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OF THE I NVENTI ON [ 0001] The present invention rel ates
w@emenedify to scal abl e vi deo codi ng nmet hods anPICT/IB2006/000864

systens. More specifically, the present invention

relates to techniques for coding o f frame nunber in

scaRING O ER AMTE NUMBERRIICALMIBRBAVIDE(Q COENING

This section is intended to provide a background or
context. The description herein may include concepts

that coul d be purspgElLD DBFITHE &NVBENTIONessarily ones
t hat have been previously conceived or pursued.

Therefore, unl ess ot herw se i ndi cated herein, what is
desciopukd The Proseat isventipp relates grnerablyite scalable yideg peding
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art nclusron in section
fcﬁtrcedmgmfrftmue mﬁnhardesnalabth\ngec&todmgar ds including ITUT
H 261, I1SOI1EC MWPEG | Visual, ITUT H 262 or ISOIEC
MPEG 2 Visual, ITUT H 263, |1SOI1EC MPEG 4 Vi sual and

| TU-T H 264 or /AVC is the -
wor k out put of a%%(#@mm@mw | TU-T Video
Codi ng Experts G oup (VCEG and | SO I EC MPEG. [0004]

I'n agedz) | Ahis debgdreisadntendddfte bdiduwd backgroundar ciitéi@WIhe
vi deo codi ng standards. One is the devel gpnent of
descHPRON Betgindaay Hishidsgonesptsthajicaniddepurse aret @ecessarﬂy

OB bl pREETE AN} o 28R, B
il candichiedteinpowiatris desdribgd inhthis @batm if\noli prioviagua Itheocdmimsgn thls
St andard r k ou VS).. AVS finalijzed_i.ts f.irst
BB 5B RS et ALabe Bilor Ky TepstoR B BSSoHOR SoTv
and HDTV applications, in February 2004. Since then

the feeys Theft H4BY aelmiber SoRddecodirietariardéiifdeding § 0@@511 H.261,
of the avail abl e vi deo codi nmt andards utiliz
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Ing e Cl ency. n ot on conpensati on, one or
ipthe woski slitputieftofbést Yided Teas (BW'E) ofdJ€U-AY idef Eoding Experts

|ctu pi cture being encoded or
@@§§G§ﬂ@%E§H@§éﬁﬁgﬁéne bl ock of pixels of the
current picture (the current
o004 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.

poos]  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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bl ock), a reference block fromthe reference picture

i s searched such that thedifference signal between the
we@eosem1shbl ock and the reference bl ock requi r eBCHIB2006/000864

m ni mrum nunber of bits to represent. Encoding the

di spl acenent between the current bl ock and the
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8.2.4.3 of the standard specification.

tooos) Initially, 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 “unused
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 is specified in subclause 8.2.5 of the standard specification.



pi cture marking process (i.e. marking of a reference
picture as "unused for r eferen ce") are done by a

WO efoennense pi cture managenent process usi ng NeR@T/1B2006/000864
managenent control operation (MMCO signaling. The
reference plcture mar ki ng process for H 264/ AVC is
specloptoed Inhogiipyeresseseths tage referanhe pistuae) d@beimapped to a new

o B bk 3BrRe pRNEN ! R B AR it i emifiea by

a Efft@f eleasend bedovdiag td which ftheﬂi&é]kﬁlér RN deBied. The
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in the previous reference picture in decoding order.
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for many mul tinedia applications and servi ces use
apjications wmewmsgisefbmcscretpmsmpbymg/d@edmmyh aofide range of

[ ver deo scalabilit
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Ional data require 0 prOV| an erhanced
data grumired fQp®Yide direphavorel ividgodignbl. of the scal abl e
extension to H. 264/ AVC current 'y enabl es coding of

des cofesfo TR 3R 95 orde Al ol arblindodl 26 S Visnengy

erfilbﬁafsfcoﬂlng of hiiitiplesellikglaykien erhgewzﬁkm @fhf@i@ %scr@e&* i ﬁVT-
known as MPEG docurrent w69 .
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il e Yl SIS R et 3 Bl predichion. The

syBasi eﬁ;ﬁhéry fratfeenum 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 value of the frame_num in the previous

reference picture in decoding order.

