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FLEXI BLE QUANTI ZATI ON Background 1. Bl ock
Transform Based Codi ng Transformcoding is a
conpression techni que used in many audi o, inmage 5 and
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
representation O%PW I?e exanple, a
typical format f @g@m\sﬁ ‘g?.léﬂtream of
Ba’)czkgbbﬁnaol or picture 10 el enent sanples arranged as a

grid. Each sa_r}p i s a nunber representing col or
confonentilogk 5%#2&!“-136%6&1?9141% the grid within a

C °| qrateff coa rls ﬁ%gﬁggessﬁfn &K ﬁ@ﬁé& i 8hy audio, image

Vari ous | ITng syst ens use varil ous
andividesr Mpmeslon syspvms i &Jncannbrwssenbdrg@tab frnageoany wideo is

tyPEAR, kelbteacntedl blanlured A RbIELE bk tRbRE o Kolors ot

locationp li an dmhygebe aidealfﬂmﬁb diparigedinta toordieinsionkl 2D) grld
treapof 16-bi t i tude sanpl es of _an ,audi o si, naI

Thig, jsgfterted g aaqpapp ompindiepiesentation of thedgiage & v

ex8ingid, A tyﬁiéﬂl RormalBGInRgels Yortaes §f£4§@éa§n @aa4q9f1§a6?pmme
consi der abl e storage and transm ssion capacity

elerpentsamplescatrnggd laéGLEﬂSls Eash semple ira oy @rauep@ﬂ;en@g color
cot Ehts MY tp‘{kéiq thi‘ﬁégﬁ{i it E'&% &%gseea's QRQE‘RQ;B?%

presenta on of
YI(Q; rangdrigeothexsk &V arlmxssﬁmgenadd waien)syslemsemm sd vumousadlﬂ‘erent

CO%Og'regpea{S%?ucé ?ﬁ}er%g’ gt L 0D Of gert a%%m%ﬁep,etr:hagx aYaut%o 1s typically

repreeegﬁéd)amlﬂmwmplé@ Bdidi& %lgtrﬁ% Bt@éamd TFbﬁemﬂt pll’eaift k:yplcal audio
roduces ess perceptihbl e degradati.on o

fOEP@t. qogpists <ng "é&hﬁglé it ggnp eta%ﬁ ales pSPnan@p%smaAﬂaken at

reélﬁﬁloﬂul,%ll%r&glsl mages or video in the spatial 25
domain, or of audio in the tinme domain. Mre

s pedirdoppressed aligifgdiagdio, !mmartdr wadg@ signalspaaconedne
00919 gensa,%fév\ﬁofag‘e 'ngLi'{a s%u i gﬁﬂ:ﬂ’f @&cﬁﬁg %c*l%%igie size

|xe nen3|ona
of (di@ltal X'ubho, aaageskﬁrmhdgmby rtﬂahgrfomarg thp gpatiplwidnitaiot her

120-,121.t hat
regieSeSiont phir Sh SRA R B dhend anfri 4 os ik uppstorm
dobflamyr,epv&sbﬁdan@ﬁmﬁrmen Eé@c&@@@&uaaﬁpfesmmtga‘nerdwsyaess
block to a set of fre&uenc or transform

percsetiblecireqtency spmpanests o thesanprnydpmein tepssigniation.  This
gehbR 1Y ifbbdles $heitalesd 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, ... X,), 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
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correspondi ng frequency bands over the block interval.
For conpression, the transform coefficients nay be

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

resol ution, such as by dropping |least significant bits
of the coefficient values or otherw se mappi ng val ues
in a higher resolution nunber set to a | ower
resolution), and also 5 entropy or variable-length
coded 130 into a conpressed data stream At decodi ng,

t ffici ]
oo pcring BB ands T8 e og JRERRL Bof bt e
transfortnl sqedficizhtssaay be delettindy quakstizedi 130(.¢., reduced in resolution,
t t b ks. RD ).- The bl .t f .
suth §5 B3 Srepiio Jesst RERLIPaaLbile Sl SRaRICISH: SBISS oF CHPraee
mdphifig VERES in ¥ hibhe? rd&RIWionYafhb& seetd a IdWerdBgilation)) ahd also
alinear multiplication, producing the transform

engropyion vetiablgtlength agded N8B intg a sampressedidstastream.i At decoding,

thdHiEAtb A pobtie RS bl i vaidy eBitonh LRDPTL 1d iy soconsimuc
the srigpral celdr/spatia shmpbghinrdge/vMideo sipral{reqonstructed bhkicks

.conpression, reversible block transforns are chosen.
X St her words, the matrix Ms invertible. 15 In

| t.d,pl i i ., f ' d vid bl ock

T ik RSB o R e e Bl o on
a GReoIaE it))fibﬁﬁe lN]' Hﬁoﬁ%iﬁéﬁé _th&léﬁe!rﬁﬂidrﬁfﬁtdt lﬁmsafr Sx;tﬂﬁpl_iéaibn, grc;ducing

separ al Qqng eac i.pension o e data (i.e. 0
the %ngﬁayd&ﬂ‘gﬂ%é‘}?“t WoT rhedng the trangtorm % ¥When tﬂe
inﬁ&lecfaftd i ﬁBitﬁarﬂ?%ﬁé} ri@iréts_égxﬁén%& GBIV ¥ize@R¥ctBfs and a block

sel ect] vel Y quantized (i.e., reduced in resolution,
trapgémuis applied tpprdivsagment. Por e purpasepfidaty eampressine,
refSblQ B1oER trabiBtcfis ok O Y Bl SUASL Bt BaER AL vertible.
Inamvaltiplesdinsemisioms y(e.@r, fonimagel andl viden)h bloskarhnsfarmsaare typically

. C ressed data strea At decodj.ng in the .
iR RIR 16 BEPA e R tions.oThe AIASER ButaNksfhe S applied
sepatabliodlbh@ sh¢iPAnestsiciPof tHe dadi (1.8., b6th Ak ddavéslamnb). ock
transform 170- 17%%? are 25 applied on the decoder 150
si dd'or gomnsesAiqn, the ansfornygoetficientsicomnonents pivestor y) may

oI lBASES B, O b LRSS 88 B! ping e
sighifieant bitstaf thenbecfTigjspt velues or otherwisemApping valies in a higher
e
cod6d intomuonippresdedidasnsttern based codi ng appl i cati ons,

the transform.i esiya eversible to support both

| 0o df difefigbi e dodadep s e eI e ShFPR SRS
(degimtizaddn/efréRe decoding 160 A Mveiteibladk Rindfamnarel i) are

represented as a_gquanti zatiop factor_of 1) for
appligdpn ahe degaden d SUlside as shovain Bige | s While raconstrastingcths data,

thE ety mheRy m&g@ﬁﬁﬁb‘fﬁ? ???-37?#%%&@% HRMBYiES to the

the requi r_ement of revers se ap l'1ca I ons
trapsfosny domaint daga.c Ndhancapplied tatheftransforapdemain 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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5 the codec can be designed. Many i mage and

vi deo conpression systens, such as MPEG and W ndows
Medi a, anong others, utilize transforns based on the
Di screte Cosine Transform (DCT). The DCT is known to
have favorabl e energy conpaction properties that
result in near-optiml data conpression. In these
conpression systems, the inverse 10 DCT (IDCT) is
enpl oyed in the reconstruction loops in both the

encoder and.the oder of .the co sion system for
P ARG BB PR Y PO AT R0B (BPCRL represslifd 244 | on
qERRAESM tactér IO BPERARPIe, 4l 8bddd itiliing & YeWursiBR traidfdrn can
a termused for, an approxi mati ng_non-reversibl e

exaspyireproduee thedapeidata at deceding. f wwﬁgsshexsqmrement of
reBIRIRRE e SooEplitnd itkiaind oo SRAES of ffindtBlm®pon hich
t}pwdedabmbeldpsugmdal ues has an assoei at ed set of input

oot B@M?ﬁ%&e 3 Yoo BebPipS R Gl Bt REMPIRY ol Willdows

Mualia; abeomg athers) wilict, transéorith iged on it Dﬁ)s“crete Qosine Transform

0T he BT Sokiowmlt hane Siasblenerh compagtion broperties that

réau&nﬁ héﬁ%ﬁﬁn&lﬂﬂ’t@&bxﬁﬂrés&oﬁsiﬁmdsé kb @eslaioaﬁs%tems, the inverse
di vi si on a quantl zation par amet er

D,S‘élF fla%)ds @mnlwdewdbq &wnwthm@pn%unwhtthq emgasier gnd the
S84 B e 0RGE A BB AT Byt

i nt raduceQaahtizatiom t he ori gi nal transform coefficient
data, whi,ch shows up.,as ressio [rors ,or
ar t | PRI (o ns pAsSbIR eI dueRtizatiqn s B psed for an
aistoRimatihgCiedr-Aiverdiblé @aappihgl furetiohCofmaionl9 used Forddsdyo
al | transformcoefflc:lents|nafrarre ile this ma

O%P%ﬂsmaewwhlshéh@sllm sperified s i0f pessible outputiyadues, and each

memtiek BF Bgslﬂﬁé output VHUEP ﬁa@%o\éia?é@éet %‘f ?ﬁa;ﬁ‘f‘vhﬁles
not equal | y se S|t|ve requenci es, :

thepeasilf|in thesel¢asion ofj thaﬂ parhclﬂammputovaln@ Al \rarie@umoﬁ guardization

Pt RS R PRECBRRRS, Bt RlaDd of VLR SBledR dAhotes

unsitfipres, i voith oemﬁbungezﬂi\mmey\md]addpave amomadapm/d: quantlzatlon
nunb ressed .bit.s.

et e SR8 9BFRIRY 15 Pt Blasci fvisich b's guaptization
parafifeter! QP wHidleisgpirforingd @k it erRB8&0 €The DiveFse dmﬁuﬂauon or

conpressed file of a desired size_is pot eas
mydtiplisaliopjoppration;is g manitiplicationhy QRpestormed at ﬁ&n%méﬁ These
ptodedsas ﬁe‘ﬁiéi" iHESAERY st f ﬁbloﬁ‘glﬁﬂ SraBSoPockRcikAd datiRvhich

across the imge in
shows up as compressmn 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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an arbitrary manner. However, this nmeans that the
actual value of QP used for each data partition shoul d
be signaled in the bitstream This |eads to an
enornous overhead just to carry the QP signaling
information, making it unsuitable in practice. Wuat is
desired is a flexible yet bit-econom c neans of
signaling QP 10 particularly for commonly encountered
scenari o0s. In sunmary, quantization is the

prijyary mechani smfor nost inmage apd vi deo .cadecs., to.
enERtiE SR Y Beseme aramalir anmbge %ﬂ@%@%ﬁ*&%&oﬁﬁkﬂw@
othéHdrfor rhdtfies c&fbé 8uitdBly BpfmisddnRakéied by nost popul ar

codecs provide few features or_little flexibil Isg@giéofa

i ncdtate Femrel ardhe abilisy pbay cgodsrtn rogHSS 2 sPEPre
deSited TR Rbt iy o it DAY phfle OP Bitcls MElirt Tame,
quadt iszhereforealesirablp 40 abowithe endadies to eriyégP actospthe image in

an ity manfiets " Hgheel B T Hhore® i) el R Tl for cact
daspparticiofl should evdigealed &1 the bitresh! Thiekals fealoendrmous
suppor.ting quanﬁll zation et hods. Encodjng to sLt%g?l )
ovgsheagdustitpcary ipe Qiavienslinesinforationmaaking b nppitable in
prg&i‘ce.e NERIER #RirBR Y AfeABRL F& %ﬁt%do%ﬁn'ié niedN€ b8 Sbaling QfP,

ffect conpression efficiency. Further, the process o
pasticylanin forcarpmponht eneounigeesbstenaniesgui res a | arge nunber

