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ADAPTI VE CODI NG AND DECODI NG OF W DE- RANGE
COEFFI CI ENTS Copyri ght Authorization A portion of the

walk@cloosws e of this patent docunent contai ns nMBRCEUSENG/030566

that is subject to copyright protection. The copyri ght
owner has no objection to the facsimle reproduction

by aADAPTIVE GOPINGANDDECODING OF WIPREIRANGE
di scl osure, as it appears in the Patent and Tradenark

Ofice patent file or COEFHICIENTSot herwi se reserves

ht s what soever. Background Bl ock
%Mé,ﬁ&r‘%‘?@%’@ah&di ng Transformcoding is a
conpressiien of e Mikausr e ethid { PutdiR @Xcﬁﬂ%t%ntamﬁaéﬂgl that is
vi deo conpressi on systens. conpressed digital 1 nmage

suhjbct/iodmpyrighttprptectidn. y Thegopasight @dtmrhas ap tobjeedomso the

BF PG G et Ron Y P Ao bE ARgELIeEnf SRR Briapure,
dsdPlppRirlsGn tﬁ@"l”acteﬂtsanﬁeffr%eﬁﬁﬂkmﬁ@@ @ceﬁtﬁﬁ% 'oﬂrec@‘f’&abﬁt

represent ation of the inmage or vi tieo. For exanpl e,

Qtwrmmreﬂewvmll ¢apryrightigglgs shasostes. of a stream of

4-bi t | or picture elenment sanples arranged as a
Gkgrowd h sanple is a nunber representing col or

conpqﬁg‘ggfrﬂsf@rlﬂm%bdlméon inthe grid within a

col or space, such as R@EB Yl Q anong others.
Var i d‘mwsufqrarg@chm@hsw ci:enprsysgmetnehnw ussd iv aranyredio, image

d| ff rent color, at i and ti esol ution
Oﬁ@mpéﬁﬂqna%ys s ﬁé\ﬁompr%sa%ﬁe digrtal ipgage 2 wleo is
t&@%l%ﬁl%@{fe%gnt%§ ok bﬁi?cm%ﬁrﬁﬁ s8dlpRY 6 Bichilrd BRIncRls GBlorEaf

anpl e, a typical audio format consists of a stream
loéatfbﬁs i an Bnggel drvuldeosfaarpe elsartg‘edamaa\umd]msnsgqmw (2K gnd.

t. re Iar time rval s. Unconpres t al di 0,

s isaiemad o aag e tjﬁ 9P BLPESTLNR ddis Messs wdeo. For
t

ShAPAIE tf;géal ARRTLEShOR; CARAE L0 sTANSH SL B e B

e sl ze tal audio, 1nmages and vid
eﬂmetﬁfsampies grratn@dsqsaa grad. - Emhwampieelp regsienieatrépesenfing bhelor

into a enc or other |ike
ot Al SBiel lor i anidBe ARa T b ailer Shrst: SRR or
xgﬁgqueng%@hé}& Qafib& %ﬁ&% kde¥ s!y&éﬁqs Wy%@t\ﬂaﬁbﬁs different

y conponents of  the transform domain
cobyy gmeial adi tone réﬁhlmiogenésaamplmgp Soniledy, chgxbdd audisis typically

R SR FHmE O R g Pl STEbl LR AT rgEe B
fé%rgngtiq:ﬁhﬂstts e aSREAhL Y 1@%1’1@[311’(9&6 Qafmlﬁé’sdépad Eﬁldtl(p §ighdlBken at
regular time intervals.

Uncompressed digital audio, image and video signals can consume
considerable storage and transmission capacity. Transform coding reduces the size
of digital audio, images and video by transforming the spatial-domain
representation of the signal into a frequency-domain (or other like transform
domain) representation, and then reducing resolution of certain generally less
perceptible frequency components of the transform-domain representation. This

generally produces much less perceptible degradation of the digital signal
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More specifically, a typical block transform based
codec 100 shown in Figure 1 divides the unconpressed

waele@rvaleld mage' s pixels into fixed-size two di PERESNEN30566

bl ocks (X1, ... Xn), each bl ock possibly overl apping

with other blocks. A linear transform 120-121 that .

ehaepareshigtiedncing eofgepispaginbiesalption of ingages evideo Enths spatial
| ock, ich. ¢ 2 .spaced sanples within the
1OCR g‘(’)ﬁ}‘g@gﬁ@ee lrrngé%gﬁdgi/ (or transform

coef fNI6ieapbsifigaing kalpigaltdpslesaiztdrigbidee ceddccT) shotkn in

the digital signal 1n correspondi ng freguency_ bands

Bigure t &Jéflctﬂs dhaaumcemwressed diggal immnepisaizglomto fixgd-size two

I f fi1 ci egt\s et | '
b ARBERIDABE L S AR, RSBt A, 568 oo
hanghr pargiirtd C2012 bihasdeds spblt@thﬂﬂﬁéﬁcﬁ_/i aatysisak applicd to each
ot herwi se mappi ng values in a higher resol ution nunber

. hig
kleek,tvehigh penierts teeswiaged smplesaydhialtboblogk topyeta frequency (or
vari-able- | t 1. 0Lo ras . . .
Eisel Srp AR S P e A Sl By pigpat n
bdvRpsalivg freqitiicd bahds/@ret Tk Blocknesial. FOE 6obrddsibn tthe
I nal col or/spatial sanpled imge/video signal

ori
ta eqalieienfs mraychessejertively quaptized 1PA4i. ) trdrced in resolution,

01 5 00 LI i
ﬁhﬁﬁﬁiﬁ% ivalies §1 @highBeREolitibA hihberadet o lored dsolntidnd,ad also

transform domai n out ut]d%[_- Mk, M bei n% the transform.
erETapY0r Vriabletlensth ﬁ?ffﬁd igto ascoanmyrased dpiaysticaig Al decpding,

T R s T K

e RipaHS bEI0r/sFRMEEShHIb@ ihh@rKdéd dpsdl GredBnarnetaltlscks.
In other words, the matrix Ms invertible. In nmultiple

&, ne&s)ons (e.g., for inmmge and video), block
transforns are typical Iﬁbi npl enent ed as separabl e i
oper attiedrisck trimstorm #20c 1ALpad by defined @ aimathgypaticad operation on

bl y .al di ion of the data.(i. .
S SR2CCPNYulh B toRst AERRARuPls NRER Rl byl 00 i
R @F b k8 Mot SNPENE BLUT 200/ Va6 tHe tRadkfoym&eix. When the
sel ecti velg quanti zed (i.e., reduced in resolution,

spohdais isaybidrasiplong, it sessgmentediintodhsizedy eatorsangd feblock

coefficient.val ues, or ot herw se nmappin | ues in:
e FQRBhtd o SrBr £t B rPRE O YA ik
ARErsA16 BloRR iFaAfrAS ané@hiosddl. &nlogitd Woré) Hedmattixolas invertible.
conpressed data stream At decoding in the decoder 150,

heultipledisensions (regefuporge psheideo), block transforms are typically

d i zat i on/ decodi ng..16 i l,ock
SRS SRS OB Rorf FRg e A A SR
d&gtggablyaﬂoﬁﬁ‘ eXéhi dimeh&on bf (ki fe§ GO MHSIoMS Cinid RG inhies).

, the Tnverse matrix ML (inverse transform
170- 1Frs)coimpression; e teanstormmaopffisients (cogppRents of vector y) may

be selectively quantized (i.e., reduced in resolution, such as by dropping least

significant bits of the coefficient values or otherwise mapping values in a higher
resolution number set to a lower resolution), and also entropy or variable-length

coded into a compressed data stream.
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transform domai n data. Wien applied to the transform
domai n data, the inverse transformnearly reconstructs

w0 b@7o2ieé nal tinme-domain or spatial -domai n di BCT/EE2006/030566

media. In many bl ock transform based coding
appl i |.088 i f [ I rably reversible to
suppo}rz.?&égg °I1}5I§l§ey&{ac§§§rl 1§r g}heeéré&jeggen%ﬁgg%i B HERENdi ng
@lequaitizatiaentZey dutolliagtie0 anditversedlsbkawdrisZAtd P10-171) are
(generally represented as a quantization factor of I)
m’ﬁleg R8¢ decoder bfbeidetas show iyFig. | e Wehidd tsbenstuatisg tiredata,
I epr i.n a at..decodi ng. ..
B Ao AL RS dSubRRI0A0T) BiPruf Ao priior to the
aaplforaadémaia daensWhah apliddao ehirAR @M ddrALa Idafd TheURPG e
whi ch the codec can be designed. Many image and vi deo
EHRTESRGBLY regenstysts theerging timEdomaa onspatialeloktedi digital
%Og@igg others, utilize transforns based on the Discrete
sine Transform (DCT). The DCT is known to have
f avorlabhanyeslesloy atGomabidea Rodng REplidationt, HRS trh@FoHn id N
near-opti mal data conpression. |In these conpression
dpupllrgevarsible; tasEprat betl losspamy lasslegmgsingyressiomdepeading on
[ I in th.the encoder and the
BECRARIAASA Fiflor, 3988 no Ry TP el P Bietsd s ng
quadiixdtiduafactorage) fok @ﬁé&ﬁw,@&d&@ﬁtiﬁ@iﬂg RGePdrsiiHearRedi8ecan

Transform Coefficients de dynami ¢ range input data
Pxagids rapgodige ihenngut daty abdecedingn flovievan dfarequirement of

fi b€l ; dur. i h di ng.
SREPHEL T B FRRIAHEE CHRbAts beEBieR e dariperonew wiich
e oedaatoad beydesigndk NDCT oper ation have a dynami c range

greater than N tinmes the dynam c range of the original
dat a Magst imaggand viseo pempyesgioarsysteasi onh baMREG apd Féddows

S AEAR 155 Pk RS TE R o
(DI Oe ThPCTSE kedi 30 hdv'émrwgﬁﬁér§¥§%§a&%?%r§%erges that
i g a .

