WO 2006/109154 PCT/IB2006/000864 CODING OF FRAME NUMBER IN
SCALABLE VIDEO CODING FIELD OF THE INVENTION [0001] The

WS ey LﬂMgntlon relates generally to scalable video coding @f (2)(%”81 s
systems. More specifically, the present invention relates to techniques
coding of frame number in scalable video coding. BACKGROUND
INFORIATI Q)Y [ORAA) N ISRaBERS NS IUEY ORI BVidE SHIAckODING
or context. The description herein may include concepts that could be
pursued, but are not necessarily ones that have been previously
conceived or pursued. THEreldfeF UHEINYERTHSY indicated herein, what
is described in this section is not prior art to the claims in this application
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There are number %} video QL%dlng g_l andards including IT?U -T H.261

SRR RSBy F PR LD PP TSOTI S MBS S Ao
fdr263in$SO ARG MRS 4n\sistadlantiéd Uadik 264 or ISO/IEC MPEG- 4
AVC. H.264/AVC is the work output of a Joint Video Team (JVT) of ITU-T
Video Coding Experts Group (VCEG) and ISO/IEC MPEG. [0004] In

addition, there are effartsWvorRNg IO AIRPEVIATIES coding standards.
One is the development of scalable video coding (SVC) standard in

MPEG J{,gs standatdwil L%&Q&Q&é %@18@959%8&;4@&44@3\&& The.

Y
secongl rt is the development of China video coding stan

ersrabiien by tRaehims ndrensris Ahecailg Sraveuel W Crotpeassily

St dinalizedutsfiratwiden cosing -aredfication TaMerd 0 falagtes dRlise
SDTV and HDTV. applications, in February 2004. Since then the focus

AT BRI & RS RS TE00] WEFHPBPHAE I TR AR
epslingstanaatdsdatiing o tiobe patRensatiandien pragictiveiending, to
remove temporal redundancy between video signals for high coding

efficiengyin WQ%@%@%B%P&@Q&%&En’E9%@5%@%%1 g??@eﬁﬁ 261,

plctures are used as referenc I[Z)ICtUI’eS of the currentglcture ein

&@M%&o‘&%ﬂw}}%ﬁ" cOdiRb ISR Blo kBT PixelE vt ié et o3,
pichate( WP EBLETEs 2] and ITU-T H.264 or ISO/IEC MPEG-4 AVC. H.264/AVC

is the work output of a Joint Video Team (JVT) of ITU-T Video Coding Hxperts
Group (VCEQG) and ISO/IEC MPEG.

ooa}  In addition, there are efforts working towards new video coding
standards. One is the development of scalable video coding (SVC) standard in
MPEG. This standard will become an amendment to H.264/AVC. The second effort
is the development of China video coding standards organized by the China Audio
Visual coding Standard Work Group (AVS). AVS finalized its first video coding
specification, AVS 1.0 targeted for SDTV and HDTV applications, in February 2004,

Since then the focus has moved to mobile video services.

oos;  Many of the available video coding standards utilize motion
compensation, i.e. predictive coding, to remove temporal redundancy between video
signals for high coding efficiency. In motion compensation, one or moré previously
decoded pictures are used as reference pictures of the current picture being encoded or
decoded. When encoding one block of pixels of the current picture (the current

block), a reference block from the reference picture is searched such that the
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block), a reference block from the reference picture is searched such that
the 1 WO 2006/109154 PCT/IB2006/000864 difference signal between
V{)g%&)gﬁﬁﬂ%?lock and the reference block requires a - minimum number of
it5 10 représent. Encoding the displacement between the ArreHARe o864
and the reference block may also be considered in searching the
deffeience Hilnek teovdae thirneistarlioh eidhie-recaasteuging Rigek.anay also

be cogsi%%g% elrno%%%g%ginr% the gcefgren 1S blégc:ééé%ooﬂ In a coded video
BiTEam Some pictires Thay Be 1dE ARG S8 (BN A SHeR el Wimsa the
ewrextibép ok etk hpictisres;abiiiek soapelsody nevstidhedisedashigierence

pilies, A nisture el iBaLin b useg a5 ateiorence picure s called a

non- reference picture. The encoder should then signa Whethe? & Picture
roBstesETe AR Sepiditieths Gemsddiatlich that the decoder does not need
to store the picture for motion compensation reference. tooo7j In

H.264//6. ebch qridiciie pictwesmayhayecrliple, 1eference rpiguyes.
Ttgfse r%;‘ rence ictur?s Lg{re org%redi .¥wo reference picture lists, called
RE S

RLISES an0 RetPic st ESEHR TerdreR e ittt TRihAS W frtisgierence
oidereand thietuoedba maptde changed byctheerefarence picilisd ision-

ing: ess, F me_ that the initial order of
?@féﬁ%ﬁ&'é‘sﬂtl%% SFrd IR AR5HE daez%\t}]er AP

RefPicListO is rO, rl, r2, ..., rm, rec usin varlabslea'fgfr‘%efﬂce

piies tcadisPreprade e e derhderréprenetsad, tanthreatemilftthefor motion
e etknpvysriRalicd is used more frequently than r0, then it can reorder
the list by swapping rO and rl such that code | represents rO, code 0

represents rl. Si is shorter than.code 1 in code length,
imprové%ﬂ%od%g@%%%?egrg:@ Fsa%ﬁc fé‘&%ecéf M ?H]ect'f’éq‘é?%égvﬁiaﬁlrtépiﬁsfeferemc
metesinglmsoefs amestibarsigmaledérethe bitsteéameopibatinatgesoder
gapdgri er | f .[eference.picture list . .
s T A e e
SRR PESIBRRSY BerdfacsrerEcisn Halrreperific atinss1 0D@8kample,
iniiafly meachd aferanse:pistrearsbomd Restered in the DEskIEEadEH.4 ysing
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buffer.or de odegl ?icéure guffer and marked as "used for reference".
IYI%T\II\% elre \gﬁie godes. ode U represents 10, code 1 represents rl, and so on. If the

encoder knows that rl is used more frequently than 10, then it can reorder the list by
swapping 10 and rl such that code 1 represents 10, code 0 represents r1. Since code 0
is shorter than code 1 in code Jength, improved coding efficiency is achieved. The
reference picture list reordering process must be signaled in the bit stream so that the
decoder can derive the correct reference picture for each reference picture list order.