O URShmRARSCuFNENAL RIDYeBldey BARHLRIE £URNPHhk G0

of thé quantize.r ne can ONer ous.
videoromiegs &b Etmtrédlaionywessgd Dange tealiti)aad coptpressiqr méient s

vari at.ions of .a flexible guantizatiop technigque that
QftitgAtied Beiodnppied b pihig Phpiat ¢ Stkeb Breving iy Hebblres or
litla fleRibilig)i, OF Qidud Bignificahb 6verheatietiadligonAlbitde O fter) ahdmage or
For exanpl e, one representative inmlementatjon of the
a Yideg figme i§ually quansized snifarmalye oF withiimited ability savatyn
Sl 80 SRR b Hons, T lack br ARRLYRY 2B ohGSsion
quatity, Bad préwantdDacourate rato cohtnok drethe fiye s@ntthe athes hand, some

oo oSt Pty iRt frc8toniE HeRGHRE plizdon Methods.
Empodirg wasigwdl uae pf diffdrenisquahtizers bekes udditiondl biecin the @nbyded
iy i G Rt S ek SRRy e
prot& ioFblillihg 4 colFeihat dR¥odd?FefifRIEargeMiAber b8 pakses

provided to introduce a selection of concepts in a
generated by all possible combinations of the quantizer methods, which can be

onerous.
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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5 sinplified formthat is further described below in
the Detailed Description. This summary is not intended
to identify key features or essential features of the
cl ai med subject matter, nor is it intended to be used
as an aid in determ ning the scope of the clained
subject matter. Additional features and advantages of
the invention will be nade apparent fromthe foll ow ng
det ai | ed description of enbodi ments that 10 proceeds

QURBAHORAPBEDReR s RiRt e A e houergd B Al iop mefated.side
mmn@aﬁ@msazfnuﬁnﬁﬂéd/ﬁﬁtth@ﬁﬁfna@ osdge staiios] whilaatidwide i n

the pri.or, Figure 2 is a flow di agram of

MaXIMuR} 3§@ﬁ’tlﬁb’|1§€esé??@dﬂé’iheleﬁ€‘éﬁeﬁor ating the 15 bl ock
pat ﬁ?ﬁ@sﬁ:ﬂ%&g is prov eﬁ' BUhflodiceS, R1dchid ﬁ(cﬁ"c@ﬂé

representat | I ncor porating the bloc attern ‘
simoplified) forrn that E] @mﬂler descmbad belomeincthe ﬂlﬁtmilmeascnpnon This

seudo- co on. of aI|n

sulf 5459 3 i Bucnien o aRE Bioe Fieris pf fesPiifl Pyt oY dhé Elaimea

sugﬁfEt sutter, 510115 s i uh:abd?i QCHH?E& alﬁgnalcpﬁﬁwtmadg the scope of the
efinifjon for s aling_of a | owpass quantizer ., |

aae@srsafwgt mgtten cARRHong teaalamdz%f Freds R Hhegigyention will be
mideHPpRrédit fond tﬁ@ﬂl@vﬁﬁg H@ﬂaﬂé&‘ Ees ﬁﬁ%ﬁ YFenftfments that

definition for signalihg pass quanti zer
preeesds wﬂvgref@en%tquheﬂmmpwm dlzawmsﬁa t echni que.

oY i ning a pseudo-code

Bﬁée@?%sl%{?pggo%gf SI gﬁa??rq{ggot 25 quantizers at a frane

| ay digure daisali blgck diagiean folf @ cohventipnahblozk tiansform-based codec
in echni a%g Figure 8 is a table containing a

%ré de definition for signaling of quantizers at

a t iFigureayisra flew shidiraml of iepresetative fcdder inverporatingiite

qguant | zati gn techni que. Figure 9 is a table
blmaéTWﬁ@dlégpseudo code definition for signaling of

30 [
frequ nc;?zlﬁo accoé)%nng toa&ge&aﬁlemﬁdgegﬂgnt lﬁ%%he

- bl@@clbﬁtte@meodmg Figure 10 is a table containing a

oS8R I PRS0 e B0 Rl
qmntizeraccmﬂahg]g) 4 flexibde dhemtizhiien muhmquzat i on technique.

Figure S is a table containing a pseudo-code definition for signaling 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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Figure 11 is a table containing a pseudo-code

definition for signaling of 5 quantizers of a

hi gh- pass sub-band at the tile layer in frequency node

according to the flexible quantization technique.

Figure 12 is a table containing a pseudo-code

definition for signaling of quantizers at a macrobl ock

| ayer in spatial node according to the flexible

quanti zation techni que. 10Fi gure 13 is a table

cont - A

" ow PSS ARSI e bt 300t Sorifirliol Bkl of

ﬂanMenrsruﬂa lowdpasasabstand gt the tilb éayelr dx ﬁbtluencganbde atcording to
ure 14 is a table containing a

%ﬁﬂgaaa‘ét@&f’?ﬁ?‘i%‘g“%r si gnal i ng of hi gh-pass

quankigafd Bl dla fabk éﬁiﬁilﬁﬁiggé?issduaﬁ%dé defihRIGUEOF mgﬂaﬂ@g of
accor qu to the 15 flexible quantization technjq
3

qtmsm@ hlghavam Silxcb mdagtrtamtl&ﬁ layersin; fregyieacy mﬁﬁfthﬁgrdmg to
?ﬁ??l@% ting a nmedi a encoder/ decoder
e e quantlz lon. Detail ed Description The
f ol | Bigurey12i s table ¢amainirigen pesutio-coddl idnﬁnhim foe signaling of
t ech es that, 2 ovide efficjent fl e .
ST AL BB RGER AP et hcils ot o8 il
qaa;ngusgpwcjhﬁi%efrequency and col or di nensi ons

(refefredto in as FIeX|bIe i,zation'
f ol I%\&“FFg s tabls cosfaiging g psud EQS jtion for Sl a.{]mg of low-

pés@ﬂuﬁﬂ'ﬁil%@hi @R ricrbbeck ‘i‘é'?%F éhc&t}ﬁo&éjﬂc%ﬂmgfto the ﬂex1ble
0 syste

digital media conpressi or “codec. The digital
QMIZatl@lytﬂCémqslédes digital nedia data in a conpressed

for
day o EAFe 7 igd ARRORA R ph6280 JBRK AP Shmalify or
hightpess qaantizers atiths meceshlbek Layenmﬁrapmnom nsdetaecording to the
|n rporatin th f| exi bl e quantization is an imge
B&‘ﬁ‘@é‘%ﬁ?@? ‘HH system Alternatively, the
tec hthﬁtéelilisseDblé@Ia dRfzrhm TRk tabRE P Ring Vi hfieAl for
systens or codecs for other 2D data. The flexible

n%mgmepm Panedia enender/deensies with flexible quantipgiion. ne

])d{ﬁiehqbe fP0 conpression system encodes the
conpressed Jl gital nedia data in a particul ar codi ng

f or ke folloving deseritionagtates to codifigrlandedecodingteghnifuesgthat

pPSRALGNGREP BB BRiRiceh i ot BAEFETRE Mai Ao Juftis lone

sphtiah drgquendy ankheoldt agnmmnsr(ﬁemd to Jyeroin & ‘fElexdbtar

implified ratlon of ac ressmns em .
ﬁﬁ@%@ﬁ&fl 1‘4& qu{ vang dSsaTnsip sTio ? ipplementation of

ﬂierwérﬁﬁ@m in{the chbhRskoPa igtialnearl diinpression bRftamtdr\@dec. The
ressi on systens _using the block pattern coding

ft"‘F’Qﬁaﬂ}’SfGFn eadpsdigital @@%@@ datarin g qomyyessed fogm rfa!t ed
”?ﬂ*“‘@ﬂén SRROERED Bk dkfodEs A0 i M PIBPERAS R pECUBRR. For

purposes of illustration, this exemplary compression system incorporating this

o=}

flexible quantization is an image or video compression system. Alteratively, 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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encoder s/ decoders may al so i nclude col or conversion,
color formats, scal able 10 codi ng, |ossless coding,
macr obl ock nodes, etc. The conpressi on system (encoder
and decoder) can provide | ossless and/or |ossy
conpression of the 2D data, depending on the

guanti zati on which nay be based on a quantization
paranmeter varying fromlossless to | ossy. The 2D data
encoder 200 produces a conpressed bitstream 220 t hat

representation (for typical
|np3t ag’ﬁ; ‘iff presented as input to the
encrﬂi@.tres Eahd&aﬁ'[alf ggnetahge&gia@mn Ofmor ro::zss:aberr@rhoycd ina
reppRyehiive & dampesiand (D) SR cagpdat Do 400 frepat 1 mme,

didgrasms p?ésehh@ gbﬂﬁﬂhzé@&asdn lified iIAfkaLiOh |o|f|d5‘doh§}$r€§hlon system
general ly i ure (gartl tioni ng 230),

ingarporating dhe aDerta%a nmc@nem deasdenthat iraplesent Itb?pblpﬁlg pasrwn

oot In YRV told s A Wbl M S AL b A g,
additionabosfewss|prectssaxcthanm thvsk $llust|htsdhgéths rﬂ:ﬁne&&tmmebﬁcoder
ative encoder,

i.n. size in._this. represen In tu
il SleF R R BB SPEE O felp SOPBERIPIR. O SHEAS SOH e
entbdés/deddders hagals) Behide cdlor cofigersivh, Belor EornAy,ecakabR
i_mage, such that tiles in a hori zontal row are of

coemgs Insslers F@qlrpgawacrebfqgkéaodeanact iihecompressien system (encoder
an@YetHdqersiE Zt 4 ]9 ovidd fo@&l@%szél e t | lyze’dyncﬁﬁbéi&?gf tHe' 215 ¥8ta,

represe ve encoder, be any arbltrary
depending leatthe quantiaation mh;clm maydei basedhen aetiaptization parameter

Al ternative encoder
a@%&erren%(ggtsrfegﬁ R’gﬁ' ‘di vide the image into bl ock,
mac Thiel 212 datat ériceder 200 pibﬂﬁ&esmdxﬁprleésedtﬂis&esmzﬁm& isa
structure. orwa rator 240 is
mops AOMpRct @P@%ﬁ?ﬁ%@g@fqrme@nevé Q%Dé@a&fel@ar espfedas input
to ﬁ?&éhc‘&iér bF&CJ,‘xdrﬁplé r8 2 d4E %ﬁi‘ﬁ bAYbeak 'nﬁ’rﬁée td ﬁf&ﬁr@ fo % video

This block transform 250 ‘can be the reversib

se%mcer or ethepgnta rhanmgctwm dimepsippe dl’be/ZDsiatar pRenden ﬂl\wd@ a

f eggerhs IAI‘EPJ-l (%qé:l ?g or m iﬁ {UE oSSy %gﬂe&%ﬂ% :Fgg'“ % 35 H%?tlonlng

_ 230hrwhichsn dn: illustrhted ilDpandtatich/are 200 veflappimgetxdgpixel blocks

rator 2 n _be th revers over
38R A Tegtial pi i miadngsd tnd S1aRe B ey 1ABsBIERRL B rouped
in thistet§,, chfi8d nﬁﬂrbblbélﬁh, w}ﬁiﬂv&bﬂl&ﬂs #Bldﬁ lrﬁﬁzé uﬁlﬁé BdpRésentative
for EfflCle Lossl| ess Dat a CorHJ ression," file

engpder ezxgggrobgm s gl groupsd ipto regyl gylar stx;ugp.gﬁe called tiles.

