are less than 16 by 16 may be referred to as partitions of a 16 by
16 macroblock. Video blocks may comprise blocks of pixel data in the pixel domain, or

blocks of transform coefficients in the transform domain, e.g., following application of a
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transform such as a discrete cosine transform (DCT), an integer transform, a wavelet
transform, or a conceptually similar transform to the residual video block data
representing pixel differences between coded video blocks and predictive video blocks.
In some cases, a video block may comprise blocks of quantized transform coefficients
in the transform domain.
[0075] Smaller video blocks can provide better resolution, and may be used for
locations of a video frame that include high levels of detail. In general, macroblocks
and the various partitions, sometimes referred to as sub-blocks, may be considered
video blocks. In addition, a slice may be considered to be a plurality of video blocks,
such as macroblocks and/or sub-blocks. Each slice may be an independently decodable
unit of a video frame. Alternatively, frames themselves may be decodable units, or
other portions of a frame may be defined as decodable units. The term “coded unit” or
“coding unit” may refer to any independently decodable unit of a video frame such as an
entire frame, a slice of a frame, a group of pictures (GOP) also referred to as a sequence,
or another independently decodable unit defined according to applicable coding
techniques.
[0076] The term macroblock refers to a data structure for encoding picture and/or video
data according to a two-dimensional pixel array that comprises 16x16 pixels. Each
pixel comprises a chrominance component and a luminance component. Accordingly,
the macroblock may define four luminance blocks, each comprising a two-dimensional
array of 8x8 pixels, two chrominance blocks, each comprising a two-dimensional array
of 16x16 pixels, and a header comprising syntax information, such as a coded block
pattern (CBP), an encoding mode (e.g., intra- (I), or inter- (P or B) encoding modes), a
partition size for partitions of an intra-encoded block (e.g., 16x16, 16x8, 8x16, 8x8, 8x4,
4x8, or 4x4), or one or more motion vectors for an inter-encoded macroblock.
[0077] Video encoder 28, video decoder 48, audio encoder 26, audio decoder 46,
multiplexer 30, and demultiplexer 38 each may be implemented as any of a variety of
suitable encoder or decoder circuitry, as applicable, such as one or more
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic circuitry,
software, hardware, firmware or any combinations thereof. Each of video encoder 28
and video decoder 48 may be included in one or more encoders or decoders, either of
which may be integrated as part of a combined video encoder/decoder (CODEC).

Likewise, each of audio encoder 26 and audio decoder 46 may be included in one or
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I i ich th f | tipl . 30 [
st eam  pr ograb spa Epran PRy SloPinh ol A AR R BAREETT carm

map (PSM . aAdiBSMcaayr P6,oMidie dRcstRs (6, phil€ipleRér Bhear)/ @meathaltiplestr 88IMEay N t he
correspondi ng program stream and the rel ati onshi ps of the el enent arg;‘Ely
al so

streams t o COMEIISRANgiHERKded ClrRUE oRreNISIORAPICESDT. aNWPTogr witPlsts eQmMyR|sak
correspond t.o When carried in a correspondi ng transport
Stream thg%%§§lﬂst§l§1?8%¥gér%ﬂ%&%lg Rot be nodified. Milti pl exer 30 may

i ndi cat e t 6878 TASMechninuess efitthisn daclBkbecpaakebdfftry cedih i adyahtagess toveanhé d

val ue of the PES packet .to BC. that is, the hexadeci mal val ue BC, which
corres pond§°?¥?nflﬂ’_éaa}t}ffﬁ‘é’ﬂ‘l}le§ TP P Pyeroags, RS PR prov e o tggalign11g)
Ml €1 pl exercndQc AL B BReRiGOBBRL %dch Shb Bl RO

éﬁﬁ‘@e (B rﬂ@tleevi%v(}'s a
transport streamin program associ ation table 104. " Miultiplexer 30 al so may

enbed pr ogmdrnhassospaidion bitsidaes Imsdil casas,tam. ofivirtionploentemnayd Qomespondith cat e

that a NAL unit in des. rogr.am associ ati .tabl.e by assigning the NAL
Lt 2 B D BT R RRes B SRR oois RS arRi BRgalh b the
PI D val ue bidt Gssc%aﬁmmenﬂﬁsmasvié\ﬁaaftﬁééﬂﬁraéﬁgbﬂdmg SGREAtRRRRNEI Ng program

|

map table, in program association table 104. ng the same exanple
ment i oned d48®A% Aftdiemeltinleprie 3Brhagraasantled ralhé vhidtandioe cinf 4agesst wat from

hac anot nor oo oo BRI SRR ? up Rl BubhPifors da PORARG' Qo™

i ncl uded i fntpFfa@r BMmays saapradel o ckabple, 4 @4nsnlifddr] Q}rafceiea M dePRE ifdd Writing
information tables 88 al so includes network information table (NIT) 100 and
condi t i onaldaticte seommgracidahip) medipm ek sy AXAMEe, angbicaladiivgpa Enggnelc i n

PAT, has a i i | p:.partic , r used
to pornt ¢ ARREuic, BRIy BhaRRd bkl oI SERBIBER, o fE R T ee S
and when presénrt putpheintabice. aypyprineifde 3hdwpmmatthoNAdbonit of hecphyiti wad

network carryi n% the transport str amfuch as, channel. frequenci es,

satel | ite tPERYSERICAOIASRLIYE 34 ndtrl it {06 ¥URBICaE (aRTaFTIRR Siekely §inpagnetic
ori gi nat or QRINI 68 FPRER: mRBdnHe! RldnforPl o dsRT AR B RRIMBSHSut@VRLY AR €.
[0120] If any elementary streans wthin a transport stream are scranbl ed,
t hen a condiddiwonal access table 102 nust be present. Conditional access

table 102 [ det ai.l s of the scranbli S en(s) i.n us nd provi des
the PI D vallb AfRENE st TaeERE D Ry o BR ORI oER e b R OHar Mefedbs

o Jover A pRRISRC e, s gngabt o Thpl bRl i3 ey, 1o,
di agram i | Iduger at URG Bertesalivptiects ét tighscdiarh ethathenespnipatarneddabledicdivene of
oper ati on porMRecaaleys BleBht Fg e thiat sl uRH B 5 RE5 Fig Wi ibrerer
descri pt or 3R8en@ehultipgd:er BB2mal r@miltigite of irghspor 2dueamusbd fogedm ditispinate/i ews
field 126, nunber of decode views field 128, view identifier fields 130,
average bi €PattEuqnt diE stoamspdgpankptiasi e dileS pireames 3wirieenpspded deanend i er
of FiG 4 TREMEFEPR B PhA% Mo Liuread Sivs b OREh. wihrfigsge™ ©
corres pona whethen tlexanplial daodeparngl aapalis br tidew afrese, aginieindehteddyd®IES vi ews

field 128 corresponds an exanpl.e decodi ng, capability val ue, and average
bitrate fi opefef 551 wgﬁﬁiﬁm-bﬁvﬁ&@@ g dpse eé&fl?@fé‘s&ﬁawt@taawde%@a e
bitrate valjye e Jaed ahiiBYRLIIhuds DRIHuPUOT whitd vidoREEIY MNGBI&RIBIL]

data structure that nmay be used to signal characteristics of an operation
poi nt, suclvide data @rdenidnigc dapalsiividop, data, ddeddinay inchpiebi plintajity efndews of
bitrate. FIGS. 5 and.6 bel o oyi.de alte tive exanpl es,.of operation

ot e desor pioams ¢ nifeootytth P bt Rupit AR p BB oS Siplac PG B e
above, the pNREGY20SYRWENSE aPREAd, I €At 120Rte®BaGpId 65 aliddlerR8edpidAEpldyPiaf has
a descriptor tag field and a descriptor length field, each of 8 bits. Thus,
mul ti pl exemdr@onts Fach vigy ofapcepssirgwtancoeslye to descriptor tag field 120

i ndi cative of an MVC operation point descriptor. Miltiplexer 30 nay al so
determ ne a nunber of views for the operation point and a nunber of
reserved bits for the operation point descriptor, and then cal cul ate the

| engt h of operation point descriptor 118 in bytes follow ng descri ptor

A NN N - o T o .



36 views field 126 can be included as part of a rendering capability val ue.
Li kewi se, nmultiplexer 30 may set the value of nunber of display views field
126 accorworgiira7é@inunber of views to be displayed for &oTaserai4r8o poi nt .
[0126] Nunber of decode views field 128 nmay conprise a ten bit field that

i ndi cates the value of the nunber of views required for decoding the
re-assenbl ed AVC video stream This value nmay differ fromthe nunber of
views to bd0QSl4 rﬂl &Vﬁ@ula}rndiﬁmatﬁ@&my 38hman uwiser a@fopéfasiphalgoilwti el fecevet 126.
Thi s may ri)sttr certa vrlnelévs1 g requrrrned fq}r9 g% g due Lo Vi ew
dependenci €57 %nt tﬁ)gtexglglg not™MaCt peé‘ﬂ? di'ep I 8VRY° 191 ge]“ ¥ 8 PPRG'Blief 1y
to FIG 7, fp@fnt@lafebfeamsnbteaanvr@\seteﬁchxaagp@pnmyopla@mqmnﬂ Rabe ak&l by Aey

di spl ayed for an operation point. View SO can be decoded directly w thout
decodi ng angstietien doviead0. Hovisneral. deuiérlenrs 3 may Sitempi wsobzt paswofdhso be
decoded, b

Ther ef or e, %?Eg]‘l"iﬁﬁl ébﬂ{g tﬁhﬁ \k]ﬂlc#dg%%rt%oﬁghl ﬁﬁatﬁ% ée%vvxlrég £ gltge{rlcfﬂ%g& ?mhﬁave a
val ue of twembbubcdaiembgrwdﬁo d]hecdnietz%vrPem&xﬁmpﬂeddetrﬁtﬁtlpmnémgﬁmw campak uke of

three. In sone exanples, a vi 0 be displ ayed be i erpolated f
one or ror éHIHBE cepaétrteless%é cendipe CRR R o' refteq/ﬁ%%éet i the Ssess

be greater bge@] se

vi ew and drérnﬁﬁn%tagcri ?E?gl%glﬁtg 9%}) gielgwges{cgqger 8 ?gfp ratl-c%;l('Tjtorrtls{i;%li’e%ét1l (E)}gogtdg@a
second Vi e\]mtst‘xﬁadreo()rﬂeb@dmram pm;ttsuhze dewltgplexon 3€ detcrmsnes @ouldl bnqupm}dept h
informatio ter a ne w, or_yideo decoder 48 may.

depth 1 nf orien P ety B drmaBiidt v ectet o Shostfon B R ioM Becode
views fiel grdhd H&thgf?ést RERMANd/ilQ datdleCLditNInGARA N dnid Yatey ahdI6r bitRtd hat a
decoder of a client device (5such as vidéo decoder 48 of destination device
40) shoul d ofer capaiples, drmnlle@@dﬁmgi% atn%uatiecrt Qe of émsmgﬁtd operatien \painie of
nurber of g)aseg thrc 1gera9n ucha o1, GXa lg OWCT C ns tl devi ce may sel ect
an operati oIt Havi' Nonber S’f d%co 55N gl\ﬁ/s ? 81113 ?epresent ative of
a nunber of[0082¢WIGt hata Blovik dﬁgra@eﬂnﬁ@ﬁtlr@adé)@nfpﬂd &idngd@hiCE dosnpoagabbe of

decodi ng. [0129] Operation point descriptor 118 of FIG 4 al so includes
vi ew i dent |multépler¢re$Qj£FIﬁsd) é@ctlrleoﬁfxatrtptﬁmf d&at 2.f maktiplexer 48 mglodemaytreddhpri se

aten bit fiel t ts
cont ai ned |nlﬁa%t geet{lér}feE “&E@ﬁ%r eg&z |@st r gg)m}ﬂpﬁmdst&f&{t éjﬁlqn%le%ﬂ
i denti fi er stredm eadputdinsgtay egH, vﬁr&t/vpfo:graranspepﬂ“fcatnfmmmnntabms e885| g$r&taed
using view identifier field is, the v ewrdentlflers of view

i denti fi er DRANAREIRCNE 3itcR() f lﬁéﬁ&\ﬂt\b YHeCHISEpFtay 8¢ UMIweonsueer 6d; st hat

are deCOde‘i‘d&ﬁheﬁf&he&hiE? ﬁ%ﬁgp ﬁﬁl%@%d?r&g}%%@er@ﬁeif (W) b, n'lé‘dt ghit kkel ds
130, in the exa 0]” Average bitrate Tield 132 may

conpri se al[8083] éemhebexantplebﬂFtCﬁtaZt Vndedrloatttestetfnee 8% endigedibimput anterfagen82

kil obits per cond of the re-assenbl ed Vld strea en t tp O,
he aver apd ide FPEeE MR ARy Bh BEmTEGES 1 AR oD YrD 6t Wer age
bitrate fi ghebdtdaullioRiatLSIntoa eﬁé’rﬁﬁl@@&n@oﬁfn@l& ahiglpdcledizes hodyl 6k nefudle used
for determning the average bitrate of the re-assenbled AVC vi deo stream
[0131] Maxiiharmngiarraedule |tl@ttds egamphip moliplixse3d JVikh esncddite thd etanpihat

i ndi cates t Xk kb| p S [£ | ed
AVC vi deo sﬁti| réeg}ran\’l% i ut nt%tfaCB é(? rr%aO)%(IlI1 rrgfrznsbli? atcgéltgtﬁorflsenﬁoge %i%ca{rgd
That is, V\H@dénteﬁefrélrﬁhli@eooénoﬁdéﬁﬂ zmmldplatldhatlﬁpdtl iatedfadS42 irfays &3rnt PES @fabkets

maxi mum bi t rate field 134 should not be used for determning the maxi num
bitrate of ffomecreededsudiped reogryedifipapaudip engedey ¥132] Tenporal identifier
field 136 gy(ys i he
tenporal id, A@?’@é&%ﬁﬁa %Ig%%qtnﬁ[ do {egr&rggsr%]%‘%ba%% %&%S&}i&s@g e?%%%gz%fcg(%n deo
stream Thahdiasdiot input mnphical82i dExanPE® paded itdudtstaestriame 1D héelftllfﬁﬁg that e of

t he reassenbl ed AVC vi deo st.ream di.scussed ahove. [0133] Exa

operation (§ nrﬁntaawt?rtr%tt%rwfmfsa}lg RIES pAeiehd e@ng%sgtreaéﬂ 1{3 lapmhamt, rr%r ds
138. In ongeRxaMR! £ prEdm t@SWAPWE 'P'EST?Qék%t 2ohelRWs HYeqHRE! prBkram
reserved trailing b|ts may be used both for additional Signaling and to pad
oper ati on ppéaific ddeunatpnotabled 8. sTiedt is,hsitcampd? dodkon yai 66 noesdatérptios tal 18
ends on a byte boundary. For s_di scussed.above, eration point
oscr i pt or g ARPHISE Feshoi FL BroRe P aESRe e Ha CEtISh f! BIMgFeaach

di spl ayed \ph@Wity OT@Icthchtdr seHHRE kvhk uli)r'g&ﬁeraﬂgéﬂié clbmefatyN@rebint oridspmdé @ t he
view identifierS and the reserved trailing bits is 87, in this exanple.
Thus, to e®sbienctiiagraghdiew¢whn ipopme cyasples, pﬁmcﬂlemqmarmasammaer byyineludesindar y
(that is, has a nunber of bits that is evenly divisible by eight),

mul ti pl exer 30 may add a nunber of trailing bits according to the follow ng

formula: trailing bits = (1 + 6*num di splay views) %8 where " 13/0'
represents the rrat hematlcal erdqu operator Th_at is, A %B results in the

Y 1 - o Y



[0134] Table 4 summari zes an exanple set of data that may be included in

t he exanpl e of operation point descriptor 118 of FIG 4. WO

2011/ 017680RCT/0WE5010/ 044780 38 TABLE 4- WC oper ati on poCmUSI&9044i788 Or
Syntax No. O bits Mienonic MVC op descriptor() { descriptor tag 8 ui nsbf