The reference picture list reordering process for H.264/AVC is specified in subclause

8.2.4.3 of the standard specification.

[ooos] Imitially, each reference picture should be stored in the post-decoder
buffer or decoded picture buffer and marked as “used for reference”. However, when
a reference picture is not used for reference anymore, it should be marked as “uniused
for reference.” Both the reference picture list reordering process and the reference
picture marking process (i.e. marking of a reference picture as “unused for reference™)
are done by a reference picture management process using memory management
control operation (MMCO) signaling. The reference picture marking process for

H.264/AVC s specified in subclause 8.2.5 of the standard specification.

oo



a reference picture is not used for reference anymore, it should be marked
as "unused for reference.” Both the reference picture list reordering

“péogg(s/]sﬂ%ng the reference picture marking process (i.e. marking of a
Y, 5 n 1 &
reference picture as "unused for reference'). are done by a TETHTBARUE000864

picture management process using memory management control
PO e pn g A e e S gt

. \ SPeCIeq In supcliaus 2501t tangar ngcucatlpn.
R SO 1o PO E OURA ABUST M CHH T csateniged by
wgstreferenteapionding to WhichdppeditifamziiNatd emirbiisetdrange

' ' ‘nar " for reference," is identified by . a syntax
D B R B R SR IR
mefenmnd Herirddaiemitifierelpmascatsmenttirine usdionitichisitatted in
thrselice. moadanad pMsedinidRRilkLelerente RIGIURS that ggg%gsled

for inter prediction reference. Basically, the frame_num increases by |
R BYE R RS RS ST T RRG iR theepiing stdereference picture in
decoding order. 1000101 Scalable video coding is a desirable feature for
many astimddidabipplidetiontnand sdevickde edinisysiemsemplexring
Rders,wilthadndesange essing power. Several types of videog
ggglability schemes have berg%y%%glgsoéﬁgg}gaﬁﬁ%soagr%‘ﬁ%ra%/,eéqugtfgfl%%af
Bitafty sENaDifty STHEI R sddey prabbiitsistiohws base Yeyepapdsas,
amhancemestblavend hechasadavelisihe Migitumamounnof data. ofa
2

g%%uired to decode the video stream, while the enhancemént layer is
[

PR HRIA FROTTIFEETE! (etiae Bnbatianess teasnimim oot of The

woukiedjtdraftofdiie stddalsieaxtensionHodihd0dAME sHFenty Saabies

ing of multiple scalable layers. The working draft is described in JVT-
ﬁ?&gz’be% lgggﬁ%%iﬁ%oa%ggﬁ%% c ‘i’/isv‘él Ei%él%f}% 1," 14th meeting, Hong
Kong, Jan 2005, and is also known as MPEG document w6901, "Working
Draft 198%% 144882016 daihnithe sekiblsleaasentoliagy Mg Koy

enesiingodaguan20pR sk Bedinoolmiple seatablelaveis dha T,
‘}’]%gebi% Qﬁ%%ngggg&%%gnale in the bitstream is used to indicate the
coding Hependencies o diferaHE LB &I e lay Ay mgeting, Hong Kong, Jan
2005, and s alsc known as MPEG document w6901, “Warking Draft 1.0 of 14496-
10:200x/AMD1 Scalable Video Coding,” Hong Kong meeting, January 2003, In this
coding of multiple scalable layers, the variable DependencylD signaled in the |
bitstream is used to indicate the coding dependencies of different scalable layers. A
coded picture with a certain value of DependencyID can only use reference pictures
with the same value of DependencyID for motion compensated inter prediction. The
syntax els:ment frame_num is coded in the slice header, and is used to identify
reference pictures that are used for inter prediction reference, Basically, the
frame_num increases by 1 relative to the valus of the frame_num in the previous

reference picture in decoding order.

oozl By way of example of the frame_num coding method, Fig. 1 illustrates
decoding and dependency relationships between pictures in an enhanced video signal
having pictures 13, 15, 17, 19, 21, and 23. The number afier the picture type (i.e.,
IDR, E-IDR, P or E-P) denotes the decoding order of the pictures. The picture type

preceded with "E-" means that the picture is an enhancement layer picture. Pictures
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coded picture with a certain value of DependencyID can only use

reference pictures with the same value of DependencyID for motion
compensated inter prediction. The syntax element frame_num is coded in
he's |@é}gﬁ'a‘5der, and is used to identify reference pictures thal /e tyse
for inter prediction reference. Basically, the frame_num increases by |

18latyade theivalge ofthefmpameAumyin S RLEVIoMS 1aletenas Rigire in

%@C@dm orger_ éOOOlZéﬁFg/ way of example of the frame _num coding
A1 e SPaREE AR SBeR BTy (PRBSRiBe bEween

qictding ivpemeahanekeodelap signah bavings DiokKESHE JabR LhmlS@ds

and 23. The number after the pict i.e., IDR, E-IDR, P or E-P).
R SR T R T D i e s atadionss
WithicErerAdapisithat theiphaty 28 ismdmpenirariGement layer picture. Pictures
3 WO 2006/109154 PCT/IB2006/000864 13, 15, and 17 in Fig. 1 are

enhangesmentiiayerpictuias cdnadisine Haslcourt (RO refersta.ihe i
temporal rel%rtliéonsg}jf%?? tween pictures. Arrows indicate the decoding
i

