SYSTEM AND METHOD FOR USI NG PARALLELLY DECODABLE

- SLI CES FOR MULTI - VI EW VI DEO CODI NG FI ELD OF THE

I NVENTI ON 10001] The present invention rel ates
WeABAFI390 t o nul ti-view video codi ng and decBET/MER007/054197
More particularly, the present invention relates to

the inplenentation of parallel decoder inplenentation
for different views in nulti-view systens, even when
dependenci es exi st between views. BACKGROUND OF THE

I NVENTI ON [ 0002] This section is intended to provide

a background or context to the invention that is
recited i NSYSTEMaAND. MEEHOS RORUUSINGRARATTRILLY

i ncl ude conce s that coul d be pursued, but are not
neces s alGOBHBLENSkIGRY & GRM Ul oV 353V RO ORING
or pursued Therefore, unless otherw se indicated
herein, what is described in this section is not

prior art to the descrilpLh@F THEINIENTON N this
application and is not admtted to be prior art by
!B, o bl R8P Bl BORR WD LR cops o

t hr eededidirgn Mcmmdmc(u&lﬂ)f the pke@nnovmrtJm Ichtes mhtamdﬂementﬂtlon of
Zﬂg e\r/\;‘gafaaillnlrée ntder%%%t@m%%ﬁtﬁog{lfrgrzé aﬁ gnh l\,'}év}g %\Crg{ﬂlt] nv@ewasa&%ﬁg e‘réﬁ when
f ut urdeper@Bicies eleg betorErLvieeat | on and ent ert ai nment
services wll likely revolutionize the way users

enj oy and interact pNcidbEQIBHF EHEnWENTIOREN the
door for many new and exciting services. Such

services may i nclude stereos i deo broadcas%} éb

3D- TMOUGh g This Gichen & Hitsndeq mé’fovzs@ﬁéﬁ tg{e invention
appl i gatd refiRd naBkMI4iSs spmeainpa& marpﬂnayﬁlcmhw@ecepts that could
characterlstlcs can var For

i f
o PPt e S Teb e tanTare besplev iRy resiuddr
to V\Qﬁlfsuaﬁ)ﬂl&ﬁﬁ}ﬁd @hleds oflﬁﬁﬁﬁﬁndif.ategﬂﬁﬁﬁlewhit@s (ﬁc&lbed in this

different . views for ea eover,. a di spl.a

coul FoLp Pt MEsgRRARe Greiop LT §ihia hul P SR et
S|nuhﬂﬂﬁ%ﬂuﬂkwnSﬂwﬂhahduﬁﬁﬁndﬁnw&&ﬁ different views
depe er sl ogati espect, to

scr egﬁbd}‘?’h%thffécﬁ’ftﬂﬁ‘émf’e§ e eeﬂrcra tdmtag3 glgpl BC blobls, -

not i alm@aioall (HX vaiad cwrﬁmmhamam BIEIrdnEHdmasntGﬂelcﬁfarQ quackly
nost real and | Ve exp I

user LOHRHHEPLY iy YA or SPLS ° CO u@%@c{o%e%elh?% B {Qéjre 3D video
appl icomimuminsion mewnp:aamdueqwswapsewmelqw rfefdlutldlrtZEt theway users
represen i on ansmi s

30 vi 6 R U b LA E e B0 Ry R and excitne
“typi csaiwcmudsemaasmaﬁasbée stéRerseqpid ijeotbnmdGoiing 3MTd’e @ﬂd a
Team d$ &me D%QgrgTU-T/VCEG and | SONPEG

st andardi?Zat Pon ¢ groups undertook the effort for a -

Mul t i[e0di W3 IMATH epplCaiding @%W@)ﬂmsitmwdb MG eicharagteristics can
encod) Ngpffd MRk s 5 bt b Sl EBMENEE MG othed o
produced ei ra system conprising

mul t iyekeng mllaldsnsesatptg&ﬁssreﬁ@ seheiffsmpieyiexpdpn cagly @i Moreover, a 3D
di ff %Es ﬂL cdu%%&éo%%v&éﬁ v@és@o '§é J‘tha@a{?&%ﬁ@%&)@fv 5o that user can
capt ur ng a 3D scene. In applications exploifing MC,

t he weehiferan view dsperding ondhriusey niveisp vih essprst fodbrossrgen. This
as t he Bk tdrerbl @Yhs e R0 BRYR8 808 iPchhiRE®®zed as one of the most
di mensi onal scene in real space. The pr|n0|ple

di f f esabrréénperine ePeRe/E Eadefor BE- a traditi onal
2D-video coder is that MVC exploits inter-view
redundancy, in addition to tenporal and spatia
redundanci es. Therefore, in multi-view video coding
structures, inter-view dependenci es exi st between

pi ctures. [0006] Unfortunately, inter-view

dependenci es between pictures pose serious conplexity
probl enms and parallelismissues to a video system

These i ssues occur because two pictures at different
views need to be decoded sequentially. This is



to code each view i ndependently. However, it has been

| earned that this kind of simulcasting approach

results in a significant penalty in coding efficiency
WRR¢RO#BONot desirable. 100081 It woul d t her BEHFROHES4197
desirable to devel op a system and nethod for

i nproving the parallel decoding of separate views for
3D- TV systens and ot her systens while not suffering
fromthc coding efficiency issues described above.
SUMVARY OF THE | NVENTI ON [ 00091 Vari ous enbodi nents

of the present invention provide a system and nethod
for eaddli nig opir @lchdilc Yoo ey ofapplicetramingy peradigis arc required
di fferept vie : Lk LSk ' ek e
pet veith e gl AR ¥ Rhodo APGRAARAIRS which could
Wit h merhadifiereo frotrtgiien 8Dsider heetcagenyRepariholk deRt Yigeog cam
cert ads{}Tx&qug I&%—ﬁbbﬁg\ﬁ.ﬁg? f/ P REN @I Yari B groups undertook the
reconstruction values of a subset of macroblocks in

ot her effortdws MiTllieView dolte figdios AYY Easiandardt NMC b aeprsadng
info rﬁﬁéw%ﬂc M-w%'sg@eﬁﬁiwﬁilaﬁﬁs pERbled efir S RELRAE Bftem

i n another view are known both by encoder and .
decodemprising treltiplseemeraecaptyang basimesy it o diferent locations or by a

pre- d%{él@c%g.ﬁ)‘?{ of3h g%djﬁ fedeh € Q}pfiéiEiBﬁ%ﬂilﬁloiﬁh%MV C, the user can
“macr oblock” del ay between two views can al so be
Si gnadni read andigmesinsEaPET eSS ag Be AP ERY BPesTepRiE g thyee
the sgne.ddniBeds if 8 sﬁéo@.e"fh Siplediffkenbd DR MOVE coder and
Wth this information, the decoding of macrobl ocks

di f f ex teatlitional GRsvidagrrodnn fgbat MY Grermiollh ey redpndgngg,gn acdition
are ntgttenlid)%f'a@ LENG i ROreB @B s N heretble, iaMuRRGiOR @TdeSi@ngl S
the encoding constraints, certain trade-offs between
codi nejruettifep, diterriasw dpgpdengies s ShReRrR B exi ty can be
reali [?9‘%] Wnﬁ”d?nlﬁﬁﬁyﬁﬁf@paéﬁﬁéﬂeﬁdegiestﬂé&'e&[ Fist@ftk pose serious

i nventions, encoders and decoders far different.views

can repmpiehitpEPEPReidgEralielism ibyes ©aMEH TREE! vage s oo

out UL iROiwdl s differdnBeieatbed {00 B8bdddaequaittlly. This is
enbodi nents al so provide for nore_efficient e§§§9£%mpmwﬁ

coderespicily ewdlemghia et B CPEE POFE OHG VI

usi NG hhenRRER! s lhdér-08e adatibes tistelp(PBSpnddme PLTV system
di scussed herein. This is accoqﬁgﬁs ed\gg%%ggmd

adv anfaigesigritapusly Sisplaying vy Y5 st ol VESE SFs O
PDS agiimRe@smant ileanrdtn Figlee 1ald orpo ssddobde apadues ‘Viry-17 at

—

ed using the
n a

to the restriction of. the referen are ngd. :
S at | ST BF RSB GV EOA B CARGRr e HARd e
conpongstes fied. wah i stveateoths oy eay ttdsplay fatieds 4t the same time

PDS. . [0010a] According,to a.first a ct..0 :
pres e‘ﬁ{‘o they %ﬁlﬁaﬁ%“ge f[ﬂr‘fg‘ileé nyrging i 8%#18%53%% Er}%? %(r)etgm%o?deo decoder.
decodiwg Hough®s ifidependentldedopérenmiiegey diffbrentmiatfhes might be

conprisjing: receivyin macr.obl ' ' .

of 5 bt 2o SRR s [ SOtk 2O XL ter The
decodiitgionights warss ecthasumtieew! vidlecoptiories byrthoiPrdisplaincreases.
‘regardin i ch _macrobl.ocks: | Qr.r I.Ag..second

fr anegﬁgg’(]%cfﬁ Ly uren efr%i%ed ﬁs%*‘al‘{scr)]‘rvnﬁtc ]ﬁ%h g Iglglg)g gﬁ)vvim%v?/ can

be refienienceeybyd ifhd offthevoks deend on tapfeothrythen the dpggder must
if the n@ggob%oggs in the second frame permtted to-

be retBIEnted Byt he macroblock in the first frame,
have e tredgnstthertoed itipclear that parabiscdscofitgnt yeparate views is 4
decodi_ng,the. ' Gk | o Sliod HANEreRYhgdhd dafaBblism is
decod%?émf ﬂ%@%&%g%?gﬁﬁg&ﬁgagpét%%ﬁ% aspect gf H%e
present invention, there is provided a

conput er-readabl e nedium for decoding franmes from

nmul tiple views, conprising: conputer code for

receiving a macroblock in a first frame of a picture
taken froma first view for parallel decoding with a
second view, conputer code for decoding information
regardi ng whi ch nmacrobl ocks in a correspondi ng second
franme of the picture taken fromthe second view can

be referenced by the macrobl ock i-hi the first frane;



second view, at |least a portion of the second frane
referencing at |east a portion of the first frane;

and signaling in the bitstreaman indication of, for
sachosmerobl ock in the second frame, which oPCHHR007/054197
plurality of macroblocks in the first frame are
permtted to be referenced. [0010e] According to a

fifth aspect of the present invention, there is .

provi ded a conputer program product, enbodied in a

. conput er-readabl'e nmedium for encoding franes from
multiple views, conprising: conputer code for

encodi\ghdé BcPview midbﬁehﬂ@ﬂm Hopdvear, ahastbperdi:Mhmb:hsdmkh:f

of a first frame of Lcture ken.from.a {4

Vi ew, SEBIFTIPEPRERIHLT g ‘ﬁ% bRy g ARG Bhey whict i ot
pl ur alisiimQf - rracrobl ocks of a second frame of the .
picture taken f second, vi e st n

of t h&08Hc Jhtiowe ﬁ‘ﬁ’é?of"e]?eéjfﬂ’i? eﬁ%‘\{vég?lolf aésgstt%mgn %Br B (lg%fﬁloof
the fiksbvihd BRiralRetcsiigndbipagid viewslie 30-T6 sysemmpzdpther
indication of, for_eac

f r anmeSYSHAT aRiloot FHETRS B'?Igg} 9 y‘?lg% © n%glrcxétsﬁ%s Ee%&%%g e
first frame are permtted to be referenced.