(000121 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 after 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



frame_nuni increases by 1 relative to the value of the
frame_numin the previous reference picture in
waelewodinigy order. [oo00i 2] By way of exanpl e of PEEIB2006/000864
frame_num coding nethod, Fig. 1 illustrates decoding
and dependency rel ati onshi ps between pictures in an
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picture |list reordering process,
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SS h n L on f the tar e
sff BHE AR D disPSprleBLaRbieRt o o Spfkapndae. {iFeReERECe pictwe
ligus 168, 6t4ame)_(|pwmam§j| ng, signaling of the said
i nformati on becones | ess efficient. For exanpl e in
Fig. 1 thf rence plcture list is 10, 8, 6, 2
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[ t
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frgglg A 15t plctpl}eclt9u 1rs% th'é%ralueexo?qpame numefoy f?ict%?e % (which is an

‘enhancement picture) is 1, 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.

ro016] 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 Supplemental Enhancement Information (SEI) message in
H.263 Annex 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



frame_num for picture 19 is 0, the value of franme_num
for picture 13 (which is an enhancenent picture) is 1,
wa@paetibmsval ue of frame jiumfor picture 2 1 iBCRIB2006/000864
Thus, the frame_numincreases fromO to 1 frompicture
19 to picture 13, even if the plcture 13 (an
the hisaiaereonansinbaneempnt layesFhip eediagiof I{lemmlelfnber is actually the
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2 Qﬁgﬁfrarne_nun1that is O for the first picture of
N sequence and increnented by 1 in a nodulo
operation relative to the previous reference picture,

i N dgerfli Mhugrblet is 4 had theldd gapdia thdrealsauf s @omewhen
ThIS codi ng of sub seg_frame_nymis |ndegendent for
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[00017] there is d.to avoid [

SRR LTy RO G T BTG ERR ARGl her, there

Jpéaﬁfe%ﬁsto gewﬁ'aﬂﬂ ReseRir8fefiee pRhitdmassndcth aal efﬁeﬁht megher
her, there is a need to signal informatio

sedsthatirafesehogipidiutetiesstcan Qéﬁffm)élw@ﬁ@éteéua@f‘ Jreequﬁdeé cap Aecide

f.icjent n
eteEle T BRE O hed Iy R o FHER 1 SLAARE 108 e
récﬁl%t%rlhﬁ@upﬁtefreﬂﬂﬁe Bm@iiefﬁde Still furt her, there is
a need to decode and present reference plctures in a:
snoot h and efficient manner such that reference
picture | oss can ef £ Gi and the
decoder can deci 52&%%%9%{%{%3&&%%00& ng or
rat her take proper action to handle the |oss, e.g.

r equesbisPin |g61t1d’ré11 tHegréenf hoentidnaclates asl @dalﬂ)ﬂdjﬁde&Wd
OF THE | NVENT] ON
techniques for ensuring reference picture loss detection. In the present invention, for

all picturgs with a certain value of DependencyID, the syntax element frame_num is
coded independently of other pictures with different values of DependencyID. 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 (MMCO) signaling.

[oo1g] One exemplary embodiment relates to a method of encoding scalable
video data having multiple layers where each layer in the multiple layers is associated
with at least one other layer. This method can include identifying one or more layers

using a first identifier where the first identifier indicates decoding dependency, and
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[00018] In general, the present invention relates to
scal abl e video codi ng and techni ques for ensuring
WO edoefienise picture | oss detection. In the presrCi/IB2006/000864
invention, for all pictures with a certain val ue of
_ Dependencyl D, the syntax el ement frame _numis coded
idpRitfy ETGAFTERGE RigTuLSe MatL ﬁheeffﬁlegedmwrdmrﬁ AYEF using ggegond
QAP EHS £ SeBb g AbAi Rk F i Gare¥hd DRt layer i
ldgété-e eter n@g}é{g%va uee olitheplendenrg{} D,e a dé%al??terls
intlepomepimuot modies gn addond laysr. used. This techni que can
i nprove codi ng efficiency of nmenory nmanagenent contr ol

