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PREDI CTI ON OF TRANSFORM CCEFFI Cl ENTS FOR | MAGE

COVPRESSI ON Copyright Authorization A portion of the
walk@cloosws e of this patent docunent contai ns NMBRCEUSENG/030563

that is subject to copyright protection. The copyri ght

- ToR VO STRL FSE R TRHR ke

di scl osure, as it apemi,ﬂlgsgﬁgNPatent and Tradenar k
S,

Ofice patent file or recor ut ot herw se reserves
Cogyhgmwﬂlﬂ)lﬁzdﬁ(ﬁhts what soever. Background Bl ock
ransform Based Codi ng Transformcoding is a
conppedivngt thedisalosure of fasipatentrdmaymentdiomtainsmgteriahthat is

vi deo co ession s ens. Unconpressed di.gital inmage
subleet e hERBRERBlERoRY The R B RVRY B8 B0 hichrog ta e
facsiaiplrgfro@fictin Byt 0Bk SFBRpatcA d6RInRin® ofthd RE&H: [dRRR sk,

an image or_video frame arranged in a two-di nensiona

as 1f gpeagsrip dhe Fafpnt 9ngd Predemark @ffioe patent Bloariredordnbat n
e ion of.the inage or video. For exanple, a
oth %%GC%F&%‘% é&ggog%g}gﬁﬁpﬁg%tgg‘%@gﬂgyegt s of a stream of
Badioitduindcol or picture el ement sanples arranged as a
grid. Each sanple is a nunber representing col or
coBloclkeitransform-Pased|Codingit i on in the grid within a
col.or ace, ,.such as R@&, or YI.Q amng others, .
Var e e e G Bigyrieeb R yoedas ) g, image
andddifﬂefoec_rc%‘iﬁreé‘sﬁ’érpfystéﬂ@t ﬁéqnﬁﬂ'gssteél H%it%?ﬁ&lg%;#ggﬁ?é}fis

sanpling. Simlarly, digital audio i1s t
typicelly repesserigd @z capturedsampinphts afigicturs iebpnadntssor @dons aFor
xanmpl e, .a typical audio format consj.sts .of ream
oc MR i ot P Sl af RSB !
Thifls reROUS ab bRBatid BRI RepretéRdidd ONBL lidao S 8IPHES SEGN
of video is perfornmed by conpressing the %lrst I mage
exampigre typind foumpirfes shages dofisisss efic stseapeofidébitsoboeidinee

clerpiy TP Rleh SLRRRERTET it o PATIRAILTS WE TN CauPthOE Sotor
complodlts aba pixeP RIcktibelrAthe 8rill Q&lfﬁﬂi'l?a CORPERRR! QEh0ks K%%,ioéﬂ "

i'mages. Unconpressed digital audio, inhage and vi
YIGQiagmagothcs Yerisusrmagsesi vateablystioss angueseandous different

transm ssj,on ca ity. .Transfor odi ng reduces. t he
coldy, S5k 15 5Pe SOTTiAnS of A - SRS e elsy audo i typiealy
repiicbébisd A tihEGatPRASRAld Sbriall ORI F&péﬁﬁgﬂ‘é,%_ttkgféapafudﬁ&e
signal into a trequency-domain (or other |
formatzngsiss ol estrean aid priasamplittdosamplemof areandie digoaligken at
resol ution of certain generally |ess
regulartime intervals.

Traditionally, compression of video is performed by compressing the first
image frame, and compressing differences between successive frames. This
process is repeated periodically across the video sequence. Therefore, the
compression of video is closely related to the compression of “still” images.

Uncompressed digital audio, image and video signals can consume
considerable storage and transmission capacity. Transform coding reduces the size
of digital audio, images and video by transforming the spatijal-domain

representation of the signal into a frequency-domain (or other like transform
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percepti bl e frequency conponents of the

transf orm domai n representation. This generally
w@e@dozes3 much | ess percepti bl e degradati on of P€T®S2006/030563

digital signal conpared to reducing color or spatial

resol ution of inmages or video in the spatial domain,
doawrafremas:ﬁnéatxon, then fedugdgarespluiagy ef @pfém ganerallyless

I e

pe@égﬁgl% frle%gﬁ: cy (fe E&E %E@ﬁepraélésgog% c(i;p 8a§}§}9¥%’ce{tﬂm This

gePérdBY prodabes mitelbss pareertivle dd:gi‘aimloﬁmﬁkhebdhgﬂklsslgﬂﬁl
. ? each bl ock possi bly_ overl appi ng wi.th ot her
compar,quto et gckolon T FRERE FAROLB IO TP BRR Or AR 1n 'the spatial

aofpl T bEEOPBRNANBLKRs [ applied Lo each bl ock

A1 el Converts the spaced sanples within the block to

a s Morefspédiﬁcﬁalllqnﬁyyrﬁcm bldokrt&ﬁlefonfh-h}l@ai todecdf0shown in
generally representin he strength i tal

Flé‘ﬂrsdéllV’ndﬁS %Hné%%’ﬁé? 13‘(@(3}%&%?1’5‘& t‘bﬁ%‘i‘i glﬁ%t‘ﬁ? ock

[ [

dlﬁlgﬁﬁgﬁ’a%l cEQ X¢ Z’uarc]It? :B%g*b%%m?%fel% g%ﬁ)éfgl d&h&fﬁlécks
A ﬂlﬂSﬂhﬂﬁleDl’tn 1§0€1I218thaﬂa;pesl spmmil-ﬁgqhmytansllygm i§ appdiet tbiebch

o B AL e LU P LSS o
tra'_f[xg%‘ﬂ:n?: %%@Elggﬁ?&@kﬁ? %g%s;eﬂ{si%{% He s\ﬁ%ﬁ RJrend &&%ﬁm%@ﬂ%’

essed eam decodl ng,
comemﬁﬁrgﬁrmmhéy bareistoyemihie Iblqu\ienes\a[l yFor mmpr@smn the

tra@é oag}lfcéﬁgo qlegff‘sa ' %&pgglgpﬁ%gﬁbﬁgsd i{!%%aq reduced in resolution,
subh §§ O%Bﬁ%qgaé@ LRakcatidbits of tthaefﬁCIEHleVE@lll&Qﬁ otherwise

tran 121 "can be defined as a nat hemati cal
mam:emgmloes iora lghwroesmlutionafunsher @etNo aNbwer wekolgtion), laad also

enfipRnor sttt SEEB Yy LRt Ry fh St e ifacine.
th@%ﬁéf&m Mcfeﬁ% WillRHYerdéll @ahsfofh B7HT 1@ ‘1 ith YiedrBPEbcohdtrics

segnented into N sized veCttors and a bl ock triansform
the sriginpl ¢odat/spotislempietimege/videorsigat (loceptveted blatks a
ression, reversible block transforns are chosen.
Xl,nngther words, the matrix Mis invertible. In

pl I mensi o (e,90., for e an bl ock
U artoh Gort TRl 20h T e laort et HE A FAbpREaSen on
a PRESTAL RS V. TRRsIBE &, Xh ¥ drhtiin! i @tlin@ﬁ‘r Ihﬁltﬁlﬁ%th(ﬁﬁ producing
separably along each’di nensi on of the data (i.e bot h

the tmssfamd demhinnnsput yFe M ¢ okfiredresthe transthen tmatrix f en the

. f
ingig 'a%' e IRTE AL epmened Fi Ao Vrerad ande blgsk
tranidfo i BRALINSednS Rt F&i G8 gﬁ#&@@sf Bith %o&ioréslﬁ'l%n

coe t values or otherws ppi ng values in a
rehérgibkr lnleslotramf«nmnsrmn‘uhoseseﬂn ptheawoolsethemeatolk Ul iipimvertible.

Inggﬁlﬂg%;glggrqtﬂéﬁg eﬁo ’:@\éﬁ}rlé&bg‘n% Vlgeogtll)]O otq’aelgSf(l)rrllltlsoare typically

implemented as separable operations. The matrix multiplication is applied

separably along each dimension of the data (i.e., both rows and columns).
For compression, the transform coefficients (components of vector y) may
be selectively quantized (i.e., reduced in resolution, such as by dropping least

significant bits of the coefficient values or otherwise mapping values in a higher
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D Féﬂ?@ﬁ is splyeddn dassregensirug

At decoding in the decoder 150, the inverse of these
oper ati ons (dequanti zation/ entropy decodi ng 160 and
w0 poesw1dhl ock transform 170-171) are applied POI/Uk®06/030563

decoder 150 side, as show i n Fig. 1. Wile
constructin dat a, trix M
rerd T B o T o), o Bl eafiOmk oRvariitie e
coded M€ atcoaipeéasdnisioe@ésm dat a. Wien applied to the
transform domai n data, the inverse transformnearly

rec eﬁﬁﬂeﬁ%ﬂg 111 the d@W@r A4y, the invedisrmdi ﬂmeso |0perat10ns
|
R R R —

apphed ba b[leyddc@&ﬁ’f 1$Obs|1dé hOsHOWROFik, POWhﬂeQ*‘éMsﬁfﬁgtmg the data,
ossl ess conpressi on dependi on the quantization

the inveese magyix Y ) Gingerse tralzsé@m h7 @g é h)ens abped ey muliplied tathe

[ f f <anm a.co
s Aol 0B, NPEDInpRied 1 et BRlonid 058, B8 e,
tranSfdrmnjpatly dedons@ictel Beasignthl tlﬂmﬂ@d&ﬁﬁm ok Batlab-d¥hia B8 Ital
of reversibility in these applications constrains

medidi ce of transforns upon which the codec can be

iR S R R

deEllfﬁcﬂy‘s Eareﬁﬁblleas @ﬁb}ﬁiﬁt Bt 1dsk Qﬁ&lo@sl@@sddﬂﬁ)r&fsﬁﬁﬁ{é%ﬂdhng on
The DCT i s known to have favorabl e energy

th% 6%%@%1%&}9%13 &ith 8 quandizatiens (geneiaty mepsesentad ased  dat a

PRI of ) SPESEMCTIPIERS WA RER Blibls Fops B
exbﬂt}hrephﬁiuea dedieputatuth ithiecodingdHowaier, i reqiipsR&giodn

Egm for reconstructing individual inmage bl ocks.
fe"ﬁr%l £ ihihoseamlications coparaing thewhaise jof Fensforasiupan which

thd f |y use the discrete cosine transform
(%{Ié;c%%d‘éﬁgﬁ%ﬁ“

or vari At high levels of |oss, block

t r alvidnyrineags uhd eided rcOﬁipvésslbmsyﬁéﬁlis fsuch &s MIEG and Windows
annoyi ng bl ock discontjnuities. "1 apped transfornt

?@E*ﬂ@%ﬂge‘)t P19, WHizeHranpeTRp hﬁ@ﬂcﬂnﬁhﬁ Dasereip §psins Transform

O TR, RitE o8 VR 0 Bl IR R g
reduﬂmaa:earf-emmale@ta)cdrﬁmbmbml Irtfedeh@nip@éssivandyalenB] the inverse

erti directions cause hi ah igroan'Sfl?éLnﬁl\{al uea al on
SHSH 08T o HERFORSL

deb&{e‘i‘ of‘ﬁféﬁ% ﬁg)rgg%lssyg‘{e R 'i@d&n%tﬁjc?ﬁl';gqu&];aﬁglsin%%locks.

val ues nane rs pecause ese

coeflirhnsfenmsCodftitieat Prddiction onedi recti on and AC in the
The top |l eft position is called the DC val ue
( Dcilsdu%@pppdd&oggltqagﬁgljms commonly use the discrete cosine transform

(DCT) or variants. At high levels of loss, block transforms suffer from visual
artifacts due to annoying block discontinuities. A “lapped transform” technique, in
which the transformation windows overlap, can be used to smooth reconstructions
even under loss.

