WO 2006/075224 PCT/1B2006/000024 METHOD AND SYSTEM FOR
CODING/DECODING OF A VIDEO BIT STREAM FOR FINE
GRANULARITY SCALABILITY BACKGROUND OF THE INVENTION A.
whieldsaf-thes Invention (00011 The present invention is directedrigsthesfield4
of video coding and, more specifically, to scalable video coding. B.
Background 1oou2l1 In some scenarios, it is desirable to transmit an
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video sequence. Such an arrangement simultaneously allows some

decoding of the videg seguanoeny davicas suRRaEIng:some set of

minimum capabilities (at the "base" quality), while enabling other devices

Avith eRjpadidethedapatiity to decode higher-quality versions of the same
sequence, without incurring the increased cost associated with

iwansiitingrascnindspetidertydieded wersiensictithe same S@&mgn&ﬁs more
: SF%Q%%{@S%@&%%%%% [nare ‘than two levels of quality may be desired..
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n this case, muliti

‘erihancetnent” signals can be transmitted, each

building on the "base" quality signal plus all lower-quality "enhancement"

%H&Iﬁé—?@%ﬂ‘i@ase" and "enhancement" signals are referred to as

"layers" in the filed of scalahle video coding, and the degree to which
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Rlogksbased £GS; sche been sed. In this scheme,  degoding .
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the mcreased cost associated with transmitting two independently coded versions of the

same sequence.

oo3] In some situations, more than two levels of guality may be desired. In this case,
multiple “enbancement” signals can be transmitted, each building on the “base” quaiit.y
signal plus all lower-quality “enhancement” signals. Such “base” and “enhancement”
signals are referred to as “layers” in the filed of scalable video cb&ing, and the degree
to which each enhancement layer -imprdves on the reconstructed quality of the signal ié
referred to as the “granularity.” Fine granularity scalability (FGS) is a type of
scalabiiit;; in which the incremental quality increases provided by each iéyer, are

relatively small,

fooos]  Various FGS techniques are known and used. For example, in the context of
MPEG-21 SVC, a biock-based FGS scheme has been proposed. In this scheme,
- decoding of each FGS layer is divided into three passes: the “significance pass,” the
“refinement pass,” and the “remainder pass.” The significance pass identifies those

coefficients that had previous reconstructed values of zero in the previous bit plane, and



WO 2006/075224 PCT/182006/000024 which had one or more
neighboring coefficients with a non-zero reconstructed value in the
previous bit plane. An encoded binary digit serves as a "significance bit"

wibdigang whether the coefficient transitions from zero to N@R-Z@£ui Ho6u24

_current bit plane. The refinement pass identifies those coefficients that
had reconstructed non-zero values in the previous bit plane. An encoded
B R R e e e in
plane. The remainder p%ss encodes the femaining COEMcIents (e thd
thoprsvessbitiplatifie dunai divd thamasys digiti sprsses) 2 Asitsidicdicaride’ idliiating
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transition from zero to non-zero Is statistically less likely in'the a Sence of

rRiEngRIsHE RGSAoHRTEHs s Biosscentivierisiiag ed spronieuptedsion-tei values in
tRateaanmaf BANpERE cogfficipRidonns! fdhe: vide.sequence inyQIVes e
decoding multiple components in a pass (such as both luminance an
ORHBRHAEN e, Wit PUVPIBRS CHER), ReridrEntaspreprasiss fegyamasining
ddedticiéihin(@achnpessuall semporiasis mustbaicomplellydesadefses). A
Jefar mov%n ,an to th%g(?{t pas .Forfgé(ampj,e, the significance pass _
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hefineméat passicarntrbeginrfoeaitherecompatisfiafodesi ivsdhisprepasedce of
es.are arranged in subbands, For example, the significance

e S R or o o
zeubbrmbcEsteach block Decode one luminance coefficient For each

block Decode one coefficient from each chrominance component Go to

9RENe e Pidss segichbioie, UhvdsthecalargithanipeSdhRsRIANVE, SIRESs (such as
kPcﬁ?l{lons ofctehsgnléjr%gance and chrominance.com o_nents, i.e. the first
ChvorTRATRSE SOBUARAPERTESR SECHTE BRavEeh Othe 5T artics et proposed

rhgmiirarite subbandschinpasiditibncdhedspeediat Waichandash igecoded before -

leted is.constant across the color companents. For example, after
IIt‘;he s%gn'l icance pass Is g%%gég%%ét{eh,eb% Qﬁll}?ﬁxllﬁg e SRt o‘\f?ﬁ’?gﬁ@g’ for
hempuriaatsviindecBOinance before the refinement pass can begin for either
co‘mponent.

jooos] In this proposed scheme, passes are arranged in subbands. For example, the

significance pass can be described using the foliowing pseudo-code:

For each subband
For each block
Decode one luminance coefficient
For each block :
- Decode one coefficient from each chrominance component
Go to refinement pass ‘
focs7y Note that the algorithm fixes the relative start positions of the luminance and
chrominance components, i.e. the first chrominance subband always occurs between
the first and second luminance subbands. In addition, the “speed” at which a pass is
- completed is constant across the color components, For example, after the significance
pass is 50% complete, both luminance and chrominance components will be 50%

decoded.



decoded. 2 [0008] A second scheme has been proposed which seeks to
solve some of the problems associated with such a rigid structure. In this
scheme, the number of coefficients coded from each block is not fixed.

Pseudo-code for. the significance pass for this,scheme can be written as:
R VB STSTH S B FERb RSt AN DR Bl B HR S e
priiemancewoeticientandcpracedidg srexasrd daodesonehtmn; 280 number of
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refinement pass'[ T IS Scheéme better intérleaves lTuminance an

pashfonimanceral ges, wincetitreasperiod" between non-zero values from a
given component is a smaller unit (i.e. a block rather than a subband).

Howevgii-agaibstherentire sigmiticance pass must be completed for all’
compongpizhefoiedmnoving to the remainder pass. [0010] There are
several problemdanitie @aakrefdthestmanaroactiesctanexanplintheses
schemes cdmesuffe nfronveading nefficieneycprdhiteons ot dachot provide
much flexikilitypemeoniral preediegenomding/decoding process. As such,
thereGs &oneBuefoenandmproved FGS coder that is more flexible than
previous proposed schemes. There is also a need for a FGS coding
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component having multiple coefficients. The video data can be encoded or
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invention, there is provided a method of decoding video data in a pl
SOrEpKssE REGIdE9HataHagI HIRIERaNtPIT KoM Fo1eAts @ichrovide much
fleempensnt dRGuIcNG A Rl wialiipb ceelticienitodbe metbedh, there is a need for

an improved FGS coder that is more flexible than previous proposed schemes. There
is also a need for a FGS coding scheme that provides an overall improvement in

coding efficiency.

- SUMMARY OF THE INVENTION

j0011] Embodiments of the present invention disclose methods, computer code
products, and devices for encoding and/or decoding video data. In various
embodiments of the invention the video data comprises multiple components, each
component having multiple coefficients. The video data can be encoded or decoded

in multiple passes.

[0011a} According to a first aspect of the invention, there is provided a method of
decoding video data in a plurality of passes, the video data having a plurality of
components each component including a plurality of coefficients, the method
comprising: determining whether there is a non-zero coefficient to decode for a first
component in a first pass; if there is a non-zero coefficient to decode for the first
component in the first pass, decoding the non-zero coefficient for the first

component in the first pass; if there is not a non-zero coefficient to decode for the

o
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comprising: determining whether there is a non-zero coefficient to decode
for a first component in a first pass;, if there is a non-zero coefficient to
decode for the first component in the first pass, decoding the non-zero
coefficient for the first component in the first pass; if there is not a

non-zero co%‘f.ficj[ ntfto decod {or the3fir1'slt om&onent in the first a% .
ﬁg COII%?O.HSH 1H ﬁ%ﬁ uiﬁ. ass. delerminme whether I‘? 15 anoa-z?ro é)e .1&1{3:&’{
etermining whether there 15 a non-zero coe idient to decode for the fira
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coefficient for the first component in the second pass determining whether
corEielpatafon dhe AERb CuBRTEIER o tHe serforassdesHa b porsherinbgie is a

nbfsiPasseifithiere is a.nrRr-28r9 seefficienhie dagadeaforthe 58600Ghere is a

component in. the first pass, decoding the non-zero coefficient for the
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whether th is % nton-(;ero cogfﬁc'ﬁnt to decode for the seconld
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componentin the second pass; If there'isS a non-zero coefficient to decode
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According to a second aspect of the invention, there is provid

