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FLEXI BLE QUANTI ZATI ON Background 1. Bl ock
Transform Based Codi ng Transformcoding is a
W@ oupnass8t on techni que used in many audi 0, | MERET/HAZH07/010848
vi deo conpressi on systens. Unconpressed digital inmge
and video is typically represented or captured as
sanpl es of picture elenents or colors at |ocations in
an i mage or video franme arranged in a two-di mensional
(2D) grid. This is referred to as a spati al -donai n
representati on ofgyt exanpl e, a
typi cal fornat fg}'mgg?ggn&ﬂ %f iz?fs\ltream of
Badkgioungol or picture el enent sanples arranged as a

Compbnont SIGR Ll AR COREFR  he orid wiihin a

col OTraspfiteh ccﬁ'lil@@ isaScdigbres£lon WcRRR[IRNGe@ il Bla%y avidid, ImSge
arlg{)m%e and video systens _nay use various different

£o cgm%arowam%r&n@mr@@seér@w igRgpepd gideo is
wmlk,%h%se&w ot @%p @ gnag, gaﬁ?gaégumﬁﬁguye él@ﬁfeﬁfse&#c%%@%t

I me-sanpl ed audi
locgfionsain aaidhagefarvidgo &mns iastapgest inca ‘sw-danmﬂ‘iorizﬁ (an grid.

TR S A SR B Pl e OrUF Do B or
exdrmigle, $typiedl fomaat foohnages consists dfaableamséfnAyR canﬁ picture
eltgfn%gts %%;xrslgl:eg gfrgpg% gng] rrgggé g%{ﬁnml%gg Iagxgm{}f;rj lrjecpergse:tnrtll(relg color

cdrh PO A MR aReH irﬁdh‘e%@%ﬂhﬁﬁa"é&é@é}i&&' Qfeh%s KBB, or
signal into a frequency-donmain (or other i ke

Y{Rapwpag mltféﬁa\’ﬁywvsapnwﬂa\txdm Sysigras trhiéfnlsﬁ e@tionmdifferent
Sls %hh’ﬁél%dq{mg SLsbftitidon ? %@Eﬁlﬁb ﬁﬁﬂapr g HREURSio ; is typically
req ency conponents o ra s or m ddmar n

repegsened s dimosampleidsiudensgadl] syrepmo cﬁmwamp@h altgpreal audio

5 SR 5 E 5P b o S R B e

regulie@mmlriteera&patl al dorral n, or of audio in the tine

domain. More clflcally atyglcal bl ock

t r andrepmpasEt itk iogmess and Vo Rfds qanieisyas
cérﬁf‘de‘r'me Wrggcegﬁﬂi ah it idion @?}I% ti @r%ﬁéfﬁrrh R*b&in reduces the size

fi xed-size two di nensi onal ocks (X, )g
opdligitk! Ppulieiiblagesgnd mﬁgplbcrgﬁmsfmnnmdre émauekéommnl | near
t:.hat | n s

rep{ABNRALT ot e kol i HORerR O ol Bl T M i AR
dmanmb eepmdnltatmrt, hed Hemakdbcing resetutivn dfrc&quaﬁngme(raﬂiy less

perceptible frequency components of the transform-domain representation. This

generally produces much less perceptible degradation of the digital signal
compared to reducing color or spatial resolution of images or video in the spatial
domain, or of audio in the time domain.

More specifically, a typical block transform-based codec 100 shown in
Figure 1 divides the uncompressed digital image’s pixels into fixed-size two
dimensional blocks (X}, ... Xu), each block possibly overlapping with other blocks.
A linear transform 120-121 that does spatial-frequency analysis is applied to each
block, which converts the spaced samples within the block to a set of frequency (or

transform) coefficients generally representing the strength of the digital signal in



10

15

20

25

30

transfornm) coefficients generally representing the
strength of the digital signal incorresponding

w0 e@gusnssy bands over the block interval. For PCT/US2007/010848

conpression, the transform coefficients nmay be

sel ectively quantized 130 (i.e., reduced in

resol ution, such as by dropping; |east significant
bits of the coefficient values or otherw se nappi ng
val ues in a higher resolution nunber set to a | ower

cér‘?e%%ﬂ&fngrf}eqo moéy BLRR SR HRPMIOLK ittBfvalbFEr J:cﬁﬁ siBH dgd

into ressed data stream At decodin
trensdoh ooefficiets maydre selegtivelyi quastised §3Q (@nsrﬁdumd 1n resolutlon,

sokbts hbp st st ERARRL S br 5ok vatues or otherwise

rr(appmgn&ﬂmasahednghademlﬁtien htmdkr sat a@ aflawm fed0hutioh),amd also
be defined. as. a matj cal operation on a vector
Ry, RIS el Peed SRt e PR ProrL i prpgsy At decoding

ﬂf@ﬁdﬂsﬂiﬂxﬁéﬁdfﬁ@xen&f@ﬁyﬁv@&eIﬁaﬁsfmle)-rIV‘F QH%EH&’ Hddmbtruct
bei ng the transformmatri x. Wien t he |nput

th%nrzgm%\ cmlcm’ spetipl sampled émage/video siggabreeenstmctedipleskse d
}g rs and a block transformis applied to each
For the purpose of data conpression,

r ev eoi-»ﬁé QL kt{l-&‘éi%rﬁ'{v? 5§11 EBn B gﬁﬂ?ﬁ% rﬂtaiﬂﬁhgﬁfd'al operation on

wor ds, e matr S |nvert|
adectensiod size(Mé. Yylgst bien| thmgpematidn s aldioyar tohibiplication, producing

tr.ans or are typicall i e par.abl
e EORE R BoRbh SRR L M IR RAREDS BafitoRERAR When the
irpapdatati yrtﬁtramigr leaghit i segnrenad iafo Nidzedatedtdrs ard a thedkh
r and c For co sion, the.transform.
’F"P&? %?H Bﬁ%&ﬁ%ﬂtgﬁ;"&@&m@?sﬁ [empression,

réRtgeIk Ib\n%mm&hsz% dhioséh. , In' FEHGHSrds b GRAMI A7 invertible.
such_as by dropping | east significant bits of the

Inpaitiple dapensiens @2 ofordmage and gideap ek wansierns gredypically
1@%1%91%#6@%%6%&%5& W&nss YhelBa %ﬂﬁ@{%@&ﬁ% gﬁtéa{%'%d

al so entfopy or vari abl'e-1eng
sqanile skeg chah aimtndamof fite ditc Qda Sgpth nowh end eclmtars).
150, .t he inver.se

f th
oS SRR e oS RS Seamponsnp b dpradmay
bé &ae@timyrq&mxzbal(l earr&ma@lm ﬁ@omﬁohhﬁldﬁ%qg%roi;ﬁﬂlg least

si de, show in Whil e reconstructin
swatflfant hlés Pﬂ%ﬂ@éﬂﬁﬁm valugs Pr OtheyBISSaNEPRIAS f"é}"f?ﬁ in a higher

rekgﬁru%ﬁjr)urﬁb%r%epid e?ﬂw@e? ré’sdi‘ﬂ:’tk&d) dricPhlsd @nﬁ@% bt @M&é-@ngﬂl

domai n data. Wien applied to t e transform domai n
coldadainta meompyasseddatagirsémr m nearly reconstructs the

orig at. al - ' Ld] di a.

In n}égﬁé%cf ‘Eg r ansfrlg(?é& ?géleﬂg c‘é%ig%gkg}gg% %éltglhgﬁg t he
(cteqaamizmmnlemmbpyldeabdlmg rlé0 endiitwezsd blosk pasforiaot10-171) are

| gssy and ] ossl e conpressi Qn. dependj. ng ont h .
oS e SRRt Ch g SORMAS IO 16 B AT S B tng (e data,
tHeQRV&5€ MBbx 337 @inverse transform 170-171) is applied as a multiplier to the
transform domain data. When applied to the transform domain data, the inverse
transform nearly reconstructs the original time-domain or spatial-domain digital
media.

In many block transform-based coding applications, the transform is

desirably reversible to support both lossy and lossless compression depending on
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quanti zation factor of 1) for exanple, a codec

utilizing a reversible transformcan exactly reproduce
wo b@7isnsee data at decodi ng. However, the requPCEDE2007/010848

of reversibility in these applications constrains the

choi ce of transforns upon which the codec can be

desi gned. Many i nage and vi deo conpressi on systens,

such as MPEG and W ndows Medi a, anong others, utilize

transforns based on the Di screte Cosine Transform

o b L] SyAEAYRAAIAIRNE (BANRERDISr Bl a

fon properties resul optl mal dat a
quaonizatias famtor dffl)ttheemncplepa esdkicartilizing @ neversihke transéorsecan

DCT (I DCT) i I dint t ti | '
S S SRR PR T
reVeESiISIRY BY the@eaipticationd dhsirhiits \theltledicé GRgendTbARK 8por2which

Quanti zation According to one.possible definition,

theirades sait PeAesigned-t erm used for an* approxi mating

non- ABYe sl %n@@%o%rﬁﬁ%@ﬁdrp@smﬁbﬂ aym(f}%d Windows
Iossy conpreSS|on hére is a SpeCI set

Mifdig againigl asherst wmlﬂzevfawé@mmeré av thaBissaste &omﬁeTr@éﬁform
0 e
050 TR EL A hRin KRB P b bR G roplrics tha
rep;arttm nahmmﬁualpdma uaﬂnpmss:Anv an itletsy compaesaivin yatenoy) the inverse
i ques have been, devel o includin al ar_por
Dy L EICHTR Pt Eh SrmpBRstion OpRS B St cfbogBh gnd the
déiRr of i RbENGh Systeia ToreRPhdtMR IO Al iRl BRageThlecks.
quantl zation operation is essentially a biased

di vi 3i on Qpantizatipmi zati on paraneter QP which is
perfarp F?rgl r?# td ¥ FOASRAEBefinifiEn ngméﬁh%a?uéﬂ"ﬁrht ﬂeﬁﬁtds%i; f& an

nU|tIp on operation Is a Ip I cation
apgokimatet raxnn-reh@rsibl@ouqvpmglﬁwmp copusey Used énrhlessy

cABpES bR nt 4 5o R Bl Rpl bRl b
nidiber aF tise éfem of gesﬂlflewqwtlvﬁa@e hatJ an asmmndad sdtiof uqndaxalues
a certaln | Xed, va can e a t o al
it BRI e SRR e fhal FATGUIR GRS VHITE oy FirEha) apentization
te%nnﬁl%fé@aa@é)b&nsméldp@a inehg&asgesda@aieﬁ,vebior hasiferay 6F fon--

u

defici enci es: human vi systemis not equally
uniprng with of avrmqut fleadyznaiee ped ademtwp @1 op-asigptive Auantization.