In both block and lapped transforms, long linear features oriented along the
horizontal or vertical directions cause high transform values along the left or top
edges of transform Q}omain blocks. The left and top edges are often referred to as

DCAC values. This name is because these are the coefficients that are DC in one
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Bl ock transfornms often show a correl ati on between

bl ocks. It can be easily appreciated that the DC
weomihewient s of adjacent bl ocks are correl at ePCEHIBS2006/030563

tend to be close in a probabilistic sense. Less

vi.dent tio et ween, th correspondi n
iSO B AT 1386 Ot TR RAeh POt gL kscalieh iy valye (b
b&@ﬂﬁ@dtfbngj'_ea of an inmage shows strong hori zont al

features (such as line or patterns), the transform

coefBlodk wansfornis Qﬂenashewmdmlettioa bebweendsideits. di cacid easily

and. Al ertical Ctl 0 w i nt er bl ock
eGP B8 eaE B Lo aapent RGPS o Baeslafed and tend to be
c1@s>enh QigkbbubiliHcend. qgégs quém & @%&%&%&M&éﬁnq

Ormng aprEdlctlon or the DC and terns rom
copusirymidorg REAST oedf§cients df edjecit bipchs.eMiottblyrif a certain area of

differences is ef e d to as
ongbiaF SRz B et e et Y npdeae the repsform
coBFREAES RRicBl aré BROUEhE ROrisdieal qaﬂesm&aénd AC ARRE 9&&%19@ e)
DC & DCAC transform coefficients. The DCAC terns being
diygeiden ghoa uﬁayblb@k nunericaé corpslatidn aSD@IC terns,

det exm ned b ire n .o Su ry. A,
R R @g@d&@ﬁ@i"%@ﬁrﬁm@% fofming

a prédictig@idrahe DIC M@Dm@ﬁhﬁy fohmeielfHodin! %351061@, dhfy GRE&Rg
descri bed herein uses a transform coefficient

presedinediffsrencpsis qoane@nly neforretionsiDGAGarediatien”. This term

[ [ ' t.he di dat.a. ) )
alfl doSEhs 1B Aededfy Re b DRt RoofE{petnd BliBinb il gbudftimate)
D@RIDONC hahsfoRacobfiidn T PRHe I X CWefis Eelhg‘@r&ﬁé%&?ma ybea
transform For DC and DCAC coefficients Trom an i nher

subseh gball PAAAE dermso fletgrmined by theadirectipie of pridictioal cul at es
S and conpares directionality netrics based on inner
Ytransform DC coefficients of nej ghbori ng nmacrob
| oclasdibRaldgédh 'Ebﬂ'i%g Qﬁ%%@ﬁngdﬂeélﬁ’ﬁﬂﬁ@% tehMzatiDRGF th
determnation of directional” dom nance can a1so t ake
teqhmq_l)le ae e sligital inpefdoa exeder dnSCEHbcdrhatethses Iaatrmefomn(o@cﬁic;ent

e SPGB LSRGt B G S
(e, ad hrﬁhg‘éjwﬁth%%ﬁg h8M&drél %r Qbrtichd fEQt%Hs{) Cdnﬁ%ﬁhélf operates

precedlng nei ghbor nmacrobl ocks. Directional prediction
compytitly veikh pped-stage ttahsfoTAC coefficients of the

it POt B R R EAPRE B B regs Sereramsy

- mRFSHISAK, RN ddec R ERGHA 'ch'n?ﬁt%§ dfFBAiRRIify SRS 'bg%dto‘ﬁ

macr obl ock(s) that has(have he sane quanti zer
inmpeAidge tefisfonn M soéfficientnf aaigbborin gmpactobireks tr detafmine

aoBTRLo Pot R T g oS00
into account information from other channels (e.g., color or chrominance). In the
absence of directional dominance, the DC coefficient of the macroblock is
predicted from an average of DC coefficients of preceding neighbor macroblocks.
Directional prediction may be skipped for the DCAC coefficients of the
macroblock if the neighboring macroblock has a different quantizer. Alternatively,
directional prediction of DCAC coefficients may be restricted to macroblock(s) that

has(have) the same quantizer.
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I nner stage transform DCAC coefficients of the

macr obl ock to detect dom nant directionality. The
waledogomonnt i on of directional dom nance can al BOT/U84066/030563

into account information from other channels (e.g.,

col or or_ chrom_nance This way the d| rect.i onal

pr eGPEPCAC geafeionts QB gnfogter sfage frangfs age opblecks within the

[
mERSFRLE LA RO SRR RSN hELRETALLED v
inthd¥&tapettensfotagBC RCAGeEixdérits 6f thehsacedblbdietold eosk domdidant n
the macrobl ock are predicted unidirectional]y fromthe

dlff@ﬁvm Eh@ é%tﬁmﬁaﬁqrhpgdmﬁﬁﬁ% ylopingieg ¢ atgortgke into

ac ﬂg{ ar e r e r eés%tr:& rhl%bnw gsogg gé V(\)I%OIJnd}t e&hﬁgghé%) gﬁiﬂg \95}5“

th&aiedstiophi pmdlcﬁhxh detStmimatiyn fe dlltdr stalge Eed cooffidant cdnybe
key feat ures or_.essenti al feat i.med

I
madjolely basgdrogrnfosgatipn i theirpcenhd ?%dgectaé@@ dgringgce is
foffhd thloiE! 858 HCAL E&‘?ﬁ&%ﬂ%%f e 1;19&5%%1%#@ RHPIBck are

tter scr tion Drawt ngs Figure
prad1b1Ied mlnuhinwganmﬁycﬁ'om th@dmamlantmaelcubﬂl ock

transform based codec_.in th r|o art ur e is
{1 owhes SPRARGE POV A leohoSiR s Roer SR8 Aa: | ng
sixglplf‘?f ogﬁ‘l' tU& dré %}%{e&’ k& el fblal%'welﬁtthé %tzﬁ‘l@d 1fés91%t@or3 Tisis

I agram of a repr esentati ve decoder
Surmmarypie nat mtfgpde& o ;deedfsckay\featurea 05 Essentid dedthiesiofithe

cIgecRbieE AT LR g PR APerisag et B A B eiraimine 0

scgt)tgb’ftﬁe%ldnﬁe@s@d g&rrgmegf a 422 chroma | ow pass bl ock
ructure of coéfficients produced in an inner stage

Briefibxscriptioh (Dﬁé[‘lmnbndwmgs‘ Figure 3 for a YWV 4:2:2
col or forrmt Figure 6 is a di agra@)lof a 420 chronma
f

| owlpeigs 165 8 blockitiparam el AonueRionALblarl GasTgrmdazed Godee

stage transform of the encoder of Figure 3
1n]§g?bﬁ5% 4:2:0 color format image. Figure 7 is a

di agwignfe 21k uslormadiaggnacf £rpopbitative EXcadepinedipotdting.a
Fi gure is a diagagramidentifying the direction of

PfséléHY%Fﬂftﬁ@riﬁhCQQfgc@ﬁb?ﬁﬂl@ DCAC prediction of Figure

1, ERHEE 3 7 g L iobish ol g
predetiobiraesform coefficient coding.

Figure 4 is a diagram of a 4x4 transform block structure illustrating DC and
DCAC coefficients.

Figure 5 is a diagram of a 422 chroma low pass block structure of
coefficients produced in an inner stage transform of the encoder of Figure 3 for a
YUYV 4:2:2 color format.

Figure 6 is a diagram of a 420 chroma low pass block structure of
coefficients produced in an inner stage transform of the encoder of Figure 3 for a
YUV 4:2:0 color format image.

Figure 7 is a diagram illustrating an example of DCAC prediction.

Figure 8 is a diagram identifying the direction of prediction in the example

DCAC prediction of Figure 7.
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Figure 10 is a pseudo-code listing of a DC prediction
node determ nation in the predictive transform
we@oemffewient coding in the encoder of Figure 3PeEnts2006/030563
decoder of Figure 4. Figure 11 is a pseudo-code
listing of a | ow pass DCAC prediction node ..
det Bigniedis adiagrant ilostating the masrablegks needrincdségrmining e
odi.ng. in the encoder, of Figure 3 and decoder of
Dcé?@ﬁ}}cgloﬂ.mﬁéﬁﬁemicﬁo 1% seudo- code Iisting of a high
paspigle D Rresbetdd-eodoTias dEad Opialidtdn hédd ddermination in
predictive transformcoefficjent coding in the epcoder
thegiregtictjve tramsfomma corfeiga cading-nghe encpderpiyigare;anddecoder
ofgiq?ﬁé millustrating | eft high pass DCAC prediction of
croblock. Figure 14 is a diagramillustrating top
hi ghigeas 51 [3GAssepd®dbdd liding@ff adowaasoDURIK preficgionendde
is a block diagramof a _suitahle conputing environnent
detegninatipn ntherredjctivedrangfosm spetlicentrgdme threencafio
. C fiGi ' e 4. Detailed Description The
F1$Lgr?fr%oavr\1dﬁr§1§95 egggll:%u?éjo% relates to codi ng and decodi ng
t ecRipuiie €3 is hpdenfs-ovdeiistingrofeftigle pass IDCAQI prgdidiéamdiodg
of transform coefficients of bl ock .t ransform Easefd
deteppinetipn do thegredigiate rastnm ¢nedfisient cofmera ths FregdeiP
. i N ReL Transform Coefficient Coding").
Flgﬁé%fa%ld?%\‘f\/loc%%gg%él/%ti on descri bes an exanple
| npF&Ret s Ddiagiant Mest-eaiyiief)béeh past DC ACpradittiarf ofa
di gital nedia conpression systemor codec. The digital
m 1aCl"system codes digital nedia data in a conpressed

f - Ans: . : .
or § ugé llybé g{%ﬂ&l%lscl fgl?lst%tl {8h ABsh pa@,E‘ﬂ)ché@gﬁi&ﬁ tidicordat a

for or ~ot processi ng.” For purposes of
mdckdBlssle.ati on, this exenpl ary conpression system

i ncorporating this predigtive transform coeffici eInt

codf@u?émﬁbhﬁ%@a&mp 2 Uit PRy Elg Qydppppent for
in‘@i SRRk LY ti(r@‘é‘o&iﬁ%ﬁﬂn%&aﬁ%é@oéfﬁ&e@t@ of FeSrPQr at ed

Nnto coffpressron systens or codecs for other” 2D data.
DdtagledBéekceiption t r ansf orm coef fi ci ent codi ng techni que

does not require that the digital nedia _conpression

sys Thmfellevagslesaimtion iplptes seeoding prdiflecedmedeehguss that
ticular. coding f _ . - 5
o 51 B L PR RSgfce Eupics
tre28RrRYSRed BodecRRsEsLEdedfitivet ptedictimngefenel 1§ Bedeirdad a

encoder 200 and decoder_ 300. The _ . .
“Predictive Transform Coefficient Coding”). The following description describes

an example implementation of the technique in the context of a digital media
compression system or codec. The digital media system codes digital media data in
a compressed form for transmission or storage, and dec‘:odes the data for playback
or other processing. For purposes of illustration, this exemplary compression
system incorporating this predictive transform coefficient coding is an image or
video compression system. Alternatively, the technique also can be incorporated
into compression systems or codecs for other 2D data. The predictive transform
coefficient coding technique does not require that the digital media compression

system encodes the compressed digital media data in a particular coding format.
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di agrans present a generalized or sinplified

illustration of a conpression systemincorporating the
waodatwiencoder and decoder that inplenent theChUSIKG6/030563

pattern coding. In alternative conpression systens

using the bl ock pattern coding, additional or fewer

pr odesseEncoder/Pecodleri | | ustrated in this

rep S i he

20 S LD 8 e RetRI0R8 oF RRRR ST sAo R ARl Y
refesatiaive/ Hdnndsicnah@P) alatencoddr 206 andldecodep80@r Then,

color formats, scal abl e cggi n | ossl efs codi ng,
digggamg Bresent nixehesalized er simp 1&%%%}15%@%H 3 GAPRTRSTIER SR
: ' /
e e D PR GKr §E LATLER Flittcfilent B8 Bock: patern
codingntlh aktinativevhompressiyn ystdnassesingthedlopkapeticnatadimg,

t i '
anme reir vaa&g%efrom | oss| ess t.q | oss The 2D datdael>r

Rar SSY.
addRiopaksr Ispisr sthag thesrriliusteted 18 it¥1§€¥r€s§ﬁnﬁ1§eﬁﬂ%&
anﬁ%eg(bcfg? lc8n 58 WR&Ffor HRPIITS ﬁ&tﬁtc@frfﬁ)%si@BP Fof ¥RArRlk, ddt)

of data 210 presented as I nput to the encoder. For
eneodarplegodetremaPalia imlidepolorcanvirsioancolmafpemats, §aatabie of

