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EFFI Cl ENT CODI NG AND DECODI NG OF TRANSFORM BLOCKS
Background Bl ock Transform Based Codi ng Transform
W@ o056 a conpressi on techni que used i n ManNRCHU{2006/030308
i mage and vi deo conpression systens. Unconpressed
digital image and video is typically represente r
EERGHEN T ORI N DRCANING ORFRANSFORSF BLpCKS
| ocations in an inmage or video frame arranged in a
alen sional (2D) grid. This is referred to as a
spatgal ' S on of the image or video.
For %@3%%g¥ﬁfér{n§%§%§le€§§pgat for inmages consists of a
st r epdEmsbrid 4obing i< o kompEssibn teehriqeerestd inanplyemidio, image
arranged as a grid. Eﬁﬁh sanpl e is .a nunbe

) nber . .
apcpides é?ﬁlPWﬁSi@’g F¥iteras nHBrmpressef digits] fmpsq Fdayifemisi n

t}gﬁr}c%}]lg rr%&ﬁé@nttem %ac?lpﬁﬂécpﬁs i oﬁﬁ%@re@ef%ﬁs oPEol8ts@t

ers. OusS | mage an eo systenms may use
locatious adiififags entvideolimme sspapédin samob-dimensioaslo2IY)igoids

of sanpling. Simlarly, digital audiq s typical
Thisgs eadfemedtlp a5 akal-dimsn sepressgiagon iogﬂaq m@é?é’aeﬂdeéo for
I ' ' mat | i
SFIR. ptal WBEl LS LAEBoreansusl el g
cRinenBgihsles drrarpetint argvidl Eaclsaropipries seaibel gpteaentimgiodor

i mge and vi deg signals can, copsune_consi der gbl
COMBRERIES BricPIEPIAASHHORAR 3P FHPUEPEYA CORTAREFSD SHELBURAE OF

d I 28l iflagd ALg b fster i Ot B Ferbit
B HEPTs blRs™ T il i) ML vRH S TRA RO PO RS
cGlognphtialning tind fesslutomyofbanpling ( Simiddrhe diditak eudio is typically
transform domai n). representation, and then reduci N9
repaessnted; as tingt-sarppled prdig sig@pbitregn) eﬁ&%?lefsp?i igal atidio
fre )it ; Bio sienal taken at
g ST P ERRER pE 18 b M RTR LI Ao sjgal taken o
rofilsaphé bitevalegr adation of the digital signal conpared
to reducing col or. or spatial resoqlution.of inages or

vi debnepmpresseshstigitaliaudionimage e ifeoighals 7aT CREIPP ne

' c?)ﬁ%ﬁérgblelgpqgg%%gﬁg% ’éc fb)%‘l %aﬁg V%Pi'ﬁ%hsfgﬁﬁ@gdin reduces the size

storm in Figure 1%iy|des

dfiagsitane@dipy iasgedant gideaby irndetmsingitxesmtinhdenain
fixed-size two di nmensiopal bl oaks ]%él g )@%{1 each
repressatasioasiiihe sigpd ipgppiemyenit AoBrnd Pt thetlike St ar

LA ek i Hxbrs b GHARDSehRIR) I¥E S
qtogla @6@@0&%%1051%%& Eﬁ%ggaﬁmﬁé con%er ts t h%éhs?pa?led '
peRdEpliBR Miqubhdy ddiepdileasioftie: warsfimpdorhaieqepessntdtom. This
t ransf or coefficients generally representing.t h?
gsnergHy prodstces meckilogs paiceRTRareT? @Pr%é%%ﬁl&itﬁbﬂgna
J@rgfpgfegls §%8 ll%ri]l?i%oqé‘lesr stplaﬁalqgﬁﬁﬁidﬂf‘%fn‘é@és otAlleo 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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transform coefficients may be sel ectively quantized

130 (i.e., reduced in resolution, such as by droppi ng
wo e@3n2segyni fi cant bits of the coefficient val BE€BUS2006/030308

ot herwi se mappi ng values in a higher resol ution nunber

set to a | ower resol ution and. al so tro or.
cwspamég fieaesnsy bendaoves @ﬁq‘ Plogk mterygat, Tox selgbrtign, the
[
Ui Tke droBRafre Syl APahOIAD RORLE Sl icuion
S&Uhl @lﬁifairoplﬁhg daspsgnificars dixp o thel cveffeient delmes Dgoﬂzhbr\mse

(reconstruct ed bl ocks, X1 - Xn) . The bl ock i for
meppingelues in phigher reseliign ngmbgt $66 Ft VT refolyt

eﬁﬁr?é%rov[ar Pﬁflﬁﬁétﬁ%o%d Mipint ddlj% Eﬁxﬂpr E&:ﬂ ALY fnonAi §ec@dmg,

atron, pro e transform donain
tigkdhidforih cdlékﬁméﬂl@ iwild ifvieesetyr ﬁmf@nm Tﬁal’?l t0. néAklg meddmetruct

input data is arbitrarily long, it nen toN
the original eolasispatial gamplsr dwRee ViRe FI8ARY %Coag‘ﬁllqt@ﬁg‘f’a “sach
segglg For the purpose of data conpression,

Yev i ble bl ock transforns are chosen. In other

Wor dﬁg? %ﬁgk gﬁhgfo%mmg? 127V6h b lagﬁnecﬂ dzﬁ iﬁlﬂla%ﬁefﬂaﬁcal operation on

I mage an

aﬁfe@t‘?oﬁc%@ﬁe A, eMoytiften| the dpﬁmltlemimi hﬂeasmﬂ'ap]mmbhgproducmg
operations. The matrix nmultiplication is ap

tlsesimrséctmyd@n@n@ugaw UiMvedd bemsedee wrarsorm lala ilX &’h% SIS)

S50 LT . O, AOTRASERION S Bk

tfeBbRehiiY hplieduaBhdzRgnieht. €For thepupesk mfrdataemhpmsmn
such as by dropping least significant bits Qfé/}
revasibledilesk transfarens a5p chaseer i e %‘F © piie 4 jsjnyertible.