24
in a plurality of programs. Each PES packet may be included in a plurality of streams
output from multiplexer 30, as various services may cach include various subsets of
available audio and video streams. Accordingly, stream ID lookup unit 66 may
determine whether a PES packet should be included in one or more output streams (e.g.,
one or more transport or program streams), and particularly in which of the output
streams to include the PES packet.
[0085] In one example, cach elementary stream corresponds to a program. Multiplexer
30 may be responsible for ensuring that each elementary stream is associated with a
particular program, and accordingly, a program ID (PID). When a PES packet is
received including a stream ID that is not recognized by multiplexer 30 (e.g., a stream
ID not stored in program specific information tables 88), PID assignment unit 68 creates
one or more new entries in program specific information tables 88 to associate the new
stream ID with an unused PID.
[0086] After determining a program to which a PES packet corresponds, NAL unit
constructor 62 forms a NAL unit comprising the PES packet, e.g., by encapsulating the
PES packet with a NAL unit header, including the PID of the program to which the
stream ID of the PES packet corresponds. In some examples, NAL unit constructor 62,
or another sub-unit of stream management unit 60, may form an access unit comprising
a plurality of NAL units.
[0087] PMT constructor 64 creates Program Map Tables (PMTs) for a corresponding
output stream of multiplexer 30 using information from program specific information
tables 88. In another example, stream management unit 60 may comprise a PSM
constructor for creating program stream maps for a program stream output by
multiplexer 30. In some examples, multiplexer 30 may comprise both PMT constructor
64 and a PSM constructor and output either or both of a transport stream and a program
stream. In the example of FIG. 2, PMT constructor 64 may construct a PMT including
the new descriptors described by this disclosure, e.g., an operation point descriptor, as
well as any other necessary descriptors and PMT data for the PMT. PMT constructor 64
may periodically, e.g., after a certain period of time or after a certain amount of data has
been transmitted, send a subsequent PMT for the transport stream. PMT constructor 64
may pass created PMTs to NAL unit constructor 62 for forming a NAL unit comprising
the PMT, e.g., by encapsulating the PMT with a corresponding NAL unit header,
including the corresponding PID.



descriptor length 8 uinsbf frame rate 16 ui nsbf num di splay views 10 ui nsbf
num decode views 10 uinsbf for (i = 0 ; i< numdisplay views; i++) {
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[0088] PMT constructor 64 may create a data structure, such as an operation point
descriptor, for each operation point of a program. The data structure created by PMT
constructor 64 may signal a rendering capability value that describes a rendering
capability to be satisfied by a receiving device to use the operation point, a decoding
capability value that describes a decoding capability to be satisfied by the receiving
device to use the operation point, and a bitrate value that describes a bitrate of the
operation point.
[0089] For example, PMT constructor 64 may determine a number of views to be
displayed for an operation point and a frame rate for the views of the operation point
based on information stored by program specific information tables 88 or information
received from video encoder 28 via video input interface 80. PMT constructor 64 may
signal either or both of the number of views and the frame rate for the views of the
operation point using the rendering capability value of the data structure.
[0090] PMT constructor 64 may also determine a number of views to be decoded for
the operation point and a level value for a profile to which the views of the operation
point correspond. For example, PMT constructor 64 may determine a number of
macroblocks that need to be processed, a decoded picture buffer size, a coded picture
buffer size, a vertical motion vector range, a maximum number of motion vectors per
two consecutive macroblocks, and/or whether a B-block can have sub-macroblock
partitions less than 8x8 pixels, and use these determinations to determine the level for
the operation point. PMT constructor 64 may receive this information from video
encoder 28 via video input interface 80. PMT constructor 64 may then represent the
number of views to be decoded and/or the level value of the profile using the decoding
capability value for the operation point.
[0091] PMT constructor 64 may further determine a bitrate value for the operation point
and encode the bitrate value in the data structure. The bitrate value may correspond to
an average bitrate or a maximum bitrate for the operation point. PMT constructor 64
may calculate the bitrate for the operation point or receive an indication of the bitrate
from video encoder 28.
[0092] Multiplexed stream output interface 84 may receive one or more NAL units
and/or access units from stream management unit 60, ¢.g., NAL units comprising PES
packets (e.g., audio or video data) and/or NAL units comprising a PMT. In some
examples, multiplexed stream output interface 84 may form access units from one or

more NAL units corresponding to a common temporal location after the NAL units are



view id 10 ui nsbf } average bit rate 16 ui nsbf maxi mum bitrate 16 ui nsbf
tenporal id 3 uinsbf
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received from stream management unit 60. Multiplexed stream output interface 84
transmits the NAL units or access units as output in a corresponding transport stream or
program stream. Multiplexed stream output interface 84 may also receive the data
structure from PMT constructor 64 and include the data structure as part of the
bitstream.
[0093] FIG. 3 is a block diagram illustrating an example set of program specific
information tables 88. The elementary stream to which a transport packet belongs can
be determined based on the PID value of the transport packet. In order for a decoder to
properly decode received data, the decoder needs to be able to determine which
elementary streams belong to each program. Program specific information, as included
in program specific information table 88, may explicitly specify relationships between
the programs and component elementary streams. In the example of FIG. 3, program
specific information tables 88 include network information table 100, conditional access
table 102, program access table 104, and program map table 106. For the example of
FIG. 3, it is assumed that the output stream comprises an MPEG-2 transport stream. In
an alternative example, the output stream may comprise a program stream, in which
case program map table 106 may be substituted with a program stream map.
[0094] The MPEG-2 Systems specification specifies that every program carried in a
transport stream has a program map table, such as program map table 106, associated
with it. Program map table 106 may include details about the program and the
elementary streams that the program includes. As one example, a program, identified as
program number 3, may contain a video elementary stream with PID 33, an English
audio stream with PID 57, and a Chinese audio stream with PID 60. It is permitted for a
PMT to include more than one program.
[0095] The basic program map table specified by MPEG-2 systems specification may
be embellished with some of the many descriptors, e.g., descriptors 108, specified
within the MPEG-2 systems specification. Descriptors 108 may include any or all of
the specified descriptors of the MPEG-2 systems specification. In general, descriptors,
such as descriptors 108, convey further information about a program or its component
clementary streams or sub-bitstreams. The descriptors may include video encoding
parameters, audio encoding parameters, language identification, pan-and-scan
information, conditional access details, copyright information, or other such

information. A broadcaster or other user may define additional private descriptors.



for (i =0; i<(1 + 6*numdisplay views)%B; i++) { reserved bit 1 bslbf }
1 [0135] FIG 5 is a block diagramillustrating an alternative exanple
set of dawe?2hat’ésmy be included in one of operation poPot/us$esloni4sors 114
(FIG 3). In general, each of operation point descriptors 114 should have a
common format, such that a client deviceymay be configured to receive
operation point descriptors of a single format. Thus, each of operation

poi nt descAdedrihisidiscloswye heovidea ah epemation peint descriptot Hedespabachasrrtqyoiing
descriptor of FIG 4 FLG. 5 E or ot her. .common format t

el udes siofienagretghaingn da, SPECGTsegtems R RO HAETIR” Ao &eBort 1 o on
poi nt descmhdyt @tluddQptratibh @emt deseiptddé Gr dadB opt@tion b oﬁmédrmspéndi@m h
field 144, profile IDC field 146, level IDC field 148, frane rate field

149, nunbeitsream.s b aow kG 13, desrripgys 108 sdidedyl Vewdensian dangrintpis d9. 152,
et 390 1L U o T QU 5Ly 9%, TRl
i denti fier deseiptias 164magrdrrespond to a particular operation point of a bitstream and signal,
for the operation point, a rendering capability value that describes a rendering capability
to be satisfied by a receiving device to use the operation point, a decoding capability
value that describes a decoding capability to be satisfied by the receiving device to use
the operation point, and a bitrate value that describes a bitrate of the operation point. In
the video related component elementary streams, there is also a hierarchy descriptor,
which provides information to identify the program elements containing components of
hierarchically-coded video, audio, and private streams.
[0097] Table 1 below provides one example of data included in MVC extension
descriptors 110. The various fields and bit depths of the fields, shown in Table 1, are
merely one example. In one example, each MVC video sub-bitstream is associated with
a corresponding one of MVC extension descriptors 110 that specifies the characteristics
of the corresponding MVC video sub-bitstream. An MVC video sub-bitstream may
need to assemble other MVC video sub-bitstreams. That is, in order to decode and
present a particular sub-bitstream, a client device may need to extract and decode video
data from other sub-bitstreams of a common bitstream that includes the two sub-

bitstreams.



39 reserved trailing bit fields 166. IDC stands for "indicator." As
expl ai ned bel ow, the exanple of operation point descriptor 140 explicitly
si gnal s twe 2prigfirdee i dc and | evel idc values for an opePaTIUSROPOU4TB) as
wel | as information on how an operation point is assenbled. [0137] Nunber
of display views field 150 and frane rabg field 149 correspond to a
rendering capabilities value signaled by operation point descriptor 140.
Profile IDC field 146, |evel TOBLE e+-MYfextemsibmdespdptasf decode vi ews
field 152, in the exanple of FIG 5, represent exanples of data that nmay
correspond to a decodi ng capsithi ties val ue signal gdNay Odpér avinemofioi N|
descriptorn 140. Average bitrate field 154 and maxi mrumphktrate field 15p

correspond Ri T T at - i gnal ed by operation point d¢escriptor 1I#0.
[0138] As 3@2%)@%@1@5@3@5@@3{%@2 Syst ens speci|fication specifies that

each descri ptor jagsisgdggcriptor tag field and a dgscrigpton |epgihrfie|d,
each of which may b(g 87br'ts in length. Thus, nmultiplexer 30 (FIG 1) nhy

assign a val ue tdesdpssricpt@r tag field 142 indicatijve gf an M/gn@perat| on

poi Nt desqri ptor I\/I|IprI exer 30 may al so determne a nunbér of views for
t he operatj{i on paveatgamni mtawunber of reserved bits flor tthe Qperwatisbfi po| nt

descri pt or—and—then—caleculatethe tengthof operatiton—pornt—deseriptor 140

in bytes flol | owinyinesichitipteor | ength field 144. Miljti pl@exer Swimbf’ass gn

H ] P | I ] P | ] | PR 4 1_cl
t hi s cal cytated—+tength valuveto descriptor—tength fietd—t44—when

i nstanti at|i ng ope¥R{don poi nt descriptor 140. [0139] Pfofille 11 el d| 146

may conprifse an eéé}\ght bit fiet.d that indicates the prof' efTdc g%fthe

oper ati on |poi nt TS RLLBIGHY t he i nformation gien oper ati¥n poi ht

descriptorn 140. L g?/ 148 may conprise an eight brt d that
eve —%llr%ég—Dlgfi &i %aq( | byggtuﬁde

i ndi cat es |t he | e operation point re-assenbl eq
i nformation gi veinpiraPRELAL On poi nt descriptor 140. [Q140] Frgggr rate
field 149 may conprise a 16 bit field that indicates the maxi num frane
rate, in firame herdpfasecends, of the re-assenbled AVC gi ded stpgishm That
is, multiplexer 30 nay calculate the maximumfrane lrate of [a 256 second
tinme period to setsd el walitugresfitframe rate field 149. As wijth bdlsfre rage
field 124 +n-other—examplesforfranre+ratefHeldI49—ether—time—pertpds
besi des 256 secde#fgtvedny be used. [0141] Number of displlay Vi evkslbfi el d [L50
may conprifse a ten bit—fietdthat—ndicates the valjue—of—t t he
Vi ews, taréet ed for output, the re-assenbled AVC vildeo strgam In general,
nunber of dispray Views fietrd 150 Tepresents a nunber of Vi ews (0 be

di spl ayed for a correspondi ng operation point. Nunber of decode views field
152 may corfPi983dn shet examipic off Tabledl, ttiadescriptoc apdteld mey vatrespond ta dreciphurtber of

vi ews required. for ecodi ng,t re-assenbl.ed AVC video stre S
val ue may diﬁqf@rorf%ﬁfeéﬁ&aﬁa i i B fesCEBiog Eptchyedl br/rf_éf: ﬁ\g%%é@oy the
nunmber of diysRERAYAEHE {d PhdlichhBy TRhERMRE HeESYplor! I AL CRIPERL.D ¥ &M8s bei ng

requi red for decodi ng due to view dependencies, but that are not actually
di spl ayed, stndard dddinde sertiibedtsaipoe tags t4ndr merke cath¢rodesarpter tag valecodeg.vi ews

field 128. 14 verage.bitrate fjeld 154 co i i xteen  bit

1ol d that YPHE o B Ongs aberage pAmPREETT 4 i (RORRIS ey Tulh AERGH | ne

re- assembl edwhVs propires sdétfigthe MENeaeisidOddcriptor trver agidai dorfegiddds fo Not
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descri pt or Sredm is slssableg tfiin t@gtituent parts of the transport stream or program stream to
which the one of MVC extension descriptors 110 corresponds. In some examples,
multiplexer 30 may set the value of the average bit rate field to zero to indicate that the
average bit rate is not indicated by the one of MVC extension descriptors 110.
[0101] The maximum bit rate field may comprise a sixteen-bit field that indicates the
maximum bit rate, in kilobits per second, of the re-assembled AVC video stream. That
is, the maximum bit rate field describes the maximum bit rate for a video stream when
the video stream is assembled from constituent parts of the transport stream or program
stream to which the one of MVC extension descriptors 110 corresponds. In some
examples, multiplexer 30 may set the value of the maximum bit rate field to zero to
indicate that the maximum bit rate is not indicated by the one of MVC extension
descriptors 110.
[0102] The view order index minimum field may comprise a ten bit field that indicates
the minimum value of the view order index of all the NAL units contained in the
associated MVC video sub-bitstream. Similarly, the view order index maximum field is
a ten bit field that indicates the maximum value of the view order index of all the NAL
units contained in the associated MVC video sub-bitstream.
[0103] The temporal ID start field may comprise a three-bit field that indicates the
minimum value of the temporal id of the NAL unit header syntax element of all the
NAL units contained in the associated MVC video sub-bitstream. That is, a temporal
ID value is included in a header for each NAL unit. In general, the temporal ID value
corresponds to a particular framerate, where relatively larger temporal ID values
correspond to higher framerates. For example, a value of ‘0’ for a temporal ID may
correspond to a framerate of 15 frames per second (fps), a value of ‘1’ for a temporal ID
may correspond to a framerate of 30 fps. In this manner, gathering all pictures having a
temporal ID of 0, in this example, into a set may be used to form a video segment
having a framerate of 15 fps, whereas gathering all pictures having a temporal ID of 0
and all pictures having a temporal ID of 1 into a different set may be used to form a

different video segment having a framerate of 30 fps. Multiplexer 30 determines the
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smallest temporal ID of all of the NAL units of the MVC video sub-bitstream and sets
the value of the temporal ID start field equal to this determined smallest temporal 1D
value.
[0104] The temporal ID end field may comprise a three-bit field that indicates the
maximum value of the temporal ID of the NAL unit header syntax element of all the
NAL units contained in the associated MVC video sub-bitstream. Accordingly,
multiplexer 30 determines the largest temporal ID of all of the NAL units of the MVC
video sub-bitstream and sets the value of the temporal ID start field equal to this
determined largest temporal ID value.
[0105] The no SEI NAL unit present field may comprise a one-bit flag that, when set to
‘1,” indicates that no supplemental enhancement information NAL units are present in
the associated MVC video sub-bitstream. Multiplexer 30 may determine whether one
or more supplemental enhancement information NAL units have been placed in the
bitstream and set the value of the no SEI NAL unit present field to a value of ‘1’ when
there are no SEI NAL units in the bitstream, but may set the value of the no SEI NAL
unit present field to a value of ‘0’ when at least one SEI NAL unit is present in the
bitstream.
[0106] Table 2 below provides one example of data included in hierarchy descriptor
112. In MPEG-2 systems, a hierarchy descriptor may be defined for a program stream
of video that contains an embedded video program stream. The various fields and bit
depths of the fields, shown in Table 2, are provided as one example. The
hierarchy layer index value identifies the layer index of the current program stream,
and the hierarchy embedded layer index value identifies a dependent layer. In MVC
design, a program stream may depend on another program stream using the hierarchy
descriptor. That is, dependencies between program streams may be determined based
on data included in the hierarchy descriptor.