[00101] Accordi ng t o SUMMAINY &5PdE: INYENIHaN pr esent
invention, there is provided an encodi ng apparatus,

conpr Lﬂ%bgg lpsr irGamdhts oﬂﬁgprés dAERRLYonRbide a system and method
conmmunicati v y connected to . ndrprocessor wher e in
g

t he afiyp am@hm@ataéplrdgct@erﬁmpbme@aﬁ déﬁff:é%‘&é‘e’i"?’lﬁ%?“a‘i" it

bi t st feam gl b&é{g%l:d $1¥ws.°f"rhi§&§ mkélv&iqiﬁn@ﬁm@ vieivE ith Eeraie
of a p| cturet

froma first wewb‘_ﬁp e int tIh .
 bi t St eaxamais i that aky mycrefockifct SR ibF oy ed R digprgd only on
fr arreregéns{r&%orma%e bEa LiBkRHr hiicAPIRkSE 6MEC iahse The @todmg
. least a portion of the second f\gﬁge SntBere ig[%

| east ccmstpecmm thegrinahfde fHernfafionsyboyty M atﬁ?'g i feﬁmﬁq
bi tsty Iy F\v%%&% Edﬁ'ﬂb%coc‘fe@ﬁnd%&hemmmmm dﬂmstramts :
t he second frame, which of the

rali
macr ook oekdstinad of ﬁéﬂﬂﬁ?dﬂ%fhei"%‘%ﬁéma F“\&#O(“]f dey hstpegn two

reference aljsﬁgé-s’lié;ﬁkest@thaﬂé&o@érh €he c&dtyaﬁt't&g@ala:m‘l the same time
features o e I hvention tget her.

or ganisthe dibm censHaipEARERAtGR- WHE I ﬁ“at“ﬂg’r 0 E’C(’dmgl 9t

beco nBﬂg}mggkgﬁtdlfffgr%;cngcmfr@h},eﬁwnnga:ﬂatsm hsehby are not referencing
description when taken in _conjunctio :
acconpahyiherg Homanrod g e Q’F@P{‘P%f”igﬁ%nsg?% chiItT‘el sl,n ale-Offs between
li ke &gﬂrg eg%cﬁsn&)h LN nd Rapsaitetalbe dnhmilngsth the nbodiments |

-descri | ow. " BRI EF DESCR| PTI DRA lf\ilgﬁ allel
[ 007129f i pyeneet iqveptions, SPEAIFTS &R %?g\lrforo?ﬁ[%{ené olr?v\é\% fonaf fe

sanpl & i fli gl QﬂoﬁStﬁahrbufpﬁﬂt1ngmmrbs es\wiu@efd a picture in
a

3D- TV use case; [0013
di agr BHYf \@ngw@ﬁﬁhweft% giﬁ %r gxPrco uscleg H%Mg.lx%\’\éoders for
of t h&)dﬂ{ SR tioh R¥@dE hlﬁdihgl’%ﬂvsb;emg fip panliztly detpddbGlia] (PDS)

Figure 371s a representiation show
enbodsamesnt digpsses, efﬁ‘flegﬁ‘ﬁfs AFFRAENE N o] Abafllec of e fapt that (1)

Wi th 2,@R8cHaRs sobPDS krshgtmunt bahvigdn af mswiemcs dpwﬂaﬂ
Figure 4 is arepresentatl 0 3
decodeHg R oRRs EITGePitE HE) ROt At s %%%%thg cpialend
Fi gur @rin! colr@Orebls oth@tidhﬁveBtomnamteEwa@éemPia ion of a '

sliding debl oel cing operation in accordance with a
particul ar enbodi nent of the present invention;

existing

3



[0017] Figure 6 is a representation show ng a sanpl e
decodi ng process with the sliding debl ocking approach
depicted in Figure 5 [0018] Figure 7 is an
illustration showi ng the effect of sub-pixe
i nterpol ation during the inplenentation of various
enbodi nents of the present invention; [0019] Figure 8
[0018alan i | Aerotdieg on fERoWPeRS HRohe Prerdt ity crtign. Beredpbropiged
ddr [ Al
meR g e s BB Th BT L oY RO rpRBNE fekiving o
mabl@bloeleth afrsefrhine b pycmamkhefraﬁlfaeﬁttseﬁew ifmmﬂgﬁlet fmodmg with

npl.enent ati gn of _ vari ous nts the
o SR pOo TR ah Soar & U gorenaripyal] EJfghondine
sec@ﬁﬂ ?}aﬁfét EPHCpidRYd efkeh RS GRS s@@mdsﬁgwl dint e referenced by the
enent ati on of the present invention
maq:i]n‘gkgp

Fle in thej Ersafigmpettdbs mapplogkt iy @@.S@Wnéfﬁ%%%)mﬂted to be
reffrﬂ%g]bgz# %ac%o?%ycﬁllﬁ Chd B} FraBE HaGE b0 t%b&ﬂfr@ctéltpto ARerence

I's a representation of a reference
mefea dsdftxdmgrtge theroblanigasthé first reme bpatfast deemleerti cal

onen npti on vector.s en th aral
100G Do oA S it SoNE Rl s e et Rt Bl i prosiged o
r%iuté%c@b@ VBRI, Nﬁmtﬁcodlﬁ)@&ﬁmédaﬁbmu g %mtcﬂm@ﬁsmg
e present i nventi on prOV|de a s%sten1and net

corapitl dodg fesapesiviag 2 deerdickiing i Plohpieigre ta & From a first
VIeg) jiomgérﬁﬂ%/l cféacg{\@grﬁﬁ}{ Qe i& c?trﬂgﬂ @S&?fb‘fl QRGIdS% information

IS is achi evi encodi ng vi ews
regmdﬁx’rg which aiaorobbwkd nad msls[mdtrtmuavfdyframm £ piskurg gpken from

in VIGM/IS 0 de Qn
the sg SHeW, & B?] re{;'grleﬁ%:?ﬁjgf th EE) ck qck tn t 1 @l?'to gilm%,kcs(’)mlputer code
forol?lﬂi%rmadr&yl@cks Theheavend ﬁ‘lﬂleC}EHﬁI&Itt’ed ith b retfdrandcei bg thedaacroblock
i nformati on about which MBs that could be referenced

in the Ayt fame have baea TeRGWHUEEE HObY Telveddermepery, decoding the
magl%sﬁ,gﬁ n € et a3 ﬁ’%‘fﬁ%&eb@de?onsna' nts are

|ne or sighaled in the bitstream Wth this"
[Otllﬂé]or mat Acwwrding & dduubaspgctcﬂff theapressnl dokrationg third sereyided an

apl}aégg 8%%&%19% %ﬁo%!t;sﬁ}-* Iatn neoelf'r?cl ;111812 (él%plg%{lcgtll:\% S‘)n(%jtnm:mted to the

proREEOd iviAErae Mgt ﬁ@afﬁt&, b&ieg bamﬁgutrdfdad)efafef@ ebﬁtambh)ck in a first
codlng eff|C|en aIIeI| lL.exity can

frame Afj & pigturg WQE] u‘jr:‘fét W&’h ?'ﬁga%fl@grm Fn%&‘?"g view;

dedoQ0THBINGALh ‘P&%rcﬁﬁ(é&/ﬁﬁh fRor bR kWM ethﬁk@pcﬂfdﬁx%%@&ond frame of the

I nvention. It should be noted that, as di scussed
plctwc ¢alen fwrblﬂlISSQCQangte@V ben Hecefdredcadaby e weeeblpgin the first

fm’f"g? g\'f renot VI Cgh c%tn?fji;/r%fﬂx{: erﬂ'gfﬁ!e& Yy al!)é ¥ef@1@§f%ed by the

I Ona ItTstream can

mab@BbRcN &l thfe el ﬂdﬁibﬂiavh aegwacansotctsbiot anafepenck nestvoy | ddeode the
al so be understoo hough text and exanpl es

maggoklogk puthe hisit éﬁaﬁleﬁ%( f)‘e‘tqc?‘iieéal |y describe an

[O(ﬁﬂﬁpd' NG ARE éﬁ’ %%0 a(?&ﬁ'ths&{plaét@ﬁ thd prefigic aivbntiUbifdre is provided a
readi | y unders t hat he sane Concepts and

meghodrfor gicedingdipies Somappitiple viewWhecopprisag pYIsadiag into a bitstream
di ]
o oY T RIS R Rt s s enis IR o o308 Hl Ancoding
intd A btstreanied Flgralitinefongeratcdd oﬁa gicoad frame of thapicass tatken from a
digital format, or any conbination of these formats.
An encoder 110 encodes the source signal into a coded
medi a bitstream The encodeyy 110 nmay be capabl e of
encodi ng nore than one nedia type, such as audi o and
vi deo, or nore than one encoder 110 may be required
to code different nmedia types of the source signal.
The encoder 110 may al so get synthetically produced
i nput, such as graphics and text, or it may be
capabl e of producing coded bitsn-cans of synthetic
nmedia. In the follow ng, only processing of one coded
medi a bitstream of one nedia type is considered to
simplify the description. It should be noted,