. Vi deqg sequence, or, other data havi ng two. di nensions.
coRing. S5 SPeBG GiAsTON oSS0 d T LT eraion SR (ehooder
ana%w&%rpei&ﬁﬁp ro\MHeqBssBls@adfhliBss cbhptedsibribZifie DD ddi, S

representative encoder. The 2D data encoder further
dependisg endie quantiziticckhichnmybebastdok g quantiZationgagmeter

overl.ap". operatqr 240 is applied to each edge between
Vaﬁ“ﬁ%lﬁ‘??“%%@?s Rf\’,ﬂP%SPf' each 4x4 bl ock is transformed

usi NG PHAG enbsRP Qb@bmdﬁéf%- a JoMySrelle@ Bhtstréaan 950 fink 250

can be the reversible, scale-free 2D transform _
moesonifactrepyesSntatiow efentypical Bpubaf i dotpl0 preseniad Mpinput
1/ 015,707, entitle "Rever.sible Transform Eor Lossy.
to feReQUEr dies Dol i %6 iR JGLT S b FBGEDRCEED i hdeo
se§Blfte, JNRHOVERA BRIAPEI Alitkendidls.CRe BB daffelQUE $lePD 30 the
verlap operator described by Tu et al., U S. Patent

inpygplatacianto oracidblocks,/ whish avegl 6>d Atpixdlen sizRatbisgepreeentative

over| tor for .Efficient Lossl Dat
erigifsr e ot SIS Bl S1or BSFGRIO og 4o A
“fiward Yvetlag o Rdto MY is @pblicinoNach dddddstow8ehlblobHY, bitbefhich

"Reversi bl'e 2-Di nmensional Pre-/Post- Filtering For
cachgisé dbl®ikos transformaed Triegms blockiransform@59a Al §logla transform

005. t er nat.j.vel h iscrete .cosine.transform
2GR e B e Soedlet S AT G SR P B IR0,
Péﬂ&ﬁ%@é&ﬁ&ﬂmm 1095, 708 cafiads FRetersioe THas @ Fordiogst And

260 of each 4x4 transformblock is subject to a

Lasisiess 24D Pratec€esipregsiondified Pedentier 1702tk dbveegviealpp operator

|| by 4x4 block transform. Th ti
S T T S e
Ag%lg({?gl%)lff g\gq%}gsg 48UaMHed SR X €Rib16 WviePIRY OpRetRek 288 fRdieht

Lossless Data Compression,” filed December 17, 2004; and by Tu et al., U.S.
Patent Application No. 11/035,991, entitled, “Reversible 2-Dimensional Pre-/Post-

Filtering For Lapped Biorthogonal Transform,” filed January 14, 2005.
Alternatively, the discrete cosine transform or other block transforms and overlap
operators can be used. Subsequent to the transform, the DC coefficient 260 of each

4x4 transform block is subject to a similar processing chain (tiling, forward
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The decoder perforns the reverse process. On the
decoder side, the transformcoefficient bits are
weziormeteesl 310 fromtheir respective packets, PEDDS2006/030563
whi ch the coefficients are thensel ves decoded 320 and

dequ i zed. 330.. . The DC coef{fjcients. 3 are
o B G E81ok %4 et ystor s SRRt 6 Seme OB ¢ he
ot fRsiéntOhnd e LOC hifah ifiRient PERR by S
O o el cnl e e 48 D O DAty
289) apdipackijizsd 2%0bsequent |y, the entire data is

ted b l'ying the 4x4 i t f 350
! oO e BbSter DA PRAL e Poveshprioviss ADRBE frdadkE RS B3
traSRRaedefisnt e ali &R 0o tet rebftR b ggéﬁegsg 4o

in the resulting image planes are inverse o
which thereegfBaents e thepsdduesatesodedr Bdomsttdequamized B36aTae DC

B s L ol R e R e o
DCeopfiefnads idvetdeanaildmfed? ﬁsiﬁ% a s8itdB1E Shooish bh&ator

decoder 300 (Fi %gre 3) reconstructs the original input
apphedgrragsghe M Gralock sdgése Sabsequbrtiy dhoentivh detads régeaslatd by

eoBlyind B30V ne R B e BT Bt ispen BE A or
cobffibienth 3421660ded BofVthe Witbtedni, SFinAIY, 8RB BIRE Whtdlin the

reversi bl e 2-di mensional pre-/post-filtering also
regdidng npage phasres arquinvyrsp evernlep filtrsediae® dThig ppedices s

13%ﬂ¥9h¥8§2b@ﬁf$¥ﬂhh&atiOn of the inverse | apped

ranstorm ( Sing the reversi bl e 2-di nensi onal

pr edd poskerhplhiyeiniplémeddthtor, ki disicbadreboL(Figng 2§ Benpredses an
. are inverses of each other, in an exact sense, and
g dmageinio twrrompressed bitstrean 324 (sfgara Bl¢),tandgbe decoder 300

' . £ As - si bl
(FLHE SR BB ERRRRY B o BER i Pefentrosaton
(! ¢o oS4 i ' d p2Ide
e TLuetrated onator 200/ decaah 350 can et myes

theapplispiiouef 2 krwierd pped tanséorm (L TRdBcwssed: beloty, wiivd i2: 2

- YAN4: 2: [ e f.ormats). Typicall t he..i nput

il G066 TR BRI o HBLARL o B

fuIRCBAINAWV AT dbco bl drdtess @olVelbe 2pPlidABEADS thdBiverR Wped
al so has_chrom nance conponents, such as a U conponent

tragsfary (- Dotingarevertiblededimensiend girerpost-dillesingr
COBROANS Rl 5y FRIEr SRR L AL s

reso Ions. I'n case o

and tizréforadanreioliettifeldy refgadilotas a&B@eerM@p%ecP@m}ﬁﬂtﬁs a
have half of the width and height of the Y conponent.
revessibliediansionn, thsdve/ILT pair efitbriesed foolosslpsssimage comprassion.

e By 1 15 B BB PRL 05 RS BB Ser s
can be images of various color formats (e.g., RGB/YUV4:4:4, YUV4:2:2 or
YUV4:2:0 color image formats). Typically, the input image always has a
luminance (Y) component. Ifitis a RGB/YUV4:4:4, YUV4:2:2 or YUV4:2:0
image, the image also has chrominance components, such as a U component and a
V component. The separate color planes or components of the image can have

different spatial resolutions. In case of an input image in the YUV 4:2:0 color
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I mage into 16x16 macrobl ocks in the Y channel (which
may be 16x16, 16x8 or 8x8 areas in the U and V

wa@ ba@nnezless dependi ng on the color format). EachPCT/US2006/030563

macr obl ock color plane is tiled into 4x4 regions or
bl ocks. Therefore, a macroblock is co osed for the

foryat fayesampleotheflé ppdVscompangaishgye el aftheanidty anddreightiof
I ar encoder inplenmentation: 1. For a grayscale
theiesfxrﬁé;%, %‘éh macr obl ock contains 16 4x4 | um nance (Y)

bl ogkdiscussedov, the\éhcaddd 200 tilatthe dpat inapRge, pictanhinto
macrobl ock contains 16 4x4 Y bl ocks, and 4 each 4x4

ma@mbbmkn aht@n exgraterynphRRKations theFt’élPO%Fr\ZQOztﬂ%S the gt
._col 4
im§ Rl (AT SRR Wby Uil B Ty bethh, L dcexs

arel6 e UYéﬁﬂﬂerbhém&Qd dépendingon thacsionfemat) dizkch aortekilock
16 bl ocks each of Y, Uagﬂ\]/( ?qenls' ;ﬁg $s4 5
colgpnalage iq filgd irpta a4 esgions Fdlegks e 3 kP ocks
I
colpfpisditol BELEREHS bt BraRE A ld BAGRHE mpd MO exemplary
endddei faplementatiomel of the various formats, as well as
t he chrom nance channel s of a YWV 4:4:4 col r f or mat
i mabe Forp gravscale YRees caf !?M‘?QCTBWPBIﬁﬁmF Wﬂgs dxdpgmance (Y)
f or maty C\le ch contains the transform bl ock

coefficients fromthe inner stage transformof the
chr ¥ oe haflines: 2df foam‘afthbldrzmamj each inggenattlo¢lnegpdaing il Gdré Y

6 sh 420 ch b th
oot { Pk Gchis RHRBR QL UhEPEF of t he
chr o ¢ BaRHeh 208 fo@m‘é%ﬁr én%eceicﬁ imdP6B1BLK ESRERs 18Ukl Y

reference to Figure 4, 1 owm ng description uses
a bl odakocﬂcs,aanﬁlf&esach@lanwhrmnmmn@r([hmda‘tf) blockhat is in

Ilnevvlth tri tio W th ordered._basis .
f unee i a ROt or §ARTH id deribiases Beh Aot esenieis 16
shown gL STeflHf & ¥, GahaSxamphels, the coeffi cient

representing requency 1s the first row col um of
t heFiguaessA, Sramdcoiizftrage examyples okvatioal @aesfomé)ﬂmk@ it the

remr SN G e ulet TS £ Moy B BRYpHE PIOE B!
bl{&gfuﬁ ﬂ%‘ 1&&&1§anbélcﬁ£ﬁei 6’ﬂ9ché %&Is fhhRatb) a@,a;lfeli 559[%% fchfdn@iﬁhﬂ?ce

in Figure 4) correspond
chtumeds of <¥UM 4:4e4 qznitnt ﬁ)mat mmgd E@z@e ¢ ahows a.4a2 cheompafopv
I ff ts. | gbel
paf JFe oo OF O FOTInE Bt e ipeh fortpgets dromu b pner
st%amggfo%%?ttﬂé%ﬁroﬂn%hﬁﬁﬁ[‘ bas veIV 4bP8olof ftada@ i . Otilure 6

e transposed, In which case appropriate
shcweﬁf4QO ichruma lewngkss biogkrrostaithes thelcenfficienss Eesoihatnner stage

transform of the chroma channel of a YUV 4:2:0 color format image.

With reference to Figure 4, the following description uses a block transform
convention or notation that is in line with matrix notation, with ordered basis
functions. In the transform coefficient block 400 shown in Figure 4 for example,
the coefficient representing DC frequency is the first row/column of the transform
coefficient block (labeled coefficient ‘0°), and that of the highest AC frequency is
the last row/column (labeled coefficient ‘15°). Further, DCAC coefficients in the
top row of the block (coefficients labeled ‘1,” ‘2’ and ‘3’ in Figgre 4) correspond to

9
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2. Predictive Transform Coefficient Coding Overview As

di scussed briefly in the Background secti on above,
wOaRGopreedli ction is a process for exploiting PCT/US2006/030563

i nter-block DC and DCAC continuity by formng a

prediction for the and DCAC terns from nei ghboring
Vesﬁlv@g kige pafierngradd? Cﬁ@&@ﬁ@tth&ﬂejg coluameiseskicienss {fasled 4,

¢ H] i: i t f D
75 2, SR REAFEARSEND LB SEReerld 1 84 P 0RS
inphamentation, s sarefanpbleck iag bBEanewfstd,dhettich cd¥e appid@riate
t he .DCAC coeffi ci ent iet, corresponding to either
cof }q1?rg5F1nég)f1{1g RSt e tpken injo acCOHAL.' 3' ) “or hori zont al
pat er nSPQé(fi/ctc}i'e %rzal'ls St doeiﬁ’éién%oﬁﬁ%%@é ; %sz orm

bl ock are predicte romthose of a precedi
nei dhsdis¢ussedobriatly. inlthe Badkgroundrsdstiort dlsovepDCRED prediatign is a