Lapl aci an distribution as shown in ures
resiiuinacar-apianel data egnpisssien. dinsthesenoninsessionrsysiedss, the inverse

' fficients. Fj. 3. Lapl aci
DT PTG b B RmPbll Prdin B T oter T the
deoeder o€ tR dosnprestivesistean rédo;ﬁ&%ﬁ&ﬁlg‘iﬁ&ididﬁﬁl in%a%%lHMS.
for a small anamc range of input data (typically 8
bi t s Enteapy € iagiﬂféﬁdel-ﬂﬂw Transforne Coeffiierts as

numekd.G_ vsal ues of 4and oye)., Fiqure.3 i{s therefore

repr gg@ﬁ tdgilelﬁgg 5P HE u‘élﬁ?ag? rﬁaé%E% eé’%n é‘fld?rrdé'ﬁlﬁ?%‘? fnee transform
coeffoldntd @etefatéddsited the PRICREY fRdbdihf aﬁ%fn,@%én E&Gh&tEnce, the

Further, the entropy encodi ng enployed with such
teegsioancoetigients genstaiediby e Nl RER operation Anveam tlyndmic range

S B BREh SRS RGBT RLR VAL B by
quantization factors (used to realize low-loss or lossless compression), the range of
quantized transform coefficients is also large. Statistically, these coefficients have
a Laplacian distribution as shown in Figures 2 and 3. Figure 2 shows a Laplacian
distribution for wide dynamic range coefficients. Figure 3 shows a Laplacian
distribution for typical narrow dynamic range coefficients.

Conventional transform coding is tuned for a small dynamic range of input

data (typically 8 bits), and relatively large quantizers (such as numeric values of 4
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synbol . This can be an effective nmeans to represent
runs of zeroes (which occur with high probability), as

wowrllz/oasi€apt uri ng i nter-synbol correl ati ons. ErI/ukm6/030566

ot her hand, conventional transformcoding is |ess

B0 B BSALOR A AL 5 DA L 875
avedficients mM;udh dohghetfonpl @Rikirki saditd) aIFhrﬁ{éY tﬁE BRfropPétBding
d| stribution peaks at zero),

éfFB]BXEﬁ Jueh cenventionsl diansiprn epdigs erabe Iawamelnu:ofran-level
u [ namec r strijpution.
g@sﬁ?@%&sﬁﬁe‘% sub B854 L8R b MBI &I s meRereraun

d;yemi:gﬂ h Thistoan by a0 edfetvd @eRR 6 YeseddnBiund of z&%%s fwRith bB&ur

er of zeroes between successive non-ze
WH fghd?rgh%@hfd? sy ghasycaphising; laﬁemmberWGMmdynam C
rang nmcr nge .di stri bution
al soq%%gﬁ%hé}%%?%’a%ggem %%1% sf Y & jdessguite FPpar ed
domprbssingawidewlyham@erad e Hfstrllidlhbﬁﬁsuc% thf sh&lvﬁ 1n Fi {gur

‘éﬁh Ed synmbol al phabet, the entropy table(s)
%36 eSyRkelsy 9%@% v highes pepbebilite thaaragg other value (i.e.,

t& ggg‘é&%‘gg ggﬁw\l\% ]hO) ?)%H%\glhiy Wh? coe%ﬁgmpgpﬂgg g?%pgp/ezgro is

mmmcmlreeforrﬂreezvlﬂe nlpna/m&ﬂdng’@&is@ib&ﬁoﬁ e@HhieqhéhtE} 888%s do not
glrpéem t The conventional transform coding
BBl Rk vy dngdh entrapy codingtrehmigues thatfao bisad ot the

| fﬁl%%‘ﬁaﬁ*%%@&é&@éa{y%& SN efeBr et highfnelfoien

for gideadynamiti mngedlipngdad decodi ng techni que and
real i zati, n of the technique in a digital nmedia codec

desciAfp ?1@“@?1?10 segecliggbwinmealsd hascmni ineregsndplglsbienol

d ! ansf 0 oeffi For
sahbls % o B b AR TR DS B Bnsngiepsgd
symﬁobalpbabet; thd éniﬁipyahlﬁé(sh sl 0 enEdieahe %b&s%ll%@@[ﬂ Ge

nﬁétransform coefficients in two parts:
48P nEheruiFe ARy phiherymbals Vbﬁllrﬁnédmrt@slg esThje mﬂedmvhmhds

| rou coefficien
lvaﬁglfggtco tlﬁ{g%Jr P%?e%&%/ a{fﬁ I%Orrearﬁ {yna(nél Binalso W@ﬁté’éé‘lgher
compldsitp. address is an index of the coefficient val ue
wthin a bin. Wth careful selection of the bin size,
t henSheremvertionsh drnsfora l@?dlﬁg rtlner OfOI‘Q laeks vexsasility mworklng well

[ [t r.. bu n
GRS YR UORARE i SR e wi
dgmehicirangentistribwhidrch i s better sw ted to variable
| engt h entropy codi ng. The exenpl ary codec uses

SYBHNA e | engt h entropy coding to encode the
A digital media coding and decoding technique and realization of the

technique in a digital media codec described herein achieves more effective
compression of wide dynamic range transform coefficients. For example, one
exemplary block transform-based digital media codec illustrated herein represents
wide dynamic range transform coefficients in two parts: a normalized coefficient
and bin address. The normalized coefficient relates to a grouping of coefficient
values of the wide dynamic range into bins, whereas the bin address is an index of

the coefficient value within a bin. With careful selection of the bin size, the

4
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normal i zed coefficients in a "core" of the conpressed
bitstream and fixed | ength coding to encode the bin

w@odressias a separate optional |ayer that canP@BUS2006/030566

omtted. Even with the bin address | ayer omtted, the

. i nstr -
A EoB AR R\ B KL GTLAOR- K0S hEha il
distibotiog mafre tingildr tatint of narewve tdnigs i@ fBrh RobifRfentd Wach is
simlar effect. to quantization of the transform

Befter pritsddarvariphle dength FRfvRRY @@ingni ¢ range. The codec
furt ' j . ' [ f.th '
baseqr s AERArY Eoed et SRUIEIRLR GibGy Bl SR

nenmhized estficiefts it b Eodrs” bﬁmrddn%_l‘&@bﬁl‘@édeiaﬁh{ g{ld ﬁlxed length
i cient varjable |engt

g}i@tributig‘?n \N%U (iijitedfor ef _ '
AMERIRPICRER HE.0T AddTRS asxespiateyontionalday ariibatsen be anited.

- 0 | :
Py Bl o 90 SR IR g
adaptati anapgpependsion of hedfpitifigitariidd@nddts The gfiipg of the
bi tfet ream__whi ch does not violate the constralnt that
Fansiqra eaetigintaithbing hena similer ggetds quentizatien of the transform

1 ] ] nmmary i s provided to

?b%th?cg%%gd %n%gwé%f%ﬁ&g# isaél %‘cept sinasinplified form
t hat Theeolied filtther adptivelyadrietiewih izt BE ek rgupiAd based on 2
De C;.Iggc{@gn" This Summary is not intended to identify
‘P@@%‘_" Egi0g preceseivradiist thearogmalizegcaeffecientatareatd a

2 . , £ I . e uysed _as an.
AR (TR on A0 e oy BIGOYSHab: LAl 0 B9 s 1
thekanplaByr ¢otfec DS adavitionnis Ghsellivn Lt BPthemodlieto AornSalized

a bl ock diagram of a conventional bl ock
FOeHd$HT I paiols blogke Inrthisieay, thepadaniation depgnds ol en a

L LT N T .
laydticohgriagtiai tnaddress Eline selodtivelp offittetdr r ow r ange

coefficients. Figure 4 is a flow diagramof a
r epr eSENYHRIE SREGGEed forapdincat selegiiom ef eengepisie a

~ .. . . . . . - . f | . )
GP1PG Rt 005 OBEHLTNEDL o L BBl ol s
SuhaphiyVie hyt ©eaded Vo dentiBrias feaelch of baehial Fedies of thes a
flow diagramillustrating grouping and | ayering of

olaigyed repiReicBeter kerdpit inisndotkiodealsed evanaidiingestmidingthe
s&@%&tﬁggfagfhﬁg%gggj%t n’?alﬂééE as in the encoder of Figure

gure Ow chart showi ng a process by the
Briefigcription QLTRe Bra@ings

Figure 1 is a block diagram of a conventional block transform-based codec

in the prior art.

Figure 2 is a histogram showing a distribution of transform coefficients
having a wide dynamic range. |

Figure 3 is a histogram showing a distribution of narrow range coefficients.

Figure 4 is a flow diagram of a representative encoder incorporating the
adaptive coding of wide range coefficients.