ti i ling.,.[00019] On |
oo AT PSR T G Cam G S B feg scalable
vi}ﬂh&j 8%a lqiﬁ_bﬁmlg'}ﬁlmitipﬁ 1594 Whtre ch@yiay& iniRreulapkNayedyBasicRiated

e nultiple layers is associated with at | east one
withlatleastaynerotheriaysr.nEhis sepdelerean dedludee menstor gpding ot

iR B Ppabist B4 s ElabiroPin B oo WOfGfer! e coding of

thaRdéARNtEhyfidrdor gitares i & fipit ¢dyer Bnddpefdent dfsictures in a second
identified one or nore |layers using a second

layeglenti fi er. The coding of the second identifier for
pictures in a first layer is independent o f pictures

I N a,5e60NhokRY 8kem l%%odﬁ‘?&{tl?ﬁﬁte§mr§ﬁlﬁer program product

eI’TbOQI ment relates to“a nodul e that codes sc_al a
utifizbddn dedlable aidengodmpt Thisgompyter progam prasiachintlages computer

t he Itiple.layers is associated with, at least,on
PP S IR SR e T T e yp&ehe frst
i =HHBGnai chiek tcddd@ddpthdncy;AmdalidntiPy REFAIERS Pictures fwithi the

llayer with a certain .second’ identifier. The cadi ng of
identificbonner maedeysrs Bying aseqend ddpntifier. nlhe cofjngrofthg eeonds

1N e . . . .
idePRERY Bl il AiShsE e i BB RRANG QUL in d Welidlaver
program product utilized in scal able video coding.

Thi s conmput er program product includes conputer code
configured to BRIRFIOESGHNETIONGF ®RAVENESusi ng a
first identifier, where the first identifier indicates
decodi n 2pen X ;] RIS r ' . .
i t o TF dan e TR SRp B bicotink Ry R R ehiBtips
be®Ren Pidtatentn 4n @hancederiduodi gl bivihpicaresindeeatdmice fwitr
for pictures . in a first layer is independent of
cpnventiped teGhniguescond | ayer. BRI EF DESCRI PTI ON OF

DRAW NGS [00022] Fig. 1 is a diagramdepicting

decogdosbg, aigl 2de RSRASBGH VAR bE ? ShRBiREENESAchEL dAh BB
i n an enhanced vide0o signal having pictures in
vaetmrapaxeaplary embodiment.

[oooz24] Fig. 3 is a block diagram illustrating an exemplary functional

embodiment of the communication device of Fig. 2.

ooo2s] Fig. 4 is a diagram depicting decoding and dependency relationships
between pictures in an enhanced video signal having pictures in accordance with an

exemplary embodiment.

roooz6) Fig. 5 is a flow diagram of operations performed in the coding of a

frame number in scalable video coding in accordance with an exemplary embodiment.



conventional techniques. [00023] Fig. 2 is a

perspective view of a conmmuni cati on device that can be
wais®d/10115an exenpl ary enbodi nent. [00024] Fi g. PGI/iB0@65/000864

bl ock diagramillustrating an exenplary functiona

enbodi nent of the communi cation device of Fig. 2 .
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reference pictures in a snooth and efficient manner

embodintenin cansignabivdernstion asseciptsd svithethe g referepempicture ina
det d , ' t
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handl e the | oss, e.g. request an intra update fromthe

encoghedzsss iAbeused Rereid) dre, tetnh Eerdirberdiontlhys” celfierssd giayer that is
i nfornmati an_associ ated with the .%%%et refere

cofegidiftErenialy ReATeA 10 SoPs PRk FOSER g, Cghe purpose of
R S & iR RYEFR Abat PRRGERRIBS to 1hE AR ]quisty YRR e RInNsignal

e term"enhancenment layer" refers to a layer that is
qualite dhalilfl filmpravei et Hey ‘eslumeed. 8 durdies dheetetnp (lease dayal’ applies to

reconstruction. The purpose.of the _enhance t |

oo i ke e e PRroHRE it it P e 848, ana
té §eaaithitedd @hanc&n@nlayeialativy tsWhich d subgetjome enldncb@ent
"enhanced." Further, the term"base |ayer" applies to
layst is ®@dpdn- scal abl e base | ayer encoded using an

exi sting video coding algorithm and to a

reco 203525]"' A EthtENARNE SRR dith 8%E fncﬁﬁegygé:) gfiﬁrgg%%dgﬁyts%sbn?prising

subsequent enhancenent |ayer is cod _ _
conipetir-atrdalle negdirofbir vemyisg ionbivide cpmpyeragnepwniabligdngructions or
risin ut er -