SOV GREPDRIEHA B o SRGRIStBAMY decompltEiccade-pregesfarigatdeinge

sadeg datadnaat Rlurality ohaasses, the video data having a plurality of
components each component including a plurality of coefficients, the

computer code product comprising: computer code configured to:
[od etieirhinerdingtiver thexmnib s peon ofetio: coetitient therdeequlevided firstmputer
‘ 60k A JrshRAsS, RGlS ! ¢ QFTtigl de.{or;
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PhalipspEprsprindrt iridere it adsgin thlarelisy 0h sampebasbe ficie ApTaPOnent

irdagade for %ﬁﬂ%ﬁ'@? cAMRREENLIndherirstRagaidecade the men-285Rprising:
coefficient for the first component in the first pass; if there is not a i

HBRUREr 6 ¥sethEiRt it dec SHETBE VAR OGSt RPhEefPstRrtbisient to

deteterniine Whethemnibeners i nomzenmeneificient to decedecfor dberfiesint to

ASQIpanenLing secand pass, hhere s a non zeto coefficient to decode -
?or?é)e(ﬁrsktl compo%eﬁ)f’ln e SGCOHC? p%sg,’% c%aee &eq‘?%}nz-%)rg

theolfficiemtpforetherfitbt domipmsentfitithe second-passaeféieimetoviethés for
th@?ﬁesti%&ﬂ%}f&ﬁr% the first pass, decode the non-zero coefficient for the first
component in the first pass; if there is not a non-zerc coefficient to decode for the
first component in the first pass, determine whether there is a non-zero coefficient to
decode for the first component in a second pass; if there is a non-zero coefficient to
decode for the first component in the second pass, decode the non-zero coefficient
for the first component in the second pass determine whether there is a non-zero
coefficient to decode for a second component in the first pass; if there is a non-zero
coefficient to decode for the second component in the first pass, decode the non-zero
coefficient for the second component in the first pass; if there is not a non-zero
coefficient to decode for the second component in the first pass, determine whether
there 1s a non-zero coefficient to decode for the second component in the second
pass; if there is a non-zero coefficient to decode for the second component in the

second pass, decode the non-zero coefficient for the second component in the second

pass.



coefficient to decode for a second component in the first pass; if there is a
non-zero coefficient to decode for the second component in the first pass,
decode the non-zero coefficient for the second component in the first
pass; if there is not a non-zero coefficient to decode for the second
component in the first pass, determine whether there is a non-zero
coefficient to decode.for. the secoy cl&com onent in the. second pass; if )
(Gt ARROHE 1 R ERRES bR STt LBB1a CHTHBR et e o
dseeiing paks, decodedthdunditzefopessfficiaatfulethdaedantgompongitty of
in the second .pass. Ba}O 11ci According to a third.aspect of the .
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sSomponent neluding 2 plurally of cosfficients, ihe, device, comprising: a;,
processor cgnﬁgu?eogfo execute ins{?gctlong; r%remory coﬁhgur‘éd or
catdrimged domputenprigrancapga condpiaeniprogrhethenniprising a non-zero
c{siuetions cenfioyred.for.causing the processar to; defermine whether

1y
i there 1S a .10n-zero
there I1s a non-zero coefficient to decode for a ﬁrstpcomponent N a fII’S]tV1

cpetbsidhtHerddsodentin- e dirsoefficiontd tetwdBrfortss. filstatmiponentdero
fi , -zerg goefficient for the first ¢ ent.in

o e e e TR er

ceoinpenetit dededdifst phedidewmueanhathie thsiepgsa doisizeirs whether

ﬂfeqsfifécel%&&t%%@ﬁam@%ofieiéw@mpﬂfenﬁ}@tac&%ggﬂ&m% 4&&3@4&%

non-zero coefficient to decode for the .first component in the second pass,
thifsedtle Hee-Aoie-2epdisorttitiedncoratier fikst Gothponentsnitietbecopenpasss.
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component in. the first pass; if there is a non-zero coefficient to decode
wWipthies eev itk dbvBeiferrIITieNtia tiperds HRcHRCE pompMIRNt in the first

peaefiiciantfor the.3ecqnd-6empRReR; iRtiRdingh RRASS:ALIREIBHHANLA in the

non-zero coefficient to decode for the second component in the " first pass,
Tige@ntindrpriariar (heP R e sRMDKSB CBEReAtteNdetvmBTRFtha the first
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decode for the. second component in the second pass, decode the
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method of , )
second component in the second pass, decode the non-zero coefficient for the

second component in the second pass.

[0011d} According to a fourth aspect of the invention, there s provided a method of
encoding video data in a plurality of passes, the video data having a plurality of
components each component including a plurality of coefficients, the method
comprising: determiing whether there is a non-zero coefficient to encode for a first
component in a first pass; if there is a non-zero coefficient to encode for the first
component i the first pass, encoding the non-zero coefficient for the first
component in the first pass; if there is not a non-zero coefficient to encode for the
first component in the first pass, determining whether there is a non-zero coefficient
fo encode for the first component in a second pass; if there is a non-zero coefficient
to encode for the first component in the second pass, encoding the non-zero

coefficient for the first component in the second pass determining whether there is a



encoding video data in a plurality of passes, the video data having a
plurality of components each component including a plurality of
coefficients, the method comprising: determining whether there is a
non-zero coefficient to encode for a first component in a first pass; if there
is a non-zero coefficient to encode for the first component in the first
npassredcofficigrihe ronederfvrcaafficiadicanthaditsinchmficneatinithddiests a
nfssid dhers s ot anonzete oelficient o encode forhe, fst. oo crcoing
component in the first pass, determining whether there is'a non-zero
ihsoedficient doc€noedefforitresticsndormpooesninmtbedordnpassyiflttiereisc a

nOeRFE L Gaslielant fogasededar te st companehhiahg, Saee "iﬁiré%g%%ss,

encoding the non-zero coefficient for the first component in the secon
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encaqde for the second component in the first pass, encoding the non-zero
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sqvonzesmportficianhtasancaddeater the second component in the first pass,
determining whether there is a non-zero coefficient to encode for the
second component in the second pass; if there is a non-zero coefficient to

[8hddecrsrdire decoRdteorisshant ety seiondtpass e Rtddsg theomputer
readnbrematiafficienidor theorspeand.companint ifbthensedond ydss. danllel a
| fif i nvent reds provi
D B U M B
G410 a2 pRIREOf PaSOsEiaiRNid 8 AR Mg Spfurditgust comprising:
caampenesds eashigompanekicincindingahpluthdity of corfficientsctfcicnt to

eROBPYIRT £odle: %&ﬂ#%&%@?iﬂ%t campuiencode, coRilgured W05 fricient to

determine whether there is a non-zero coefficient to_encode for a first,
Rt S HEiAl sl HIRIPPaRE e fish Prsw- S8 o B dieRTAEFoeTRsstieisar for
thhéifirstmompenent ihdHedirsipassSilencodedhe namnzerocoeéiticientdamcode

eI SHCPRAREALID hefirshRassadl el 5:not SHaakZ efe cogMCIent W,
engode for the flrs%(gi%mp%lnent in“the first pass, determine whether there
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in the secog_d pass deter ir%e whether thereisa . X )
non-zero coetiicient to encode tor a second component in the first pass; if there is a

non-zero coefficient to encode for the second component in the first pass, encode the
non-zero coeflicient for the second component in the first pass; if there is not a non-
zero coefficient to encode for the second component in the first pass, determine
whether there is a non-zero coefficient to encode for the second component in the
second pass; if there is a non-zero coefficient to encode for the second component in
the second pass, encode the non-zero coefficient for the second component in the

second pass.

