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lo0o3] In some situations, more than two levels of quality may be desired. In this case,
multiple “enhancement” signals can be transmitted, each building on the “base” qualiiy
signal plus all lower-quality “enhancement” signals. Such “base” and “enhancement”
signals are referred to as “layers” in the filed of scalable video coding, and the degree
to which each enhancement layer “impro‘ves on the reconstructed quality of the signal ié
referred to as the “granularity.” Fine granularity scalability (FGS) is a ‘type of
scalabilit}; in which the incremental quality increases provided by each léyer, are

relatively small. -

10004]  Various FGS techniques are known and used. For example, in the context of
MPEG-21 SVC, a block-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
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significance pass can be described using the following 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

ooo7; 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.



chrom nance conponents, i.e. the first chrom nance
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also a need for a FGS coding scheme that provides an overall improvement in coding

efficiency.

SUMMARY OF THE INVENTION

0o11] Embodiments of the preseﬁt 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.

po12] According to embodiments of the invention, the encoding or decoding process
_ 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, encoding or decoding the non-zero

coefficient for the first component in the first pass. If there is not a non-zero



enbodi nents of the invention the video data conprises
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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 streamn, or its value can be encoded into or decoded

from a bit stream.

o1s] Other features and advantages of the present invention will become apparent to

those skilled in the art from the following detailed description. It should be understood,
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present methods, conputer code products, and devices
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of the present invention can be used to solve sone of
devieespfasbefdigisnt Fi(&y emeoding eands degpdlings| JEmbedimentsy of the present

invention can be used to solve some of the problems 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.

[0020] In this section, the term “enhancement layer” refers to a layer that is coded
differentially compared to some lower-quality reconstruction. The purpose of the
enhancement layer is that, when added to the lower quality reconstrucﬁon, signal
_ quality should improve, or be “enhanced”. In this section, the term “base layer” apblies
to both a non-scalable base layer encoded using‘an existing video coding algorithm, and
to a reconstructed enhancement layer relative to which a sﬁbsequent enhancement layer

is coded.
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personal computers, mobile telephones, and other devices. It should be understood that

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

(00231 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, radio interface ‘circuitry 52, codec
circuitry 54, a controller 56 and a 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
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lf@s ehé nextvgass icon beginl dIthother words, in a multiple-pass FGS scheme for

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 réggrd 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 Vcomponent
~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.

o277 This leads to more regular quality improvement, i.e. the “plateaus” on a SNR

curve associated with movement from one pass to the next are less pronounced. By
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rul e based |l ogic and other logic to acconplish the

woaniepus22dat abase searching steps, correl ati onPETAREN6/000024
conpari son steps and decision steps. It should al so be
noted that- the words "nodul e" as used herein and in

the clains is intended to enconpass i | enent ati ons
remsvmg thaeestsiction that g1 galor SPmQSW%fté“ @b sam dimgs, the balance of

o) BN T B it S8 c RN BEBord Biciecly conrolled

In Oddditiéh, Aty &fVetadn impiovomest ip aodag sfﬁcmgmff(ﬁrs bherealizdily using
renoving the restriction that a given pass needs to be
Irli@dpn@lté@fﬂﬁrmﬁnfﬂo%onponents before the next pass can
beg| n. In other words, in a multiple-pass FGS schene

[00%8 I?Hr&ér is g&q Sr&nb\éhﬂﬁéhts b@ie $ENREn, FirStWé B8sider the issue of .

ing or ing pass for a given component can be
“indepeadenit epass f bdundases”by Ahedestrbed aboee, nthet ppaslo-code for the

wi.t hout regard t whet her er c ents have
SEINE e O8O BRETEMEOUF S GFOUBE SIS GALS described as:
Addi tional ly, enbodi ment of the invention pr ovi de for

t he \WaHe8ARR kiRt BEGREHED process to be "staggered"
accor digugd 1@, g1b& conmponent, and even w thin the

conmponent gﬁ&&d@r glgn tzgroslﬁﬂ tc@éldf enfhdt @rsedlﬁeéiieros

exanpl e,

t he video Sf %n‘r‘%%{ rﬁ%g@gn Qegcoaevance 0
conponent $OMPHTS F%e EFL0% o nore regul ar qual ity
i npr69éﬁﬁﬁnemenbpa8§ he "pl ateaus" on a SNR curve

associ ated with novenent from.one t.o the next

:o¢zassApeq;ﬁman@ee1ns SRR UReT ¢ S¢qagiph 1o HoR caqlq ' each
1te(§$t1§r[ ?F ﬁ‘gpcﬁﬂngm§ MR Jartt FoPex , Edrl¥Rter WHRCcR@WARKEhere is a