TréFtElEé srsb 8 NGegdidt gﬁ%n? Bter @Bt ng dsuch ﬂﬁﬂ\tﬁéﬁnbi Rorizontal
Di mensi onal Pre-/Post-Fil ter|

rop; ase ofvgifean Iright snd aligned, e gibsa mmcq!&olm gre of uniform

o S A0S S 0Oy By e
th&fuib aem:]lagledrdrf)l () hEtfhb Ihﬁﬂ%ﬁﬂlhll?.nd/ dnevdﬁﬁcd!&lmabm A lemhative0

t t.t
enfods® SERIARCRALOT v iRl 1 aes BB BRkeatibiqain Blesnge
otlerinits Of totherans fidBtruckf?, resul ting DC transform

coeffrci ents and the AC transform coefficients are

quaH {‘aswyandoverlap’’apsiatercefitiis agpliedip ensbuedee hetvesypblocks,

=RE SERE O 10PbIRL Tt Mo kAR  PRRR Ranskiind 250, This blook
trapsformc2 Moc@ilo: theanversible, scalefect2DY trapsformtdescribeshlyy

whi ch the coefficients are thensel ves decoded 320 and

dequanti zed 330. The DC coefficients 340 are

regenerated by applying an inverse transform and the

pl ane of DC coefficients is 7inverse overl apped" using

a sui tabl e snoot hing operator applied across the DC

bl ock edges. Subsequently, the entire data is

regener ated by
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20 applying the 4x4 inverse transform 350 to the DC

coefficients, and the AC coefficients 342 decoded from

the bitstream Finally, the block edges in the

resulting i mage planes are inverse overlap filtered

360. This produces a reconstructed 2D data output. In

an exenplary inplenentation, the encoder 200 (Figure

2) conpresses an 25 input inage into the conpressed

bi tstream 220 (e.g., a file), and the decoder 300

=l ecqn . e eI -V R «@ :

SRR R RADRIBlS NS § iuS 02, MRt BeyBiinte
Transfoym Rotiligsy Ardnipdssless 2-1 DatpConpseassivhn, efiteadDegember 17,

Z(i()g% V-egsvgaggt eéﬁ)% | {de g% @%ﬁg@?ﬁ&q@ﬁﬁe&e}%@p ags%g'i@ed by

Td 8VA!, 1.8! Pat%nﬁkggﬁéa{m@pﬂ?of 984 -entitle@! *RiefdiBR Overlap
descri bed nore fully below The decading pro

Oporaisr ek firicrntJsisss Piste Gomprrssionychled Degspther 17, 2004; and
by FEOPAE TS, Pt ARpiGa ifNGCY 035 9 F, SpfictE Ry bl 2-

padst-tilter
Dirhensisinial Bree/Rost-FikeringFordaapped Bierthogonah Transfiotm, S diled,

and_the re.can be.cqllectively.referred to as
ey U 2D0ST ARt dhe el edpinec e o offer Block
trasfotfisemnd ovdifaplopeldtork qaaibe usadl Sebsegaenttorthe aansfons, the DC
i mage conpression. The input data_ 210 conpressed by,

caefiacient 260 ofgach 4vdcErnsiorppblogk dvsibyecs b asimiar processing chain

iR Ifoswak ' k ( m1§GEi’h Afing
(ti\l(lgg/m 2.2 %?%M?%IT@%F%? m%é‘ orﬁ%t y. %%lé‘ggflé)ll?c
transéorimenafiicientseansl theAC iraasfarm coefficienss ate) quanitized 370, entropy

| f sisbni Y A4, YUV4: 2:2 or YW4: 2:0 i nmage,
cotdﬁgzﬁggrggg%gfﬁé?%gbrom nance conponents, such as a U

C onprteaddcodatperformixohip eeviie probésss Enathatdecoderidg)thees

or .conponents of the inage can have .10 difteren&qﬁr
tragsEprmy¢0 Bgtont bits Aee extracieslt Odromy their FuPeetheR RAckats; from
witiely tHe dodtfie Rty ark WhéRéell & dRIASPE 20 ahd Bedhanfided/330. T$e DC

conponents have half of the width and height of the
cogffigiemnts 330 are regenpetef] by applpmgardnuerse iransiosss and thggplane of
[ : I: [ b ' rabl acks, Jn
e R I e R R AR
applipd acrbss thepld€ block edges] Bubserpiently sthe ehties datd is regenerated by

bl ") in the Y I [ b
5 3 854 imlerierifontn S5 i e PC RO Sa B IEF AT or
cdefficients 342 decoaéd fromahb bieéah) PatallsOtl blptieedgdssin the
tiled,into 4x4 pixel regions qQr blacks. Therefore, a

reslting imagk plages arpigverse oysrlanltered;360s This Brodugehd s

rebghsﬁ,tﬁgtefd@]ngagner for this exenplary encoder
' 201

i npl ement ati on: For a grayscal e i nrage, each

mcrlammmémﬁémmmﬁwmmd@em iguoz Rk compresses an
ing ! infhal it ch BoheiiRba BRslan, 796 Fe, o700 30 e Bcbder 300

(Figure 3 rédonbtroctk she original inp8t orfeor apprdkiiitidpnahéxeofidiased on

wHShPoRE or 58 oot B R s o Brep P kPR i yaives

the application of a forward lapped transform (LT) discussed below, which is

——rt

implemented with reversible 2-dimensional pre-/post-filtering also described more
fully below. The decoding process involves the application of the inverse lapped

transform (IL.T) using the reversible 2-dimensional pre-/post-filtering.
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4. For a RGB or YUV4:4:4 color inmge, each macrobl ock
contains 16 bl ocks each of Y, U and V channels.
Accordingly, after transform a nacroblock in this
representati ve encoder 200/ decoder 300 has three
frequency sub bands: a DC sub band (DC nacrobl ock), 30
a | ow pass sub band (I ow pass macrobl ock), and a high
pass sub band (high pass macroblock). In the
representative system the | ow pass and/or high pass

S Ubé[k?@riﬂﬁs eé‘d Eﬂ{drﬁﬁﬁla IL‘i' gk gu)gi-éeé BE‘@ tREp 4R %ﬂ%‘kgct sense,

ban ent i reei/ise roppe
and dherefors Gdn bercallectiveherefermedto asm zcvmeblb ilappeddzansform. Asa

ro R0 erhord e LAY DR saf be S5t Tor e ARG Empregpion.

t he Theripuaiatod1® ckmprﬁsl%chbﬁthd illesteated encder 200/decoder 300

ABPATGREH of YIRS GOnAOTEas. 2 N PR VA SLEH-2T B

YE9%2:0 téel&qmgé 'f&%éik)‘ fﬁz;ﬁémlynﬂfer BpLORKp Iy Snas &1 | ©

are grouped toget her, thus the bitstreamof a til

luingnapce nomnpnenth A§d ipaREBAUY 43{:4,tYUé/'4aaa<@tYUa/4 m
inBBE b kB A6H s ARG AL AIHEnls, bEOHPACKEL comBonent and a

ere my ers
\'% hbmmnmtesmetapam eglet phnesior ¢dmgrmanss off theiinage camhave

AifFest RpatRABtont; S5 6EH.SF 4 IRBHIFee in e ¥ ULV #1350 Eefr

fohha’frop 8gsmpRNthe U and® aﬁﬁ%né}itmi@s‘id 1M of thel Wi ﬁndl hel t of
Chrom nancel5 I Chromnance 1 ... (e.g. as "I" |

the Y\gomponeng, r ows above denote a hi erarchy, V\,hereas the
ver AL@kcRREF ablRRO ke éhddak 200 1k Btk mﬁut ima ressggﬂe into

t he representati ve system organi zes the co
m@nrgbhoaks nhnlamextamdarmnmiamleatauon;thq wocader 200 tisaithedhput

: .3, O :
gl TSy bt sl Sl A BHO AR T B i 7B twnich may
beelGx16£1 6xXB610818 areyis irctlie U AAd Vo¢lpanels depbeding datthe dblond
addi tiqnal, or other dinensions. For exanple

;
foppad1 East masteRlack colar pisne intiled dnte 4x4rpikel rggmsas bigsks.
THep&toRy) atiﬁa&ebmk% 86thp séaar%f tr&fvafrro%e %gl(?:%)foﬁﬁﬁlg §n ia%wmg

format of col or ch anne s (e.
m%mmr forothis exemnlerycinsader nplementationr st er eo vi si on or °

r r
D e o SR SR ELE bt i (0

encddeekisdecoder, t he quanti zation operation is
ess d|V|S|on b ati
o TR oyt R R Sl s ablonk Sainer i axe Y
I NV ®lécksdaddy leééli 4@@clﬁbnﬁhhﬁdeRU Vyblaekeration is a
mul tiplication performed at the decoder.

a YYVAa2:2 ﬁm@t 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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30 inplenentations of the flexible quantization

descri bed herein can utilize other forns of

quanti zation, including uniformand non-uniform

scal ar or vector, with or wthout dead zone, etc. The
qguanti zation/inverse quantization processes together
introduce a loss in the original transform coefficient
data, which shows up as conpression errors or
artifacts in t he decoded image. In a sinplistic codec,

o !
mapie g;ng rm co g I Cl en ng s%;mfﬁgég\% I%Q%Ellhpgr H%h? a!rsr?aflu%gands
areaaipftmnabmtthb bitstvedm theset subdraneds maydxe entirelyalyoppeder al -
erl clencles: nvs S mis pot
o qURRT ST e ormRpEssed da oo packed o HE bifresky M-ne of two

ord%ﬁﬁgé %bahﬂcatlbpmd ﬁ‘eﬁt!ﬂérﬁy %raérarp%r ey sﬁa@iapbtdet Luiffeem Sub
cbrom nance channel sT Using different QP val ues

baltfbrOfdhtP same macreldpek mltbm 8 tilgreprdared éogpth@rsem the resulting
blts?)t#é%%g bPéac%”tﬁg ‘i%%n%}ﬁ Qtl?"ttne‘sbatcﬁgto Sf?di““t‘hé’{fregr ey Ord QP %eéame

ressed DIits ew S€, ot her re’cs
subclaandb&omtﬂlfﬁtﬂry mqmrmbinalexjwﬁhmvaetlle are groupe&etb@them andthus
y. of . der t sed
et o ailts Sy B0 @iSriecBie] ¥ DX Bl asRAb BN Tpss tle

packet) @inél aligh passtlet ﬂh@k&ntlhraﬂdftfoﬁﬂﬂteré AR Heyothétedaﬁﬁ Wy%rs

it should be possible to allow the encoder tao var¥
acr baws, ferthe rapreseniative systam.rasy inags in erganizeddy dhe fqllgwing
“di Snkhat the actual value 15 of QP used for each
ata partition (macrobl ock/til e/ channel/sub band,
Spatial d}msmqndFMnGr-ngalee-d* Mactdbdodli; t stream This | eads

ekl A B o BBt o, e St T
Chatesd] dadlension: Liraiiahte| Chionbinhnec 01) @hrﬁmlﬂmne_bf .(eg.asY|

s‘iggnal ing QP, particularly for comonly encountered
U] nari os. 20The fl exi ble quantization technique