[0011f] According to a sixth aspect of the invention, there is provided a device for
encoding video data in a plurality of passes, the video data having a plurality of
components cach component including a plurality of coefficients, the device
comprising: a processor configured to execute instructions; memory configured for
storing a computer program; and a computer program comprising instructions

configured for causing the processor to: determine whether there is a non-zero



non-zero coefficient to encode for a second component in the first pass; if

there is a non-zero coefficient to encode for the second component in the

first pass, encode the non-zero coefficient for the second component in

the first pass; if there is not a non- zero coefficient to encode for the

second component in the first pass, determine whether there is a
coudficieno woeflivigntito entiedectontbasecand cospanentimtie secafth-zero

s; If there is g non-zero.coefficient to encode for the secon(%]
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_ plurality of passes, the video data having a plur of components each
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storing a computer program; and a computer program comprising
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.the non-zero coefficient. fpr the second component in the first pass; if there
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encode the ngn-zero coefficient for the second component in the second
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coleffetingipraBesist component in the first pass. If there is not a non-zero
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can include determining whether there is a non-zero coefficient to encode

or decode for a first component in a first pass and if there is a non-zero

coefficient to encode or decode for the first component in the first pass,
wenpagg:08 decoding the non-zero coefficient for the first compeaatdsvo«

the first pass. If there is not a non-zero 3d WO 2006/075224

PCT/IB2006/000024 coefficient to encode or decode for the first

component in the first ,dhe.precess can_include determining whether
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the plurality of components and delaying e ing or decoding of the a

easeeris opipe (aigeoreofspetiatshsy ma-seaggraetisigntStaydhe second

Spipysesan grtesmkegkigr more than one component and the stagger
delays can be different for different components. The stagger delay can

q'nf%m-fgg al (gié) og its_previously.encoded into.or decoded from a
Iqutaistream, or é@ vaﬁjel(r:%rﬁl Seogor'i[}é% ac %%ﬂ ort eé%%%%fé%r%rglﬁ%r%ﬂﬁgger

Jelen 4Py ﬁ?dﬁ%éfr@ﬁbéﬁ}méﬁtsi,iﬁf dapoparonaivie asindble determeimiidgor dtcoding
deas! oneaQf the e iPHIRS ard,ihgd { M@ihﬁé C%gbg%r delays

applied tg encode or decode the at least one of the plurality

R EHERE GO e Shet: i £ABMOTIY Pk dher HegRsirdtyy sk eadifferent
feprafrisest ebmpraskiof bnankeigis SpRSINIR0 IR WHSR-SSIREL IEBHRNSF bits

previously encoded into or decoded from a bit stream, or its value can be encoded into

or decoded from a bit stream.

[oe14) In other embodiments, a2 damper value can be determined for at least one of the
plurality of components and the damper value can be dpplied to encode or decode the at
least one of the plurality of components on only select iterations of a pass. The damper
value can be comprised of a mask of binary digits specifying in which select iterations
' the at least one of the plurality of components will be encoded or decoded. Similar to
the stagger delay, the damper value can be inferred from a ratio of bits previously
~encoded into or decoded from a bit stream, or its value can be encoded into or decoded

from a bit stream.

potg)  Other features and advantages of the present invention will become apparent to

those skilled in the art from the foliowing detailed description. It should be understood,



the at least one of the plurality of components will be encoded or decoded.

Similar to the stagger delay, the damper value can be inferred from a

ratio of bits previously encoded into or decoded from a bit stream, or its
wealu®,eahe encoded into or decoded from a bit stream. [QQEGIHRGE00024

features and advantages of the present invention will become apparent to

those skilled in the art from the following detailed description. It should be

hot Q%ﬁggégg%éci@{ 20 9?8%%%&5@%9 QeA000024, hRwaYe ﬁtiﬁg%xtg@rred

escription and specific examples, while ino’licatingI preferr
i

erebrdouinients oheharpiede VPRETHON CareER &Y DY Wag ot IMSSAER Paf ot
LA t%QﬂyM‘?dﬂée% hanagsanc.mediligationsitbi treascopaddh tﬁ%ntion

present invention may be made without departing from the spirit thereof,
i bSHBAR HHRSTI ASTH Sa ROt e PR o ARk e IS aeoR B pHeS al
s AsERRAWINGS looisl The foregoing advantages and features of the

invention will become apparent upon reference to the following detailed

description and the accompanying drawings, of which: loon Figure | is a

perspective viewmt giierapeadineniaha commenicationgevice that can

be used in the implementation of the present invention; 100181 Figure 2 is
padloghdisgtgaimingusisaiingdfieerabodithe itaithe: edihbusbinatipparent

device of Fiqure 1 .DETAIL CRIPTION.OF EXEMPLARY . .
SR BOARIE R L (0 rS e ArAeR S B At i HheSa e e f

wbdchputer code products, and devices for efficient FGS encoding and
decoding.. Embodiments of the present invention can be used to solve

psPMerekine Piohlemsiioentin existingnsalutions: &l xamMPRation device
embodiments, of the current inventg%n can be used tp improve the overall

 that GRRPEFRIE R R IR PR EHRB PRSI ERESRS uniform/regular

SNR characteristic, and to increase the flexibility of the system to provide
matedigontrol, Such sy conpemmgnEe ilivsireinge anl @mbpsimeante ot the

cgﬁ}ﬁ%gﬁmwgﬁe 100201 In this section, the term
en

ancement layer" refers to a layer that is coded differentially
compared to some lower quality reconstruction. The purpose of the

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

ots) Embodiments of the invention present methods, computer code products, and
devices for efficient FGS encoding and decoding. Embodiments of the present
invention can be used to solve some of the pmblenis inherent to existing solutions. For
example, embodiments of the current invention can be .used to improve the overall
coding efﬁciency- of an FGS scheme, to provide a more uniform/regular SNR
characteristic, and to increase the flexibility of the system to provide added control,

such as by controlling the luminance and chrominance bit distributions independently,

oze] In this section, the term “enhancement layer” refers to a layer that ié coded
differentially compared to some lower quality recomstruction. The purpose of the
~ enhancement layer is that, when added to the lower quality reconstrucﬁon, signal
_ quality should improve, or be “enhanced”. In this seciion, the term “base layer” apj:lies
to both a non-scalable base layer encoded using‘an existing video coding algorithm, and
10 a reconstructed enhancement layer relative to which a éubsequent enhancement layer

is coded.



enhancement layer is that, when added to the lower quality reconstruction,
signal quality should improve, or be "enhanced". In this section, the term
"base layer" applies to both a non-scalable base layer encoded using an
wexistingrsigeo coding algorithm, and to a reconstructed enhamcesp@nBiosos24
~ layer relative to which a subsequent enhancement layer is coded. WO
2006/075224 PCT/1112006/000624 100z11 As noted above,

BIPOdIMEHLS wilkie, thersaans,af &Rﬁlﬁf@f&em&ﬂys@&gﬁkﬁgw? RN 1 de

products comprising computer-readable media for carrying or ﬁavmg
- FEBSRNteMTedRS tASTE IHSIRECFORY Biceratadahctinedistdpe d wreyisen Bubhving

cappueizseatablenediasanbe.anyairiirklemedigthal.canbg, comouter-

accessed by a general purpgse or special purpose computer. By way 0

RGBS FPB IR R FEARA TR Hich SahPCarrpHies RveRecpurpose or
sERBRO My s R uteD-ROMGr @i@g@@ﬂ&%ﬁﬁ%&iﬁﬁﬁ&%ﬁ%ﬁ@ﬁé&&m
storage Qr,qt gnefic.stor. ce othey medium whic :
i R G e AT R
rcgnplitehexsontgbler Mbtructionsiorstatgsiuciceeoaatywhich eadibe which
S b ral purpese or_special purpgse.computer. When
S A e B T e
i@@?ﬁﬁﬁi@ﬁﬁ:@ﬁ&@c@ﬁiﬁé@%@(@itﬁéﬁﬁ%ﬁ@mik@d&%ﬁ@@héﬁma geombipatiane or
sBEchAHMKRE Q5NAlRIE SIS COMBHIG! INEGOMPLHRL @FE%Q%@X YIRWS 408, ook

connection as a computer-readable medium. Thus, any such connection
QS PRIPERPERHBIE eBhepTREF RS ihte aeindind.coralsisatoAs whtteation of
rabOvR-Areralse iadadnchiefelviliin Hepeane:ohGoMRtRrteadaiition as a

ter-executable instructions comprise, for example,

cmedlz%. 90@%4 {jé : e
eGSR ANE BEHWhicH tadte SO AMrTiRD S iy itareg oeoatoy

rpa&qjﬁsemﬁmpu@ommpm?bﬁw@eﬁevp rHgeHsiE teVittiQReHINBe scope
rtai 1C1 [ qro unctions. Any common, programming
D e o e Bt exemple,
insiplefieant and iﬁﬁ@nﬁéﬂ@ﬂ@@&@l Figares| mmc:mmeep,osp_ﬁale_l purpose
GiCBIANRR AT 1A, RE BRNEINENHON J8 A EQMMKEpication
cgg{\yice_ suﬁﬂgs alrgno ile Eomm&fr%gation d%f/?c%%ﬁ e %%gﬁ%i%r e é%h%‘n%’,o“p
OB HARERRD ric HEY REHRE SRR B alShiaRsese.r sptnter Cots. (S Howe vespitbly

lifgimpQuanbiuRatetap RcRI@ReRkaNERtioN is not limited to any type of
electronic device and could be incorporated into devices such as