Ween T unPnante and chrohi nance conponent s
sifigle Bleckrof eogfifieicnselthe homnarwel mfﬁdlmtadhdvmg oitluesrs,1,0,1,0,0,1,0

e Bl PR BT EITE SO TR SIS 0B AP0 Jo each
1 QLA6E, thOfARN PAuSALY BBAESdel: t he invention, first

we conS|der the 1 ssue of "independent pass
boundaries". As described above the pseudo-code for

the s|igrafiorandeuminerce n |dalerontinaneg pr oposed FGS
decodj hg schene® can be dekcribed as:| Wil e val ues
remai lpt o be deroded For |e®6f,lbl ock Decode one
non-zgg 0 Tum ngmee coef filckenbf-Bldek priecedi ng zer os
4 0,0,1 N/A ’
5 End-of-block | N/A

030 It can be seen that the significance pass for chrominance is entirely completed
after three iterations 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 “plateau”

on the SNR curve.

j0031] According to embodiments of the present invention the refinement pass for
chrominance can be allowed to begin while the fourth and fifth significance iterations

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



Decode one non-zero chrom nance coefficient from each

conponent and preceding zeros Go to refinenent pass
wpQoEArsRecording to this schenme, the nunber oPCT/IB2006/000024

coefficients to be coded in each iteration of the

outer |oop may vary. For exanpl e, consi der the case

the S a s
oo BEREhikREL b RePidbee e et B LB S b dtimgnt of he
m@ﬁ%@c&;w{yﬁt@ﬁ@@mlm@ce conmponent havi ng coefficient
values 1,0,0,0,1,0,0,0. In each iteration, the
follow ng val ues would b e decoded: [0030] It can be "
seeWhilevalpperesiagiorhecdenededpass for chrominance is
ent i r eFgr eashpplasked after three iterati ons whereas five
i terati orf sianHicancpupaseNCrlocorhplatefaniumindiiver ef ore, for
the fourth ®edodd driehontf@lintinance cotfficient ared plecaiisgl
for chrom nagge, so that the quality (or SNR) remains
constant gNen though rate is increasing. This results

ina "plat e%&f e'f'ﬂ@méN%%Xt‘?on fo@géﬁt]luﬁ%%gbwﬁhem

mbodi '
Sasg lfgf fic ge e{sg 1 {%tfop ngna'hgé' \r/]meerth t he

fourth and e‘f’ %r?e nﬁeﬁ%ﬁwnﬁ“?aélf%P?‘%ﬁgleg{oﬁoﬁnfﬁflhance
are bei ng@c&ﬂ‘ﬁ‘ﬂ’@’ﬁeé‘& Hreeeee fidfther, a nore uniform
SNR char a#'&ri sticcan b e achieved. Thus, pseudo- code
descri bi ng Dcederefsemensfinioraatomnioanssmhreninanes
i nvention canefificiemsi tten as foll ows: Wile val ues .
r emaN@® SEP ARATERBIEINEMENFRASDI ock | f significance
pass NOT conplete for |lum nance . ' Decode one
non-zero | um nance coefficient and preceding zeros
(od5h S eg@ﬁﬁﬁ Wi RETRAp1d, BearBR iR bsontext | um nance
coefficient” If significance pass NOT conplete for
chromi_nance Decode one n-zero chromnance

coef fliltsratiom f v draminateec omSdweminanerd pr ecedi ng zeros
3 1 .

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

0331 Thus the “pass” currently being executed becomes a function of each color
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.

[0o34] In some cases a large plateau on the SNR curve at higher rates can be the result
of one color component being decoded too quickly. In another embodiment of the
invention, these situations can be overcome by using a “stagger” mechanism and a
“damper” mechanism in the FGS scheme. Using the above example, it may be possible
to 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




El se Decode refinenment information for next

chrom nance coefficients NO SEPARATE REFI NEMENT PASS
wpQOBAFsX2ent i nuing with the exanple, the tabl ereouBzios/000024

beconme: [0033] Thus the "pass" currently being

execut ed becones a function of each col or conponent

rat her than common between—them—Erbediaents of this

aspecB of the|Pdvention £8Q.tb extended to apply when

t her €4are nor €0ffhlan two t Bpéofdblodkasses br when there

are mare than| End-ofbhgpkneRefineth@d8dla | n sone cases a

| arge plrateau on the SNR curve at higher rates can be
[o0b4© i WelayOfn ef®da ShrosinmReeviludemay ke onelethtiodiment of a

qui ckl'y. 1 n another enbodi ment of the ipvention, fhese
stagigeu atechanistg cavcording, t ghenprepnt igvengion. » Iy g’ljﬁ &puoodiment of the