TABLE 2—Hierarchy descriptor

Syntax N‘to)itgf Mnemonic
hierarchy descriptor() {
descriptor tag 8 uimsbf
descriptor length 8 uimsbf
reserved 1 bslbf
temporal scalability flag 1 bslbf
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Syntax N‘to)itgf Mnemonic
spatial_scalability flag 1 bslbf
quality _scalability flag 1 bslbf
hierarchy type 4 Uimsbf
reserved 2 bslbf
hierarchy layer index 6 uimsbf
Tref present flag 1 bslbf
reserved 1 bslbf
hierarchy embedded layer index 6 uimsbf
reserved 2 bslbf
hierarchy channel 6 uimsbf
}

[0107] As noted above, the MPEG-2 Systems specification specifies that each
descriptor includes a descriptor tag field and a descriptor length field. Accordingly,
hierarchy descriptor 112 includes a descriptor tag field and a descriptor length field. In
accordance with the MPEG-2 Systems specification, multiplexer 30 may set the value of
the descriptor tag field to a value of “4” for hierarchy descriptor 112.

[0108] The length of hierarchy descriptor 112 can be determined a priori, because each
instance of hierarchy descriptor 112 should include the same amount of data. In one
example, multiplexer 30 may set the value of the descriptor length field to a value of
four, indicative of four bytes in an instance of hierarchy descriptor 112 following the
end of the descriptor length field.

[0109] The hierarchy type field describes the hierarchical relation between the
associated hierarchy layer and its hierarchy embedded layer. In one example,
multiplexer 30 sets the value of the hierarchy type field based on the hierarchical
relationship, e.g., as described by Table 3 below. As one example, when scalability
applies in more than one dimension, multiplexer 30 may set the hierarchy type field to a
value of “8” (“Combined Scalability” as shown in Table 3), and multiplexer 30 sets
values of the temporal scalability flag field, the spatial scalability flag field, and the
quality scalability flag field according to data retrieved from PES packets and PES
packet headers of the respective streams. In general, multiplexer 30 may determine

dependencies between the different streams corresponding to various views and/or
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audio data streams. Multiplexer 30 may also determine whether a dependent stream that
comprises an enhancement layer is a spatial layer, a signal-to-noise (SNR) enhancement
layer, a quality enhancement layer, or another type of enhancement layer.
[0110] As another example, for MVC video sub-bitstreams, multiplexer 30 may set the
hierarchy type field to a value of ‘9’ (“MVC” as shown in Table 3) and may set the
values of cach of the scalability flag field, the spatial scalability flag field, and the
quality scalability flag field to ‘1’. As yet another example, for MVC base view sub-
bitstreams, multiplexer 30 may set the value of the hierarchy type field to a value of ‘15’
and may set values of the scalability flag field, the spatial scalability flag field, and the
quality scalability flag field to ‘1°. As still another example, for Prefix MVC sub-
bitstream, multiplexer 30 may set the hierarchy type field to a value of ‘14’ and may set
the scalability flag field, the spatial scalability flag field, and the quality scalability flag
field to ‘1.
[0111] The hierarchy layer index field may comprise a six-bit field that defines a unique
index of the associated program element in a table of coding layer hierarchies. Indices
may be unique within a single program definition. For video sub-bitstreams of AVC,
video streams conforming to one or more profiles defined in Annex G of ITU-T Rec.
H.264 | ISO/IEC 14496-10, this is the program element index, which is assigned in a
way that the bitstream order will be correct if associated SVC dependency
representations of the video sub-bitstreams of the same access unit are re-assembled in
increasing order of hierarchy layer index. For MVC video sub-bitstreams of AVC
video streams conforming to one or more profiles defined in Annex H of ITU-T Rec.
H.264 | ISO/IEC 14496-10, this is the program element index, which is assigned in a
way that any of these values are larger than the hierarchy layer index value specified in
the hierarchy descriptor for the prefix MVC sub-bitstream.
[0112] The hierarchy embedded layer index field may comprise a six-bit field that
defines the hierarchy table index of the program element that needs to be accessed
before decoding of the elementary stream associated with the corresponding instance of
hierarchy descriptor 112. This disclosure leaves the value for the hierarchy embedded
layer index field undefined for when the hierarchy type field has a value of 15 (that is, a
value corresponding to the base layer).
[0113] The hierarchy channel field may comprise a six-bit field that indicates the
intended channel number for the associated program element in an ordered set of

transmission channels. The most robust transmission channel is defined by the lowest
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value of the hierarchy channel field, with respect to the overall transmission hierarchy
definition. Note that a given hierarchy channel may at the same time be assigned to
several program elements.
[0114] Reserved fields of Tables 1 and 2 are reserved for future use by future standards
development. The techniques of this disclosure do not, at this time, propose assigning
semantic meaning to values of the reserved fields.
[0115] Table 3 below illustrates the potential values for the hierarchy type field
described above:

TABLE 3—Hierarchy type field values

Value Description
0 Reserved
1 Spatial Scalability
2 SNR Scalability
3 Temporal Scalability
4 Data partitioning
5 Extension bit-stream
6 Private Stream
7 Multi-view Profile
8 Combined Scalability
9 MVC video sub-bitstream
10-13 Reserved
14 Prefix MVC sub-bitstream
15 Base layer, or MVC base view sub-bitstream, or
AVC video sub-bitstream of MVC

[0116] In some examples, hierarchy descriptor 112 may be used to signal an MVC sub-
bitstream signaled by incremental sub-bitstream and embedded sub-bitstreams. The
embedded sub-bitstreams include the direct dependent sub-bitstream corresponding to
the hierarchy embedded layer index and all the embedded sub-bitstreams of this direct
dependent sub-bitstream. In this disclosure, the views that are explicitly contained are
called enhance views, while the views that are embedded are called dependent views.

[0117] In an example in which the output of multiplexer 30 comprises a program
stream, program specific information tables 88 may include a program stream map
(PSM). A PSM may provide a description of the eclementary streams in the

corresponding program stream and the relationships of the elementary streams to one
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(NIT) 100 and conditional access table (CAT) 102. Program number zero, as specified
in PAT, has a special meaning. In particular, program number zero may be used to
point the way to network information table 100. The table is optional and when present,
the table may provide information about the physical network carrying the transport
stream such as channel frequencies, satellite transponder details, modulation
characteristics, service originator, service name, and details of alternative networks
available.

[0120] If any clementary streams within a transport stream are scrambled, then a
conditional access table 102 must be present. Conditional access table 102 provides
details of the scrambling system(s) in use and provides the PID values of transport
packets that contain the conditional access management and entitlement information.
The format of this information is not specified within the MPEG-2 systems standard.
[0121] FIG. 4 is a block diagram illustrating an example set of data that may be
included in one of operation point descriptors 114 (FIG. 3). In the example of FIG. 4,
operation point descriptor 118 includes descriptor tag field 120, descriptor length field
122, frame rate field 124, number of display views field 126, number of decode views
field 128, view identifier fields 130, average bitrate field 132, maximum bitrate field
134, temporal identifier field 136, and reserved trailing bit fields 138.
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trailing bits = (6*(numdisplay views + num decode views)) % 8 where " 13/0'
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views field 126 can be included as part of a rendering capability value. Likewise,
multiplexer 30 may set the value of number of display views field 126 according to a
number of views to be displayed for an operation point.

[0126] Number of decode views field 128 may comprise a ten bit field that indicates the
value of the number of views required for decoding the re-assembled AVC video stream.
This value may differ from the number of views to be displayed, indicated by the
number of display views field 126. This may result from certain views being required
for decoding due to view dependencies, but that are not actually displayed.

[0127] Referring briefly to FIG. 7, as an example, views SO and S1 may be views that
are to be displayed for an operation point. View SO can be decoded directly without
decoding any other views. However, to decode view S1, view S2 must also be decoded,
because view S1 includes prediction data referring to view S2. Therefore, in this
example, number of display views field 126 would have a value of two, but number of
decode views field 128 would have a value of three. In some examples, a view to be
displayed may be interpolated from one or more other views, such that the number of
views to be displayed may be greater than the number of views to be decoded. That is,
using a base view and depth information, video decoder 48 (FIG. 1) may interpolate a
second view. Video decoder 48 may use two or more views to calculate depth
information to interpolate a new view, or video decoder 48 may receive depth
information for a view from source device 20.

[0128] Number of decode views field 128 may correspond to a decoding capability
value, in that a decoder of a client device (such as video decoder 48 of destination
device 40) should be capable of decoding a number of views equal to the value of
number of decode views field 128. Accordingly, the client device may select an
operation point having a number of decode views field representative of a number of
views that a video decoder of the client device is capable of decoding.

[0129] Operation point descriptor 118 of FIG. 4 also includes view identifier fields 130.
Each of view identifier fields 130 may comprise a ten bit field that indicates the value of
the view_id of the NAL units contained in the re-assmbled AVC video bitstream. Thus,
the view identifiers of each displayed view for an operation point are signaled using
view identifier fields 130. That is, the view identifiers of view identifier ficlds 130
correspond to the displayed views. Thus, views that are decoded but not displayed are

not signaled by view identifier fields 130, in the example of FIG. 4.
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[0130] Average bitrate field 132 may comprise a sixteen bit field that indicates the
average bit rate, in kilobits per second, of the re-assembled AVC video stream. When
set to 0, the average bit rate is not indicated. That is, a value of zero for average bitrate
field 132 implies that average bitrate field 132 should not be used for determining the
average bitrate of the re-assembled AVC video stream.
[0131] Maximum bitrate field 134 may comprise a sixteen bit field that indicates the
maximum bit rate, in kbits per second, of the re-assembled AVC video stream. When set
to 0, the maximum bit rate is not indicated. That is, when the value of maximum bitrate
field 134 is set to zero, maximum bitrate field 134 should not be used for determining
the maximum bitrate of the re-assembled AVC video stream.
[0132] Temporal identifier field 136 may comprise a three bit field that indicates the
value of the temporal id, corresponding to the frame rate of the re-assembled AVC
video stream. That is, the temporal id can be used to determine the frame rate of the re-
assembled AVC video stream, as discussed above.
[0133] Example operation point descriptor 118 also includes reserved trailing bit fields
138. In one example, ¢.g., as shown in Table 4 below, the number of reserved trailing
bits may be used both for additional signaling and to pad operation point descriptor 118,
such that operation point descriptor 118 ends on a byte boundary. For example, as
discussed above, operation point descriptor 118 may use ten bits to represent the view
identifier of each displayed view. The static number of bits apart from the bits used for
the view identifiers and the reserved trailing bits is 87, in this example. Thus, to ensure
that operation point descriptor 118 ends on a byte boundary (that is, has a number of bits
that is evenly divisible by eight), multiplexer 30 may add a number of trailing bits
according to the following formula:
trailing bits = (1 + 6*num_display views) % 8
where ‘%’ represents the mathematical modulo operator. That is, A % B results in the
remainder of A divided by B, such that the remainder is in the range of integers between
0 and B-1.
[0134] Table 4 summarizes an example set of data that may be included in the example

of operation point descriptor 118 of FIG. 4.
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TABLE 4—MYVC operation point descriptor

Syntax No. Of Mnemonic
bits
MVC op descriptor() {
descriptor_tag 8 uimsbf
descriptor length 8 uimsbf
frame rate 16 uimsbf
num_display views 10 uimsbf
num_decode views 10 uimsbf

for (1=0;i<num_display views; i++) {

view_id 10 uimsbf
}
average bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
temporal id 3 uimsbf

for (i=0; i<(1 + 6*num_display views)%S; i++) {

reserved bit 1 bslbf

[0135] FIG. 5 is a block diagram illustrating an alternative example set of data that may
be included in one of operation point descriptors 114 (FIG. 3). In general, each of
operation point descriptors 114 should have a common format, such that a client device
may be configured to receive operation point descriptors of a single format. Thus, each
of operation point descriptors 114 may have a format similar to the operation point
descriptor of FIG. 4, FIG. 5, or FIG. 6, or another common format that includes similar
signaling data.

[0136] In the example of FIG. 5, operation point descriptor 140 includes descriptor tag
field 142, descriptor length field 144, profile IDC field 146, level IDC field 148, frame
rate field 149, number of display views field 150, number of decode views fields 152,
average bitrate field 154, maximum bitrate field 156, temporal identifier field 158,
reserved bit field 160, view order index fields 162, view identifier ficlds 164, and
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reserved trailing bit fields 166. IDC stands for “indicator.” As explained below, the
example of operation point descriptor 140 explicitly signals the profile idc and
level idc values for an operation point, as well as information on how an operation
point is assembled.
[0137] Number of display views field 150 and frame rate field 149 correspond to a
rendering capabilities value signaled by operation point descriptor 140. Profile IDC
field 146, level IDC field 148, and number of decode views field 152, in the example of
FIG. 5, represent examples of data that may correspond to a decoding capabilities value
signaled by operation point descriptor 140. Average bitrate field 154 and maximum
bitrate field 156 correspond to a bitrate value signaled by operation point descriptor 140.
[0138] As described above, the MPEG-2 Systems specification specifies that each
descriptor has a descriptor tag field and a descriptor length field, each of which may be
8 bits in length. Thus, multiplexer 30 (FIG. 1) may assign a value to descriptor tag field
142 indicative of an MVC operation point descriptor. Multiplexer 30 may also
determine a number of views for the operation point and a number of reserved bits for
the operation point descriptor and then calculate the length of operation point descriptor
140 in bytes following descriptor length field 144. Multiplexer 30 may assign this
calculated length value to descriptor length field 144 when instantiating operation point
descriptor 140.
[0139] Profile IDC field 146 may comprise an eight bit field that indicates the
profile idc of the operation point re-assembled by the information given in operation
point descriptor 140. Level IDC field 148 may comprise an eight bit field that indicates
the level idc of the operation point re-assembled by the information given in operation
point descriptor 140.
[0140] Frame rate field 149 may comprise a 16 bit field that indicates the maximum
frame rate, in frame / 256 seconds, of the re-assembled AVC video stream. That is,
multiplexer 30 may calculate the maximum frame rate of a 256 second time period to
set the value of frame rate field 149. As with frame rate field 124, in other examples for
frame rate field 149, other time periods besides 256 seconds may be used.
[0141] Number of display views field 150 may comprise a ten bit field that indicates the
value of the number of the views, targeted for output, the re-assembled AVC video
stream. In general, number of display views field 150 represents a number of views to
be displayed for a corresponding operation point. Number of decode views field 152

may comprise a ten bit field that indicates the value of the number of views required for
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decoding the re-assembled AVC video stream. This value may differ from the number
of views to be displayed, indicated by the number of display views field 150. This may
result from certain views being required for decoding due to view dependencies, but that
are not actually displayed, e.g., as described above with respect to number of decode
views field 128.
[0142] Average bitrate field 154 may comprise a sixteen bit field that indicates the
average bit rate, in kilobits per second, of the re-assembled AVC video stream. When
set to 0, the average bit rate is not indicated. That is, a value of zero for average bitrate
field 154 implies that average bitrate field 154 should not be used for determining the
average bitrate of the re-assembled AVC video stream. Maximum bitrate field 156 may
comprise a sixteen bit field that indicates the maximum bit rate, in kbits per second, of
the re-assembled AVC video stream. When sect to 0, the maximum bit rate is not
indicated. That is, when the value of maximum bitrate ficld 156 is set to zero,
maximum bitrate field 156 should not be used for determining the maximum bitrate of
the re-assembled AVC video stream.
[0143] Temporal identifier field 158 may comprise a three bit field that indicates the
value of the temporal id, corresponding to the frame rate of the re-assembled AVC
video stream. That is, the temporal id can be used to determine the frame rate of the re-
assembled AVC video stream, as discussed above.
[0144] Operation point descriptor 140 also includes view order index fields 162 and
view identifier fields 164. Each of view order index fields 162 may comprise a ten bit
field that indicates the value of the view order index of the NAL units contained in the
operation point. A client device may reassemble the NAL units corresponding to all the
signaled view_order index values signaled in operation point descriptor 140 by view
order index fields 162. View order index fields 162 include view order index fields for
cach of the views to be decoded. Given a view order index value, a client device can
extract the corresponding NAL units from the elementary streams because the MVC
extension descriptor tells the range of the view order index values in that elementary
stream and the range covers the view_order index value signaled in the operation point
descriptor.
[0145] Each of view identifier fields 164 may comprise a ten bit field that indicates the
value of the view id of the NAL units contained in the re-assmbled AVC video
bitstream. Thus, the view identifiers of each displayed view for an operation point are

signaled using view identifier fields 164. That is, the view identifiers of view identifier

| ++)
| ++)
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fields 164 correspond to the displayed views. Thus, views that are decoded but not
displayed are not signaled by view identifier fields 164, in the example of FIG. 5.
[0146] Operation point descriptor 140 also includes reserved trailing bit fields 166.
Operation point descriptor 140 may include trailing bits as padding such that the
number of bits in operation point descriptor 140 is evenly divisible by eight. Because
the number of view order index fields and view identifier fields may vary, the number of
trailing bits that multiplexer 30 includes in operation point descriptor 140 may vary
accordingly. For example, the number of trailing bits may be determined according to
the following formula
trailing bits = (6*(num_display views + num_decode views)) % 8
where ‘%’ represents the modulo operator.
[0147] Table 5 summarizes an example set of data that may be included in the example
operation point descriptor 140 of FIG. 5.
TABLE 5—MVC operation point descriptor