Rsrson Qiﬁ%@éﬁiﬁﬁ%ﬂé%n Persopal.computers, mohile telephones, and
Io%uﬁer devices. It should be urf%}er]stc()eoﬁ(r:i1 ﬁr%%tncn{%mn 0? éﬁe pregem invention 1s as
part of a communication device (such as a mobile communication device like a cellular

telephone, or a network device like a base station, router, repeater, etc.). However, it is
important to note that the present invention is not limited to any type of electronic
device and could be incorporated into devices such as personal digital assistants,
personal computcrs; mobile telephones, and-other devices. It should be understood that

 the present invention could be incorporated on a wide variety of devices 12.

toozaj The device 12 of Figures 1 and 2 includes 2 housing 30, a display 32, a keypad
34, a micfophone 36, an ear-piece 38, z battery 40, radio interface .circuiiry 52, codec
circuiny 54, a controller 56 and 2 memory 58. Individual circuits and elements are all
of a type well known in the art, for example in the Nokia range of mobile telephones.
The exact architecture of device 12 is not important. Different and additional

components of device 12 may be incorporated into the device 12. The scalable video

6



the present invention could be incorporated on a wide variety of devices

12. [00z31 The device 12 of Figures 1 and 2 includes a housing 30, a.

display 32, a keypad 34, a microphone 36, an ear-piece 38, a battery 40,
wikngligsimierface circuitry 52, codec circuitry 54, a controller S&angaos000024

memory 58. Individual circuits and elements are all of a type well known

in the art, for example in the Nokia range of mobile telephones. The exact

architecture i J t i i ' i
10f device 12 is notimporantDifessnt 2 oeddtiiorabrmed in the
e%%orglggn&éyr&;tsgof%%\éﬁ:e 12 %%y_be inc%rporated into the device 12. The
conatdlole Gitsa s yOLCBATYES 32 PCT/IB2006/000024 encoding and
decoding techniques of the present invention could be performed in the

peantratier;aGmemary &Britfeth in dev inmd 2l 40624 3Mhethodention Vgich may be
_described.in the general context of metho . whi "

RO Tror SISOt By g U b executable
iearaiter exdcaabtermsrodtionss sudb s ProyamiBagEyesed e pments.
Gfﬁ%%%gﬁg%g%{é%wrggaﬁi’eg@}{Hg}&m?&lﬁﬂeg%}%@%ﬁspw@@, BOMlBlER s, data

€s, programs, objects, components, data “structures, etc..

sthatrpesfotm thaiperfomasrEaianiprspranRirmsaratsHar Rsachds types.
&%E%ﬁgﬁg&ggﬁﬁﬁﬁloﬁoéé%'ﬁ@ SAlRSEHCHNE BRI modules
program modules represent examples of program code for exe u‘gng_
repeyps 1 PSSP EREIT & R oY T HE Bl S B eREL B s i osed
HxgeuUtahle ?m{éﬁﬂ@%@feﬁ%@%m datausiblictinescepresentssociated data
examples of corresponding agts for implementing the fug%ign{sn d 'sechn% ons
Wﬂ&ﬁsﬁﬁfg?%%%gmg%ﬁeﬁmg%%%[%Fnéorr\té%gns T the present —
deuenianncarldsessaccomplished with standard programming techniques
with rule based logic and other logic to accomplish the various database

rChiNgSIRPS,EPTRIAlIoR SleRenGomMRPArkTORLSteRs:aRd dasisiRR SRR b
{?ta%s%m[ﬁg also bsgr%gté%%hat t%e words "module” %ﬁg hereip and in the )
i

asteamplishRsl et 4O EE SHNEESE T ATERIARTH Y TRiTY o RE G Hifeanc other
liResioheaiwie cade A Alabawiware dniptesmenfatiar i Rinimps, comparison
equipment for. receiving.manual inputs. 100263 In general, embodimen
R e R R
Kesficiianithat &Igimmﬁpfaﬁsn@éds todsenpasn mmmaﬂmmﬁmgmor more
hetore dne A PASR CARARI MR RARET HBIE ol AR RIFTRASS iRent for
receiving manual inputs.

jpozs; In general, embodiment of the invention improves upon existing FGS schemes
by removing the restriction that a given pass needs to be éompleted for all components
before the next pass can begin. .In other words, in a multiple-pass FGS scheme for
multi-cdmponent video, the end of a current encoding or decoding pass for a given
componeht can be immediately followed by the start of a next pass without régg_rd to
whether other components have finished the current encoding or decoding pass.
Additionally, embodiment of the invention provide for the FGS encoding or decoding
process to be “staggered” acéording to the component, and even within the bomponen‘c
~ according to some criteria, So that; for example, the encoding or decoding of one

component of the video stream may commence in advance of other components.

jpozr; This leads to more regular quality improvement, Le. the “plateaus” on a SNR

curve associated with movement from one pass to the next are less pronounced. By
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multi-component video, the end of a current encoding or decoding pass

for a given component can be immediately followed by the start of a next

pass without regard to whether other components have finished the
weLsesdaneoding or decoding pass. Additionally, embodimeantofdirsoeoo24

invention provide for the FGS encoding or decoding process to be

"staggered",according to the component, and even within the component

m%?)%%[g R0 1013%{1 "% 5 éﬁ@@@&ﬁgéﬁéﬁ@% &P&@E‘&RQW&&W@B&Q}{}Q of

omponent e video stream may commence in advance of
bmtbma@mpmame [@mmgaéa@mm@twg{yﬂemeﬁmﬁmmﬁm%eé
e, "pl e:as e t _
I A MR Cusing
enﬁ@iﬁm@@@?@mwﬂmﬁémovmg the restriction that all color components
start at the same time, the balance of bits between luminance and
néBfominaaseis emprbesistedmhamal dpiecissiy dinttolledonkidedditidssue of

an overall improvement in ¢odin C realiz
“iadeB ﬁ%n?g%c’ft AR 6N, 1%02%)5 n%o%%ergt%l%geg?ﬁbggegéb ey e
sighthexineantion finstolthecormiderdhé Bderodingishepwadenbpasscribed as:
boundaries". As described above, the pseudo-code for the significance
pass ifgne.af e araposest BeSdacoding schemes can be described as:
While vaiugs seimaiiiio be decoded For each block Decode one non-zero
luminance cg@&%@@aﬁ@ﬁ&apz@@edmm@s@@ﬂmdem@mw&z%r@ems
chrominanceyeagfficignhiiomeatihoedrmpenertAridypferading: zeros Go to
refinement passpdOeRAhd\aeoeding torthis scheme the number of
coefficientsréfienendpskin each iteration of the outer loop may vary. For
example, consider the case where there is a_single block of coefficients,

rota® lufraaTsERec e iertBemesifbey BN aT0coBWIEE ARcPa Shrise in each

HEDFMINAREE SRRRORSRIRAMAY ooafigientivaliesided AR AletnBachs a

terat the foll | Id be decqded: It L
séﬁ%ﬁ?ﬂ%g@gqgé\%qgn}c@ %J%Sl\llxvnqynancee COoE 1c53nts ﬁggfrll%nva&]ungsm?l%el 0,0,1,0

and a single chrominance component having coefficient values 1,0,0,0.1,0,0,0. In each

iteration, the following values would be decoded:

| Hteration | Luminance Chrominance
1 3 1
2 1 0,0.0,1
3 0,1 End-of-block
4 0,0,1 N/A
5 End-of-block | N/A

pozo; 1t can be seen that the significance pass for chrominance is entirely completed
after three jterations whereas five iterations'are required for luminance. Therefore, for
the fourth and fifth iterations, nothing is decoded for chrominance, so that the quality
" {or SNR) remains constant even though rate is increasing. This results in a “platean”

on the SNR curve.