. hani da." ) | % A :
InCETG (0 GVt BYer THRRIE 0 et ( RAnRERE Barts one

itdRgtdnelor PRy EleTBYMR] imingncehr T opiaal mahbersofaryeles by which to
encoded on the first iteration, i.e. the table vvoHIdd. i dual
stagger éha stert efsa pompengst (ewsHlyTHImiNANGS) deperds. o7 ith, individua
.chrom nanc e i: f i ¢ of
il PR S Bl AR [ RARCEEROAIT BT 10 st 8D of one
crfbaRAERERE the irdvention ecdriaim, catdperiss aoft coéfficientsF@gthin a color
| ayer staggered so that the rom nance, starts o .
‘cqmpansel BAY rsta%%ﬁé[% e15atY n ?gr SRR & O‘T“I‘n%a“&fst‘%rﬁﬁf’efﬁ‘“en‘s
A helchrBmitAQE OC seriGbast of a
mé‘g%g‘ﬁég{re%ghg’?%wc;}wgh?gﬁn nance) dependé on the
i ndi vi dual video sequence, and nmay be zero. In a i
fod3ar t heonecothbowiinent, oflytdheonsinanesef Codsitrcis staggeregnut not luminance

di ! ) . i on. . \

o URPPIERER EL-rrRT Hosrapt B 1B EL iy BGHRER 5, tho gmoun

of! isfafggéleeﬁﬂ Yoe E&thp@xd@rather byhawndlgaithe AE o tefkinpctablet s In one
ma

y be staggered by nore cycl es thap chrom nance DG
crbedifrient, dhe J00KHDGAF THIFSWitE (RarEHIRl HhiES SRET gn the luminance and

chrom.n ' logagnce or
oRpSRa et ol Iy AgRKAR, A0 ol ab RIRAS

chrom nance DC, _the anpunt of stagger can be conputed
ei t hef Rinyo Aimiadmgerchtdmimance DT bk upCycdds te staggemne
enbodypgat, the | ookup table neasiges the ratio of
bits 3G Oon the Tumnance and |2

30+ ‘ 1

(00377 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 to 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, so that the table becomes:

Iteration | Luminance Chrominance
1 3 N/A

2 1 1

3 0,1 N/A

4 0,0,1 0,0,0,1

5 End-of-block | N/A
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chrom nance DC and determ nes the chrom nance AC

stagger as follows: [0037] When decodi ng, the stagger
woabosw7sam either be inferred fromthe rati o oPChiIB®06/000024

decoded or can be decoded explicitly fromthe bit

stream |In another enbodi nent, the rate at which

i ndi vi dual col or conponents are encoded can be
[ob:annﬁbd “dawipeny \taﬂm @m&@ be bﬂfdrl'ddilbp%‘d ameleih zatios sutio asean B done

iR Bede e, B bR BRoghBPuE e e Vel Sl decoded
ﬁ%ﬁﬂﬁlﬁelb@ﬂ dteatQ 'ﬁ[b‘»‘&‘é@d&ﬂy&fﬂo[‘ 34 6e lcdfve O YmAk’ %Y gLn\éry digits

other iteration, so that the table becones:[0038]
Spfd:dh‘plﬂr whigh itesatians|the bemperfest istd beadesdderh fdsi €.gv i diwominance

s.can the "stagger" value. In

]gllrh@leag 91%%9 pdel?mfdjghper val ue can be decoded
fromthe bit stream The decoded synbol can b e
ofdfli G¥hile/ @mbodnént@sk ‘thedinviehfied hatd Bedrs dsfeeided Mh "tﬁé context of
which iterations the conponent is to be decoded fo :
décqghn& Widee Klatanicargepts ofdbk inventipe camalse bleawpphectmmnpq@mg video

3 [ e
2, b xR oS 8 SRR Rt AV e Rl pass of an

eﬂ@idmg prooes A stift ltrﬂ‘lﬁedlaiwbrnifteﬁ theCed @tﬁ@c@@erﬂ!@ﬁ&bcﬁﬂg b@ss for a
encodi n% vi de, at a or exanple, in the processes and

gé‘ﬁ‘?§t°8??§’ e oV “Wheheroiher cpmpanests have Smashertae current
dBESH s> pass 2 E 3k tad 1‘933?& Bt Qﬁlyreageﬁrfr&lﬁ TheSiMaift c%elggrtlptmn of the

curren enco I'ng pass a gi ven conponent Wt
deaglingl processest frel spstéres, ﬂmtrmmtmdtmeﬂtaw&“ fhieninvemtibit lken include

uryent deco ass. Thus, it can readily be -
¢ W?&“ﬁt%‘&oﬁ%g{‘{éﬁ?eﬂet ai l ed description of the -
decodi ng processes and systens, that enbodi nents of