Igﬁ]ﬁﬂﬁ]?lgr Sgés:i%lgan §P YOP&la %d%?de% b%}ﬁ' dﬁ?&%ﬂé%g@ﬂ)pwally

vari Ie Ien

IR@SsEsh dphrabRid fp%ﬁiﬁbné\t Tﬂemdimultmhwmmﬁmppﬁasd
0, the |nverse of these aoperations

s@g@qbﬂamﬂqngaaapb dinaensiansf the defailig, bab rewsander@Esh| ock

transf 170-17
L A Lo, e B BRE Lo AR ARRARAIE VLB ) may
tlaeBectiV 19 quaMeled €. mafeﬂuo;edl\zhles(dmm; SL&:htaSaiysdroppmg least

170-171) is applied as a nultiplier to the t sfoi'lmh
sigmficant dits af thewweaiTisigst valyes of other s mapRingvalyaa 2 higher

I‘g?qtlgql%);]ibuer{l#) o e%% naallto p?ésgfu'ﬁ]oﬂ)e %Xls[) %ﬁ&g@g BPG%rfabiJ‘ﬁ:ngth

or spat| medi a
dode Ry a%ﬁ@kes%écﬁ&@cﬁ@manbased cod| ng applications, the
transformis desi rab@%ér eversible to support both

| 0s s \Atatedoding &1 theglesednsld9sthe ieeser dhgtg opriaHans
LSPLLEAL GRS Ghon PRy BBl pereroct
SHHER b thAd&RdEC] 30 didd, 2k Bigovaid Bigel sWilile recamssfioting thandata,
the inverse matrix M (inverse transform 170-171) is applied as a multiplier to the
transform domain data. When applied to the transform domain data, the inverse
transform nearly reconstructs the original time-domain or spatial-domain digital
media.

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

desirably reversible to support both lossy and lossless compression depending on
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exactly reproduce the input data at decodi ng. However,
the requirenent of reversibility in these applications

w@enspeEsss t he choi ce of transforns upon whi cPCT/82006/030308

codec can be designed. Many i nmage and vi deo
conpressi on systens, such as MPEG and W ndows, Medi a,
tha qmrrglzetlmfa@‘torutwmil pe quaniivetion (EsnpRlY deRsRseiRd 455 cr et e

f
qqagaaquléxgl %&gﬁg gﬁ%é%lgg-%ﬁo%‘s el? E 5131{1‘2%{3 orm can

In

26y RSB thHbat CaaRr msamg Homvetvhgﬂee equipemest af n
systems, the inverse DCT (| is . emloyed in the

reversibilsty i dteso APPliseHENy ¢PISERIAS ﬁh?echéi?@(ﬂf Srangfegms Heon which

decoder of fhe conpression systemfor reconstructing
thier‘fag gﬂ cfeﬁ%ggbl ocks. Entropy Codi ng of W de- Range

Tr anghey thdeRamt v@d@iﬁo‘inﬁféﬁﬁ)rﬂk}y@amspsuoams MPBEUmdIineows
| eads t'0o even wi der dynam c range trans

Medist hinohg nthery stibizextransiersi haged ot r@é“e@’se @Sl%f‘n?g@&?fﬁ&n

OB, khORh IO By iab Ml SEREhd floBliss tha

rds@it %n&?-"o@ﬁﬁfal HaRoMptdseRE. Eﬂﬂ thesky ﬂﬁﬁpﬂéssﬁﬁﬂ gﬁt@i‘ls theeinverse
original data. Wth small or unity quantl zation

D(HbﬂBﬂi“ ) (uiemplloyed irethie ireqonptayetiogdaonsyin bgthsthe €acoder and the

d%c(s) lf?étiﬁ% %p{eéglgp rggs %grfgreregg% @x%ulctéfg td]{\ﬁallﬂl b gge blocks.
Coeffﬂhﬁ'bg tG‘od"l‘i’g’ ef Wlﬂ@-ﬂieﬂfgbelﬁ'aﬂbﬁi'm @défﬁ@iénﬁ;s shown in

Fi gures Figure 2 shows a Lapl aci an
dl st Wlmdimmlt mmgm inputipiedaeds tp &ﬁgéw&?éflb'%m@ﬁﬁ%ge transform

3
SRS PebQESiR BB AP et v
utaﬁﬁﬂﬁﬁ QBéPﬁE{éﬁts%nbﬁt sh WOy M DOBbperdiorahane & dmgmmf

I nput data (typically bits), and relatjvely_| arge
rapgerd eaterthar Nuohesibe dummcc,ra%q Qfefe grigimakdaa. aBGthegmall or

ua}t}% H]Egrﬁ%@‘%léh%agf rrfe 21%%@ chfe%{ e?s)g) ¢ CIL élﬁ ogglegs%magessmn) the
é}%%g%h&%h tiah 838t QoBTTeRgitd g aldoU algb e StatistiealBn tireopy

g enployed with such conventional transform
coefficiegtsciaave ad_aplacian @smbuﬁorr anshogipdn Fagreres? 4gd 3whéguse 2

ORI v e
sﬁ@@%ﬁ%%?faofaﬂr&ﬁstﬁﬁuﬂ&{ e Sypiod nehow dyHAmN fahgdht@ifficients.

pr oba , as well as capturing inter-synbol
corr é]oawrrbmal Gmsfire endieg isHerad foééﬁméﬂldb’éﬁalc range of input

W orl{naiglgsl)ggrgirlsﬁ a{gﬁ? ol%gg%eéqﬁﬁﬁﬁé%rf{%ﬁﬁ{ gssﬁth‘ﬂgné%ﬂﬁes of 4

%gsﬁeﬂ Fidlrk hqy ahrdthe epebaliaiar of thedmstribiutibn bf ghesform
pr o

ity than any other value (i.e.,the
il éritesini soh pemmnanalztmsi)‘ormtq@émﬁr Shatber, .tli«eyer&\fow encoding

et amgesne rteros SefbaL AR kLA or kvl
&%O&‘iﬁk, where a succession of zeroes is encoded together with a non-zero
symbol. This can be an effective means to represent runs of zeroes (which occur
with high probability), as well as capturing inter-symbol correlations.