po0s1}  According to embodiments of the present invention the refinement pass for
chrominance can be allowed 1o begin while the fourth and fifth significance iterations

for huminance are being completed. In this manner, a more uniform SNR characteristic



210,0,0,1 30,1 End of-block 4 0,0,1 jNIA 5 End-of--block N/A 100301 It
can be seen that the significance pass for chrominance is entirely
completed after three iterations whereas five iterations are required for

woRinaaes; 4 Therefore, for the fourth and fifth iterations, nothiRgriSeosme0024
decoded for chrominance, so that the quality (or SNR) remains constant
even though rate is increasing. This results in a "plateau” on the SNR

cafiUiY e ARQ387 Peeoripgto smbadinents Mfnae IR ENINBE: of the
refinement pass for chrominance can be allowed to begin while the fourth

ingRiiARIS ARG fEaiRLAdPARSHs for luminance are being completed. In this
manner, a more uniform SNR characteristic 8 WO 2006/075224
PCTABZDO64000024azain be dachikded. Thus, pseudo-code describing this
aspect of eansentidiediment of the invention can be written as follows:
While value¥ egnifindocbgdebEiE dofplealth biodhatcsignificance pass
NOT complete farchin e Renode bnechonatbricimidaneesdoefficient
and preceding Z2ep8s Else Decode refinement information for next
luminance dééfficient If significance pass NOT complete for chrominance
Decode one noRegeRs rfiepmpriiséoesaimeidet Mo EatR e AMssRdattand
preceding z&rSgRfieneerad R firameRtaAte fREBIFdrhext
chrominance cO&RdRATS RS SEPAROIEA RS EANERIEN FTPASS 00321
Continuing vgi&%@?ﬁ‘?ﬁﬁ@ﬂﬁé?@ﬁ%%ﬁld become: ,

Decode refinement information for next chrominance

‘ coefficients ‘
NO SEPARATE REFINEMENT PASS

oo32; Continuing with the examplé, the table would become:

Tteration Luminance Chrominance

1 3 1

2 1 0,0,0,1

3 0,1 End-of-block

4 0,0,1 Refinement data

5 End-of-block | Refinement data

o33 Thus the “pass” currently being executed becomes a function of each colot
component rather than common between them. Embodiments of this aspect of the
invention can be extended to apply when there are more than two types of passes or

when there are more than two components.

wos4] In some cases a large plateau on the SNR curve at higher rates can be the result
of one color component being decoded too quicki_y.- In another embodiment of the
invention, these situations can be overcome by using & “stagger” mechanism and a
“damper” mechanism in the FGS scheme. Using the above example, it may be possible
1o obtain better performance if no chrominance values are encoded on the first iteration,

i.e. the table would be revised as follows:

Iteration Luminance Chrominance
1 3 N/A
2 1 1




Iteration Luminance Chrominance 13121 0,0,0,1 30,1 End-of-block 4
0,0,1 Refinement data 5 End-of-block Refinement data [0033] Thus the
"pass" currently being executed becomes a function of each color
weompansntrather than common between them. Embodime msyofithis: 000024
aspect of the invention can be extended to apply when there are more
than two types of passes or when there are more than two components.
[0034Hpsome—e 13\? atargep HEE PN the SNRCUrve at higher rates
can be .b,he restit ud;b)’lf‘e cotor CORIPRHERT REMg decaded too quickly. In
anoth_:rSe...t‘;uduusﬁi1 F T Ve IR, JeRP ations can be overcome
by usirga-“staggetrmechanmsmand a ‘damper-mechanism in the FGS

nageEs URING the aboys &xamplendhiiayhrdessible heliaipobetial of -
performance if no chrominance values are encoded on.the first iteration,

SthgeTh eIRRbRIABLI 9 8% 5o AUE HARGTS TERMREN Lt fEebodiment of the
Shieminancerk INM SWWQ2006(p75224 RCTHBRR0GIEABNR4ACS Grtts one -
0,0,0,1 4 0,0,1 End-of-block .5 End-of:block.Refinement data 100361 Thi
itﬁéfﬁipiﬁoénlégﬁkﬁg %Mihﬁﬁ%ﬁfue ma I%agﬁlgm%m% gﬁrﬁgnetso awhm%:‘ w0
stataggerdmeshaismacpondingdenthelyrebeminsemticipimdhisn the individual
embodiment of the inyention, the st f t
Vi SRRSMIRACE I&%ﬁé%%%%te%a%m‘%%%%fg%%ﬁ% _umlngrﬁ%%?%?ﬁg%m
cmptitialentnofethof oysiesony witientocasesgyes the seafisicaieompbitent color
o %%%%%‘%ymcigf %@L%g%%@dd&@é%&&n e individakideR SRAUENCE Al ents

e zero. In a further extension of the stagger concept of one
mambodiagaatedranEnic eneish thasy AP ERRSGEH %@E@Eﬁﬁ’e?éms within a

color component may be staggered differently. For example,
eoNMinanceAiG dinafficianjschrominance AC data is staggered, but not luminance

or chrominance DC. Afiter decoding the luminance and chrominance DC, the amount

of stagger can be compuied either by an aigorithm" or a lookup table. In one
embodiment, the lookup table measures the ratio of bits spent on the luminance and

chrominance DC and determines the chrominance AC stagger as follows:

| Ratio luminance:chrominance DC bits | Cycles to stagger
0-14 3
15-29 : 2
30+ 5 1

oar;  When decoding, the stagger value can either be inferred from the ratio of bits
decoded or can be decoded explicitly from the bit stream. In another embodiment, the
rate-at which individual color components are encoded can be “damped” using the
described damper mechanism fo avoid reaching quality “saturation” too early,
Continuing the above ‘example, it may be decided that it is beneficial to encode

| chrominance values only on every other iteration, sc that the table becomes: .

Iteration | Luminance Chrominance
1 3 N/A
2 1l 1
3 : 0,1 N/A.
4 0,0,1 0,0.0.1
) End-of-block | N/A I

it



may be staggered by more cycles than chrominance DC coefficients.
100361 In one embodiment, only ehrominance AC data is staggered, but
not luminance or chrominance DC. After decoding the luminance and

wehraminange DC, the amount of stagger can be computed githergamaoz4
algorithm or a lookup table. In one embodiment, the lookup table
measures the ratio of bits spent on the luminance and chrominance DC

and determines th,e chro é“}? C?s f% Ratl

fifinance: g%ro?mnance 5 %to Sg0er rﬂ% s %235’2&5‘63-@ flone

mﬁom W&@tﬁemidmglﬂkm@@g @ethmﬂmeeaarﬁeat&anpm weerrediirbom dbeded
JQ&% Od’?é?e Sé‘aiéc??y%% %9'1?8‘91 Jom he abs'fcstrreﬁiﬂgfgdlgus

anot er em ment e rate atw nd|V| color componén
speriting Eéhcbe?@@mpealeumm@m@ﬁdé%rmdedm}n@éﬂmehﬁfmsrhmmmance

Igg@%rg@%gg&g@@ty&ﬁ@tyg@q@@a.too early. Continuing the above

example, it may be decided that it is beneficial to encode chrominance
value y O other jteratjon, so th tth table becomes: Iteration
A GBS o) BRVSTON FOIRGR FORPTiom O st of
cEcmlimfgbmiéo Mbéal@o‘xﬁ@@ Qﬂ&lﬁ?ﬁ&%@ﬁ:ﬁﬂa a&@»&@d@@@ﬁ&ﬂ teﬁQﬁﬁﬁlngewdeo '
nﬁer ' valug could be inferred b ed on b&tr n§1 ch agican be done
%h Shit