Figure 5 is a flow diagram of a decoder incorporating the decoding of

adaptively coded wide range coefficients.
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encode a transformcoefficient for a chosen grouping
of transformcoefficients in bins. Figure 8 is a flow

webarn2showi ng a process by the decoder of Fi geeBEUS2006030566

reconstruct the transform coefficient encoded via the

rocess of, Fi ._Fi a flow,chart
P adageh b sty 31sfatns EolpparinjAg e Bt
83 THBeACn tRe dHHE c6dihg oPHadlGReScBTiSieAR! duRas in the encoder
di stribution for entropy codlng of the coefficients.

o Gignes 4.0 and 11 are a pseudo-code [isti ng of the

adapt t|o ess 0 ure 9. Figure

di agr@ B‘FL 8\%‘5%?@%%@% Ir'bc? ‘Iilerfoglpb gureﬁto
bRORlI8 %%'ilhﬁgmtd@)%ffﬁ:‘ijé@‘fér%ec}fo@éﬂ Qﬂm ﬁg‘e@f‘i‘ﬁnéﬁﬁﬁ%oefﬁments in
coefficients of Figure 6. Detarl scription Th

bivk| oW ng description rel at es to COdI ng and decodi ng
tech ad ivel ust fo re . efficien
ent 1 OHEUEGHT T ShiteR il & PH<ks v QeGad e S FEREE S o
E&Sné‘tﬁﬂcf hu Msﬂ)@ﬁ(‘do'eﬁidléiﬁ cHERIH VRHe PloRXATPF Bure 7.

i npl enentation of the technique in the context of a

di gi tHEigurestisa ﬂ@mph@s shcrmngystaéaptatronande@s fm‘rmiagtlgezlyal
di t di a dat
Pag By Somenf dBeds Sb DeodRa s inSiE ch il S ERRE tanturopy

é&fmé)bﬁﬁhg%gfﬂ&m@g her processing. For purposes of
lustration, this exenplary conpression system

| nc orlpignegt thldt hi mre agaptdovendedisiing obthevadeptatiomprocess of
&oeff%m ents is an image or video conpression system
&%t frati vel y, the technique al so can be incorporated

| Nt 0 IR BSS 'a@loc%@ﬁ?rﬁﬁl &'a SREBeTohPtifg BRYirdih RS
The adaptive codin wi de range coefficCients

trelbmieufireg ﬂh@eldaptme aoding ofevidh aetngte treeicggntsadf Figiesd.

f}ﬁ{ﬁj%ﬁafﬁs ﬁ%st em encodes the conpressed d| gi tal
S7%PHOR particular coding format. 1.

Encodgyd Qﬂ%ﬁ%‘g‘ dé%bﬁ &ﬁrefat@s‘l@ c@dﬁ‘i@ean@ &%&ﬁgkécﬁﬁ% es that

di agram of the pr ocesses enployedin a representative
Qdaprunelmgudpmafor(rﬁ@)e ecﬂfianalt@ntropbepodi@@ oﬁwdieeh@mgd tangoon

esent, a ner alized or si ed )
SotreRSs A0 BiCEREeS BEo vt el b rrRniRorhlFikytatiog of
“31@ 16k ﬁ]eu%rlﬁ Qﬁ@éorﬁ&@ o@ﬁ@%ﬁt‘[ nfeaﬁltcokﬂﬁi‘éﬁfﬂi‘lnstysfeﬁﬁor codec. The
adaptive coding of wde Ttange coefficients.
digiter medin sgstemmodesdigisal ragd;a datg iy s|cnglpt¢$eedaﬁimmt fov e

Gedng ol ot de angs, coptll chents addit Longl. of LSUSY o
g%@gge% ?ﬂlﬁé’cﬁéﬁoﬁﬂﬁ@ AREmPRYy BGARLESIof &FkidR itt8sbrhShg fhtf%e
adaptive coding of wide range coefficients is an image or video compression
system. Alternatively, the technique also can be incorporated into compression
systems or codecs for other 2D data. The adaptive coding of wide range
coefficients technique does not require that the digital media compression system
encodes the compressed digital media data in a particular coding format.

1. Encoder/Decoder

Figures 4 and 5 are a generalized diagram of the processes employed in a
representative 2-dimensional (2D) data encoder 400 and decoder 500. The

diagrams present a generalized or simplified illustration of a compression system
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conpression. For exanple, sonme encoders/decoders nay

al so include col or conversion, color formats, scal able
weowhzleld ossl ess codi ng, macrobl ock nodes, et RCT/TBm06/030566

conpr essi on systen1(encoder and decoder) can provide

OBRARG B Hete U AL Ao ek el 6B R 2Ry cqding

SUAAL i 'c%@ffﬁ?én@sl%%‘lteﬂﬁh% E&inf)fe@i{bh OpstéiAS §s1hg> tHeOsltive
The 2D data encoder 400 produces a conpressed

dnidirs ofomide 42Qzetdoafficients ad@utlendmnfawcr prepgsssscthamthiose
for t f 2D, dat t
St B bl € R B P TS P

ﬁﬁq\}i BB, ForldkaiBleOborfe Hﬁ&%@rsﬁﬁ%@éi‘@ﬁ)ay%![so%ﬂaﬂe galoR
ng two di mensions. The 2D data encoder tiles 430

dzdmselrsnmu toldafamiats; scalebde obling; Hessleshredingrmacralxloek modes, etc.

i SRR SFS fropoda PBY B ReR OB e o s 105y
nggﬁrgﬁwnb‘of the DYdh, %ﬁéﬂd%ﬁg oP BRI RbAMizABE WisiclRRR 'b%d)a‘séli on

edge bet ween Bl ocks, after which each 4x4 bl ock
i quantiaasdropareaetes vanying ﬂo¢md¢<sstesahs]bes‘ym 450. This bl ock

{ranshorIn 480 o Dand he et Sl Bl ey ARRE Lt 850 BRu s o
Iﬁgansdfﬁgéa'c{)fbgMentlﬁé@ﬁd%@?oal ﬁﬁ‘)ﬁl’t)tdfgﬂ) datBﬂY@ 'b?és%t@d as input

m For Lossy ossl ess 2-
Bthp eesslen nFor dxample, Decrdete idmyt c20 bd an Tm@geo\aefram@of a video

Spenor 0 A0 I, AL E . RO R w0 e
égwglpéaﬁa I8 maRRIISKS! dwhlcﬁ%i/eef@ 18! gix &Ry Bl él%’m@%ﬁ@f)ﬁéeﬂtﬁhe

iclent Lossless Data Conpression,” filed Decenbe
dnepod20 e ﬁhdaﬂa)cnd'o.deefurﬂier tildg.e8ch mpmbﬂockpptq btk lplgnks

‘%éwg:tlr g)glgr a}%?q)lgeg?cgrtnl E]é%gg\éce?raa!g g%lg?enlg)eé\gﬁgﬂe Ql%iclgsn %}ter which
%ﬁcﬁ%&q{lg&k 1sftllahﬁgr1ﬂ@cpﬂ§ﬁg’ a %‘fock%&@@fonﬁl 458" N3fid ¥BLY trahdfSrm

crete cosine transform or other block transforns
Mmcmfﬁmapex@mblai wak- ferIb erausfedn dsmﬂﬁqwrﬁrlmmsam& S.

briamonontimps S YOLS o) bt A ¥ey ity ThmdlbimgrgLossy And
Egﬁ'légf ol a@%ﬁglfnﬁféé@%g "GHEd b%@emﬁ&'lhom byhSserid F%Brator

trans esulting DC transform coefficien
Q\Mcfuﬂm tAEr¢vensibie ovenlagoepdrator descsibed by quahel. ZEd. Ra@nt

Beopheiihs ¥od S aaBeen e Reveebif a8 s fos Befrign
% NSk 91 é&%ﬁésﬁbﬁ P10l Decahieryt 5664; @dd Bl dtam U.S.

e| r respective packets, from which the coeffici ents
astent Appiietioe Nod&t/6a&a9 s20titlnd, ‘Reyoaitile 2dAnsasionghRrepost-

Fpes Sof LapRdhasRret BT Ioae B Beaar Ant s 1 s
Altgﬁﬁ%ﬁglyoﬁl%rdls%?é%g HosittSirABAnS & S1BE BoSERRAHbMG and overlap
operators can be used. Subsequent to the transform, the DC coefficient 460 of each
4x4 transform block is subject to a similar processing chain (tiling, forward
overlap, followed by 4x4 block transform). The resulting DC transform
coefficients and the AC transform coefficients are quantized 470, entropy coded

480 and packetized 490.
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appl i ed across the DC bl ock edges. Subsequently, the
entire data is regenerated by applying the 4x4 inverse

wao ean®tiwien 550 to the DC coefficients, and theP@ZUS2006/030566

coefficients 542 decoded fromthe bitstream Finally,

t he Fnt [ting. i p] anes are

 mver S BA ik 8 fedt bl TP BoBleBBEg e
trendfosih coeffiednPhitat @xpadtes 10 fomafeie x@pBdtiieypackets, from

i npl enent ati on, the encoder 400 %Figure 2) conpresses
#hishhe pogifisisatsiase thempselves dprodsd 820 pid dequentizerpfB0. The DC

: hl er 500 (Figure 5
rtBiopP e o el By PBPRRM PV il B prptanc o
Ditee@dificietia ssetineatsarbredr pped 0851 005 6uidbld DFsurhia s Gpbtdrs
eml ayed. The 8rocess of encoding involves the

applied@stass thedPChlockradges Pulspaus Wathgfemimhciams regenelrated by
; TRl P% B ;
AR IACS Ol bhoc WDhEREh S TR URTBC PUtels, AU EICAG ¢

todfliyiehis|5dd deddied daan ta it spe B e Findl Y Me26cld &fbes in the
app)ication of the inverse | aplﬁed transform (I'LT)

trspiig e imass plessarp iy epsecyvieelaw fidared 560 e Thisoproduces a
fdebh EQQTI;HEabhﬁﬁﬁtrated LT and the ILT are inverses
ot esglrculh ot?her, i '

in‘an exact sense, and therefore can be

col | datanvskyplaef @hpleehehtatiof, e eBYRIcH 4OY ﬁT k@RI ompresses an
transform As a reversible transform the LT/I'LT pair
HRHt Braggdele the pomprssied hitsirprn 420 (args 8dd¢)oand thealeroden 500

; L1 lustrated encoder

(18675t erUBEEE bbbl Ipul ot 7y EaBOE 8ikGhos bresden
Whetper loRERs Wkse cédiag isYéﬁ(ﬂlb?écQ TIRd ProcéIRIRNERIAR IS blves
Typically, the input 1 mage always has a | um nance (Y)
s epplieation of p fprward lwpﬂﬁmmn L) discussadibedow, whinhes

' chr.om nance co ts, such a U
e O v S O OB VBB e s
fullytRigwenThé Seddtlidg 1R ot ddB a8 oban tﬁ@@ﬁali@hﬁ&%ﬁﬂﬁé 113\%?/5& Bpped. -

e

resolutions. In case of an input inmage in the
warsfqmedld) vsing thereverpibésadppnensianabpig-/pnsl-fittesngponent s

h [. i hei gh f. th .
e i R ludld e ha e AR T s B el e, STRRBGRE sense,

ariiBbierefre RICbIESldotiy €ly TBRfrel kO 5K S reveRilAd | /PN RLAS¥rm. Asa
i npl ement ati on, the encoder 400 tiles the input inmge

rerersibieiaions bl 6dkd ek cahde visechfomdesislesshnage qomyprbssion.