Syntax No. Of [ Mnemonic
bits
MVC op descriptor() {

descriptor_tag 8 uimsbf
descriptor length 8 uimsbf
profile idc 8 uimsbf
level idc 8 uimsbf
frame rate 16 uimsbf
num_display views 10 uimsbf
num_decode views 10 uimsbf
average bit_rate 16
maximum_bitrate 16 uimsbf
temporal id 3 uimsbf
reserved bit 1 bslbf
for (1=0;i<num_decode views; i++) {

view_order index 10 uimsbf
}
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for (1=0; i<6*(num_display views +

num_decode views) %8; i++) {

reserved bit 1 bslbf

[0148] FIG. 6 is a block diagram illustrating another alternative example set of data that
may be included in one of operation point descriptors 114 (FIG. 3). In the example of
FIG. 6, operation point descriptor 170 includes descriptor tag field 172, descriptor length
field 174, profile IDC field 176, level IDC field 178, frame rate field 180, number of
display views field 182, number of decode views field 184, average bitrate field 186,
maximum bitrate field 188, temporal identifier field 190, reserved bit field 192,
operation point identifier field 194, operation point dependent flag field 196, optional
dependent operation point identifier field 198, view order index fields 200, view
identifier fields 202, and reserved trailing bit fields 204. As described below, operation
point descriptor 170 provides an example operation point descriptor for an operation
point that depends on another operation point and that signals extra views required for
decoding.

[0149] Number of display views field 182 and frame rate field 180 correspond to a
rendering capabilities value signaled by operation point descriptor 140. Profile IDC
field 176, level IDC field 178, and number of decode views field 184, in the example of
FIG. 6, represent examples of data that may correspond to a decoding capabilities value
signaled by operation point descriptor 140. Average bitrate field 154 and maximum
bitrate field 156 correspond to a bitrate value signaled by operation point descriptor 140.
[0150] As described above, the MPEG-2 Systems specification specifies that each
descriptor has a descriptor tag field and a descriptor length field, each of 8 bits. Thus,
multiplexer 30 (FIG. 1) may assign a value to descriptor tag field 172 indicative of an

MVC operation point descriptor. Multiplexer 30 may also determine a number of views
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for the operation point and a number of reserved bits for the operation point descriptor
and then calculate the length of operation point descriptor 170 in bytes following
descriptor length field 174. Multiplexer 30 assigns this calculated length value to
descriptor length field 174 when instantiating operation point descriptor 140.
[0151] Profile IDC field 176 may comprise an eight bit field that indicates the
profile idc of the operation point re-assembled by the information given in operation
point descriptor 170. Level IDC field 178 may comprise an eight bit field that indicates
the level idc of the operation point re-assembled by the information given in operation
point descriptor 170.
[0152] Frame rate field 180 may comprise a 16 bit field that indicates the maximum
frame rate, in frame / 256 seconds, of the re-assembled AVC video stream. That is,
multiplexer 30 may calculate the maximum frame rate of a 256 second time period to
set the value of frame rate field 149. As with frame rate field 124, in other examples for
frame rate field 180, other time periods besides 256 seconds may be used.
[0153] Number of display views field 182 may comprise a ten bit field that indicates the
value of the number of the views, targeted for output, the re-assembled AVC video
stream. In general, number of display views field 182 represents a number of views to
be displayed for a corresponding operation point. Number of decode views field 184
may comprise a ten bit field that indicates the value of the number of views required for
decoding the re-assembled AVC video stream. This value may differ from the number
of views to be displayed, indicated by the number of display views field 182. This may
result from certain views being required for decoding due to view dependencies, but that
are not actually displayed, e.g., as described above with respect to number of decode
views field 128.
[0154] Average bitrate field 186 may comprise a sixteen bit field that indicates the
average bit rate, in kilobits per second, of the re-assembled AVC video stream. When
set to 0, the average bit rate is not indicated. That is, a value of zero for average bitrate
field 186 implies that average bitrate field 186 should not be used for determining the
average bitrate of the re-assembled AVC video stream. Maximum bitrate field 188 may
comprise a sixteen bit field that indicates the maximum bit rate, in kbits per second, of
the re-assembled AVC video stream. When sct to 0, the maximum bit rate is not
indicated. In particular, when the value of maximum bitrate field 188 is set to zero,
maximum bitrate field 188 should not be used for determining the maximum bitrate of

the re-assembled AVC video stream.
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[0155] Temporal identifier field 190 may comprise a three bit field that indicates the
value of the temporal id, corresponding to the frame rate of the re-assembled AVC
video stream. That is, the temporal id can be used to determine the frame rate of the re-
assembled AVC video stream, as discussed above. Reserved bit field 192 corresponds
to a single bit that is reserved for future use.

[0156] Operation point descriptor 170 also includes operation point identifier field 194
and operation point dependent flag field 196. Operation point identifier field 194 may
comprise a ten bit field that indicates the identifier of the operation point described by
operation point descriptor 170. Operation point dependent flag field 196 is a single bit
flag that indicates whether a dependency of the current operation point on another
operation point is signaled. If operation point dependent flag 196 has a value of one (or
true), the dependency is signaled; if the value of operation point dependent flag 196 is
zero (or false), the dependency is not signaled.

[0157] When the value of operation point dependent flag 196 is true or one, operation
point descriptor 170 additionally includes dependent operation point identifier field 198.
When present, operation point identifier field 198 may comprise a ten bit field that
indicates the identifier of the operation point the current descriptor depends on. That is,
when multiplexer 30 determines that operation point descriptor 170 corresponds to an
operation point that depends on another operation point, multiplexer 30 sets the value of
operation point dependent flag to true or one, and then signals the identifier of the
operation point on which the operation point corresponding to operation point descriptor
170 depends.

[0158] Operation point descriptor 170 also includes view order index fields 200 and
view identifier fields 202. Each of view order index fields 202 may comprise a ten bit
field that indicates the value of the view order index of the NAL units contained in the
current operation point with an identifier of operation point id but not contained in the
operation point with an identifier of dependent operation point id. A client device may
reassemble the NAL units corresponding to all the signaled view order index values
signaled in operation point descriptor 170 by view order index fields 200. View order
index fields 200 include view order index fields for each of the views to be decoded.
Given a view_order index value, a client device can extract the corresponding NAL
units from the elementary streams because the MVC extension descriptor tells the range
of the view order index values in that clementary stream and the range covers the

view_order index value signaled in the operation point descriptor. The operation point
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signaled in operation point descriptor 170 is re-assembled by the NAL units
corresponding to all the signaled view order index values of view order index fields
200 and the NAL units contained by the operation point with identifier of
dependent operation_point_id.
[0159] Each of view identifier fields 202 may comprise a ten bit field that indicates the
value of the view id of the NAL units contained in the re-assmbled AVC video
bitstream. Thus, the view identifiers of each displayed view for an operation point are
signaled using view identifier fields 202. That is, the view identifiers of view identifier
fields 164 correspond to the displayed views. Thus, views that are decoded but not
displayed are not signaled by view identifier fields 202, in the example of FIG. 5.
[0160] Operation point descriptor 170 also includes reserved trailing bit fields 204.
Operation point descriptor 170 may include trailing bits as padding such that the
number of bits in operation point descriptor 170 is evenly divisible by eight. Because
the number of view order index fields and view identifier fields may vary, the number of
trailing bits that multiplexer 30 includes in operation point descriptor 170 may vary
accordingly. For example, the number of trailing bits may be determined according to
the following formula
trailing bits = (6*(num_display views + num_decode views)) % 8
where ‘%’ represents the modulo operator.
[0161] Table 6 below summarizes an example set of data that may be included in the
example operation point descriptor 170 of FIG. 6.
TABLE 6—MYVC operation point descriptor

Syntax No. Of | Mnemonic
bits
MVC op descriptor() {

descriptor_tag 8 uimsbf

descriptor length 8 uimsbf

profile idc 8 uimsbf

level idc 8 uimsbf

frame rate 16 uimsbf

num_display views 10 uimsbf

num_decode views 10 uimsbf

average bit_rate 16
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[0162] As yet another alternative, source device 20 (FIG. 1) signal characteristics of an

operation point using a data structure other than an operation point descriptor. For

example, source device 20 may signal a rendering capability value that describes a

rendering capability to be satisfied by a receiving device to use the MVC operation

point, a decoding capability value that describes a decoding capability to be satisfied by

the receiving device to use the MVC operation point, and a bitrate value that describes a

bitrate of the MV C operation point using a modified MVC extension descriptor. Table

7 below illustrates an example of such a modified MVC extension descriptor.
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[0163] Multiplexer 30 (FIG. 2) may construct MV C extension descriptors 110 according

to the syntax defined by Table 7. In general, the semantics of the syntactic elements of

Table 7 are the same as the commonly named elements described with respect to Table 1

above.

The example of Table 7 includes additional elements over those of Table 1,

namely a frame rate field, a number of display views field, a number of decode views

field, and view identifier fields for each view of an operation point to which the MVC

extension descriptor corresponds.
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[0164] The frame rate ficld may comprise a sixteen bit field that indicates the maximum
frame rate, in frame / 256 seconds of the re-assembled AVC video stream. The number
of display views field “num_display views” may comprise a ten bit field that indicates
the value of the number of the views, targeted for output, the re-assembled AVC video
stream. The number of decode views field “num_decode views” may comprise a ten
bit field that indicates the value of the number of the views, required for decoding the
re-assembled AVC video stream. Each of the view identifier fields “view id” may
comprise a ten bit field that indicates the value of the view id of the NAL units for a
corresponding view contained in the re-assmbled AVC video bitstream.
[0165] In some examples, one or more operation point descriptors may include values
that indicate a maximum temporal-identifier value and a maximum frame rate value of
all the MVC operation points of a bitstream. In some examples, the maximum
temporal-identifier value and the maximum frame rate value of all the MVC operation
points of the bitstream may be signaled in an MVC operation point descriptor.
[0166] FIG. 7 is a conceptual diagram illustrating an example MVC prediction pattern.
In the example of FIG 7, ecight views (having view IDs “S0” through “S7”) are
illustrated, and twelve temporal locations (“T0” through “T11) are illustrated for each
view. That is, each row in FIG. 7 corresponds to a view, while each column indicates a
temporal location.
[0167] Although MVC has a so-called base view which is decodable by H.264/AVC
decoders and stereo view pair could be supported also by MVC, the advantage of MVC
is that it could support an example that uses more than two views as a 3D video input
and decodes this 3D video represented by the multiple views. A renderer of a client
having an MVC decoder may expect 3D video content with multiple views.
[0168] Frames in FIG. 7 are indicated at the indication of each row and each column in
FIG. 7 using a shaded block including a letter, designating whether the corresponding
frame is intra-coded (that is, an I-frame), or inter-coded in one direction (that is, as a P-
frame) or in multiple directions (that is, as a B-frame). In general, predictions are
indicated by arrows, where the pointed-to frame uses the point-from object for
prediction reference. For example, the P-frame of view S2 at temporal location TO is
predicted from the I-frame of view SO at temporal location TO.
[0169] As with single view video encoding, frames of a multiview video coding video
sequence may be predictively encoded with respect to frames at different temporal

locations. For example, the b-frame of view SO at temporal location T1 has an arrow
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pointed to it from the I-frame of view SO at temporal location T0, indicating that the b-
frame is predicted from the I-frame. Additionally, however, in the context of multiview
video encoding, frames may be inter-view predicted. That is, a view component can use
the view components in other views for reference. In MVC, for example, inter-view
prediction is realized as if the view component in another view is an inter-prediction
reference. The potential inter-view references are signaled in the Sequence Parameter
Set (SPS) MVC extension and can be modified by the reference picture list construction
process, which enables flexible ordering of the inter-prediction or inter-view prediction
references. Table 8 below provides an example definition for an MVC extension

sequence parameter set.
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TABLE 8
seq parameter set mve extension( ) { C | Descriptor
num views minusl 0 |ue(v)
for(i=0; 1 <=num views minusl; i++ )
view id[ 1 ] 0 |ue(v)
for(i=1;1<=num views minusl; i++) {
num anchor refs 10[ 1] 0 |ue(v)
for(j=0;j <num anchor refs 10[1]; j++)
anchor ref 10[11][]] 0 |ue(v)
num anchor refs 111 ] 0 |ue(v)
for(j=0;j <num anchor refs 11[1];j++)
anchor ref 11[11][]] 0 |ue(v)
}
for(i=1;1<=num views minusl; i++) {
num non anchor refs 10 1 ] 0 |ue(v)
for(j =0;j <num non_anchor refs 10[i]; j++)
non anchor ref 10[i][;] 0 |ue(v)
num non anchor refs 111 ] 0 |ue(v)
for(j =0;j <num non_anchor refs 11[i];j++)
non anchor ref 11[i][j ] 0 |ue(v)
}
num_level values signalled minus] 0 |ue(v)
for(i = 0; i<=num level values signalled minusl; it++) {
level idc[ 1] 0 |u®)
num applicable ops minusl|i ] 0 |ue(v)
for(j = 0; j <= num applicable ops minusl[i];j++) {
applicable op temporal id[i][]] 0 [u@®
applicable op num target views minusl[i][] ] 0 |ue(v)
for(k=0; k <=
applicable op num target views minusl[i][j ]; k++)
applicable op target view id[i1][j][ k] 0 | ue(v)
applicable op num views minusl[i][j] 0 |ue(v)
}
}
}

[0170] FIG. 7 provides various examples of inter-view prediction. Frames of view S1,
in the example of FIG. 7, are illustrated as being predicted from frames at different
temporal locations of view S1, as well as inter-view predicted from frames of frames of
views S0 and S2 at the same temporal locations. For example, the b-frame of view S1
at temporal location T1 is predicted from each of the B-frames of view S1 at temporal
locations TO and T2, as well as the b-frames of views SO and S2 at temporal location

TI.
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[0171] In the example of FIG. 7, capital “B” and lowercase “b” are intended to indicate
different hierarchical relationships between frames, rather than different encoding
methodologies. In general, capital “B” frames are relatively higher in the prediction
hierarchy than lowercase “b” frames. FIG. 7 also illustrates variations in the prediction
hierarchy using different levels of shading, where a greater amount of shading (that is,
relatively darker) frames are higher in the prediction hierarchy than those frames having
less shading (that is, relatively lighter). For example, all I-frames in FIG. 7 are
illustrated with full shading, while P-frames have a somewhat lighter shading, and B-
frames (and lowercase b-frames) have various levels of shading relative to each other,
but always lighter than the shading of the P-frames and the I-frames.
[0172] In general, the prediction hierarchy is related to view order indexes, in that
frames relatively higher in the prediction hierarchy should be decoded before decoding
frames that are relatively lower in the hierarchy, such that those frames relatively higher
in the hierarchy can be used as reference frames during decoding of the frames
relatively lower in the hierarchy. A view order index is an index that indicates the
decoding order of view components in an access unit. The view order indices is implied
in the SPS MVC extension, as specified in Annex H of H.264/AVC (MVC amendment).
In the SPS, for each index 7, the corresponding view id is signaled. The decoding of the
view components shall follow the ascending order of the view order index. If all the
views are presented, then the view order indexes are in a consecutive order from 0 to
num_views minus_1.
[0173] In this manner, frames used as reference frames may be decoded before
decoding the frames that are encoded with reference to the reference frames. A view
order index is an index that indicates the decoding order of view components in an
access unit. For each view order index i, the corresponding view id is signaled. The
decoding of the view components follows the ascending order of the view order
indexes. If all the views are presented, then the set of view order indexes may comprise
a consecutively ordered set from zero to one less than the full number of views.
[0174] For certain frames at equal levels of the hierarchy, decoding order may not
matter relative to each other. For example, the I-frame of view S0 at temporal location
TO is used as a reference frame for the P-frame of view S2 at temporal location TO,
which is in turn used as a reference frame for the P-frame of view S4 at temporal
location T0O. Accordingly, the I-frame of view SO at temporal location TO should be

decoded before the P-frame of view S2 at temporal location TO, which should be
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decoded before the P-frame of view S4 at temporal location TO. However, between
views S1 and S3, a decoding order does not matter, because views S1 and S3 do not rely
on each other for prediction, but instead are predicted only from views that are higher in
the prediction hierarchy. Moreover, view S1 may be decoded before view S4, so long as
view Sl is decoded after views SO and S2.
[0175] In this manner, a hierarchical ordering may be used to describe views SO through
S7. Let the notation SA > SB mean that view SA should be decoded before view SB.
Using this notation, SO > S2 > S4 > S6 > S7, in the example of FIG. 7. Also, with
respect to the example of FIG. 7, SO > S1, S2 > S1, S2 > 83, S4 > S3, S4 > S5, and S6 >
S5. Any decoding order for the views that does not violate these requirements is
possible. Accordingly, many different decoding orders are possible, with only certain
limitations. Two example decoding orders are presented below, although it should be
understood that many other decoding orders are possible. In one example, illustrated in

Table 9 below, views are decoded as soon as possible.