[0027] The coded nedia bitstreamis transferred to a
storage 120. The storage 120 nmay conpri se any type of
nmass nenory to store the coded nedia bitstream The
format of the coded nedia bitstreamin the storage
120 may be an el ementary self-contained bitstream
fonnat, or one or nore coded nedia bitstreans may be
secmmpwuarale@ampmtwnapfdbmmpwb frapp |r@fer65@ﬁg ak {pagtaynportion of the
e rate [li.ve; Q d
rfBER 14 et Pliast Fisf Pt R ARG G P LR GEIRE in the
‘ sec&ﬁﬁﬁ*ﬁﬁe dfich offike plackticy afrdicaoiiodks tin Eharﬁru;tsﬁ'em’lme permitted to be
transferred to the sender 130, also referred to as
refgrgiceder ver, on a need basis. The format used in the
| [Oﬂgﬂe?nsm SR BRI pﬁftﬁrhsgéc?%ﬂkaﬁ&seﬁﬁ ifveRaut, ahde o prov1ded a
stream format, ~a packet streamformat, or one
compite ogian predict, pmbedied i @scwtﬁée@ablﬁp@eﬁla{neéon ﬁ@f@dlﬂg
nt ai Th t
g tohan 080 ol S oo A B 808bur e B R A g IR, efitseam 4
plughéivi 6tema¢roblhﬁ<3g dfmyﬁxbeframe lotidgdctie talepadran @ fstvigescomputer
The enc 0 .and send 130 .ma with Live

codf dah STEPAIEE SRTEL ST ARLERITS AL PIE PR PR € of the

1cﬁ?ﬂré BLECADR 4 SechbYPVRM hileRRta Sdraseef ﬂ@rsﬁﬁﬁﬂrﬁ'dn){e relﬁeh‘éncmg at
rat her buffered for small Ferlods of tine.inth

lea&t@moetmn witbofist frames aalgiaspliaindthe bigraRAningicyten of, for each

o X lock§ BNBE @it fr
magg gck in t'ﬂ% sé/c%g(lé gfaﬁlg,rd]\?gc P?thﬁ;gﬁﬁfngg% %‘%Jc@#eocs st 1% & ame

@&mﬁ&alhﬁm&a@ﬁﬁcm&dla b|tstrean1u5|ng a communi cati on

[OOE{I ! ? g(cj)l z%.(é:o%g% to-l-l;}hﬁé t ack gng?ll} | Rggsgg d%lgfk:)n ﬁ,]_’%)eﬂz %Jgrowded an
enc@@fn@ gép’ibﬂ?a?dsoTc@ﬁﬁhﬂﬁéjuf)pro@@ﬂ)r 1 Bhe@ran alenidip tuptotonfthimicatively

When the connun|cat|oné£rotocol st ack |%
conpaetkbto g pRaeasEnT Wheseis che @pparays Mg ponfigied tpmencode into a
hits t QSRR Gn Vﬁ‘rﬁf\m
bit AR TG FARRARREL oY SR HKR o SRR At Vicw:
endogeliirao bhd bitsteam d pluc:liRT B pacltobt@kéaef:@rsmqmg frameal thpppicture

takgrégrlpggg é%%%%eﬁlaﬂy gel gal l Itﬂ}e LEY %I %Xrﬁg raﬁ%n&ng at least a

porfigh & thdafirsh iRt ey rmgnasp cmt @i Nbitsatem dlﬁrihcﬁmm eofd dor cach
130, but for the sake of sinplicj the follow n

magroBloek jt the et framenehigh o8 R rmapseplocks %%Q%rst frame
am;kﬁnﬁgygﬁ%aééﬁ:ggy or may not be connected to a
r

ough a communi cation network. The
[00a &} evvay ThtBe B other ﬁdmramagwf frat Baturasyqiabe giventions tpgsier with

I K
S R B BB R SO ARG P10

communi cati on protocol stack, mnerging and forking of
data streans, and mani pul ati on of data stream
according to the downlink and/or receiver
capabilities, such as controlling the bit rate of the
forwarded stream according to prevailing-downlink
networ k conditions. Exanpl es of gateways 140 i ncl ude
mul ti poi nt conference control units (MCUs), gateways
between circuit-swi tched and packet-sw tched vi deo
t el ephony, Push-to-tal k over Cellular (PoC) servers,
| P encapsulators in digital video
br oadcasti ng- handhel d (DVB-1-0 systens, or set-top
boxes. that forward broadcasgy transm ssions locally to
home wirel ess networks: Wien RTP is used, the gateway
140 is called an RTP m xer and acts as an endpoi nt of
an RTP connection. [0030] The systemincludes one or
nore receivers 150, typically capable of receiving,
de- nodul ating, and de-capsulating the transmtted
signal into a coded nedia bitstream The coded nedi a
bitstreamis typically processed further by a decoder
- 160, whose output is one or nore unconpressed nedia
streans. Finally, a renderer 170 may reproduce the




macr obl ock at location (2,2) in View1 cannot

reference the shaded area in View0. In this

oo baogl7ade exanpl e, two decoders for each Vi e G@Bo7/0s4197
run-in pnrallel, with a one nmacrobl ock delay In

bet ween t he decoders. 100351 Figure 4 presents in

detail the decoding process for the two views

depicted in Figure 3. The decodi ng process for the

first and second views starts sinultaneously, as

depi cted at 400 (for Vi ew—O) and 405 (for View1).

The d . s

ot staiiied Fadinghn Bheg' s M Bk AP A Bl o8 apying
decodekravtifgat whevea lileod! @nemeﬂle‘reérke surggraiaiifogghonBhOse@yralofrawings
V‘eMF%béngN@{ ble in the reference nenory. Wile

t he decoding of MB(0,0) of View0 is being perforned,
the View 1 decoder can either enter into WAIT state
(as depicted at 4BBYEF BESGEPTBIMORTHESSA KB Gper at i on
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0024] Various embodiments of the present invention provide a system and method

 for enabling parallel clecodef implementation for different views, even with existing
dependencies between views. This is achieved by encoding views with certain
constraints so that any macroblock in & certain view is allowed to depend only on

" reconstruction values of a subset of macroblocks in other views. The encoding
constraints that include information about which MBs that could be referenced in
another view are known both by encoder and decoder, either because the constraints -

_ are pre-defined or signaled in the bitstream. With this information, the decoding of
macroblocks in different views can happen simultancously, as they are not referencing
each other. If an encoder signals the encoding constraints, certain trade-offs between
coding efficiency, parallelism and complexity can be realized.
[0025] rFigure 2 shows a generic multimedia communications system for use with
the present invention. It should be noted that, as discussed herein, 2 bitstream to be
decoded can be received from a remote device located within virtually any type of
network. Additionally, the bitstream can be received from local hardware or
software. It should also be understood that, although text and examples contained
herem may specifically describe an encoding process, one skilled in the art would
readily understand that the same concepts and principles may also apply to the
corresponding deceding process and vice versa. 7 ‘
[0026] As shown in Figure 2, a data source 100 provides a source signal in an '
analog, uncompressed digital, C.arrcompresshéd digital format, or any combination of
these formats. An encoder 110 encodes the source signal into a coded media
bitstream. The encoder 110 may be capable of encoding more than one mcdia type,
such as audio and video, or more than one encoder 110 may be required to code
different media types of the source si gnél. The encoder 110 may also gét
synthetically produced input, such as graphicé and text, or it may be capable of
producing coded bitsireams of synthetic media. In the following, only processing of
one coded media ‘bitstreafn of one media type is considered fo siraplify the
description. it should be noted, however, that typically real-time broadeast services

comprise several strcams (typically at least one audio, video and text sub-titling
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stream). It should also b¢ noted that the system méy include mény encoders, butin
~ the following only one encoder 110 is considered to simplify the description without a
lack of generality, | ‘
(0027} The coded media bitstream is transferred to a storagc 120. The storage 120
may comprise any type of mass memory to store the coded media bitstream. The
format of the coded media bitstream in the storage 120 may be an elementary self-
contained bitstream format, or one or more coded media bitstreams_ may be
encapsulated into a container filc. Some systems operate “live”, i.e. omit storage and
transfer coded media bitstrcam from the encoder 110 directly to the sender 130. The
coded media i:}i’rstrcam is then transferred to the sender 130, also referred to as the
server, on a need basis. The format used in the transmission may be an elémentary
self-contained bitstream _fonnai, a péckct stream format, or one or more coded media
bitstreamns may be encapsulated into a container file. The encoder 110, the storagé _
120, and the sender 130 may reside in the same physical dew‘fice or they may be
inciuded in sepérate devices. The encoder 110 and sender 130 may bpcrate with live
real-time content, in which case the coded media bitstream is typically not stored
permanently, but rather buffered for small periods of time in the content encoder 110
and/or in the sender 130 to smooth out variations in processing delay, transfer delay,
and coded media bitrate. -
[0028] The sender 130 sends the coded media bitstream using a communication
protocol stack. The stack may include but is not limited to Real-Time Transport
Protocol (RTP), Usér Datagram Protocol (UDP), and Internet Protocol (iP).. When
the communication protocol stack is packet—oﬁented, the sender 130 encapsulates the
coded media bitstream into packets. For examnple, when RTP is used, the sender 130
encapsulates the coded media bitstream into RTP packets according to an RTP
payload format. Typically, each media type has a dedicated RTP payload format, it
should be again noted that a syétem'may contain more than one sender 130, but for
the sake of simpliéity, the follewing description only considers one sender 136,
{0029} The sender 130 may or may not be cennected to 2 gateway 140 through a
communication network. The gateway 140 may perform different types of functi{m_s.7

such as translation of a packet stream according to one communication protocol stack
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to another communication protocol stack, merging and forking of data streams, and
manipulation of data stream according to the downlink and/or receiver capabilitics,
such as contralling the bit rate of the forwarded stream according to prevailing
downlink network conditions. Exariples of gateways 140 include multipoint
conference control urits (MCUs), gateways between circuit-switched and packet-
switched video telephony, Push-to-talk over Cellular (PoC) servers, IP eﬁcapsulaiors
in digital video bro‘adca;sting-handheld (DVB-H) systems, or set-top boxes that
forward broadcast transmissions locally to home wireless networks: When RTP is
used, the gateway 140 is called an RTP mixer and acts as an endpoint of an RTP
connection,

[0030] The system includes one or mere receivers 150, typically capable of
receiving, de-modulating, and de-capsulaﬁpg the transmitted signal into a coded
media bitstream. The coded media bitstream is tyﬁically‘processed further by a
'decoder 160, whose output is one or more uncompressed media streams. Finally, a
renderer 170 may reproduce the uncompressed media streams with a loﬁdspeakcr ora
display, for example. The receiver 150, decoder 160, and renderer 170 may reside in
the same physical device or they may be included in separate devices. __

[0031] Scalability in terms of bitrate, decoding complexity, and picturc size 15 a
desirable property for heterogeneous and error prone environments. This property 1s
‘desirable in order to counter Tmitations such as constraints on bit rate, display
resolution, network ﬂ]roughpﬁt,'and computational power in a receiving device.
[0832] Communication devices of the present invention may communicate using
various transmission technologies including, but not limited to, Code Division
Multiple Access (CDMA), Global System for Mobile Commumications (GSM),
Universal Mobile Telecommunications System (UMTS), Time Division Muitiple
Access (TDMA), -Frequency Division Multiple Access (FDMA), Transmission
Control Protocol/Internet Protocol (TCP/IP), Short Messaging Service {SMS},
Multimedia Messaging Service (MMS), e-mail, Instant Messaging Service {(iMS),
Bluetooth, IEEE 802.11, etc. A communication device may conununicate using
various mediz including, but not limited to, radio, infrared, laser, cable conmection,

and the like. The communication devices may be located in 2 mode of transportation
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including, but not limited to, an automobile, a truck, a taxi, a bus, a boat, an éirplane,
a bicycie, a motorcycle, etc.