Thé 856Wsaedyé Eéﬁ‘éte artﬁeem@a whibfeag thd Vér¥icAlba¥§l¥note a

uantization along various partitions or dinensions of
Paltlhenmgcoded digital nmedia data. For exarrpl e, one

|n t %lﬁﬂg?éﬁfg xltn%gv_ée %?gsgédﬂl : i'/aezeco ot BE%%&? H%tq}'ﬁledla

datg am spa;;tas} fjeruency and chammed dirbhénsdmnsgl ﬂweﬁlmuhlles;uannzmor( i)

=pr P SegtiEe bt vin t ARl FLATOGHAN Paseeietoconlr Bibtems that

orgdfize @heif dafa dl few@ddddmdﬁkﬂlor ethsatdimexlﬂm NBb10H&nPle, the
ﬂe’? titions, of at n other al ternative

IENEAHPR ARPIGRCH Fan b9 BRRISAEO §9ding; using @ farger number of

fre§§51dY I HaHas, oiﬁétsfo}ﬁﬁ%‘f‘ &ﬂé‘r AHadfels g& BUAER), BB, ER.) addmonal
effici entIy S|fg ol the flexible quantization in th
an stgr

magm@ae eoTvisiop e ether myfltiple; mmnrraze)u on

qua ?f“z’Ztte%tﬁlsﬁgt-ﬂaza&o”eﬁ?ﬁ%a? ati on i s mni m zed for
th elmthe napmsmm@ee anodar/desdenhd quanitizatibm gpemkiontisn

eSSfell‘lt?Eﬁi Llast d1v1s1orst Ibgrea,dqu%utzgt?onega%g%g{er 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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The fl exi ble quantization techni que provides fine
spatial granularity control of the quantization. In
one particular inplenmentation, the flexible

quanti zation allows control over quantization applied
to the frane, tile, or down to the macroblock. If the
frame is not quantized uniformy, then each tile can
be 5 quantized uniformy; if atile is not quantized
uni formy, then each macroblock will be quantized

withl SR eole. cte. Thd QaddBEbRARAN At DAG ploteb il together
in?laddqeéﬁl fozB $n tl‘:e originalntears ﬁfﬁn;jmdfﬁciehtgqlﬂmhichgsho?/,s uphas
exi bl e quanti zati on i.ncl.udes .a_sub band. .t 0
camyAtsion SRR Dol (e CERRA SRS FER il e en 4,
cetaln ﬂﬂf@GT.luEM @?Ba:bwd( Ifdto lbEl tﬁﬂiﬁgﬁr'giﬁﬁbfﬂﬁi:eﬁty il :«yframb e.
r.partia uni f or ow pass sub band usin .

Wil 5% Fasi DY ah AcerRIRIE sluEAn BhSanS GRseBal 128 SeviEel dpfetencies:

pas ST RGhhR ¢ishal stélrﬂ ‘i’seﬂ&"éqﬁﬁ.‘ﬂ% ¥ensitive to AIEfréquidhtci¥s dor to all

guanti zation also allows contral over quantization

spatipl loeationsowithintrframanerto all lvsrinanse aprl chmeminange channels.
ORRE RGPt B8 Ahenifs B DB vigally speri

empoding eveniveith thed sameonssmyllar mporbgr obtampressethkits . Likiewise,
hannel s can be.quanti.zed uniformn or partially
oA R 5 e PR psmter LA W or iy but
| um s @BntrodSP®IB ddilitk Yo an @hcddes €9 pruthidt laycompressed file of a
flexi ble quantization descri bed herein al so provjdes

desiref sizg e got epsyrtp inerierm Withiz gingle QR agress theerfinedraras
Of CaIPHRIEBAE G SHotld B8 pORINA 1 Ad dROeARMRE Rithary P
of the dbove quantization control over spatial,
adqresshe fragge iroamarhitramy dnesnenn Blowever, thisanegns that the actual value

e the. nr | . . )
oRQEIEE Rl Bl Ao RAUELSEEIENAT il 41 o
besighaled in the hitshicam. (Fius deadsto apemsrnmes dygriicadgustrtg carry the

Qe TuthFiaftp b b iEREMIAHE i oS0t e Hefieg is o

fleyibleiy@k bitieAcA neans of $igndllig QP Abartituldilyess comonly
t hree choi ces are provided by the flexible

eEOURETLACHA P2 chni que in the representative
encoglgy figkabRAQIantizdtiéh RithhigBe HERIDE RRreif ppRHAss theiability to

the same quantization rule.” Else, an entire tile_ can
Vaiy quaRtigption;aleng verieusmaritiens ardimenviony pthgrmcoded digital
| fafL [ el il flerh Oftafi SR BE e Fki] ﬁﬁfl {
mg%%rﬁ{aliaialte%% r ag’s(me _‘s?e, eg,cé]ﬁlmacr g& oce t{%lﬁﬁﬁ%
techiique imthiggepredentativé enpodbe2@idecodend@d sestémreanviagy and

jj f: bi; Wi thin the ti
affl P vt ot | e el i@ X mepency aub
bdride sanddssedlor chdrerls. Howeven] qaintizatforbéarabey vaiigthaveri 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.

~11
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5 sent in the bitstreamat the frane | evel indicating

whet her the first possibility is true. If not, a fixed

| ength synbol is sent in the bitstreamw thin each

tile indicating the nunber of quantization rules used

for this tile. If the file uses nore than 1

guanti zation rule; then a variable |length synbol is

sent within each macrobl ock within the correspondi ng

file that indicates the quantization rule used by the

10 I t

" na‘ﬂ#% e;rfé?éé@%g antis ttﬂﬁcteﬁrﬁ{lﬂﬁé‘éx%ﬁz%g@tfﬁxe Pl éﬁkﬁﬁﬁ@ t&htrol
of ltlmaqmrelzaabn v n emzpatticula ﬁm;ﬂenmimtm’w theuflesble quantiaation

of the above sigpaling. A Qin si gn [ese t ed
all§ys edguAL ey o inrtied 10 Rl i) Bsuot dE
m&%ﬁgwl\llﬁ@i%ne isho® uiintiRAtuniforinig tﬁérﬁeﬁtﬂ temeian be

e XXX is a 15 placehol der_ specifying t

qusav%rdctmlgrrmlwa eéﬂeys gemq&aﬁaecbwn&mﬂxeqhea.eﬁ% masrelpck will
ﬁﬁg@&lffeemﬁ}}ﬂ ). At the file level, the nunber of

tinct quanti"zer rules is sent in atlle | evel

syn thhﬁ flaxible maa(mwnoqmnhezﬂmys qQuAnyizatiem comzolf slomg:the
frocféfey, PR SnfiRith. iy e ettt rretiboceioh 2h8 egllc
qmnezatldxﬁnahﬂeg hsnke band nade tmipwm/l aquantization relationship emong
are 20 un coded wi he sane ation ryle
Bl Hpen oD bandh e be uiized SRPEabecr SRpiaY
uniforinfe (16 pads BQIS Bhid hslhg DA st B%rhcb?&rﬂii@ﬂ )tandASrikagh pass sub
ross frequency bands: For flexible

baaﬁa’ﬁmgzlaw PASS quARSizer), o dndepeydemilyds. the bit stream
Syntye ﬂgmﬁlgqluﬁﬁiml% %ﬂ@w@&ﬁﬁﬁﬁ lovép, Q’ﬁ&ﬁﬁ@ﬁ gﬁﬁ’ed along

def nes' two swi t ches: | ow pass, rracrob ock u

the phannghdinsensian ofthe @lntaf uineongparticuladmpiementation, the flexéble

quafitizat tﬁ)&‘h’%@d&g % E@é& t3 sﬁg&fpﬁg‘ Hﬁﬁn zaéggégﬁtlﬁxgﬁlg)émong

cobmahabhelsk The ebariitds canbe quantized amformlyu e partiallycurifonmly

ass rmcrgbl oclép?}tg,tgg ﬁ?ﬁewﬁ%%%d%gﬁtﬁam#mdmﬂy

Th esme&m)&sla QuuaififatRMedsedbat hdrbi dsPpRvidesatchigaestitoe
fEntlre frame uses the sane_quantization rule, or at

igiently signabipsside,infermation ofithe semprgssedhdigita) medin data,
co&rb@mtﬁﬁlsaiftwsbm&%%d &Mﬁfol obbd s we,sxa&r HUREKSy sub band

hin a tile therefore obey the sa I’es acr 0ss
anflrcbamﬁrlébav@m e signifidange {o &ymarvsasegmscmérwéa&rtbq:r, the

fl Ut %‘E@Sllst%@'g\ %EZ%%RIP& Q\rdv%; & dffic ge f{nf'?lc%uie of

ayer i'on across | anne
quantizer by indexing from a defined subset of possible quantizers in the dxgltal

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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For flexible quantization across channels, the
bitstream syntax of the representative encoder

200/ decoder 300 permts three choices: Al channels -
| um nance and chrom nance have the sane quanti zation
10rule. This is indicated by the generic syntax

el ement XXX CH MODE CH UNI FORM  Lum nance fol | ows one
guanti zation rule and all chrom nance channels foll ow
a different quantization rule, indicated by XXX CH

MODE. Tl SRR e At R AN ekl A GHARST

= CH |dﬂ@EﬁHﬂBﬂ\fﬁle Gndiﬂiffvrﬁittmudraﬂ)loélkﬁwithirethe tile can use
quant Iéﬁﬁ%t The representative encoder
200/ d S’éﬁm gUERtiZaten Fulgs st r eam synt ax defined in the

COUBroHhLES TR tRisipsab ik i RAAIGHR: O biskirp Sighil i

encode the particular 20 choice out of

senj.in e lzmtmm eﬁoﬂlie(ff?gn%bwgls@dmanl w%@ﬂsqréh% it possibEity is
b t

trugc ?féxg%t, Xe%%ac d%??(%ﬂﬁ%&m%g?g zﬁeﬁ@ﬁt&l@ Bgﬁ%&&ﬂ %ﬁﬁ] g&bhﬁe indicating

theomambert ofmmnsammlcmm Fobihis tﬂe 13 thqmlatusgmmom thandl

ntizati 9) ,| on iy
aufbifiah R ey R4 E@1aniE el St s pét AR T et S
w1flilﬂﬂﬁ5¢di‘féspbﬁdi&1§&ﬂé deit 1ﬁdiadte§ the dquahtizativhpuld usddebyPthe
% eni,ﬁtlve ngoder 200/ decoder, 300 can be Jaid QH}
macFORlp e gpcades CRIEFRESHS ShejRitstrcam INARAFBRET GoRsistep vath the
enf8derchange the avail abl e quantization options, and
onl %/[haffects the serialization of the signals. The

syntthg repsesesativencrmoger 200/decpden,3 @ nissa variagt pf theghove
. codi |
s GRS BHAUERRE Biroin bl
as ﬁm L ERAMIE UNIBQMA,”debnlyad:nt at tBe ﬁtame lsyﬂl @rheré XDOX is a

plac ceholder snﬁe%g the %gt?crullgreégqql%{lcy Sub gancf or channel dimension of

quantizer control). At the tile level, the number of distinct quantizer rules is sent in
a tile-level syntax element (XXX_QUANTIZERS) only when the frame level
syntax element (XXX_FRAME_UNIFORM) is false. If this number is equal to 1,
it means that there is only one rule and therefore all macroblocks within the tile are
unifc}mly coded with the same quantization rule (indicating choice 2), and if not it
indicates choice of the third possibility.