FEEAR IO TN R AT A,
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
magnetic 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
communications 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



data structures stored thereon. Such conputer-readable
nmedi a can be any avail able nedia that can be accessed
whooa/1g8Rer al pur pose or speci al purpose conpuP&r/1B2BYys/000864
way of exanple, such conputer-readabl e nedia can
conpri se RAM ROM EPROM EEPROM CD-ROM or ot her
comtiseg &br cﬂa&rmlgtmﬂtlalg‘eonsrmg deﬁauwhlm s gengtpd porpose bemputer,

neti c storage devi i pl
SoC PR 0SS SRRPR G ey Pt E0%sShe BhilE B el
furlcl8n bP RO ofRARIGNE! ABY €6HINAR pRogrBinlrgdn@iAse, Buckad @ or
structures and which can be accessed by a general

CHpuepusendly ipeeies) capbe peestiodwnisieat the WiERtof or mat i on
is transferred or provided over a network or another

co ' th el ess,
o HEAE S0 et BB B 1
cmaﬁmmumﬁbnckhmegnmhaxenmbﬂepmnhynma@mskWh&lmemn&ﬁuhon
as a conputer-r ada e di um Thus,
telebiHect! DR B DRIk gt o CR B, sfaam@wever, it

ﬁﬂﬁfé)#dgﬁ 1D tH&@EHe%P@se&fm{/é?ﬁoﬁ‘m liiRdqd e B€ electronic
I ncl ude

d wthin the scope of conputer-rea ab e medi a.
deGoerpud eouldsbe dugogirated inge derdedssnevanmsrionel digital assistaptse,

i nstructi ons  an whi ch.cause a general,.qurpase
peistn OB g a8 e b st S AR e o BT Bl BBt
the FIRCHSSM AN b€ Eodl @b BIch Pt Gied bvademah@fycdﬂ dRR RS,

group of functlons Any conmon progrannlng | anguage,

such as or C++, or assenblg | an can_be used to

i npuc@haéhtﬂtqfkevmwgrﬂf F'ags: 2 podd Jsfu P@ Ou%naﬁ%: axdigplay3 at
ke SRR 8 R BERES 8 oh R, BRoOH. b lied), 40P IO Birouitry
52¢edded lcarcuity] dphomeroller SGambs memory 8%.i Indivhdked caclitssmd

t at t t et
sy At 25 e RS e UL oo mpge o

motildtRPhémes 2 Mhe EYRE aRhit&nae bf 88} HEMIHeLinapisHm0 UDHRent
I ncorporated into devices such as personal digital

and edditivariteompoarnid Ablleviesiguney be inqotporated iateibh dﬁ@ge 12ndhe
SC%P@ H{j %Véng&ﬁ laxtld 8&:%ﬁ 5& t@c%n}bglgg 515;11118?95551?[%\/&11%%8 could be

nven on co ora

pevfefrhéed ih thé colevile $6 nlediRB 33 ofithe d&eiceoe 12 of Figs. 2
and 3 includes a housing 30, a di splay 32, a keypad

n ear - at t er

ph 36, 3
a0t L OBPIATY EGPDd g A densiibed Pidhe e fontgat of
map&i Etefgé arop'éﬁat@ﬁg vanmﬁalap e %ﬁF1ehféﬁteullﬂ bR exﬁb&d&ﬁiehﬁbya@d

enments are al known in t eart for
pregramppreduat mqhedm@ mraputanﬂg@cmﬁblnnmtmuo@, elpﬂlncm@sogrzme:ode

ex%);(ﬁgipz (F‘é:l’plll)lgtgl%tlrl'll ngtw%frke%eenv%gm%gnts S G%nerafl p% ér%mt thodules
include routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types. Computer-executable
instructions, associated data structures, and program modules represent examples 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.