[0033} For the implementation of various embo difnchts of the present invention; it
is helpful to consider the representation depicted in Figure 3. In Figare 3, two frames
in View-0 and View-1 are going to be decoded, and View-1 uses View-0 rframe as a
reference, Conventionally, the decoding of View-1 could start only after the decoding
of Vi;aw—(] has been complcted and its reconstruction is available. If the decoding
time for View-0 and View-1 are Ts and Ty respectively, then the total decdding time
.would be T+ Ty because of the sequential process, even if the resources exist to have
two decoders.

[0034] Parallel decoding of views is achieved by limiting the reference area that
each macroblock in View-1 can use. In this example, macroblocks in View-1 can
only reference an arca in 'Vié\ih(] that is covered bﬁr the co-located macroblock and
macroblof;ks oceurring prior fo the éojlocated macroblock. For example, the
macroblock at location (2,2) in View-1 cémot reference the shaded area in View-0.
In this particular example, two decoders for each view can run in parallel, with a one
macroblock delay in between the decoders. - '

[0035}] Figure 4 presents in detail the decoding process for the two views depicted in
Figore 3. The decoding process for the first and second views starts simultaneously,
as depicted at 400 (for View-0) and 405 (for View-1). The decoding of MB(0,0) at
the View-1 decoder does not stzu:t before the View-0 decoder notifics View-1 decoder
that available reference area for MB(0,0) of View-1 is available in the reference
memory. While the decoding of MB(0,0) of View-0 is being performed, the View-1
decoder can either enter into WAIT state (as depicted at 415), or perform a decoding
operation that does not require to access the reference area, such as parsing the
bitstream. Once the View-0 decoder decodes the MB(0,0) at 410 and makes the
reconstructed macroblock ready in the memory at 412, the View-1 decoder is notified
at 425. Once notified, the View-1 decoder can decode MB(0,0), as it does not
reference any arca in view-0 that is not yet available. (It should be noted that, if the
MB(D,O} of View-1 is intra coded, then the decoding operation could start before the
View-1 decoder receives a notification that MB{(0,0} of View-0 is reconstructed and
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available). Whth this system, N'IB(O',I) 111 View-0 and MB(0,0) in View-1 could be
decoded in parallel, as indicated at 430 in Figure 4. The View-0 decoder updates the
rheméry‘ with the reconstruction values from MB{O,'l‘) only afier the View-1 decoder
completes the decoding of MB(0,0). The View-0 decoder can either wait to be |
notified by the View-1 decoder, as depicted at 435, or it can continue to decode |
subsequent macroblocks and store the reference in a temporary buffer, without
updating the reference area. The View-1 dccoder’s notification that the decoding
process for MB(0,0) has been completed is represented at 440. This process is then
repeated for the next macroblock and subsequent macroblocks as necessary.
10ﬁ36] Using the ;‘ﬁroccss depicted in Figure 4, the para_llél implementation of two
decoders is possibie. In such a parallel implementation, the total decoding time
cquals:
Ty + delay overhead + synchronization_overhead
[0037] In this equation, defa}_overkead is the time spent waiting for the initial -
macroblock(s) to be decoded. synchronization_overhead is the time spent in the
WAIT states for both of the decoders. If the decoding of each macroblock at different
views takes different amouﬁts of timne, then both decoders need to wait for cach other
quite often, resulting in a significant amount of synchronization overhead. In addiﬁon,
although synchronizing between decoders may be simple for certain architectures, it

~ could be quite problematic for certain architectures, It would therefore be
advantagcous to have fewer synchronization points per frame, but this could also
reduce the parallelism. On another note, if the initial delay between views is large
(delay overhead is large), coding efficiency of thé system would increase because of
the increased area available for referencing. '
[0038] In the process depicted in Figure 4, only é one-MB delay between two views
is discusséd. It should be noted that it is possible to have a larger delay, although this
would hinder the parallelism while, at the same time, increasing the coding efficiency,
as there would be a larger reference area available for each macroblock in View-1.
Thus, the macroblock delay between two views could be signaled in the bitstream

rather than having it pre-defined.
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[0039] Inlight of the design constraints discussed above, syntax elements can be
defined so as to define the available reference area for each macroblock. In particular,
pds_b[ock_siée and pds_initial _delay can be used to indicate a block size and initial
delay, respectively. The available reference area contains reconstraction samples
from 2 list of macroblocks that are given using the following equation:
(-1, j, where j = (pds_initial_delay + ( mbAddr/ pds_block_size) ) *pds_block_size - 1
_[0040} A parallet decoder implementation can use pds_block_size information to
decide how frequently it needs to synchronize between views, For ei:amp}'e, the
sarple decoding process illustrated on Figuré 4 synchronizes two views at every
macroblock, which means that pd-s_block'__size is one. The pds initial delay is used
by a decoder to decide how many pds_blocks (pds_block is a number of macroblocks
of its size given by pds_block_size) need to be made available by the reference view
~ before decoding can begin. For the éxample lustrated in Figure 4, the
pds_initial_delay is 1. '
[60641] Thc following syntax may be used fo implement one embodiment of the

present invention:
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slice_layer_in svc_mve_extension rbsp( ) { ) C Descriptor

ifflsvc mve flag==1} {

if{view level=—10} {

_ view jd 2 w10}
anchor pic flag 2 efl}
_ lelse {
slice header( )
:
if{pds_pammeters_present flaglview id}==1 &&
fixed pds for all seguence Haglview id]==0} {
pds_parameters();
i
selse
if{ dependency ui == () && quality level = V4
if (mal ref ide != 0){
key pic_flag 2 - (1)
if ( key pic flag && nal unit tvpe f= 21 )
Dec ref pic marking base()
} .
1 else { )
slice beader in scalable extension{) - L 2
if slice type = PR}
sfice data -in scalable extension{ ) ' 21314
Else §

Iff fragmenied flag == |

) {
if( fragment order == 0}

NumBytesinPRF =0

while( entropy coding mode_flag && lbyte aligned())

cabac alignment_one bit - - -2 f{l)

if { fragment order 1 =0 {

while(rbtmp _byte] NumBytesinPRF ] = 0x00

NumBytes[nPRE-

NumBytesinPRF--

while{ more_tbsp_trathing_data( ) )

rbtmp bytef NomBytesinPRF++ | 21314 1Db(B)
ifl pext nalu wot belongs_to_current PRF() )
swap buffers{ rbtmp byte, rbsp byte)

if ( fragmented flag==0 || .
next nalu not belongs to current PRF (1))
progressive_refinement slice_data in scalable extension{ } 213i4

}
if { fragmented_flag==0 {j
next malu not belongs to current PRF ())

Rbsp slice_trailing bits( ) 2

H
s -
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b(8) if( next nalu not belongs to current PRF( ) )

swap buffers( Thing, byte rbsp byte ) it (
fragnented flag = = 01 1 next nalu not belongs to
VEQRSIMTIPRE () ) progressive refinement sP{rEEBQHYH4197
i n scal abl e extension()

s parameters( ) { C Descriptor

paraliclly decodable slice flag ] ufl}
if{parallelly decodable slice == 1}
For(i = 0; i <= pum_multiview _refs_for list0lview id}; i++} { B
pds block size minusI_for list 0]
pds initial delay for list 0ji]
} .
For(i=D0; i <= num multiview refs for listl{view id]; i++} {
pds block size minusl for list 1fi] i
pds_initial . delay for list 10}
} ) . .
seq parameter set_mve extension() { € | Descriptor
num views minus 1 ue{v}
for(i=0; i <= pum views minus_1; i++} | o
num_multiview vefs for [istQ[i] ue(v)
oum multiview refs for list1{i] : ue(v)
pds parameters present flagli} (1)
if(pds_parameters_present flag{i==1) {
fixed pds for all sequence flagli] ‘ : ufl}
if(fixed pds for all_sequence fagfi] == 1} {
pds parameiers();
}
i
for( i=0; j < num_muliiview_tefs_for list0; ++ 3 {
anchor referénce view for list O[i][j] w1}
non anchor reference view for list Ofil{i] u(10)
; :
for{ j = 0: | < num_multiview_refs_for listl; j++) { : ]
anchor reference view for list 1[i][j} u(10)
non anchor reference view for list 1[ilf;] u(10)
¥
)

10642] In this syntax, a pds parameters_present_flag equal to 1 indicates that slices
having view_id eqﬁal to i uijlize pds_parameters. Ifa pds_parameters_present flag
equals 0, then slices belonging to view _id equal to i are not
parallcll‘yﬁ_ciecodab]eﬂslice. A fixed pds for all sequence flag[i] cqual fo |
indicates that all slices belonging to view _id equal to i share the same
pdsj)araxﬁeters. The parallelly decodable slice_flag indicates that the
interprediction is limited such that an un-deblocked reference is vsed for interview
prediction for the current slice, and macroblocks contain only saméles from the
multiview reference that belong to their corresponding available_reference_ares,
whete avéilable_ﬂreference__area include samples only from a group of macroblocks

that is defined for each of the macroblocks using the equation
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0
Y