4. Flexible quantlzatnon across frequency bands:

For flexible quantization 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.

13
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DC quanti zation is not allowed to vary on a macrobl ock
basis. This allows the differential coding of

gquanti zed DC val ues wi thout having to do an inverse
scal ing operation. Coding the DC band of an inmage tile
with a relatively small quantizer even when the AC

(1 ow pass and hi gh pass) bands are coded wth varying
5 gquanti zati on does not appreciably affect the bit
rate. At one end of the scale, all transform

coefficients wwthin a frane use the sanme quanti zation
par aheaseswitshes pre epahled a the Game layes whea the smlva%%ma tiges the

Jﬁlx?gu n@H?&lE' Itﬁ@‘tl! l??fy& Ervittd. TRERNG; |h ?ot

o vary’in epen or each macro
endbled atithe macrebleck Fyer. oAlll;mmeblpp!ss within & tﬂmﬁnererihs obey the

sHFREES Sorof FhyMby Sanaf oty B00H| S1cRPRR AU

svifichdsat thesappopiidte (ﬂ‘ameaﬂeﬂe)flayerndependent val ues of
quané'i zat | ogﬂgar ameter for each chanﬂ Bet ween
thes® ext¥iexiile quaptization arrass image ¢ ﬁ?’éelﬁ'erm tted as

Specréy ﬁ&ltane %daﬁuéazﬁur%raﬁ.l%}ﬁanab QWO bitStrédid ‘éffﬂ%x‘bﬁﬂe

157. 1 ndexi ng antizer paraneters:

r@p@&@nfame@umfiﬁr {degodenOnesmits dmpee ichoichs:
repr eS%QInélgA:%.l% ﬁﬁﬁe n a{rom%&%é% v thefsahid ﬁ%{ﬂtﬁatlon

scal e quanti zer pararneter

(QP1) culer &dpoisdadicates bbaﬂhagenénc{}yntm ehnmn)ﬁ@( _CH_MODE

rel ati Veldéfléll W ]gglsecond | evel of indexing is

perf or ne vz t 's varying across nacrobl ocks 20

can be Luasiaandenfollowsfdneajuantizarivonrale and all chitifance channels

particuyl arly, .the encoder 200 can define t | .

bi' st r dalliectiibiefamt Gusstantion ry aidicrse Ly XK cH MODE —

Each Qeigvemken.i s conposed of one or nore QP val ues,

based on Whi ch XXX CHANNEL_MCODE is chosen. Such sets

ar e defilhelarmsts ae fraede chaess diffsrant ghagigation gplegaindicated by

based gpy¢ih F [oAVA Further, the DC

set has onlje/ﬁonl\gﬁw Ve(él?ﬂ?%g?,lﬁglg%ﬁﬁb}‘ one DC

quaneé. zerComhmatuerﬁdxﬂ)lem;uanhzhﬁemhanneI The codi ng

g}t ghfgsxeezpsrgge%tatﬁrede%fﬂgcrl] eﬁ?&?qucggqr@%t Ussp g}q\%ﬁe@pgse{p&c defined-

m7th$l:od6 teﬂﬂ@d dHogvrDin FigtrdaRl-14 gk 04n éﬂic‘ierﬁfy dXcodk m pamaular
hi g frtFlass frequency sub bands occurs_as foll

cl%gg%au*o? fidlestble dnartizagign pgtiaptiaross the dimepsinag Flls(y‘“%’ﬁd
abe\e) §Bith Sdvefal: utaﬁﬁzd’cw}p(ﬁ{tlo% a@ lab\l@ 6LRES eé.di‘l $fhﬁe §ﬁ$ﬁal

I's indicated for l'ow pass and hi gh pass sub bands at
freguensy sub hgnd apd channel dlmensmns 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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corresponding tile or frane. The cardinality of the DC
set is 1. In the pseudo-code tables, the syntax

el enent denoting cardinality is |abeled as

"XXX_QUANTI ZERS. " (I n practice, XXX QUANTI ZERS - us

sent in the bitstream) The syntax el enents | abel ed
"X)O(_QUANTI ZER" in the tables 5 denotes the codi ng of
QPl sets, which is defined in the tables shown in

Fi gures 4-6. At the macroblock level, it is
sufficient to send only the index Q of the desired
CPI D@ guentiZatiom ismohallowérbtoGRiry seta. madreblagkibasisi This allows

t f di
kot R AR RSP B e
scﬂmg Gﬂéraﬁgh £¢odingtke ?@\??ci&?aﬂ Ni@él tllgkvmalrelhheely small
code i s_us (0] sl gn I r ,
ql@w%%ﬂ evien Whsn th Fﬁ‘oﬁq omy Wg*smg@?gh pase) bandsare cgde Wt‘ Narying
I th b
e o b Pl (Rt | o oot ng
t he &tpmﬂ ¢nd:ofqhe dedle salbtvansfomnroeffisienthwithin 4 Samef use the
saftfy el oheidH pERRND A he Bmef EbE Ut the LIRNIGY Bhlsfhd bR pass
quiHzRONNTIL SRS alls:hannds avdatloPrefiAMariFindepBidenitly for each

B Mo L0 SRS S P
lofs p’ass lehe higlepdss Gakhirer irles feSieting allchahfiels) is each restricted to

ntatjon in a representatiye encoder an

1%2@%@‘&” h Lffgwm@lfmﬂswﬂen% ues(p rﬂqaﬁem%p%ﬁmeter for
edchichafugghni que are extensible to other digital nedia

conpression systens and formats as well. For instance,

t he Betpreen dhnsaextremencsuere] cermbinetionsaremenyitted asespecified by

I gw pass and high pass). But,
thf: %gﬁ?g%ﬁﬂﬁﬁhﬁﬁ \ll/e i mpl enent ati ons of the

fI exl.bl e Indexingzoft quamtizen phEam)etemzded in a

str ht f orward manpner to a e of freCJency sub

pandii® Tt St BRIGH iR (OF L HRsRE At S ot f on
eﬂcﬁﬂéﬂ%ﬁﬂ&t is®tasedan a\tﬁfﬂiohfa%caeamxi g 8it valud b€ fuantizer
|alx§ra ularit such as by sendi ng_quantization

ter frgox (QHT) Fomesondato @ Nelus ob Qiawingh Gaybe slrtiyely large.
At&h@&i@ leIVSIV@ﬂ mdéﬁﬂg 1@&&61%621% thx OPR wiIfRE! akéi8 macroblocks
prl nmio es of the flexible quantizZation technique are
ed ipjapieficienemaanas. f ramewor k. 9. Conput i ng
EnV| r [
t echni EJE%F lélra'ﬂ1yf él%e% %g&%rﬁ’%%adte?i%g S gﬁ ﬁﬁg]%rﬂeig z e d
corainimg leftwaer dandtlp QPI tregidral” Hahi QPEwewadr isgcoanmpbised of one

o BhRRRP LR e SRS ROETAMNEE MG Bosen. Such

sesedirélefindé¢ St OE, 1dwa phmndmighi paishubdiands, baded bh dhe frequency
o SR S B B S B S0t RS2 P Bi
qmm %@hh%@fbl@ it ﬁf@éﬁanﬁéy ChhéSodi 6Pﬂﬁ§é‘ §ets #P&éfired in the
ones, “conferenci ng equi pment, etc.); display,
BleSﬁhtDWg inFignrpe#-Gr esent at i on devi ces: and etc. The
f I ex S
Wg%lg vgxl‘x';ﬁggqezt%leg Bf Ff%ﬁ?éy 1§ s1gﬁzp %?ftﬂE (EES st 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

15
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10 digital nedia processing hardware, as well as in
comruni cati on software executing within a conputer or
ot her conputing environnent, such as shown in Figure
15. Figure 15 illustrates a generalized exanple
of a suitable conputing environnment (1500) in which
descri bed enbodi nents nay be inplenented. The
conputi ng environnent (1500) is not intended to
suggest any limtation as to Scope 15 of use or

cot-ﬁ%nCt ' alukﬁi%}- %gmg n,gl‘h' gy mlté%ﬂ? ;g?f g?%fe)?“gsgﬁ’ (P e the pseudo-code

tablesiahe bymax pleswern rdeﬁomg &rdﬁiahgosdalmlemas i ng

%@m ,qghpra(:ti% g&&eﬁmi@ﬂsg :]5 %35 gm the

e oKy UARE: n i a
blﬁ%%@%?lsgﬂﬁ'fgit?ﬂa%gl cérg%la?g%d:%ur ation (15%%%{ |1§ Bles

denaiss. ah@aoclwg I9if QB setss Maich isislsfingdh in thedaleles Spgyvn in Figures 4-6.
( 15 B9k PRY Pl sEitRGsa8 sEnd Bﬁﬁlh/’tﬁé i RASQRBithe

e a rea? or a Vvi rtual processor.
denueql R rvectes Stany veithin ¢ QRLsati dlhe tgblos buEigupesul2-14 define the

/i SRR B a BRESHER Pyt 1 Thb S S P EfRaine o

Qhisriabeled, €KX _QIJABITZER | INDEB( » %Nhnable Nengthabile ¢s used to

SO, Gt on it SYOPALIS SR indieating Mener Y06 péid ¢r gt If

noi Ol fikedlieith dodelof Mgt Bein livedamer | bed di gl tal
nedi a_encodi rlg/ decodi ng Wi th Tlexibl'e quanti zati on

ceilfleoBr(¥gsQU. NTIZER(Son*ﬁ)J is sgt indidating tesspasifjc R4 different
ot Lekd . OTRIs Jll‘f)%g%? n eff cﬁ%}ﬁ E?Jhﬁg otfge‘d‘éf t%u%gtl%e}twn rule

envi r oniment or ,
(Qiot @) withuas low\asces 0peraaddblocke leenﬁﬁ’(é( SQQUANTIZERS is 1,

XX TR DGR Snbell e SRR Dl Reed pents
sigiuder)) such as a bus, controller, or network

I nterconnects the conponents of the conputi ng
envi& onmdiEtensign®) . Typical |y, operat i ng system

sof MR #bove UesEiRIB ofthe Heddie ﬁar@&ﬁﬁ@ﬁ hd“ﬂne%ﬁifd fodegrent
for other software executin he conput’i ng

impiementatienin g representativg qmegﬁu amdtcbgoam and smtex oHomyewer, the
prERIREEBF s Rinhisfie STRUbES 0 b AN picits Bompietiion
systeois ahelsformgtsetsiwellli Easinstancg) dhe repr@smatws encedarideceder has