S8 g ol B RSB R 8 ©
prédiEREH FRIODCPIRAD CNCORIhfroffigtloRnt ﬂl&g&m@ &XaHRE
8 (wth the

is identified in the diagramin Figur
preditton didferedices (asiveat asrthe nyepegdoass on the decodenili cat i ng

| ef edictio nd 'T' i.ndicating t jction), . as

wol (WHE Felefenge o Plies Jond Yopr rnler DR R e G isam
sh@{vnFTH Wi§ eXam¥ihe DN® colifTiGicht ©07) ahd meeﬁgm O8LiiSieht R

the top, the coefficients ' 1' [ "2" and "3 are
copresphinslingitof either vérticd patternp ¢1ldi ‘Bg andeB Hiorherizentalpattiems

LS e 0 PR SRR RS
n%%}%gtiﬁg odid, ANk weRds, M&Eﬁ%&%ﬁéééﬁé&i@ﬂ& fie the

to the left. Specifically, no prediction is used
nefighboting blagk dretaken hee Kpredictors derahdsearicthe hinreht il aukk SThef

th icted fr. he bl ock.. heir,. .
aifedfipt SRisdiiRbaalfahh blfekdn SR Foraileds Sesihei tr'Be Yagpm in
Fig@R\E(witieihe rRRdioAPRY ndida8iBp 96 tpr¥@biion, W.t IdidEnPIAC

prediction, the encoder encodes a coefficient as the
preidiftien amt €l findicatingstop peafiictiony,. asivelt scbgngdlustrated by she

.onabl. t di fferences f .t he .
oS AR O AR T ODEEDiS b THER (i GO ASBEBI{14Ry s g B top.
th€ BbefBiBieRtsl 116 ‘@niddy 3e Breqediciel tifbnY Bld RIPF8pd I Evefficients in
entropy coding techniques (e.g., run | ength coding) at

the hiockio thepipp c ddhanghe deqtivingnfipeediytionris romx trede s, the he
i.ahl e,,l tQ.ent i t hni i d A
cofftfcitls 2, ¥ Bhd PR ReaR A S IHPSufE Ehettieafyn
the Bfdck¢b @ 1eEN Sggéiﬂgalgﬁj do ?@&@&idﬂ% Qbedlforfted 10p MR BbREkS The
1 . The ab

filed August - 200 ove representative

seeqnsboatsk third blqaks gfi the to) row drefuedidted 1800 tierblgdk & thpir left.
S P OB b b S RSB o
respeetifdl®. WA SN CTHesisti6R thdéndo8ELécBled PodTficiehtl Rlthe
difference from its predictor. If the prediction is reasonably accurate, the
differences from the predictor will be zero with a high probability, which can be
efficiently encoded with variable length entropy coding techniques (e.g., run length
coding) at the entropy coding 280 (Figure 2). For example, the variable length
entropy coding technique described by Srinivasan, U.S. Patent Application No.
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and "inner" stages, which correspond to the highpass
and | owpass bands respectively. In particular, the DC
weo@7hewients 260 (Figure 20 of the bl ocks ar ePCT/US2006/030563
subjected to a second stage transform (the "inner"
stage). As a result, the DC coefficients are not
TR znkitlpd EEffisieni Engedivg end Dseoding e T gstorm Blogks,” filed
coeffj ghents without first performng the inverse
Al’tg?l%{sirgpﬁ?of that stage. Second, the representative
encyHe kbR epreadativeiaRoder| 20D {BEute 2)naidoddtod&y300t(Figure 3)
design and construction, the |apped transform already
presepl degiain shadlgngasde #se 8hPCAG mrydlﬁg%s Firgly fhespiesentaiies .
FO h a j I (13 22
enifles i SedoRRE ke & i ohitflm SRR b ToRine s “outer
anf Edner TR, WwhkheomResiond té thetiglipais add WG gasebarclsi on) .

Third, for the purpose of _mnimzi nmenory. foot print
rem@ti‘ceéhphemrﬁiyl,ﬂgm thy ]Qccf@§ffl%%lltse2q(b&g%‘€6 20/ the blocks are

. ) | ki 0D .
supfbEf i RSE ARt Lo el e, NN MBI, e D
coaffRientslirt het evdilahleantthe dacedérfor dédodirenthe wtoar cbéfficients

which further, copplicates tthe DE‘AC gr edi ction. The
wighowd figst podorpingdhe pyverss depsierme of b 8@ t echni ques

desegrl hed ] j [

congeh i R HEBRRARK (1A Lha o RRY AR EIEPLE Lubible. By
itseieeignlaad gohstmiceorthaldppad thndftven piremdiyahiplieittyr extsitsr m

coefficient coding techni ques descriped bel qw ..
contapifysacaessiadiacapioRlacis: 4108 fus L5y ﬂaf'sﬁﬂ@leaamﬁw&t}%n ebpCAC

ot edichi . | oo _

prifdic LA AT WeBacink S LT perfthliBaEe (4 Blpaltal tfdhithout
D@aetiredietiodased on DC coefficients from causal

nei ghbaring bl ocks based at | east i art on color. ..

| nf it foBANGAPIROSR, Bl PR N e ARy int B cPBPLtY, it is

' I hi kd A tion

S e R i G T

r el Firgillypthe-repreaantatblecmkodeanfand de¢cddenn@y apply qiffertntt i on

of DCAC cqefficien f the i.nner transform.i i pped
queptigers g ﬁlgf%@%aﬂaago S’p‘?’@ﬂh @frg\}gr cRre c?tﬁ%m@ﬁ ?g and
pr%i‘éﬁ&f:“ ng macrobl ocks have different quantizers. 4.
e prediction of DCAC coefficients of the outer
t r amdk predictivepearfsformecbefiviedtyodingtiechnidues niesaribio detein
pr%(ﬂigx]fg]a&;sfe gngal%tglq;rgeq%%troetﬁg I(:(?I?VGIOIIiOI‘tlaIT%é)X eﬂreéigt?grif nrprgrticular,

an exemplary implementation of the predictive transform coefficient coding

techniques described below addresses the above-listed issues using a unique set of
prediction rules. In summary, these rules include:

1. The DC coefficients (of the inner transform) are predicted based on DC
coefficients from causal neighboring blocks based at least in part on
color information when available.

2. The DCAC coefficients of the inner transform use a prediction direction
derived from that of the DC coefficients, and also rely on out-of-

macroblock information.
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derived from DCAC coefficients of the inner transform

of the same macrobl ock. In the description below, the
w@e@dioztelyye transform coefficient coding i s deBCTURMA6/030563

as being performed on the quantized transform

coefficients &e the transformcoefficients after

quark | Tha pisdiction of RGAfe cesfbisisats of gl Bnertrenpfempis skinped

bef or e de [

P gur a4y 0 800 b Bl RRaidi oo 08 LBEACRY si0e e
al t er nmhéreBlockpharaiiffatenoqsantizershe predictive
transf orm coefficient coding. techni que coul

per fhor F&mr@ﬁwflﬂ% ofi P&uf¥h @P%féawpmwﬂ%?w\ew@?srf%f tsriregformed
(or o "Pﬁlh% uals Bﬁ}%%(on t he decoder side). The
e

pr ed| rans orm coefficient coding in the
reprse s’E]m piiedictor doectnn afdthe deter ’trnmifmde@(lm eecffeicalsis

of predictiagn t re detailed in the f IIo
sectio .Veﬂkﬁ@@égﬁﬁ‘ﬁ&a Ticientsigt i BAFCY %ﬁsa@e
the prgdisbiceRk of DC coefficients of the i nner

transform 2. Low pass DCAC prediction, which is the
pr ed'nctlnd dnscﬂptidIMbwpﬂabfpiredlﬁmmamﬁfm‘m&defﬁmmt coding is

orm and,3. H| ass redicti n whi ch
A0 dieing ToBnepeAdhE AUl EAOTSH caiBoisniedp 2. the
trﬁ.rfs?&ﬁf ethiciéntd aftlr ﬁfaﬁgkéﬁidn%ﬁ HEES LIRS P Eure 2 Gnd

representative encoder 200 (Figure 2) tiles an”I nmage
béfoteclenprntidtioalkd3 0ah tllfﬁ&&@dpn 3081 Qf Figurd 3).uHowevet, it Muld be

t he obl.ock nt o, t ransf or of 4x4
iR O R ive DB et R P P e SR e st i ottt
cddBNREMiUDERIK Be pRITATH d10thEhAGtE O trahdThRg céé’sf‘f’icmnts (or
transformcoefficients as shown'in Figure 4 (for th
on dmunamed wehma oslthe decodet $ideys t he chromi nance channel s

4:4: 4 f
2 berTheaediedg R R o ot R Bl AR AP FEPRAYS | ook

eRbdENRcHRG IRRL G hRE S REPST Iﬁkcﬁ%&ﬂ Qfaﬂhﬂégie@aﬂ‘éﬁ‘}n leock)
and an inner stage of thetransformis applied to this

fobllowidtkg seTtiens: €kheis¢ inedppdenner st age transform bl ock agai n

oS i BCREUHE) S 1S pEIARR gEITG EbtabishRE T nner

her ei npagrddie DC coeffl ci ent of the macr obl ock. The
DCAC coefficients ('1,' ° "8," and '12")
of theLpwipess ECA@epltedmtﬂsfl,owmcb |1S)ﬂ;1|z paferctmf effbedG o

macr onSeRe o L HeRERGHRERTEL Pkt ur o can be varied in
al t ey, NEtdMAIsE DCUE e R bnd RERAULS HRIREA¥IAY of DCAC
coefficients of the outer transform.
2.1  DC Prediction
As described above, the representative encoder 200 (Figure 2) tiles an image
into macroblocks of 16x16 pixels, and further tiles the macroblocks into transform
blocks of 4x4 pixels each. The outer stage transform is applied to the transform
blocks, producing blocks containing 4x4 transform coefficients as shown in Figure
4 (for the luminance channel, as well as the chrominance channels of a YUV 4:4:4
color format image). The DC coefficients in these 16 transform coefficient blocks

of the macroblock are separated (forming a 4x4 block), and an inner stage of the
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the predictive transform coefficient coding. Wen
encodi ng the coefficient of a macrobl ock, the
w@e@dioztelyye transform coefficient codi ng choosPET/URING/030563
four nodes for the prediction of the DC coefficient of
the macrobl ock. These nodes are: 1. Predict fromleft
trappfogm, is eppliadite dhis blsackf dhererulipg inparstags teapsfosm hlpgk again

half 54 BBREleals” THapCRafRBioht ik 3y S EL R R
blédkpis (rd':feﬁed td Memras dheDQrcdeffidigiet dDthecmatroblickn tl‘heiD(tAn@
macr obl ock ' pre or, =DC [top_MB])

GRS Chr G o] th 58 g 10 06 fhe R BB Woghare
ref'é%‘r%ﬁ ﬁ?r% %s]}ﬁ%% §£’s‘§fﬂ Ced%%ﬁi&%rﬁ%gf hg?f'fe[c 18915511519

ove, predictor =
midrotlodiBtruct@e cdn bélwhitiedomedieedative eﬁcodemarphiﬁdbddirl employing
predi ctor = 0) The_encoder, determ nes which prediction
theprediqtiye fasfogp cqelfigisnb etk according to the
pr o
in Figure ?g n%%é %ﬁﬂ?l%ttq%%g‘%ggget ﬁgg?/gédbcg ,
coefficimticodieg chbostehl Eroaufoue ntodmﬁrrdbde peKidtion aif thenlGecoe fficient

an imge tjl if tiling is used) in terns of an
Of%?@éfmglﬂ?ﬁeren’ﬁ?erﬁﬁ@‘?sﬁ ‘'ocks in horizontal (x) and
ver i Caleg H%rS 1%&”? é,ytile ﬁe@‘iéti){%rftﬁé)ﬂbg:o%%eﬂ ®F the
e | strate

macr obl oc proce ure, the
encod anadebkechnsmhs D&caﬁfﬁa&mfeﬁe otacoblovide iisdeftigmd

based on the p the macrobl ock within the

i mage, Préglc\’;?é’l‘r%g l%lpgéﬁbn deration of the DC

coehf | <R $s iR DO 8odfibient bPReaNd
top2I e teg{)é#ﬁoﬁﬁotracréb oé:}EJ.hgfl\z/Jfbrse pardtjlgu [ar Iny, tﬁ

encodeamnacabblosk sbdedr, mecbc@dlmDCc{mpmﬂ&])f or the
top-)eft macrobl ock of the image.(i.e., the curre

n Botk BRI FRRLR PR oS, SRl avgnee St imPC
predi cd joPioibRE oFAERREAABSsAH R aﬁ@gﬁov%dg;%dwaoﬂ bepc
image (i.e., where index (mx) is 0). The encoder
choose[ieﬁ @B] bxd|zop iMBT)dr2)macr obl ocks in a top row of

h wh d
0y roraredityes pe Picdar Bedidlor RO ni eri or of the
TBGAR bRk Tes WhEIEREERE6n ARIIBREUSEH Whh&dloblock

pre ction node to use based on a netric of dom nant
acdondﬂtg foathe brdegdurBaltustatdiiyethe @smmlpe:a)dehsiamg i Ofyia Nigode 10.

zont st ri pes has g.horjzont dom nant
Incﬂ?? Lf'ﬁtt“?go ‘B‘ H’éﬁ oX Pﬁ@ler?&ﬁ%wf"i%fl"““k 1n an
infik QOLAT 1n95fgettf1@, if tiling is used) in terms of an offset number of

macroblocks in horizontal (x) and vertical directions (y) starting from a top, left
macroblock at [0,0].