(-1, i1, where j = (pds_initial _delay + { mbAddr/ pﬁs_biock_size) Y *pds_block_size -1
{0043} pds block size minus]_for list O[if plus 1 déﬁnes the pds_block_size, in
number of macrobiocks, for the multiview reference i in list-0. '
pds_initial dclay_for list_0[i] defines the pds_initial_delay for the multiview
reference 1in list-0. pds_block size minus]_for list- 1{i] plus 1 defines the
pds_block size for the multiview reference i in list-1. pds_initial delay_for list_1[i]
defines the pds_initial_delay for the multiview reference i in list-1.
l[0044} Although the basic concept of how parallel decoding operation can be
achieved with certain encoding constraints, it should be noted that the system of the
various embodiments of the present inve'ntioﬁ affects the operation of adaptive |
déblocking and sub-pixel interpolation, With regard to adaptive deblocking, it is

j noted that in the H.264/AVC (advanced video coding) standérd, an adaptive
deblocking filter is utilized 1o remove the blocking artifacts cauéed by transform and
quantization. The debldcking filter operates on edges across boundaries. If the
boundary happens {o be between two macroblocks, then decoded information from
nei.ghboring.macroblocks is required to filter the edges. This filtering prdcess has fo
be modified when it is used in conjunction with various embodiments of the present
invention. This is due to the fact that, at the time a macroblock is made available for
referencing by other views, all of its neighboring macroblocks might not have yet

| been decoded. In such a case, the boundaries heighbdring with macroblocks which
are not yet decoded cannot be filtered. There are a number of alternatives to address
this 1ssue, ‘ -
[0045] A first opﬁon fo address the issue of not-vet decoded macroblocks involves
the use of unfiltered reconstruction for inter-view prediction. In this approach, a
decoder uses the unfiltered reference when performing inter-view prediction, but
regular referencing for temporal prediction. This eliminates the need for accessing
nieighboring macroblocks. This approach is illustrated in Figure 3.
[6046] A scecond option to address arcund the issue of not-yet decoded macroblocks
involves the use of sliding deblocking. In this approach, before the macroblock is
made available as a reference for other views, all of the boundaries except for the
right and bottom macroblock boundaries are filtered. T;hi's process is generally
depicted in Figure 5. Figure 6 shows the detailed implementation of this type of
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decodin g operation. Like the embodiment depicted in Figure 4, the decoding process
~ for the first and second views starts simultaneously, as depicted at 600 (for View-0)
and 605 (for View-1). Afier starting, the Vie\ﬁf-l deéoaer immediately enters a WAITl -
state at 615. While the View-1 decoder is in the WAIT statc at 615, the View-0
decoder decodes the MB(0,0) at 610 and makes the reconstructed macroblock ready
in the memory at 612. At 614, the View-0 decoder filters the entire MB(0,0) except
for the boftom and right boundaries thercof. Once this is completed, the View-1 .
decoder is notified at 620. At 630, the View-1 decoder decodes MB(0,0), while the
View-0 decoder decodes the next macroblock-—MB(0,1) in this instance. Before the
View-0 decoder updates the memory with the reconstruction values from MB(Q,1), it
waits for the View-1 decoder to complete the decddingrof MB(0,0). This waiting is
represented at 635, and the View-1 decoder’s notification that this process has been
completed is represented at 640. Th-is‘rpr'ocess is then repeated for the next
macroblock and subsequent macroblocks as necessary. In addition to the above, an
encoder can utilize 2 modified deblocking operation where macroblock boundaries are
filtered without using any decoded information from neighboring macroblocks other
than reconstructed samples. This could be signaled m the bitstream to the decoder,
[0047] A third option to address the issue of not-yet decoded macroblocks involves
further limiting the reference area, With this approach, the area that a macroblock can
reference in another view is further limited so that none of the pixels that might -
change after filtering are allowed for referencing. This approach can also be used in
conjunction with sliding deblocking approach discussed above. - -

: [0045] Sub-pixel interpolation is pcfformed for blocks whose motion vector has
fracfional pixel accuracy. In the H.264/AVC standard, motion vectors may have
integer, half-pixel or quarter-pixel accuracies. The half-pixel samples are obtained by

-using a 6-tap FIR ﬁlter; and quarter-pixel samples are obtained by bilinear filtering
using the two nearest samples at half or integer pixe_l positions. The effect of su‘o;
pixel interpolation in terms of different erabodiments of the present invention can be
understood in view of the depiction in Figure 3. In figure 3, the macroblock at -
location {2,2), might reference an area in View-1, where it lies Wifhin the available

area (indicated as white), but still requires pixels from an unavailable area of the
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reference frame (indicated as shaded in the reference memory). Figure 7 illustrates
the case where the motion vector is (-0.25,-0.25) for the macrablock at locétion (2.2}
for View-1. As seen in Figure 7, some pixels that are required to obtain the reference
arc not yet available (i.e., the pixels in the shaded area). In order to solve this
problem, a number of different approaches may be used. A first such approach
involves padding. In this approach, after the macroblock is put into the reference
memoty, the bottom and right boundaries arc extended by padding. The number of
pixels that need to be padded depends on details of the interpolation filter,. e.g., the
filter length. For example, in H.264/AVC, a padding of three pixels would be needed.
 Figure 8 shows the padded arca in a generic scenario.
[0049] A second approach for addfcssing the issue of not-yet-available pixels
involves further limiting the reference area. With this approach, the area thata
macroblock can reference in another view is further limited for fractional pixels. Asa
result, none of the pixels from unavailable area are used for sub-pixel interpolation.
[0656] Because the réference area for infer-view prediction is constrained, the
utilization of the various embodiments of the present invention may also result in a
certain amount of degradation of éoding efficiency. This penalty may become more
evident in certain camera arrangements. For example, if is helpful to consider a
camera system which includes three cameras that vertically aligned but horizpntal.ly _
spaced as illustrated in Figure 9. Assuming that View-0 is coded as the base view,
View-1 frames references View-0 frames and View-2 frames references View-]
frames, if various embodiments of the present invention are used, with a one MB
delay between views, then the optimal matching blocks for View-2 and View-1
usually fall in unavailable reference areas, thereby decreasing the coding efficiency.
This phenomenon can be addressed in many ways. A first approach involves
arranging vicew dependencies. In this approach, the encoder can arrange the
referencing-stmcmrc between views according to the camera arrangement used to
capture the views, With this arrangement, the best matching blocks in each view have
a greater chance of being in the available reference area. In the example depicied in

Figure-S, reversing the order of references (i.¢., with View-2 being the base view,
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View-I referencing View-2 and View-0 referencing View-1) would increase the
coding efficiency, 7 V _
(00511 A second optidﬁ for improving the coding efficiency involves rhodifying the
original picture pnor to encoding. In this approach, the cncoder uses modified
original picfur;:s for certain views and signals the decoder the details of the
xﬁodﬁkﬁﬁons-Fdrexaﬁqﬂgif\ﬁe“ﬂzintheaﬁwmﬁenﬁonedexanqﬂeishoﬁzonmﬂy
mirrored, blocks in View-2 would have a higher chance of finding their corresponding
bgst matches in other views, thereby increasing the codinrg efficiency. 1t should be
noted that, using this a{pproac-h, different modifications would be required for different
camera arran gementé. - ,
[0052] A third option for improvﬁg the coding efficiency involves the utilization of
slice groups. In this approach, the frames in each view are partitioned into different
slice groups according the camera arrangement. As a result, the chance of finding an
optimal matching block in other views is maximized. For the example illustrated in
Figure '9, one can build slice groups that are horizontally shiﬁcd from each other with
* one or more macroblocks inIOrder 1o improve the coding efficiency. _ -
[0053] A fourth option for improving the coding efficicncy involves utilizing a
modified raster scan. With this approach, the encoding/decoding order of
macroblocks is changed. For the previous example, if View-2 macroblocks start to be
encoded/decoded from the top-right corner instead of the top-lefi corner, the chance
of finding best match would increase, hence increasing coding efficiency. It should
be noted that, with this approach, different scan orders \;uould be reguired for different
camera arrangements. ' '
[0054) In addition to the above, signaling can also be enabled through the use of
supplemental enhancement information (SEI} message syntax. The elementary unit
for the output of an H.264/AVC-MVC encoder and the input of an H.264/AVC -
MVC decoder is a Network Abstraction Layer (NAL) unit. For transport over packet-
oriented networks or storage into structured files, NAL units are typically
-encapsulated info packets or similar structures. In tragsmissioﬁ or storage
environments that do not provide framing structures, a bytestream format has becn

Speciﬁe& in the H.264/AVC standard. The bytestrcam format separates NAT units
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from each other by attaching a start code in front of each NAL unit. To avoid false
detection of NAL unit boundaries, encoders must run a byte-oriented start code
emulation prevention algorithm, which adds an emmlation prevention byte to the NAL
unit payioad if a start code would have otherwise occurred. In order to cnab]e

straightforward gateway operation between packet-oriented and stream-oriented
systems, start code emulation prevention is always performed, re gardless of whether
the bytestream format is in use.

‘ IOOSS] An SEI NAL unit contains one or more SEI messages, which are not
requlr-ed for the decoding of output _plctures but assist in related proCesses, such as
picture output timing, rendering, error detection, error concealment, and resource
reservation. About 20 SEI messages are currently specified in the H.264/AVC-MVC
standard. User data SEI messages enable orgamzatmns and companies to specify SEI
messages for the1r own use. The H.264/AVC standard contains the syntax and
semantics for the specified SEI messages, but no process for handling the messages in
ihe recipient has been conventionally defined. Consequently, éncpders.arc'rcquired to
“follow the H.264/AVC standard when they create SEI messages, and decoders
conforming to the H.264/AV -MVC standard are not requlrcd to process SEI
messages for output order conformance. o
[0056] One of the reasons to include the syntax and semantics of SEI messages in
H.264/AVC is to allow system specifications, such as 3GPP multimedia specifications
and DVB specifications, to interpret the supplemental information identically and
hence interoperate. It is intended that system specifications can require the use of
particular SEI messages both in encodmg and in decoding, and the process for
handling SEI messages in the recipient may be specified for the dppllcatlon ina
system specification. In light of the above, 31gna]1ng of parallelly decodable slice
paramcters can be accomplished utilizing SEI messages. In such case, the encoder
may want to disable the deb]ockmg filter for pictures where inter-view predzctmn is
performed.