2 e 2 bMLRLE8 e

pdiairietere@P veldelf is ]marﬁmxmdmith)erwoldde "Bhevinygede] quantization or
S R T AT .
pBsteBidsttaddtierdptrodugecdl 10as ivvitel original transform coefficient data, which
shows up as compression errors or artifacts in the decoded image. In a simplistic
codec, a certain fixed value of QP can be applied to all transform coefficients in a
frame. While this may be an acceptable solution in some cases, it has several
deficiencies:

The human visual system is not equally sensitive to all frequencies, or to all
spatial locations within a frame, or to all luminance and chrominance channels.

Using different QP values for different coefficients may provide a visually superior
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Rate control or the ability of an encoder to produce a
conpressed file of a desired size is not easy to
w@ee7osesBmi th a single QP across the entire free®EUS1007/010848
is therefore desirable to allow the encoder to vary QP
across the image in an arbitrary manner. However, this
nmeans that the actual value of QP used for each data
partition should be signaled in the bitstream This
Ieads to an enornous overhead just to carry the QP
cnc lelvg f@ rg%ll %’S %{‘ H&’nb%ﬁ‘ IDl.\.aoa\.;g Bl& leerSC
ice. a eS| IS a flexible yet
otbﬁ:rtermmmm:s camhﬂsumefbls DgnailzadgaSQ?:;ll particularly for
co

qua %Qeli g?ﬁ%g c?r gﬂ&? Cﬁgﬁ?grllcgpzﬂeﬁ @gﬁ%bméaressed file of a
deRied ¥izé @On610sieY $o psrfsm tmﬂi a elﬁgter(QB aeﬂ)ss thgentire aﬂ‘amey

a nd conpres t t
7 o AR destcade cs 2l 6 ha eniads T TR AL o500k F4 e in
arI Jgg T aaerwgr OHOIV\H:Q’HIr 151 G ank GRR thONQLNOATuPbf QP used for each

I'ts. O tén, an image or a video frame is
dais pattitxpn@hantd beegigualed ox tHeybitstream (This lags gda%mlmfg}ls

to vafr. uanti i (.S og.al ' k
ol B lgh ol e
pracicy. aWhat tdesired is a)ﬂcmlbld et Hit-gconGmi¢ meeans b€ sighakimg QP,

sqQme codecs provide near unrestricted freedomin
Partippary itpge &%@qob‘ﬁtel%q #5848 °%ncodi ng to signal

use fsubhirhhs, aﬂﬁnt%ﬁaﬁ liZ @l prinde§ metdhishofit mbittifapd and

t he encoded nedi a, could itsel f adversel y affect
videorpedessite goptre] %qrwréf;sednmagﬁ gralitypd FosRIeEsIeH ratio.
QG?ﬁt{iﬂtBﬂ Reth88 Qf é%%%d @g‘%ﬁg& Pﬁﬁi" b&?&s Prbiie TeWYBdififes or

est passes ¢ rate possi bl € conbi nati ons
linke Adxibitioaniriinernr sigtificuy ovwﬂneecth of a@dlben@irfé‘rSo J@ften, an image or

The fol.l
a VP drene wral Aterstaalouily SRR, Bl IR Brip
qiiRichE6s ovexespabinl lobtidr. VEHLY lagk tt‘lexﬂilllqrhm'tmtgnpressmn
various di nensions of the en oded gita 8
VY AP BSS A RS ratscaPe] 08 el ok g R T hme
oA LY pFAOHBIY Bl 0RO ORI SHPOUIYQGHADEGR hicBbds.

over ree nsions -over (i) spatial Iocatlons
Eftoding tcequgemlcu;seszmhffmdsquaxmer(s| takgs adgitipnal i i fhe encoded

I
mEpfy v np v e ekl st b BresRioR AL et Fuffler, the
pﬁﬁ@ﬁﬂﬁfbdilc@mg aleoﬁﬁ:ﬁhrﬂnd@&c@deﬂ' haquire:n&ﬂarge ofimber of test passes
this t t h hat t
sprRsEi 08 e FRAPRBoPS P PE A e e AT B et 1 gh £an be
ofdrAaL g zed for the primary usage scenarios, while

al | ow ng
Summary

The following Detailed Description presents variations of a flexible
quantization technique that provides the ability to vary quantization along various
dimensions of the encoded digital media data. For example, one representative
implementation of the flexible quantization technique can vary quantization over
three dimensions — over (i) spatial locations, (ii) frequency sub bands, and (iii)
color channels. The Detailed Description further presents ways to efficiently signal

the flexible quantization in the encoded digital media data. The benefit of this
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maxi mum flexibility if desired by the encoder. This

Summary is provided to introduce a sel ection of
wa@oencaptsso in a sinplified formthat is furtherPCT/US2007/010848

descri bed below in the Detailed Description. This

summary is not intended to identify key features or

essential features of the clained subject matter, nor

is it intended to be used as an aid in deternmi ning the

scope of the clained subject matter. Additional

f d_advant. the | i i|l be. made.
BT S R AHE Subei e E B s Bat oy fdfpe Side
inforiatio ﬁﬁﬂhﬁnhﬂgﬂéd }ﬁmMeepdisgato%rmbagees‘c_enﬂmmet i vst(tjﬁlet_l_dgbwing

{ W N r e SCri 1 oNn e
m%%mggy‘iﬁqgm%%fsﬁg‘fgy eoed’#?"%}agrafn of a conventi onal

bl ocknit Kapshay s PASAded RFBFolRcd §el8Etidd offddncepisHEe 2

is a flow diagramof a representative encoder
simpdifiep dpram itlhed 13 fusthsr descrpwtd thelaw inthedgetaitediescription. aThis
s 501 T Rl B A 05 RERPE P M
subjert anatengnax ip #dutaded tebeledadristancid imdetsigirdhg ttg: bpe of the

clf et S &l Redes 813 R iy o the iention il be
mpseasirandeotiahe folldwingidetaiet @eadripiibnodf enboimRasSthat

guanti zer according to the flexible quantization
prpeﬁdﬁi%re?ﬁegs? io the accampatyiag demy BER ng a

B%Pmkrggdsn@ﬁfmwr%iﬁ si gnaling of a high-pass

quant i zer according to the-flexible quantization

t ecHriwigel isri block dragramepfiazisingentionad biickgransform-based codec
: -code definition for signaling of quantizers at
mgﬁ‘fepgsr}rregllqayer according to the flexible quantization

t ecliigoree? iskd flowadiBgiam af 4 sipkesenmativaientoder dncorporating the
blgsl?Udtg_ code. definition for signaling of quantizers at

T PR APEME n spatial node according to the flexible
quartibaRil ' f18RNHhgdth ofd fipreiiatiSe Act R enéRPdBtink ke

a pseudo-code definrtion for signaling of quantizers

- blggk pattgen$@Bitgand at the tile layer in frequency node

acc ;g {;Oa {h% é&dﬁiégﬁlﬁ gﬁaﬁ&%a iclgfinition for signaling of a DC

technrfque. Figure 1 e contarning a
qpetiactaccorting &f a flexilde ghartizetignsdahniguef quanti zers of

ﬁnggi’}gg%gsf i IS%%B?eggcgnta%tnil}ghaepsteiuldg-cL)gg Sefihflion' B9 Signabing of a
low-pass quantizer according to the flexible quantization technique.

Figure 6 is a table containing.a pseudo-code definition for signaling .of a
high-pass quantizer according to the flexible quantization technique.

Figure 7 is a table containing a pseudo-code definition for signaling of
quantizers at a frame layer according to the flexible quantization technique.

Figure 8 is a table containing a pseudo-cbde definition for signaling of
quantizers at a tile layer in spatial mode according to the flexible quantization
technique.

Figure 9 is a table containing a pseudo-code definition for signaling of

quantizers of a DC sub-band at the tile layer in frequency mode according to the

flexible quantization technique.
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the flexible quantization technique. Figure 11 is a
tabl e contai ning a pseudo-code definition for

wa@k@nabisegy of quantizers of a hi gh-pass sub- bapdr/as200tie10848
tile layer in frequency node according to the flexible
quanti zation technique. Figure 12 is a table
contai ning a pseudo-code definition for signaling of
guanti zers at a nacrobl ock | ayer in spatial node
according to the flexible quantization technique.
Fi gu i L i 3 - G . .
et o0 RS LBNERILE B RRANRITSL o signayipg of
quartizshs otk lavapess sub-barstptahe filentogler indoaudhoag ntadetdeeording to
dld ﬁ%SLiBiee &lﬂﬁ%ﬁ&?{ icﬁ&gé chnique. Figure 14 is a table
cont al nl%g a pseugo-c " definition for signaling of
hi gh¥igass 1quaatatersntainihde psttoodddecdefindy@ forlsignaling of

frequenc e according tq the flexihle quantization_
BT oke Hatgests oub orad 2t fhec lnen it Brtuancy rseds sasoading to
tieeOfBkiblg GuadfivatiGintEeRkigher | npl ementing a nedia
encoder/decoder with f] exible quantization. Detail ed

Desc Figie 4R iTndatile cowipiniag apsendoptddgrdefisitiorefortsignaling of

ot N neeRM ek AR I L BRBYG S b
quantijationdaédmiqepat i al , frequency and col or di mensi ons