In the illustrated procedure, the encoder determines which DC prediction
mode is used based on the position of the macroblock within the image, as well as a
consideration of the DC coefficients of the macroblocks to the left, top and top-left
of the macroblock. More particularly, the encoder chooses the no prediction mode
for the top-left macroblock of the image (i.e., the current macroblock
[m,,m,]=[0,0]). The encoder chooses top prediction for macroblocks along a left

edge in the image (i.e., where index (my) is 0). The encoder chooses left prediction
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current macroblock is a better predictor of its DC
coefficient, than its vertical neighbor. As
WO bdogsereat ed in Figure 9, this netric is cal cuPEr/@s2006/030563
based on directional differences in DC coefficients of
the current (X) macroblock' s left (L) and top (T)
forrraagpibleeks inrecieprae of mraceablooks &t B15 iBwRe 1.2l WheRaRdex (m,) is
0)nel ghbor (D). If the imge has col or or chrom nance
‘channel's (e.g., for YW color fornat images, but not

gr ayscal etheMBOe Sthosd iehéBitdrice ofthe imdgehatacrbhwkelahe t he
DC coefficients of the correspondi ng macr obl ocks of

engdtlsr dﬁpmmaw@@mmaﬁﬁ@rsmdﬁ toatpsediagcd tnhé mgthe efideramant
ter h
o T Ol e G P ics s
hofi9&@fthll donsiRbnt direstibgdliant Indthat wordsghe hOrltdsr&al mfigliboeof the
| eft nei glhbor On the other_han en the dj agonal

cupfentghtssebloek espebatics ipéerﬁLECt‘PrsOféﬁﬂg SAektieieny; %%Velihsal
nefgiBbr, s RS TRAH ERIEEPE it i I SHEN Bt ERBMofI
diffetarelinn & écbtﬁ"ﬁcxéﬁumolﬁafmuneba@éﬁnmohlomsghﬁt (Iparfdatop ¢T)

nelgbPgRIATY hLRirbiat FRCTabck 5 oL PORBr D )n b RS
co] o? of gﬂr%'nﬁ GhiRd c%%éqéaﬁegs %ﬁ yuv ?ol@h FSinld ‘ﬁﬂ esOblifrfE ence

han four e ot I rection.

grdrj&wv @hagdsheheveieytid nny firther oonsmberahqab)ncac»mtfﬁmmth af thean
be set_ to a djffere value in alter

corrﬁinogﬁmra%qre locks 6 the SRroHRRa e Bl e‘:“ee%fegt the praggdure

rﬁ% AhGE iy eV 1951' doffa: J{‘Eﬂﬁ%&’uoﬂaﬁ%ﬂlft’cﬁ@dﬁg&% %élghbor s

e conbi ne 'eft an rediction nbde (# 3
DC moéﬂﬁeleabmbbmﬁmany clbeer o tthhtaoﬁihe bhfbn@ghbqr &m theetlege

hapd B AR PRSI BTA D, FOSPLGIPR S POrLARCE Sy i b of
thél lcc%l'i{ b%r ach the c}‘h@cﬁc LR SRAW 'ath%hlz&@taﬁ@&ﬁgﬁﬁt d%%tlonahty

s a second or inner stage transform which is
Tmmtneaﬂetemmnﬂﬁs thC dooeihfiriay?” datesl @EOwelghgugdaddr from t he

(o?igétz‘gvp%%@g %g} t{le Hglfst%te proce%um%lg@(:vg%fg t|111(1:g|1§n go‘? 6% fac{uﬁ el other
w&ﬂ? Y &k gioﬁ ‘?@ééﬂsfde?é?it ddPhifedt v ifFdifietiBndl)difERnétek @hdte

erred to as | ow pass DCAC coefficients. The
tharefoue sieres ahdt\od tlmmihciethreahdn dHowdeer, theeweightrg factor is a

di des f h d f
peate TR & § R R PSP ae TTSRRPERDT

rmc '119 e %es M echEPB ql@ﬁeﬂh@{;h&%ntal or %ﬁfé‘apaorﬁﬁl@ﬁféyj e the

pre ctor for the | ow pass
errcodaérfplmsehe sombmbﬂ éeftrai top Ipmd(ctlcm hbde (b3 ne‘shp@hdvm]gst)

DCAC coeffici.ent of the kt0| f t
whisrp thsdpredigioripemaverpgerqf che Rt ic%fsaél% left
macroblocks.

2.2  Low pass DCAC Prediction

With reference again to Figures 2 and 4, the representative encoder 200
includes a second or inner stage transform, which is applied to the DC coefficients
260 (Figure 2) from the outer stage transform. The DCAC coefficients (at locations
‘1, 2,7 *3,” “4,” ‘8" and ‘12”) of the resulting coefficient block 400 (Figure 4) are

herein referred to as the low pass DCAC coefficients.
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coefficients marked "4', '8 and '12' alone are
predicted; 2. Predict fromtop (i.e., the predictor is

wo b@7ooreiespondi ng | ow pass DCAC coeffici ent oPCT/H82006/030563

macr obl ock above it, predictor - DCAC [top_MB]) - in

whi ch case coefficients marked ' 1' , '2' and és
al ombe sapEesgrigtive eagpdensril decoglen yse Hreg PEadiqtips modes for the

Ry PGS e REPUREe o
maesédk. Mhhese niddes prchakedure il lustrated by the

pseudo-code listing 1100 in. Fi gur 1. In )

i 11 ds Bredigidiopdel dlire, the H@H@F@%@%@eﬁwwﬁ% ﬁgg‘\%?%fﬁcwnts
| ow p L Chil i Qrecd DC
predi 2’? ?%er?g%gggfogg lf hg %ﬁggﬁ’%@fﬂg%}?@?% et her e@\n'rbttﬁﬂetehe
quant imatroblock teiss left, bthwredisrarenD QA [lofd| MBE) -aimdwhich case

bl that ist edjctor. Thi |
Chat  eResicst BerA 4h Frarr 10 lnet dremeshatets © " e
C.Oegf gﬁg@&t ﬁ‘oﬂCE% (et Ak EdiPlRREnAEHR gﬁiaglgggég KSDCAC

Wit erent anti zers. Further, i cted

onl y idoeffivgend iof detmasrobleckl eavean predibior e DEAdEtom ddB]) —
per the predi ctjion node ocedure .def ail ed aboye .
(i - e. I pYEotERsss cReBetmE AL Pt 3PAGT A0S ghe e gied:

or "prgdict fromtop" when horizontal or vertical

dom nance is found). Wth reference to Figure 5, the
DCAG. i¥altlpetliod (np poadtichiion, dpredidiord= 9).2 col or f or mat

i mages has, a .specj al case for..the |0 ass DCAC
cooflF eneiiier deeBIISE Faieh MpUetien Mede fo, Byt Br g skoblegk
. . : el | tE . ' L
o RSB enEy A sl iog 5 i
Inphediustrated provdduriesthtpneatier tietermimes wichr loyapass BXAGS

t he . DCAC di cti .2 Hi.gh C
PRI GR VST bFE R DS REAIFER T o Mapppblock,
toR&tRA Wi %d(fuﬁﬁtifgr GRdiPESST tRC A& afdcldbl 6K nd Bacroblock that

onplicated in the representative encoder/decoder due
is tie DG eredictost Ahyis ruleamstires that thegrédigiirrpeiSisnedramsiorm DCAC

£fi ci ent h f the.hi ghpasstransf orm .
cepe et H55 B AGEBa TP GIRRE PO G eBEs gusntizrs.
FlIRPSHEAR ié ?pedicl'_fé’('i bREYif oRS diRscE%h S HinaRt SehicH Rerived per

prediction s perforimed after quantization 270 in the
the & pedittiah nwelegmoamliers deaitsd abhue (itehehp Pédprediationingpde is

the represgntative decoder, al so take | ace. at . .
RIS 1B 00 B IPaTOR | Gpoh b BT B S Rl deppipppee i
fo (Figure 3). At this point in the decodi ng process,
t i nverse inner stage transform has not yet been

per fWithreefetence tcbigstea Yche DRA Opredistiphiprocedues for YU 4:2:2

uter st.age transfor
co?or t%rmat 1rngages hasa specm

case for the low pass DCAC coefficient at
position labeled ‘5’ in the block. In the special case, the coefficient labeled ‘5’ is
predicted from the coefficient ‘1’ when the DC prediction mode is “predict from
top” regardless of the DCAC prediction mode.

2.2  High pass DCAC Prediction

With reference again to Figure 2, the prediction for high pass DCAC
coefficients is complicated in the representative encoder/decoder due to the two

stage transform. The high pass DCAC coefficients are those of the highpass
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bl ocks. Likew se, at entropy encodi ng 280, the
representative encoder has al ready applied the inner

wat@ge2tenmansf ormto these DC coefficients 260 BPET/URME06/030563

outer stage transform bl ocks, such that the outer

stage DC coefficients 260 are no | onger avail able
tragsfoino Qoefﬁbsotsri’éﬂmdﬁcﬁ@ fiome therppdarstegerimapfosmag. Further,

o pRIBERAC ot ot e BT U BT BREAR bR R Y e

reﬁi’égeﬁfatﬁfé eRsIdeF, BucHIhaetheips&dictidiLindRE fshedsentative ded@ﬁer also
constrai ned to have the sane nunerical accuracy.

takesplide pbdsneding 388 (Eighzs 3aminsdo the dagnantizatien dap (Fi 165{? ).
th ve t. [
e S B G E B8, 158G OB bt e
be@iBSdrforntedito tdtofQrice DS cobiiRidngpsbe ot nge transform
encoder/ decoder bases the hi gh pass DCAC p g on
blagksli Agkemisg abaureRy %@@@é@%@ﬁﬂ%@%ﬁ%ﬁ é=§0fgﬂfar as plgeady
ap 1?é/det51§ e¥ ?ﬂgé ﬁ'ﬁﬁgforyf' Ea&)%fﬁcﬁ $566 5t @k o'ilhe‘? st
e rese e encoder eco er 1s advantageous 1 nt at
traﬁéﬁiﬁn ibidcls,gakch et &Wﬁeﬁd@e@@ woeffiofents@60care nedonger
macr obl ock can already be known fromthe * ass
aveitabie Wihentebwrnariormmsthe ayers ey BRg SERAGHENRTOHR- gbgsstherefom
[
unf BRI BaSeh pats EACH A BRI g D\ ReTIBIRG Bt
oufeh eraneforras Mnhatvisepthenizoodord deahidsr cansesined tn pleghy stme
effective netric to deter ne the do
nugierigelaceary t Yhosnaoders e B serstgine E&Oé‘m § dggpdenloop (ie-
o e D e B mo R e g g an
“opéreibiopt’ basis.oF ort theselregdonpahs rd@@éh@ntaueé enaiderd ﬂ&oﬂenhasbmhe
out er _stage transf or m of a macri? 8% Thes(g rﬁgP
highpass RCAG presiigiipngodineprly endhg decgded gyantiged yplupgprirdp
. ' ss DCAC coefficient of the block is the
nv%%%?%é%%% I'ngl y-1 ocat ed hi gh pass DCAC coefficient of
t he The 0wk stage irassfomil bf thexppreskntatie enbGk@ debeddr is\/B] as
|IIustrated for Ieft redi gted DCAC coefficients ofbl K
adyantpgsons &k thesemg w 8 aayt the nﬁl&ﬁ‘d‘?ﬁ e SR TRgETobloc
afi] lirfady B bifal §1dw$ ﬁﬁ%a‘ﬁ@fo?ﬁ%@@ﬁﬂ:&é?ﬁs |69§1§‘Béf8fb the
r}’ass coeffici gnt of the bl ock abBove it
h1g1{ pahs tita0sform DEéffclentcrard/BEcodad. Thisusfaraktian fsoused to

predi cted DCAC coef.fici e ts of cr.obl oc 400
et ng djrectinnaliy ONEFHicfTb g qrepmn%ﬁém eorigrdesgper ses