-EG(PS?E in addition to the above, there are still other tools which may be wged to
increase codmg efficiency. This is accomplished takmg advantage of the fact that (i}

motion vectors in a PDS arrangement cannot take all possible values duc to the
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restriction of the reference area, and (2) the statistical propeﬁi es of horizontal and
vertical components of motion vectors arc inter-related in PDS, The H.264/AVC
video coding standard supports two different eniropy coding arrangements—-Context
- Adaptive Variable Length Coding (CAVLC) and Context Adaptive Binary Arithmetic
Coding (CABAC). Exemplary implementations for CAVLC are provided as follows
accordiﬁg to vario.us embodiments, but, one skilled in the art would understand that
the various embodiments are applicable to CABAC well. ' _
16058] In H.264/AVC, motion vectors have two components—-horizontal (MVy) and
vertical (MVy) components. Each component of a motion vector is coded separately
using a prediction motion vector. In other words, a prediction is first formed, and
then the diffcrence between the prediction and the original motion vecior is coded for
each of the horizontal and vertical components of the motion vector. This difference
is mapped to binary Exp-Golomb codewords according to their probability of
occurrence, which is.defined by the standard, For example, the following table

presents the motion vector difference (mvd), and the associated Exp-Golomb

codewords.
Codeword MVD
1 n
010 0.25
011 -0.25
00100 05
00101 -0.5
00110 1.0
Nt -1.0

j0059] The arrangement presented above has two drawbacks when used with the
PDS system. First, this arrangement assumes that motion vectors can point anywhere
in the reference area (within the limits defincd in the H.264/AVC standard). In PDS,
however, the reference area is restricted. Second, the H.264/AVC standard assumes
that statistical properties of horizontal and vertical components of motion vectors are
independent, as they are coded separately. However, in the case of the motion vectors
_in the PDS system, these two components are inter-related. This point is
demonstrated in Fi gure 12, which shows the ranges for horizontal and vertical

components of mation vectors in view of the representation in Figure 12. In Figure
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12, it is shown how the vertical component of a motion Vectorr has different ranges
depending on the horizontal component of the motion vector. In particular, Figure 12
. shows a first vertical motion vector range 1200, a second vertical motion vector range
1210, a first hotizontal motion vector range 1220 and a second horizontal motion
vector range 1230, When the vertical motion vector is applied after the horizontal
motion vector, the first vertical motion vector range 1200 applies when the horizontal
~ motion vector range is less than or equal to zere, and the second vertical motion
vector range 1210 applies when the horfzbn’tal motion vector range is greater than
zero. Similarly, when the vertical moticn vector is coded horizontal motion vector,
then the first horizontal motion vector range 1220 applies when the vertical motion
vector range is__léss than zero but greater than -16, and the second horizontal motion
vector range applies when the vertical motion vector range is less than or cqﬁal to -16,
[0060] Various arrangements may be used to address the above shortcomings of the
H.264/AVC standard. In a first arrangement, a single codeword can be used to code
both of the components of ihe respective motion vector. In addition, the mapping
from maétion vectors to codewords may be adapted at each macroblock, depending
upon the reference area. The coding of moﬁ'on vectors bet_weeﬁ views (or disparity
vectors) when the statistical properties of motion vectors change as the reference area
is restricted. This provides an optimal coding efficicncy, but also possesses a high
complexity because of the updating process performed for cach macroblock.
[0061] In another example, the horizontal and vertical components of motion
vectors can be separately coded, while also co_nsidéring the available reference area
for each component when mapping the motion vector component to the binary
codeword. For examplc, it is helpful to consider the situation where the motion
vector for a designated macroblock 1250 in Figure 12 is to be coded. In this situation,
one can assume that the horizontal component of the motion vector is coded first,
after which the vertical component s coded (although it may desirable to reverse this
order in certain situations). Because MVy follows MVx in the bitstream, MVy
information cannot be utilized to code MVy. For this reason, the Jargest range that is
passible for MVx should be utilized to map M‘;/’x te the binary codeword. After Mz

is coded, the range that the vertical component vector can take is known. For
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100421 In this syntax, a pds_paraneters_present flag
equal to 1 indicates-that slices having view id equal
W®2008/047800i ze pds_paraneters. If a PCT/IB2007/054197
pds_paraneters_present _flag equals 0, then slices

bel onging to view id equal to i are not

paral |l el | y_decodabl e_slice. A _

fixed _pds _for_all _sequence flag[i] equal to I

indicates that all slices belonging to view.id equal

to i share the sane.pds_paraneters. The

paral | ghl ¥ #RRAARE Gictlol i AU 1dh Gl 8% L@l ndbn 116, 0],
|nterpre8| ction rs'l'imted 'such that an un-debl ocked

r ef er Usicethissangs gbie faotical gotrepyanbiymppred it by briapy spdeppel. The
current sl i . - S J | MscSiEMPbLSIves
fromthHe Igﬁuﬁ‘%ﬁo\t}?lggvec{rsg %%h%@ﬁg%@ bcgdliégvr?gﬁtcgset hei r L
cor r esporids fig values that Bleanpaildy crsaisapldhe ro{gFdpiarea constraint, and
avai | . aﬁﬂ-&,ﬁp g ' Llegsanly froma
groupﬁli%g%%g%%[) 50, SOQ{I gfdl%hgg?ihﬁggaf%ra each of the
macr olyPed k Shy gjlhqgiqgﬁ%anqufgpaplp dgnonstrating how variable length codes may

be adapted in accordance with the above embodiments in a CABAC environment, In
this example, it is assumed that the following variable length codes represent a set of

motion vector differences, with the follbwing being the only candidate variable length

codes: .
Candidate Variable Length Code
A 1
010
C 011
D 00100
E Q0101
F “G0110
G 00111

[0063] Iu this example, it 1s also assumned that, because of the parallel decoding -
restriction, the motion vector (i.e., the motion vector prediction plus the motion vector
difference) can only take certain values, The prediction is known to the encoder and
the decoder, so both the encoder and the decoder know what values cannot constitute
the motion vector difference. If this restriction means that motion vectors A, B and C

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

Candidate . Variable Length Codc
D 1T
E G146
E 0011
G 00100

0.



(-1, j], where | :(pds_initial_delay+( nbAddr /

pds bl ock size) ) *pds_block size - 1 [00431 pds

bl ock_size minusl for list (i] plus 1 defines the
Wo0d40WR_si ze, in nunber of macrobl ocks, f dICTHIF07/054197

multiviewreference i in list-QO
pds initial _delay for list (i] defines the
pds_initial _delay for the multiview reference i in

list-O pds_block _Size mints | _for list_I[i] plus I
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ready in the menory at 612. At the View0

decoder filters the entire MB(O, O) except for the
bottom and right boundaries thereof. Once this is
conpleted, the View 1 decoder is notified at 620. At
630, the View 1 decoder decodes MB(0,0), while the

Vi ew- 0 decoder decodes the next macrobl ock-MB(0,1) in
this instance. Before the V'em#O decoder updates the



View1 referencing View2 and View 0 referencing
View 1) would increase the coding efficiency. [0051]

A second option for inproving the coding efficiency
woavaseesonodi fyi ng the original picture pri oPCT@B2007/054197
encoding. In this approach, the encoder uses nodified
original pictures for certain views and signals the
decoder the details of the nodifications. For

exanple, if View2 in the aforenentioned exanple is
-horizontally mrrored, blocks in View2 would have a

hi gher chance of finding their correspondi nhg hest
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- inmprove the coding efficiency. [00531 A fourth )
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macr o ﬁﬁ!ﬁﬁc sdrabihatio8s Hen@e dast AacasiRibsf #ya8md, BRI computer
top-right corner instead of the top-left comer, the
chancOSPOiGHfthg best natch woul d i ncrease, hence

i ncreasing coding efficiency. It should be noted

that, with this approach, different scan orders woul d
be required for different camera arrangenents. [0054]

In addition to the above, signaling can al so be

enabl ed through the use of supplenental enhancenent
informtion (SE) nessage syntax. The el enmentary unit

for the output of an H 264/ AVC- WC encoder and the

i nput of an H. 264/ AVC - MWV decoder is a Network
Abstraction Layer (NAL) unit. For transport over
packet - ori ented networks or storage into structured
files, NAL units .are typically encapsulated into
packets or simlar structures. In transm ssion or
storage environnents that do not provide fram ng
structures, a bytestrearn format has been specified

in the FL264/ AVC st andard. The bytestream f or nat
separates NAL units from each other by attaching a

-start code in front of each NAL unit. To avoid false
detecti on of NAL unit boundaries, encoders nust run a
byte-oriented start code enul ati on prevention

al gorithm which adds an emrul ati on prevention byte to
the NAL unit payload if a start code woul d have

ot herw se occurred. In order to enable

‘strai ghtforward gat eway operation between
packet-oriented and streamoriented systens, start

code erul ati on prevention is always perforned,
regardl ess of whether the bytestreamformat is in

use. [0055] An SET NAL unit cQ tains one or nore SET
nessages, which are not required for the decodi ng of

out put pictures but assist in related processes, such
as picture output timng, rendering, error detection,
error conceal nent, and resource reservation. About 20
SET nmessages are currently specified in the

H. 264/ AVC- WC st andard. User data SEI nessages enabl e
organi zati ons and conpani es to specify SEI nessages



010 0.25 011 -0.25 00100 0.5 00101 -0.5 00110 1.0
00111 -1.0 10059] The arrangenent presented above
has two drawbacks when used with the PDS system
First, this arrangenent assunes that notion vectors
can point anywhere in the reference area (wthin the
WHAT ISNCLAIMED Ifed i n the Fl. 264/ AVC standard). In PDS,
however, the reference area is restricted. Second,
the H 264/ AVC standard assunmes that statistical o
Pr OPe i 8for BOLIdRRrAthesAReh VRNAHIE @lews O ORERIdScoplprising:
noti on vectors are I ndependent; as they are_coded
regainataghacrotodkeier fjrsi framb of @aig@r@fak@mgrom figghview for parallel
.vectars in the PDS system these two conponents are
decodingpayighya sep3 WEW: Thi s point is denonstrated in Figure
d2od MR SBRRVNS s 8ink ANTESmEaDbIdOKS in0roksnding second frame
vertical conponents of notion vectors in vi evi/ cﬁ tﬂe
of the pioape &xken frani e s¢qengivipyy eanbe referencpd by ghe macroblock in the first

frame;

if the macroblocks in the second frame permitted to be referenced by the macroblock
in the first frame have been reconstructed to a reference memory, decoding the macroblock in

the first frame by a first decoder.