On the other hand, conventional transform coding is less suited to
compressing wide dynamic range distributions such as that shown in Figure 2.

Although the symbols are zero with higher probability than any other value (i.e.,

3
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occur frequently, and run |l ength entropy coding

techni ques that are based on the nunber of zeroes
whedrezrses uccessi ve non-zero coefficients are PCTOE2006/030308

inefficient for wide dynam c range input data. The

wi de dynam c, range di stribution al so _has n_increg;ed .

the|divepigiongreaks, aizsre), theprebabyly of acaefiicient EFIPS\R/X?% 10 1
ity . b ase |
B PR e LS QRABRE oIl AR Bp
odwe tretiently, hiat @@ lefiith enttbsecodimnieciiiqbdsethstyare bhsedwinl the
end up bei ng escape coded, which is ineffi ggg)(r];}t] gﬁ]ﬂe
npRbeH ZeEash BEIWasH SHCESTHER ROTAESB COeINPEERFC 10y mediyfent
Tk B0 MRl bivgaraThe convent i onal tr ansfor m
codi ng'there e Tacks versatility - working well for
i npuThehaide dyintunid hege distributidy alwihas pangeeaded hiphbbsdtiobn,
but not on the wi de dynam c range distributjon.
syBoRlecs copmaredrt Sk RaRFRYErAnge Sistihutignn & usrtpithis dngreased

. . ¢ i .

s I B R W o QR AREI 1) BRTIRTID AR PR R%e

1dpge. aOtheewiRe, thinyt & the syrabolé gdll rad lp bhingrestaperoded, which is

_compression efficjency and encodi ng/ decodi.ng speed).

ineffigientatlhederger @bles rediiing mery TRRINQY an m%yearlmesglﬁ % %‘gbef
;g schenmes are marked by their ability to

Cg@é%gggfully t ake advant age of such di sparate

ef f i Theomweationad transfasn codiag tereford laxltsuedrsatitity watkiog well

hi gher conpression (such as arithnetic coding),. |lo

forgnpiftdats GHh the ragravy dyraais rangg éiFwStggutf% Eat 19} ony the

codi chnl.: , and using a concise set of code

dY% @gm@%(ﬁgﬁﬁﬁﬁéé encoder/ decoder nmenory over head.

ConVEBvieP&abn aatéwasn g ifindingpdffiodat enttipyrodmgrudt

meet all of these features, do not denpnstrate )

quirsizet laneform epelficientiris @ FEHAMIOESERs FIPrRATTogMance gains that

coefficients. . el j ' an

R B6 1 R Tr YEt pt i L BEEL R RS R ey and

eAcsling/i &odigdipaed)acimelaten avibdiduatityegainsachi eves nore

effective conpression of transforn1c$§;fici§9ﬁs. For

exanpifferegiratiopy epresdine sheres prenaksd By BhrdedPIEhge: al

nmedi i r ' - elent.|
PRS0 BRERAD i it o
cORRx @Al @ fsraetibh chighérsoalppegion (bichsasaritladetigeadinmg, niwer
zero-val ue coefficients. Wien a non-zerq. coefficient
computsionalgequirementyispelkas found & HuHmapcoging tgchniques), and
substituted for uea_ |
SRR e D3 LA Bl R b
G beimRbeitiopy cnR6dingmelyddspivhivhidomot meet all of these features,

do not demonstrate thorough efficiency of encoding transformation coefficients.

Summary

A digital media coding and decoding technique and realization of the
technique in a digital media codec described herein achieves more effective
compression of transform coefficients. For example, one exemplary block
transform-based digital media codec illustrated herein more efficiently encodes
transform coefficients by jointly-coding non-zero coefficients along with

succeeding runs of zero-value coefficients. When a non-zero coefficient is the last

4
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jointly-codes the non-zero coefficient along with
initial and subsequent runs of zeroes. The exenplary
w@eowen21mb8 ows for nmultiple coding contexts by PCT/US2006/030308
recogni zi ng breaks in runs of non-zero coefficients
~and codi ng non-zero coefficients on either sid (¥
insigechlogk, jgrlasgindiegian latsgwl.tutﬂé orithe F valu e 8y1abel Tor that
Vi de t it i . i .
R e drlbL O RG coBHIAGH 8 SRARREL B 4R sygbol which
joeHt-eodes $ivd hidhierg cheffieibnoalont etitheinitiat amb$ubsequent runs of
correspond to | um nance or chrom nance channels. This
ZgpPfws code tables to have smaller entropy, wthout
cre - : f o
st B URRIELIRI fr Ao ShAih Solbfisby recppniving
bieakd B1 B 6f yh-rérdicoafficieptd andemdhgxombaro wheffibentsan either

non-zero coefficient has. absolute val ue gr e(séer than 1
sidp@f wrebtanereals saparaiely gdsglqaab@%% fLe\REOVAE Y, BY CQErt

o v al
SDRRTHE Bl S6RAhubec iy Shq st i 81! ey ey pothn
swaeldag basedtoakehabbtarinafpems togespoad to Bmihaiteroy chaminance