¢ %tagger Valte' ﬁ%ceasﬁ%%her el%%% imen damper variﬁ’ét O&FPI5E 2
edeedidadrirenss e siestiomedittaly afeo dedesgmb Biccarriont imtiodtiveratafor o

g ask Qb BIaNLHLS SpeAtnGWRICh derali %H@g‘cgﬂ%e 10 L%%'% 88 rremt

decoded for, e% the chrominance mask in the above tabl

dyeodinzprsso] Tsidisibtsanie e armaseinrd Ansh thadetsiashisessipibeidf the
- dhe soptexbelsadacaringyigas dalr, cansantzalthe 'ﬂﬁ%eiﬁ%ﬂtﬁﬁ{‘ also B@iude

e?lggclilgrg égdegg&%?l% gi'gSeosses
too40; The foregoing description of embodiments of the present invention have been
presented for purposes of illustration and descriptidn‘ It is pot intended to be
exhaustive or to limit the present invention to the precise form dieciosed, and
modifications and variations are possible in light of the above teachings or may be
~acquired from practice of the present invention. The embodiments were chosen and
described in order to explain the principals of the present invention and its practical
application to enable one skilled in the art to utilize the present invention in various
‘embodiments and with various modifications as are suited to the particular use

contemplated.
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data. For example, in the processes and systems described above, the
next pass of an encoding process can start immediately after the end of
the current encoding pass for a given component without regard to
woheihersather components have finished the current decodsay /pesse/000624
Thus, it can readily be appreciated from the detailed description of the
decoding processes and systems, that embodiments of the invention can
include encoders and encoding 0 s. [0040[ The foregoing
description of embodiments of the present invention have been presented
or pUrposes of illustration and description. It is not intended to be
éfucsPﬁ%eorlfo limit the present invention to the precise form disclosed,
and modifications and variations are possible in light of the above i
1 teachingsthorha dseodioguiidas famipmphisalsy renreseibsnierndatariyine
a %@u?ﬁﬂgngp%ﬂﬂﬁe%g% andhResaribeddripsdenta.explabt iRfficients, the
rincipals of the present invention and its practical application to enable
metfed kMBI art to utilize the present invention in various
embogliments.andwiiaearieus maodifieatiens as«fieisuited tddhelpaiticaldirst
use contemplated. 11 WO 2006/075224 PCT/1B2006/000024 CLAIMS
QRIS IRMTUTiB2E: A method of decoding video data in a plurality of
passgs iae: videasatahaiatfictepluatity afecfim fonénts eeagbroom potigntirst
including.a plurality of coefficients..th ising; rmining
b R e R S S
a firstipaisseifishere dsemmomozere Goetficiedery de fordtgoRtHecfipaponent in the
£i5 Dasy, e@&%éﬁllﬁ'ﬂr%r inlass wieeqding tie,pRn=2erasaafticianidas e fHstirs:
e

componentin't rst pass; if there is not a non-zero coefficient to decode
clonphesiitseeoiepmdaish the first pass, determining whether there is a
non-zerg,ceefficient e decreefor thedirsl camprnent aseeanthnasssibnd
there is a non-zero coefficient to dgcogeéf,or the first com onent in h%
DesvGitaoHRELPEBOBTG HOEHERI &P0 RS SH SRS Arit B ErERt in

the segapE @S whether there is a non-zero coefficient 1o decode for a second

componeﬁt in the first pass;
| if there is a non-zero coefficient to decode for the second component in the first
pass, decoding the non-zero coefficient for the second component in the first pass;
 if there is not a non-zero coefficient to decode for the second component in the
first pass, determining whether there is a non-zero coefficient to decode for the second
component in the second pass;
if there is a non-zero coefficient to decode for the second component in the
second pass, decoding the nop-zero coefficient for the second component in the second

pass.
2. The method of claim | further comprising determining a stagger delay for at
Jeast one of the plurality of components and delaying decoding of the at least one of the

~ phurality of components by the stagger delay.

3. The method of .claim 2 wherein a siagger delay is determined for at least two of

the plurality of components.
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determining whether there is a non-zero coefficient to decode for a second
component in the first pass; if there is a non-zero coefficient to decode for
the second component in the first pass, decoding the non-zero coefficient
for the second component in the first pass; if there is not a non-zero
coefficient to decode for the second component in the first pass,
determining whether there is a non-zero coefficient to decode for the
second component in the second pass; if there is a non-zero coefficient to
4. B RS The FBL S eSO RERTSN! HaoeRcaRa s sistampashiy tiak least two
of thepizelitycdefficienidoisthe second component in the second pass. 2.
The. method of claim | further comprising determining a stagger delay for
at least one of the plurality of components and delaying decoding of the
5 THfeastilntk o BRMpRIANEIIR B pisseRtsIsiAthe Stigged dumy asratipedf bits
degmsttiod of claim 2 wherein a stagger delay is determined for at least two
of the plurality of components. 12 4. The method of claim 3 wherein a
different stagger delay is determined for at least two of the plurality of
0. Eopsiertcsering riyﬁbm%wc% SE i Gﬁeﬂﬁﬁ%‘é%ﬁ%dé#&%ﬁ?i’s from a bit
strdaferred from a ratio of bits decoded. 6. The method according to claim 2
wherein the stagger delay is decoded from a bit stream. 7. The method
according to claim 1, further comprising determining a damper value for
7. Hi9 BN gALEIE G R AR O cBPENHTR BHBGPRIFMY M HariE VAl for
at itagdeceds the patrigiastboarefothenplaralibp o cantposenisoraQrlfseteste the
j ' T ' clai rein the
e e e e e sclect
iterations the at least one of the plurality of components will be decoded.
8. Bhel heinethad adoaydingltinclaimhéravh ereiddhpaanaper salyeiteinierask of
bindt 9 BGEEUB LIS GEGRAaT soller NEMEHICHAKOIEIRE SRSBIThd. piuraity of
wheréein the damper value is decoded from a bit
components will be decoded.

8. The method according to claim 7, wherein the damper value is inferred from a ratio of
bits decoded.

10. The method according to claim 7, wherein the damper value is decoded from a bit

stream.

11. The method according to claim 1, wherein the first component is luminance and the

second component is chrominance.

12. A conﬁputer readable medium storing a computer code product for decoding video
data in a plurality of passes, the video data having a plurality of components each
component including a plurality of coefficients, the computer code product comprising:
computer code configured fo:

determine whether there is a non-zero coefficient to decode for a first component
in a first passg;

if there is a non-zero coefficient to decode for the first component in the first
pass, decode the non-zero coefficient for the first component in the first pass;



stream. 11. The method according to claim 1, wherein the first component
is luminance and the second component is chrominance. 12. A computer
readable medium storing a computer code product for decoding video
wdatadén anlurality of passes, the video data having a pluralitgcaf/iB2006/000024
components each component including a plurality of coefficients, the
computer code product comprising: computer code configured to:

determine whether thergisaroQezaERcoRfticiaiik e AerosRIeL A Stnt in he
component in a first pass; if there is a non-zero coefficient to decode for

figsiepist AesorFos R e fRetTs L focbsdashermenmsatsncbertisinessr
the first comigenaat;imthie fitsl RRESTAET VD 20064085284 he first component in
PCT/IB2006/000024 if there |s a non-zero coefficient to decode for the

U RO SRR RS ThE Braééﬁf%ésci’sd%%érﬁo‘ﬁ’- B &5itFeRLsIPEHRe first

chiigiceemponsatindhadist pass; if there is not a non-zero coefficient to

decode for the.first component in %e.fir ss, determin hether there
e e e R H o e S Y Rty I the
- spase; ikthealercisia thomaerercoetfitivmitdtedietiontipedist cohrmaent ifss

the second pasinfReRmiesilie fansee R conllielentiida JkkeamBeneil ng

in the second pass determine whether there is a non-zero coefficient to
ColapeuEoR él%é@@?ﬁﬁsébmponent in the first pass; if there is a non-zero

coefficient tordgends forthe secoRteRmPananbip Mié%ee@ﬁéngﬁ%%@m in

- the_non-zero coefficient for the second component in the first pass; |
AR 4976AS,ED RETERMTDEEB AR e SRE St RIS owethe ifirst

phag first pass, determine whether there is a non-zero coefficient to decode
cocfciont 10 LRSS SEISRMER 1o RSP AR b gomponen
ind deo destmsrp datennioecfficibat fberths secondoompdifieitninithéecelzofd the
HNR component in the second pass; |
if there is a non-zero coefficient to decode for the second component in
the second pass, decode the non-zero coefficient for the secon& component in the

second pass.

13.  The computer code product of claim 12 further comprising computer code
configured to determine a stagger delay for at least one of the plurality of components
and delay decoding of the at least one of the plurality of components by the stagger
delay.