O T OREH FEEV Y FERUIES [OREF e PERiE R oeiog.
méthosh, thixatecodingayroescntictefesntd piduky, thdh AlerfifeheFiSsmission
icture 19, picture. icture 21, picture. 15, picture 23, and picture 17.
{f)(ﬁ’g@i}ﬁe%fﬁ%@ lréa%ﬂnie%_gﬁgrar? con |negvf§%?ﬁc% HRS-LEsralHid veé?‘Tf’ﬁF picture
oraAspietiifnduecd ompres énflameemenblayers arpositieq liretl foisbase

SHa lablge preseniation. cement.layers conta
e e e g,

b 1PHE PALEBINARTR HRORES Shennedrediowisture loss detection

based on gaps in frame_num becomes impossible. If only the base layer
is neegeahin Figothetheobthwe fritnthis Rodingalueol iSURRSHEHNE PIGHHAS Milk

. e, num gaps exist when no_loss happens.
B D B R O RP R o
TeigrRIge PSHIrChTitren dpera forrsiMMO 08 int lading seféhe rodediptumners
Rarking pIeRess-AIRnBIRIARGe RICIHIG st ieOrdalng Pogass, may be

used to manage the coded picture buffer. In those opération processes,

Rdsh B PREBH ST e e gt Yerbrbn cupiatframe_num coding, signaling of the

said information becomes less efficient. For example, in Fig, 1 the reference picture
listis 10, 8, 6, 4, 2, § (Pic Num).

=

jpootsp InFig. 1, even if enhancement pictures, such as pictures 13, 15, and 17
are not required for the decoding and presentation of the video, the value of
frame_num still increases for the enhancement picture. For example, the value of
frame_pum for picture 19 is 0, the value of frame_num for picture 13 (which is an
enhancement picture) is I, and the value of frame_num for picture 21 is 2. Thus, the
frame_num increases from 0 to 1 from picture 19 to picture 13, even if the picture 13

(an enhancement picture) is not needed.

rooote; Conventional methodologies have not solved some of the problems
associated with the coding method utilizing frame_num. For example, one technique
uses the picture number Suppiemental Enhancement Information (SEI} message in
H.263 Amnex W, in which the picture number is increased by 1, in a modulo

operation, whenever a picture is encoded, regardless of whether the picture belongs to



under the operation is signaled. With the current frame_num coding,

signaling of the said information becomes less efficient. For example, in

Fig. | the reference picture listis 10, 8, 6, 4, 2, 0 (Pic Num). [00016) In

Fig. 1, even if enhancement pictures, such as pictures 13, 15, and 17 are

not required for the decoding and presentation of the video, the value of
tHirdare laymnastithi ﬂﬂkﬁae@ﬂeﬁﬁriﬁyereﬁhﬁam@mgmfmmm rortexanolealivahe
soffl S0 JEHE DRI UPIANE adoi: HE YRGS HAm Ul 4 Riclife
aﬂ hickis ah ‘enhancement picture) is 1, an h of frame_num
exm@@uﬁ@ H264/A hudngiberiaphaiayg sicrhasub- mwmcﬁonlf%wwﬂ SEl

1&g%&g@1&%t%@ygw AdnsVeniif thadictereid3 a0 eahansRMRRY RIS for

is not needed. OOOS%%‘Conventlonal methodologies have not solved some
thsr the pristis SRR e BsdrmE ARG Litizing Rt OReiRion:
rdt@@NIR Srevis e elBighE pl@ﬁﬁrdhﬁl @@Uﬂ%gm&wrtww&he sub-

Enn t \nf St H.263 W, in which th
ST L0 R e At IS SR LB i e

amcmtesaiemmad@dnchgwhﬂw tof avhetlaer ﬂmb-p@qmme:béayngs{ttm Jathiemporal
sca‘?soﬁ SLOANE %H%C? ﬂ;[ Iac¥81rk1 ?' gﬁdlln@ 8% Q}',%t'-&%i%{@gﬁ{ dj%l n to

actually the same way as codlng of frame_num in the working

Pﬂ%%ﬁﬂv{@}scalable extension to H.264/AVC. Another technique uses the
sub-sequence information SEI message in H.264/AVC Annex D, in which
there jever subllsaqtifirame meadntdhatid Gforirttie firdtpidtivenef thm when one

sub-
BSES TETENSh AR AR, cite e

thewguis ceSceTHIS ot ipbisutioBgpssoeatitd Wi 1Bariarst rdespssrpicture in a

rﬁ%ﬁ%r@fmﬁeﬁdﬁfaufﬁ%ﬂ@aeﬁﬂmﬁemﬁ@&qga%ewm%taﬁlmgg@m&a&plctme
-sequence layer (i.e., a tempgral scalable la é&fh}n}:{the context of the

ﬂz.ﬁa A R B FRO oL e BIGRrR HHES 4 Rey: Hi56o 1574 Hdsto
dberdeismal neectho axforehgapscinstieivaluenobitame rufificivrhienaoner onch that

g%orﬁeglge“;%%{‘ m%”égg%ef&ﬁagﬁ@g‘#%é%f& IENGRPUELIRS are %]cfee%g%gr 0

r ere IS a nee to sign rmation associated wit e target
qefbrencsgsidinge@inagher take proper action to handie the loss, e.g. request an intra

update from the encoder side.