(referred.to herein as."Flexibl nfization"). The
foll gbﬁ”ﬁ@ léé%%??bg? FORA SR iPB Oa‘i%égx‘%ﬁél't&n forsignaling of low-
phssRERéS bt Gk @hclobfckaaut ifl iR qhtndy 8088 Qé&?%ain%f toﬁ?e flexible

ﬂ%%ltal medi a conpressi on system or codec. The digita
ALY 2D RSdes digital media data in a conpressed

For npfdie 14208 Mb1S LOMafingh gga%uccg%eﬁ%ﬁwﬁ)rtsg%aﬂ%g 33
for playback or other proceSsing. For purposes

hight-pass quantigers atihs nesczabplogk Jayeo npfreguwiney mydd arvording to the
ﬂ%ﬁﬁ)ﬁ’ég@iﬁ‘zw&%&i}ﬁi fule_exi ble quantization is an inage

or video Conpression system Alternatively, the

t echRigywe 1 dlis®bloek diggramCsfl PaiAbROCINMH IO RRFAMR for
.s%l%ten‘g or co(?ecs for other 2D gat,a. The flexible
ipBIE D aE R Reqia CRre dRkleaRtes it fIFebls quntation he
Dét:AlddEDed@iptiorr ONPr essi on system encodes t he

conpressed digital nedia data in a particul ar coding

f or mhbe folloming desyrinticyawiate iquaodingandhdecedingeteahniques that
RV Helctd i A9 aﬁarﬁfza{igr? 1t QG & %i&?m@ rcsE)llal.rcl)’c)fzeaqiolnnap%lied along

spatial, frequency and color dimensions (referred to herein as “Flexible

Quantization”). 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 decodes the data for playback or other processing. For
purposes of illustration, this exemplary compression system incorporating this
flexible quantization is an image or video compression system. Alternatively, the
technique also can be incorporated into compression systems or codecs for other
2D data. The flexible quantization 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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representative 2-dinensional (2D) data encoder 200 and

decoder 300. The di agrans present a generalized or
wa@eophsdsBed il lustration of a conpressi on systRPOT/US2007/010848

i ncorporating the 2D data encoder and decoder that

i npl enent the bl ock pattern coding. In alternative

conpressi on systens using the bl ock pattern coding,

addi tional or fewer processes than those illustrated

in this representative encoder and decoder can be used

for the 2Bndelaer/@eopd&ssi on. For exanpl e, sone

encoders/d cogers may al so include col or conversion,

col oF 1§WrHARRd 3arg A gisneralised figgrane of thesprosessengmployed in a

rées der

e o 20T U SR 2P0 A HEELEE I P

diagnpme prgsent dendrelizo qrasumphﬁecp dhatragomnf hlvempression system

L e A RN R TR (e
cedmgd dn aR6fhafive dofpsessichOyRleassfthDihe 16 @apatil chifls,
conpact r ep{lesent ation (for typical input

e
asalt%alo%r fowsy groficssss ihanithese [lstrateddn this rm@mmlveﬁmcoder
afid ABBORr chh Be AedlBdrané QBUJat& @&nﬁﬁesﬁen' R %xearﬁ d 80 Of

a video sequence, or other data having two FEnsi ORs.
enepdepyrienndsramar also inehue esloa convarsions calbefdrmat, sdﬂtﬂale
chify msé’lﬁgssc éé%)qﬁ&{,ﬁﬁl% k 91?&%5(244: ?/}I'hg cpgxg)g%sglon system (encoder

par £1tioning
angrdeendent can pmvalreelosmss @ndfor dpxsi Rgmpréssionxef the RTX Hsta,

for are rn a ss the plane of the
AP SR eRloh Moich Baf b Phsed ot Bupatadign sgpmeter
vm@«img)frbﬁﬁlosslemoqbs@[e 16x16 pixels in size in this
repr [ oder In turn, the macrobl ocks are

gro uﬁég Bhﬁi&%g ?@e e5,200 profuces asompressed bitsteepm 2B that is a
mioré €§m§h§t(}ef)férs%tﬁg{)§ gﬂ %l@&?}gﬂgﬁt?opyﬁrdaulg i{ (? ﬁ?&%gﬁtaﬁ t%(s: r1]nput

that tiles In a
t‘hﬂi’@ eacpdare dor gnampld, s 212 datancaptlt czml becarl imageadramhe of a video

t nd aII e [ ri represent ative
Aleh . B Y o B, AP Himsionip ety SERcons divides o
franietofphe irgfut Hatal 1ﬁtd ﬁ@ck@@llﬁ@fh&éﬂ gEHRE1B) invRibhtC ks pamtlomng

rection. Alternatjve encoder inplenentations ca
2@‘?)\7 ch Wethe ] @Féf%t?fi P RIPBERStinR aFOBpBKer lanHies 4xépixel blocks

that A & Péélﬁaroﬁat&m §<Ero§§ the gﬁaﬂ-ﬂzl Stiths Gt Tl‘fégg fb?% AR s grouped

over| ap" operator 'S ed to each e
inglystRes, C@iqdemambbqvkga\yhlchmc b6 vk pixelstin st mrthlsd'epresentatlve

Rofel et
g e
Tlﬁ ?ﬁg‘b@dfobm& raguleapatternldvisr titeineape, Sl thaetiled tn Mborizontal

robf 4 el T s aligargtlonine privical exlemEP of iorm
width and aligned. In the representative encoder, the tiles can be any arbitrary size
that is a multiple of 16 in the horizontal and/or vertical direction. Alternative
encoder implementations can divide the image into block, macroblock, tiles, or
other units of other size and structure. |

A *“forward overlap” operator 240 is applied to each edge between blocks,
after which each 4x4 block is transformed using a block transform 250. This block

transform 250 can be the reversible, scale-free 2D transform described by
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2004. The overl ap operator 240 can be the reversible
overl|l ap operator described by Tu et al., U S. Patent

we\pEiia®Ese on No. 11/015, 148, entitled, "Rever sP@i/ES2007/010848

Overlap Operator for Efficient Lossless Data
Compression,” filed Decenber 17, 2004; and by Tu et
al., US. Patent Application No. 11/035,991, entitled,
"Reversible 2- Dinmensional Pre-/Post-Filtering For
Lapped Bi orthogonal Transform™ filed January 14,

SHidvasa UL, Patdnt @ pplichtisn glioS ‘H/%F\ 5,709 Séhtf1dd! aRéIré}fsigb"é@ '

ot her bl ock transforns and overlap operatofs can
apsdornglles gesshAndd-asbless 2-EhBhatr Gompiassiog, chlefl D adearter 17,

4 f bl.ock i s .subj .
08, TR AIPERAL B B8 By cccron

'.lflnd:tladlg\kblsmlatéa’ft?ﬁmlﬁfakiohrmSﬂﬁﬁlﬁ%&tﬂhﬁtiﬂﬁﬁU‘Keiveﬁi@@Overlap

ransf or e ci ents_and.the t sform

OsaRpT e Losila P3G ooty s Citembont.2094: and

byaDkett d1Z &1 S2PitentTAppREARAN 0.MEH TS, 991 lAtIES Gt SRrsible 2-
rocess.. On the decoder side, the transform

piopplkhie-Fioptt Hicsing fard@pper Bigrtitazenat Besnsform,” filed
b [ a : ' t he. fRclents,ar
T L Ry Mot cRBie Aol G Brock
trapefioring iapd oyeda operatore gambe aseeld Sybsaqueny ite theatfansform, the DC
' f or nd the .pl ane of. DC coeff.jcients js .
chPEISE 2603 e Bt Wopelonty ot slbieet ik grocessing chain
(Oleg, forwardpvietiag, ftlowd Byexd8lobk aaks@AAES The resulting DC
Subse uen%flhé, the entire data is regenerated by
trﬁﬁi)f?’{]‘ﬂr?&e enfs and the ALtransiors: epeffigknts ave awanibed 270, entropy

c6@ef 28Chfhpacketinéy g AC coefficients 342 decoded from
the bitstream Finally, the block edges in the

r esullhe dgcodeaperioran s mverse pvanese Ondhé decdder silegthe
' . ted.2D data_ .output. |
iior RoBRIAAR 8 L HRER ¢ FoBE RSP S5 phfsin dFom
whictctheoeffidsntanrd thettselvengdecddetl 320hadcRaRARSAAB30. The DC
bqi,_f.&f”gs &20 ge@?&‘{r 8 fil e? . and_ the decoder 300
PRTHIE 50 FeabEaT et by oRERS 6 interseARsIem. 9 the plane of
DHD poeTRitigRts i9 W;ﬁmgeeféerlagﬁé&%%g WREHkAL s}n%ﬁligg éggator

| ossy coding is e oyed. The process of enco
apphesl areassithe Dip plackadeen Drbsgquentiyaitiee ¢rdirp ddta is aegenerated by

S gL i LSt t.ed w t
apiifngdnd H135AleraE hANkORN'330 1b oo B EERRLERs had's Ac
copificientseit ndecoded iffom el kitstredine Riaalty]ithg blockGEges in the
' | ves the application of t i nverse ] appe
it ferifigk MR ey eriab et 260 “ThiApheTessan
rqeonasttypesd 2D datd enipag. The illustrated LT and the ILT
are jnverses of each other, in an exact sense, and

t her B ¥} excaplapeiapiFmeatition; fie caredar 2§0r(Bigure 3) compresses an
ifpRY Bh&delinfo HRRRBSHrESRAHiRETAMA20%e.2., a file), and the decoder 300