14,  The cdmputer code product according fo ciaim 12, further comprising computer
code configured to defermine a damper value for at least one of the plurality of
- components and apply the damper value to decode the at least one of the plurality of

components on only select iterations of a pass.
15, The computer code product according to claim 14 wherein the damper value

comprises a mask of binary digits specifying in which select iterations the at least one

of the plurality of components will be decoded.
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13. The computer code product of claim 12 further comprising computer
code configured to determine a stagger delay for at least one of the
plurality of components and delay decoding of the at least one of the
wplutaityrheomponents by the stagger delay. 14. The computenendsocos24
product according to claim 12, further comprising computer code
configured to determine a damper value for at least one of the plurality of

m.com%&sg&% andianpinihe danpeval weieiHecedashe, ahdoagkoaawhiieng
plurality of components on only select iterations of a pass. 15. The .
2 pbmbtierlCerRoRsaiR Cat RIS MR PR RePBIRHRE GhrRRiHEishie te
de@%@&ﬁﬁﬁﬁl@aSk of binary digits specifying in which select iterations the
at least one of the plurality of components will be decoded. 14 WO ‘
200@@@%%@%@/6@%’?&%@%%i0e for decoding video data
in a pherality efTasses fiheividens dataitayinggaplmadity of components
each component including a plurality of coefficients, the devige .
compridi Pﬁt?fro%ré’&%’?’cgﬁé% @Fe‘ﬁ%o%@&t%@ns‘f?uc%ﬁ%? m%%gérii/mmg the
. préogdigered for storing a computer program; and a computer program
comprising | %I’%}t}mqy%%&%fgqg&&d&og G3HING tb@efﬁ@é}ﬁs@oaégédq for a first
determine whether there is a non-zero coefficient to decode for a first -
ceopopeorentifiratfiesspass; if there is a non-zero coefficient to decode for

the first compgnentin the_fisst Rasa Ascergthaden-#eraeoeligent ot te

the first component in the first pass; if there is not a non-zero coefficient to
e potiedeAodfclii SO IfeHO TS P SomBRRTAIE WRREPHtre

is a non-zerg greffisignt insecoreciortbriirst hempahedidfissanapshent in

pass; if there is a,non-g)gro cqefficient to decode f thetfitrstdcgrggc%ne{g i?. t
i ST RSP S T e R Th B B RS S A1 T e i O mp o nan e ™

cémtiparcnaddoass pdedermine whether there is a non-zero coefficient to.
decode for %fsfggr%qg a%%”ﬂ.%%{‘ge@&gﬁﬁﬁ‘}gn{'{étd%g& for the first component in the

second pass, decode the non-zero coefficient for the first component in the second pass

determine whether there is a non-zero coefficient to decode for a second
component in the first pass; ‘

if there is a non-zero coefficient to decode for the second component in
the first pass, decode the non-zero coefficient for the second component in the first
pass;

if there is not a non-zero coefficient to decode for the second component -
in the first pass, determine whether there is a non-zero coefficient to decode for the
second component in the second pass;

if there is 2 non-zero coefficient to decode for the second component in
the second pass, decode the non-zero coefficient for the second component in the

second pass.

17.  The device of claim 16 wherein the computer program further comprises
instructions configured for causing the processor to determine & stagger delay for at
least one of the plurality of compenents and delay decoding of the at least one of the

plurality of components by the stagger delay.



if there is a non-zero coefficient to decode for the second component in

the first pass, decode the non-zero coefficient for the second component

in the first pass; if there is not a non-zero coefficient to decode for the
wsepprdrsgraponent in the first pass, determine whether there i81B2006/600024

non-zero coefficient to decode for the second component in the second

pass; if there is a non-zero coefficient to decode for the second

1§.°mp?£§”&ei@ic§"%c%8?&}]ﬂg 9@%&%0%4em&mnmsreowﬂ&i%%&b%mey

second component in the second pass. 17. The device of claim .
COURRIIETS THETEHSHNSEPRTEHTMTRG  AREFIBE R SEaCHeH Jetidris BuRt gursanper
viRlcausinadhe precaseRr iaHeieratingadaaaenaelaniorat Rasionaet

the plurality of companents and delay decoding of the at least one of the
defiafalifie St & o8RG GO A 540 GRS 8P\RRY SBl56 gtFBSians of a pass.

PCT/IB2006/000024 18. The device according to claim 16, wherein the

ompuyter program further cqmprisgs instructions configured for causing :
1§ LSS ERETHAIS & Chner VTS 18 SeTRSC B PR A e
obbaempdigentearifyapply teclaiper ivatuets thesottethamatdfdst tnaivfy of
the B}I:H:E%!s,'%x f_geodrggg#%pts on only select iterations of a pass. 19. The

CHevIcE accor ing to claim 18 wherein the damper value comprises a mask
of binary digits specifying in which select iterations the at least one of the

2pluralify, ot ccampanentswill he decoded 20 Ayaethad ot gDCoInG OB ing

- data in a plurality of passes, the video data having “a plurality of

acRBbHE Afs ORI RBTEpEHERIRMORRHY RPNHRE cHesdficRhtoeffaients, the

Hegh0eLeBrising: determining whether there is a non-zero coefficient to
encode for a first component in a first pass; if there js a non-zero
coeffiCRRER S ode ?rttéeﬁ?sfsc&rﬁfﬁﬁé‘ﬁf’iﬁaﬂff IRHERt JsEnERftndiige first

cthepoaamzaia Goeffiignt for the first component in the first pass; if there is

not a non-zero coefﬂ%ent to %?&89&505 I’{digr%rc m%cr)SQ%nt in ggg flrslch&iézrst

pass, [ etPgrl'"renllls]i%gm\)Nnﬁeq[ fef there 15 a non-zero coefmicient (o encode Tof .
phsst encoding the non-zero coefficient for the first component in the first pass;
if there is not a non-zero coefficient to encode for the first component in the
first pass, determining whether there is a non-zero coefficient to encode for the first
component in a second pass; ‘
 if there is a non-zero coefficient fo encode for the first component in the second
pass, encoding the non-zero coefficient for the first component in the second pass
determining whether there is a non-zero coefficient to encode for a second
component in the first pass;
if there is a non-zero coefficient to encode for the second component in the first
pass, encodiﬂg the non-zero coefficient for the second component in the first pass;
if there is not a non-zero coefficient to encode for the second component in the
- first pass, determining whether there is a non-zero coefficient to encode for the second
component int the second pass; ,
if there is a non-zero coefficient to encode for the second component in the

second pass, encoding the non-zero coefficient for the second component in the second

pass.
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component in a second pass; if there is a non-zero coefficient to encode

for the first component in the second pass, encoding the non-zero

coefficient for the first component in the second pass determining
wahethardhare is a non-zero coefficient to encode for a secopdraaroaaRans

in the first pass; if there is a non-zero coefficient to encode for the second

component in the first pass, encoding the non-zero coefficient for the

econd component in the §i ss; if there is not a ngn-zero coefficient to

2o T e A oA TS O, S B MR Eetor
lethee nésodl the plreabiy of ffieimontate noddelfyinp esedindoCihm pokesttdnetbe the

fecond pass it ibse. s RNNZE8 fficient to encode for the second
pcom|%)[§c$|?ientl?rl:uplthe seé?)ng pégé er?(i:; ding the non-zero coefficient for the
.second component in the second pass. 16 WO 2006/075224 -
2PCTI2006/0090241:24: ihe:aeinad:efelain.20 HIher SamPISiNgG 1east rwo

determining a stagger delay for at least one of the plurality of components
o5y BBIEIRGCEREBERRFEEthe at least one of the plurality of components
. by the stagger delay. 22. The method of claim 21 wherein a stagger delay

is determined for at least two of the plyrality of components. 23. The :
2 ot PO PLTI 55 SIS X o AL Ry R e for a

ldeastvovel didipapllitaktycofpompeanents. 24. The method of claim 21
wherein the stagger delay is inferred from a ratio of bits decoded. 25. The
method according to claim 21 wherein the stagger delay is encoded into a
2hit stréberme®oT o€ ¢leithdt whosiithg tteglminddlly fuitiferediivprisingtio of bits
4detgrmining a damper value for at least one of the plurality of components
and applying the damper value to encode the at least one of the plurality
of components on only select iterations of a pass. 27. The method

28ccorgiporeaRimceo-urhesinthe damperyalue %g@@%iﬁﬁﬁf @@é&%c}%ﬁ into a

binary digits specifying in which select iterations-the at least one of the
bl &R of

26.  The method according to claim 20, further comprising determining a damper
value for at least one of the plurality of components and applying the damper value to

encode the at least one of the plurality of components on only select iterations of a pass.