2. The method of claim 1, furthér comprising, after the decoding of the

“macroblock has been completed, notifying a second decoder.
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12, it is shown how the vertical conponent of a
noti.on vector has different ranges dependi ng on the
hori zontal conponent of the notion vector. In
~particular, Figure 12 shows a first vertical notion
vector range 1200, a second vertical notion vector
gangeThRA@thod ofictaih lhehezoma ddcoding iooter vEmaerblogkyia the first
: %%ﬁo and a secoad h%rizontal noti on vector range
and secqndFamefrap siehaleq &t £ PEHF@ot i on vector is applied
after the horizontal notion vector, the first '
“vertical notion vector range 1200 applies when the '
hor i zdht adethwdtoif ohimde whereirathg glaF@blO@E%mtthé potspsperfling second

to .zerq, and the, second verti.c i on Lo, .
frame w3 BERER EREMHSTT26rbare Bt o SEaka ididfin part
upon tht Srr@R&RLRE off HRNatPBondMdrarte3ponsibleor the fivee ahd eedond views,
: nmoti on vector is coded horizontal notion vector, then

respectitvily. fi rst hori zontal notion vector range 1220 applies
. when the vertical notion vector range is |ess than

zero but greater than -16, and the second hori zont al
notion vector range applies when the vertical notion
vector range is less than or equal to -16. 100601
Various arrangenents may be used to address the above
shortcom ngs of the H 264/ AVC standard. In a first
arrangenment, a single codeword can be used to code
bot h of the conponents of the respective notion
vector. In addition, the mapping fromnotion vectors
to codewords may be adapted at each macrobl ock, -
dependi ng upon the reference area. The codi ng of
notion vectors between views (or disparity vectors)
when the statistical properties of notion vectors
change as the reference area is restricted. This
provi des an optinmal coding efficiency, but also
possesses a high conplexity because of the. updating
process perfornmed for each macrobl ock. 100611 In
anot her exanple, the horizontal and verti cal
conponents .of notioen vectors can be_ separately coded,
whi |l e al so considering the avail able reference area
for each conponent when mapping the notion vector =
conponent to the binary codeword. For exanple, it is
hel pful to consider the situation where the notion
vector for a designated macrobl ock 1250 in Figure 12
is to be coded. In this situation, one can assune
that the horizontal conponent of the notion vector is
coded first, after which the vertical conponent is
coded (although it may desirable to reverse this
order in certain situations). Because MWy follows M
in the bitstream MYy information cannot be utilized
to code WM. For this reason, the | argest range that
is possible for M should be utilized to Map | VI Vx
to the binary codeword. After MVx is coded, the
range that the vertical conponent vector can take is
known. For exanple, if MV is a positive value, then
1V1Vy can not take val ues between [-16, 0]. Using
this range, the vertical conmponent is mapped to the
bi nary codeword. The mappi ng of notion vector -
conmponents to binary codewords essentially invol ves
renmovi ng the values that are unavail abl e because of
the reference area constraint, and shifting the
remai ni ng possi ble values up in the codcword |ist.
[0062] The followi ng is an exanpl e denonstrating how
vari abl e I ength codes may £$ adapted in accordance
with the above enbodi nents“tn a CABAC environnent. In
this exanple, it is assuned that the foll ow ng
vari abl e I ength codes represent a set of notion
vector differences, with the follow ng being the only
candi date vari able |l ength codes: Candi date Vari abl e



00100 E 00101 F 00110 G 00111 [00631 In this
exanple, it is also assuned that, because of the
paral l el decoding restriction, the notion vector
(i.e., the notion vector prediction plus the notion

vector difference) can only take certain values. The
Dr edi Btei oethédokelawn |t whertia teaiafamatiommctudes heapgbet of

' sq both the e der dthe d :
mcrog S e e i B et e A PR g apicin
from a se&is cfe@&ie'i.i ction neans that notion vectors A, B and C

cannot be used, then the variable | ength codes could
be altered as foll ows: Candi date Variabl e Length Code

' 61 D ]Tl{e method of claim 1, wherein the information is signaled at sequence

parameter set level, pictufe parameter set level, slice header level or macroblock header level.

7. The method of claim 1, wherein coded motion vector information is received
and decoded, and wherein the coding of motion vectors between the first view and the second
view are modified when the statistical properties of motion vectors change as a reference arca

is restricted.
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E 010 F 0011 G 00100 [0064] As a result of the above
change, the coding values of D, E. F and G conpri se
fewer bits. [00651 Figures 10 and 11 show one
representative electronic device 12 within which the
present invention may be inplenented. It should be
ginder Atconmhtehosaseiable meadnan, fohdecpdiog Sramics Fpenmibiplg gews,
.not intended to be limted to one particular type of
compnigect roni ¢ device. The el ectronic device 12 of '
gdrﬂ;%iﬁ&scoae e iving h e bicR oS iR fRthe A adiGpleaykeddrom a
I'n e formof a liquid crystal display, a keypad 34, g
first view fioi paralidi deeodd®z with asegondives 38, a battery 40, an

infrared rt, 42.. an.ant enna : LN
g bforgopndd DEAPR Rl uiTRlackMAAR AT,
correspbNEMNOM fr8m§ F thefpRackerialdf fronathe Sedomtiaidvacan be referenced by
_ ~circuitry 52, codec circuitry 54, a controller 56 and
the macgohieakon yhes@st frga@evi dual circuits' and el ements are
" all of atype well known in the art. These vari ous
conponents can be incorporated into devices on-
Yorhjuted dove &styifahe inheroblevisiasheticsandsane havsiterd to[l@06®tenced
The present invention is described in the general
by the raasaeldeek igftheriirsh §ame hapsbechpoRstigirdda ajr Fegﬁ% HEEE Yon
. ' i ncl udi ng ‘
- aecoding e B o A A s program
' code, enbodi ed on a conputer-readabl e nedi um and
executed by conputers in networked environnents.
Bx anpfesppira R Yeadabl e medi ums can incl ude -
‘ ? ﬁkgg@r%ﬁges of storage nmedi uns . including, but not
rmt to, electronic device nenory units, random :
aooessy neiroeymiREMively eerheoiall Yo the PEIOPSSOROI)CIeIB Hipsparatus
o di csﬂéCIB), digital versatile discs (DvDs) and ot her
bmngc@ﬂ%%? P-or external storage devices. Generally,
RIORE AT APRSHIb&Sin 4 M6l falBe bApichesiak@r fomanist dbyvdor sarallel
conponents, data structures, etc. that perform
decodingawith g s¢cand vesks or i nplement particul ar abstract

at g _types... Conpuker - C 1€ r i :

B B PR G B Oy scond e of
the picthRRERSHERM ExsEpbiebviel dan by rafencnaddyfibe meseblock mythe first

steps of the nmethods disclosed herein. The particul ar
frame; sequence of such executabl e instructions or

ASROG B cﬁﬂnathé tséc#&ﬁ& Waf pefRiied b Sref@4RER 'b? $hedhacroblock -

corresponding acts for 1Inplenenting the functions )
in the fl@Seindiee beerstechnssues to § BI6FHccSofmenar decadel theghacroblock in

i mpl epent ati ons, of the present invention could be
the firsgigeBapy pdrddetideh st andard programni ng techni ques

with rule based |logic and other logic to acconplish

the various database searching steps, correlation

40eps The eppaatis oficlsine Pswhandin daotificaionds egsived {rogypsacand

al so_be noted that the ds __"c y
decoder thatithe &nacr ocl}fg &y é,f:ceqn\raqlw Reﬁm{q%g?@ ﬁg Ii‘eé%r’%&?eéi by the
macrobld¥keR 4RO SRS BARASEN kéharRidab ensfagica gemmay or
nore |ines of software code, and/or hardware
i npl enent ati ons, and/or equi pnent for receiving
nual_, i nputs. T, Qr, ' i O
oditeApEgps PG ool R E0RMAR KATEI RibAT Rlgured
notify d4c@sRNIRYdéQiftep UspIREsn of ddcbdiug of Bkeintavratiekck. N
description. It is not intended to be exhaustive or
tolimt the present invention to the precise form
di scl osed, and nodifications and variations are
possible in light of the above teachings or nay be
acquired from practice of e present invention. The
enbodi nents were chosen a described in order to
expl ain the principles of the present invention and
its practical application to enable one skilled in
the art to utilize the present invention in various
enbodi nents and with various nodifications as are



WHAT IS CLAIMED IS: 1. A nethod for decoding franes
fromnmultiple views, the nmethod conprising: receiving
a macroblock in a first frane of a picture taken from
a first view for parallel decoding wwth a second ,
vi ew, decodi ng information regardi ng which )
tacr oBhoapparaus of chamr% syhoreit hdecod bgrmadgrod maceiblqdks in the first
: piq&ure taken fromithe second view can be referenced
and secdfyd FHECHIE FEBHELI 1 WOLRATT i rst frame: i1 the
macr obl ocks in the second frane permtted to be

. referenced by the macroblock in the first frane haxe
ben Tecapstatusotlsthing, avhersin themeasrohlorks o thgCeBEINgUng
he crobl ock in the fj.r . i
second b R GIEPHAR oipabaf it e Thack i it fhe ARAACRTat least
in part U8 teseficBeie@fofthe aiagéhl oakeha sespesible fmphetistiand second
notifying a second decoder. - 3. The nethod of
views, re$pgictively. wherein a decodi ng order of macrobl ocks in
the first and second franes are signaled in a
bitstream 4. The method of claim1, wherein '
the NEEs QiPaatksofichitl® vderdie tpdnidrmatioeinciudes fgmamber of
~which can be referenced ? t he macroblock i.n.the ficati
macroblocks that rg frcopsteiciralda dhetelqrenss P %F OTq [S§H Vg notihication

I, jenpyt of first and second caneras responsible
ﬁonla?%éﬁ?%%gﬁlfst and second vi ews, respectively. .