(Figure 3) reconstructs the original input or an approximation thereof, based on

whether lossless or lossy coding is employed. The process of encoding involves
the application of a forward lapped transform (LT) discussed below, which is
implemented with reversible 2-dimensional pre-/post-filtering also described more
fully below. The decoding process involves the application of the inverse lapped

transform (ILT) using the reversible 2-dimensional pre-/post-filtering.
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reversible transform the LT/DLTpair can be used for

| ossl ess i mage conpression. The input data 210
waeorpnassed by the illustrated encoder 200/ dechdEUSB00010848

can be imges of various color formats (e.qg.,

RGB/ YUV4: 4: 4, YUV4:2:2 or YUV4:2:0 col or inmge

formats). Typically, the input inage always has a

| um nance (Y) conponent. If it is a RGB/ YUV4: 4. 4,

YWV4:2:2 or YU4:2:0 image, the image al so has

chr offiddRsRatee MIOARNHS. ILTUGY idfersts dreadp 81! indhte:@ct/sense,
component . The separate col or planes or conponents of

andifberefiorgsan hs wligetively refeard te p»“a@ reversibledpppechiransiprm. Asa
re@@x%ﬁ:l@traﬁ%fghﬂ{)ﬁfe ILTROE paft dafi%e U¥a %orzlogslgﬁaﬁag%%ﬁﬁﬁessmn

for exa and "V conponents have
vvr dt”fhmm@uhatg R0 @bmphmsa’d by ippilstratedendoden 20édecoder 300

ove. the encoder 0 e t [ | .80 .
o gl Bf SRS ol O Rirtnats & oy RoPRVA 2.2 or
YUNDI:210adul Gt in@ige fhiRate)) cv;ﬂ@earz!}@ @hé irpes irhhige ARRIYE HasBOE

into 16x16 pixel areas (called "macrobl ocks") in the Y

UEHEWI(Y( mnmvnﬁay Igat 12@)&@3/31@%‘ b LBV aReher Y Y4ig: 0
g@nﬁxe %@ﬁ%' }%S%F@rﬁmaﬂge clr)}nggﬁerﬁ@sﬁéh £ wazamg&?&ﬂ and a

nacrob ock color plane iIs ti Intd 4x4 pi xel régions
Veonponeks . Tlewmfpefaw eoloa plraies obbmpom@t&oﬁﬂmmgman thiee

R A R e
fomagﬂzr eeamplamlm UbirmlCV conipoaents hate Hxlf off the wadthand Yizight of

F:ragcks . For a YUv4:2:0 format col or i mage, each
PYBPER cont ai ns 16 4x4 Y bl ocks, and 4 each 4x4

chr ond GRBeRed Woavs] the efdddek 300 AleshBé irpuy' é%@o?gfcﬁfreﬂto

col or inage, each nmacrobl ock contains 16 4x | ocks
maﬁeb@C&ac ax EXARPISKY HEPleEmentatioRgthy)enspdena00 tles thy ingut

t
i iffo NG Pl 1D Ghem BRI IH UL T chaY Gt may
beal 6>elr6 il 6a%hef 8xPareas i treddland vV clnmmhlssdapepdmgem theicokor
R S FRASRP 200, 1 LR TPy cob S
THdrofvreasmacbIc i9 @B}rxﬁoﬁéﬂjfoﬁl the GriRRTvISUBriaRdn thé hlowing

passrracrobl ock). In the representative system the |ow
mapner igh %?XW@H%%@déﬂﬁn}EJﬁW&@ta&PQ optional in the ~’

biy ! S dreAe séaihe&?a UQacSﬁg}Qéroﬁﬁ%k%n&%é L@g)& ‘i'&rﬁﬁ%ﬁge )

Further, e conpresse ata can be pac into
bitdﬂoel@m in one of two

2. For aYUV4:2:0 format color image, each macroblock contains 16 4x4 Y
blocks, and 4 each 4x4 chrominance (U and V) blocks.
3. For a'YUV4:2:2 format color image, each macroblock contains 16 4x4 Y
blocks, and 8 each 4x4 chrominance (U and V) blocks.
4. For a RGB or YUV4:4:4 color image, each macroblock contains 16 blocks
each of Y, U and V channels. ‘
Accordingly, after transform, a macroblock in this representative encoder
200/decoder 300 has three frequency sub bands: a DC sub band (DC macroblock),
a low pass sub band (low pass macroblock), and a high pass sub band (high pass
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orderings: spatial order and frequency order. For the
spatial order, different sub bands of the sane

wore@rabiseck within a tile are ordered toget her PCEHOS20011@10848
resulting bitstreamof each tile is witten into one
packet. For the frequency order, the sanme sub band
fromdifferent macrobl ocks within a tile are grouped
together, and thus the bitstreamof a tile is witten
into three packets: a DCtile packet, a |ow pass tile

m&@&ﬁ%k aﬁ‘ldthé‘ r&h‘a&:ﬂ@eﬁ% sty'sée?n RAC teRd paésrlma%}' l'hgﬁ’ Bass sub bands

here rmy be ot'her data lNayers. Thus,
ar¢ optiesd i the Mestm}m e thesanub hamgds may be gamebe drqppedhe

151 SRR e pERPRIOR dara BRE ke DacR TR 4R bitsisBh T g ot two
orfé@$igst spiti oﬁ@éi%ndéﬂ’ﬁﬂlu@i@ﬂﬁﬁer dFmeuh&ISpﬂual Ldt&m aifffﬁ*exht sub
Chr om_nance 0 | m hance

bapds Oﬁﬂﬁoﬁﬁ?ea‘%%r@%h ithig qﬂﬂsraa? E’H&‘Pfe‘ﬂﬁgﬁ@% qnﬁéhe siulting
bitéRbAhGHleabRYi%e ASRAHEN fdBhE bhiR! POr ! frdtRiaby Bﬁfer, the same

representative systemorgani zes the conpressed digit
subdang fepue differespaarmpblocks evjthineyile e srabpetogether, and thus

th% bﬂ?tpéztrr? §§ﬁ tfl@% \M‘lﬁéﬁ ?Atg %@g&&@g B3R %@f& a low pass tile
escCr I e ap n alternafti
packetpabed A wheglnplaas tdy pa@lma Ixhaldmmgahemanajn be bﬂrmmtaalhpag.

t he o the SRR e ONa AB ALACS BrPTER AR Ff By TpYowing
“JeQehdigndrsi ng a | arger nunber of f r equency bands, ot her

format of  color channel S (1\(1 ) RGB, etc.),
Spetial dingsngion ngEscmahters %cr@BIOCkor stereo vision or
rRE IS oy BehBbS : G5EP %F i bl e
F Qﬁlantcr% oan/erw %\?vwal‘}larstgﬁﬁ)%h rsgségﬁiz(at ive
CleampoHéimichstod & uminheced Ghrpindaaricon0 pEbraminanceé d ... (e.g. as Y |
U ﬁenti ally a biased division by a quantization
E aneter QP which is perfornmed at the encoder. The
ThoWedwe abibha ddrivgd h BieraichiUvhéhd gRtvetiicadBafsodddndte 4 S a
m,JI,t iplication by QP perforned at the decoder.
8. alternative inplenentations of the flexible
qua itRlgh e 965854 i
e e e e Aok U Clinblen® JigfiFimedia
daéfcm spatigl, fiagueney, and @Iran@cwimmmnel,ethq flegitde quantizatipn
ap%yc?a%h éizegéeljllg ﬁ&g% ﬁ%g éd ﬁlaél{e?ﬁ] rans §§%§%e§§g%§g ems that
orgaxiize thatid ddta ahmwfwm,mldﬁml eﬁsiiheﬂdmllffrﬂlcmso For example, the

ﬂegcrﬂt)llefq%%tsize{tﬂmt ahp%rgaec%Odeq)e app ed to cocﬁng us nlgI as alrgcer%%(rjn er of

frequency bands, other format of color channels (e.g., YIQ, RGB, etc.), additional
image channels (e.g., for stereo vision or other multiple camera arrays).

2. Flexible Quantization Overview

In the representative encoder/decoder, the quantization operation is
essentially a biased division by a quantization parameter QP which is performed at
the encoder. The inverse quantization or multiplication operation is a
multiplication by QP performed at the decoder. However, alternative
implementations of the flexible quantization described herein can utilize other

forms of quantization, including uniform and non-uniform, scalar or vector, with or

10
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certain fixed value of QP can be applied to all
transformcoefficients in a frame. Wiile this may be

w@rooaaswsps abl e solution in some cases, it has BEWERENN7/010848

deficiencies: The human visual systemis not equally
sensitive to all frequencies, or to all spatia

| ocations within a franme, or to all |um nance and
chrom nance channels. Using different QP val ues for
different coefficients may provide a visually superior

weitisnrlidegd 2] evd. t Thé heariBiBoR Vet duRhtiddtitiproRt
uJ“Ejlrir)r@ressed blts Li kg‘\?\/lase ot her erd% or nmetri crs0 C%srf]:s%%gether

ugs|a loghin thie steingl tmﬁfomméﬁvemda@a, véhich shows up as
c%?d rédsiorPdrr@rd RREPEBE ih PEQIUES | ISLU ﬁd@%g

esired size is not easy to per O mWIt

caﬁmsféquq‘ealw of R¥ gandireappligd 4¢ bl maneﬁommmms hm alfchme.

v acro
VR0EBEE Ly BRI B 5 OARTR s
t he géibdakanVismIG&S@ isamd efuellyeseabititata afldrdgubhéiBs, or to all

bl ock/ 1. |/ sub band, et houl d b
SR APRRR RSP Pt S RE Sasagend S onGs gl

Umﬁzg BiffealentlQP vialues &1 Jiffohéht QBefFickime inAg prodiak Wlb@cﬂ‘lg superior
it unsuitable in practl ce. What "i's desired

ePF%‘i&Pg pueR Biithyihe sarg a5 sl ﬁé&%b@fofsqogmﬁmg by, L1kew1se
AR le O nddttitds E%b@&ﬁ(&w g%éiﬁ scenarios. The

flexi ble quantization tec nlque escri bed herein
pr ovRatascamieol gisithe abilitrofian gnogdanto praticna acbmpmssed file of a