SUMMARY OF THE INVENTION

[00018] In general, embodiments of the present invention relate to scalable video
coding and techniques for ensuring reference picture loss detection. In embodiments
of the present invention, for all pictures with a certain value of DependencylD, the
syntax element frame num is coded independently of other pictures with different
values of DependencylD. Within all pictures with a pre-determined value of
DependencylD, a default frame num coding method is used. This technique can

improve coding efficiency of memory management control operation (MMCQO)

signaling.



more efficient manner. Even further, there is a need to better manage the
coded picture buffer by marking and reordering reference pictures. Still
further, there is a need to decode and present reference pictures in a
smooth and efficient manner such that reference picture loss can be

efﬁdeﬂé%%‘f tﬂ%&?ﬂr@ﬁ%ﬂé@t deerd SHeSE ﬂﬁ%qﬁo‘ﬂhﬁl@% rigcf)rgqatgalﬁemethod

decoding or rather take proper action to handle the loss, e.g. request an

dhteadingosaddhbinvidece fAriderdite MU RSO Farh R yRvENRondtiple
12099184 1n generabembediments afibe pasentdnvaptionrelatedenprising:

scalable video coding and techniques for ensurlré%crefere_nce picture loss

ideREEHES. TRCPRBRRAMIBNESS SFitRIESE VAR frhifpratliredniitg e
&edaingyvalyenabspendaden By therayritocefement framie tundsncddecne
independently of other pictyres with different valyes of endencylD. .
AR AR B BB P S Db ARSI aLenitier
fdefauitfeanne s logding imEgodésiusgdeings techiguel dgrerimprove
coding efficiency of memory management control operation (MMCO)
signaling. 5 1000191 In a first aspect of the present invention, there is
providdePeshéthadsespeddifirscalabie wigserdaty tilong WeIRipfenayddsd a

Saailayer inine multiple JayesukeingAsgosialg Wity atleashongfthekne
layer, the method comprising: identifying one or more layers using a first

Tl A irRE R nEOr iNak atiHG b d5emhg e pSHEN LY Endhe module
ideiying iefarenoe aidivres fivithincthifiideblifigidoonercarimoredaiees with a
using a secqnd identifier, whergin co(gin f the second, identifier for .
RS SV I GRERTOF e RS A 8 SAEHA gy s in
HRAGR0Eer dssedopmhdepedt pf tivepresentinddation, there is provided a
module that codes scalable video data having multiple layers, each layer

in the multiple layers being associated with at least one other layer, the
moduld0e8m grisihghittbanBerdr ebdivg Resttidantmepdorbgrpictupsevided a
E&%&;&%%\M%}&l ?J%tﬁ_iet sRE0Rd ideptifisle Worreln e COYIRGYIRE program
second identifier for pictures in the first layer is independent of pictures in
grggﬁgnaogygﬁmg: computer code configured to: identify one or more layers
using a first identifier, the first identifier indicating decoding dependency; and
identify reference pictures within the identified one or more layers using a second
identifier, wherein coding of the second identifier for pictures in a first layer is

independent of pictures in a second layer.
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1000211 In a third aspect of the present invention, there is provided a
computer program product utilized in scalable video coding, the computer
program product comprising: computer code configured to: identify one or
more layers using a first identifier, the first identifier indicating decoding
dependency; and identify reference pictures within the identified one or

more layers using ARGSP g@@a};&%}\{v £18iR £edigg ©f the second

identifier for pictures in a first layer is independent of pictures in a second
layer. 5a BRIEF DESCRIPTION OF DRAWINGS 100022] Fig. 1isa. ..
diagrdﬁﬁ“’a@pigﬂ%gld@&&?ﬁ%ﬁfﬁ%‘ﬁ%ﬁ?ﬁfy}l@aﬂ@n ﬁ?ﬁgd‘ﬂg@%/@aﬁonsmps
Heistuee ictaR e hancethmided sigaalhavingapiaiyigstineaceondandensithwith
conventional techniques. 100023] Fig. 2 is a perspective view of a
C@%‘ﬁ?ﬁé&%ﬁ%@% e that can be used in an exemplary embodiment.
1000241 Fig. 3 is a block diagramillustrating an exemplary functional
embod¥¥&Ht Sfdhe e SmmRICRTORCHEV G SPRIGIISAERISEPEIg 448 ge used

idiagarhdgpicing.desrsing and dependency relationships between
pictures in an enhanced video signal having pictures in accordance with

o SXERBImBqmanti 90003 Fig isdan diag fupctional
operations enl rmed in the coding of a frame number in scalable video
evdiniieacdohsaavHiical axerrpanf Bidbddiment. 6 WO
2006/109154 PCT/IB2006/000864 DETAILED DESCRIPTION OF
EXEMPbAR YFRMBGDIMaNTE [RPRA%Z Exedipiaayd dipociaentseprigsships
thods, computer code pr ts, and.devices for improve le.
R i i R e R R A Ry
inlgerglat temwkistingesblutions. For example, these embodiments can be
used to improve the coding and presentation of reference pictures in a
smoothoing efficienisraamnerdsaghnthet spteseose RighedDss tancbding of a

fficiently detected and o ) .
%ame nunyxber En sca?agle video coding in accordance with an exemplary embodiment.



the decoder can decide whether to continue decoding or rather take
proper action to handle the loss, e.g. request an intra update from the

W@&%ﬁgﬁﬁg . Further, the embodlmgnts can signal |nfor.m.%t&ortﬁmm6 000864
associated with the target reference picture in a more efficient manner in

reference picture management processes. [000281 As used herein, the

term "eMiEhedhigh IEFEF TN OB Ieviitat BY cidBdDifreEitially
compared to some lower quality reconstruction. The purpose of the

enhangementlayenis-taglwhamnadded o lhelpubaality JeRopslustion,
sgnal quality should improve, or be "enhanced.” Further, the tehn "base
ELz