and additi onal conponents of device 12 may be

i ncorporated into the device 12. The scal abl e vi deo
wepmodinet and decodi ng techni ques of the presePCT/IB2006/000864

i nvention could be perfornmed in the controller 56

menory 58 of the device 12. [00032] The exenpl ary

enbodioresht Softwase dakweb ingdementstivms gevldbalacaanilgkéd @ith

S0 S B R LR e e e ok e g accomplish

eOVRioLS dabeRibabhiag kR4, CHE AR ste iU E&nlgﬁis&{ S8 degision
code, executed by conputers in networked environnents.

step et shoyld alsohgmaradibal thewoids Emodele? astsed dereimarakinahs,
| eqt: Q structures, etc. that
o5 ten TR gos AL RBhaiShaiioli onsiaf ok Plps of softwere
cades tndlot hatdtvare iyrpdamenCGainnb|t06/08 S QG phaR! fBr teB&VdGhiRas
.associ ated data structures, and program nodul es ,
18hY esent exanpl es of program code for executing steps
of the methods disclosed herein. The particul ar

SequURHEe qﬂg.aqghst%&%@cﬁﬁgaﬁa“%%g&ggPeﬁat%sﬂg?gé&;w%?d

_data structures repr esent s exa correspon
pitires 6br63; Al hhtand §3 time viden sigheln sTidematbebafierithe pidtRe type

St f d .1 npl tat,i I d
3% R SR e R e SR PP mecur e e tini e isture
typle tphedetit & With B inefHsGhAaA Mgk HERRS islaQ Qhﬁark&n@iﬁqg}ﬁ’é%&ﬂe. For

the various database searching steps, corre
AN, PIgHRSHPI Qv 1ind 62 puFignd atternhsiasmest lepsr pidtiresh@he gicture
rds, '.nodul £" as used herein
o B (ROET il R PR e Eres Hefows
inidivatestive deeddimndepesdangy eslsti@ishifetvdehpauef. sof t ware
code, and/or hardware inplenentations, and/or :

i poent (for receivi | inpyts. 100034] Fig. 4
) B Y ediBhFI BeTah atranesudea BedesndmaykS which
dBR1NeRS] PhIabID%r 6B acBSrdafide wiiPan & m‘?% éﬂ%tllédgﬂ@gy}{ 138

signal. The nunber after the picture
o num i ope Pyeyisiedepsndenbotibe fdinegnam dera skotdiyer. For

LT, ' e.preged ith "E-" nea

R e vattEFr Bt Ao ol BB SRS iclibis s DibendPa R 0—
iséxadpheyalpe of frues High fb pict@@B26-Awhidh hkda Dép&HRncyID of 1—is

enlé;é cenment | er  pictures. The picture order count
alpgp ?ﬂ i drte déeodinie qréﬁpﬁrpamuqeéﬁgms@ AZH% 7 beandeidrean be

Bi 0 Lndi : odkL n pendency .
D Bt P, B S B oG R A H e for
ddspdingrasd peesentatiam| bheonvindeoofithe tnldacandde @tmneﬁﬁi@y‘é@ired,

th\e’:\{r] Iar(far}ncluded in the order. For example, where pictures 63, 65 and 67 are

required,‘the ordering would be picture 69, picture 63, picture 71, picture 65, picture

73, and picture 67.

jooo3e] 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.

foo0373 Fig. 5 illustrates operations performed in the coding of a frame number
in scalable video coding. Additional, fewer, or different operations may be performed