t hese separately-coded runs and_ | evel s. The vari qus

chaswilsi Jléssallaves dogleahies todive smaleEfAP KoM CF3HRS FO
i ndepe LY. This. is provided to introduce a
n%agyé:cez{lqgg%%%ftgg%%—%é%?g{@lggmg&ssi nmplified formthat are
f ur t k¢ extagslaryiodedalsovedunes duele el asize thy Dedicatingt in @ach
This Summary is not intended to jdentify key features

spmbelsekathera nqnezare ceefligient s abselutpsrpleg Bieatet thendliaad,
ofesbab P ol byt et

cheficih@andnfe REy NG faBe sunsidutsidreofithel eymbglar &he cddeorvah hake
follow ng detail ed description of enbodi nents .that

agvadessdy opitert yeiteyies s these seraralelyoindsA yindrlaValhgs.
Dy RTs A T . e LT 3
i ngrahy Bous el ARyt R Sl Cortiphiiidh B 1

ihdbpbfidenflfyi Oor art. Figure 2 is a histogram show ng a
di stribution of transform coefficients having a w de

dy naithis Suapgary iFpiyideddoirireduse aselseinn < sy a

di st ibut i f f.f isCi ; i S
TP PP 5 s ot
SuREREHes Aét inGntibEtodafify key ¢atireg ooéssentitd f¢aunge of the

ctl:agr%feri Isglij Sc?ctrgétter, nor is it intended to be used as an aid in determining the
scope of the claimed subject matter.

Additional features and advantages will be made apparent from the
following detailed description of embodiments that proceeds with reference to the
accompanying drawings.

Brief Description Of The Drawings

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.
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Figure 5 is a flow diagram of a representative decoder
i ncorporating the decodi ng of adaptively coded w de
wo annge21seef ficients. Figure 6 is a flow di agr an@T/US2006/030308
illustrating grouping and | ayering of transform
coefficient iﬁw tg,e adapt.i ve codi ng of wide range,
coefKigeiedhis @ flow, digrn pha repsesenaliiie PReodengaparating the
a(ﬂﬁ%’é@o&ng%gﬁliééMﬁg’é]@é'fﬁci\% wing a process by the
encoder o igure to encode a transform coefficient
f or Rigatedsien fipvodpigran of a tepaesshiatine demkibr micerposating the
bins. Fi ure@? IS flow chart_show ng a process by
deqedingerisdaptivly eodsdrveids rangecgefivianiict t he transform
coef#. i j . j
P qur Bt s SRR RdsuRE 3R nd I of tanefor
chetficieniaiptthy edaptivacyding of hédgraapetouficionts] gehes 6n the encoder
grpduce a nore optimal distribution for entropy codi ng
ob¥igifret-coef ficients. Figures 10 and 11 are a

pseugq: [ -

P oul RGO R A0k Bt Mg e a 3R B0 BEOEF I 4 o
efidodp aftermefosmedobifian tfer 4 chaskre gupog cfittansfergoefficients in

illustrates one exanple of transform coefficients
bE¥coded according to encodi ng techni ques descri bed

her ei . . . . y
the LR R o ot oyl n ¥ gRRRSL o PRI OTHOERES
r&oaftiict tientsisforingaoeéficiéntichbetetived the peacspbEEigafe 7.

di fferent code table contexts used to encode fransform

coef Figgrechise Bew 6hait s wine @nadertation preesssdesrdaphgey

c ej i qur e: i f i . a.

i s s finTlel® Oto'hOUice Ahire AR IRl AR 30 cltopy
cb@npof teadefivgentencodi ng transform coefficients.

Figure 17 illustrates an exanpl| e of re%aced_t r ansf or

coef Figgresrsendrid e 8 Paeudorfida disting olihg 3rapiationiogsssifdd

l:herg'bn. Figure 18 is a flow chart show ng a process by
tfiééncoder of Fi gure 4 to encode and send initial

t r anpfgaren Tikkfrates exinspledof @dodeirdmsforhi eneffcid®s iirs the prior
fl ow chart showi ng a process by the encoder of Figure
ag. t 0 encode and send subsequent coefficients in

G BT B 5 it ardmatng i
according to encoding techniques described herein.

Figure 14 is a flow chart showing a process by the encoder of Figure 4 to
encode transform coefficients.

Figure 15 illustrates examples of different code table contexts used to
encode transform coefficients according to the techniques described herein.

Figure 16 is a flow chart showing a process by the encoder of Figure 4 to
determine coding contexts to be used when encoding transform coefficients.

Figure 17 illustrates an example of reduced transform coefficients encoded
according to techniques described herein.

Figure 18 is a flow chart showing a process by the encoder of Figure 4 to

encode and send initial transform coefficients in reduced form
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decode encoded transform coefficients. Figure 2 1 is a
flow chart showi ng a process by the decoder of Figure
WG 2000/0p3pRIl at e transform coefficients from decPddBtS2006/030308
synbols. Figure 22 is a block diagramof a suitable

co ting envi for. i npl ti t h dapt i
OB R ARUER! ook ERLRER ) BB Rt PRI o
ehttid@la &ger@sﬁnﬁﬁ% hOsbefiiBedtold RuLE Bascri ption rel ates

to coding a codi ng techniques that adaptively
adj UBigufea?0 iswrfove thart shemting atpravess bytierdgcoder wi Higuwah de
nsforc{?gcoef icients, as well as for nore efficient

tr
d SBSPICHATAGOBT CPYIFI S m coefficients in general .