Spvisspies IBPBUH A6 S ciap RPBACe TR UREBESIURiH Ao solve
fxistinanddeottedingraigatibexiangd souaseconsieiad nhaRrcemefiments

layer relative to which a subsequent enhancement layer js coded.
OB SIAL BB S I A SR T BIGa P smoots
aaefifidig rceamputerkrdat alftecnvedintfoe tayyimgoefimdntgy detected and

SRR SR e s S

wchs Sedlip§E et ge rriTedH arpote Wdsprekial e soswleontisutdiuthyrtbs of

SxAnRISRUEhCOMmRLIstIsaraR G Mmesia Gt cRMmRLse RAMRAMare in 2
EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk

BB e B A g e R S A R E B AR RSP medium which
can be used to carry or store desired program code in the form of
compugeezexets tabfehrrstnudtiorsn i btacsimactlres” ardevwhich leger Beat is

eS9fL R 208 DEIALALIROSE-0L RRRSIALAHIR0SG SAMRICF VRS se of

ac%?
[elals]
Information is transferred or provided over a network or another

tomnhantemiBh darents detiol perBfsirdRe Ko o RBIIES T BSEURSIRatiBrnl

qaangr%{ﬁ'ai Ripritelesate-aEemR !*@'mﬂﬂﬁ@r?ﬁ!@%&? FRIQPaY @ﬁﬁe&h@-
connection as a computer-readable medium, Thus, any such connection
ROB PN SE ARG PAS oD SRS FEd 4B A ERNE BarsRLRe A0 . and
abeyecarsnalsederbernatuge thyaithintthetscopehof admputen-sebaakiaent
edia. Camputer-executable instructions 7 WO 2006/109154 PC
566&‘?88 864 comprise, for example, instructions and data which

cause a general purpose computer, ) -
joooze]  As noted above, embodiments include program products comprising

computer-readable media for carrying or having computer-execuiable instructions or
data structures stored thereon. Such computer-readabie media can be any available
media that can be accessed by a general purpose or special purpose computer, By
way of example, such computer-readable media can comprise RAM, ROM, EPROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magneﬁc‘; storage devices, or any other medium which can be used to carry or store
desired program code in the form of computer-executable instructions or data
structures and which can be accessed by a general purpose or special purpose
computer. When information is transferred or provided over a network or another
communicaiions connection (either hardwired, wireless, or a combination of
hardwired or wireless) to a computer, the computer properly views the connection as a
computer-readable medium. Thus, any such connection is properly termed a
computer-readable medium. Combinations of the above are also to be included

within the scope of computer-readable media. Computer-executable instructions



special purpose computer, or special purpose processing device to
perform a certain function or group of functions. Any common

amming language, such as C or C++, or assembly language, can be

‘%Sé%g j?@?ﬁ% ement the invention. [00030] Figs. 2 and 3 shovx? Gh ﬁ?ﬁlﬁi@%“
implementation as part of a communication device (such as a mobile

cEapmTsatenpayissikeimeetiulaatelsphonssr enelverkodsyicdikeen

bas stationé (r;outerf repeater, ]etc. . Heowever,. it 53 important to note that
SRR A PR T ERIOR 19 S it G &Ry D e G S8 e h BRe e &S ™
fueetilchhe peorpofatedinto devicesisunhyagpensongldigitaleassidtantsor
rsan Ig Yiers., Opéleb {%QQ NES, nc%c% r. devices. It should be
Cﬁﬁdgl?s?%ogx Wat&%% réserli‘ltt??went?oh go%rP ﬁé@%é‘g‘?ﬁ%}c&%d on a.wide
variety of devices. [00031] The device 12 of Figs. 2 and 3 includes a

housiRePEd, 518 pI&SP SR vicsy Fials W RIFEASPIE AR 2302 PEAr-piece 38,
cénbatielad0n rdioddasfane eishit vobdneooatsitewitey 154, :acenmipoller 56
nd a memor t58. Ln&iividufall circ?uitsﬁ?rtj elements are all of a type well |
"‘% R ha G, Tor example-in the NOKTA-rARG & PE5HIE tele pHSIRES

isTihgestact @rohitebtitbeafrdevice e ismptriot pouttudttDiffeterd odribctronic
iti ' . incor ted into the device

L SRR o

Piveitl sRBpUlerhanPrlcoetrer s R e s HeD Her 56 miépion/ B8 afntrestimdice

A 12003k ihe-axemplansenRedimanisare Wwasvibed irthg general

context of method steps or operations, which may be implemented in one
embodiment rogy, roduct including computer-executable
instrufiéhn , %%eaéc%%%%%ggb%g? degxié]é%lfgas E@S%Srﬁl& &ré R k&d
keppidbBn e rsciGEteraliy, spregraiecentid albstting kY eadu timesapreianmns,

sabjeds, COMPANSNTS ARSI UGS, z%%?n&??‘é?.eﬂ%@ldﬁﬁryﬁ&k%% s or

implement parficular abstract data types. Computer-g:-xecutab e
qhmﬁ@éiiaﬁs%%%wg?e\ae&éﬁpﬁm@ttﬁ%waﬁ% ProgR I HsdU Rk e messeht
BYRBResAbrRso aamGRia R axeeuing sieref ihe imptheds disglosed

herejn, The, particular sequence, gf such executable instructions or
SRR REPROATEH R T SRS B pTRS PR Boneg sesTi
staplsmedting:ttwel funetid Ascdéisgy ibelthiuesp elf tséqPssent invention could be

performed in the controller 56 memory 58 of the device 12.

jo0032] The exemplary embodiments are descrived in the general context of

method steps or operations, which may be implernented in one embodiment by a
program product including computer-executable instructions, such as program code,
executed by computers in networked environments. Generally, program modules
include routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types. Computer-executabie
instructions, associated data structures, and program modules represent exampies of
program code for executing steps of the methods disclosed herein. The particular
sequence of such executable instructions or associated data structures represents

examples of corresponding acts for implementing the functions described in such

steps.