16x1 r. r in the and v channel s de ing o
the drarol el ed b s HoRnRe] SrebgPEREessdaSbo
dainltRdmiapéoefiole 8bleN forfatsile @C KEGB/RNEVE 44 8y Y&IV4:2:0 color
macrobl ock is conposed for the various color formats

inage hernfagt)| dupivgllvethe dnpuf énageralyapxeass lamynance G¥er
L I NG S S

chrominance components, such as a U component and a V component. The

separate color planes or components of the image can have different spatial
resolutions. In case of an input image in the YUV 4:2:0 color format for example,
the U and V components have half of the width and height of the Y component.
As discussed above, the encoder 400 tiles the input image or picture into
macroblocks. In an exemplary implementation, the encoder 400 tiles the input

image into 16x16 macroblocks in the Y channel (which may be 16x16 or 8x8 areas

8
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bl ocks. 2. For a YUv4:2:0 format col or i mage, each

macr obl ock contains 16 4x4 Y bl ocks, and 4 each 4x4
weaboosewamce (U and V) blocks. 3. For a RGB orPJUg2046/d30566

col or image, each nacroblock contains 16 bl ocks each

inpel? g el BB Of b4 FCRbE01 Fandapblaskeolor

plﬁﬁé‘ﬁ%ﬂ&ﬁﬁﬁo 45 RS Ir b1 RE OTHEL R E D b aBBIoRk B &%Beﬁosgg for

(such as, the coefficients 460, 462 in the enco
theivgrioes d.b)lQr farrpaty i thecfaﬂowmgrrbameoforl thisexempbiey ehédder
. are ur]tg.eqi ctable and "noisy." In other words, there
inRleTRE} h correlation in the |ower order bits that

can me a%% chieim8hd, 'eﬁél?ﬂfam%ﬁforcﬁ%nﬁ u%%ﬂﬁ&&?d&% 4

have a hi gh entropy, approaching 1 for every
encddeaks. 2. 1 Groupl ng Further, the Lapl aci an

PhORARLLV G S LOuL oD, LuncL L A ShipRlodl pal a6 454
e 2 b, m%h%&%hrérﬁﬁaﬁwcoe bReke

corresponding to the transf ICI ents is treated
a8. &oreRGHwo8JVaukolormage) eheh dyavastilocls congsing &6 dlocks

b t 1/1 | Th
o1 og8bPt YnDand CeRRBRI on 15 bounded w {hin vz (12),
whi o) i s ARy E)Ylvérlﬁidln% If‘wfi e@lﬁfﬁ{x@ﬁtspmbab' lity

of a transform coeffT ci ent g equal to x is very
cI ode thaxash ef prdshdbiahiic yange dxtaxes‘pemaﬁy soedrtelathd frinsform

e cre is, transl at he cla m
P BEEELTH0: 07 a et habra bR r S en b
nAH AR 6 Bw I8 Diis a?é‘gnﬁrbd'l@ablesanﬁl‘ﬂgé « &gbf@l)rdfs Wetds

reference now to Figure 6, the adaptfve coding o
nqmme:hrcarrgbttlonetﬁ fiedpwnat erdpebntmatscaa tgrustgd fwrgafﬁ&ténbéntropy

uc i of the al bet.jnto "bins" of N
Zwogﬁ? iR anier ewopyymg@% b repenpBi gagpded.
nunmbey NGrGapiny acticality, however, the nunber Nis

desirably a power of 2 (i.e., N=2k), so thatthe index
or dJtthes @mﬁap&ammepﬂubablhm disiribbtion fmlstion ofiwiderange

oded f| cl nt | xed th code. For
traé1)§ @° ci’l%‘l§§l?ﬂ}’6‘¥§‘a€1§ﬂr Yﬁ‘?ﬁ%% into pairs, such
thatza synmbol can be identified as the index of the

pai et gether with the index of the synbol within the
pai r. This grouping has the benefit that with a

(ferWohakliendeteGendtm Maridie c@i@paRdihg to/the transform coefficients
is treated as a continuous value). For wide dynamic range data, A is small, and the
absolute mean 1/A is large. The slope of this distribution is bounded within +%
(A%, which is very small. This means that the probability of a transform coefficient
being equal to x is very close to the probability of x+& for a small shift & In the
discrete domain, this translates to the claim, “the probability of a transform
coefficient taking on adjacent values j and (j+1) is almost identical.”

With reference now to Figure 6, the adaptive coding of wide-range
coefficients performs a grouping 610 of successive symbols of the alphabet into
“pbins” of N symbols. The number of symbols per bin can be any number N, For

practicality, however, the number N is desirably a power of 2 (i.e., N=2Y), so that
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di stribution of the bin index for w de range
coefficients nore closely resenbles the probability
wale@voetsus i on of narrow range data, e.g., thatPEHUBV06/680566
Figure 3. The grouping is mathematically simlar to a
quanti zati on operation. This nmeans that the bin index
the dileR®r aflfilesd € boefReietdeithingibig carebé erzioded effg:uemtly asa

entropy codi ng techni ques that rk best
fixeghliengihicnée. nE@eraWé%g@ eygrapqurlfn arnb%nsuch that a

YR uf B A5 L@ HPIGn e G196 %&g't Sor WHIPHRIfdox dfftRe

en enco coefficient 615
}}Ilﬁjd]gnﬁfht}fe%)& of its b|n (also referred to herein as
the normalized coefficient 620)

an dd i t hi.n,.
{ he i g(aueinerhasdna bFRb Geh s Hap oA PLEG espbasiity
. f
dp&ﬁ)&ﬂﬂn Q {hregbgg ngcf(%glf{)]ﬂg\?icﬁrﬁ?%esc gﬁgl i gﬁ%&‘; glggé’l?gé@ﬁ'lb%s the
pBesIHeddibyibitien of airréw tangedlatengt, thatetewn Tin Elg}h@Bc é‘hof
N (or eqU|vaIentIy, the nunber. of bits k f ﬁlgm
gmnmghs Shsdomestop1Y Hanif 10 RTSESOR BT LS Y meeans Al the
r.anul ar it
et G oo bieHICHRIE sip HE N BlonsliEntiodidle, |
te‘éflmhu%\t‘huﬂ Woleh&ehaah dataWaeingkhe aacew efnge proediokon, t he

normel i zed coefficient Y is zero with high probability
distrd:tutlmitches the entropy coding schene for Y. As

desc g%l?vvﬁ? ggda%ﬁ]{g ofvc%gfffcléﬁt%:ﬂﬁb 91‘?1 MRE 'eﬁ‘éi)d%id eat !h%ﬁ ledcode

(in ve nanner e encoder and
a%eaﬁ%eh cobiTcens BES ubihgah |11ydextdfet3\bai (sésoafefdrredrto hetein afihe

niﬂﬁﬁagé/cggffwgé et opres v D e GEIeEdR rpineas the
b@h?: 62%: oﬁ% % FPRLy {;(Félff Tbig 1§><Z P%sﬁg%ﬁ%le length

rm coefticlent For an
ehibpy %dn@g iR tK& Bin dddeese icadededby mﬂahm efsa fixed length code.

Imr)Ir ;:ﬂl? hls igoig;gf g(:o%ﬁg%ﬂ{tﬁ{ t@fur@t{énig}tﬁg for otglaff{xed ngth
BTl B D G Ao

vﬁaeocﬁ% ﬁg'ﬁ%fwm{@a{sfo\fnu@daﬁ@maﬁs .aht taogar vahrteof(lagitoubhbe
720) ther individually or jointly

chyssduol\&’herl\]em careﬁﬂlﬁ@h@&@ﬁ, ths@onpﬂézeéﬁe%eenaéh@mw&h high

r ixgient X. In thi
ESCHRETS P e POy heRE e PO f 1 T
r emaipdREcrifedidifow the9slue Hicdn dt variaf addpsiyly (bya b&:éwtairdr
size N, or Z= abs(X)%\I The encoder enco:j:[ies th,@e \i ue,
Alye value oI’k on

aalapwva‘mmcbr) @rf@}c kneoasigeanst deeoger Mage spe¢ifig
%h‘i%ler Eﬁg ois% g%leseb 'orf ﬁlregv é\ﬁ@ﬁ%{/ Qﬁéﬁded/decoded data

er al'So enc e slgn.
a@ﬁ0|f|cally as indicated in actions 750-760, the

In one particular example of this encoding shown in Figure 7, the encoder
encodes a transform coefficient X as follows. For an initial action 710, the encoder
calculates a normalized coefficient Y for the transform coefficient. In this example
implementation, the normalized coefficient Y is defined as
Y=sign(X)*floor(abs(X)/N), for a certain choice of bin size N=2F. The encoder
encodes the symbol Y using an entropy code (action 720), either individually or
jointly with other symbols. Next, at action 7 30, the encoder determines a bin
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encoder encodes the sign of the normalized coefficient
(Y) when the normalized coefficient is non-zero.
wo-oologrsie i N t he case that the normalized coefPCTUSI6/030566
is zero and the transformcoefficient is non-zero, the
encoder encodes the sign of the transformcoefficient
addfss (Z) of thettremsfoomnmiefiraeht 35 elinfthisi examplesimplerpartations ithgybin

adsFe i CieornEn it S o dittRop af et G Bl b e Ror ©
73000 RN Ahd EhBHERNCEA&IthiB Yalu@ 289 11 1éighe dodeolt bits at

part. I n other alternative inplenentations, the
actitn 108 tHurtder, de thendase ofis no-zerdransfores qogEipient, the encoder

oefficient, bip addres nd sign f ot [
oo énsades Sk sigy My speceist ot hiCekR n Aldn8 RSO0 the
ei?cq%llgloéé\@coﬁes aaid 6f thE a6884iz8@ Bodificiche(Yewherihe Botinalized
Figure 5) to reconstruct the transform coefficient,

cbéffitientis renezstiedF rharhia the ease dnt Hwpnqrmaggedoopfiicigpt is zero

action 810, the.decader decogdes hze
SB8 e Tos B PO E e anphp ot SRR Ifien g he
n(aﬁ%fgﬂﬁ SoSMicicdt [P Sinpeliheimduaklizedoeffitianty etvotednsig bh

er synbols as defined in the bl ock coding process.
vitighld bmgtieentfapytdede, it écaiso refrared-tp hereaparethgantabls lenghiepart,