Sj t he epcod
dittetze Bdr b PREpforth TS 00 p bi0sT B Eails Fameos
t he Ideedlybherefpranitishanliddr dossiblei tgulomnthieh@icoder to vary QP
a-8RL sentatlve en er 200/d oder ng% ste an varX
Guant 1 2885 89¥ ?ﬁ%@a&}% PR F‘% value
oIfQi%\ﬁSedthr eddH Jath peﬂﬂﬁﬂﬁ(}ha%ﬂibl&ﬁﬂﬂ&/clﬂﬁﬂe%db' Ban@%t@f) should
chann ggtlz tion can be varied over

bFéWé’PFeddB&Fb B%ﬁ%?af%r igp P AR FEPERSUPVEshead usbiescasty the
(%Ihﬁgﬂaﬂhig inforPh iR, ﬁ{aﬁcﬁig‘ﬁ%yﬁta‘b@ rﬁﬁ@@ﬁ@et | @St &fdeitsﬁgd is a

| exi bl € quanti zafi on techni g echniq
ﬂeﬁ&lwvetsblqurmcemmcémgn,ahsg @?alpaﬂmldrl)efquﬁommonly
eg tdré@kédArio. t he encoded nedia data. The benefit of
I's quanti zation approach is that the overhead
| ncufhe dlekible)gamitizztivh cnechmhmtdedcﬁbaﬂieher&‘&mrﬁaide@ fhe é?mhty to
r, the

S R B PSS 25t Dl i

nesdizodias.. Foeetdrapliepbse fnglebleationdf HerhetioeqRneivhGss
tqchne spatial granularity control of the quantization.

t9He 1 the TepERssRtating crRder 8PP/dcoden S0P sExten) ean vary
qOAtRDatiR b ONthadd @ers Itk [—-Ql)veQYiS %ﬂ&ﬁ‘«ﬁ MSdAdht Qi) %ﬁlué&q' sub .

to the frame, tile, or
bands, and (iii) color channels. However quantlzatlon can be varied over fewer,

additional or other dimensions or partitions of the data in other alternative
implementations of the flexible quantization technique. This technique also
includes ways to efficiently signal the flexible quantization in the encoded media
data. The benefit of this quantization approach is that the overhead incurred by
quantization related side information is minimized for the primary usage scenarios,

while allowing maximum flexibility if desired by the encoder.
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macrobl ock. If the frame is not quantized uniformy,
then each tile can be quantized uniformy; if atile
WO gomasosguant i zed uni fornmly, then each nacrobl BCRUS2001/010848
be quantized differently. The flexible quantization
further allows quantization control along the
frequency sub band di nension. In one particul ar
i npl enentation, the flexible quantization includes a
sub band node to specify a quantization relationship
anonghé ﬂeﬁwgﬁ(alﬁiibﬁbﬂmmd{ﬁq)rwaepﬁﬁg§p§t§di Snularity control
uantized uniformy, or partially unifornly (1ow pass
okths QRRHZINGM JneneREtigaGieplementatipn, the dlexiblaigghntization
SERFOIUS) | 4.8 (Y Ly.
S B O R BT L B8 oS L AR e
mageablockat i dhe frpmiciie sobduangized enifbomlye theni emeh silo tawbe

. ong.. ticular inmplementation, the ]
it HE R o o AR 4R e B e gcroblock will
be pemitizedalifferentlyzat i on rel ati onshi p anong col or

channel s. The channel s _can be quantized uniformy, or

par ¢ LF P le svmizption frorsr AlAua cnafiFrion aamtrob aliing the
ﬁleqﬁed_cgryuaaﬁﬁa difi8RpeRdeNbAY partiehlat HEASRENAGRM Y the'Agxible

flexinle quantization described herein also provides
Qv At dacledeser fubchandimodes tagpgrify g qiattz4ticowetaticanghip among

< i . . ot _

e S e P o b R el SRPAIS; bERS Rl
urifernga (b va passchibrbaekd using D&Y sibdfand iqyantizeramod/ot bighhpass sub

i OsS.. Rurther . the flexible
b%&ia%yl%g#{?%g%t C ﬁlgélla’egfplrn cd)%’e es" %ly ‘way to efficiently

def i Tike flhpibtequdntigation alseralloywsicodes] oeeriquantizatitel apitidd along

sg%;et of.__possi bl qiﬁnt'zers in,tgﬁ,di Ital pedia .
thsanne] digeasiPn |°£%h‘h B ZAPPORRTHGUIRR dnBsHGuAgtion, the flexible
qHNIRAS6® Richhdesta ¢habRéll hale & SRBFY ‘a_rhuahﬁﬁ&ﬁ)rﬁté@dtﬁﬁﬁhﬁ] agnong

provi ded by the flexible quantization technique in

colepehasmaisat Threchanaela srn beaweeiized unifpemdntdrnmartialinenifomly
(Ao RARLe Fﬁéd?l%lst %gfogggg gﬁ{*ﬁm'g&@%‘ iﬂsgﬁelﬁldgfdtlﬁ, EE Tidepgnidently.

entire tile can usin e sane qua
r ul elantlexiible quamization describet hareimelsd prowidestectaigues to

i fferen Jant, zation.rules. . Else h macr abl ock
efftetoofly o T ik Aeouolal of s comirhised Al daeiR 526 on
combidationk off the @bené quatiatibe ekstrol dvek Bpithe, frédi@nedRubBénd

.on rules. One neans of sjg [

a@%‘&@%ﬂ@’@%‘%ﬁ*@%@%@ 5 PRALY 9B ARFIATISR g RAFES the
flexible quantization technique provides a way to efficiently define choice of
quantizer by indexing from a defined éubset of possible quantizers in the digital
media data. '

3. Flexible quantization in the spatial dimension:

In the spatial dimension, three choices are provided by the flexible
quantization technique in the representative encoder/decoder:

« The entire frame can be coded using the same quantization rule.

« Else, an entire tile can be coded using the same quantization rule and

different tiles within the frame can use different quantization rules.

12
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sent in the bitstreamat the frame |evel indicating
whet her the first possibility is true. If not, a fixed

wo eovgtibosgymbol is sent in the bitstream w t hi nPE€BTR2007/010848

tile indicating the nunber of quantization rules used
for this tile. If the tile uses nore than 1

guanti zation rule; then a variable |length synbol is
sent within each macrobl ock within the correspondi ng
tile that indicates the quantization rul e used by the
MRCLODAk eacHiaHEERIK with S MESHT bbRG8 hhe Badde 2
manner cohsi stent wt e enco he repr sent atrve
encode quﬂ&tﬂadeuwdbranﬁoﬂffms rrmcxmxlcncaﬂstwmiimtthe tikdbcanause

signal nal represented by a generic
syntax ﬁn anﬁé%%‘h I$¥hel ed as " XXXIFRAVE
J J Nr(ﬁﬁiRMeaﬂs Isg @@h&hﬁ@ﬂﬁes@poﬂshﬁhﬁés’m&s IfeNews:( Whsiheryefgnal is
a_pl.acehol der. speci u eque
segt 5 A OBFaRIFA T oyl TRt HAFS B JBHRoSttiey s
trdd. 1Rtld fiRed RMBth sjriBolN BER i e lSi'tsﬁttelaﬁﬁvltﬁitﬁéHthtﬁé indicating

rules is sent in atile-level syntax_ el enent

the xgnborekmrptisgfiopHnies weedth forybistieE the i uggspese than 1
qEnBIRRS W &%Weﬁ%h }/ﬁ]bfo? sxent {’V}Klthilhéa?bhrm H8blo é:k

I'S equa |t means ere is one rule an
withar me @pfreapdndm@ titshthetindioatdsithe qumlztahbe raleaised by the

d th t 1. t
mPkeRdeR TR Sk iarb il s b & harPierieHaaiept wih the
erdodéhe third possibili ty 4. Fl exible quantization
across frequenc) band r fl %tb uantlzatlfot?1
aor oL repEeeBREl eisatode @es? &t §9ﬂ@&§ﬂfo? f@bove
mgﬁﬂh%ﬁ eﬂt@ﬁary%@ﬁ@ %ﬁfes@rﬁ@é ﬁg GOKREriS HhiaR bldhesht ! N&ein labeled

SW t Thée | ow ass macr obl ock uses the sane

aaq‘m_fm_ﬁﬂNE BM. 1 és ody sertras thofrrmegtle el dwbgrpeXXX is a

paPEI Ao PR L R 5P RPN R Bl U B ipension of

questiger tantsd)reAq tantiledevel.othe mutré)easf tlisentm\aapazsr rules is sent in
a m%agfevgi S Sa ttaletr{ t RS }ér\fgll ?y whgrq e frame level

corresp
sy ﬂ&mmm [M@RRB 1@fzﬂsee nlfhhle chuariber ieequal to 1,

frame | ayer vvhentheetlrefr
it (REZRE i R, oty il anderele Allipa sroBfarks ain the tile are

u&?&%ﬁ OULE had ReaRRlquaRalhRa rale Gildc QRJi@CH), and if not it
Iayer AUmacrobl ocks within a tile therefore obey the

indligngesrahiodes efithe shird pessikiity bands. A bi nary symbol is
sentyfor P@&Fbl? qlutalilf’nzﬁt%ﬁ GOESs HredudfcfDARAR! | ate

(fr arre or
For flexible quantlzatlon across frequency bands, the bitstream syntax of the

representative encoder 200/decoder 300 defines two switches:

« The low pass macroblock uses the same quantization rule as the DC
macroblock at the same spatial location. This corresponds to the syntax
element USE_DC_QUANTIZER.