[dodde Th¥ &deg@ g@%ﬂ%ﬁdﬂ@f%@lﬁtﬁﬁﬁﬁ@ﬁt@ oFtEe ?fk‘éé}ﬁ' il¥ention have been
processes. [ 0040 e foregoing description of

peaseed rﬁ@htwseﬁ mf Bhustatinn jand edasruapiidsay dt beerot intended to be

g}gs cﬁ{l;]épt% :ijo{norl Hgﬁ)ﬁsegintﬂé# l#g}lt%’t Ibe gxehcgsﬁsﬁ% désrd?ssd and

niddifidatibhe apd ezaﬁmﬂionsrwe rfoksibletin ligle diTtheiabevd @abhings or may be
di scl.osed, and np hfl cations and variations are
apguEeAnfem,| RagHicg Rl 1BF ProfentaBYeRideatht AEbodiments, Wereschosen and
e
B PSR T AP B8 Sincpl OF BRoBiq EMRlOR and I practical
appliplatibm t® I@aabjc ioneispiled mfthct he tpredizatthe prseriti mnerami in various

ti pllcatlon oenable one skjlled in the
cigbpafisE 1 2 PP SERGITPHIRL PO UGSt (Bude Partionlr use
cRbRglapRNt s and with various nodifications as are
suited to the particul ar use
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contenpl at ed. CLAIMS What is clained is: 1. A nethod of
decoding video data in a plurality of passes, the
woRdsm7stat a having a plurality of conponents e&CiiB2006/000024

conmponent including a plurality of coefficients, the

met hod conprising: determning whether there is a
non-zero coefficient to decode for a first conponent
inafirst pass; if thereCLéIMSnon zero coefficient to
decode for the first conponent in the first pass,

wigGediaftfled k¢ non-zero coefficient for the first
conponent in the first pass; if there is not a
non-zero coefficient to decode for_the first conponent

1. I n tAendthodof mgmgded@rdﬂtmmmpmﬁétm of passey, dhg §1<150 data having
a PRAAITS S piiells “Pbn | RuEEaT Sl RlirklE plirkity, GPURAAGRhs, the

a non-zero cl ent

mgﬂog@gﬁgﬁmﬁlgr the first conponent in the second pass,
decodi ng thé non-zero coefficient for f1he fir

conpdetemtining whethse dearel ipas goateE FERIEIIHE: afeqodﬁ hiorea first

isS a non-z 9 coefficient to decode for a second
a1ty

Wtelﬂt HN& first pass; if there is a non-zero
coef ffitaérRMNE atondeee deeflivient fredeedefor thenfrsheorhpénent hethe first
first pass, decoding the non-zero coefficj egﬁ?fgor th

pasecdss gﬂm@hzerp ﬁoqfﬁélemi fog thedgsicomponeplindhe Lrsh BE‘SS
non- ég e 19q1foft' Gl nien% Qo&ﬁ&%ﬂ?ﬁ QécddB S0P %oﬁfit comlponent in the

conmpon in the pass, determ ning whether there

fitst pass)detezaiing odkfhier ilent it @ ndeaetecdeficienetosdesodd for the first
conponent in %‘ye second pass; if there is a non-zero
cerperent nghiecPRd Ba€ode for the second conponent in the

S€co ﬂgh&% 38 a ndRGER ANt RO Be bR Tort®e fifrsiCoatPontfiin thesecond

second conponent 1 n the second pass. 2. The nethod of
padsadevodinguhe hen-zerompeffisientifod sheskinst enmponentindle spcond pas®

Lo Sl SRR E P DAY S OOIERLRe o o
cgﬁpgﬁﬁpm@tﬁst%sg he stagger del ay.

| 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 non-zero coefficient for the second component in the second

pass.
2. The method of claim 1 further comprising determining a stagger delay for at
least one of the plurality of components and delaying decoding of the at least one of the

~ plurality of components by the stagger delay.

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

the plurality of components.