B M e o8est (4 Afnreied W EInE e Rkl B
BéRatitBnslesetRtiond) @i mekemsatical definitioas bf tesfoomalized

coefficient, as follows: 1. Wien Y>Q (action 830),
cobifisianhdin pddressome BgeioradiaapforNSopRIcH CAY¥EEd as

X=Y*N+Z..(acti.on (8 . 0] '

the CPaHREE R kA B i el (8 Boo HiEE
deBSder 800 hiblire $) to WmsiYEtieanglandfion( eefiiciant8heX)wad dnended by
the transform coefficient is reconstr

! cted as X=0 ..
theptocors OTFiguse TV hacrion SiAdthy depoden doxnden g HoraplizRdt
regds ncogded si . e
S L BRI B b A RIS SR iy
ih d6hjuBEichARth othee Ryinbelstas defdedrimticobliotk coding pracess. The

reconstructed as X=Z (action 87%*% .Else, if ;(he .Si gvnh
desodrs fartheraeqds=hy k-hiteodeasd fo5rthe bineaddress apd thesign (when
TR ROl IS Ay SRpf AR R PGl S20 S L RARA OO W 81, the
Hesdd WdnyreabsstiuattiBe auhsfomecddffieidnt, esftllowsoded bi n

addresses 625 and sign into a ﬁe arate coded. | yer
( her ei nl.c ¥WheadYt$ gactipp S26), then t %E‘@FS B oG c’teﬂg S

ool 11 oi eneontBl P ATE AR DN ® T e core

2. When Y<0 (action 840), then the transform coefficient is
reconstructed as X=Y*N-Z (action 841).

3. When Y=0 and Z=0 (action 850), then the transform coefficient is
reconstructed as X=0 (action 851).

4. When Y=0 and Z+0, the decoder further reads the encoded sign (S)
from the compressed bitstream (action 860). If the sign is positive
(S=0) (action 870), then the transform coefficient is reconstructed as
X=Z (action 871). Else, if the sign is negative (S=1), the transform

coefficient is reconstructed as X=-Z (action 872).

11
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bi tstream 640. This allows the encoder and/or decoder

the option to downgrade or entirely drop this Flexbits
weoerwirorwie©f the encodi ng, as desired, to neet PCT/URZNE&030566

or other constraints. Even with the encoder entirely

droppi ng the Flexbits |layer, the conpressed bitstream
woulch st Lhayerdegode, albeit at a degraded quality. The

nor Tt FREFeBE PR RSt 19 GiroRga e qegatty®
abgir];cet? Bﬁtvtﬁlla (%‘lr)%ééél‘r ?gg?‘{:?&ﬁd ARAPhMEGeP6 1Y ARE SEn HRYB8EpRAte

uant I za gure 4) in the encoder. The
cddlag Galien (hepdin tchibechihe “Bitabits Sleyerddd) &1 Ga campressedbitsifeam

Algbits, Laver al @%ﬁiﬁ&%ﬁ%&ﬁ%@wggﬁf{ ) Joyb'8f thb Qore

bildlch A48 MeRIibvEHE @AYo P SdI8r d&o8er tha bbtiburRS d®wngrade or
¢odi ng, Lenpel-Ziv, Burrows-Weeler, etc.) could be

erttpplyidecp this Flesbidapertion of fiesnbeding, assiesitesh, thaeet bipras eb
ion._For | ' ] f

ot S B el i i eenecter BRire ot gpPne JRELIE0RY BRET the

C%IX}in%ss%ﬁ RALRLEn WA sthPdstate, Ubedt AQrdelridicd auiblety. iThetdeeoder

stream so that the decoder can identify and .
cagfatihteonsiruet thepmgmé fronhibe moanplized coglficicndsportign alpne.
not omtted) .fromthe. core bitstrea [ .
Thisds %%Wag% TRl %W&f”ﬂ%ﬁ&%e#eﬁ dte%rgg]ggél %Iﬁlz?i‘?{g‘% 410 Eigure
4291%& EX&JQE. Okl BbolfRSHATthBId ddbrdses andlsigavdsngseparate flexbits
ection). Since the Flexbits |ayer may, be present or.
lybsalst hastha pgiential sine§t thebim som@nsa@?b&%dead@a%qmﬁé\taﬂonsa a

ir d t reliably re . .
EitHeb Vvt foeth SRR el @R JylihEl ol Lompel Ziv
BigedRdVhecde bR Yidual bdgppheate theafatd indaid lhgsrdonfucthee

bits k (corresponding to the bin size N=2k) shoul d
impsived compiesgiogausal , core bitstream 2.3 Adaptation

Th d d d f : . )
oo B Y S5 Pl DM B S Bpining g it

pSRRICRe SlenlBg by WHeBArate 18ferheadd of othgt ndictientin the bitstrdam
correspondingly the bin size N of the

r in

soldisat thebdsgoddrpan identicy aed eapetail G§ »PREFeY g@ﬁ*ﬁgﬁc}% lpyer 2

i pl enent at i.0 t.he ad ' rocess can be based on
(ng%PWﬁﬂnﬁﬁé)ﬂ?%ﬁg?Swﬁﬁﬁ%@%+€§?@nts as a Lapl aci an

di st rfi Qufih©Pressnts A fhfiadr chiienigalini gl dekighf eckwad adapgine
the Lapl acian paraneter |. However, u%nﬁg. b
soptins (desarited inerefollippingisectok rSén‘feHgF {gbity Lysh aey be

erformthe.inversa. ' : :

FREECHALR TR Ao sy 5P SRRl ithive grouping madel
Jaﬁlgotrfaﬁm tFetkoGagfififoematidrsini the Fleebitotayebi Al tinfoamaiéoro

and the bin address/sign_in the Flexpjts |ayer 645) i
ekdrd te detqumiits the aumbeee fitpdIpesthiceds €’6§£ G qSB?ndf‘Eh% i e
bk{rll (s)i%ié ?\I=21-)hs|,hsou{d3 A HR R ca l1',' &re bitstream.

2.3  Adaptation

The encoder and decoder further provide a backward-adapting process to
adaptively adjust the choice of the number k of fixed length code bits, and
correspondingly the bin size N of the grouping described above, during encoding
and decoding. In one implementation, the adaptation process can be based on

modeling the transform coefficients as a Laplacian distribution, such that the value

12
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violate the |l ayering constraint that the decoder

shoul d permt dropping the Flexbits |layer fromthe
weopoessed bitstream 420. In the exanple PCT/US2006/030566

i npl enentation shown in Figure 9, the adaptation

process 900 is instead based an the obser}gati og. .hatda
offfoisaleviyed fem the A-aplagisprpatamedid i gHePeYHeSUCR 4 OPISHEate

cqoeffici,ents | eV L
mpflg el P i HERERE: YR R BT B gBlng o
(rBSYRAR BT thb&ansfann beeffisRetstfoorh both thh aormalizsidregefficients in
towards a "sweet-spot" situation ere araund .
iHetvostbif dteamH Ogmdrtha bisddeask/sigh 1o Sior FIFKisripLer §49) FeFigure
wll proyide ' r nt
o REeb <ERiTyS HR SR ibioR s, RARL BbCRE! AT ment would
vioPat ety donsteaibt thakthe decmlet stasild hemztidyopaingshe Flexbits
paranmeter in the exanple inplenmentation. This
leygmfromy the soparessask WistRa® 42Me advantage that it depends

g,nlt g%%gg n&x&gﬁliei ﬁxﬁofé[rﬁ@ltte{tﬂﬁ sﬁ?vgh"ﬁil PEAIrd 9, thB8d&RESon process

ch*nmeet's the yering constraint that
obh @ hERAS baeioadks dbseienibs tiwan nsdreloptivel dwelsdgidh ancoding of
the Flexbits | ayer omtted. The pr.ocess is ackwar.d
B TP B e ISR 140 AU 4G CUPT TR BrTeients
P8 ' | £ £:80tto BliROke sfoupi
aﬁéglgoéldzeg?fmﬁﬁ Sdr%ﬁnn‘;dt8 [ tﬁgéﬁrjgér&ng?xﬁgggags?lous bl o(c):k( s). ° n vPIe
téwardad 3@&/6&tispﬁt”mﬁtoﬁ:tﬁmswh¢1’ﬁar(ﬁmdrtbﬂee-femm]nﬁj@rthgngrmahzed
decoder perforng the adapéati on or&. a bafkvvard 1ol
caeffisicats B ZBRSYL Pro¥ide 2PRd FRITQRY,LOdPE RAFTAIMEDE G op 83 diRely,
tlgef Ltllﬂl?er%q%gh%foolgbﬂlﬁligéé@tgefﬁﬂ_eﬁt@fir% BRIck Q8luddeNsithelsdaptation
een ih the enco I'ng or decodi ng process, such as in
pafiendére ithsisxdtpde kmplenentatiobl his.adepiatioepasemetsrdas the
encoder and decaqoder, the dfﬁgt ati.on ugdat g ;9geur s once

ageantegecthablt denendls f’n]é( ondhe PG COREHIS T s
blglg{rga[}lq Qonicl nfBety 1k e*iié%é&fs‘(raﬁﬁ ¢ho HRSSardeRaNEITE ients can

erative codec i ntations can performthe
saitl detdrtodud aith tiefHlextdtstiayentoeritted. sSThesprobesads abedswasdch

HEHERET NN T R R e
PLEYEE BochOEoF IR RS brasamblonipo, |

t end I &s ddmpation frotessghblenaiysle en¢oden anddedsder performs the
non-zero nornalized coeffjcients.is too small, .