CD- RWs . [DVDs, t her, . h
oL UFER frepBERBLT TS BT R bam At HiER Peshl bt crdoBEdngrally,
alwml ah4ive itﬂtjﬁemamﬁbitmqf th@‘ﬂekihwﬁﬁ?nht(zhﬁﬁﬂban be exeeté;ggwea
S res 1 nstruc ons r e sOoJtiware

tﬂ(aﬂﬁi}t&)w’ﬁf AopeRt 00%9615‘%%%0%?*59‘%%0%8 andg LR c
alﬁﬁf&%%ﬁﬁ%%ﬁﬁz&%&ﬂﬂﬂl&ﬁé&hﬁoﬂ%ﬁ fuh@ antlzer at ﬂncr

t echni ques. he input device(s) be

SPPB@kﬁT«W‘HBGfY’ Guch ae bx sensliag quantization mfleXrﬁsm elfomﬁuorbat the
d
R A Al Tt

D-—(D

ano rovid
prmwples)nﬁ&ﬂﬂe{x‘iﬁl@@uanﬁzatlomtdwlwqudwe|pm|smbledmthmetbs)same
f 1550) may be a sound card or simlar device that

audio input in 15 analog or digital formfrom

a m crophone or nmcrophone array, or a CD ROM reader

that provides audio sanples to the conputing

envi ronnment. The output device(s) (1560) may be a

di splay, printer, speaker, CD-witer, or another

devi ce that provides output fromthe computing

envi ronment (1500). 16
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The communi cati on connection(s) (1570) enable

communi cation over a 20 comuni cation nmediumto

anot her conputing entity. The comruni cation nmedi um
conveys information such as conputer-execut abl e

i nstructions, conpressed audi o or video information,
or other data in a nodul ated data signal. A nodul ated
data signal is a signal that has one or nore of its
characteristics set or changed in such a manner as to

encode information in the signal. By way of exanple,
and-not ComputingERyEonmentni cati on medi a i ncl ude

Wi rpgk éHox)é’Lde%Eﬁﬁt?d f,ﬁeeﬁu%&%muqa&eﬁ He&tb1¥iqubn@¥htion can be

el ectrical, optica I nfrared, acousti c or ot her
realized pany of a VarIWeofc;bgﬁalum@ctia anepding and/or decoding systems,

[ h I
nc QLSS 0 Dmplsl oSl G OUASL 43k Ao, fpotuing
seream) timldtomflaptoppharmlhekb attaly Idegltala diedia féo«mietseand plagledst image
%ﬁa are an aj |l abl e nedia that can ge accessed 30
an‘ﬁ P FaRfurs, ‘{}?‘F UShTT FURTFaSSCARPISH - HC a@zaﬁwﬁatm%d

equipineht (FLéRhd wlbpnwnb@ rhaﬁle proRY doAGereitihf @qawent, etc.);
(11500), .conput er-readabl e nedi a i ncl ude nenDr{ (15 20)L

displayy piyating cuother prsseriation devisesand ste. akke BerbleAnangaation
techhiqBeycd bd J?xgjﬂéﬂﬁ-}’lfed in hfa]rd\;vm% cHRafEy, B Birtlndird 8bntiEiftha

encodi ng/ decodi ng w't exl bl'e qudnti zati on )
d!gutebmdxqmgcmw hardwareh s wellasiib edmimmni¢asiogevedivedre executing

wi 4 Sﬁﬁg{er g? gﬁ} 4 Shim gﬁ&? ﬁgnteﬁp 'ldc?rfrgeﬂt %Scrhuacst §h80&§1 ?ﬁﬁgnreal%

osé | n - progra el ng ‘execu
conBigurents divstrates regeneralizad eaamgple afeeéultabla/cdmpming

el o1 Sqaia ineh scBloaeabodtnyu ey 4 Hipmented. The

coripiiRe@ilifonnikat 11 S00)US hof Mtended €o slighbt 88/ fiMitation as to scope
parti cul ar tasks or, inplenent particul ar abstract dat a

of wsp prdunqtignatity, ef ﬂ@riavmtgpn@ﬁs thecprpyesy inenHen massbeay be
im R RAn fiverk, pinchl WERBec of RREALBIRELORDuARE, |

envirgamends. i ons for program nodul es may be execut ed

W st AR 1 gt £ RS AP A SN S Ao o

leastsm® precerssnigl et ClcSelO)amﬂ nepiory (ESEMaie F iguradJSLJﬂns inoanblasic

consiRean 30 R orEat e dcetiERe, e piirSratg it (1510)

exethfdsicagipubdisexicelitabReinstriétiths RAH ity Bela boal dr aGiRUAgirocessor.
and shoul d not be confuysed with acts perforned b

Tn Hk PEQRSSEINE FHEoR, PPl RERSEing ouss e et computer-

ex&%fdbféﬁ@&dbﬁ&stt@ ihfiease ﬁ@&%ln‘g%d(v&e ASRGh S oBR( 1520? may be
b enment at 1 on. I'n view of the many possible
vo g&m

cmm X 4 orﬁﬂﬁt@m canhepRAM), popsvoldtilomenory (e.g., ROM,

EEpROVE, B BRocht. 205! bl Sk e A ool AL E8fhory

as Iray comne scope an

(1520) stotescoftwere { msmmﬂpgemémhlgﬂha desceilied \digieal traedia
enéolgi%{g%gdoding 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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W claim 1. A nmethod of coding/decoding digital

nmedi a, conprising: partitioning the digital nedia

al ong nore than one di nensi on; varyi ng

quanti zation applied to blocks of the digital nedia

across nore than 5one partitioned di nension of the

digital nedia; and encodi ng/ decodi ng the quanti zed

bl ocks of the digital nedia. 2. The nethod of claim1l

wherein said varying quantization includes varying

quanti zation across a spatial dinmension. 3. The.
conteollerdonhetolonk intércnhreats thesmintponantsiafghe compiting epvironment

' I es rvi ng..10quanti zati on. across f requenc .
3Pt RS, pdidhiae it OBy aRR S5 Ergh R 3P Phorating
envVidbiyrn Sk ﬂﬁ»uaﬂieir zeftvare d}r)lr?@hﬁﬁ@ﬁl oéﬁrcfwhq?tingajr_w\i:ﬁﬁﬁiegﬂ(ISOO),

Cross channel s. e netno Clalm ereln
ang &PB’%‘PPJ%%‘P%"%‘?%"‘S‘BF SPmPREsRTe of the ompyting gnvirpgmgnt (1500).

cl aiie ktorhgs €1520F tay BeAveriovabRUR HonZdhicvable) ahd fRtudes
var%/_l ggs 15quanti zation across nore than one o

f
magngtic diskss maguatiecippes or esritea [DCREM% (CIRWiss PYH2s, or any
oter detfudBWARH 8h vehakdtd t%&a?ﬁh%\ﬁ%ﬂigﬁ g:an be accessed

quanti zation conprises: for one partitioned di nension,
witliih dloe corgputineg Erevirdnment £h500)e Thiegtdrage (EdiO) staresinstruetions

fof eisaftiare 61 SH0) TrBitmiening J6° ofebiy di il midtts on
entodihgfdetyding evidcflexibleqeinkiestidmteqhisighesce di gital nedia

Hen ; L : :
|u2i f Sﬁflg\?td g:ret(sl)t(llg?gO)oma}t’ g aFt)gLrléhl Ltnlp&tn gvigé gth S’al.soankeyboard,

mouse, pen, or trackball, a voice input device, a scanning device, or another device

that provides input to the computing environment (1500). For audio, the input
device(s) (1550) may be a sound card or similar device that accepts audio input in
analog or digital form from a microphone or microphone array, or a CD-ROM
reader that provides audio samples to the computing environment. The output
device(s) (1560) may be a display, printer, speaker, CD-writer, or another device
that provides output from the computing environment (1500).

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
limitation, communication media include 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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if selected not to quantize the second partition

uni formy, independently 25quantizing the digital

nmedi a across the dinension. 8. The nmethod of claim?7

wherein said first partition is a frame, said second

partition is a tile, and said independently quanti zi ng

conprises independently quantizing bl ocks of the

digital nmedia within macrobl ocks with different

quanti zers. 9. The nmethod of claim7 wherein said

first partition is a DC frequency sub-band, 30said
copiting epairohmienh(§590), domputersrsadatde media/insluslepaemonnti$20),

s STk A 8 SRR 58 o R BRI

| owhesdeséribel digital mebialemcdding/decodigh -witts Sexibéngeantization
SRS e e 6 1 A v O Sl e
inStRicRidhE HHeR a6 ladsedhcluded th SrReRM mvdulds] béiagiexeéuted in a

| um nance channel, and said Independently quanti zing
COEHTHHIE SBY IroRmMEE AR @ripregt wahet YiFuahpiocesps Generadly, program
g} )i Yo, BUAREE Il Lgithens,

stiigtpes, sta ghatipenformdeauticwlaniatks epuimplémentpartienlay gistract data
di ¢ . . CEyi .

iy D e aRuF o3 AERD P RS B B BoBipallr aplt berween
probant t.sm’dglaﬁ%mf tﬁﬁ@g@ qd?ﬂ R t ! t
.to a 0 a bloc e digita afro e set.
ingipoilons cyy’?rgmograrﬁ@a?caﬁﬁ Peybe P%@C‘{ﬁ%ﬂ/%‘g}’b% FHPPFQY H'g?rf'baned
coMBsRing drRirofihfent.ng digital media data; and a

digital nedia processor progranmed to encode and/ or

decdtns the,sakei ofi nrasenationa thedesailag deseniptionyuses tomslies

.q : s © LGN a y: ol O I : :
defRHAE PBAIcHerD eflsy SRR Yily S1d HARALE CBfiedd Bfiions in »
contmetinigaenivironmetit.gThede temmid are tighadevel abstractions for operations

P BB e B S TR oy

human being. The actual computer operations corresponding to these terms vary

depending on implementation.
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 spirit of the following claims and equivalents thereto.
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13. The device of claim 12 wherein the dinmensions

i nclude at least two of spatial, frequency and col or

channel . 14. At |least one programstoring carrier

havi ng program code stored thereon for 20causing a

di ital nmedia processing device to performa nethod of
¢adning digital nmedia data according to a codec,

t e net folysss i . ‘o nati ons
? quan‘?%gegt;l on dr?gg%gietc%dl%d%%ﬁgﬁ to trﬁ-g“% gital
medi a qmmnmang/thaghgtaﬂ n&:ﬂiambmrg mhb@erthaneneodimepsion;al |,
frequen% Sub-band .and col or

25appl yYARYNE SBRTERLST SRR aplo nfﬁé%&l@ﬂ?&flﬁ%@a?rass more than

d@h@partitioned dlﬁiéﬁﬁBﬁ 6f g didifal Hle@ial Al medi a data
according to the sel ected conbi nati ons of qguanti zati on

nmodes; nedding/decodingibe duantized blaghsiof the digit@] gedial medi a

dtai a compre ed data stre i ng.the .
| aot OB BRBPAAT TaI | YA MO T BB REL Rk RS varying

Cqm’(&&ﬁ&fja&%aﬁs%aﬁilrd‘ﬁﬁ&\smnl5 The at |east one

programstoring carrier of claim 14 wherein the

qdant i zEhe methad abelain diwhermie sgid vasying quagtizpiiontincudas yarying
a S .k t onprise a node for
uﬁp?@%@%ﬁ%ﬁ Sl%zgféqélgh‘gp&lﬁlegggﬁrengfl fhe digital nedia

dat a, arwmosiethbobf Hlainh @ WhegiiRBdid Zatyinpquahtizationligclodestviagying
digital nedia data, and a node for independently
qaB#tizationacEesIchARStobl ock of the digital nedia data.