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



desi gnates a scal able layer. In accordance with an
exenpl ary net hodol ogy, the value of frame_num for one
wo 2006109184 | ndependent of the frame_num for a SBCDIBR006/000864
| ayer. For exanple, the value of frame_numfor picture
38-whi ch has a DependencylD of 0 is 0 and the val ue of
rdul Y18 1303 (vaEreRhel m&@f i3 8ssWbibel WithSat eaRERR HERD ﬁé:lep Bfan!
is also 0. In Fig. 4, the decoding order of pictures
op3ati@n82.60me @anory jayersrage rentifaed ysing fpfinst identifée, Thisdirst e

ldei!mﬁgxn %gi’éfa‘fés%%&d?xg% d%aen@é&%g z 63 egr ng%e l'c}ay]g(rj %ébglg}%w{??’e
qmﬂnyhﬁfﬁﬁﬁanmﬁnaﬁhnﬂmﬁiyres are reqU|red they are

included in the order. For exanple, where pictures 63,

65 and 67 are requir (the aqrdering would be picture
69, [BPEElLE aéﬁperg%‘% & syaonddflentifiepisgised to) ideniis roference

t: I
PRUGARI By Byt R TR e P o and o
a Bepeatel eegyenCe vahuebenthen éw firef ideifee. Phetading 6HBS second

. .eCt | based f d |
il R BUSRGES Pl g R WS s R ot oo i
nﬁepéﬂd@ﬁi 6P4IESicRPAALh MSr RAhQESRE vahelofehLRdi 1'319nt?f§er

frame nunber in scal abl'e video coding. Additional,
fewer, or djifferent operations may be perforned

depeRensiig Asiyartageseafiibemebadoloey ﬂmnb@éemplalde that reference
e TR} BeltbHaPbAPh o BARRUhIhRLfe o B0 SptREL Y BRETs o,

rederemwlannmbssm the besedayarmr en bﬂ)aacémaﬁ @yleﬂ@ﬁllt hbt tBel highest
l$15|n a first % %fler This first identifier

FdaysEl i g0 @%éﬂ%@ﬁ?&%ﬁtatwaa B CORUITHSH smoqthdy:s
$fvibe, onHiatiable, | debdadat®dn & HE‘K%;
0[ 000 136‘:&?] OI n ar&11 ggg?ﬂt?l g% 82 nalss(ﬁgg %]ﬁ%g& t ?‘!(g?l}éﬁéﬁ
1@@@@1@0, thgelaeadey canedad peapedy b0 piakameze thictehd msarexperience. For

did t
AP AR PG S UL PR B tERbE Bty Rt rEoru
céfidut klééddnhgj eintRif.i % for ahf@ayepthoGatle M vaRELHSuccessive
identifier for all pictures in the Tayer with a first

PIFHITEREATS 0: § 47 - £ iShah (AL ERTP Ut g2 erdetpathae no lesshappeans.
pictures in an |ayer with a second value of the first
i denfohdhdy€For M%]{a \éa@?}?é?@e%o@ér Khb&s TRk P{%gé) sQ¥rence
descri bed include that reference picture

pigbtre biss,dhmby sealuda ther quabityndegradations, apd pithe udlity degddatidn is

S AR T P A Gl i o
hb@mwmethbh@ogﬁpﬁmdw 1o digRA e MMED can

be cont i nued snoot h
information becomes more efficient such that coding efficiency is improved. In Fig.

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

[oo041] 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.
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ot herw se, considerable quality degradation is likely

to happen. Knowing this information, the decoder can
wa@ewepeuaperly to maxi m ze the end user experi ePCEIB2B@T000864

exanple, if the decoder knows that there is no

reference picture loss, it can just continue decodi ng.
CiaMig. 5, for any layer, the frame_numvalues in

successive pictures are 0, 1, 2, ... such that no

frame_num gap exi sts when no | oss happens. [00040] For

h d K hat there i
R S R AL LR s P BT BYeFsepachyayer in
degr agahfiple ﬁl‘%’rs 'bfex g%so%?éd' it quars?&?é 4G 1%% | gk %}e\(hod

big, It may stop d l'ayi ng and request an u
t he vwrdpolsmantent fromthe sendi ng side. Further, the
nmet hodol ogy provi des that signali ng of MVCO

i nf or mat i s nmore efficient
of f i ci encag?rg?f’ﬁg?)ge Qrmoye aﬁrau&g a 1d§n€fl 161, ﬁ]eg’;rg'? dentifier
dycatiay decoding dehasRpcandi cture list is 5 4, 3, 2,