Aot 08 d APRHITE RN EEEE BT tor st S i AR Of the
t - i t B8 dnZi8 Gh& efoliingl @desodi
a&@ﬁ%ﬂ%{%%%?ﬁ hg?fzhgﬁﬁ%ielge‘gnal ?‘g% . 1The exgrrptfgle ome
Adegt auchas prhe psaviosridodkomsadrhloclsl Inethr cxample epeedqrand

the set of. numb 0, 1, ... 16}, but al '
devplantieedepBhen otossdts Bichept PargiloRbEARRh Hstorm
gntd%hf’cﬁqlé‘ ROAREAS heRinMRS RtGcy bhe cRRS admdanst. delcadstive

her increnents, decrenents, or |eaves k unchanged.
codec implementations can perform the adaptation at different intervals, such as
after each transform block.
In the example encoder and decoder, the adaptation process 900 updates the
value k. If the number of non-zero normalized coefficient is too large, then k is

bumped up so that this number will tend to drop in future blocks. If the number of

non-zero normalized coefficients is too small, then k is reduced with the
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The exanpl e encoder and decoder increnments or

decrenents k by one, but alternative inplenentations
weow2sse ot her step sizes. The adaptation prBCEES200000566

in the exanpl e encoder and decoder further uses an

i nternal nodel paranmeter or state variable (M to
expmtaltloh thep datiireglookts wikthgn prasiupeymess aereeee terfpkizeds

e e TR e e e
c@1¥s@ﬂaﬁls‘:iﬁé‘§é1ﬁ9 k18 Bk Sifhi e wat d Atmiberd (& 191 QlJ.ﬁ} Mgt alternative
paraneter. The nodel parameter in the exa
iraplapteatations prudd essothersrangesi aftvalyiss fetlepdt e rLE’cﬂ‘ﬁaP‘Bﬂ?%quate
(A el erence, now 19,6 Gue B Lle, P1ATELE, PR ALE"

TRERRAAD I RRc L G8E Aebotlef ﬁfclrdﬁ@éntéj@ﬁ @ci‘e&ﬁbﬂt@klblye)ne but
pseudo-code listing of Figures 10 and 11. At indicated

alternative mm;ﬁemémat@g?ouldw@eaﬂlaﬁitséﬁpu $¥Spr ocess in the
exa d
8 A T oo RS et

each g represe

af %&Eﬁﬁﬁﬁﬁdel%drﬁh&t@ﬂaa sthtB &htigh18 gV he cdnitrel mpdsaengoafite and
chrom nance ‘bands, AC and DC coefficients, etc

gﬁcbupmmmrametec bdeiglsa bysienss ffoetr y hismpdel ARLARBERT Bovides a lag

f d d. f
AT A
11§€He' g}Bulﬁﬁ B patdieetad apk aid RN pauness sn tHeexampiadduptatien process

nmber of non-zero normalized coefficients of the
htaS ap éfteganstrpadiomtBithSt he i medi ate previously

enco c oded { j

count ]ﬂ@re grnal | zedJ f% éa% éé ?nllgégjt&rll Igzrggéﬁ l?g‘gler
RbccR@NazRIews 0ghis @daﬁipléadaptaﬂoﬁ @gmdessr isitkeratetzmledte the
d tation process then cal cul at ctian 9%9 é
e oagaderisting ok Bigeesnt0 Fdokh: tm@ng@gﬁea %) 43’ the

t e sweet
gﬁ)tﬁtdgrhglﬁ)c%g;srlggthe %Ianﬁpg el%f)ﬁglt &ld &rgacgz;l%gf ggfg%#x&fA%ﬁﬁl%tely on

@O trhhFo@Nbend beihp eepemmati en ﬁfmﬂquegsb@bnstremni:nm]mﬁng the

has 240 coefficients. So, th deS| del is for, 70
honzgte b mswomimies B 6 8 Do fodbritor . Alicative

08 écg?ctéﬂh?%g Mh ﬁurﬁ‘t‘} lo?@ran&t’@frﬁ%gﬂ(!lsdgﬁd fiair ugeshlIf

er na el paranmeter. A next actions
a%@@tau&%epa%ay o@]&mtly hethadmpsﬁbtmdnn@sr ocess then adapt S
t he val ue accordi fo an Ssggpge in the internal

node IAt;ﬁﬁ?l%ﬁg%rthe W HiOn R Aats the wurpher Sfpgnszero
O[rlglafl decoelf‘ﬁﬁﬁﬁ}g gtheﬁs%?xkﬂb%n& V\hﬁmgﬁférlﬁﬁﬁé&ﬁg pfé%éd%l}n

&rm SS| i's adaptation shoul
@&Q@é&&c@é&nﬂ@ﬂ%hﬁko Ataefién 83 this ravDeovdids uolhmrllzhémj

i f the nodel paraneter, exceeds 0si tive threshol d
weflectibe eegerizd PHEP BRI IOBPEIUFHORE T Segipg 2e ared The

k%l%ﬁ{é%ﬁ pro%lég]th@ﬁ‘ AR ate Pactidn W48) HeQYEEioh @W8e count from the
desired model (i.e., the “sweet-spot” of one quarter of the coefficients being non-
zero). For example, a macroblock of AC coefficients in the example encoder

shown in Figure 4 has 240 coefficients. So, the desired model is for 70 out of the
240 coefficients to be non-zero. The deviation is further scaled, thresholded, and

used to update the internal model parameter.
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non-zero coefficients. The value k is otherw se |eft
unchanged. Again, as indicated at actions 910, 980,

W@ b@7aziisps at i on process i s repeated separat el yPEDUS®O€IB0566

channel and sub-band of the data, such as separately
for the chrom nance and | um nance channels. The
ex anfut wexa detpermtd60n9@T, 97653759 0@ ddeptation heacesicthan pdapts e

vél?}g k:%gg SR iy g 8 e ) Dy T8 R
s 7600 (aﬁ'a%@@tl\ﬂe)th%ﬂolge&@%mem@ defrefHehRdvithfidits

c n| ques or adapti ve codi ng/ decodi ng of w de range
pmﬁsﬁble |beunés)c é[ihlskmlap‘etlbm slmﬂgf prodaneym@re Bongeroeogiiippents.

Og&‘\g 4Nh tg%{%wgt%gl{aﬁceséag g os1ﬁ(lé) ﬁ].ergs%lo{@ tﬁesvalue k

er ex

id ﬂe&ﬁleﬁﬂs‘i‘l (‘Nlﬂl%?péf%ﬁ@éiﬂb 'BGuncIsB agsdh sdzptitiod I@Hoﬂild@@d)dﬂce dewer
equil pnent ;" portable vid %@ayers vi deo conf erenci ng;
nandert @effidientsi Fhe aaluﬁétd$ etheryipleft wicharggdes can be

| ted,
oo AR SRl S SEE AL P aBBlh byt Brspepe
SEIREESor @4chinaRHel %ﬁ&@ﬂﬁ-bﬁlﬂi Sk deaah, assumamsj fohchwn

I'n Figure 12. Figure 12 illustrates a generalized
chromniphrececindduminanad tanselput i ng envi ronnent (1200) in

\é\g'ng& g ﬁga‘iéﬁg%ﬁgﬁ%?ﬁ : n%g%%o fLﬁ%]tef %12%13& Jﬁ? gse-ﬂag -code

13HBY 00 sHo¥w in'fikadel 20 286110 scope of use or
functionality of the invention, as the present

i nvedti onCompusing pvicormentd i n di ver se

gﬁcle&'gﬁ ﬁﬁﬁ X c?eswl?%d & cgéérgﬂr(])}:)gf} %9%?) i g%%g&él‘gShOO (Figure 5) and
tEHRIHel ARG RIAPHTOLSERE/décbdig)ofivide bzd@& catffictasd carte

processing unit (1210) and nmenory é1220 In, Figure
peRformed en poy of bastiety ©6 FiPYlgﬁEﬁrlBtW}B?h igiiakypedia signaf pragepsing is

hin.a hed || €
T
re6RHin®! trnsvhibdionR hn@fe@@ﬁﬁfg@qmﬂmbtﬁ, pottabie yides ph’ayens gv1deo
system nmultiple processing unjts execute

ol xed sicabThe digalnedia ering trohmdpesd b gpiaepigl in

%@E%IF &fggﬂl’c@g gﬁ\rggll &iﬁﬁ@gﬁc%‘iﬁ}ﬂ%@? ot &:Ie@ﬁ‘% e)(ec(u@ing within

&GRSR QVher doagutine IEﬁVlYonr@ém Such @s sisomre 1rDEl|gbren}3&, i on
of t%e two. The nmenory (1220) stores sof 1280)

i mpl SgureilAgllesestesasgaentigekraels phas S gogpUtng

W de-r an ef f

S SO ShEp o diaent sy e i
f&ﬁptﬁ?ﬁ@@kfﬁonﬁlm (1200) is not intended to suggest any limitation as to scope

of use or functionality of the invention, as the present invention may be
implemented in diverse general-purpose or special-purpose computing
environments.

With reference to Figure 12, the computing environment (1200) includes at
least one processing unit (1210) and memory (1220). In Figure 12, this most basic
configuration (1230) is included within a dashed line. The processing unit (1210)
executes computer-executable instructions and may be a real or a virtual processor.