« The high pass macroblock uses the same quantization rule as the low
pass macroblock at the same spatial location. This corresponds to the
syntax element USE_LP QUANTIZER.
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5. Flexible quantization across inmage channels: For

flexi ble quantization across channels, the btstream
wawased the representative encoder 200/ decoReT/USIIO7/010848

permts three choices: AUchannels -Ium nance and

chrom nance have the sane quantization rule. This is

i ndi cated by the generic syntax el ement XXX H MODE =

CH UNI FORM Lum nance foll ows one quantization rule

and all chrom nance channels follow a different

9 Uamk&é%gévﬁg}'&%s ’enh di GfRGrde 15 Wilel it emfre frame uses the

anne s are free t0 choose different

saqeaquiantiastiamrulel st thetdledaye dtigrwicex Thesyspitches are not

LT, D S (i %
salpid ﬁﬂds%%ﬁﬁéc@ﬁendy}bam A birang syratiel is abhtefor sadwof the

Figures 4-14 t n efficiently encode th
s ql“'? gmlgrap(pﬁcg?r@ée gﬁ?msprgﬁeﬁﬁ éil bl e quant |ezat| on

optifNs afeLible haSnHEARES h&RUSs ﬁhﬁgyssmhabove Wth
several quantization options avail abl e across each of

t he Egrdlexdble quaptizativayacsess dbaneelarihe bHatrrrop syntax of the

f .h
P B P R R R e g 10 ¢ e

co rrpl exilt tyhamfnefsl -ekinbinencpuEntt ¢Mam|lltamca gﬂ@% thet fame qutapgization

repr osBEarLRdSAE BB sbiGice -6 TRER X7, G pope

in spat=|=ad:HoUNIF®:RMncy ordering. However, this does

not ch e ai | abl e quanti zat ,0Nns

onl y° a?-f‘gt’ %@Ylgg/lsloaelqixg{lﬁl%ﬁﬁlo&m W@@&ﬁ%’f’?‘“ﬁ"e@ channels
synt ax fsledv, Reffferent i 0attestién Hle pindidatabby X >eX f CH_MODE ==

codi ng of the conbinatorial flexible quantization

rul es. BAMIXED-ent features of the conbinatorial

quant i 29} Lihnkl £8 £ ?‘ggg&%girlﬁgrehh Euédﬁgaﬁén Qfileb MR dicated by

representative enco are as | ows.
quant i ZXXofH MARNE EH%WEPEQQENW a macr obl ock

basi s. | ows. t i,fferenti codi ng of

qguan |zedbﬁeqva?%éa‘:}f‘i"ﬂb‘ﬁtq“ﬁag‘?%g&?o do an inverse

scC aLTH@ répRedeatdtive. encoder RPOVdee o s 3.1)1mheefa Hstreamgyntax defined-
Wit arelatlvel | tizer ent

i 6o 8 PGPS auiss T et S EXGe o ghichos 49 pergioutar

cRMBObLEZSE themedans qﬁ@xﬁtlz%@iﬁh%?h@ﬁé Ycrobd ﬁl@tdutnbﬁmbhi, diseta®ed
At one end of the scale transform coefficjents

abpvenj With sevengl q}lg.gtlgaﬁg)n options available across each of the spatial,
frequency sub band and channel dimensions, the number of permutations of the

available quantization options is large. Adding to the complexity of flexible
quantization across the three dimensions is the fact that the bitstream of the
representative encoder 200/decoder 300 can be laid out in spatial or frequency
ordering. However, this does not change the available quantization options, and
only affects the serialization of the signals. The syntax defined in Figures 4-14
provides an efficient coding of the combinatorial flexible quantization rules.
Some salient features of the combinatorial quantization rules as defined in

the syntax of the representative encoder/decoder are as follows.
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same quanti zation paraneter. At the other end of the

scal e, | ow pass and hi gh pass quanti zation rules for
wa@bdo7abEenel s are all owed to vary i ndependent | pCT/082007/010848

each macrobl ock of the tile / frame. The only

restriction is that the nunber of distinct |ow pass

and hi gh pass quantizer rules (covering all channels)

is each restricted to 16. Each such rule may specify

i ndependent val ues of quantization paraneter for each

cha f a

ar o Ic i B Es AR ORARY o SRR Bb o BILR i ows
the mfﬂr@ﬂrae soding4f qhantizedeR Crigilwds wjitiantt |hnemg|cta rdmm mvsrse

f
sl BEEFHoR | GRUBRIBAI BEEbOe P dsAUE e 1RRyshy sl
quﬁﬁﬁ!ie@ evén vhhebithe A (lewqfasélaﬁkﬂl ﬁfghl PRE) aida abd esddd @it varying
(QPI). corresponds to a value of QP which can be

quastizgtiopglogs mat appregiablyadfret the kit ra(§¢ i ndexing is
g:f gxg aﬂ%q:nﬁcbfttﬁé‘%cagolaﬁl YR A0 AR ORAts BthRN ﬁﬁ&% s8'he

In an efficient nmanner. MNore partlcu ar |
same@uentizaiion Eoameten ddéfhaethgr erd of thetspaleplovs passzand high pass

GB350 U SR A0S 10R4 VA RSpendERt) Pbach

i's conp
meblbck(KKt}ﬁ-tﬂNMEiarﬁm&e snbhestmntmﬁumﬂnasﬁtesmml&r of distinct

T e S Lo N SR

165 Sachdtch thlé BAesERlfy\iRaéfPndsntiatued Q:lﬂquaﬂﬁ-’zd%n parameter for
uantizer is permssible in a tile-channel. The coding
chawsé sets is defined in the tables shown in

F' I RRebn ﬁles@%xéé}ﬁw sb@er&h@orﬁ@&lhﬁ‘&l@w PPeAHIRY a6 s%@mﬁed by
si gnal 'vector sets of DC, 'l ow pass and

[
thﬁsﬁgﬁavpﬁégeﬂl@qme ggtﬁé 4¥hds occurs as foll ows. Based
on e o dinality of each set
[ L’h Egﬁéx@g Qﬁ]?%ﬁg {lgf'ge?%n the set) is

| n d ﬂ&mt@dci&“mrqdanmza:tmpa&aﬁhemr ¢QPp asmesraprebmtdﬁvat t he

ergh et S SRee B RS e § Al o

dr@b®s indel c% NEespoRABLY dﬁﬁ@bf WhicHi daalbet peldtively large.
P | abel e(l:in asq" SRT a o ely large

I ZERS n ctice,
A ssoendUpxet l(iméexmalﬁ Rerfrpied;sq thﬁég%f%\@mégﬁpsosvwcmblocks

cﬁmt%eﬁllﬁgﬁ@fﬁc1éﬂ%£%r XXX_QUANTI ZER' in the tables
denotes the co mglﬁof QPl sets, which is defined in

t he Mats pastigwlevis, the ercodaré¥0sap define piset inpibe Hiisaesm
cotn%}éﬁmg ﬂettwlae% fldfufl 18'(51511t “JeBtorE R C!Eéwll QSPf O&tbﬁg%ngos&fl of one

or more QPI values, based on which XXX CHANNEL_ MODE is chosen. Such
sets are defined for DC, low pass and high pass sub bands, based on the frequency

band switch. Further, the DC set has only one QPI vector since only one DC
quantizer is permissible in a tile-channel. The coding of these sets is defined in the
tables shown in Figures 4-6.

As shown in the tables of Figures 7-11, signaling of the QPI vector sets of
DC, low pass and high pass frequency sub bands occurs as follows. Based on'the
other coding modes, the cardinality of each set (i.e., the number of QPI vectors in

the set) is indicated for low pass and high pass sub bands at the start of the
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desired QPI vector fromw thin the QPI set. The tables
in Figures 12-14 define the syntax of sending Q on a

wore@robiseck basis. The syntax el enent correspopdi/n§20T010848

Q is labeled, "XXX QUANTI ZERIJINDEX." A variable length
code is used to signal Q. First, a one bit synbol is
sent indicating whether Q is zero or not. If not,
then a fixed |l ength code of |ength being given by

ceil (1 0g2( XXX_QUANTI ZERS -. 1)) is sent indicating the

: ¢ .
cSRE bfng@Re Wi he n’frhéa EQAERECof HRBIC3b{ AY5 1hhe Bleudo-code

fi'cient” encodi ng of ; guanti zation ru
tablys, thegyynidx ¢lement denatingsardihality petabeledrasbl ock. When

YIS o AR A TN il

bitstteans ) diie Siintaxatlewentidabeled tKofK cPUARNTIAERC hi the tables
uant j,zat i.on i ecific.to its inpl ntation in

AP ot o QRR StrerEich Reteuaed B R FrblGh s 1n Flgures 4.

Howexe the mberoblackclepéle R i®fuffibicht tesdmal dhilg tid Rdex QI of the

ext en(gi)ﬂée to_ot her 'Orlllptgl tal nedia conpression s¥st ens
desieds gtonGomewithindhe QilsehnElhe tablss indjigwssAL-k4 dafine the
sPE0 B2 5diBEO B8 lonh a2 LRbYockHaSHE, fﬂﬁ%&%yel&ﬂgn ponding to
Q&E@C 1 ow pass and pass) . But, re generally,

I@Ibﬁ@ldi Omgﬁg:ﬁ%&f EXthé varabldleagth codde is used to
e e I

nof, ke sHxedlangtineddesef lEhgthiteing givambyzat i on

o ERR o AN R L et e 15 s 1k digoront
fioRtigeto( Qhls 43WE frtdn0sTfidient STty GRL r QITh Kl HERSS rule
(&.2?95) devel. Many extensions to the underl

| ) in .
PtLES i 89874 P RPbmacIablask M breROr8CRRANEIZRRS is 1,

XDO% SOULANMAER "ENIDECR B {uAP BB A d Ine ERIFR 61

_Env'?dr)onnent The above- deé,c!:ri bed groce%ry ng%’ts elf:é%ﬁinaale)g
sigpaled] exi bl e quantization can be realized on any of a

vari gty oﬁxg}ngl g&l nmedi a encodi ng and/ or decodi ng

syst eéns, Tnc adi ng anong ot her exanpl es, conputers (of

var i Thes abarenddsaciptios of thedlaxdble guastizeion idepddifipto its
.l aptop, handheld, etc.); digital dia recorders and
iR tecio il ddeRieseRtRiis oRcgder s dRApde ang Subica dlowever, the
pAACIPIeA B t15i6 auMiGue &b exlensibRIMOLEth&AdikRAMSMESid B Ession