RS 1963 Db R SRLSBE R BrANCuRaRpgal dtaesr
mavreblotk based oaty Mthehnnan{nmsﬁonhlcoefﬁcmnmjl ction is

ossi bl e (but .
P The repr(esentatlve encoder and decoder use three prediction modes for the

a

fll

prediction of the high pass DCAC coefficients from the outer stage transform of a
macroblock. These modes include:
1. Predict from left (i.e., the predictor for the high pass DCAC coefficient
of the block is the correspondingly-located high pass DCAC coefficient
of the block to its left, or predictor = DCAC [left_MB], as illustrated for
left-predicted DCAC coefficients of macroblock 1300 in Figure 13);
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alternative inplenentati ons need not apply the sane
node to all blocks in a macrobl ock). In other words,

wooopedizti on i s made for high pass DCAC coef PCTUSIWE 030563

of bl ocks that have no valid reference within the
macr.ohl ock, even thouggthg, "predict from|eft" or .

" pr &di iedict §am top (5o die predistor dy the goprgsponding location, high
nmacr o A i i chy. dirghjen
mode. e G RoBRERIPL. HEWRIC diESe MR RCAC

pr oceduse MB], s ilhatretdd Hyr topralietnd DCACGeobifRidntgofl 200
in Figure 1&’8 In this procedure, a weighting factor is
agai n paggblogk14Q9 myiigare § 734 doni nance (simlar to

the 3DGuRY gijécﬁéti gfrE]& gg%dél%%&ir 6 d%v%g%t&f = Bz.gur e 10). The

representative r and er use the val ue of
t he Inghegleprasgnthiid @rcodl@rdeboddr, thesemdmete, is bpliddhe al diwecks

val ue par r need.not be used j.n.both procedures in
withipérh rpsfégﬁw {05y 104%6%9?%1%_%’%\016 (it
alf%lél{aftﬁf[a %‘ﬁgeg?égﬁtfo%n Obt %ﬁ%l? tﬁﬁ@zﬁ:{l@frﬁqb & h%(B:IAo%RQi}FQUV e

00 are at ed based the | ow pass
mawreblock). dntcghdrrvoords, me predietiorsis agreletforhighqrass DC AT e

.obl I t I DCAC fficient
corpgifHer Ewg%hﬁ@'we'@%@wgﬂﬁéﬁgw h ot Q?éﬁ%??bllf’%t%?@g
(hBREHE  GRA R LB of 2Bfbdidk oY At Gifodd 19WHBSISH K thé S

pass DCAC coefticlient at the correspondi ng
maerdebock.i ) position labeled in left-to-right,

D 8 RO R e e Wil BT BBl "
accldin@iottht BRode@ifeRRStratddAfy e pbdidol Ik Sisfin® M ANR FiBAR12.

L
stage transform bl ocks of "the U and V chrom nance
Inchmmpmedesluce, aaverghiingdhator Iscigaent usediqtest dihessienal dominance

R SO REC U LaroRgre 505 abfe8to Gh ik FrarSriives
erftoder AAUBodRuse WY vl dFthe” Wigﬁtiﬁ% ?%c"t‘&dfoy bihdréeddures, but

respectively. In the illustrated h pass C
thp sadé vtiue papnoteheed not reussd liy boihf woemiuresin thetmatieeds

e R ERBA R i
proO&Tukd E2ENhre@ARYRddIRGe S 88 Hid 16WaRES DRSAC @B@ﬂi@%h%qu@m the

channel (fewer for the chrom nance channels o
inder2stggearansioou of tRe 2narodldock, as mell dsrthg by passMGACs at

t, coefficients (in the YU 4:4: t hat
corgatients Bt e chE BRrecBPR GHRSR igierin thqrendo-code
li@gf1200] BB Halds eRwWpass[AT &the !dv@PaJs@@Aﬁt%e!fiﬁfi&nt%@ﬂlebe

di scarded after the next macroblock is .
cazrespetelingl sxler €0l position Yabvled:in lefi-ta-rights taphierkeftiomeoxsier gs in

necessary, to .cache 12 caoef.fici ents,per bl ack for
g SRk Ve A S Pt g 1hpest i nd
“lowpass_V[i]” are the low pass DCAC coefficients from the inner stage transform
blocks of the U and V chrominance channels of a YUV color format image. These
chrominance channels have coefficient indices as in the block structures 400, 500
and 600 shown in Figures 4, 5 and 6 for YUV 4:4:4, YUV 4:2:2 and YUV 4:2.0,
respectively.

In the illustrated high pass DCAC prediction procedure, the only

information that needs to be kept available from a macroblock for use in the
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When tiling is used by the encoder/decoder, each tile
is deened to be a separate inmage for the purpose of
wo b@7pewds cti ve transform coefficient codi ng. HET/ES2006/030563
assures i ndependent decoding of image tiles. 3.
Comput i ng Envi ronnment. The above descri.bed encoder 200
predipigen ef mojghhesingaparaehlodeds ong Bigr eoeslyci es
far =7 ) I .
cas o At hact G bER BRI ot e BkoiBh ACCIEAReR S YUV
4:9i0gind A UVed2 2 col@faimftinegsdi Thisiis atraost@Ing@fficients (in the
i ncl udi ng anong ot her exanples, conputers; image and

YUV fidrcagorthrimped to haswahed peimmasiabloste Forther thprosHisiants
RS R PheIct oy M BRSO G ey
ericoddiddedodede Forr UM 4:4:4, tds thetdforronlynetiegidrato cavtle 42

rocessi ng softwa executing within a c ter or
cogftfré?nt%sﬁga%rﬂ‘@loe%rr%ﬁ ﬁ%ﬁle,n%%w’ almesighivcks Fi gur e
15, <Fi ' : .
txggggm%g usbd g;s EH@%&&&/&%&%%{(%%%?% %a 1&be &

sui uti1 ng environnent (
sefleraterintagd f@nthe giupest of the prdbictiveptasfontnecbeffidient coding. This

conputing environnent..(130Q0) is not intended to
asé@ggé@ﬂ’%ﬁ derofme; Q’;ﬁrﬂ’ﬁ%e 'iﬂz‘is'scope of use or

fungt i onglyigd tg‘{ ERGirbiMent i on, as the present
i nvention mg“ egl rrg1 enented in diverse
gendihalabpw gesseibed esqodei 200 (Fugyre 23 anbdepoden300 (Figure 3) and
envi ronments. Wth reference to Figure 15, the
oIS GPIERHY S HABHOTT S8R5 P ke ke beslfineg qu any of a
o . r .
Va{%iéegpflﬁ(fég%s Uivhidhldd i Ak %Ig{@ %o ( Qﬁggs pdrforfied Yn€luding

nost basi c confi gu 153 is 1 ncluded
anorighdthereexdaphesd cdrinpetersT inpagerand esddongeendintg, (rabdbission and
execut es, conput er - execut abl e i nstruct. ons. and a
rep BB SR AR, RS0 [y Gy aarets: Ve SHR g Bt g e
digbfﬁtlﬁéﬁia Botihf RlcBn Rues 8aStdighpléthérite €1 are circuitry, as well
onput er execut abl € instructions to I ncrease processing
aspiowiegital Tedianmooesying 56 &0 prenexgcitmng/withini 4 eomprter or qtkerg. |
regi sters, cache M, non-volatjle nmenory (e.g.,
C%@@Eﬁwnm?‘gs??%ﬁwwn&]\égﬂe tgr some conbi nati on
of tﬁ?%g&"l@-ﬂlﬂ-ﬁﬁat&ed@n)éra(lﬁ&?gﬁa 10625 s8edH1¥BsBpEtnS0)

i npl e ting the described predictive transform
ervirefunient @A00)cindvinigh tleschibed)ambodifentspay beadmplewientednEhg

may have additional f.eatures. For exanple,. t.

CTRN e HOPR G AN PISDE e aES Bre liyiEip i) scope

ofA1R€ oP Furd¥RbRallt PR theBVER RS, hslthe PreseIBvEtioNOhEy Bt put
devices (1560), and one or nore communication

ingdemetd ondivéks goeralipurpotear spedigeplirposemsattingm ( not
shown) such as a bus,

environnients.

With reference to Figure 15, the computing environment (1300) includes at
least one processing unit (1510) and memory (1520). In Figure 15, this most basic
configuration (1530) is included within a dashed line. The processing unit (1510)
executes computer-executable instructions and may be a real or a virtual processor.
In a multi-processing system, multiple processing units execute computer-
executable instructions to increase processing power. The memory (1520) may be

volatile memory (e.g., registers, cache, RAM), non-volatile memory (e.g., ROM,
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controller, or network interconnects the conponents of
t he conputing environnent (1500). Typically, operating
W@ yawemesdf t ware (not shown) provides an oper aPCTgS2006/030563
envi ronnment for other software executing in the

S RO UNE NI -
(IS0 AR 000 B 00 O T st

cadiffsdient codipgetdhaiquepes or cassettes, CD ROMs, CDRV\s
DVDs, or any other nedi um whic 0 Ssto

{
i nf o AAPYH S TRATCRt gy hawe 'g‘gg’é %ngg dlf]ort eﬁ@mple the
coniitii eﬂglr&ﬁﬂérft(wmtmélﬁéﬁe or é@'ﬁ SQE)P roﬁg %r ﬁﬂ‘)@éj’ Bout devices

storeS instructions’for t soft war e
(1566, eneot nory dutpuidiesoes FEBOR and dare /odﬁmdemmmmmcahon

predictiy sform coefficient, co t echni ques
N RN A AR S U R e S
conttolle@®r %mﬁﬂﬁonﬂ@%%ﬁe chth oné’l'ﬁs 3ftBe K@Iﬁbﬁtm eW@fonthent

I'nput “devi ce, a scanning devi or anot her device
(15hay T»rpmlldesperatmg sylstem M\E&rﬁ'@mtwhgwehpnowmmtoperatmg

50 di the i t. 1550
e R oWt SR R BB FHRor S BBeE SO (R
aldcodR@h#6s &ftlvﬂi&'(;f @1'16 é&fl}%neﬁfs o thd bt [r%aéilﬁirohﬁﬁﬁt (1500).
provi des audi o sanples to the conputing €nvironnmen

The "Emmg@ﬁﬂ@h(r@y b(s 1660yablmgr tm-rendivebleagnd mcgmiﬁe -
B e s P Teb SRS CRULHy CP RIS (LIEbmR B Sr any

otﬁ@ﬂm&lhﬁﬁbhleﬂ c&PPOASId OnRtcr: 1ﬁf$§ﬁ&)oneeﬁ1@m/l@ich can be accessed
communi cati on over a conmmuni cati on nedi umto anot her

wobimghe mgp@tmg wlronrm@nt@rﬁﬁﬁh. Blast stmagﬁékﬁ@hst@muegxmcuons

for t|o S _CO er- ex t abl nstruct .
fos ool LR B R i S5 BRo o o8GR b B Gtctive
tréﬂ%fcﬁtﬂ%‘#ﬁ@i&ﬁ%dﬁfg% Sidls. A nmodul ated data signal is

a signal that has one of nore of its characteristics
set The mmar@me(Sh (5O nayrhermienclampubdesiessish as a keyboard,
i nformat i nthe Si

R PRCCAEPERPA L B U R LAt S ChCa g Qv B g device

thak %sx%lvﬁr% i %ﬁﬁﬂﬂh@ ¥8SpLitiRe AR 1300RNF & £&lid, ith&input
i cal infrared, acoustic, or other carrier. The

d@m,q(s)a(ll 55 anay Iy vsemndioard pesimilatdesceibreiasepts rauél@ input in

Lo R ik I R B R g
c&rﬁﬁltufg%vﬁ*@mﬁ@ﬁe Sli“rl%d)ugpdt meﬂlcé(sy OINB0} tiag b%ranléplWﬁlter

By way of exanple, not limtation, with
speokery EDmyritamydrranathen deYics Bay prayides wutnut &aaatbb@on@@tlag
i ncl ude y (1520), storage (1540), conmunication
eI praent; ﬂgﬂg)zmbi nati ons of any of the above.