1, 0 (PicNum. [00041] While several enbodinents of
t he i nvent.ion _have been described, it is to be

under st ood FHEY NEFIPIEReSRIFHFRS Vi B adeptifiedone onwers layers
Eﬁné Qgé&rﬁhﬁéﬂtﬁﬁr \ﬂi\etr&ﬁ cgﬂﬁl% LPmAEGRALE tlg@%’ E)Qﬁ)hcceures ina

pertains. Accord I"ar ms appen
e Lyt Isamdcmném of ptcanelseni atsecatefflayee. t he i nventi on
preci sel y CLAIM5S 1. A nethod of coding scal abl e video

ata le l,ayer each | a in the
I ti E? &9 aydeT%lsct]ar}% ﬁdv hé% @1%‘&“8 §r Wotr%leag?rs [CRRBHSHPRS or more
ot hebf 4 ayflal, dubktyBid Rk GoMLASIsPHabili US? )éhﬁ%c&ﬂgnt%yer

nore | ayers using a first identifier, 't i rst

identifier ating .decodin dependen ; and
3denthe m%@&&#@% vhsrein thedirstifemifisr isdav Sioni ¢ fies

one PimihQel@NBE Sf Mihhigs 2 second identifier, wherein
codi ng of thée second fdentifier for pictures in a

first layer is independent of pictures in a second
#ay efThe methpgeofiplaimay vaferaih tiersedondvillentidienistdrawo fienoa second

quar P00 s FRTREL SRR Py o S St sgomon sequence

enhapteuwrabdrs] ayer. 3. The nmethod of claim 1, wherein,
the first identifier is drawn froma first comon
net hod of claim 3, wherein

seque f n .
She 3beBIRIddLs n?%lmulewé}ﬁegena PsvliiviAgyiAlier Sermpitss a DependencylD

variable.

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

identiﬁer.

7. 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 (MMCO) signaling.

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

PicNum.
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common sequence of nunbers that is different than the
first common sequence of nunbers. 5. The nethod of

W@ Lb@sm9lis4 wherein the first identifier conpri SEGI/EB2006/000864
Dependencyl D vari able. 6. The nethod of claim1,
wherein a default first identifier is used as the
first identifier. 7. The nmethod of claim1l, wherein
tthe Blecorethddddivi4imiSe wheripthe sesmosy maasgementicorsyoh bparation

ele . The.nethod of .claim 1, wherein any one of
Ehe BAMGE) is Rt icR Pegn IS Eobis BaRer [ or deri ved
fromthe second identifier is utilized in nenory

BN APENBIRthdITclh 8 ReeRid B8 {eMdePagh@nant ¢hirod opdiaBon
nmet hod of claim8, wherein the third identifier '

c onpIVESOhis\adefeadsice PRtERIAKIDE Prosessnet hod of cl ai m 8,
wherein the nenory managenent control operation ( MMCO

IS axr ' ' j ) ) .
1  ALEOGHERER RIS LILIC idtbo AR AR BAIIIORESE: cdthlayer in
cont theimulpipledhyamnbgiMViEShcinied avithedt drastnume ofhet layes, the module
mar Ki r;_g%ttrl)r.ocess. 12. A nodul e that codes scal abl e

vi dePTR¢E ravi ng nul tiple layers, each layer in the
multiple | ayers being associated with at |east one

ot her | aygeand fo@ coMmAsh &r QMRS BYall PRARSs Tof GPALEOwWA a
first identifier for all pictures ina first |ayef

wiriain secerd idgntilicrenbagin e seding ef thewsproandiidentifier fwgiatgres in
f ' i fo £0Or1 .pi in the first
ﬁ%g\)f/itésﬁq?bze?ﬁ%@gﬁé%ggﬁtdgf&lgfég{nua:)égg&lwnl% “second | ayer.
13. The nodule of claim 12, wherein the first |ayer
Hhd Skemoduleafefaimd@pwheareinche fiest layer endfecendslagén @imprise one

lity, fi | ari.t bility. (F
gﬁﬁal ﬂ’é’?ﬂr}dal Sglﬁg?q%l?ﬁ?ﬁ hﬁ%&fﬂgg{agf; @%‘%H&l?&%er ein

the {iHagterhdfMyefier is drawn froma first common
sequence of nurbers. 15. The nodul e of claim 14,

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

common 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 module of claim 12, wherein a default first identifier is used as the first

identifier.