8 WO 2006/109154 PCT/IB2006/000864 ]00033] Software and web
implementations could be accomplished with standard programming
i ith rule based logic and other logic to accomplish the various
‘)J(g%gﬁ@s'deg %g:larching steps, correlation steps, comparison steppgjsTfs{]rgi2 H6/I00864
decision steps. It should also be noted that the words "module” as used
herein andsn tgelaims ivdbtended deeneemRassdRRIGHeRIAIQpSUSINg
e or more lines.of software code, and/or hardware implementations,
R R I B e iobema map o dseaetis
decodingsairiadepentshing reiptianships hetiwpe RopiSitEeS 365 B Tc8%n
Zhpand 83 inA.video signal.T eraftey the picture type (ie,, IDR,
E-_&)R,( P or E-P) denotes thg_ e%c%%?r%g cl)lfiaélrj%f fe Sp"l%Jt}l’frrg}s/rE Bicture
fPED s SaBasH ihecomprsa s Rismanfetisictureinis @ enfrancEment kyfasare
pisiIrend7er HeraRRl s piciuingR3s SR AT Eigsd are;enhancement
%%%er pictures. The picture order count (PO(%%ﬁref(Iersc%o%heI tglr%f)xg)ar%‘f% ‘
nship between pictures. Arrows indicate the decoding dependency
relationship between pictures. 100035] Video bitstreams in scalable video
includerecBedpentlBheyidendrchdide sighdtpandsesaliadasaps|Between
ceordance; with a3 exemplagy methodology, the value of frame num for
gne layer is inde endentlof thel frarrE:Oéé nsﬁ Ort}a%gle%f)nngrlaay&érﬁ}f—%ﬂ’wme ype

Bxanhpie, i falt 0 Fadmeoisa sepidingesBatiiti piasees. The picture

perdensy B P g-isRandhhen f icture 32-which
E}agsg %e§§pdené¥l of 1-is a|s§lfo§|%%¢%?Jﬁr%%g%%%ﬁgﬁﬁ’%%m For

ot 5 254 04 M7 daResahpRetRsTS dsictinares, Fhelpicture
pidture 3, PPICueEs 63, th5ieanh 6T areipalHipaireion decoding And

r tatjon, If one or more of the.enhancement pictures are required,
t %;é%%ea}%%c é%l %G%Egné)ﬁgg}’.rl%?%?(%?p%?wﬁﬁ}él%cﬁ%?ﬂres 63, 65 and 67
are required, the ordering would be picture 69, picture 63, picture 71,
pictureB&=hiclifiee Y isAm R Asrdable tisse JatiadrdiddetperancsPunter

irdizpendentyifolalieictusesaitiibe same DerendenpiBNANe fRsYIgS

r?fgrence icture Io§s deiect(ijon bgsed n frame_num
ol rame_num ior one layer 18 mdependent of the framé num for a second layer, For

example, the value of frame_num for picture 38—which has a DependencylD of 0—
1s 0 and the value of frame_num for picture 32—which has a DependencylD of 1—is
also G. In Fig. 4, the decoding order of pictures 63, 65, 67, 69,71, and 73 can be
picture 69, picture 71, and picture 73, if pictures 63, 65, and 67 are not required for
decoding and presentation. If one or more of the enhancement pictures are required,
they are included in the order. For example, where pictures 63, 65 and 67 are

requireci,'the ordering would be picture 69, picture 63, picture 71, picture 65, picture
73, and picture 67, '

ioooas)  Coding the frame number independently for all pictures with the same
DependencylD value ensures reference picture loss detection based on frame num

value gaps and enables efficient signalling of MMCO information.

feoos7; Fig. 5 illustrates operations performed in the coding of a frame number
n scalable video coding. Additional, fewer, or different operations may be performed

depending on the embodiment or implementation. The scalable video data has



value gaps and enables efficient signalling of MMCO information. [00037]
Fig. 5 illustrates operations performed in the coding of a frame number in
s(c):%l%(k)))]e@/igéeo coding. Additional, fewer, or different operations may be
efformed depending on the embodiment or impIementatior’{.ﬂ'Fﬂg2 06/060864
scalable video data has 9 WO 2006/109154 PCT/IB2006/000864 multiple
laveIshetecanhlarel nesroraduial leastong ofhetiayer. o an

operation’82, one or more’layers are identified using a firs I|c; ?ffielﬂ Fhis

fiPSraantificPRSIIC IS BBt apEpduribg airstodrifion ofdingiess
mﬁ%ﬁeﬁti@he@u@ﬁ&»&n&gﬁ%&ﬂ&@n@ﬁ@&@dﬁfﬂ%1L9/9§%3c%11'ﬁ¢%%aﬁa1,

operation 84, a second identifier is used to identity reférence pictures
A 8 R ARRGISS B RIESecond identifier is separate from and part
of a separate sequence of numbers than the first identifier. The coding of
the seconeh! idertifiecforial §fcturesin e teieriitaddiistratye-afthee
ISt ey is,,i of ' s in an layer with a second value
e Tt e O A e s taia Pk o
ndetRGeTRT ACB R id I shediss ddonibas eThor drame fibmsacahut

gResfecRsuedidhibere ds nafafareneespiciieJoss ﬁ}mﬁ&% Jgyer or
an enhancerge?ﬂt layer (but not the highest enhancement layer), the

RECBERAIGT P SLEHRERIBTFR AN B EointreaSHtbinhtheeridrssifier.

considerable quality degradation is likely to happen. Knowing this

informamiens) tHedadaghsrofde avtthedplady fosmibdmizeithethadfsahce

siREances eticHamplen Hhedacaderinons ihatdfiere i3 ao eference
ng.

picture loss, it can just continue decodi |gjg.’ %‘}%ﬁ any Iayerﬁﬁlg
fraFrnFRIACTAIES irsie dessivecsie mireshars onant daver Sbwmtiiabmbighest

BianeecuR SR 9N INRBR 08 RaRRRRS 4000401 H R0 -
example, if the de% der knows thdagtﬂ_the_re is reference picture loss, & may
U4 .