The communication connection(s) (1570) enable communication over a

communication medium to another computing entity. The communication medium
conveys information such as computer-executable instructions, compressed audio
or video information, or other data in a modulated data signal. A modulated data
signal is a signal that has one or more of its characteristics set or changed in such a

manner as to encode information in the signal. ‘By way of example, and not
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The digital media processing techniques herein can be
described in the general context of

W@ ooplt i3 execut abl e i nstructions, such as thoBET/US2006/030563

included in program nodul es, being executed in a

lim§it2HE tc'o Qc\:/a{t{o% %nqefg 1n6pud% \751?5(9(?11 w{rglgés tgc}fnd [ t ual

process r o GEner ram nodul és 1 ¢
un;ﬂ@MEht@&Sth’eftpﬂécﬁffﬁal épthhﬁlﬂfeiinfrﬁbﬂ Q@:bﬁstw(;bﬁ@tﬁexscarrler
qFonents data structures, etc. that perform
ar

hecdigtal Tedixprasessingpleghriapesierein cam h? degssibediit thgat a

O

Rl B Al 5 A AR PP

avdilableahédib) that 0R0bE ARBEssd vﬁﬂﬂiﬁ) dicempanee uivdiingnent. By way of
i nstructions faor program nodul es nay be executed
exafpnlp andaot fertatien, vallﬂstheu ORPSHNE @ﬁwmmh@tém()ammter-
i ta r
s BB L0 Sieal 87 AR GRG0

combippliotis dfanges dre atbeveon'put er oper ati ons in a conput [ ng
environnent. These terns are high-| evel abstracti
f or ThspdigHelmedia sm%ﬁmgewewaaescl%wém © 4RFTIORG i not
ged%‘?%l%](l{e%?&fjco eﬁLHeraéSJeéut REE iR ARY, s@cgl‘m&e%hﬂged fhe
r operatlons correspon to these
prdg@rmmodale)s, biamg axbcngedan aicopipatng bﬁtrlr@nnenlt on \ai temedfeal bie

possi bl e va{l ations of the subject matter
virdabRr e HeFRer LY. REC R BLeine {oplh P D TP ES

11b1%.pf]9$ QJ\}\)/E@%% 3 agsﬁeﬁtr%\énr@ﬂggta%"ﬂ\i’%? bt?u(tt{ﬁ% S4ORfat r%fl‘gip%mcil.lar

ents thereto.
taskés mtﬂ;ﬂe‘hleﬁt partndhr absteticy dataltypaadiThedataionslitygpiahe program
predlctlve codln of téansforn1coeffi ients, the

r SpLippefPiPeh grogratp RS @o8itd pgarious

my
f
i A 8 B R o
exdcaidecithiv e lbéad ok distrittesdecamytimgssairohmentansf or m
coefficients of a respective._ bl ock conprises a.
coek 91 the éﬁﬂie qf@respwéﬁ?@stﬁ% é@tm}%A g‘rs&ewl r@é@é AL %
13 2% E3] f” X
dét%l%gé Iwg&fe?ﬁé aaaaggtf . gﬁg{; th WBsciink %Shqlpﬁ{é? Iogéljtaﬁénsolfn a

medi cality of a curr
cotbpwiirie e:rﬁrmdmmena Af. heswtmmm anchigh-levd abttrdcdiast forwperations
g(;)rectlonalltles [ rm ned to [
per,

oY HERItPE, A Flt Pottkr?ecoaéﬁlﬁegmﬂ ”clégﬁer} ' néi{*}e%g
hu&u].rrgggﬁl am%%gﬂuﬁf &m tertdi)%relag Q@g%%égg) g é@‘glegg ?erms vary

current bl ock accordi ng °t om nant
dephndmgtommqjlemyntaMmodl ng ( 280) the DC coefficient of
t he curre block relative to i 5
In view o he many possible variations of the subject matter described
herein, we claim as our invention all such embodiments as may come within the

scope of the following claims and equivalents thereto.
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predictor. 2. The nethod of claim1 conprising: in a
case that none of the at least two directionalities is
waledogomoned to be dominant in the digital nediBCT/US2006/030563
Iocality of the current block, selecting the predictor
Vf t he DC coefficient of the current block according
eI i nati on of the at least two directionalities.

1o R Rt e i Bl R B lF e ey e Uil i

trmfdmnbaefﬁ@éxasm&nwﬂﬁfdedomﬁﬁ@ det erm ni ng whet her one
of at least twog directionalities of the digital nedia

dat Apping 3 Bantipiny (10) & lopksestt the digitel mediadiataternroduce a
r 1 CS
FIREIAAS, oA (100 8010 L L EESIES T e
seDﬁf nmsfdr'rrcccmfﬁswmfs of neespdéting Blbdcdsmpriscs RD@ Lot fEiofht for
di regé ci(nal ities; and determ ning whet her one of
thFﬁﬁpﬁ‘itwle Q¥two directionalities dom nates based on

t he eRl-ail; 0?5? WhEthP o fjdtfléagf %gﬁectl%%qaﬂ-@e% RS gltal

of claim4 said ca culatln i rec
meidif fletagn tadom}tty Dﬁs camens biaokds dainmmhat ing the
dlretlonal ?l? rence trlcsfor the at | east

di r e giRaror e Tt g QhetioBRit it AEopaned t br demimest in
th@ﬁbg@t%?ﬁl%giarlgcﬂi& QFﬁlefcruﬁghtpAIHél? seleaﬁ{%lo%w)é pielfetor of the

nedia data in the at
Ddicoeificianh af {hei ausrentblodihacoustihg tb the deteainined dohengitn t he
d‘f’l gral1 channel s conprise a | um nance channel and at
eghegalifee chroni nance channel. 7. The method of claim

1 WoREGie (zfg@? D el BEMcicht Bf ﬁl%‘éﬁﬁ‘ént b1 p@?felédv%qs its

transform applied to a bl ock DC coe clents froma
prethtgr outer stage transform appl ied to blocks in a

o%%cff t.-he g gital. nmedi a data.- 8. The nethod of

cI al of ¢laiin & c8WPTISNE: 1 ansf or m coefficients of a

r espeg thacahh Rk of P4t SREtvRY &i?&ho%@sqg Qétghﬁlh@@ toobe

for the respective block, the nethod furt
dommlns ithegdigitdlenedim bbcehtytdféh‘murtemablomy\mlectmg the predictor of

ctl naI|t S is mne to be dominant Jin t
tny i R o1 S el ol B Fiitate Srrommbtion of het st
tw%d?fe@dér?dlﬁ%sOf t he DCAC coeffl cients of the current

bl ock according to the determ ned dom nant
3. The method of claim 1 wherein the directionalities include at least horizontal

and vertical.
4, The method of claim 1 wherein said determining whether one of at least two
directionalities of the digital media data in a locality of a current block is dominant
comprises:

calculating directional difference metrics for the at least two directionalities
as a function of DC coefficients of preceding blocks in the at least two
directionalities; and

determining whether one of the at least two directionalities dominates based
on the calculated directional differences. |
5. The method of claim 4 wherein said calculating directional difference

metrics comprises:

21



10

15

20

25

30

directionality; and otherw se, encoding the DCAC

coefficients of the current block with no predictor.
w@200Theienet hod of claim8 further conprising, PMIENS2006/030563

sel ecting the predictor of the DCAC coefficients of

the current bl ock when one of the at Iea?t t wo

di resdevilasingl the disgctionabditforericn aeptrics for thegtilspahiwo

. det . Ni h I cont al.nl.n& '
oS5 SR A3 IPE BB AT BB ke aeeh
ch&lineRUfHRN@EkitAYmbdES datasianike guedst twedirasionlilitiesur r ent
bl ock; and if not, encoding the DCAC coefficients of

6. t heTeamethod oficldima 4wvhereibths phaplqbgpnels pomnrge HEIHBENSST
ch%]l;%gar%gatvf@a%{ Sﬁé“?ﬁrgz%jﬁ §Lhafyf €r stage transform

i
uces Sets o ransform coefficients for the bl ocks
7.1 N FhEmethpdtof RBgmobivhelein theeraasfoan dd a tecandf innen stage

coefficients of a respective bl gck iE %?he current
trapgforrs BPpliad te srhlpsls el Bl fog cpsmACiTE Ik FiShiOfRT SR s ioEm

. , : d further
ap}%lée:fd;t?)ib%(?c%%3%%%@%%@2@?&%2?%&?& ence netrics
8. f or Thmettod! Faddimt Twvheieirethicisonal transfesmaweffidients bf oan  of

DCAC coefficients produced, fr the_second, inner
resperig tlpdRTRRTIRC B DG Sactiaripas G thnEespPRERDlogk. the

t.he I :rabl ock; determ ni ng whet her one of at
m‘f@%%%\%ﬁ%ﬁ%‘%{@onal ities of the digital nedia data

f or wihbe ofiel6f Betat haast ol dicdctibsalilerindat¢rninstt bipdominket in

cal cul ated_directjonal differenge netrics, wh
the ok mp@ALIco] GO DT CEEPRPITGH PUSE RTINS HCES
cogﬁfe&dg{ﬁgs{‘%fr @9 Elfufrgﬁ éb@%%%rd‘i??gfc{oocﬁé Q6KrmiRel A6Hdikt

0 coefficients fromthe first,
direutie@falist;age transform of the bl ocks of the current

macr gbl ock uni di rect] I ccor di to th .
ot eRNTHER aATRETRe BUrelhgeny: M uBibh ok it
pr%ﬁafo icients fromthe first, outer stage transform of
e

)l ocks of the current nacroblock relative to their
9.pr edihe etisod dficlaifih® fumtidn @edmpfisinp awherl @levtimgahe predictor of

cal cul ating. directional difference ricg as.a
the AG speiffiepsat the eyret g&%&@&m&@f@%@ atdgiSE bW ng

. 1 s | QUAHniAd LS trics for the at | east
d’%e\?go |H|Eug%!si ona’rrluft?éldeﬂ;)e%s at %ﬁbti on of the DCAC _

c oefdkieeinmis wheihetithedldokorontdiming dlvaoprddictor selected according to

the determined dominant directionality has a same quantizer as the current block;

and

if not, encoding the DCAC coefficients of the current block with no
predictor.
10.  The method of claim 7 wherein the first, outer stage transform produces sets
of transform coefficients for the blocks in a current macroblock, the sets of
transform coefficients of a respective block in the current macroblock comprise
plural DCAC coefficients from the first, outer stage transform, the method further

comprising:
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i nner stage transformon DC coefficients of the bl ocks

in the current nmacrobl ock from plural channels of the
walc@rvale1dredi a data. 12. The nmet hod of cl ai m 1BCTMIS2066/680563

the plural channels conprise a |um nance channel and

at | east one chrom nance channel, 13. At |east o

compeBleting diieRional GGTeCA e far e i Agptg codirectionalities
o D A R AL ORI B 005 e or

trahefoptheon DGR fdoney ofsuha tlocks dathe catretitagacrbbiotier f or
storing digital medlatd ia (210) to be enc g@? and]ﬁ_g
dec dgeamining,whetbesene Qs iepst By drechipagitics 0 edia

da@%%ggg ryﬁiltee?"bﬁfac BfocRfis 8bm olruﬁ%FBaste (t/)\n% E{%Cctahﬁ'ﬂeﬁéd bir&SioRh