TABLE 9
View ID SO |S1 |S2 |S3 |S4 |S5 |86 |S7
View Order 0 2 1 4 3 6 5 7
Index

[0176] The example of Table 9 recognizes that view S1 may be decoded immediately
after views S0 and S2 have been decoded view S3 may be decoded immediately after
views S2 and S4 have been decoded, and view S5 may be decoded immediately after
views S4 and S6 have been decoded.

[0177] Table 10 below provides another example decoding order in which the decoding
order is such that any view that is used as a reference for another view is decoded before

views that are not used as reference for any other view.

TABLE 10
View ID SO |S1 |S2 |S3 |S4 |S5 |S6 |S7
View Order 0 5 1 6 2 7 3 4
Index

[0178] The example of Table 10 recognizes that frames of views S1, S3, S5, and S7 do
not act as reference frames for frames of any other views, and therefore, views S1, S3,
S5, and S7 may be decoded after frames of those views that are used as reference

frames, that is, views S0, S2, S4, and S6, in the example of FIG. 7. Relative to each
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other, views S1, S3, S5, and S7 may be decoded in any order. Accordingly, in the
example of Table 10, view S7 is decoded before each of views S1, S3, and S5.

[0179] To be clear, there may be a hierarchical relationship between frames of each
view as well as the temporal locations of the frames of each view. With respect to the
example of FIG. 7, frames at temporal location TO are either intra-predicted or inter-
view predicted from frames of other views at temporal location TO. Similarly, frames at
temporal location T8 are either intra-predicted or inter-view predicted from frames of
other views at temporal location T8. Accordingly, with respect to a temporal hierarchy,
temporal locations TO and T8 are at the top of the temporal hierarchy.

[0180] Frames at temporal location T4, in the example of FIG. 7, are lower in the
temporal hierarchy than frames of temporal locations TO and T8 because frames of
temporal location T4 are B-encoded with reference to frames of temporal locations TO
and T8. Frames at temporal locations T2 and T6 are lower in the temporal hierarchy
than frames at temporal location T4. Finally, frames at temporal locations T1, T3, T5,
and T7 are lower in the temporal hierarchy than frames of temporal locations T2 and T6.
[0181] In MVC, a subset of a whole bitstream can be extracted to form a sub-bitstream
which still conforms to MVC. There are many possible sub-bitstreams that specific
applications may require, based on, for example, a service provided by a server, the
capacity, support, and capabilities of decoders of one or more clients, and/or the
preference of one or more clients. For example, a client might require only three views,
and there might be two scenarios. In one example, one client may require smooth
viewing experience and might prefer views with view_id values S0, S1, and S2, while
another other client may require view scalability and prefer views with view_id values
S0, S2, and S4. If originally the view_ids are ordered respect to the example of Table 9,
the view order index values are {0, 1, 2} and {0, 1, 4} in these two examples,
respectively. Note both of these sub-bitstreams can be decoded as independent MVC
bitstreams and can be supported simultancously.

[0182] There can be many MVC sub-bitstreams that are decodable by MVC decoders.
In theory, any combination of views that satisfies the following two properties can be
decoded by an MVC decoder compliant to a certain profile or level: (1) the view
components in each access unit are ordered in an increasing order of view order index,
and (2) for cach view in the combination, its dependent views are also included in the

combination.
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¢.g., when the bitstream will be broadcast as an MPEG-2 Systems transport stream.

Alternatively, source device 20 may generate the data structures in a program stream
map when the bitstream will be broadcast as an MPEG-2 Systems program stream. In
any case, source device 20 may generate, for each operation point, a data structure that
represents characteristics of the corresponding operation point. The data structure may
comprise an operation point descriptor corresponding to one of the examples of FIGS.
4-6, for example. In this manner, the data structure may signal rendering
characteristics, decoding characteristics, and a bitrate for the corresponding operation
point.

[0186] Source device 20 may then output the data structures (214), ¢.g., within the PMT
in the example of FIG. 8, to a client device, ¢.g., destination device 40 (FIG. 1). In this
manner, source device 20 may output the data structures as part of the bitstream. Source
device 20 may output the bitstream in the form of a broadcast, unicast, multicast,
anycast, or other communication protocol over a network, e.g., over a wireless or wired
network, or broadcast over television frequencies, e.g., according to signals conforming
to Advanced Television Systems Committee (ATSC) standards or National Television
System Committee (NTSC) standards. Alternatively, source device 20 may encode the

bitstream into a computer readable storage medium, such as a DVD-ROM, Blu-ray disc,
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9 View 1D %%I%BV&,%H%%H%@X%EI})%@, destination device 40 may use the bitrate signaled in the

data structure to select an operation point that is suitable for a transport medium, e.g.,
based on bandwidth limitations of the transport medium from which destination device
40 receives the bitstream.

[0188] When destination device 40 determines that destination device 40 is capable of
rendering and decoding more than one operation point, destination device 40 may select
a highest quality operation point for decoding and rendering. For example, destination
device 40 may select an operation point having the highest number of views, the highest
bitrate, the highest frame rate, or other indications of quality for an operation point to
determine which operation point to select.

[0189] After selecting an operation point, destination device 40 may retrieve data for
the operation point from the bitstream (220). That is, destination device 40 may extract
data for cach of the views corresponding to the operation point from the program
included in the bitstream. In some examples, destination device 40 selects data from
one or more sub-bitstreams of the bitstream to extract data for the operation point. After
extracting the data, destination device may decode and display the data for the selected
operation point (222). Video decoder 48 may decode each of the views that are to be

decoded for the operation point, while video output 44 may display each of the views
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[0190] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as one or more instructions or code
on a computer-readable medium. Computer-readable media may include computer-
readable storage media such as data storage media or communication media including
any medium that facilitates transfer of a computer program from one place to
another. Data storage media may be any available media that can be accessed by one or
more computers or one or more processors to retrieve instructions, code and/or data
structures for implementation of the techniques described in this disclosure. By way of
example, and not limitation, such computer-readable storage media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage, or
other magnetic storage devices, flash memory, or any other medium that can be used to
store desired program code in the form of instructions or data structures and that can be
accessed by a computer. Also, any connection is properly termed a computer-readable
medium. For example, if instructions are transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition of medium. It should be
understood, however, that a computer-readable storage medium and a data storage
medium does not include connections, carrier waves, signals, or other transient media.
Disk and disc, as used herein, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-readable media.

[0191] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the

functionality described herein may be provided within dedicated hardware and/or
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software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.

[0192] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0193] Various examples have been described. These and other examples are within the

scope of the following claims.
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empor i hiogras ey IERSF Rhenaet B BsiyiC ShsedigRe o athcfo S deat, | 1
MWC, a sub%g{lctglfeigimegﬁ/ﬁ)f"g@bfﬁ@@t@%ﬁg%ﬁxtract ed to forma sub-bitstream
which still conforms to MVC. There are many possi bl e sub-bitstreans that
speci fic appl i cauirotisgthy bitspany eommpsgedhodata fuctercanpl e, a service

provi ded by a server, the capacity, support, and capabilities of decoders
of one or nore clients, and/or the preference of one or nore clients. For
exanpl e, axcliemtheim@hdd R B vaitkdin boise@ctin£ive da@dneutthey ®niprgbd be two
scenarios. In one exanple, one client may require_ snooth view ng experience
and ni ght [FPeFBICtYg @wgglﬁ fclrelR Gadss et snasotwaidimepsipnabdisplay feviegsot her

other clie [ Vi -ahi | - ' ' iewid
val ves SO, 21 TR GRRUMCRp AN Y by BRI EIE o MBS ol MG ' T

t he exanpl eiménsial éisPlay dbcas s tiodeddimenstbax] digplupdevdcs ap to dccoRimadact { O,

1, 4} in these two exanples, respectively. Note both of these.

Sub- bi t ot r SHRPERAHR O KRN Ho5 WidH R B RGOT RES Bre-dipsionalgizpldan be
supported %iierEst@d@lecﬁfé'éldfmexﬂs@&&?hisﬂ_ﬁﬁ%vﬁésn be many MVC sub-bitstreans that
are decodabl e by MVC decoders. In theory, any conbination of views that
satisfies the following two properties can be decoded by an MVC decoder
conpliant to a rtain profi.le or |evel: . the vi.ew cponmponents in each
s uni £ ar o drds B o s - Siebd rgebddion Br R BB i eadng )
for each via@Wnidr bheicw9MRbASd iR Rendetifig HERBNER - pHid W@‘o?é_r%bﬂ phtuded in
the conbination. 54 [0183] FIG 8 is a flowhart ilTustrating an exanple
met hod f or fiasiargtedoyeidao datp @€ thereoresnondsigdv N ICsopskdioa poati andiadsmperabn
operation i Nt That o1 he et.ho FlG..8 includes construction of
data st ruclt?%)ernéltgeﬁﬂéa?uéegoéﬁheo%éfes ?nghnggl\é%qo ef%t%aoﬁlq\%éG 2 Systens bitstream by
a source device, e.g., source device 20 (FIG 1). The nethod of FIG 8 also
i ncl udes using received data structures to select an operation point from
whi ch to rétrievdemgthodeidilaimghdhordn Hecdsgeding gansbd sy x9lup deserigesatilenst i on
device, su | ' ' itiall LN the
exanpl e of %Eugﬁoeg?Pilgﬁggdegﬁ%%?ﬁé&%bﬂ%e‘{ogllregﬁoﬁé}sﬁgoﬂggrkgoﬁegdr%{ypl)lgilo?]dtt’sy!fegél a

progr am ( 23@lue cbotspexding lte thesdWICo@petaivin peird Candeypre Bleaatucwaricepondsighset s of
views of a ﬁr oq}\rﬁgm to.create various operation points that represent client
devi ces haV PPBEOLRM i lities, e.g., rendering and decoding
capabilities. An adm nistrator nmay interact with source device 20, for

exanple, to select views and create operation points that represent client
devi ces have varfhicmetha@hofeddingl, avigrde dediitrgic valpaldicsdribeesnc afrandivefage ent
operation poi nt uld be t iLcally create sour ce. device 20. [0185]
A ter dot eDurr i st e TRl PRretan i oY AR LT IS e 20 ey
generat e dabgesohdigWeE dpefatieApbinef the operation points in a program map
table (212), e.g., when the bitstreamw || be broadcast as an MPEG 2
Systens transport stream Alternatively, source device 20 nay generate the
data structures in a program stream map when the bitstreamw || be
broadcast as an MPEG 2 Systens program stream In any case, source device
20 may generate, for each operation point, a data structure that represents
characteristics of the correspondi ng operation point. The data structure

o Y



characteristics, decoding characteristics, and a bitrate for the
correspondi ng operation point. [0186] Source device 20 may then output the
data struwowan1(@id), e.g., within the PMI in the exanpCe/uskoBl@788, to a
client device, e.g., destination device 40 (FIG 1). In this manner, source
device 20 may output the data structureggas part of the bitstream Source
device 20 may output the bitstreamin the formof a broadcast, unicast,

mul ti cast, 6anycddic mashodefadaimchnrherdic apnsomcirotho data sbuenrecomerives &1 e. g.
over a wireless or wred.network, or bro ast _over television.frequencies,
oo . “accoparagol bolt SREFEBLERS ool A0 S ket BROL e

Comm ttee GAIRSEM &@@%gdﬁWE@l@t&@@@ﬁ Jiedagi sion System Comm ttee (NTSC)
standards. Alternatively, source device 20 nay encode the bitstreaminto a
conput er readabl e storage nmedium such as a DVD-ROVM Blu-ray disc, 55

flash drive, ma I i 0r : [ ' ' source
devi ce 20 may T atarie Tl 1 R SRR B s BN AR

oper ati on pptratisn poidt ésscapter tleplBgini sttaant hep daapuiaure aatwhdreinghor age
medi um [0i)87] Destination _device 40 may ultimately receive the PMI (or
PSM) from SYSFE eRIpESS 8o Mgy proga Sigfion devi ce 40 may then sel ect one
of the operation points based on characteristics of the operation points
signaled by the data structures included in the PMI or PSM (218). In
general , deésti ndthcomctidel/ofodainOl, veherae Hieotatasirugpee edrpmsep e pperhon pdint h
destination device 40 satisfies %.he re ga?ri ng and decodi ng capabilities
signaled b efcﬁ]é’t%o?q'de‘g‘g%f’f&icﬂﬁstﬂg g e e st EEeMENN | e, dest i nat i on
device 40 nmay def@idthpe MBRIBRNValicdR thedfcRifon it AcsrprR kgt AbschiBBALr i ng a
nunber of views indicated by the data structure as the nunber of views to
be di spl ay@erximpmgrameuste foavisep dateandlodasen dlec viewh fariiee MeHdepératgon point;

capabilities vaIiIlqu %}lgnlal Q(gi Itl)t trh%1 %a'% a, strucrure if p@esgrri]}g[ Oper 1aeti on point.
Li kewi se, desti Aat ! one devi ¢& r}’m}l 38t Er P HE"WhBT Rer Vi I8 4 &Cdder 48 is
capabl e of tgleeedifdigemlchingide thediVd esatiod poentdesadiRtatioor thbeicpaicatiiian poi nt
as signaled by the decoding capabilities value data structure of the

oper ati on palugs corkgsparsisdp ong af e vicvesdaigsicd or igadaringat i on devi ce 40 may use
the bitrate sig i p:.th r - - | L.nt
ot & S b BRSO RAEAE LU MGl ROha S ROEAELIAR B8

| i mtationslcaddetitier the MEE @ptratiedpoint, wleninbidihofdesticwaticificd evluee 40

receives the bi tséﬁr eam [F0188] Wien qcl:es i nation device 40 determ nes that
dest i nat i oif°HEPOREs Bieof tignapveiodie 4esadrds Py and decodi ng nore than one
operation poi nt i, de&hé BaddhRRalc@YGRr 4QuERY 1R Vpe&tioR pHind A& Fip@F &at Y _
operation point for decoding and rendering. For exanple, degtl nati on device
40 may sel eotrespondyp®@radiraronrapoionta vidopi strgam hesembddieisomigrideo ddta of thes, t he

hi ghest bitrate heMQJ hest. fra rate, or other indications of quality
for an oper"ée'twsoﬁ‘?r&k?i tngpegﬁéltogrpm e which operation point to select. [0189]
After selecting an operation point, destination device 40 may retrieve data
for the operation point fromthe bitstream (220). That is, destination

devi ce 40 fay exXiearsthatbelsldioy 1, dadher spmprsing cenwrucong eppairdi nedntt o t he
operati on int_ fromthe pragram.inclu i ot bitstream |In.so

oxanl o, aotinit R LR AR R et iRl ShGP ARy Rt

sub- bi t st r damstattutd@nrised 6@pimting ceotl 6faké célRtractb@opdrigoropsitdds@iptdsi nt .
After extracting the data, destination device may decode and display the
data for the selected operation point (222). Video decoder 48 nmay decode
each of thggvie r - he.decoded for the operation point, while

vi deo out pato 44\9%13%3{%%%?{@& "of the views 56 that are to be displ ayed
for the operati amyopkker thiteodstamktsaydda vtirensc raycspohding ces saltitiyw alcbhe

views that are de ed, as described aboye [0190] In one ar re exanpl es,
the functi &ﬁ%lnag%(i%mrmg} PREt Phit M’%ﬁ?‘é(ﬂv{ O Ficiv e Pods Brouy &YSHFr muar e,
or any cominakiiMkskes 8Rerdih thRELORRERE siohal§ A iVREiRg cABilftyDelE @ MRy be

stored on or transmtted over as one or nore instructfons or’ code on a
conput er - r gastaibesa nediciumg capehpbityt wrbersetisfadoll by anedéimingalgvica ¢d ustghe MVC

conput er -readabl e st orage nedi a h _as data storag dia or.co ni cation
med! a1 nol QUPAEUARG radeeRi bhsarapaay Fiips L ARG reR BT 2T BB ogr am
from one plsaggict ®yanoibekinglRiRe 3¢ Qicafe MBdioperdBin PEinBANd a¥atdablige e a
that can be accesSed by one or nore conmputers or one or nore processors to
retrieve instructions, code and/or data structures for inplenentation of
the techni ques described in this disclosure. By way of exanple, and not
limtation, such conputer-readabl e storage nedia can conpri se RAM ROV
EEPROM CD- ROM or other optical disk storage, nmagnetic disk storage, or

ot her magnetic storage devices, flash nmenory, or any other nediumthat can

M o, o - - .