The ifggm RS RS chirP i 8 $EEBESy MR RYSAR o€ Figure 5 to
i mpl ementation of the technique in the context of a

pdpxgauearanm@' ocHireprnds Eowriesgdadesymbolscodec. The digit al
iA. d digit di a data.. A d

or eI RSP ikt a TRERE SRifuhl Bui e i T,
i@ﬂenﬁhﬁﬁg ﬁfékad‘a?ti@ QA6 OF RIS Thikpe: cobficidiies FOBRErS.

ustration, this exenplary conpression system
Detaile¢p esciipdionhi s adapti ve codi ng of wi de range

At e Theabuiipe dedreptis fGule ONaw B a0 R SR Bt
ak}%r}etﬁlg L& S ABreSfBL] Hl{lsmen op(r} RHERS of VidQteE t2hsMaha.

aptive coding o e range coefficients _
chefficientyyes el ss fmtmoregdiicienttenitdpy hedidg gf trahsfomu coefficients

R8PS GO G ot toR 6" P TIAE Implementation of the
L | : i réld
R D o O oarat e
d2eithl mediz sysen ¢Rigy diptahmediecitr in40®naressde fardefors500.
The di agrans prese a.generalize r sinplified .
CE TR Siprale, B spr o F oG e aRbacR B PHS BT SRgs peTor
JHal & BNSPHRN, A daeads rcoﬁﬁ%ssﬂoﬁ@&ﬁ%ﬁhc&r?@raﬁng this
n

adaptive coding of wi de range coefficCients.

- adhptereratlingsofovidp rewsiconffsjatsiven iwage)or Yideadeppiogdon

P an Bl 5 LSRR S O e PR o ol RS
sg%eﬁﬁ%ie BO @k Y& SRGOTS HatANThE BEAARE oM vHaeehrfger t he

data conpression. For exanple, sone _
cenffmimtsicdatguedesesmay raguie that thadigitelonetia eompeassipp gystem

color formats cal.abl e .coding, |aossl ding,
RERLS 6@%%%“%5%3(1?%1?“2 iz Cg%%%’r ae%%%%‘ﬁlgé?/%@g%nfo?gﬁ toder
and decodghlodd@dDédodyl de | ossl ess and/or | ossy
conpression of the 2D data, depending on the

quanfigiaes 4 andhiacthe generdized disgerno af thequasrssespmpioyed in a
T grre?en aEtl%re ZYglrnYéng%n];{ &B)ldg aseln%g’(ferh%olaga Wooder 500. The
diagrams present a generalized or simplified illustration of a compression system
incorporating the 2D data encoder and decoder that implement the adaptive coding
of wide range coefficients. In alternative compression systems using the adaptive
coding of wide range coefficients, additional or fewer processes than those
illustrated in this representative encoder and decoder can be used for the 2D data
compression. For example, some encoders/decoders may also include color

conversion, color formats, scalable coding, lossless coding, macroblock modes, etc.
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The 2D data encoder 400 produces a conpressed
bitstream 420 that is a nobre conpact representation

w@ b@r/oeyps cal i nput) of 2D data 410 present ed BST/US06/030308
to the encoder. For exanple, the 2D data input can be
.afra of a vid eqguence,. or 0O

the e R
R A Y e e T R e e
C%@ﬁrg}sﬁgﬁ’ br @atd H'ﬂﬁ,odeggﬁ&iﬁ bR uathik Ao nalBich Gaelbhe based on

S in sizeinthis representati ve encoder. "The 2D
adatrdization gaanfetartviasing fromslossdesk tokossobl ock i nto 4x4

bl . " f d | ap” [ l.j ed
cacn B gz ansenei0lratoey B miceied tiren B
note EoApt 9%%%5155315% YroR i ngdut PSS Bitta 430 prddahfed Rk adat

transform e the reversible, scale-free 2D
td tharestatem Heseranipde thy 2Brdats inpgtanan big.ag. impge,enframe of a video

seFblis G pites v 48Lp2 AR by 138 ST EREster tifes 430 the
iffREBAR $5to Qﬂadiﬂoﬁlbél%‘,jw@ﬁ%%@ €6 ﬂ@%ixa@%sizé' Reteyeptantative

perator 440 can be the reversible overlap operator
en@sler.i Beal2Bydatfuensoderl furthey ties agh eracroipptk mia fohblasks. A

«11/015, 148 ,,entifl . " Rev.er si bl I fQF .
e it oo Bt T s PR R Gef s br R B Rl e Wit
edch 42PBck A ehrR¥orhiéd %&ingla-blodlt tPansRAHEA80. Ak blork it@Asform
No. 11/035,991, entitled, "Reversible 2-D nensional

459 earl Pofterewrkible; serde-fise 2DApgnstprmi dnsemrgdnabrinivasan, U.S.

T form!" fil 05. . tivel

eRf LSRN SNt 2Ry IR Pl g
1388eRVED!| B4t CRBRERIH, CARA MRcuSBE: 175208£0WRE byértapt dpRrator
transform the coefficient 460 of each 4x4

440 ams bo thw ieversibld eveslapjopenatar glescribiedibly gru ¢irabe Bk iBggent

hai n. (tili | .
ARG Tt PR B DBOR A o Bl
1388leds TBatACobiRasiR Mikd Pdctmbent 5 2004; aydayt Tw echl14 10S.
entropy coded 480 and packetized 490. The decoder

Batant dpplcation Nevd/Q38, Y oertgited, GhevertblgecBiaensignab Prafost-
: f L cient_ hi 0

R TR 501 bRt R R 2 et

REndtheip elo/@scroreesiag thrffoandr degtiblotk nadsfoafs adevdiap
coefficients 540 are regenerated by applying_an

prantars ean banssHlorSubseavant dbpirantorst, tcDEURIT TGP AE qfach
tlnve | Yoli i ng. ital | .hi

SRRSO 3R 3 DR B SR AL Yo

0FeRES TUBS &/ by HRE bRikitfasfoahp Tise fesgldng DiC adndfyrm

appl ying the 4x4 inverse transform 550 to the

DC
cootfcants andt the AdptrapsfernaceafBeienisiasnhauantized déb saeary pedad
@@e Eit trtgggl 9(I§i nally, the block edges in the