19: 1he Bl mE@8l oPOGP] WHAIH SLALhRACEANS btk Ganfilid! ™

wher el n e quanti zation es aval
Varyi nngq:uaelhod af ¢claim dovhessn sdie vryerpprotizaiob-ifdudes varying

di mensi on conpri se a node for |form nt| a
DL AP B ek £§indiis 06 vl Greap iy ot rbead ek gner
dalrRensfbngode for partially uniformy quantizing across
the frequency sub- bands of the digital nedia data,
and a rfﬂteemetbpd phclaime haehetdity sajd aatying qu@ntizasion compaipesy
sub- ban d (ige di |taI medi a data. 1017. The at | east
0 oero&eé)a lélr?}n lln?eﬁlé Barrier of claim 16 wherein the

nmode f Oflecting whether to quantize digital media in a first partition of the partitioned

dimension uniformly;

if selected not to quantize the first partition uniformly, 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 independently
quantizing comprises independently quantizing blocks of the digital media within the

low-pass frequency sub-band or a high-pass frequency sub-band with different
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partially uniformy quantizing across the frequency
sub- bands conpri ses one frequency sub-band using a
qguanti zer of another frequency sub-band. 18. The at
| east one programstoring carrier of claim 14 wherein
t he quantization nodes avail able for varying
qtﬂ&ﬁmtizfﬁu on across the col or channel dinension

cgﬁg:l SE%%%S g 0?8{4{8 7 &’H{H% @dqlg'ﬂg)abtﬁfoy 1991031%319?1%0% Iaﬁannel
pahidisatdnyd paﬁitfdmrlﬁ‘ayurqmamd chiafiie] ahidaaR 1h&@emém1|y quantlzlng
channels of the digital nedia data, an

i ﬁ@%@?ﬁéﬁ@qgﬁnmﬁugp%ﬂg bleckspighe glggﬁlﬁgpcga @pthpht@e channels
di g &ikfeféﬁgll;@anﬂ%r@ 19. The at |east one

programstoring carrier of claim 14 wherein the nethod
20 1f ur t Tlee metbmilolf skim 7vheheraompeisingowhea mhpbndemdy qoéntizing the
nmedi a var

t he di atalnadrren3|on
ekt fso achos e Gitafyamisaechita s 3PLAdRIETS pe g qyeilable t

a b Wb actbsd Md &iflen8¥n, M SHdRth éf 4 ABidet? (REduantizéd 1o Apply to a
| east one programstoring carri havi ng program code

s thbaroksodf threedtigitad m@haﬁamsthmgeta digital nedia processing

deyi ce to,.perform a nethod aof ocessing digital
23feal auBEH ROt PSS daee BUBBTRR "Rt noc

Conpri si RInfeE RFIstt %%@{H})hﬁgﬁqﬁtﬁ@h@ stream encoded
accor di ngtgto the nethod of claim14. 21. A nethod of

decodi nydigitgh media prmg%ssou prograneioecbiol esicnds andéaralegedegthe digital

ARG FAF Py b ELobRRBL AGK S ebFhEOTRA aBingagypstorm to

dibfickeabf theriigitaBAetdiaalatd, bed apayibg g8antersitotiésblocks of digital media
i ndi cati ng whet her quanti zati on paraneters used during

d&giRanheizin the QUantizers\ire salertivaly \aFiablg peross mgresthan pag dimension of

d'tﬁ%atﬁﬂn edla fiigauency sub-band di nension, or a color
chann I mensi on; dequanti zi ng t he

cdfpr esTeldaliia dfallalinm@gsehejahahe dinsensiongmohude ut Iehstitie of spatial,
det er m ned guant on rul es; appl yi ng an
i AFArEEYnd g0 nf' ansformto bl ocks of the

dqquant Az RdstHndipkdrarh MBI atfer h@Rflg 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:

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
channel 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

signaling the selected combinations of quantization modes in the compressed
data stream.
15. The at least one program-storing carrier of claim 14 wherein the quantization

modes available for varying quantization across the spatial dimension comprise a
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5out putting deconpressed digital inmge data. 22.The
nmet hod of claim 21 wherein said determ ning

qguanti zation rul es conprises, -for one dinension of
the spatial dinension, the frequency sub-band

di mensi on, or the col or channel di mensi on

s aasledoreniformqyantizagion e§ & Siatme of the @g%llmq%@%a deingds for
iff) eg?‘ﬁé&btﬁ(% ° aotg etop the gﬂaﬁrﬁ%ﬁi &téj rdh(fl Qg for 1ndependently

quant i partiti
uquﬁmrzrﬂgyeaclsaiaeﬂﬂaﬂm oﬂﬂﬁdignaltmecﬁwdmant [ ze di gi tal

d tit f
ulBF or 8 atghst one BroBamps1QuR E4FBE Gf a1 4 UeTa g guantization
t Rdes MﬁbEEfB{T{/atrgfﬁg_qtﬂ%?tszﬁGﬁ YorodstHE ﬁ‘é‘g@%@? kib-band dimension
igita 0SS

dequanti zing t I mage data ac
dicomps scommod® &8 unifermguémoittatén adressnhezﬁequwcyesub sanidd of the
flrst artition is fra sal d second partition.is a

¢ Al Engeha g o oAby R AUAB AR 2o hE fsquéncy sub-
' @M%Mlgﬁalqﬁéﬂiﬁﬂith Zind% rﬁbd};cﬂé&lﬂfepéﬁi‘l@mqjy hdn@ikinkTROe

data wi thi n macrobl ocks with i ndependently speC| f| ed
q@@qwnzmssb-bam Olelrﬁedlgmlhmﬂliodat&l ai m 22 wherein sal d

s a DC frequenc d
s dona Tl 411oRCote e g SR i POt oo
S phidiallp dﬁﬂ@tﬁiﬂ? hhﬂtl itHd ﬁ*@w@ﬁf@mbslﬁﬁlds comprises one
i ndependent |y equant|2|ng bl ocks of the d|g|tal i mage

d &reguericy shlrbantbusinga aeansizer o gneter/requsnewsib-eandg

hi,gh-p i e .
CUEE, PR LS SASoBB A b BRI SR e quanivaion
wherdes avaslable for vayinpgoantizaton acos thécalot ¢tannd difemsi@ comprise

2 I h I

Sgln§04 %asecto%@ﬁ{nd q%&ttl%pélel i ggﬁﬁ%ﬁlﬁgg&%q%gggof eﬁ'?nc‘ieigi’tala}rll’]eddia data, a
'%ﬁﬁ@?&d;ﬁd?ﬁzh Sff finbhookshet Bislofthel JIBEA med;
data wthin %Slhe cﬁlﬁﬁﬁn@fdhﬂ n? |E%epe(r)1%ent% sspec}f d.{%%qme @
qdatat anxler mode 26 indEpendentl quanizing) the nold2cHanntlb of the digital media
caﬁn{pri si ng when i ndependently dequantizing the digital

' e data across the dinension, specifying a set of

dip6f er erde Ayt d)rkgf@gxﬁﬁxaé{&hﬁga&{rﬁeﬂﬁ PEmARPVh&6inake Aethod

t he di nensi on, i ndexi ng a choi ce of the quantizer

t éurtheprgmprises, Whesckmetle fara partifianzf therdigisalamedia flate i a Hisnension

S§d 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.
21. A method of decoding digital image data, comprising:

receiving compressed digital image data;

determining quantization rules from signals in the compressed digital image
data, the quantization rules indicating whether quantization parameters used during
dequantization vary within two or more of a spatial dimension, a frequency sub-band

dimension, or a color channel dimension;
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27. The nethod of claim 21, wherein said determning
quanti zation rules conprises determ ning whether to
speci fy DC quanti zation paraneters (a) unifornmy for a
frame of the digital inmge data, or (b) on a
tile-by-tile basis within the frame t he digital
i mage ddpayantizing thg pampESS G epag%é’%m AF TRy i the

d@h%ﬁfﬁn@ﬂqgarmimliﬁﬂ)ésl on rules further 5conprises:
i f the DC quantization paraneters are to be specified

uni f or ndpplyfing an tyefse afie bisick ttassfdimita blocknefghe dequantized digital
det er rr% nl_ng whet her to specify DC quanti zati on
ey & fla) uniformy for a |um nance channel and

al | Chf&ﬁplﬂﬁﬂ ﬁedbﬂﬁii‘ébﬁécﬁdlfgﬁﬁllhﬁgeﬁitane (b) separately
between (1) the |um nance channel and (ii) all

cRPoni thfc@e@h;d ahelaim £ wherein gaid d@tﬂrﬁmn}ﬂg quantization rules
ORI o Y R D

qdanérsiont bﬂmel@ﬁroﬁﬁmrﬂbﬁdlﬁfeﬁ&bﬁ) be speci f| ed on a
tile-by-tile basis, for a selected tile determ ni.n

whet herselestisgshpther tocleguanize digitabimagsdatadn @ srst(p.%ftltlon of the
ui£&; .l'um nance channel and all chrom nance
clé‘iannesrgny g@hp & selected til e; 15(b) separately

bet weenif ¢lgctednotitadequantee the dirstepartitivn L(niiﬂo)mkyL kelecting whether to

rom nance. channel s for the sel ecte e, or (c
i HB‘&B@H&% igit3l 1mgge fiafa 1 g seoRad partitiga g t:he Jéwan%%{bﬁn %ﬂmﬂy; and
t he chrip gél@&é@ﬁotqs ﬁ@cgﬁalnﬁzé el sEJ&d?ﬂtﬁﬁhﬁﬁlﬁ)ﬁh@ indéfendently

The nmethod of claim wherein said determ ni ng
qdequantizing tre digitalsmhage ddte acrosstpe digeensiorOi f the DC

187"t nel e BREBE PP TRGT 47 s tin g et Battion det HmerieHLecond

Wogtkifieh i§ PtikPafd sfaYd intde Dé%ﬁﬁéﬂtl}zcﬁqhﬂrﬁlzﬂﬁg amtrﬁwmfd@fknabﬁly

frame (a) using uant’i zati on paraneters for the
f deqrantizipy blmks @f ﬁhwhgltal imageglatanuithia nedesohiedks avith inf¢pendently

CQ}%C% fggdncﬁﬂﬁg%eggannel s for the frame; (c) separately

€ |l um nance channel and (ii) all
c Raonm rRceethbaonelbin 22 whetkin $4d fieke pamitientd y DOrequbscy sub-

c Eg‘”ﬂ gil;.]lc esecg)g %ﬁﬁltlo‘ﬁr}g a ?o%g t;1)as(?%ffretqtllgnc%rhsrug rgagg na(r:ld said independently
dequantizing comprises independently dequantizing blocks of the digital image data
within the low-pass frequency sub-band or a high-pass frequency sub-band with
iﬁdependently specified quantizers.