12



3. The nethod of claim2 wherein a stagger delay is

determned for at least two of the plurality of
woaoponents. 4. The met hod of clai m 3 wherei n aPCT/IB2006/000024

di fferent stagger delay is determned for at |east two

of the plurality of conmponents. 5. The nethod of claim

2 wherein the stagger delay is inferred froma ratio -
4.0f BTtesmegthodddd:lait 3 Wereintehdidfezant stageerdaley i dgternpined for at

wherei p.the staqger delay is decoded froma bit stream
lea’f’.tt“f%gptrl?&pﬁgahtgg’gﬁf)@?%e%% claim1, further conprising
determ ning a danper value for at |east one of the

plurality of conponents and applying the dar@er val ue )
5.t o dBeonethpd of glaim @awherginethe stagger dslayris infespedyfrom a ratio of bits

dco&ﬁpnents on only select iterations of a pass. 8. The

Chet%od according to claim7 wherein the danper val ue
conprises a mask of binary digits specifying in which
select iterations the at |east qne of the plurality of

6. c onpbirremethog acpordingdecdeiey2 vhereip dheyitaggsy dslay dp deerfled drom a

bﬁﬂé%dH 7, wherein the danper value is inferred froma

tflo'of bits decoded. 10. The nethod according to.

claim?7, wherein the danper value is decoded froma

bit stream 11. The nethqd according tq clajm1,. .
7.wher B meod; aGeerding 1o Shadmy T, Sihg CRBREENE fstqrAining a damper

. ! t ‘
val R0 SATPARTN b pUENG BrGHEEnen e and SR BE JERAEE value to
depadsths at ldast anedd chedal mlityael crgnonphis oalontyysetect iterations of a pass.

conponents each conponent including a plurality of
coefficients, the conmputer code product conpri sing:

8.?0”T3’Pﬁ@fxleﬂ%eac€&ﬂfr%ggﬂgrﬁﬁrﬂ 9 wikhebiR A BEmpGRSlANRY cdhfriRs a mask
I .

is a non-zero coef ient to decode for a first
ofdwinpyrigits $pecidying i whichsselect iteragioas the a4 leashone pbthe plurality of .
coeffici egtb Eio d&sgode for the first conmponent in-the
companPNS WL be §ERATE t he non-zero coefficient for the
first conponent in the first pass; if there is not a
non-zero coefficient to decode for the first conpaonent
9.in 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 secongi component is chrominance.

12. 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 to:
determine whether there is a non-zero coefficient to decode for a first

component in a first pass;
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the first pass, determ ne whether there is a non-zero
coefficient to decode for the first conponent in a
weeewndsnass; if there is a non-zero coeffi ci eRCTAB2006/000024
decode for the first conponent in the second pass,
decode the non-zero coefficient for the first
det er,m er there

conmponent the second p
is a non- ?Jéﬁﬁred% ADPP @?@rﬁoeﬁg’l% & fee Slforéﬁ§ #rf@mponent in the
fn‘é@ N&Rbdt thel fif-Fekd SefR@ST fol the & cj:%gig%nﬁ'lt'?ﬂ ﬂiezﬁrsf%ags;

|C|ent to decode for the secon onent
f | rst pas# theredodet 4 fom- mcadﬁmenbmfcfeiccdeefm tHeofirst h@nponent in

second component in_.the first pass; here is

thf GiStoast, SBBTRE PORE e 150 CRLTciHeh fRidecode for the first
chRpoRRAER ée@oﬁchﬁasg‘ rst pass, determ ne whether there :
is a non-zero coefficient to decode for the second

conponent ifitheretiea sev-am qoaffwjent fio déde forsthe finstreongponent in the
coefficient .tg decode for.th onent. i.n the

seG i pspbodt e o oo i GPE e JRTePBIPaRE i i segond pass
second cogmengik whitheP thepEEASbPATS coélfﬁcwﬁhﬁ) &‘&H@éjfcﬁ second
code product of claim 12 further conprising conputer

coepmenbfthgfird®assy deternine a stagger delay for at

| ldgig ::jl ggeo f L?Lln qg a%o#rgglgolt éc}é#gm%l?cqgﬁlo cF Lntsoléﬁfet %’308?? Xomponent in
the OB PR} dednydetthe ndhag@esoctftiant: fok4he S8RnE WBRMPRENCRORe first
product according to claim12, further conprising

Pa#&nput er code configured to determ ne a danper val ue

for at le f f
o hogeIently KR YR, BlacCOMBBY S B0 jomponen
intﬁne firsl pasa) detgrmoihe odrfienainirs ioa mm-zers ebefficient & dédcdeStor the
$ﬁ$ass 15.  The 08 uter code product according to
Seé’P% HROeRE fthg s¢qqm gg??per val ue conprises a mask of
bi nary di ﬁ‘th@re%’ﬁcﬂoﬁ&bfbgcde?ﬁt%ﬂtqg d%?&ﬁ:%r 'tﬁeeé'e%ﬁcp@(ﬁ?ponent in
the at |least one of the plurality of conponents w
theesedexb gpass, Hecode th@vmcmezdm reodffipdetit nir thel secoatdt eomponent in the
se%%rlﬂial ity of passes, .the video data having a plurality