A PP R

e 'planes are inverse overlap filtered
560. ThBidecled BeEenathe ee@A%tprocdsedOAtheldémdetisifieltthe

transform coefficient bits are extracted 510 from their respective packets, from
which the coefficients are themselves decoded 520 and dequantized 530. The DC
coefficients 540 are regenerated by applying an inverse transform, and the plane of
DC coefficients is “inverse overlapped” using a suitable smoothing operator
applied across the DC block edges. Subsequently, the entire data is regenerated by
applying the 4x4 inverse transform 550 to the DC coefficients, and the AC
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In an exenplary inplenentation, the encoder 400
(Figure 4) conpresses an input inmage into the
weopoessed bitstream 420 (e.g., a file), and PEEUS2006/030308

decoder 500 (Figure 5) reconstructs the original input

oA Gugy ARGl ird S0 BBt Ao e LOd SUate il
r%ﬂ#@g&?@g% E%g%@ Exlei i OOy Rfap FildeRIdVEH0d T@Pﬁ%@u&éﬁﬁeﬂ sform

elow, which is inplemented wt
recpusinwitdal 2D Zathi ovemsi onal pre-/post-f Itering al so

v oA el GRRD: tergerdrt 400 e R mpresses an
i%@ﬁ}?&g& imd dtﬁ%&nﬁésa&i hifSreh@VR0IE R, @ A a8 it ARaler 500

| post-filtering. The illustrated LT and the ILT
(Bigerd Hwecastudt theaotiginaliepyt or an apprexawationdhereof, dased on

L S ST AL PGl ot

thd ApHERER oft DROrivard l%péaﬁh[nsﬁﬁﬁ (09) Us:Rssk@belods Si1aasis
[ e conpression. e input data 410 conpressed by

impEenidntadsw it tesrsible Gedimensional prodwst-§iieringalse desorihgé sore
of vario col or. fornats. . d. YUN4: 4:..4. . YUN4, 2:
il Yelon s B pdink PRARAS kv e SoRbRb ot e infef¥S iebmed
tHaAB@En i Ze'eiible@0dithehYbn4l Rifiltetifigit is a
RGB/ YU@%}%& 2:2 or \}Uy4: Z?Oqjimrrgﬁg, lttﬁ_e1 |gmage

al soThadluskretsdilanekthe dhib oreimyersesefcepch otherun@apyacisasnse,

a a N conponent . .The arate c .

B e ST eIl TERE Bl £ B RFERARSE Bty Aca
bR ablttt@8forml thedaB/BL PhaidRah BOUsed foBlRslkess ittige ¥bMpression.
4.:2:0 color format for exanple, the U and V conponents
hav e Thaliffpus flatatd Owoaiesseribth BiegHustesfed: gnsoder ader 500

As_di.scuss above,. the encod i) '
ARG RP e FalP b RREP B o Y A YA 20 br
YOW4e® b3t ifihe foR@a))CPEREIROthetihp@Smiape alwiyshas aBge

into 16x16 macrobl ocks in the Y channel émhich may be
%mms:e (Bxeraporgng Hiiteas RGBAAEY Hdithd WV ERahpeY Y V4:2:0

.depengdi ng_on .t color. f h
RBR A Dl il P B ERSE A%, Rl gind o
VA cOmp bt 0 Tkie k&paeataBoBE Blahey ort dvenpoariie ws tieoineie fcan hates

in the foll ow ng manner for this exenplar encogsr
diffpreatanatial tespiutians. dgcase oframyiBRy iBageHY ,e%@é‘grf‘: 10 color

cr.abl ock [ ;
AR Bl BT B0 cAshoht ARNRI Pl a8k Snd o
HBOW & neft. 4x4 Y bl ocks, and 4 each 4x4 chrom nance

(U and bl ocks. 3. For a YUWV4:2:2 format col or

| agéhs diseRsaeabossl the Readet 49les Fiednputymage 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, 16x8 or 8x8
areas in the U and V channels depending on the color format). Each macroblock
color plane is tiled into 4x4 regions or blocks. Therefore, 2 macroblock is
composed for the various color formats in the following manner for this exemplary
encoder implementation:

1. For a grayscale image, each macroblock contains 16 4x4 luminance (Y)

blocks.
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bl ocks, and 8 each 4x4 chrom nance (U and V) bl ocks.
4. For a RGB or YUWV4:4:4 color inmage, each macrobl ock

w@onrma2yses 16 bl ocks each of Y, U and V channel BCT/BS2006/030308

Adaptive Coding of Wde-Range Coefficients In the case

of de d d ) | t
Cr anbt Soi AL P RAmaL O G sbarrh oK o] fxt ¥
the ensgag H4Féa9Hﬁ§4%Pmo naicgwfanaﬁ\@tbmazsoer" of

| ower o |ts are unpre |ctab e a noi s

ot he3. \Eor d¥ UV éraefommah@ﬂonmtalgemph aelagtabdock qontahms 164x4Y

| oner r bits t nbe us fflClent

ent  op PRy s aih EBrormlvancs (Hhagt LrePeRy

appr@a@BfQ@dB Bt W\M AQV&lor ﬂ%iage eéﬁ@l?ﬁﬁ@rob?oc:k Sh R TH
Further, the Laplacian probabifity distribution

functi blpoks egubod ¥ ddged W eheshes.m coef fi ci ents shown in

Fi 3 th d
var b o AdptaiComihet B RARNCafBiRntt o (| of ent s
I's tPRb %Qseaosf vhde ‘a%érﬂiéQ'Hﬁ?gé/&dtél %); ecﬁm’y Wcegeiedarinsform

range dat a, is small, and the solute nmean 1/1 is
detar(gech afhélwboﬁwlamfcs 46(1 463 ursthueuenmdeo of Figubodh deignificant

hin.jL [ that .