sof tware nodul es configured for encoding and decodi ng, or incorporated in a
conbi ned codec. Al so, the techniques could be fully inplenmented in one or
nore cirowotetian7déogi ¢ el enents. [0192] The techni ques @CTiUsR&00U480 OSur e
may be inplenented in a wide variety of devices or apparatuses, including a
wi rel ess handset, an integrated circuitgflC) or a set of ICs (e.g., a chip
set). Various conponents, nodules, or units are described in this

di scl osur e descriaphhgiageofithadtYCwatratieppeins and thaeincbdss derdatagiuedre @ per f orm
t he discloseg &gfqﬂgﬁuesda ut do not necessarily require realization by

di fferent RArdwale URrt's: ther, as described above, various units may be
conbined in a cadeatpidmimice thidoltpQfs thE Bivdttes doynpRishglth@@dth Offudire.

i nteroperative hardware units, including one or nore processors as

descri bed above, in conjunction with suitable software and/or firnmare.

wihin the Scopa BROCRau o) Pallf 0 REFh Re g iRy AA VAR o ZRIR P re

conpri si ng:least a numb@nStvianattanpgtedbit enderfuUbcthec doxtspondiag AV E operatioh ur e
corresponding to_a multiview vjdea coding (MVC_operation paqint of an

MPEG 2 ( MbtPPBY: aPipe Fade @a@gpéa@r%‘bﬁ C%g@?@m{% MRS PEETBH B Bher e n
the data s [ { i ri hat descri bes a
renderi ng E%g@ggf??éﬁggagge?ﬁ?ﬁggﬁgﬁﬁg§ﬁ§£§@@£F@%ﬁgéggﬁP%e to use the MWC
operation point, a decoding capability value that describes a decoding
capability to be satisfjed .t recei vi ng devi ce .use, t he C operation
pornt. and 18 bi draeeryapger i ThekErTde depiebru i S s A Ve e 1 on

poi nt, and |MRes RIMbLIE vElaksao Bl ldeESdet Sorl the bMésEQﬁﬁn?M\p@roberﬁfioﬂ P&inRiat St ream
and outputtkgg the bitstreamconprising the data structure. 2. The nethod
of cl ai m 1levehezle¢ poreesnending to thg M Yie opetiation peint and e pedHpivilses constructing
t he data sterturgit? ﬁg%aggpn%ng% n%ﬁg t wo- di nensi onal display devices and
t hr ee- di merfSi oRal" 8g§b gy Virges ot §od apt the bitstreamto the one or nore
t wo- di nensi onal di splay devices and three-di nensi onal display devices and
to accommodate transport nmedia of various bandwi dths to the one or nore

t wo- di mensildnal Tdicsppaytugelrlaws 18 uhareindle Wirgeraiusigpcriics pnagf despiceass. 3.
The met Nod 4k k@il dor STV GAUST S £ARRPIb ot Bludfe (PFRT T DES at

| east a nunber of Vviews targete or rendering for the corresponding WC
oper ati on poiradponding NVE dpatatioh poinv.i deo data of the correspondi ng MWC
operation point, and a tenporal identifier value for the correspondi ng WC
operation point. 4. The nethod of claim1l1l, wherein the decoding capability
val ue descrybes 14 agﬁﬁﬁﬁl_s B DR 80, Wherdih SNSmbRipR& HEGRAGHs TR datd\Gructure
correspondi ng WC operation point, a |level value corresponding to the MWC
oper ati on peembperaineh poipt dis¢ligonial aygograny maptibth dudp stoicture, A& hepen &tei on
point. 5. The met hod. of Cbﬂ%ﬂ%é’ whqgﬁin the bitrate val ue describes one
of an aver RYSTHN FURRIFH AN or' FESBhHTHY: MC oper ati on point and the
maxi mum bitrate for the corresponding MVC operation point. 59 6. The

met hod of claim1l, wherein constructing the data structure conprises an
oper ati on géi nt Thegopirpiusef flaim 1prokpreimthepultpbixer ernstiueis thectaty sructme

wherein t h%s QIII %Sér%&&%oqgt@ersééﬁgr f?ina p“{ggrgmzst}eaﬁnrﬁgpo&gta ?t%c%%rer,] and wherein the

bitstream comprises an MPEG-2 program stream.



7. The nethod of claim11, wherein constructing the data structure conprises
an operation point descriptor in a programstream map data structure, and
wher ei n tWwe 2bitvEargseam conpri ses an MPEG 2 program st reamCT/U82010/0e478®t hod of
claim1l1, wherein the data structure conprises an operation point
descriptor, and wherein constructing thgjdata structure conprises:
including a frane rate value in the operation point descriptor that
descri bes d6maxiThgrpparae of eleien f Orwhdreio shaimuliplaxet eadstiuétn thertatagtengsiré or t he
MVC operation_ point: . incl uding.vi,ew{dentifier values in, the
oper atton ernBrHaLLpoiptesy oy M LRKIVEF o RantB e R raR HE i
operation pabst of WS 6f the daSticadd, ahl) &/hi¢ic@o @Bt ey davadttiREre ahd esponds to
one of the views tar giet ed for rendering; i ncluding viewidentifier

¢

val ues in thatipgsiransedesgdiame meswliginghe pparatanepEntdssamterdhedisscriuss at he
MC oper ation:noi 1.0 A . {1 cor:responds
o one of TREEAd AR, UERTRUatb R K AL EF R L v BptERort Uik

t enpor al - i dentddivesw-wkhtified validsén tieexpatation ppoi déscelpee forptiors tahiated for
corresponds to a frame rate for a video stream assenbled fromthe video
data of th&°RACERE of B M} CI‘RS’@“BBé’Pg’tt’i%ﬁ*PrﬁBieﬁ?.Ofa Vi e BES ol ai m 1,
further comprlgioRds HUROF i G foP PerBOHiRY, iIBRRS WRERIRnfif: i
operation pofrns?o:ﬁnc fjagleg in tlﬁgsgl streoamn \%{%ﬁ%’él n out put tcl%r%é trhe at a
struct ure cothprapsesionpbintititsicrigtoe dmhviofs totbe deordtdrfocthe M GO erpatation ppimit,nt
descriptors., 10. An ar at.ys rising: a nmultiplexer. that

const r ot s et EndoraB Gee - EEn FEE oM Flreseonds it Pof o b Fadb Phodi ng (WO
operati on pRRkdHed %ndancIVREG dmpdil-i R tiRbCE Wk Ein PSS dr stida poi) de st andar d
bitstream wherein the data structure signals a rendering capability val ue
t hat descr ichasspandsetedeirameratafealsividaoystieempeseyd ¢dhirpradhdpryideo date ef theng devi ce
to use theVIi\éVC pﬁlre%{,%nm%%{tp%, a_decodi ng capability val ue that describes
a decodi ng cé’f)sa I Tty 'totoe ORPPH ed by the receiving device to use the
MVC operation point, and a bitrate value that 60 describes a bitrate of
the MVC operation point, and that includes the data structure as part of

the bitstrddm dAg aaparaus phelaingd @rvheeenthgmuliiplorgr i furkergonlgyred
conpri si ng . T . . of . [ 4T A in the
renderi ng 82@%@??%’%@%&%%& e%cg}pijf%g&ra%? Cl?ggég{l@%nﬁoﬁ 13§h§%&§%1%?§ét ed
f or render iwigrdiobutphringalis éspenectiting cOMprispengiutidrg ¢@oh of theaohstaeedr at e f or
vi deo data of the correspondi ng MWC operation point, and a tenporal
i denti fi er OPSRteN POt ¢41ETRISFY espondi ng MVC operation point. 12. The
apparatus of claim 10, wherein the decoding capability value describes at
| east a nunber of views to be decoded for the corresponding MVC operation
poi nt, a | d¥el Vdkueparatusefpamdihgvhacinhie dparatperoatpiroes Fdéast oncaofd a
profile value corres opgi n .1;['0 t he MVC operation point.

an integrated circuit;

a microprocessor, and

a wireless communication device that includes the multiplexer.

19.  An apparatus comprising:

means for constructing a data structure corresponding to a multiview video
coding (MVC) operation point of an MPEG-2 (Motion Picture Experts Group) System
standard bitstream, wherein the data structure signals a rendering capability value that
describes a rendering capability to be satisfied by a receiving device to use the MVC
operation point, a decoding capability value that describes a decoding capability to be
satisfied by the receiving device to use the MVC operation point, and a bitrate value that
describes a bitrate of the MVC operation point, and wherein the data structure is
included as part of the bitstream; and

means for outputting the bitstream comprising the data structure.



13. The apparatus of claim 10, wherein the bitrate val ue descri bes one of
an average bitrate for the correspondi ng MC operation point and the
maxi mum bworati@ifen t he correspondi ng MVC operati on poi RCT/US2610/034780
apparatus of claim 10, wherein the nultiplexer constructs the data
structure as an operation point descripger in a programmap table data
structure, and wherein the bitstreamconprises an MPEG 2 transport stream
15. The appér at ddceppaohap of doim Wherlkdreinttherenddringnlapxtalityomhst doseibsstehe dat a
structure as an _operati on poin scriptor.in a program am mep dat a
Structur e, TG nRBRLRE V" Blete EERABIR oL s 2o S S LG e
61 16. Theoappafrahé fat®forelidtoalf thhedrisporidig: RV bpdrei@f psipnsaid aict s the
data structure as an operation point descriptor, wherein the MVC operation
poi nt cor r éapeatakidensifier yalys or the carrespanding VHEC pperatiopeit- and wherein to
construct the data structure, the nultiplexer includes a frame rate val ue
in the operation point descriptor that describes a maxinmumfranme rate for
vi deo dat a2iincl Uthedpparatubef viaens9 folicréihehd\écodipg rcapability paiuetdesdrives ades
[ identifi in the operation point descriptor for. views targeted
for render :l??léte %F@h%%@%ﬁ@%&@gweegwﬁb? comreparding MyC gperatign point a © ©
vi ew- i dent iléde%alg@w?és G&Iig%ﬁﬂﬁ?ﬂévé% FrrAﬁoﬁ)I)oirnEeemH L SYSFiIL da@et ed for
rendering, 1ncludes vi Bt dentifier values fn the operation poi nt
descri pt or cboespendmng t¢ thedd Vlegedewnfpointt he MVC oper ati on point, wherein
each of the viewidentifier values corresponds to one of the views to be
decoded, and includes a tenporal-identifier value in the operation point
descri ptor sbhat T4RLHESRRALES clhfn 29 fWIRFEIN R BitrhRIvaic\cd@ibes bh&smmszedil ed
fromthe video data of the views for the M/C operation point. 17. e
appar at us ®itrag¢ &irrha @rroapendagMiVi{e opaiitianppaanteanditie maxintwen bigiokf fogtheed t o
const ruct oglergsati n %gt d1§§ic1rli L ors for each operation point included in
the bitstré&am WAerein lﬁpﬁu PrRg™'he data structure conprises outputting
each of the constructed operation point descriptors. 18. The apparatus of
claim 10, wherein the apparatus conprises at |east one of: an integrated
circuit; aZdi cr dpeserayaigs of glamm 49 whaspiadhe dbmpHAIESCPBATIERN QP CaHaR
i ncl udes the: I . ri Shng. .for
const ot | " agsr By yhcdn (i BRRIL AU SRR e oo BARS  1
(MVC) oper ati on npansnforaficlading/bEGEnie rafybiaiuerin Biccdpergiobppatt dssc@pauphat Syst em
standard bitstream wherein the data structure signals a render|i
capabi | i ty dgribss eﬁgﬁlr@égéﬁam?égteg% wHa A4tR freludean | %VGW%{%Q‘%MMEH ed by a
recei vi ng q,ggliaﬁgn%&nyse the MWVC operation point, a decoding capability
val ue that describes 'a decoding capability to be satisfi ed by the receiving
device to use t mecaWy/Oropduding vrevwpolentificrantheairiht patmtivmpoiet ddsatiptdefer i bes a
bitrate of the MWC ration i nt d wherein the data strycture is
ncl uded ad et iNGpihg ol MyTopRARe ks SBeisth SieRgT IRV st v eam
conpr i si ng j§deifidatAustdonesponds to &2 of the views targeted for rendering;
means for including view-identifier values in the operation point descriptor for
views to be decoded for the MVC operation point, wherein each of the view-identifier
values corresponds to one of the views to be decoded; and
means for including a temporal-identifier value in the operation point descriptor
that corresponds to a frame rate for a video stream assembled from the video data of the

views for the MVC operation point.