B Dnents each conponent including a plurality of
coefficients, the

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 cémputer code product according to claim 12, further comprising computer
code configured to determine 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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devi ce conprising: a processor configured to execute
instructions; nmenory configured for storing a conputer
wonroewrasm4 and a conput er program conpri sing PCT/IB2006/000024
i nstructions configured for causing the processor to:
determ ne whether there is a non-zero coefficient to

1615 & Gropeerier Gocssund OB ARAdb 2 aD AR dfas Fhabp vidse it aving
g i S e S e A

devite tdi@prising not a non-zero coefficient to decode for

the first conponent in the.first lf)ass det erm ne
whe B PEPCERINE ceiGUrsd IeKesWe iNUZEHe Ss i ent t o decode f or

t he @Oqlgnﬁeqﬁ@?amrﬁndhere is a
nonn{zég?%&gg cfﬁeg&r{tm{}b@deco e fo he first conponent ‘
i N aheomeuten dplpgwl cherihing Hastrigtionse rconfigeetli éoregpusing the
for the first conponent in the second pass deternne
- PIQRSEYOREY there is a non-zero coefficient to decode for -

a second feRpRAReRhethBr tHaf: fsi 4 ﬁbn-ﬁé’(‘éscoefﬁméﬂtabeddcsd@for a first
non-zero coefficient to decode for the second :

compnpmnemaﬁlrs’cptam first pass decode the non-zero
CORl 1 C1 Gt 01, o {15226 A0SERNPRMEALAL for IPhilsk Siyponent in the

pass, on Zero coefriclent

firbiQfasd, rd@c&i%&ﬁé‘ﬂo&@&’@%@fﬂcldnﬁ farhie fiist S6mpesest nﬁ&xbeﬁrrmpass
ether there is a non-zero coefficient, to

the secorifithseasaies amoprrermeoctiaciendo gacage foy gleﬁg‘%cqn%p(‘é‘em n
th%ﬁﬁ%z FL0 dg‘f% {rﬂﬁe%ﬁaﬁer Rled§E ‘ﬁql% #bo E&? cieRCRNGkcode for the first

e second pass, decode t he non-zero
coﬁﬁﬁh@ﬁtQhelﬁéccfndrpabshe second conponent in the second

17. The d f 16
D am 111 1S A BAsFSTo SGeTeRpT thdarans Kt b Fedl 2ERippfent in the
seé@ﬂ%a@& JeBSINRO RE5-5800 doBfriled R TP e fitst SbRPERINt fetiRYeddHd 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 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.

17.  The device of claim 16 wherein the 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 decoding of the at least one of the

plurality of components by the stagger delay.
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| east one of the plurality of conponents and del ay
decoding of the at |east one of the plurality of
woaoponents by the stagger del ay.18. The devi CBCT/IB2006/000024
according to claim 16, wherein the conputer program
further conprises instructions configured for causing
the processor to determ ne a danper value for at |east
1%ne %he tdewicp| ancarding tefclaimng 6navheeein fhe popipptarnprogram further

danper .val u 0 e..at:.l t f. .t L
coﬁ?p[ﬂ)s?x? il{“%’;{mgﬁo % ﬁg%?@?eds?%nc%ﬁn&e@él%c?gf(%}etroa{iﬁgrﬁ%m&a gamper
vab@s for ak9east e dvihe @haagr sl dognponents ainth abplyier &inipdr RAlue to
danper val ue conprises a mask of binary digits
despée theyat frgst cmew?fﬁhmplsl@h@e@f GampoRents 98 onfeselact jtartipngefa pass.
of the plurality of conponents will be decoded. 20. A
nmet hod of encoding video data in a plurality of
1PassThe deviee uéadedingad alahm\iiBnghaeiplthe dhmpyr wilue comprises a mask
conmponents each, canpgnent .ing¢luding a plurality of .
ofckipany; digithsrecifyng ipptigsclestpieralions) thepritleashpng Rfthe plurality of
coWgs FilecSickbSdey, Non-zero coefficient to encode for

conmponent 1n a first pass; if there is a
non-zero coefficient to encode for the first conponent
engodi the. non-zero coefficjent

2.0, ' et of BRGingBiico H41% i PITALY of passes, the vilepasiachaving

o Py rossapateLiagionn et Lol it o

method camprisimgo coefficient to encode for the first
conmpgnent. in a.SeCco ass; If there is.a . non-zer
oot freRuinil SHEREDBBoR b o1 el ot chipdpntor a first
c&ﬁ@@ﬁgtﬁﬁsﬁmtp@@pding t he non-zero coefficient for the
first conponent in the second pass determ ning whet her
t her # thereas gorpnyeare ceefdeient teprcode fanthedirst epmponsat snthe first

pEGORRPERE e pdP b ShEPRACRE Sl B MO RAT bR,
firsif thesis m@otbnrgersd keeffiofent & encvdeffbi dieefiist Lompbieat in the