(such as_tel ephones, nobile phones, conferencing
systRmparch formatsas wel; §ir siptanse; the rerpesantasiveegncoder/decoder has
oiglggﬁl%%m i tzfgtﬁugﬂcﬁ% b&kis @Y 168 Dasd A1 higBaR€ But, more generally,
alternative implementations of the flexible quantization can be extended in a

straightforward manner to a multitude of frequency sub bands. Likewise,
alternative flexible quantization implementations can vary the quantizer at finer
spatial granularity, such as by sending quantization index (QI) information at the
sub-macroblock (such as block) level. Many extensions to the underlying
principles of the flexible quantization technique are possible within the same

framework.
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techni ques can be inplenented in hardware circuitry,

in firmvare controlling digital nmedia processing
wharodmarse) as well as in communicati on soft warBCT/US2007/010848

executing wthin a conputer or other conputing

envi ronnent, such as shown in Figure 15. Figure 15

illustrates a generalized exanple of a suitable

comput i ng environment (1500) in which described

enbodi nents may be inplenented. The conputing

envigr onngnt &ﬁ&ghﬂdﬁ- enf?t ended to suggest any

linmfation as to scope of use or functionality of the

i nvdineiabnye-dssarthedmresssaingi tacheiques fonfigxibée qumpitization can be

I.n di verse general - [ jal- Se 1.
el g T i af G el SRERL TR RS dng sygtoms
in¢lo@ingQitiniig cthecendniplosiRivinput&s Qof varitus dermn dhctbma iichating

processi ng unit (151 and nenor 1520).. In Fiqure .
sehis?, QAR ISSTom KS ANt i o MR G B3 S0P A s image
antiilddcapteld 2@tk i(@Rh aANUAC 85HinBE, Uil ) corhdhihications

executes conputer-executable instructions and may be a
equinanens (suehvasrtelgahonstso srabilsphopes, gopferencing gEBpEIeRY ofc.);
di%%ﬁ:{ﬁg}@%&r% lﬂ}é%‘?&%ﬁid’&v%'sf EnPEECHEE flexible quantization

e Instructions to I ncrease pr ocess[ng
tegioigues cahderippbenperited 20 hardomard eirqwitryg in Gromeansr gontrelling

L e BN, PO L LB g rcin

withinta@nipuier dhetheecmnyutidbed)irenent.ssushfas whoen (id Fagire 15.

i npl.enment i t he descri bed digqital di .

ot CUPHG) UGS AEEheimiese SRR ShA Y ieblg pomputing
enlv@GRRMeHHASOONIE RIRIH dd3griBeY bfBodRI¥ntI iy he\igplemented. The

addi tional features. For exanp the conputin

! A : l e g. -
comRMtgERYFEnRes b 6> 00) & Refdateaded o egesi Ay limiation as to scope
11 : ces
o B B b e e R vt e et
impl&ae)ted Amdiverser gaoeradquirpeserng cheditlsprrpass cahpwhig such
as_a bu§,controller, or network interconnects the
a%%ﬁ%gﬁgﬁts of the conputing environment (1500). -
Ty pi With|ryfer@perta Biggre Sh5S tiene@mpitingr enviroainesh OMiD0) includes at

rovi des an oper.at i envi ronment._.for_other ftware .
1ok Q06 ProRs T RE LAY WS R AT R ForhEn T Fittn ] 5 i nost basic
con®RutbAl(@S3a ki iNthHas wothid A gagheanmiee Nt wbceddtg unit (1510)

computi ng environnent, (1500). The storage, (1540) nay
exgeUtes ARMBBICE-c¥PCyiableriareaons and mpYibicd TRALST Ayl peocessor.

. e . . 3
R Gy SRS ASSHBE SIS c .
exentiiabledinstouctiond tojinarpassotrssing poswsd Thie mhgrmoryHd 520) may be
Ul | envj r h

Voggtgl? enééxﬁ%rglt (:%Lé,( Ll%gir.]gg&g, éa]cﬁg,oﬁANB, fon-vBl30€ n{e}r?o@)(e. g., ROM,
EEPROM, flash memory, etc.), or some combination of the two. The memory

(1520) stores software (1580) implementing the described digital media
encoding/decoding with flexible quantization techniques.

A computing environment may have additional features. For example, the
computing environment (1500) includes storage (1540), one or more input devices
(155.0), one or more output devices (1560), and one or more communication

connections (1570). An interconnection mechanism (not shown) such as a bus,
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for the software (1580) inplenenting the described
digital nedia encodi ng/decoding with flexible

W@ @13w584 i on techni ques. The input device(s) PABE83007/010848
may be a touch input device such as a keyboard, nouse,
pen, or trackball, a voice input device, a scanning
devi ce, or another device that provides input to the
conmputing environnment (1500). For audio, the input
devi ce(s) (1550) may be a sound card or simlar device

t.h accepts audi o i nput.in anal i Qi . .
o oA ST S S SRBRE ety af i f B ironment
(15003095 picaay, eiepatintesysasidisoftsargines shiowiheroelep ahiopgrating
envi ronnment . The_ out put devi _ceé;b?_) &560 ma% be a 1500)
enviramery, foppibeE spftwalseeatting s the computige eaxBppment (1500,
and 835&%&&@%ctiwgtgé§ioc§ﬁﬁe ﬁgﬁlBHhex{tﬁ effheh@ngiftiRigtdn¥itonment (1500).

environnent ( The communi cati on connect i o,n(?)

(15Tby stomagst € S48 hmani heaemonablgar nanuEMAYAPapnd mcludes
TS FANLAR ST S DLV CrB R DN o
othen shedinhi whish cen bp used tuistaredinfororatighdad Whith caabe gacessed

Qr. ather data in.a nodul ' . :
oife LSl AR AP, 8RB s00f R Bl
fo@dhersgﬁwaféf- §1tsiso? _ilﬁple.n&fnttiﬁgahl@ééhcribeds kiigitaéhm?iMer als to

encode | nt.or 1 Qn . e Sl ghal . way O exal e,
enﬁ?fﬁng/éﬁcwiﬁfgf"n‘gf}i ﬁ?\’,“i’@o‘iﬁ?ﬂ‘ﬂ?@ ’i?ﬁh‘i‘féﬂ?sayi ncl uderTvi red

or Yr*h%%ﬁ%@etvﬁ;e@?i(%@@ thBP be ARBEACinplE devafe SldtCis'd keboard,

optical, , ared,” acoustic, or other carrier. Thcia .
malsscpéhed tckbalhla iR WPEheYHEsHh G/ GaRBHE H§Vifer ar another device
| Uk e iBHERnEB0Y F8Falfio, the input
B E HHAR (e AN BURR CIS00) FOFaltflo, the fnpuc
denrke(9) (1 80)pnae be neadad bardnedimilar devage/that/agdepts| andime dipyt in

that cagn. he accessed within a _conputi nvi r.o
sl B SRR SR OIOTE R DR gl & CBRoM
re&c{bg Qﬂifﬁﬂb}/iﬂgs £ib rsam@s&m%tgg gﬂé&ﬂ?puﬁmg’rmﬂligﬁlémmd Ahleutput

nedi a i ncl ude menoy. 20), stora 10) , .
deEll SG0N BRY B BiP Ak o PREKE o e OFE gt o deviee
tthbftﬁ\Se'dey&ﬁ $ohh BRAHhSlithil enBdheancEbiopg/ decodi ng

wth }I exi bl e quanti zat'i on techni ques herein can be

des cFlicbeaninpnichtiony enapegtiop) { B<10) gpable communication over a

cConmput er.- e j i I . .
AR A% o8 PP GF ey 1R 3Rt i
camepsiinifognaivn suchras tonmputa-dxacgteblerinstruaiony) earapressed audio

rqcessor. Ceneral.ly,. pr.ogram I I.: ud
orfxaa?q H%grm?ﬁcg)g oL bee\{ Idia%rlg% lggc,h'ﬁg%ﬂedga?as %1@%11352 éréc,)dulated data
siERATNOARIHGI tHABhas &iid HiCinofesf itedimradidradticp sef ar changed in such a
particular tasks or | nplenent glarti cul ar. abst geact dat a
. 3

magneras (qsacedeafqraptionty the sigryl- Foyr% e 65TPEs 2Hd 7% e
SATRLAG nBhusiRhibn RRUMESBIude wired or wireless techniques

implemented with an electrical, optical, RF, infrared, acoustic, or other carrier.
The described digital media encoding/decoding with flexible quantization

techniques herein can be described in the general context of computer-readable

media. Computer-readable media are any available media that can be accessed

within a computing environment. By way of example, and not limitation, with the
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program nodul es as desired in various enbodi nents.

Conput er - execut abl e i nstructions for program nodul es
worey7haosexecuted within a | ocal or distributedPCT/US2007/010848

conmputing environnment. For the sake of presentation,

the detailed description uses terns |ike "determ ne,"

"generate," "adjust," and "apply" to describe conputer

operations in a conputing environnment. These terns are

hi gh-1 evel abstractions for operations perfornmed by a

cofglg)ﬁiglglé %ég irglgr%gﬁﬂﬂ?gﬁ), %gl}nﬁg.@er%%gédﬁ@ erlk‘i'ié ilﬁcﬂfc‘ﬁa%emory (1520),

e actual conputer
starpgr AiStOnsonomneispioulimedia, end kesbirations of any ofithsebdivag

| At at k.0n., 1N, Vi f th . i. —
b JR DL Lo sHEneldsFodB viBE ekabl Coyangzation
tedHyqUe hapshicad bewsalitidiinake geteralruontxit off cainputenaxecutable
infiTeHPBT i 7 LR RSSO ErACTon P BE S e I o
cogné)nu_gng%bﬁgnﬁl‘:enﬁeﬁ lhNSYedeeafbingirtthDprlodkssBB dGanerally, program

rrsing: partitioning the digital nedia al ong nore
modies mehudgitontines programyi Meragjon wbiccls, chssesp prmpanens, data
l.ock f b gi tal. j C
soBRRESE 8 o ARG OFBIER e st
typexc dhhenfundeondity @f tthepapgeanh nmebhlds ek be obmbiree ddbrgipli between

nedi a. 2. The t hod of . cl ai .wher ein _sai.d varyi
prgga aodiles b e o By Ry RPosAREs s CorTte Pkt
inStP@itioak fod prRBedm Modhlesiiey Betheshted withii #ldcahbedisiributed

sai d varying quantization includes varying
COMPRWE AV ITOAMSE - 0ss a frequency di mension. 4. The