He8 RISy G g AR RS SGHan P el hBRgakiamoina tikely
bi@qrthaﬁiayx,simﬁdtsgilmdmgaanpkdspﬁqmﬁsd ﬁﬁﬁﬂﬁfi@é@h@feﬁtﬁﬁ&%ﬁﬁ%ﬁ@lt For f
e. 2 e teeemet odolo rovides that signaling o
R R o Qb R Boiy BHEy 1
nﬁ?ﬁi@v@dgqﬁcﬁ@: In Fig. 5, for any layer, the frame num values in successive

pictures are 0, 1, 2, ... such that ne frame_num gap exists when no loss happens.

o

toooa0] For anather example, if the decoder knows that there is reference
pictare loss, it may evaluate the quality degradation, and if the quality degradation is
likely big, it may stop displaying and request an update of the video content from the
sending side. Further, the methodology provides that signaling of MMCO
information becomes more efficient such that coding efficiency is improved. In Fig.

5, for a picture of any layer, the reference picture listis 5,4, 3,2, 1, 0 (Pic Num).

fooos1] While several embodiments of the invention have been described, it is
to be understood that modifications and changes will occur to those skilled in the art
~ to which the invention pertains. Accordingly, the claims appended to this

specification are intended to define the invention precisely.

10
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[

3]

5, for a picture of any layer, the reference picture listis 5, 4, 3, 2, 1, 0 (Pic
Num). [00041] While several embodiments of the invention have been
“%e&}g}%ggkit is to be understood that modifications and charg,%ers ;‘é\fa_i{l,l oceur.
{0 those skilled in the art to which the invention pertains. Accorgmgvy’, the
claims appended to this specification are intended to define the invention
pregisgly. 10 WO 2006/109154 PCT/IB2006/000864 CLAIMS 1 1. A
method of coding scalable video data having multiple layers, each layer in
2 the multiple layers being associated with at least one other layer, the
etho ising: 4 i ifyi r.more layers using a first i
entar e oot B s e b YR B e
identif{if gretepdh b pickatiesaiitainted evidentified oreoctieniayer]dyersethod
using geepepRehidentifier, wherein coding of the second identifier for
pictures in a 8 first layer is independent of pictures in a second layer. 1 2.

The method %g'%i iﬁl XVQ%E%? ;gh? one or, mor Iay(?rs. mprise one or,
more 2 of a spatial qaaity.and fing grancisr ity Sta 55“%1‘( diyst 1dentifier
embmatiegheéetdding dep@ddtny;ramthod of claim 1, wherein the first identifier
is drawn from a first 2 common sequence of numbers. 1 4. The method of

claim 3, whergientti52¢omebide pitigfSuraW M 0M:A SEFORY 2 RIS,
sequence o&@ugﬁetﬁf%s that is different than the first common sequence” 3

OF ISR thatheg Bredng af Wherendiienideidonairpres in a

cHrmpngesiaibépendencyifcRreatioblecdnd.[dhe. method of claim 1,
wherein a default first identifier is used as the first 2 identifier. 1 7. The

rz@eth?m FJ@@%%@F\@P&E@@ R REcaR IS COMRNISSS 2 [P oMU,
syntax element. , ‘
of a spatial, quality, and fine granularity scalability (FGS) enhancement laver,
3. The method of claim 1, wherein the first identifier is drawn from a first

common sequence of numbers.

4. The method of claim 3, wherein the second identifier is drawn from 2 second

common sequence of numbers that is different than the first common sequence

of numbers.

5. The method of claim 1, wherein the first identifier comprises a DependencyID

variable,

6. The method of claim 1, wherein a default first identifier is used as the first

ic}entiﬁer.

=

The method of claim 1, wherein the second identifier comprises a frame num

syntax element,

8. The method of claim 1, wherein any one of the second identifier and a third
identifier derived from the second identifier is utilized in memory

management control operation (MMCQ) signaling.

9. The method of claim 8, wherein the third identifier comprises a variable

PichNum.

11
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1 S. The method of claim 1, wherein any one of the second identifier and
a third 2 identifier derived from the second identifier is utilized in memory
“g?q}%gag)elment control operation (MMCO) signaling. 1 9. The method of
claim'8, wherein the third identifier comprises a variable 2 PIENERA /0054
2006/109154 PC /1B2006/000864 1 10. The method of claim 8, wherein
the memory management control operation 2 (MMCO) is a reference
dicturd tistmedro@rifigpnosesdetit thhenmehoshefatrim Bnwbiesgintha
mema ontrol pperation 2 (MMCO) is a reference picture
markirqagi lgioc sggi?{%%%ﬁgr%%gg% &15(%;1 egggégsngfar%cb%‘video data having
multiple layers, each layer in_2 the multiple layers being associated with

dtileadibrid THrIaFeH S e YhEdin d aeBnsy Sp e mRsh AeTfor caring o

first id@mﬁﬁ@dp{galrpj@t@ﬁ@ﬂm@ﬁ@@mgrpwg@@ 5 certain second
identifier, wherein the coding of the second identifier for pictures in 6 the

first layer is;i | f pictures. ina, second layer..1 13. The module,of
i A e R B AU e SR
of a spariglHiRfitryardine shenialafinyitoaldbilityF GBY Jaeahdncamant
layer. Jodfh-khgymodule of claim 12, wherein the first identifier is drawn
from a first 2 common sequence of numbers. 1 15. The module of claim

14, wherein the seclpnd identifier isddr n from a second Zgommon _
sequence of RUMBErs that s ﬁ%trler?ii%%ﬁ PHRCEBRIMoh Esaerow s
Gfenam lsersnd Mentthe, mbdsie ’dfedacﬂmglcif tv eresnd e fitidieidfn fieires in
PUAHeeRa R RepehdenBUarRe, &b hgrodule of claim 12,

13

erein a _default first identifier is used as the flrgth identifier.