27.  The method according 1o claim 26 wherein the damper value comprises a mask
of binary digits specifying in which select iterations the at least one of the plurality of

components will be encoded.

28.  The method according to claim 26, wherein the damper value is inferred from a

ratio of bits decoded,

29.  The method according to claim 26, wherein the damper value is encoded into a
bit stream.
30.  The method according to claim 20, wherein the first component is luminance

and the second component is chrominance,
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components will be encoded. 28. The method according to claim 26,
wherein the damper value is inferred from a ratio of bits decoded. 29. The
method according to claim 26, wherein the damper value is encoded into
a bit stream. 30. The method according to claim 20, wherein the first
component is luminance and the second component is chrominance. 17
31, A computer readable medium storing a computer code product for
encoding video data in a plurality of passes, the video data having a .
31 ALty BecHrApBRIB e EHEh SQHRE SreaitmveRl dirdeaPdislitipopncoding video
dateoefficipntsjithetompeterttodedprodust e@m@@isénglur@ﬁ@frfwteds:ﬁgd@emsdeach
g » determi her there is a non-zera coefficient to encade
e At e e s OS] e B enS
COMBRI¢EHECRS? BRaftEEEdmponent in the first pass, encode the non-zero
coetfigiantiferihetfiesticompanaot ifetb e bsidpaa ol bHIBER BN@TiRt component
in Mfégrsg.coefficient to encode for the first component in the first pass,
determine whether there is a non-zero coefficient to encode for the first
compiféftith & NsEcEE periEcipthdpescadfoinzdie frétrenspetersrnde first

padordhestissihrearopesentdeiheceopntt PRSSoLNEAR IRENRANSZBERS;
- ficient e firs ti cond.pass determine whether
e e W e R e

detgrainmubioingidhere i AdiRyErRsBRIfIEnt 16 eneeifelrsttRdistcamponent in 2

sece@mpagent in the first pass, encode the non-zero coefficient for the

secaniFomponsnLI N Liidass dheieds Bl ALONARIAASTRIENLIO s
encode for the secon component In the Tirst pass, .eter ne Whe er
Pash&eeres IRsMoerskoeaftienntéce v trstieproReddn e 6papomentsn the

detsesprdypagsiitiberesia anorere nsteHicentioencasefosdbeisesapshent in
theq‘ﬁ’gPBQ nt in the second pass, encode the non-zero coefficient for the

second component in the second pass.
if there is @ non-zero coefficient to encode for the second component in the first

pass, encode the non-zero coefficient for the second component in the first pass:

if there is not a non-zero coefficient to encode for the second component in the
first pass, determine whether there is a non-zero coefficient to encode for the second
component in the second pass;

if there is a non-zero coefficient to encode for the second component in the
second pass, encode the non-zero coefficient for the second component in the second

pass.

32. The computer code product of claim 31 further comprising computer code configured
to determine a stagger delay for at least one of the pluraiity of components and delay
encoding of the at ieast one of the plurality of components by the stagger delay.

33. The computer code product according to claim 31, further comprising computer code
configured to determine & damper vaiue for at least one of the plurality of components
and apply the damper value to encode the at least one of the plurality of components on
oniy select iterations of a pass.



32. The computer code product of claim 31 further comprising computer
code configured to determine a stagger delay for at least one of the
plurality of components and delay encoding of the at least one of the
wplaadityyabeomponents by the stagger delay. 33. The computenEnde06oo24
product according to claim 31, further comprising computer code
configured to determine a damper value for at least one of the plurality of
components ,and apply the damper value tg encode the at least one of the
R e BB 50 AT oot &1 e g Rt o
c20p6IBTE22YoRIE FHBRGR6/600024 poanponents and apply the damper
value to encodethe at least one of the. plurality of components on only
select iterations of a pass. 34. The computer code product according to
3¢laim B8 whergiterheodampavciaderordnm peisdaia Ahskberebintiy diginsr value

SREGHINg %M%ﬁﬁ&%i@ﬁ%@%% 3t eashane e R Ai.0loast one

components will be enCoded A’device for encoding video data in a
optbeatityaip s somnpeoiadslurranadity a plurality of components each
- component including a plurality of coefficients, the device comprising: a
processor configured tQ execute instructions; ig{g};nory configured fqr
r

3storing ACBgteTSrogtaM “eh a3 dBrip B Ebiprdfig date having -

2RSHIBHO RS configusad fescbatingteat picodaspntehdelernanesminiaets, the

dthere IS a non-zero coefficient to encode for a first component in a first
B‘élgg;ﬁ?tﬁ%%‘qé”fg'a non-zero coefficient to encode for the first component in
the fiestipasssoenooliguied nonareto wewtiiciemt for the first component in

the firgm dE ég fb‘?ts?oﬁf?é'ézﬁf&ﬁﬁ@ﬁ#%@g%ﬁﬂ g&?ode'for the first

component in the Tirst pass, determine whether there Is a non-zero :

coeffiiePRIEPEITEOBE E5 & PRt iBinm pasanttians seudirsdsdor taring ghe
%eFe-coefficient to encode for the first component in the second pass,

encode the non-zero coefficient for the first component in the second pass

determine wASHTEHISPRSEE {BFES &G QOBMBEIS AT BHER U RS fng first

component in a first.pass;

if there is a non-zero coefficient to encode for the first component in the
first pass, encode the non-zero coefficient for the first component in the first pass;

if there is not a non-zero coefficient to encode for the first component in
the first pass, determine whether there is a non-zero coefficient to encode for the first
component in a second pass;

if there is a non-zero coefficient to encode for the first component in the
second pass, encode the non-zero coefficient for the first componeht in the second pass

determine whether there is a non-zero coefficient to encode for a second
component in the first pass; A

if there is a non-zero coefficient to encode for the second component in
the first pass, encode the non-zero coefficient for the second component in the first
pass; | |

if there is not a non-zero coefficient to encode for the second component
in the first pass, determine whether there is a non-zero coefficient to encode for the

second component in the second pass;
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component in the first pass; if there is a non-zero coefficient to encode for

the second component in the first pass, encode the non-zero coefficient

for the second component in the first pass; if there is not a non-zero
weosidfiiestbio encode for the second component in the first pasap2006/060024

determine whether there is a non-zero coefficient to encode for the

second component in the second pass; 19 WO 2006/075224

PCT/1B2006{000024 ,it (here-ds 3daane "R casticiant 4 socqdedar Meent in

second component in the second pass, encode the non-zero coefficient
thersgrensh &5AY CHRNTSNEAtIATIFE S seBRsRJoBAber ecardicerapensiin iB5the
s¥¥BRsgiRsthe computer program further comprises instructions configured
for causing the processor to determine a stagger delay for at least one of
the plurality of components and delay encoding of the at least one of the’
spluralityofRemponertisiby Ibevdiaggereielaymdbiet Nerelovice ReserdiReh iRises
.claim 35 ng?rtj:ein the.com uter‘_{gr%%ram further, comprises instruc i%arrls :
Y SPE LR %%E%mgorth“&‘%%% RIS peTagad T afor &t
- ldeststronet ahtheyhiislitf ofepmponents daiavappiydihe dathper Ualktente of the
ncede the at least one.of the plurality of components on only select
pﬁuerraxt%ﬁ?%c%map Bfg%%%ﬁfﬁga%%egig%{%cording,to claim 37 wherein the
damper. value comprises a mask of binary digits specifying in which
sfze'ec;ﬁgrqzica)rwéet@%c%&ag?g%&r@agﬁt@%,pwﬁéy&n%soge&%%?tmgkgﬁ further
encoded.
comprises instructions configured for causing the processor to determine a damper

value for at least one of the plurality of components and apply the damper value to

encode the at least one of the plurality'of components on only select iterations of a pass.
38.  The device according to claim 37 wherein the damper value comprises a mask

of binary digits specifying in which select iterations the at least one of the plurality of

components will be encoded.
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