In a multi-processing system, multiple processing units execute computer-
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computing environnment (1200) includes storage (1240),

one or nore input devices (1250), one or nore output
waelewroes1¢ 1260), and one or nore conmmuni cat i onPCT/US2006/030566

connections (1270). An interconnection nechani sm (not

shown) such as a bus, controller, or_petwork
exqrutableonslstations HEINETREPRPIORESSINGIPOMFE ?gﬁmﬁmqw (1220) may be

nvj ronment, (1200). Typi,cahl I
VB EO PS> REN> SR Bl, ARG BBk R r g, ROM.
E‘E?ROMDﬁésh&ﬁérhwgf, BtcOX BCibmd Erbinatien @fthp two.nThe memory
envi ronnent (1200 and coordi nat es ivit] of, t he

(B30p slaeastseftwpre Glé%%ﬁM%mﬁﬁiﬁ&fb? ﬁ@ﬁ?ﬁ@%ﬁ% el@@leste@‘?cwlﬁreand
HEFEIE cOGhE vhr FRROqRE I CORNE RfinRuelof T OTOVA0L & e

neg netic tapes or cassettes,
CD- RENomphibin R4 virddvnent noty lawy additienalrfedtiren Woi exergpln, the
be used to store infornmatjion and j ch can be accessed
compNRE EEOBENPLEZAG) BRDIESHREE (LEMGoye SPBoS Rl gevices

0)...S ' i1, ] 0

(1 e B bl B0 e O, AR Biton
cohsiREanE 200ef An ditercbnesetionnreghatdsn dnotghbwoh siduess. bus,
The input device(s) (125Q) may be a & uch iQRUt devi ce ;
confeolleisornekEgikoricaconRss Ele Cﬁé‘%),onsliﬁsf’ g&%’&?ﬂ ng Sgrenen
. ¢ L co . . ther: : )
AR 1B or e R PO RN R o PRI YR froting

chti26hent For otherciodw ard exdenting irdibeicompuling e@EoNnIEy (17803

SRUn e oL ST LR, Seu L 1Pk SSCepl s S o oo

provi i 1SR FBHIbRG VAT | SANABIRE
The gﬂ?%@ é@%@@?@éﬁ?i%%gbawgy be g digplay, prinﬁgr,
BasekediskCbhagnietie tapeoor eassdttvsy CRROME, CRaR Ws, &Wlsr any
out put_from.the conput.i ng enyi.r onnent él O(p. 'l:bhe

Vihicli can be accessed

olsrrmedien T ish eBrPrer N FoTe 7Sy oB A
Wi &%ﬂtﬁi{ﬁ]g%\fﬁfroﬁm@&mg? Al QbrARAI 1280 Y AoRE dish@ttions

SOnpu I ng "en The conmuni cation nedi um conveys |
fonfhersoftvaren( 128@hingdemantingttbe described erodei/denodercaridofiisie-
conpr essed audi vi deo_inf.ormation, or other data

rm%%ﬁ%?%ﬁéwfg%%e%%ﬁe?mﬁq%dul ated data signal is
a sigha li}ﬁ%ﬁ’ ﬂE\éi@?@) g@%opﬁqagf%% tQhch hputcdRGuER bsh kegboard,

set or change uch” amanner as to encode _
réndisel pat, bptradkbailhe veic irglut dBsicayayscariniex deyir® or anethpipdevice
limtation, co ni cation nmedi a i e wred. or, .
ShiRep B WREF R b BT Py B a0 (A0S 1oy b g input
%@Ede@ '(12565%&%15& AIRAd cRROMShflar RFviRith&raceasts hedio iffi@ in
Igital media“processing techni ques herein can be

dakey dridégital fornher gl ROMoeadethat provddesrundia sanepl eyl the
medi a. Conputer-readabl e dig a avai | ab ]
AR SBEHEEs S08 WL IR S E0HE0 G BR i e R
s%%aﬁ@,y Cﬁfwriter, or another device that provides output from the computing
environment (1200).

The communication connection(s) (1270) 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
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exanpl e, and not limtation, wth the conmputing

envi ronnent (1200), conputerreadabl e nedia include
woreowonyi6(ad220) , storage (1240), comruni cati on PEHUS2006/030566

and conbi nati ons of any of the above. The digital

medi a processi ng techni ques _herein can be described in

manseyanioraucoduinfamation ix theignal.- By aytofisrample, and not

instructions,. sk e ' [

ol o B s T Ln R ARG M SE R AR BEAR.

impledidifdd weah bn @lecitical, wpticdl] REcgared, &xowetial drypthepcagieam

nmodul es include routines, prograns, librarjes, i
obj edhs digitahmedia preerspina derbaiqugs herein w&qﬁﬂé%r}beéﬂe.the

t hat . perfar ' Of+. | i

setife) SRR TS BAphE BBt Lo TR R e Uy
dvagadie sedaythiecaa behicoededivithinl 4 ¢orh@itingemviromaeain By way of
nodul es as desired in_various enbodinments,

egemple; and aqdimitaiine Withsdhe GRTPHe FHOPRISEt erORb gameyter-

o ex i it L : .
R R AP OR20R S 1 240y bRk Bikation media, and
doghigketonk o€ anydestheiappveon uses terns |i ke "determ ne,”
"generate," "adjust," and "apply! to describe . .conmpuier
oper diieshgital mediaiRpersingdediidUed RFret ‘.’anIkP‘Feéeémiﬂé‘?‘mg‘ tg"r e
801 bEYEk: RUBHAREIBSARE 1BRELRISONRARE A Tt if

onputer, and shou not be confused wth acts
megifaar meduley, beilpxeoutbé img comipetirgré¢nvidonmenpon e target real or
operations caorresponding to these terns vary dependi ng
YR P esTENt é%qnwﬁ)lyi I Wufeﬁ én%iﬁfo BE%%/ Br%%eam%

e o . b .

e e B, B e el b PO partular
tasiseor\iinplentent hartisclapebstfact deta fyples.oRhafinctianaly afithe program
equi valents thereto. W, claim 1. A nethod of .encqding.
@pgilenmaybacamaHed, or SpE BRIV FOPTEBHHSH PQIHH%.S a%ﬁ‘fﬁ”g?ﬁﬁ@ Virious
T S e R R P
dfeeuted syithif & Yeeabbodikisibufedrcompytiog pivigormhend! ur al
coefficient values into plural. coefficient oups.
det erlAFSHtka OfBieen POy thedeiailedsiroripipnen s e
: 25 ©f [ 3RS D Ps6P fd & BdGkr Sheraions ;
PR ke A AR Sl dfedions ne
@mopipinganyaomneag. tThese espe etel high-lavghslfstnaptions for operations
coeffigient's val ue d e .address part is ingdicative
rarmed da ueanmsger, il ot coRpanE R ap ot ptontiel by S
KR f[)&h%mﬂlé adBAUB phtdr %eﬂﬁ@h@éo@é@ﬁ&ﬁﬁiﬂ? td thebh teki@vary
normal |1 zed part of a'transform coefficient using a
dapehding @nl ispinentaitonopy coding in a conpressed

i r , - . .
bi't StIn%?c[,pN o? ’51% many possible variations of the subject matter described

herein, we claim as our invention all such embodiments as may come within the

scope of the following claims and equivalents thereto.
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encodi ng (740) the address part of a transform
coefficient using a fixed length coding in the
weoompnessed bitstream 2. The method of cl ai m BCT/US2006/030566
further conprising: selecting the grouping for a bl ock
such that the plural coefficient groups contain a
Vanhmm of coefficient val ues equal to a power of two.

e t t t g the
nor Frfe c?ﬂ%d rRa? éﬂ E n}é ,%1,‘3%1%80%5@{ sform
coefadphBiigh &aﬁﬁ'ﬂﬁﬁ I(ASSE)? to Bl%blai 61 the ldgkitald theld dupd td}ﬁdduce a

part (Y) of a transformcoefficient (X) according to a

sef pf@@nﬁ’ff@ﬂna?q)fkfﬁmeﬂﬁsé#@‘h("fﬁ?} far dlasy YeapesStixy M)cks,\mﬂe Nis

f f
e SRR S ) SRR Py s
d&e@iihin aemmfaﬁgéu Firh@20Paid SEsdiesspRHIAGL O of the transform
Z=abs( 4. The nmethod of claim3 further

Qﬁéﬁmmts |(6ﬂg‘5) of a bhoakawdeterihe npmealived @alrtulsz@@hq@aw of & graaipo

dd f
canpEdneropisaertor oMt Eh S e haPl e Puie drdin
AR08 B?éﬂ\h&ﬁeﬁrﬂﬂtﬁé dcbive ReasiBrrh BGefﬁbﬂalﬁt k RaluBén the group;

conpressed bitstream At | east one

conprceding éZNshenorawbized pet pEairansionn e9effigienhusing a
I tstream.encoded accordin to the met hod
V?Hfa%g? EP%%AFH?I@W ﬁ\oﬁgg b3 c%’?lp]éﬁg%egl ﬁg‘ %‘%g nmedi a data
encageddids ¢Meithe adtﬁegsliﬁrt@ah@ﬁlsﬂfrmcdo%fﬁﬁl&t usihg a fixed
decodi ng nmethod further conprising: decodi ng the

lengthrredingsid ﬂpemmam@seédmﬁseg@n part of a transform

coef |C|et fro ressed bitstream and in a
2case }}ehlgf’ ﬁié’fﬁ%}“ﬁgl’ B%er?lggl ess than zero,

I eCaRRd:FiHg tﬂer@o ﬁaﬁ%(tf&adwﬁlb@t BuchaBhiithe bRNAI cvefividht Beoups

athird relation in a case that the
congaingl v pﬁﬂ@efﬁswg?‘e@é@@requwdﬁ st of §¥enst r uct i ng