o gt pidey bl o b Ee il AR sty R o e P s
nBPrrﬁ&cl‘l §01¥ﬁﬁﬁfor91n°tﬁ€ 1dWerl @eriRRER ichh by usdd for $ffi@ént &ntropy
shift x. In the discrete domain, this transl ates

cbémgh &he bits have 4 highisngrongi appropching d it fonsveryrhit encoded.
coefél cieat taki ng on adj acent values j and Gtl) is

al moéd RRYRIBE * Wth reference now to Figure 6, the
ad athﬁEerth@I rh?l&ian%raﬁamwgﬁstﬁmwﬂ fehetdsoPeideqtiige a
groupi ng 610 of successive synmbol s of the al phabet
tlransforn'lbpnﬁiclams shosymindligure PHe sivgnter of synbol s per

bin c be any nunber N. For practicality, however,

t he ’ér Nis desirably a power of 2 (i.e., N:2k)

so tRat the index or address of a coefficient within a
e R L s R g S A M e e
isttedted h]:aﬁ cmtﬁmnbmzaluem Hoe wide dj/ma‘rme dam dakeg Niisemall,cind the
the pair, together with the jndex of. the s | wi.thi
atbﬁféu%dn?arrr% &s gras &Vﬂ?gﬂ%soft ﬁé disgritution 1p hgﬁff'l%%ﬂwv\ﬂan 0
(?ﬂlé&lgl%lqs Q%g sﬁ‘FallofTﬂ\g ol tﬂaﬂﬁég dolabitybBh \Eﬂaﬁ’éﬁ)hﬂ @oéﬁiment

rnin or W de range coefficients nore closely
Heﬁigeevdnhbm ' isa/egr dbsadouol the prodability ofint-+ior efsmadlrshtfnsr Emthe
dat a,

e darRin 5 Tersrieaio 08 clidudhs pbep bE Fatont
chBki R @aﬂ&né &?Edjﬁgﬁt 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
“bins” 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=2"), so that
the index or address of a coefficient within a bin can be encoded efficiently as a
fixed length code. For example, the symbols can be grouped into pairs, such that a
symbol can be identified as the index of the pair, together with the index of the
symbol within the pair.
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bin i ndex can be efficiently encoded using variable
| ength entropy codi ng techniques that work best with

W@l 21008/0bi68 ng t he narrow range probability di stpP¢us10061030308
Based on the grouping of coefficients into bins, the

o AR A0S0 0 SRS fBSa
d :rgo n%?ltﬂezlﬁﬂ &I bt ﬁzﬁcﬁnﬂanégwe ﬁrﬂgntk %r@@ﬁ"s@l?%eé@rﬂﬂ?ésﬁhe

referred to herein"as t bi n address
pﬁﬂﬁbmmydmﬁﬁmﬂdn&éamﬁowmmqmchﬁiqudh@@hqwnngFMar¢ébﬂbe

l ength entrop n e the .bin address is
08 T Rire T TRar 9 B PG BRI o Bl ees g the
b 1%8%?&11“%’%@1&%&1? en&cﬂﬁd'ﬂ@ﬁ{g%rl%le ddoth Entfd: Jo@i?hg i xed
ength coding o he bi n address detern1nes
te@hmqubsa‘ahat york beyt withidatp havingybe ematbw range prbl@ihﬂyh e
ntgle of the transform coefficients, the |larger val ue
d&F liefioul d be chosen. When k is careful |y chosen, the

nor "Bhdcagfh e ?Hﬂp@ﬁ co‘éfﬂo%elﬁﬁn@o mng hhbBeabbder edraidich ebdbde
that matches the en codi ng sch eme for Y. As

admssﬁonh@deﬁ‘whmmlﬁ nanganuuedem of ats bire(alesriefatredda aaptemeag/the

bR SR e i i g oot et B RERIgH f B e

bENERESS @B}i ﬂﬁ&ﬂ&%[amz@d L&FE8SEH eftbded %sﬁ?%h@lbﬂ%ﬂéhgth
encoded/ decoded data only. In one particular exa

eofropshecaling) odulerthe Simoaddress irenyaded try menes efrreyrst 1ength code.

A f ffi
i ¢ 15F FaeT B ASbS ETL e 36y kdine FRea et
c0@h g%lf't@ﬂn%a&fefsé)(ae%ﬂﬁnﬁésftﬁﬁ graR@latifydsTSdrOligthg. In general, the

coe cient. In this exanmple |nﬁlenentat|on t he
widenthe rangd of def transfarnt cogflicientafthe latgeryalue of k should be

Y= L

L3Ol RS RO s o BRI, 83 ufh e
(REBLARY 1150 ARt IRS thPéhtropPoodRigtsbleeme fgiw.i dual |y or
jointly wth other synbols. Next, at action 730, the

enc oderdeamb@drhekvevs the Balne koan be varicd) adsptively (inrnpackyiord-

ffi ty X
oSreath TN b Bl GBI SFEIRGILL Bhe Jei & o
RESh¥enbdder BRd Bbsbdsi aidY.baséd cErtbEeiofNly divededidecteled data
encodes this value as a fixed length code of k bits at
cqalyt.i on 740. Further, in the case of a non-zero
t f ff t .
S1 gni® by Bgpuet Frane ot M SRR RLAR 5 PRPET B fncoder

eﬁ@@de@@%an%ﬂﬁm&[&ﬂﬁ’cﬁént@ﬂ OB wWs & o8 k) thid] aetien 710 the encoder
normal i zed coefficient (Y) when the normalized