25. The method of claim 22 wherein said first partition is a chrominance channel,
said second partition is a luminance channel, and said independently dequantizing
comprises independently dequantizing blocks of the digital image data within the
channels with independently specified quantizers.

26. The method of claim 22 further comprising when independently dequantizing
the digital image data across the dimension, specifying a set of different quantizers
available to be applied across the dimension, and indexing a choice of the quantizer to

apply to a block of the digital image data from the set.

217. The method of claim 21, wherein said determining quantization rules
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if the DC quantization paraneters are to be specified

on a file-by-file basis, for a selected tile,

determi ning whether to specify LP quantization

paraneters for the selected tile (a) using the DC

quanti zation paraneters for the selected tile; (b
uspmprisasylefepmining whetherospecifyiPEIquaniizatiph pameiery @ saiformly

E&Iﬁnﬁ%ﬁc gp {?g déﬁté'lé‘ ir{llé?ge c&)g;) E)g’ 8? R %{tﬁé % )élrlng ﬁ&as\fn\@\gﬁhlql'tﬁe frame of

clﬂagrmgllt;g,lmgge d4da. i ndependently for the |um nance

channel and each of the chrom nance channel s.

di8i t aI Thesgethos phelain ﬁﬁgwbﬁéelnealde@fﬁmrgn&@uant@t&n Iﬁb’s further

di.@hba )uw media data in a nenory; and encodi ng

and/ decodi ng the digital nedia data by a digital

medl a puf dtedBG Quartizadpp pyramgtetsoarags be specifiedaniformly for the frame

rat of aplylngatra Lormto,tibl ks of the

g 181 HP%% E:X et&ﬂaméftﬂpW{}]‘?t & te SBeFihy A Q“%‘B‘ZF‘H%“ parameters

bkg%&oﬁmy%ﬂa hﬁﬁmm'cﬁaﬁfa 8nd M%r@hﬁha%&@&dﬂﬂ@l@ FbaRE frame; (b)

are selectively variable in nore than one di nension of

t h@adatg}ytbatwerm di) shallwmanancg ﬁ:hanﬁhbande(ulh oldl cluformghamicencBnels for the
erein nS| 0 cl ude at t 0 .
BRI P (o) FbaEs ERE e omitgs hhannet sngls88, 8L e chypminance

f@na@egq@,s&bw g,l,d al nedia data according to a

codec, the system 10conpri si ng: neans for

sel ect iif Qledéémlmtmabm puRmgigesare tabe specitisd @8 atdeby-tile basis, for

d. h
BRukSiPg ke, ARG et o St e b 2RI B GheeR ),
0 uaifdinA @ foranluihdiics ch@mel drfdcdll diémbdinée éﬂ@ﬂﬁdl@for the selected tile;
di mension, a freq uencx ub- band di nensi on, or

ol 0
c FRrARaratg ket eca i) the anaeshansiehpyd Gy al OBrQsewaance channels for
t

cERleBteie ok 06 flpeh dnu TREH e AhBance, channeTBRT Fach ¥ the

seheatiethce omhmahtfomhs selectadidlet | zat i on nodes;

29. The method of claim 28, wherein said determining quantization rules further
comprises:

if the DC quantization parameters are to be specified uniformly for the frame
of the digital image data, determining whether to specify LP quantization parameters
for the frame (a) using the DC quantization parameters for the frame; (b) uniformly for
a luminance channel and all chrominance channels for the frame; (c) separately
between (i) the luminance channel and (ii) all chrominance channels; or (d)
independently for the luminance channel and each of the chrominance channels, and

if the DC quantization parameters are to be specified on a tile-by-tile basis, for
a selected tile, determining whether to specify LP quantization parameters for the
selected tile (a) using the DC quantization parameters for the selected tile; (b)
uniformly for a luminance channel and all chrominance channels for the tile; (c)
separately between (i) the luminance channel and (ii) all chrominance channels; or (d)
independently for the luminance channel and each of the chrominance channels.

30. A digital media processing method comprising:
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means for encoding the quantized digital nedia data in
a conpressed data stream and 20neans for signaling
the sel ected conbi nati ons of quantization nodes in the
conpressed data stream 33. The system of claim 32
wher ei n t he auantl zation nodes avail able for the

spat i al StenpgAEhmediadatada ameRqd: 9y uni f or m

quanti z f i

E b R —
mbdlapplgtatgefpr\wd oairdsrse dpefations ofchppbm@mtrhgsfmmamthlaahs of the

< Pigtaleriaci mbapninias b G eoae dieibneda dats, wherein
ayr (itémlferi e sEf%@tl\fe‘Ha OMEREYinSHEe RRRb I FBBS S of theh digital media

conprise a node for uniform quantization across
f delguency sub-bands of the di gital nedia data, a node

f part.i al | for uant j,zi across

f?'équent@e lgﬁ%’ ggh n}é‘ Sred‘? dj‘%e‘}ﬁé%ﬂsén‘i}g?e at least,two of spatial,
mﬁfé@uéﬂé&aﬁ@'cﬂl@ﬁ@lﬁﬁﬂ@ln“y quanti zi ng the frequency

sub-bands of the digital nedia data. 35. The system

of32c| ai ns3sfemfer propessing digitabmedia dataraccending torfi gedyithe system
% gg across the frequency sub-bands conpri ses

one reqoency sub-band using a quantizer of another

f r equengyarsfor f2idtting cAbindtiénsof Huantizafion hivdes Be applied to the

wherein the quanti zati on nodes avail able for the cal or

c Héﬁ‘r‘i%lne@'iaﬁ’éﬁs thequaptizstion godes,imgiding quantizagiommodes that apply
CUHIEGRILAS e G Sk AU R, S104aly b
abamddintens obom acrolaithamed! dinodnsione di gi tal nedi a dat a,

and a node for i nde tl uanti zi n he col o
channel RS fprapply! E;gf‘ gFOCEé’&}/‘%ng%f% he détaﬁ W@lf’s‘{?ﬁ em of
claim %%e%ﬁ%ﬁ%dﬁnﬁﬁﬁ %ésdlgle frﬁhrdﬁzh&efta s&mmg f5the W6fed

mode for a partition of digital nedia data in a
dicomhimiatens of quantizabibe modesins for defining a set of

quant | 27RO BB BRF e g el it cmpregged data

f efredii;a@@ssi Ng digital media data according to a
codec, the system conpri Si nmeans for decodi ng
conpr es@eans da senaling she S@k@s%é@rr&ve%m ﬁ@qltaatlw@nmd%w the
0 nmet hod of processing digital nedia
dg?lglb%%:gc;ggr fansg fuo% a codec, the nethod

33. The system of claim 32 wherein the quantization modes available for the

spatial dimension comprise a mode for uniform quantization per frame of the digital
media data, a mode for uniform quantization per tile of the digital media data, and a
mode for independently quantizing each macroblock of the digital media data.

34. The system of claim 32 wherein the quantization modes available for 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.

35. The system of claim 34 wherein the mode for partially uniformly quantizing

across the frequency sub-bands comprises one frequency sub-band using a quantizer of
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conprising: 15sel ecting conbi nati ons of quanti zation
nodes to be applied to the digital nedia data, the
guanti zati on nodes including quanti zati on nodes that
apply vari abl e quantization within nore than one of a
atial dinmension, a frequency sub-band di nension, or
@&%freﬂFPé\‘iMéPb B#Bfnsi on appl yi ng a bl ock transform

5, t he 1ok i &éh oFBdiA 3§%J1éﬁe13 %L&@g{mézgheﬂ nid8s SV FabiRfor the color

nmedi a data according to the sel conbi nat 1 ons of
qdmnnel zlanertsmrtmni@nse a madledodumi fprinhpiagiization zxelwssjthg |CDh)Ir

d t { d
FSengat o Pe gtk GHRTRREnS moKe Garant I Rl R TR fross the
CIRY pamids sfahé dilithBABdia 42d CanthembBd P thde erﬁeﬁtlﬁhﬁﬁltlzmg the

wherein the quantlzation nodes available for
sysderi channtilnefithe digitebmpdin dataa node for uni form

e 1 arenerh e iR st ey MhaRBoel Sy yifp mode

ol b pasieion of eHecigitdrBetaid dita innd@RRASieNtd varigbiRNinkZisTgr defining a
each_macrobl ock of the digital nedia data. 41.The

rist Ay adrble uANHZE ad spesifyingrecuseah e yaREESTdY iRderarg from the set.
i | a% fysfeﬂ{f 'ilﬂfoggggrgﬁe@gﬁﬂ%ed%’ il Qc?%rcﬂh ac‘&&ﬁc the system

conpri se-“a no rmquanti za 0SS the

f sopaprimpymedns forededsdiag atcbmpﬁhs@dtchka srtmdmaendadlcal, acaondingeo the
for %:I al | uni formy quantizing across the

fINgg B@H oy g2 bands of the digital nedia data, and a

mde T o meinpd %PE ek gl c}lgi?aq%édﬁ dHa L&grcfu‘j[%ﬂ)%&)ﬂc the %nethod

sub- bands of th nmedi a data. 42 e net hod
cdoamprisig: V\/nerel n the node for partially uniformy

T S e SR RPN Rl R
fredy anaythe qtiat’ﬁﬁﬁﬁion modes including quantization modes that apply variable
quantization within more than one of a spatial dimension, a frequency sub-band
dimension, or a color channel dimension

applying a block transform to the digital media data;

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

encoding the quantized digital media data in a compressed data stream; and

signaling the selected combinations of quantization modes in the compressed
data stream.
40. The method of claim 39 wherein the quantization modes available for the
spatial dimension comprise a mode for uniform quantization per frame of the digital
media data, a mode for uniform quantization per tile of the digital media data, and a
mode for independently quantizing each macroblock of the digital media data.
4]. The method of claim 39 wherein the quantization modes available for 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
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543. The nethod of claim 39 wherein the quantization

nodes avail able for the col or channel dinension

conprise a node for uniform quantization across the

col or channels of the digital nedia data, a node for
partially uniform uanti zi ng acyross, the col oy
andegadestiyaupnizing éﬁ drenucrssy isgb-aaqdé,o%é%dlgltﬁaaféﬁ% data.
gpdepeqy 204irh 4 Whekdif 1fehOde o0 BRGNS uftiforl§ quantizi

di gi ta)Fr ﬁef}%l{hgdg)gt a. 1644.61%1etnetﬁoed&o?&2]l a?% 3% ¥ quantizing
whesgihe frdgeemmptsubdands ¢angpriseoomr frgpenc yubrband msisg afquantizer of

a rtition of .the digital nmedia data in a dinension
ia§8®5ﬁrﬁ%1e8?y HFPafdng a set of available quantizers

a3d SPERE Méthdd of clakth 3O Rihetdia fel GhtiRiioh MetRb BeaifabRTor the
the set. 45. A nethod of processing digital nedia data

sotoschanngl dimeasion gewprischemede frsdindorm quanitizgtiereacsessiibe eplor
%ﬁ%{g@ﬁscgfﬁﬁg %%hgl rﬁé ig ﬁé?a,e A r%%gg For%%ﬁ%ﬁlgliurﬂ%o}n%ytﬁgnt%ﬁ?gc%ss the
color channels of the digital media data, and a mode for independently quantizing the
color channels of the digital media data.

44, The method of claim 39 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.

45. 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 39.
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