Sy ol s oERd oF REm Zaiperein HECReneitl ok pysgnd te
adtfds r@ﬂ%ﬂtﬂ?@u&%@‘éﬁ&aﬂéf@n@msm@%& zero, :

reconstructing the transformcoefficient to al so be
zer ofeternuning ﬂae serswlivedipart () oy wensforarcentfieienis(Xeceording

ot B DR, 0 R 3 e

V&m@snﬁé %"r&ﬁpﬁ‘aﬁafl cient as a function of the address
part” and sign. 7. The nethod of claim11, further
conpdeteimging the address part (Z) of the transform coefficient according to a

second relation, Z=abs(X)%N.
4. The method of claim 3, further comprising:

in a case that the normalized part is zero and the address part is non-zero,
encoding a sign of the transform coefficient in the compressedAbitstream, and
otherwise omitting to encode the sign in the compressed bitstream.
5. At least one computer-readable recording medium carrying the compressed
bitstream encoded according to the method of claim 4.
6. A method of decoding digital media data encoded according to the method
of claim 3, the decoding method further comprising:
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encodi ng the conpressed bitstreamin accordance with a
mul ti-layer bitstream syntax structure, the syntax
W@ Re0aoLsIe conprising a core portion and an opP¢DN&L006/030566
| ayer, where the core portion contains sufficient
i nformati on such that a representation of the digital
medi ®céliiha ticatbrhrlidatpdesheatdress partif aunebrmi cokfisient
reference to the optional |ayer based solely on the
frowrthe pormpiesseddtitsiraeme#ifhr essed bitstream encoding t he

nornal i zed t . of flon8ilSinehd he
cor emrﬁlocla ?%‘%?%Fﬁ}og%a%%% resgie;%ggﬁtngz?r éam and 1gl%codi ng
trhiGorael s eFasieppadosrdifg tohethir aslafion, X<BER#Zci ents in the
optional layer of the conpressed bitstream 8

, At
| easin asyee Bohiermormebizedsrids gesat dhHZHRdreRmsurtmE
th ' A\ th
oo CRRE R actbtbld RETLREARRRoSPEOY AN i M0,
C ONifyi 254 8¢ thap e MrMialigedapairiaridiibe addressqpyt are dothgzend, t he

fixed I_en%:h coded address pa%%@of the transform
resopsiricting sstransfornepethieienide alsp b6iz8r9na7d f ur t her

conpri Sing: i - q { ' |y
o cum e el SRRl e AL 28 O QUBLAR PR ofihel
réHagige the u%h%na s @shygresset bitstodant armhstonstructing fliediamsform
val ues of at | east one previous, bl ock.11l. The nethod
cosfficieat an a Binctipre pEihe addtesaprband 8% varying t he

roupj ng 1S b spl nformati on contained in
7? he @f&?‘gielg%)ﬁtoﬁ%zgglfﬁtfﬁ%%g%ﬁ%{?g%@gd bitstream 12. The
et hggboafnotthacdmprested bitvaram dnpedosdange vathepinultelayer
varying the grouping applied to a current bl ock. based

biistream spset SEtpeobs syRPE yireGtaEe OB ISEIE THRAP RETHAD a0 8
of. transform caeffici Vv l;

oS i AL iy S P i
rbiBscAgARhiof She/digREMhEda dbR ogh budbagled ang réwastructed without
counting occurrences of non-zerog transform d
refortnce &0 stoptipaltlayer Yesedesalaly o dhefasg Perion it ghg.compygsse
adj usting size of the coefficient groups in the
bé'is%‘ffﬁ?’ng applied to the current bl ock based on the

cou n%n&fdirgg e Soanalifaeftt of tetteankfovinngeffiaiens aethe core

normal i ze
portion of the compressed bitstream; and
encoding the address parts of the transform coefficients in the optional layer
of the compressed bitstream.
8. At least one computer-readable recording medium carrying the compressed
bitstream encoded according to the method of claim 7.
9. The method of claim 7, further comprising:
performing a further entropy coding of the fixed length coded address parts
of the transform coefficients.
10.  The method of claim 7, further comprising: ‘
adaptively varying the grouping applied to a current block based on an

observed probability distribution characteristic of transform coefficient values of at

least one previous block.
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part in the at |east one previous block so as to

thereby nore likely produce a probability distribution
wobowlzienor mal i zed part of the transform coef f PCT/881086/030566

in the current block better suited to nore efficiently

h L f,_ th sf L
1foeriionehpE oSl 10 ERoRH e AteniRy 1R hCkopmine i
ba%el BOR1ydn kerhinida comBfieainn tHeWrapabibh bEkhe dbafipredigd t he

groupi ng conprises: upon detecting that a trend in the

bitsbegam. of non-zero normalized part of the transform
1%oef i Ci etg_%aogésl bello trcw esl“_éall d, decreasing the size
f the TEEPE PLFEATE Yy LIRS PRat the probability

di stydapiitdlPRaging e RaIpIR ARidd ek tulénttBieck BBS bREM
coefficients in the current block will nore likely
olossrtedi probabiléy distributian ¢harasidristie of pansferm gerfTigisahvalues of at
t .a trend in the count of non-zero

1dgtecti n\g tf@ §
BT pUPT  of the transform coefficients is above
18 threshethdd of BRIAAS! Wlelclfths iadSpthlel hé bfd
groups such that the probabili tsp di s}if?gﬁlt%?ongg@?{r%e
coopnsesi zed part of the transformcoefficients in the
current .block wi || re likely.contaiqa fewer ,non-zero
nor riPY g Opriebees of Hog-rere rpnforeoelfiglefis e gt one
pRIRbIGRCAder (500) conprising: a data storage buffer
for storing digital nedia data (410, 420) to be
enc oubustiag dizerof dercortdcientgrowsss dre groppidg appbed tnthe gurrent

. .ad ivel 900, 1000 [ f .
gl hararn Boat S absionh sl B Bidueip momapzed
p%ft DS of RhstdrePrEBshs BbaEk & tolthereby aiggeg%ikég?@g@mataa

ased on an observed characteristic ( . _
prbebidiby distriputips of eutdrmalizdd pareef the ransfems coefficients in the
coefficients; determ ne nor.mal i zed part (620),an
clfge: LRI 3850 Bions PRSP PLBETH N SbuToed B gf he
e B rTiBleRGKsindBE Galidile RALIRJdRR] part is
indicative of a coefficient group containing the
14.es pEint methot ofnbiorid, whefein theadaptivelayagingide graping
address part differentiates the transform
CY¥BBFIPci ent' s value within the coefficient group;
enc ?xg;g)n(d%?&}iﬁg%%%reﬁé%ﬁihé QRO oL 126 doRAIizel PaRGf the

var e 'ength coding; and encode (740)/decode (820)
trtvineforand doefisieptaris beloivrathaeshplde dedreasitghthe size of the coefficient

groups such that the probability distribution of the normalized part of the transform

coefficients in the current block will more likely contain more non-zero normalized
parts; and

upon detecting that a trend in the count of non-zero normalized part of the
transform coefficients is above a threshold, increasing the size of the coefficient
groups such that the probability distribution of the normalized part of the transform
coefficients in the current block will more likely contain fewer non-zero
normalized parts.
15. A digital media encoder (400) and/or decoder (500) comprising:

a data storage buffer for storing digital media data (410, 420) to be encoded

and/or decoded;
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coding. 16. The digital media encoder and/or decoder
of claim 15 wherein the processor is further
w@e@gnarsned t o: encode/ decode the normalized peeT/ESWD6/030566
the transformcoefficients in a core portion of a
conpressed bitstreamin accordance with a multi-|ayer
bi t sk paessdy (12HX) ptopuatmmed tdravi ng the core portion and
an optional | ayer, v{g}ﬁre t he core portion contains
suf fi ci erddapHY &)y yaiEi @HO+ (D04 a gerapingiotiransioany coefficient
appr 9xi i j ta . .
o o h P Mk SR bechBE 16 b BBEL B B8 gty media

| ay edata dastdancatssdaed dhamhlﬁriﬂmeeﬁof):ﬁ?ﬁo%a&ﬂit}t distribution
transform coefficients _in the optional layer. 17. The

di gi PEPrewioys frapyeuepctfipents; decoder of claim 15

wherein t : ' fk4d '

Coof 1 ci ngeraiRiphinizc 88 (6£0) 30 M BebEart 5235 of ranstorm
coef toatfieivhts (61H)af atonrreniisloek, wiferd e, nommelixddesa=ei i idieative
processor heing progranmed to determ ne the normalized
par t obheesfHeientgpur soyaining thapespedty et trrasirmewsEenient’s value
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encode/decode the address parts of the transform coefficients in the optional
layer.
17.  The digital media encoder and/or decoder of claim 15 wherein the grouping
of coefficient values is by coefficient groups having a size in number of
coefficients equal to a power of two, and wherein the processor being programmed
to determine the normalized part and the address part comprises the processor
quantizing the transform coefficient by the power of two to determine the

normalized part, and taking a remainder of integer division of the transform

coefficient by the power of two as the address part.
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adaptively varying (900, 1000) a grouping of transform coefficient values
into plural coefficient groups for a current block of the digital media data based on
an observed characteristic (920, 930) of a probability distribution of previous
transform coefficients;

determining a normalized part (620) and address part (6250) of transform
coefficients of a current block, where the normalized part is indicative of a
coefficient group containing the respective transform coefficient’s value and the
address part differentiates the transform coefficient’s value within the coefficient
group;

encoding (720) or decoding (810) the normalized part using a variable
length coding; and

encoding (740) or decoding (820) the address part using a fixed length
coding.
20.  The at least one computer-readable recording medium of claim 19 wherein
the method further comprises:

encoding or decoding the normalized parts of the transform coefficients in a
core portion of a compressed bitstream in accordance with a multi-layer bitstream
syntax structure having the core portion and an optional layer, where the core
portion contains sufficient information to decode and at least approximately
reconstruct the digital media data without reference to the information in the
optional layer; and

encoding or decoding the address parts of the transform coefficients in the

optional layer.
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