Ita ia ata ocks In a current
d1ffmtbh®é)hm&ics; s dom nant based upon DCAC coefficients

P Him otk cb Mok leaghere GRS dh CUaP T B Gyent for
th LR hRRH16 {)l{"g&%&t\ﬁ/}d%eﬁ% chdzé of Qxetﬂ‘@A@' c%%ﬁfclélﬂté ot fhBe

current nacro one of the at |east two
firdi, beter sapatratdfesn bf thddtlecksiof¢lt: ¢wrdpenmdombiktuniidirectineally

blocks t in the urrent macrobl.ock, select
achpPrdingiodhe ?ti@é‘ﬁe %ﬁ@ﬁ}a“%fhr?%@n C coefficients

p r O%HG&ﬁ'né RDERE éUéH?&eﬁtE %ﬁl theans! e aagé ﬂ?@ns%r%? KBthe
hin the current nacrob uni di recti onal | y

bladcsoxfdhmgmemt trtaerodbetoérrmiamled tcdthmrnmcdlctdrsr ectionality;

1 e THedTaReS S b TrS et e S paPe SHEgTA AT
mQtfrlcE hea pREKS oMDIAU O chbicfents &Mipriseer obl ock rel ative

therr predictors. 15. The di g| tal medi a encoder
a n d /oa}cuthang dtler diodctiohali differencevinetrisis dort the apleasidwoor i s

f th dt ' th f .at

lr%égfaa tigB et pn e s P ol el st e S BaLspeond
& RadeQfRlsforh f DENR efiERObS IR BIRS AEthel BrdRihmBABblock
ased upon DC coefficients of preceding neighboring

fromqriwdal dtahs@lswﬁdreedlgih@l @iz dethf i ci ent of a respect ive

d b bl d d.
1 neicabdnatoranes oF pReh SR b PER L ER ok gPnistioe
clﬁtﬁﬁélfdnﬁ'aﬂbfa&dh%%if&ﬁﬂaﬁéeoéﬁahﬁﬁ outer stage transform
being applied to blocks within that respective

13r ecktdeasy onecghputer-repdatle redvirdiog medium carrying a compressed

bitstream encoded according to the method of claim 1.

14. A digital media encoder (200) and/or decoder (300) comprising:
a data storage buffer for storing digital media data (210) to be encoded
and/or decoded;
a processor (1510) programmed to:
determine (1200) whether one of at least two directionalities of the
digital media data for blocks within a current macroblock is dominant based
upon DCAC coefficients produced from an inner stage transform being
applied to a block of DC coefficients produced from an outer stage

transform being applied to the blocks within the current macroblock;
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when one of the at |least two directionalities is

determ ned to be domnant in the locality of the
wa@eooreete13racr obl ock, sel ect a predictor of theP@CUS2006/030563

coefficient of the current nacrobl ock according to the

determ ned dom nant directiqgnality, where the

coef fi civean esie qfitke efleast o AHEStHREHSS lﬁgeﬁﬁﬂaﬂl?éé‘éibﬁ rom

t he t f

pc R RLRRCL LA Bk ARl fihi Rlfhs BréfitioR

t r af1S00y 1800 of thedPPA Cadeffriditopioaiuvéd from thdﬂ eutetistagant
macr obl ock; and encode and/ or decode. t he

coetramsiprane! Ge blogks pithinthe %ﬂf&%tﬁﬁefeklorﬂé Patdﬂr\?etlffr@llm s
pre [ gnd/ or
dec%déf%ﬂllrl ed‘g{%?gﬂie\%ﬁtg?ﬁé?%ﬁgﬁgc%g ésor is further
progr anrﬂiﬂioﬂ@(Zé?M eind/omndecotle (120) die ]DQA{I cdefificients produced

directionalities is deter dmnant |nt
| ocHPmythe gptef siage tap ﬁg]@ﬁgg? Equg
qualrglétg]%rt ﬂ?éll‘é}l%&lcgdllg rent macrobl ock d| ffers from t hat
a neig borl g nmacroblock in a direction according
151 o The digdhbmeiiacdcadnriand/iot deiodecof daial 14, ywheseilhdlbt processor

di ctors of the DCAC coefficients of the current
FOBIOBENEL B di ng to the determined
donh&el%% ekl %g{; £ 1R B E dlrBGideAecorahd bigien RS
the current nacrobl ock are produced fromthe inner
datatingdotality of theroutrentngaapplorlke & doniaaty teséd qﬁonDQC coefficients
coeffl cien roduce e,.o transform
of DRy S R DAR R M I S T HAHRCoP LR R A FoBPURE:
préRGing HeAHB oAREY hRler SHEGRAS pt iR AN CAS ilres bﬁ?é &aﬁ’sffoﬂrﬁ‘e
currént Tmmacr obl ock relatlve to their predictors.
beiﬁlgeapdhgd toad bivekliof Déhoedierients gf wiuceik fronethe ofiter Btagm 1 6,
rein. said.determ nation of whether one,.of at..|east
trop g B APBHES 9 PIEGS B ARAFP PO BRDEE PP
macsHisat nmacrobl ock and for the locality of the
macr obl’ock is based upon the respective coefficients
i n pihen ahe ofi treree lemsiotwot dizectipgalitees indatéranived t, bet dreminant in

ur al annel s co a.lum nance.ch
of ogefty A AR et FEntae akartig » BrRdio of diC sheftientor
th& QIR %acf&ﬂ&&{bic%ofWOQhQ detBBHndMd6Aiint ﬁﬂeé‘honahty, where
conput erexecut abl e digital nedia processi program

th¢ D€l @efifidiont qi¢hd amrninh gagrobbadids pn:fdupccbﬁe agmgr giagal

o IOBR e GHAPIUER FoF BB ol P pis o figad ot b2ded
st%e ek foRRdelidd eﬁ?h@«ﬁ td Bl%cleh Withil thé&Bhirént ddctodl ek, Rh@cks

hin a current macrobl ock based upon DCAC
coebhéaicentior gecuisdbe DI ereffaientrnidhe eursapé maceabddakinelative

to li)ts pregdlctor.

16.  The digital media encoder and/or decoder of claim 15, wherein the processor
is further programmed to:

when one of the at least two directionalities is determined to be dominant in
the locality of the current macroblock and except when the quantizers of the current
macroblock differs from that of a neighboring macroblock in a direction according
to the determined dominant directionality, select predictors of the DCAC

coefficients of the current macroblock according to the determined dominant
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applied to a block of DC coefficients produced from an

outer stage transform being applied to the bl ocks
waowdoiozieihe current macrobl ock; determ ning (1PODYPS2006/030563

based on the directional difference netrics whether

one of the at |east two directionalities of_ the

diggrienadity. mere thed? G ACosoehiients offhe frrrent warphlock are

WO

LS Rl el Fnd ¥R ABptchn 1805 BPibIR FhiEIINA IO, |
cobifeidnss potihéed frévg theivutenstageaslilrochsing epgliddi toglocks within

predi ctors (1300, 1400) of the DCAC coefficients
thwwpé@&cm sk Bdout er st age transform of the bl ocks

Wi t Qhéc}) R e@cﬂic? HBSOLE g&gf Fdfah Jﬁféé b&?@lltltﬂac oblock

according to t eter mi ned dom nant directional ity;
rehndemwtrheﬂlpmgil(ztﬁﬂs())/decodl ng (320) the DCAC

coefficients produc fr t he, out.er transf
17 he S Ry SRR O G el OhSIE B oEReTed] S v
deh@rditioh oF rvﬁf@tl‘fér%% of %@leas-flﬂﬁo @Ireétﬁfi‘ﬁhtl&nﬁ ‘dominant for blocks

conput er -readabl e recordi ng nedi um of claim 18,
withie reunehtimaceblol anfl fq;xrthc kEslm@fdhgmaatobm is basedaipon

b sher comlces.caleileting frort sl Lerenis
chdh s gt%mglﬁggg aG@hfhahBe ehanBEBInltaY 1akt dﬂ%ech%ﬁx{rﬁﬁée channel.

nacr o upon DC coefficients of preceding
1&ei gtteast nge mpuibt -owkahle wiverding nedidEn careyihg @icontputst- a

crer SRS digiiob et Bipgrng TS EHRGERD Gt Reelogatt § bielisidt
prtegé%gﬁﬂg%@gﬁdi R84 D8t UhE MeftlcreBniprAMi! or m bei ng appl i ed

ckd within that respective macrobl ock;
det enlvithiting (b200) dlirentiortaé dfferenek anatdesdior et teagiriaio

di f.f t |
iR oA &f T SNt A 47 Slpiatitin o e lock
bds?&@% ﬂMc@Ic E&@ﬁﬁiéhfsﬁﬁ&dd&%& FOB| ACtnkSstdedi-AdMirm béingne
e at | east two rectionalities is determned fo

a}ipdaedi tna himek of DE becfficicalsiprgdustd fiom auewtenstagasansifororhkeing

f fficient of th
orpliFs B eSS BTR e olival PEROERE determ ned
domqaaiiidths 2009 Badddion the BFeRIDAAII PR HBE Bttinach WhehdXone

coefficient” of toze current macrobl ock relative to its
ofithedi leassitwo Zlﬁrecffcbtfahabs bEths digiabmediaplatafor béerda ithin a
recor di n 0?? Hm of claim 19, wherein the nethod of
bo dia data further conprises: if
one lf)&aé @ﬁh@*a% ie%a%otdeﬁc%ﬂaﬁﬁee«, RRtdrinifR fobedRhBhiMt B6ickhe
o be dom nant in
blocks within the current macroblock selecting predictors (1300, 1400) of the

DCAC coefficients produced from the outer stage transform of the blocks within
the current macroblock unidirectionally according to the determined dominant
directionality; and

encoding (280)/decoding (320) the DCAC coefficients produced from the
outer stage transform of the blocks within the current macroblock relative to their
predictors.
19.  The at least one computer-readable recording medium of claim 18, wherein

the method of processing digital media data further comprises:
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locality of the current macrobl ock and except when the
guanti zers of the current macroblock differs fromthat
woRocg/omsiyhbori ng macrobl ock in a directi on acRCr/Us10g96/030563
to the determ ned dom nant directionality, selecting

redictors qf the coefficients of the current. .
ﬁgc CBlsHigERS ¢ Ee%maﬁéf%éaeqcﬁ @%%Qse’ﬁ%ﬁﬁﬂ_‘éﬁﬁt 8 fidHgfiionalities of
theaffet ﬁu@@i@'&a%ayip aVYBSa{lfr%% b ﬁle%@gﬁ?ﬁért)bﬁ'cﬁ '%&dQIrpom?C

curtent macrobl ock a produce romthe inner stage
coeffmaftooNproeidie agphbaithg maaotlockd wikreDie e tbefficent of a

B kB L P SRR A BB
a 6186108 PO/ RERAMG pLdaBcEXAEMERE bhiter S8 Bafornl Beifl BpFiMd
macr obl ock relative to their predictors.

to blocks within that respective macroblock;

determining based on the calculated directional difference metrics whether
one of the at least two directionalities of the digital media data in the locality of the
current macroblock is dominant;

if one of the at least two directionalities is determined to be dominant in the
locality of the current macroblock, selecting a predictor of the DC coefficient of the
current macroblock according to the determined dominant directionality; and

encoding/decoding the DC coefficient of the current macroblock relative to
its predictor.
20.  The at least one computer-readable recording medium of claim 19, wherein
the method of processing digital media data further comprises:

if one of the at least two directionalities is determined to be dominant in the
locality of the current macroblock and except when the quantizers of the current
macroblock differs from that of a neighboring macroblock in a direction according
to the determined dominant directionality, selecting predictors of the DCAC
coefficients of the current macroblock according to the determined dominant
directionality, where the DCAC coefficients of the current macroblock are
produced from the inner stage transform being applied to a block of DC
coefficients produced from the outer stage transform being applied to blocks within
the current macroblock; and

' encoding/decoding the DCAC coefficients of the current macroblock

relative to their predictors.
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