20. The apparatus of claim 19, wherein the rendering capability val ue
descri bes at |east a nunber of views targeted for rendering for the
corresporipngriM@eoper ati on point, a frame rate for vi deoTdst@onis7she
correspondi ng MWC operation point, and a tenporal identifier value for the
correspondi ng M/C operation point. 21.¢7he apparatus of claim 19, wherein
t he decoding capability val ue describes at |east a nunber of views to be
decoded f 024t he Acormppiorcdiable dimEzo pedam ermpaiing instudtione thagavhen
correspondin &o the WC ogeragion gointc<@nd a profile value correspondi ng
to the M/CBPATHE PR BETNET 0" 958 SHE A% Bt us of claim 19, wherein the
bitrate val ue dessdthlees danetreftuRiton¢sioadighb bmallevitarviddoaodtiyr@spondi ng WC
operation point and the maxi numbitrate for the correspondi ng MC operation
poi nt. 23.opyHonppiat af ansMEEG:? MetiamPiclifie Eaperts GeouphPystan sigadaide conpri ses
an operat i Qi RO, EES PR strBRfle Wgﬁ@?h?e&d*éﬁn%f@ﬂﬁﬁilﬂfbalﬁé’ﬂﬁ’t pérk‘éhb g, the
data structure conprises: means ftor including atrame rate value in

t he oper at iranlcfiog bdpaldig (o pd etisfidtby deseivilpedeviccraxshM Y aroperagibe f or

vi deo data included in the vie for the MWC operation.point; . means
for incl udiPREAA &W&gﬁﬁn’%@/ ol §s dp¥Tibea G?f@ﬁaltgicéﬁg‘]%g‘iyﬁt’ﬁjﬂé%tb‘ﬁ%?%r f or
views targ : r i : af | ] j of
Uhe vi ew | art T B b Ty Mg S P B e B v e T o
render i ng; bitrate of tire M'E Claperaiting poohit, agd whevein dentaid stectuvalsuedudad dsipart of
operation oin% desprkptor for views to be decoded for the MVC operation
poi nt, wher WSUSER 39 t he view identifier val ues corresponds to one of the
views to be decegded;an@dthut interfadd®&B8tphiPthe bitstdagh éwnﬁisﬁr?meﬁada-strd&uﬁd fier
val ue in the operation point descrlpPor that corresponds to a franme rate
for a video stream assenbled fromthe video data of the views for the MWC
operation int. 63 24. A conputer-readabl.e staqra nedi um gonpri si ng
Thetructions. ¢ Somef i heERt iR oy BB VB R L TP AR e o
construct @apililatyShlidclestides O 168% pancbogotaews ftdctddMoewnditigofoead ng (MWC)
operation point of an MPEG 2 (Mdtjon Picture Experts G oup) System standard
bi t stream CcaHeeRdng MY apsrasiop pemtradtanerrig ©r yidee davaf iy eoarsapanding val ue
t hat descri i W] S| . i7®i ng device
o use tne e BsEFaHPElRdraNaRbb L Mok R B R R v  bes
a decodi ng opaadbn poiny to be satisfied by the receiving device to use the
MV/C operation point, and a bitrate value that describes a bitrate of the
MVC operation point, and wherein the data structure is included as part of
the bitstregm and GANGRr AAIIMNERWkadehETfAGE clafin 04l WHLreinNBe Bidodtneam |
conprising the data structure. 25.7 The conputer-readabl e storage nmedi um of
cl ai m 24, wheabdlity velie desmdbes atrlgast apaimbbi efyvierad odbedesoddddesthat | east a

mber of vi t for rendering for, th : i C ti
pornt. o 1 aneteafelRAFC Ao R AR o1 il b RS TERERES TocTyhemstign . "
poi nt, and RiramaaRbfiledaRicl birEporialng@o HRMMMIEoRstASRARII Ng MC oper at i on

point. 26. The conputer-readable storage nmedi um of claim 24, wherein the
decodi ng capability value describes at |east a nunber of views to be

decoded forythe I Lcé%%@%?-?eiaﬁgblw&é’%%%{iﬂ}rﬁ%fgf%gnqggbx?pﬁ':r&‘ﬁe[h Yidlatialye

corresponding t operati on ol an € val ue correspondi ng
to the MVCdepgibat bedlof@i d¥krage bitrate for the corresponding MVC operation point and the

maximum bitrate for the corresponding MVC operation point.



27. The conputer-readabl e storage nedi um of claim 24, wherein the bitrate
val ue descri bes one of an average bitrate for the correspondi ng MWC

oper at i orwpanntoiaged t he maxi mum bitrate for the correspeadiusgoIWN@78per at i on
point. 64 28. The conputer-readabl e storage nmedi um of claim?24, wherein
the data structure conprises an operatigp point descriptor, and wherein the
instructions that cause the processor to construct the data structure
conpri se i A8t r udiiceamptiteatcadabls stordgs medsen 9 olaim @4, wherein thpdita dsugufer ame

rate value in t.he operat.ion i,nt _.descript,or .t hat. descri bes, a maxi mum frane
S M R e AL L ST R M S

i nclude Vi gpodeti@dntd Edrefrumahdi@sa btbudiite coRprisd inStitudiohs thatl@asE tRtscckerr Vi ews
targeted for rendering of the MC operation point, wherein each of the

vi ew-i dent i'®i er val ues corresponds to one of the views targeted for
renderi ng; el [ ' AN ' . I: poi nt
descriptor for &?%&é3fggg%k%%%%gggf%%Pséﬁéﬁkggﬁ%%ggﬁ ?%ﬁﬁg%gkéggﬁherein
each of t henaxirawmnifelemt tatd for vidab det indudedsip oindsic o forniee BIVQE beervii@nsoint® be
decoded; and , i nclude a tenporal-identifier value in the operation
poi nt descri pt orlnql%etw%rl&%g%ha@uwoméﬂq PReRIonRoatdgHerpteyi fleicwt r eam

assenbl ed fLQEh A% UidiPR ARIR MV GRHIRRiONDEES AMCoPRENRLAnRRLN!

29. A method~conpri si ng: recei vi ng, estination device, a data
struct ure celicespossdomly to onaofhk tviewisgargeieddor reodirmg; (MVC) operati on poi nt

of an MPEG 2 (Motion Picture. rts. gou Syst em st andard hi tstream
therei n Che- dat AEILRE LG anLe Sin TRty Rg RO R TN sy e
descri bes qciRRAEs 8 MROIBLIatibY pbiat, Rtk badhl FdhdVieR-iHaREIY vAGcHevi ce to
use the MVC operation point, a decodlng capability value that describes a

decodi ng capubiponds/totanciod theatipws fode depodadeandecei vi ng device to use the M/C
operation point, and a bitrat .al ue .t hat, descr i bes . itrate of the MC
operati on poi nt et Erefipplider et Gus R SEGHREud Bty indte

desti nat i onofledpoaes oS anakkefdh vikeaticnd aviceWicCREMaPaideh Bga botheche M/C
operation point based on the decoding capability signaled by the data
structure;Vw“*fbrﬁ@ﬂﬂyﬁhﬁﬁﬁﬁoﬂﬁ@ﬂﬁer t he destination device is capabl e of
rendering the views corresponding to the MVC operation point based on the
rendering capability signaled by the data structure; and sendi ng the
vi ews corr @9pondi ngtHod cotveribdg: operati on point to the video decoder of the
destination device.when the vi.deo decoder of the destination device is
determined to b&ChpAp Vel d%%tm%%da AR JEYGIWG COHESRPPERE 1R Br r espondi ng

to the WCopgik \Qﬁbo%idﬁ{g- (M@é) operation point of an MPEG-2 (Motion Picture Experts

Group) System standard bitstream, wherein the data structure signals a rendering
capability value that describes a rendering capability to be satisfied by a receiving
device to use the MVC operation point, a decoding capability value that describes a
decoding capability to be satisfied by the receiving device to use the MVC operation
point, and a bitrate value that describes a bitrate of the MVC operation point;

determining whether a video decoder of the destination device is capable of
decoding views corresponding to the MVC operation point based on the decoding
capability signaled by the data structure;

determining whether the destination device is capable of rendering the views
corresponding to the MV C operation point based on the rendering capability signaled by
the data structure; and

sending the views corresponding to the MVC operation point to the video
decoder of the destination device when the video decoder of the destination device is
determined to be capable of decoding and rendering the views corresponding to the

MVC operation point.



30. The nethod of claim?29, wherein the data structure conprises an
operation point descriptor, and wherein the operation point descriptor
conpri seswa 2briziteson at e val ue that describes a nmaxi mnum f PEREISE@DO44780 Vi deo
data included in the views for the MVC operation point, viewidentifier
values for views targeted for renderingg9f the MVC operation point, wherein
each of the viewidentifier values corresponds to one of the views targeted
for renderilflg, Vihewdtliahef didior2% athgesdn therdats seusturocdyeprehes aie eperaion pdiet MVC
operation paint, wher ef'ln .ea%@eh of 4 he vite idznti fier values corres o9ds to
one of t he Wi @Rt §hENdRU Sl P rdlich R SRS SIPIY COOIRETY ¢ &G &ttt & FiR

cor r espondsle§@ibas & hdRBmira tfiRinfcabtedoride® dsh ihidedss ereblieds for e MINVE vi deo
data of the views for the MWC operation point. 31. The nethod of claim 30,
wher ei n detopetgfipn pginiatvEavredentifier Xalups doreewttredted foaparansef hedb¥ng t he

vi ews conpr : e 1 he

decodi ng a Ohglﬁgg?s%lﬁ 3;\:{ He%\klés}lgg%% c%/fgﬁge\r]]l{eaﬁ géﬂtﬂ%?&g@gsg%ﬁe&@gg %(;?pév?fét\g\é val ue
at the framewsahgectaddbc@heéedingy vicheidtitifiee vahiee foraliares to bdAecdded forthbod of
claim 30, further conprijsing: . cejving operation point descriptors
for each operhtaPsHUgBIPAIL Wiareia&ach of tﬁweﬁfrl@gletﬂfg%mafues correspapds p Pﬁijogn
operation i ndi i i j

oo 6 n_sel BTG T R o Py A R TR
of decodi ndoandide@stdam mgerubleddroooihe esjroridiang thoviee feehe d\ed opgetiat | on
point; and . sending the views corresponding to the sel ected operation
point to t R8"M%i deo decoder. 66 33. The nethod of claim29, wherein the
destination device is configured with a maxi mum vi ew render val ue that
descri bes a maxi nrum nunber of views that can be rendered by the destination
devi ce and 3a. maxiheumatihodefeclain ¥, wdlerpen detenmigimgorvhotes the vidsd dagadériane rate
of video data.th capn be di.spl ayed. by .t he destination devicge, wherein

det er m ni ng obds petcPRat By PR R o PRI PR aefS Che

Vi ews corr espdisdndecb@nt AeuMber OPasas t@iivaitnd tHRAFPsdeSinber-of-vievaOnPa | Ng a
nunber of views correspondi n% to the MVC qgperation point to the maxi num

vi ew r enderat thgifipee rgipgndicated by ghpfiemaiptaviiéne rate of the views
corresponding to the MVC operation point to the maxi mumfranme rate val ue,
wherein sending the views corresponding to the MVC operation point to the
vi deo decodér cdipmales] sfoiddy, firehey cempridog:r espondi ng to the MWC
operation point to.the video decoder when the nunber of vie orrespondi ng
to the MVC oper &f4°BANHBRFRISP! S‘{TH’é‘PFSg‘Pr eé‘&%aPerﬁ%Oantrfﬁ%l\il\lﬁ?ﬂiﬁn\}F%w r ender
val ue and wheh.dhe frane rate of the views corresponding to the WC
operation point I's less than or equal to the maximumfrane rate value. 34.
The net hod of clsalieai@3n apieeatoinpoirt daseednrthorcaiaspondngleperatadnumints i nver sel y
proporti ona(\ll to. the, maxi frane rat al ue

v . ..67 . .
escriptor, wherein selecting comprises ﬁetermlmng that the video decoder is capable of
decoding and rendering views corresponding to the selected operation point; and
sending the views corresponding to the selected operation point to the video

decoder.



35. An apparatus conpri sing: an input interface configured to receive
a data structure corresponding to a nultiview video coding (MVC) operation
poi nt of w0 2MAAEE761( Motion Picture Experts G oup) SystemrCIitsaaandt7so
bitstream wherein the data structure signals a rendering capability val ue
t hat describes a rendering capability tggbe satisfied by a receiving device
to use the MWC operation point, a decoding capability val ue that describes
a decodi ng 38apabihcinethadofimdainatd, sthicesthn thy dekinatien devichy cdeligwed nathise t he
wWwC operatioani q%ngé a&%bp %it{a%ﬁavg%yer£Qgt descrgbeg a b%tgage of the
M/C oper at "SR BB RE O™ ECh S8 UG LRb TR e APyt R OB yis Wit §* 48 a:  and

a demul ti plrexRfedasyitht gestiagtiéod dledceindiataihRbNRimé Rt Vildethadesoddpss d S
capabl e of decoding views corresponding to the MC operation point based on
t he decodi repxeapagTame iptesefghdgoedithinat ¢pa beahisplased by tthe destingiogicsicsi ne

whet her th r - I . el . i . ading to
the MWC oprarybasHinlit SRRRR e Ruub SRR 1 ARaMRIRERAEERRRAEY | he
dat a st r uctcurrespoaditlig t@teevitl (t dperatioa\ppint eompspsndi ng to the MVC operati on
point to the video decoder ghe? t he video decoder is determ ned to be
capabl e of decodPR§aARHR PURBLIL NG WHOTFPRANSIEIP s MorfdPRRgatios Ratet thalks
operati on RAIMAhum &y rddir @RaLagus of claim 35, wherein the data structure
conprises an operation point descriptor, and wherein the operation point
descri pt or conproswpsrizg 4 frame ratapé thealieres tdresspaeisny foblks MV Grapération poiaine r at e
for video Qa%a incluggp in the views for the MVC operation point,

vi ew i dent i'? P MGAIYEGTIRT rals ¥t ar get ed for rendering of the M/C
operation point wHehk&h SrdiRAGE vRiwstddeMioRWigds fd Nver opeadtieRonls rponds to
one of the views targeted for rendering, viewidentifier values for views
to be decodédpofdgeodeneommascspetrding he vy raorroppradiigrio glae M VEF opdration point
viewidentifler .val ues corresponds to.one of the yiews.t decoded, and a
Venporar -1 deHE QGG R IR AP35 81iSs SpatTontiafil i Ve ERGR e
stream asseaiit edicfstBan diheuul @ebe fakianeh vichercui@walucnd tWhien MEGrane ras bon
point. 37. The apparatus of claim 36, wherein to determ ne whether the

vi deo decodld ViPws eerpesipeding togbe MY G @rerssoy peipsis lessdhaterhpappldpdicer i s
configured . ] er the video decoder is capable of decoding a
nunber of 6%%ﬁgﬁégﬁﬁ%a g%?ﬁ%% t he decodenunber-of-views value at the frane
rate indicated by the frane rate value. 68 38. The apparatus of clai m 36,
wherein the dermyltiplexer_ is configured to receive operation, point

descri pt or 3% or 1SR AIBIY HSRECIT REMAFRERUTYIE Y &Cier Kalpeivaelect an
oper ation pebRkiRAFRANE hakfuf HnfSRRNGPY operation point descriptor,
wherein to sel ect the MVC operation point, the denultiplexer is configured
to determne that the video decoder is capable of decoding and rendering
views corresponding to the selected operation point, and to send the views
corresponding to the sel ected operation point to the video decoder. 39.
The apparatus of claim 35, further conprising a conputer-readabl e storage
medi um configured to store a maxi num vi ew render val ue that describes a
maxi nrum nunber of views that can be rendered by the destination device, and
a maxi mum frane rate val ue that describes a maxi numfrane rate of video
data that can be displayed by the destination device, wherein to
determ ne whet her the apparatus is capable of rendering the views
corresponding to the MVC operation point, the derultiplexer is configured
to conpare a nunber of views corresponding to the MVC operation point to

t he maxi mum vi ew render value, and to conpare a franme rate of the views
corresponding to the MVC operation point to the maxi mumfrane rate val ue,
and wherein the denultiplexer is configured to send the views
corresponding to the MVC operation point to the video decoder when the
nunber of views corresponding to the MVC operation point is |less than or
equal to the nmaxi num view render value and when the frane rate of the views
corresponding to the MVC operation point is |less than or equal to the
maxi mrum frane rate value. 40. The apparatus of claim 39, wherein the

maxi mum vi ew render value is inversely proportional to the maxi mum frame
rate value. 41. The apparatus of claim35, wherein the apparatus conprises
at |east one of: an integrated circuit; a mcroprocessor, and



a wreless conmuni cati on device that includes the denultiplexer. 69 42.
An appar atus conpri sing: nmeans for receiving a data structure
correspomipregittaa7&inul ti vi ew vi deo codi ng (MC) oper at i @aTS2w/00f78@N
MPEG 2 (Motion Picture Experts G oup) System standard bitstream wherein
the data structure signals a rendering gapability value that describes a
rendering capability to be satisfied by a receiving device to use the MWC
oper ati on pPdi nt Amaappersoeb cognpeispigbi | ity val ue that describes a decoding

capability to be satisfi cei ving devjce to use t C operation

ESSB SRR A Y e St R i I T R e e

poi nt ; mulﬁﬁ@{ﬂ&ldl&)rcodﬁigé(MVG) Biser JhﬁrﬁtoﬁaMMBEGQe(Mﬁfn mtutdExRpPar at us
I N