' d t in the first , if th ' t
ﬁ%g%ggse ,dg?egtgg;llggh (Y\fhlg ¥ eree :%gduggfazg% P(;)Fgﬁglggtgﬁdle&ogg for the first

c&gﬁm{%ﬁ?ﬂ}aée@oﬁ&g%s%j rst pass, determ ning whether there

is.a non-zero c Ficient to encode for the second
conpifithere is a noheemameffitigpi s 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, encoding 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 in the second pass; 4

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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if there is a non-zero coefficient to encode for the

second conponent in the second pass, encoding the
woaamenesn4 coef ficient for the second conponent PCIIBI0686/000024

second pass.21. The nmethod of claim 20 further

conprising determining a stagger delay for at |east

one of the plurality of conponents and delaying :
2lencobingediod: efeclaim E@ dierthes pomptisingedepdrmining tystagger delay for at-

t the. s r..de . .22. The method of
1ot ARE BE R Imbish 6 SR A5 B¥iay P enchifing o i ot one of the
plugisy off demminchReyheistabdet Mela§. conponents. 23. The
nmet hod of claim 22 wherein a different stagger del ay
is determned for at |east two of the plurality of -
o] ent . kne h f.claim2 1 erei he
2 e o Risfod ot udiay TR B 5ok A, S PGPl for St least two
oftthe piedlity 25 cothpeneies, hod according to claim2 1 wherein
the stagger delay is encoded into a bit stream 26.
The nmet hod according to claim 20, further conprising

aflet e’glF@I H{eﬁg)fdaofj@}m 52 iHen gq{%%fﬂnsggg%é %gglxgge Iglte{c}g}l{?gd for at

pl ur ty of conponents and a
letsy teoobte plualitt of @agionente of the plurality of -

conponents on only select iterations of a pass. 27.

The nmet hod according to claim26 wherein the danper

24/al UBhCRBMOUIE S 1a8m M Sihepdi %@atﬂﬁggeg Y % iﬁge?&itd{]ﬁe{dlxﬂ 9 rhed of bits

whi ch select iterations the east one

desbdednl ity of conponents will be encoded. 28. The
nmet hod according to claim26, wherein the danper val ue
isinferred froma ratio of bits decoded. 29. The

29ret hpkk AeRHMicBEdin © il 26 whthes eldsthdier daghe :
IS encoded into a%t stlr eam;W 30. Thesrre rhodggc%:ce)fr{ idg‘ﬁgelmoal

bif giregmi m 20, wherein the first conponent is |uninance
and the second conponent is chrom nance. 31. A conputer
code product. for encoding video data in a plurality of

2(assHe nietidvadteniintntachanidng farttr Wotd prisihgOdetermining a damper
ai%e onents each, conponent including a plurality of
v

Ak fe@pf Qe 9fiBe PBRHIY of cempengntyand ePrRlvng he fargper value to

encode the at least one of the plurality of components on only select iterations of a pass.
27.  The method according to 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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conmput er code configured to: determ ne whether there
IS a non-zero coefficient to encode for a first
woaoponent in a first pass; if there is a non- PeT@B2006/000024
coefficient to encode for the first conmponent in the
first pass, encode the non-zero coefficient for the
first conponent in the first pass; if there is not a
3Inon- Aeommoeaf dddeippoduct doreancodiag fvadeot deta fin & glurabitypoipdstes, the
dn the first pass, determ ne whether there.i o .
Vit 92l i vinget PRERLN(OTGMERESHS SPOt COmROTeRT icTucing o bielity of
' " od ' snon-zero coefficient
Cdtegﬁ‘g%rgtg’gg@fg %I?ﬁ ?%écéc{eg(%&%gﬁ%r%%%ﬁ?@i n the second pass,
encocenputer cuole-coefiguredef.fi cient for the first

conmponent .i.n the second, pass determ ne et her there
a"B on- JHPBHEE STIRLET e 18 o SogteeD £oplsieat Goepode or a first
conPReRERta fidt pAxg; first pass; if there is a non-zero
coefficient to encode for the second conponent in the

first pas#,themdoaaontzerorrontlicient te ordoide dowthe firgrcontpenent in the

second co nent in the.f.ir ass:., i f there i,s not a
SRRt O eriop st Cincir gan e S chmpoBEy i te XSt pdss;
conponent ifitherei€néti 4 Sdn-RAS Socflibleht 15 diRodd R HIRY fifsh gérﬁponent in