The module of claim 12, wherein the first laver and second layer comprise one

or more of a spatial, quality, and fine granularity scalability (FGS)

enhancement layer.

14, The module of claim 12, wherein the first identifier is drawn from a first

conunon sequence of numbers,

15,  The module of claim 14, wherein the second identifier is drawn from a second

common sequence of numbers that is different than the first common sequence

of numbers,

16. The module of claim 12, wherein the first identifier comprises a

DependencylD variable,

17.  The moduie of claim 12, wherein a default first identifier is used as the first

jdentifier.

18, The module of claim 12, wherein the second identifier comprises a frame_num

syniax element.

19, The module of claim 12, wherein any one of the second identifier and a third
identifier derived from the second identifier is utilized in memory

management control operation (MMCO) signaling.

12



1 18. The module of claim 12, wherein the second identifier comprises a
frame-num. 2 syntax element. 1 19. The module of claim 12, wherein any

ol gm%f the second identifier and a third 2 identifier derived from the
V2&8kd {4htifier is utilized in memory 3 management contrdl<ORERRGH00864

(MMCO) signaling. 12 WO 2006/109 15 4 PCT/IB2006/000864 1 20.
The module of claim 19, wherein the third identifier comprises a variable 2

PioNumad:2addibemondhlesohalatin 18, wheraindre mamenLmanagsent
contro#J ration 2 (MMCO) is a reference picture list reordering process.
122 Hg\?nodule of claim 19, wherein the memory management control
operation 2 (MMCO) is a reference picture marking process, 1 23. A

cémputée pregbnthebidmdifutiixedinbscatatewitks sointg dec opepaiten
2 progm@%&%&%@g&u}&m&u}% gsrsg&ggured to: 4 identify

one or more layers using a first identifier, the first 5 identifier indicating

dependenc entl reference pictures within the .
ogg tlfllg ongg‘{){%kt mgrg/ ayérs isifg e%%ﬂﬂ’ﬂ@@ﬂ?ﬁ%’??@&ﬁ@?@iﬂl%ﬁ’i%ﬂ&

the seéMM@@}ﬂsfmfmpwtm@sre&narhtﬁggtmm.ls independent of
pictures in a second layer. 1 24. The computer program product of claim

233 WherehRaihe -0 Re.er e dayersl 2 HMBHERI8NS:05 Bagr O{h% E&ﬂﬂz er

quality, and fine ranularlty scalability 3 (FGS) enhancemen layer. 1
The caHREIFEP BrOSISHIRBERE Of claim 23, wherein the first identifier is 2

drawn from a first common sequence of numbers, 1 26. The computer
program prodersupfietaind & nlieraincthe second identifier is- 2 drawn
from a second common sequence of numbers that is different than the 3

first common sequentg @l eBeifre layers using a first identifier, the first

identifier indicating decoding dependency; and

identify reference pictures within the identified one or more
layers using a second identifier, wherein coding of the second identifier for pictures

in a first layer is independent of pictures in a second layer.

24, The computer program product of claim 23, wherein the one or more layers

comprise one or more of a spatial, quality, and fine granularity scalabilify

(FGS) enhancement layer.

25.  The computer program product of claim 23, wherein the first identifier is

drawn from a first common sequence of numbers,

26. The computer program product of claim 25, wherein the second identifier is

drawn from a second common sequence of numbers that is different than the

first common sequence of numbers.

27.  The computer program product of claim 23, wherein the first identifier

comprises a DependencylD variable.

28. The computer program product of claim 23, wherein a default first identifier is

used as the first identifier.



1 27. The computer program product of claim 23, wherein the first
identifier 2 comprises a DependencylID variable. 1 28. The computer
“;ﬁg%ggnaﬁggduct of claim 23, wherein a default first identifier is /2 u&eq as
thé first idéntifier, 13 WO 2006/309154 PCT/1B2006/060864 /5540864
computer program product of claim 23, wherein the second identifier 2
comprises a frame_num syntax element. 1 30. The computer program
producketolapnidIradeneirodny: ofielahtne, sevenit Phidentifié idandfathird
identifier de.ri\ésed rom the secn%ngj [ enti{ier is utilized in 3 memory
mana%oélrlr%ﬁst ¢8ntror oﬁ%‘%ﬁ%n 88]) 'signaling. 1 31. The computer
program product of claim 30, wherein the third identifier 2 comprises a
VAriatTEPeRIEHICTIP B TR PEgHH Qiabdt atfoprea Gl onelafifigascond

where it a0l YRR RE8Me Ak:R &PRtiel BPeratan; (MMED)sisidized in
reference picture list reordering process. 1 33, The, computer program

produBCHt SR SHRBTSRTTRL SRRANSR (Mg FHEREE control

operation (MMCO) is a reference picture marking process. 14
31. The computer program product of claim 30, wherein the third identifier

comprises a variable PicNum.

32. The computer program product of claim 30, wherein the memory management

control operation (MMCO) 15 a reference picture list reordering process.

33.  The computer program product of claim 30, wherein the memory management

control operation (MMCO) is a reference picture marking process,