is capable of decodi ng views corres to the NVCIWEeratlon poi nt based

on the decétPwy Lajsabsipndayd Bitgisamed Wllt‘ﬁé dgtatsgueiura g rendering peans f or
det er m ni NQq n%%?ﬁtp%rﬁlutemﬁg&%b@{ y?endérl %‘?a%gi)ﬂ} {o de&H ﬁféd datllégelwn WS

correspondi operati on poi on the re errng Capability
si gnal ed byletioe tohadeahs MVIC bp¢retiorapint, a decodimgacupabidity @émluhagddshebaslaews
correspondi ng 1o the MVC qper at int to the video decoder of the

appar at us RS RGEANPIHSLIEHY %edg?ry tﬁﬁéecawﬁs%r%w P §5¢ @1 e rearetian be
capabl e of i 0% R ROUEE WBGHAS, KBNS GALRRRDBACLAG hnt Ne W/C
operation pol nt . The apparat us of aim4 ein the data structure
conprises an opemadaomcpdnrmbnﬁigscdtopde@odeadcb d4teraadn the operation point
descriptor conprises a frane ate val ue that describes rate
For vi eo. dar .’ FiET DT oMt L RleR e iR ot s ftion AEpable o

vi ew i dent igbbRfing/@ikWe Sofr&ipodiBigo thaNdetefpefadibn {p@ﬁ‘l@lﬁédeﬂ%n(?ﬁe ddeediMvC
operation point, wherein each of the viewidentifier values corresponds to

one of the cvpeén@y@@ngl@ﬂé)d thodaty strediricntg, determinc vdethar theespperstusds cdmablevi ews
to be deCOd d nf erin, Hl Vl}/e%vcs s aotnI ?nn t§? V(\r[\'h I‘atlr}l eq‘r(l:tn;{a € n%l

vi ewi dent Id VA USS corcf 5% éisgt of “PRE" VI W 8%% Scoded, and a
t enporal - i d@mehhg eﬁpa‘%ﬁ{tyl Sighiladl b Hd REPANLEre,and té Eadidahe e s fc@fres'poﬂdildgo

stream assenbl ed fromthe video data of the views for the MC operatlon
poi nt. 70 to i MYKeongppsion ot t(bfhew%ﬁOrﬁm@derm@p dhiqvidendeppderds flgggrmined

det er i ni ngo WOELDSI: drdEcd APARRRNR 5y ARG SRR REEOAIVE B EHS

conpri ses means ter e vi iS ca e of
decodi ng apoimber of Vi ews eqU|vaIent to the decodenunber-of-views val ue at
the frame rate indicated by the frane rate value. 45. The apparatus of
claim 43, further conprising: means for receiving operation point

descri pt or g4f or T%%Cdgpﬁ%ﬁ BF LI BY, 'VOﬁerélﬁcﬂlléJ&jﬁgsﬁ'&tﬁrE%o hﬁ%sraﬁ ration means
for selecti ng an operation poli nt based on the correspo di ng oper ation pOl nt

descri pt or powhéeeriptasaindotliangn dongnerges pdett eesariptargotipaisestahfeana téo decoder

s capabl e of deooing.and.LENISHLIA YS4P, 99) ASERANTAS bR A0, Rebect o

MVC operation point, view-identifier values for views targeted for rendering of the
MVC operation point, wherein each of the view-identifier values corresponds to one of
the views targeted for rendering, view-identifier values for views to be decoded for the
MVC operation point, wherein each of the view-identifier values corresponds to one of
the views to be decoded, and a temporal-identifier value that corresponds to a frame rate
for a video stream assembled from the video data of the views for the MVC operation

point.

37.  The apparatus of claim 36, wherein to determine whether the video decoder is
capable of decoding the views, the demultiplexer is configured to determine whether the
video decoder is capable of decoding a number of views equivalent to the decode-

number-of-views value at the frame rate indicated by the frame rate value.



means for sending the views corresponding to the sel ected operation point
to the video decoder. 46. The apparatus of claim42, further conprising
means f orwetortimgeéa maxi num vi ew render val ue t hat descPCDAS2@E00BKIBITUM
nunber of views that can be rendered by the destination device and a
maxi mum frame rate val ue that describesgg maxi mumfrane rate of video data
that can be displayed by the destination device, wherein the neans for

det er mi ni ng8whetlherppiretud e tlamad 6.omhateniteeddnultploatslie carfliguesdderéasgvet he

vi ews correspondi ng the MVC operation point Ll ses.: means for
conpar i ng. aPRanaPoal Fobdie st PEB@HRRe PPLTneERRR e SRdisiromm HERA Lo t he
maxi Mum Vi eyertados 86invedsv€ on @tccorrespondi@asiRrdtion poiaadckip@r avhdraiio kelt@ of
the views corresponding to the MVC operation point to the maxi mum frane
rate val uethe MVC opgiatica) ppinththedeamiimeser scgoafiggred fredstpayae dwf hespdaedi ng to
t he MVC oper.atj ' V| I S8 f sendi ng
the vi eus: S5ribEBeRRIG of Seeb et By PR S boR e TR RIS ol Bed 2 s
when t he nwpbetionpoivt,ans tcand elspands ogréspotidieg MGe egectad oEsratpal wiintits | ess
than or equal to the maxi mum view render value and when the franme rate of
the views ¢ Yidehesraisfy to the MC operation point is |ess than or equal to
the maximum franme rate value. 71 47. A conputer-readable storage nedi um
conprising instructions that when executed, cause a processor of a

dest i nat i o39devilde apparatus of clamed&i fusher watpaissiRraumpuergcadabepomdgng to a
mul tiview video codin MC) operation.point, of an G Motion Picture
Experts G u%yglﬁjfi%ﬁ%ff e 6 e PO ke i A b e L

signal s a mnapier biNdewa@aPédnl BoreN@rétEby MRtdefiaReibh BEHCE ah& B deixi MBI | ity
to be satisfied by a receiving device to use the MVC operation point, a
decodi ng capabrluctlat dajcubes haexideye flapegaty ofstlsdidag thatsabbe displayed be
satisfied Qmaéhﬁngﬁpeévkgg device to use the MVC operation point, and a
bitrate value tnat deséiToes a bitrate of the WC operation point;

det er mi ne whet hevhegeil tel@Qer@tigOAAEhOH tht Beplass srapadnotievictgd the ¢RpabI e of
decodi ng views corresponding to the MVC operation point based on the

decodi ng c&PHBIPONENL LY gﬁaMX% appration Pl he demulktiplcser is configyyed Wy GonHEIvhet her
t he desti natj i:ce. i 0, i - Vi ing to
the MG oparsiibshBEHERs b ERELE ke MEVE Tk ok BEint 1R R RIBEIRAL Y, he
dat a st ructrendet valoe and to corspard atfhaencwiaeeve ticovicws pamckipogdih@td the MWIC oper at i on
point to the video decoder of the destination device when the video decoder
of the des@?ﬁéPP%Hoﬁ%Vﬂi%HW§“H€?§@HWH€@‘? ep@dapabl e of decodi ng and

rendering the viagws.f @ AE0g i QniEr MV sORERELIOR cBRE ndinggo thEhe
conput er -readabl e storage nediumof claim47, wherein the data Structure
conpri ses aVEpeestioopomoimthe debordepidsr whamthenhverter nf vike's opeespbnding poi nt
descri pt or coth%ses a frane rate val ue Eha@»describes a_mexi n1fQFne rate
for video %t XY REPTHEL RENGRESY TR e IRAEBPErATY BBy e an

vi ew i dent ivf{eRlthd/fh€ Paté BF the veWSs dorfe§RIn@rhelt8lihd MaAespRidd pdihtas MYCthan
operation point, wherein each of the viewidentifier values corresponds to
one of the oyicews tq the geaxegumdramenteydley, viewidentifier values for views
to be decoded for the MVC operation point, wherein each of the
viewidentifier values corresponds to one of the views to be decoded, and a

t enpor al - i dent i flihefapyahtus of blatm GQrwigpaNESmbAnin vidiErch@ireafuels Rivvisel§o

stream assenbl ed fromthe video data of the views for the MVC operation
point. 72 proportional to the maximum frame rate value.

41.  The apparatus of claim 35, wherein the apparatus comprises at least one of:
an integrated circuit;
a microprocessor, and

a wireless communication device that includes the demultiplexer.



49. The conputer-readabl e storage nedi um of claim48, wherein the
instructions that cause the processor to determ ne whether the video
decoder iwoOcapahi@iof decoding the views conprise instrRBCTIUSAGL00ETBO cause
the processor to determ ne whether the video decoder is capable of decoding
a nunber of views equivalent to the decgge-nunber-ofviews value at the
frame rate indicated by the frame rate value. 50. The conputer-readabl e

st orage nedi2um dfn aipaiatsa®mpirisingher conpri sing instructions that cause the

processor to: ca Eoerceieve1 og Et%tsj[rﬁaupeoci nt do% 1crit tor sltifl()\r)vve?chm@ger ation
poi nt included iMMHFHEBIEE e §1 Seled ﬁlgogé‘r‘%‘h&? pof 1t “Ba¥ed on
the correspandly¢pcaRivhPoir®df m@MHE@LQS(Mdtﬂ@h@ﬁctuwé)eﬂ@Gwip@ssybtem SEAUPId Ses
determ ning that the video decoder is capabl e of decodi ngl and rendering
vi ews cor r &splaeian igheran theedatettarctuselsigpep atersisripg canabildnyalue that dessribestthe

51 The congnrane Pehabfih Bue BERLeR SREE R AR B! NP Cep R o0 "
desti nat i ompotleyd deoding capubility velic whdt desritvexa devoditigasapateligas by adtisicd bat

descri bes a maxi .num nunber of vije t hat can be rendered by the destination
devi ce and e TR PRBACT I8 rbusehe M aBctition DRiEs ard boSTe Y WAnIGFab o at o

of video d@ﬁﬁtig%ewcq)fpegﬁgg%@,d by the destination device, wherein the

instructions that cause the processor to determ ne whether the destination
devi ce i s capablngcao$ farelettemimog whetha evidea deaodspdiik aypatatustiheadbC aper at i on
poi nt conprjse.instructions t.hat ca t he processor to: conpare a
Punber of | FFEUE B FASHETIPRUTE & ROV CPOREPAEPBhOHEH AL eITRE Fax: mum

Vi ew rendercayHiie sigdldd by the dAPNP&&ca frame rate of the views
corresponding to the MVC operation point to the maxi mumfrane rate val ue,

wher ei n t he i nstragos faysistermuingwhetben the appasatesseapabde eleigadaring the eigss
correspondi ng_to the C ation paint tq t vi deo dec Gonprjse
st r ot org e wapitg e e st 0aBllhetd oy e SO P SRR P O o
t he MWC opeli@ddtosr@eirBiaddo the video decoder when the nunber of views
corresponding to the MVC gperation point is |less than or equal to the
mexi mum vi ew r ederaps {oaiseiding thewieys qoesanging todheMofC ppriatiqrengint to the

correspond ivri.'&otcf%c&ﬂ:? owg aBBﬁﬁfﬁg iv@l@n Qﬁ)é \;]Hed &ecbﬁeﬁ‘sof ttlt@ébpgfau?sqy altte{[rﬂmw]?o

maxi rum frane rate va
be capable of decoding and rendering the views corresponding to the MVC operation

point.

43.  The apparatus of claim 42, wherein the data structure comprises an operation
point descriptor, and wherein the operation point descriptor comprises a frame rate
value that describes a maximum frame rate for video data included in the views for the
MVC operation point, view-identifier values for views targeted for rendering of the
MVC operation point, wherein each of the view-identifier values corresponds to one of
the views targeted for rendering, view-identifier values for views to be decoded for the
MVC operation point, wherein each of the view-identifier values corresponds to one of
the views to be decoded, and a temporal-identifier value that corresponds to a frame rate
for a video stream assembled from the video data of the views for the MVC operation

point.
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44.  The apparatus of claim 43, wherein the means for determining whether the video
decoder is capable of decoding the views comprises means for determining whether the
video decoder is capable of decoding a number of views equivalent to the decode-

number-of-views value at the frame rate indicated by the frame rate value.

45.  The apparatus of claim 43, further comprising:

means for receiving operation point descriptors for each operation point included
in the bitstream;

means for selecting an operation point based on the corresponding operation
point descriptor, wherein selecting comprises determining that the video decoder is
capable of decoding and rendering views corresponding to the selected operation point;
and

means for sending the views corresponding to the selected operation point to the

video decoder.

46.  The apparatus of claim 42, further comprising means for storing a maximum
view render value that describes a maximum number of views that can be rendered by
the destination device and a maximum frame rate value that describes a maximum frame
rate of video data that can be displayed by the destination device, wherein the means for
determining whether the destination device is capable of rendering the views
corresponding to the MVC operation point comprises:

means for comparing a number of views corresponding to the MVC operation
point to the maximum view render value; and

means for comparing a frame rate of the views corresponding to the MVC
operation point to the maximum frame rate value,

wherein the means for sending the views corresponding to the MVC operation
point to the video decoder comprises means for sending the views corresponding to the
MVC operation point to the video decoder when the number of views corresponding to
the MV C operation point is less than or equal to the maximum view render value and
when the frame rate of the views corresponding to the MVC operation point is less than

or equal to the maximum frame rate value.
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47. A computer-readable storage medium comprising instructions that when
executed, cause a processor of a destination device to:

receive a data structure corresponding to a multiview video coding (MVC)
operation point of an MPEG-2 (Motion Picture Experts Group) System standard
bitstream, wherein the data structure signals a rendering capability value that describes a
rendering capability to be satisfied by a receiving device to use the MVC operation
point, a decoding capability value that describes a decoding capability to be satisfied by
the receiving device to use the MVC operation point, and a bitrate value that describes a
bitrate of the MV C operation point;

determine whether a video decoder of the destination device is capable of
decoding views corresponding to the MVC operation point based on the decoding
capability signaled by the data structure;

determine whether the destination device is capable of rendering the views
corresponding to the MV C operation point based on the rendering capability signaled by
the data structure; and

send the views corresponding to the MV C operation point to the video decoder
of the destination device when the video decoder of the destination device is determined
to be capable of decoding and rendering the views corresponding to the MVC operation

point.

48. The computer-readable storage medium of claim 47, wherein the data structure
comprises an operation point descriptor, and wherein the operation point descriptor
comprises a frame rate value that describes a maximum frame rate for video data
included in the views for the MVC operation point, view-identifier values for views
targeted for rendering of the MVC operation point, wherein each of the view-identifier
values corresponds to one of the views targeted for rendering, view-identifier values for
views to be decoded for the MVC operation point, wherein each of the view-identifier
values corresponds to one of the views to be decoded, and a temporal-identifier value
that corresponds to a frame rate for a video stream assembled from the video data of the

views for the MVC operation point.
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49.  The computer-readable storage medium of claim 48, wherein the instructions
that cause the processor to determine whether the video decoder is capable of decoding
the views comprise instructions that cause the processor to determine whether the video
decoder is capable of decoding a number of views equivalent to the decode-number-of-

views value at the frame rate indicated by the frame rate value.

50.  The computer-readable storage medium of claim 48, further comprising
instructions that cause the processor to:

receive operation point descriptors for each operation point included in the
bitstream,;

select an operation point based on the corresponding operation point descriptor,
wherein selecting comprises determining that the video decoder is capable of decoding
and rendering views corresponding to the selected operation point; and

send the views corresponding to the selected operation point to the video

decoder.

51. The computer-readable storage medium of claim 47, wherein the destination
device is configured with a maximum view render value that describes a maximum
number of views that can be rendered by the destination device and a maximum frame
rate value that describes a maximum frame rate of video data that can be displayed by
the destination device, wherein the instructions that cause the processor to determine
whether the destination device is capable of rendering the views corresponding to the
MVC operation point comprise instructions that cause the processor to:

compare a number of views corresponding to the MVC operation point to the
maximum view render value; and

compare a frame rate of the views corresponding to the MVC operation point to
the maximum frame rate value,

wherein the instructions that cause the processor to send the views
corresponding to the MV C operation point to the video decoder comprise instructions
that cause the processor to send the views corresponding to the MVC operation point to
the video decoder when the number of views corresponding to the MVC operation point
is less than or equal to the maximum view render value and when the frame rate of the
views corresponding to the MV C operation point is less than or equal to the maximum

frame rate value.