5. The nmethod of claim 1, wherein the information

includes the nu r. o cr.obl acks that. ar .
- ﬂ%con%ﬁ?ﬂﬂ?@ﬁu%%aiﬂgliéﬁ%?%ﬂ??lﬁéﬁﬁ?lo %F%ﬁ%bdat“ﬂumme
paramefc S& 1M4el) icurd Patr IG ePRVEN GBchesiRe @vd] slagaaeblock header level.
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6. The nethod of claim1l1, wherein the information is
signal ed at sequence paraneter set |evel, picture
paraneter set |level, slice header |evel or macrobl ock
header | evel. 7. The nmethod of claiml1l, wherein
coded nmotion vector information is received and .
de.c od &l appachtwheliaddinm ¢, h@emwdgd motmtwe'éﬁer e nis

s RS b 80 L DS, HLRNEAIE i n

the secdfﬁcﬁéi{r SreGhefied dhedthe StBERIAC Propedids bBmbasi veatde dhange as a
A conput er-readabl e medi um for decodi ng franes

referemfel.r@m 1mv;|¢sﬂ111qzt¢cb vi ews, conprising: conputer code for
receiving a macroblock in a first frame of a pi cture
taken froma first view for parallel decoding with-a
second nétawd e erpadiey freadefrénmdeglodiavy, corbprisieg:i on
regardi ng whi ch macrobj] ocks ‘in a - ondi ng .sec '
progdinggRloEautshpaR @rpémﬁlétw? Eﬂ‘?ﬁtog g%?‘gﬁﬁg‘ g%ﬁlaé’é ure taken

erenced by the macroblock in the first frane;

ﬁDnlaRS%%ﬁ eér code for, if the macrobl ocks in the second

Encdingriatorthe bmretam éqﬂunahf;eofmmcablmkstolﬁ e snfamdd*r:ﬂmfrcfbi they
the-first:-fra v en reco ruct
* picture jabp FORCSeFEHD i HOEOHH AGTRST MECPOBIERSs fippasing o lesta

ponuﬂuﬁﬁﬁyﬁgfﬁgﬂﬁ:gxda first decoder. 9. An apparatus,
nprising: a processor; and a nenory unit

m(gnmimgl in gt hishryam anielicatientod, foheach messeabdenk indhreseepnsl frame,
which oftghe ﬁgpaﬁty otu macroblocks in the first frame are permitted to be referenced. -

18.  The method of clajﬁ; 17, wherein the signaling occurs at th¢ sequence

parameter set level, picture parameter set level, slice header level or macroblock header level.
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bei ng configured to: receive a macroblock in a first
frame of a picture taken froma first view for
parall el decoding with a second view, - decode

i nfoftnation regardi ng which macrobl ocks in a
correspondi ng second frame of the Eicture taken from

1fe sdbomsthadafichim IFevwherisrtbamagroplockni thefirss rge gvhich can

in the first. frame; i ' I j d
ve e B8 AU Pl b B ERIL BRLBSI Rl L ABRESREY,
arrangehfe@t &1 St arfdrREEdhaverheepongdblerst thu ¢k end secand views,

reference nenory, decode the macroblock in the first
respectivelfe by a first decoder. 10. The apparatus of claim

9, wherein a notification is received froma second

decoder that the macroblocks in the second frane

per m The chettodhef clairhd7ewhedinbiic irdécatiae iwhides k nimmberd

first frane, have been recoq§tructed‘t t.he ref.erence
macroblgskp iyt are to be ropenstp(edin A AFlatence BEMEIAPIIFS 2 R aPdIoy
is ﬁansﬁnﬂ?edqg&gétﬁ{ggﬁat%% A& ofiitoldTer 1690t SR PLirith OF hia¥roBlocks in
secon ecoder after conpletion of decoding of the
the secomgldranind carkbegin. 12. The apparatus of claim?9,
‘wherein a decodi ng order of nmacrobl ocks in the first
and second franes are signaled in a bitstream
38. Thfe ARBAIHFERIAM 6CHBERINS dabehsionid bEmaBebRbk @kBe first
in-the corresponding second frane which can be .
‘and secped Brmacdigppledhe theggistbitock in the first frame are
based at |east in part .upon the arrangenent of first
and second caneras responsible for the first and
seconghy hiod JfeRR@Cl7] wlkdin coded molidn vidier iafipanddnis encoded

of -claim9, wherein the information includes, the

into therhitypesm.omdreerapithsctedingrafmefion yeglopnaversy Baltirs viengnd the
f of o 0. b Lo b .

second §RAERENTRIRNRlch RELASGERBLIARIOANBRN (oER LRGN

referenodh@ELisiedthaed.nf ormati on i s signal ed at sequence :
paraneter set |evel, picture paraneter set |evel,
slice header |evel or macrobl ock header |evel.
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16. The apparatus of claim9, wherein coded notion
vector information is received and decoded, and
wherein the coding of notion vectors between the
~first view and the second view are nodified when the
- statistical properties of notion vectors change-as_a
1%f er Anompateeproigsn pridpete erbodied in ayompnteraesisilegedium, for
. . encodi fra from nmul tiple views, conprising:
enCOdm%E"@&ﬁ E%n? Ip}%‘fz‘f"%’tcrog?ﬁ\s Splurality o?pmacr ogl ocks .
- Qmtedd odt fdreadmRligY info PbRitiths 4 gkelinf sfamadoblockstof a first
Vi ew, encoding into. the bitstreama plurality -
frame ob# preare Gk bkm aofirshvisecond frane of the picture taken -
froma second vigw:. at .| ' '
et BPE R ey ot (St PRITRT Pl OploBRE ONfccond
frame of {RPRturdRsken from a Sé@nalviowg al Reasthepobiidmsdfitbasacand frame
~indication of, faor each macrgblock in the second
referendingatdeasivapeion of thedirph fiaag:iahg of macrobl ocks in the

LLrstof ﬂ{ﬁi i \d P 4B B RBERE in the second ﬁéme,
%gr.lﬁuﬁﬁelﬁ net 1%1{5%61?%2[%1?5%%%?} ’\ﬁ%ﬁ ein the si élrl1al i ng
which 0@ @eUslsrality dfiieacsstdods de thedirainfedres ars gerrhiged ko byietarenced. '
: par aneter set level, slice header |evel or macrobl ock
header | evel. - 19. The nethod of claim 17,
wher e N Rk RckSmbiksihsre first frame which can
%\A(;‘ re efé%@% a m’acro%l éc% in the second frame is

bpseessat; ahéast in part upon the arrangenent of first
and second caneras.responsi bl Qr_the fi . :
| & BCEINEY Yk GrrmpRicaiyey 5@-&?‘?@ o the Pf%ﬁgso%h”ﬁeléltﬁé’?ﬁ‘gép%?ms
ino oG ﬂaér] ]ggid]tg, wherein the indication includes a nunber of
b?mgc crobl ocks that are to be reconstructed to a

emfode enie e bitstrmanya plefadite Oémﬂ@pbbpléfa?ﬁ aofprst Game gha pictyre pken
_ _knhdicating that the decoding of at |east one of the
ffomaJ‘EﬁSbYlﬁWny of macrobl ocks in the second frame can
BRYAB into the bits#dam 3 pRurAkd @ thaefobldcks 0T 4 Ssconth Emmiervf ghe picture
decodi ng order of macroblocks in the first and e nd .
taken fibmamsesonds visWgaideastia pArtioRe ! gie sseprdirame referencipg at lgggha portion
fth f#ﬁt hod_ofdcl aim 17, wherein coded notion vector
of the first #%n is encoded into the bitstream and
Wagileh thet Bigtreal an thdidationtof, dior emebinmacsotbetkvie dre sehend frame,
~ first view and th second Viﬁw are rmdi{eidgd V\,hzn tcpeg '
which of the Plyealisns! Brosplpeksda U sbirDs AT gieddn Bngd-gaos-
reference area is restricted. 23. A conputer program
product, enbodied in a conputer-readabl e nmedium for
encoding frames fromnultiple views, conprising:
conmput er code for encoding into a bitstreama
plurality of macrobl ocks of a first
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frame of a picture taken froma first view, conputer
code for encoding into the bitstreama plurality of
macr obl ocks of a second frame of the picture taken
froma second view, at least a portion of the second
frame referencing at |east a portion of the first
p5.ame Thamgpasitgnel dlaig 243 whiesithibe sigpaliig eequisig thegedusnce

of , for_each macrobl ock in the f : '
paramel et G BN PRt e bt REFREEP e L ATl tatlr eve.
pernmitted to be referenced. 24. An encoding ‘ ~
~apparatus, conprising: a processor; and a nenory. unit. .
2omuhhe apnagaiysyofcdrinetd, sderedn the erasrablesks gt {hggstdiame which

the a rat us i [ ; i nt he
can be 5o R P B A R SR A Fap} B oSG0 st Micpon e
arrangefienPollfirét dnd§etakiennictamespohiibis forthelirst and secend vidwrs,

into the bitstreama plurality of macrobl ocks of a
respectigglyond frame of the picture taken froma second view,

~at least a portion of the second frame referencing at

| east a portion of the first frame; and si gna

PRt hehbipmtatesaot daini 2v) ivdatdinthe didication iachedes a number of

macr obl ock jn the secand frane, which. of. the .. tion i
macroblcky G} 815 (e TRAERUBIHERS oo PPPED fefofid ngpioation is
transmif€8 Mdid:ffe 13t B dedBhEBERJeast one of the plurality of macroblocks in the

second frame can begin.
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~ 25. The apparatus of claim 24, wherein the signaling
occurs at the sequence paraneter set |evel, picture
paraneter set |level, slice header |evel or macrobl ock
~ header |evel. 26. The apparatus of claim 24,
~ wherein the macrobl ocks in the first frame whi an
Yo' 1 b opmeauby clineh SHIFEERS ARG BER AT Sl the
, based .at | east in he arrangenment of first
ﬁmtm“%ﬁﬁ”@%%%ﬁﬁ‘EEﬁB?%%%ﬁééggﬁgu ‘e for the first and
second views, respectively. - -27.. The apparat us
Bf. ClHigupddratwsheictiin 2hehenih wded otion skudeisiamatiomisralso

f bl ocks th be e d to :
encoded ke hiareRBaRq WBeKBr 02 SHBE P OG0T ST S CEPURE e Fstyie

and the LdA8h & 8ELNGe LRk A ddShHERO Safidicaf prdbertiBAS mOth Rictdrfihange as
ﬁiurallty of macrobl ocks In the second frane can
a refereRQirdn is restricted.28. The apparatus of cl ai m 24, wherein
, a decodi ng order of macroblocks in the first and
second franes is signaled in the bitstream 297
The apparatus of claim24, wherein coded notion
vector information is also encoded into the
- bitstream and wherein the coding of notion vectors
between the first view and the second view are
nodi fi ed when the statistical properties of notion
vectors change as a reference area is restricted.
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