met Bod (pd sAlcAd MPrésethRicR] theSditsliotedastifti sHasitéRid Fke

i ncludes varying quantization across channels. 5. The
“detarmdnee, b gencaits 1 adiist.8iand Saprly ¢ kaAereribe spmputar gperations in a

v

co%g@{/iﬁ%&vir%ﬁpmﬁ Tﬁ&&qugﬁ% %%lslﬁl i BERicRoRgkd &Jﬁrations

qguanti zation in arying quanti zati
peaformed byor eorhhater,camel shbukipattibelcponfused waticacts pérfipametl by a -
and chann di sions, 7. The nmethod of. cl.ai 1
iy B AR e 18 SRR Ere PR A rEors R tinged Bt tems vary
ddpRhdinkiciathlgineRAsLAN, Sel ecting whether to quantize
igital nedia in a first partjtion of the .. .
In view of the many possible embodiments to which the principles of our
invention may be applied, we claim as our invention all such embodiments as may

come within the scope and spirft of the following claims and equivalents thereto.
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partitioned dinension uniformy; if selected not to
guantize the first partition uniformy, selecting
wok@rhaossd o quanti ze digital nedia in a secondPCT/US2007/010848
partition of the partitioned dinmension uniformy; and
if selected not to quantize the second partition
uni formy, independently quantizing the digital nedia
across the dinension. S. The nmethod of claim?7 wherein
said first partitionis a frame, said second partition
W atile, and said independently quantizing conprises
l(ﬁ‘é’Bendent 'y quantizing blocks of the digital nedia
1.Wit maﬂ%dmfkﬂodhigmwoﬂmgckihgftelrmadhaqcmnpﬁmags 9. The

met hod. of . cl n said f arftit DC
f r e §REHIOPING, @Egﬁ@ta ggb)i’ﬁhﬁorﬁlﬁl \e ﬁ“\lqgl{sgonrf I0\‘7\/- Sass
f r equSHcY qSarAA68 ap ﬁkeh fAblgEidemas desital Ynddiaadrogd figre than

conprises i ndependen I%gq[uantl ZI ng bl'ocks of the
onalpgmtwneéf@@inanwvﬁfﬁlq $a5804 r equency sub- band

or t f nt
qua% B zer%/Ei Q(i%ﬂlé' he ﬁg %%%djg &E?Gfﬂieﬁ#@é@%ﬁsal d
2. i r Sthepaethod bnlaim lawbweomsaid veryinhgnansizationiinclydesoratying
artition channel , and sai d
qu?’ﬂd%aﬁlé’ﬁoagﬁ?ﬁsfs ﬁ{é\%?t | lz’[}eﬁ]glogon'prl ses i ndependent!ly
3. quanthezhétfod bb elasmaf wheeinlsajd tvatying duantisatibn indlhdes varying
channels with different quantizers. 11. The net hod of

qQUANLZAHOR ACTRSS ‘H’fn’i‘ﬁlﬁg 1%hen i ndependent |y

4.quant i Thé\ghetdtd of Gaill WiRgéia said weinghfuadtipRRE PRludes
speci fying a set of different quantizers available to

vapsng gypntizatign astesschanyflivensi on, and i ndexi ng a choi ce

5,0f 1 he’%‘ﬂé’ﬁ‘ﬁﬁh&ﬁéf Jlﬁ’in?ﬁ’ RJlIIYerélﬁ sﬁlcpéfﬁ%el@faré BS10f cRAdRYs.
media fromthe set. . digital nmedia processi g
8

6.devi c eTh@m@thosi ¢f90181m ﬂrmimrymfsgtd wrpingrapantigatin i
dat a; it o
vaeioB s ifaof SR rnOTEthh P FE R, LRI RS bind ana
chaﬁﬂémlmgnsﬁomyvard or inverse operations of appl ying a
transfo to b)] ocks. of the diqgi medi a data, an
7. appl yi B IR leriaint & wHEeHI e Gt o frapriscs:
fogah@pam%ﬁ@d pich&disnlanti zers are selectively variable
across nore than one dinmension of the digital nedia

dat a. Setectipgevhetherle @pniradigitebmgdia igiafigsh partition of the
ptlitGik Bfenbi3h ifordly;! ast two of

if selected not to quantize the first partition umformly, selecting whether

to quantize digital media in a second partition of the partitioned dimension
uniformly; and

if selected not to quantize the second partition uniformly, independently
quantizing the digital media across the dimension.
8. The method of claim 7 wherein said first partition is a frame, said second
partition is a tile, and said independently quantizing comprises independently
quantizing blocks of the digital media within macroblocks with different
quantizers.
9. The method of claim 7 wherein said first partition is a DC frequency sub-

band, said second partition is a low-pass frequency sub-band, and said
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spatial, frequency and col or channel. 14. At |east one
programstoring carrier having program code stored

W b@rasrssd or causing a digital nedia processi nECTHES1008010848
to performa nethod of processing digital nedia data
according to a codec, the nmethod conprising: selecting
conbi nations of quantization nodes to be applied to
the digital nmedia data varying across nore than one of
spatial, frequency sub-band and col or channe

. di mensi pns: | yi Lock tran . t I gptalys
i RGP GO0 Rl & bl
mEk£ Mitin thet Iowt-pass Srlqaehadsutobdiid@aid high-peis dregnencyatubesand
,m)digg; and encodi ng the quantized digital nedia data
wifhdiffegentuaatzds-dat a stream andsi gnal i ng the sel ect ed

10C0Mbi NAd PRI ofAAR 7 2aidr&A sARIN@St hattitibA is QRRr@RIatce

data stream 15. The at | east one programst oc{%ng
champel; said sgcopd partitiop iMrdiBripancechanpgl fudgaid indrpgadently

o LA e KOO A ) AT it

thacharaets with differdnyquasitizensdi a data, a node for uniform

quanti.zation o £l f. the digi ' nd
1 poaeT B ekt ittt FE wndh hidef Bl o,
quiahgzidy Ghé algitabdiediatiirass ﬂhfé dimbassia, sb%ﬁﬁ)ﬁng laeseth of different
program storing carrier of c]aim 14 wherei.n. the .
ottt 2ueagie Hoe P ackppsing BimeRsion. a0 dedeing achgige of
mﬁgﬁﬁﬁ&& Beabp19 98 8 MYcKSIDHB AL -0l nigns From Geet.i se a
de for uniform quantization across the frequency
125 ub-Aodigital siedihprogessingdevieticempasiag: a node for
part i | f 1A ss the frequency
S ub-abrglﬁllé%[)ryo?&tsgéﬁﬁcﬁ/ %@#gﬂnﬁé%irl%mg%g, and a node for
i ndepkigianhediagquocesia@i prggtanenéd tpermody apdfor ldgoords e digital
the digital ,nedia data. .17. The at. |east qne
S grliint Bom g Bubfic ibfersd doarilignCREinstiRe s ransfim to
blb&ls dTahé diditay medid @dta) ahdapplying iqugniderossthichtdocks of digital
frequency sub-bands conprises one fr eqbulgncy sub- b%géj
media gt WGEAB D A7 AT &F PP SAEGDLS #6153 Rpre fan one
ditegsidh JfeRS ik EnRERMAMY sStoring carrier of claim 14
erein the quantizati on nodes avail able for varyin%N ¢
(e X&)

13uant i The dovicaof cledmt Rewhereby thekbmaasions inshideq least
R B ey 1 ety 2t on ecross e
14ar tAtlehst aneifrogmiy-sipriagtcarriaerdasinpgaegtane cedd stored thereon for
ca%rs]i%g%e(!lizitglf media processing device to perform a method of processing digital
media data according to a codec, the method comprising:

selecting combinations of quantization modes to be applied to the digital
media data varying across more than one of spatial, frequency sub-band and color
chaﬁnel dimensions;

applying a block transform to the digital media data;

quantizing the digital media data according to the selected combinations of
quantization modes; and

encoding the quantized digital media data in a compressed data stream; and
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the digital nmedia data, and a node for independently

guanti zing the color channels of the digital nedia
wa@l210a/130680 The at | east one program storing caPCT/E82001/010848

clai m 14 wherein the nethod further conprises, when a

node for a partition of the digital nedia data in a

dinension is variable, defining a set of available

quanti zers and specifying a current quantizer by

i ndexing fromthe set. 20. At |east one

pr ogdigual igOtht Releg R doibih@ion @f ojuagti Ao aned s iartke

thereon for causing a digital nedia processing device
cqrapisetedatat srsAhod of processing digital nedia data

15551 B0k A, RASARSY OB el s
mofles dvdilableafor varying quantization across the spatial dimension comprise a
mode for uniform quantization of a frame of the digital media data, a mode for
uniform quantization of a tile of the digital media data, and a mode for
independently quantizing each macroblock of the digital media data.

16.  The at least one program-storing carrier of claim 14 wherein the quantization
modes available for varying quantization across the frequency sub-band dimension
comprise a mode for uniform quantization across the frequency sub-bands of the
digital media data, a mode for partially uniformly quantizing across the frequency
sub-bands of the digital media data, and a mode for independently quantizing the
frequency sub-bands of the digital media data.

17.  The at least one program-storing carrier of claim 16 wherein the mode for
partially uniformly quantizing across the frequency sub-bands comprises one
frequency sub-band using a quantizer of another frequency sub-band.

18.  The at least one program-storing carrier of claim 14 wherein the quantization
modes available for varying quantization across the color channel dimension
comprise a mode for uniform quantization across the color channels of the digital
media data, a mode for partially uniformly quantizing across the color channels of
the digital media data, and a mode for independently quantizing the color channels
of the digital media data.

19. The at least one program-storing carrier of claim 14 wherein the method
further comprises, when a mode for a partition of the digital media data in a
dimension is variable, defining a set of available quantizers and specifying a
current quantizer by indexing from the set.

20. At least one program-storing carrier having program code stored thereon for
causing a digital media processing device to perform a method of processing digital
media data according to a codec, the method comprising decoding a compressed

data stream encoded according to the method of claim 14.
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