is a non-zero coefficient to encode for the secon
the dirplopasit daterming whedehthepsais ¢ nor-zerp epefficiens to emcoderfor the first
efficie ode for the second conmponent in the
% Oélﬁﬂablaa{sgse,cglg%g%g’e t he non-zero coefficient for the

second coiftharens a ndnizb@® cdeffivicht passcodd Zor the diretdRiHoRENt in the
code product qof claim3 1 _further conprising conputer

sesoRbP#ErFICeHsF B 1057881 ereiigientfoxths disecompongntiip theagecond pass

| east one ] ot Qf 2 £O :

encodi ng g?’tfs{n?]@ € g{ﬂ ep‘ggg&%ﬁg& % ﬁgg Qg ulrégﬁpg)y&gk &/for a second
cappquentinttbe fiyst phss; st agger del ay. 33. The conputer code

product accordi.ng to clai m,31, furthe onprisin )
Conput er  UOHEedS AMPHHFELELIGRREP /ARe{08 ipiseorsh porgponent in
the Kirsfipads€ 88dodeNBe AbnizBR Betfid@bhtl for Ah& QERAAEHnTHoABR in the first
apply the danper value to encode the at |east one o}n

paske plurality of

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 plurality of components
and delay encoding of the at least one of the plurality of éomponents by the stagger
delay.

33.  The computer code product according to claim 31, further comprising computer

code configured to determine a damper value for at least one of the plurality of
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conmponents on only select iterations of a pass. 34.

The conputer code product according to claim 33
wohereg7se2t he danper val ue conprises a mask of BCTAB2006/000024

digits specifying in which select iterations the at

| east one of the plurality of conponents will be

encoded. 35. A device for encoding video data in a
cqmipomahistandcdpppatieedampeh valve de encateathb avieast enepdfithalplomlity of

of conponents each c onent including a plurality of
CQIRANE ioé‘rﬂ“ii's‘gﬁcé“ﬂ&gﬁ%o Pi sing: a processor

configured to execute instructions; nenory configured
for storing a conputer program and a conputer program
34 onpThs cogpites icode prasiust awafding te dlainr33c wheieiny thendamper value

rocessor to:.determ.ne whet.her there is non- zer o
cdRE? BB YT PIERTY e ppeying i sslsse Aprehfing e ot teast one
of the Plurbld§ of chinpbR@liewilPbPertefleger o coefficient to
encode for the first conponent in the first pass,

encode the non-zero coefficient for the first

onpqnent in the first S: LT .there. ot.,a._. .
3ot SafegcadSr P Tied 3R ime Py RS hrsP o8 widss s bavine
aiphrbh§ of Eéh?@lm_ 8 edtht &nifohentviriiedg hh#iuelitys oft coefficients, the
- .non-zero, coefficient to encode for the first conponent

devicecondu s pass; if there is a non-zero coefficient

Lo eneofedoptoldifeld o GATRANERId Lhe second pass,

enco € non-zero coerf: or’the first

conpareairy confiliee s o ototing assmipated progiemydet her there

is a non-zero coefficient, fo encode for a_second . :
conpBnERPET (RIS Sompgising instiugons jceniagyies- g, gpusing the
p Qedsbi ol ent to encode for the second conponent in-the

I rst pass, encode the non-zero coefficient for the ’

second codpereine whethdrehérerista pasagro icbeffictane té snevale for a first
non-zeLo c:fe{fi cient to encode for the second

BRIl 2 HIFtPHS fi rst pass, determ ne whether there

i's a non- zemhereG9 & bh GFeRNdoctii@t @0 dfcdderfof 1h 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 component in the second pass .

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

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

woaopoent in the second pass, encode the non- PETAB2006/000024
coefficient for the second conponent in the second
pass. 36. The device of claim 35 wherein the conputer

program further conprises instructions configured for )
causi ng t Hethpieds adwarzerq,cqdiicent; taengods: fop ther segendgompenent in
(9 1L ali - ngl.. .
oS oSy rfbad % Rkl CobeRicd PR Mop el in the
seconppmsnt s by the stagger delay. 37. The device
according to claim35, wherein the conmputer program
further conprises instructions configured for causing
he C r t ] : .
31 THETRIAR of 4t S VAR SETPGARKE! piogiih, Bl Whnprises
indaogtems wanfiguted foncading the @bcdssasto detendhe ahstagger delay for at

plurality of c onents on only select .iterations of a
- lepstane cfighe PhweBE COMROBERY F‘ﬂill;df’ Y PE94ing Pt iredtclestome of the
pg‘g{@??fyﬁhﬂﬁﬁ%wmé%fggeg{a@&? of binary digits

ying 1 n whi'ch se ITerations the at | east one
of the plurality of conmponents will be encoded.

37. ~ The device according to claim 35, wherein the computer program further
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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