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

syntax 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



common sequence of nunbers that is different than the

first common sequence of nunbers. 16. The nodul e of
wW@Lb@smliz4 wherein the first identifier conpriBEBIBR006/000864

Dependencyl D variable. 17. The nodul e of claim 12,

wherein a default first identifier is used as the

first identifier. 18. The nodule of claim 12, wherein

2he TFhe anotluldefdlaifd K, whergn ths elsirdi dentiiee comprisasri axiable

el enent. 19. The nodul e of claim 12, wherein any one

of th ond identifier and a third . identifier

derived fromthe second identifier is utilized in

RO e RROBRASHENint D) WheteiPRe rn?etnﬁd}g ;&Bent control operation

si'gnal i ng. 20. The modul e of claim wherei n the

thir CMM%@D |1$a@iferemmqtmélsareoaienagpeocasc Num 21. The

modul e of claim19, wherein the menory management

nt ' ( referenc re list ..
FEor B pRARIEY el MRk Ed ol Bl B0 B p i Hffeot oBlration
wher gUIMCD? iverafsyncepiage eiaking iddesd. oper ati on ( MMCO)
is a reference picture narking process. 23. A conputer
rogra roduct utili n scal abl e vjdeo coding, the
5 Wsrgergaﬁaama UHBHRY IR §¢ @beie YERp EeEREd glomputer
conf & gr&d tgﬁﬂé ridijp:one or nore |ayers using a
firsFH#%entlfﬁgr e flrst identifier indicating
decodi ng dependency; and identify reference pictures
wi thin t heompaist Fedecgnfigeredito:nor e | ayers using a
second identifier, wherein coding of the second
identifier for [
i ndependent of 1%%&@1%}5{3 s’ IHOI% 1?2}’%52%(# %a Xﬁ{St id%ﬁtiﬁer'fﬁ‘e first
terpfitendjvatng é&noﬁrngdtapéndeﬁc}g lagad m 23, vvher ein the one
or nore |layers conprise one or nore of a spatial,

quality, and fi, ularity scal.abili
enhancenent | a)}(g 1%2%3? CreRfs p&%lﬁ?ﬁtv‘@ “bﬂ’@d%é\(‘hﬁgs(?% g% mgye
P‘Jy@fsmsﬁ'% a YRBAE®IRnE MG, fvhésin do@ﬁ@tdffth@&cbﬁd 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 scalability

(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.
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drawn froma first comon sequence of nunbers. 26. The
conput er program product of claim25, wherein the
w@emoneisdentifier is drawn froma second conmP@I/IB2006/000864

sequence of nunbers that is different than the first
conmon sequence of nunmbers. 27. The conputer program
product of claim 23, wherein the first identifier
200 NMIhiesesnputdlgpendantyddt vielaiabll wh2fin theecandpddntifier
program prodyct of clain1%3, wherein a default first

| deRPITEES f SAPERPASYRIRECPIPR | dentifier.29. The
conput er program product of claim 23, wherein the
39eCaifl d&?ﬁtér@r@éraﬁ%@dﬂc@ §8clain 7B RBeFdHh®Y Heof the second

el ement. 30. The conputer program product of claim23, .
wheriééntifzeryand adhiod idehiifies devved frere thd Jepend identifier iptiliged in

identifier derived fr t he .se ' fler is

w1 BE HAREREy srafal SR RRI O ST o oo
signaling. 31. The conputer program product of claim

130, mhesahputétirogamrmodbeof ¢lhined0,orrepein deshiad wientified e
PicNum 32. The .conputer program product of clai m 30,

whereemprissea yangis Pislivaenent control operation (MVCO)
is a reference picture list reordering process. 33.

sbhe FODh Sleir0GLABBIRE BE Elali 36, vAldRid%he MERDSI Makdg@ment

menory managenent control operation (MMCO is a
r ef etoanoé opsretiar @IMEIX)iing refersoespicture list reordering process.

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

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