Qalwiatfvsm rormaligedhevelfieient Y forr th sransfpym coelliciest Iihis qxgaple
lmal I ?Zted %21{({11‘1'6!% 1§edt coe%f%cﬁgl{t%{ %n(%f BQ& a§ ransform

e ‘encoder encodes the sign
Psig&) *floor(abs(X)/N), for a certain choice of bin size N=2* The encoder

encodes the symbol Y using an entropy code (action 720), either individually or

2

jointly with other symbols. Next, at action 730, the encoder determines a bin
address (Z) of the transform coefficient X. In this example implementation, the bin
address is the remainder of the integer division of abs(X) by the bin size N, or
Z=abs(X)%N. The encoder encodes this value as a fixed length code of k bits at

action 740. Further, in the case of a non-zero transform coefficient, the encoder
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transform coefficient (X). Since the normalized

coefficient is encoded using a variable | ength entropy
w@owe/021568 i s al so referred to herein as the vaPCHDE®06/030308

| ength part, and the bin address (Z) is also referred

t the f d | th l th .t
sl phMEn e B MO BeRECAbAEe P R PR AL-B10.Ch
%ﬁ 688 1H0 sxfg}n o ornBliRe PSS Sntq T véHeﬁQhé ﬁ&rn?ahzed

orm coefficient can vary. Continding th

c@fﬁﬂiﬂhﬁs nEll-QH]f(E Rirthlen\s ttaamaee(ﬂlzrpthe normelkzes ®©fﬁdn§;nt tieero
decoder 500 (F.gure. 5) to 1clonst r,uct ta élr ansf q.rﬁn
anch bR ATARFIBHP CORKICISHis MMcERd B§hgoder gegdesibe sigg o the

el %éfx Eoef: meﬂ CtSn‘i’d'é tfid QO]TI?EH&G@ 86 H6entR %ﬁg&&dtd%&g a

Aot mal | zed coe i cI ent romthe conpressed
viniidbid Teﬁgiﬂm ehPOp( Eodp)riteis 5)sp r&ﬁetrhé to hﬁvrdm\ﬂsdh@\\f%tﬂ}abdﬂ length part,

e pBEag) e bt 2 0hs Bt Tradlf it 30 plhgf, "
aﬁ&ﬁ?tnéﬁgfﬂvflérﬁéntﬁtﬂﬁls bing Iﬁ‘ﬂﬂ&ﬁﬁ?caﬁﬂﬁiﬁlh@ns%fgﬁe hoeized

encod romthe conpressed bitstream at action 820.
cédffiaiehi, birsadiBésstand 8ig2, fot h&anﬁcm eoeffipient ¢8®C@m§t ructs
the transfor rﬁlcoeffl ci

(ot ComRs s S e aTeis 3ok R n SERppSippee 500 By the
%&ﬁi@? 56 gﬁ%@c@ 5?%0 rcdnditiét ﬁécﬁa!n%rﬁq%%émcwng tha¥ ke eXcdlled by

acti on hen the transformcoefficient is
thregmocest 70¢ (ﬁgumg)xﬂ*amm BH& tthodecrdar) decgdeewie notyawized d

oPaBeAr PG PRun R et i BL B O UL S0 e oty o
@coﬁj&?ct%%@l%thwws seasmell ﬁ@t@%é&@&d&%ﬁtoé@s fnhem

he“conpressed bit'stream (acti on 860 If t
dpcnzier furthef 8:a0) thedebitond@woyd for Heerbin raédlteswiﬁfféwmgn (when

eff IS reco cted, a ( n
chraisd) frpf e SmpfFerne HIEYEERos it 20t PR RPur Lo 472, he
A ufehqeéoﬂsﬁu&tﬁqm%ﬂsﬂﬁmeﬁmﬁ & follewkon 872). 2.2
Layering Wth reference again to Fi gure 6, the encoder

and dledBlier Yar@<action 830xHhen the teansformcheflficisnd i teeonsticted
coded bi R, ¢ d sign into a separate coded
| ayer @ﬁg?gﬁﬂ¢ﬁéi%% %g%ﬁyFlexblts | ayer 645) in the
conppesgrsh WicOhARAGEDY, théri Grt@ndorm Boeffieasmed ree@dtructed
coefficients 620 are encoded in a |ayer of the core

bltstr@aﬁiﬁ’ﬁ\f ZI'@P‘@OIEB‘FBWS t he encoder and/or decoder
the ?n ﬁ,o 8 %&) tlon 3 tﬂh&? tPE{n?R) *Eo%gféléﬁ%*?é ts

port be ' destT ea rat
or ot hqgcd;@ﬁﬁ@teahm(s;o (Egyfm 881).h the encoder entirely

droppl ng the Flexbits |ayer, the

. 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=2
(action 871). Else, if the sign is negative (S=1), the transform coefficient
is reconstructed as X=-Z (action 872).

2.2 Layering

With reference again to Figure 6, the encoder and decoder desirably

abstracts out the fixed length coded bin addresses 625 and sign into a separate
coded layer (herein called the “Flexbits” layer 645) in the compressed bitstream
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W 792156

conpressed bitstreamwould still decode, albeit at a
degraded quality. The decoder could still reconstruct

fromthe normalized coefficients pRCT/US2006/030308
alone. This is effectively sinilar to applying a

4 Geae 7RG Brrgeal @ Soahikutid Setnosttld dneColfi o
b@sﬁ%g?laé@)t erifit 8URI{ theleR¥Siler 3hFH0r @&%d&htﬁe BPﬁ&md ddwngrade or

enefit that In some encoder/decoder | nplenentations,
ertirblyrdriye thiv Bleixbit$ portiengf theempodipy, asaigbing, (@mget bit rate or

t hnet
o%%twaﬂ%@fngsp Fcaa B RF et B Ry Faps v Ene
69%@%11‘39% Sl PRill EQodb aeAd 4% d 1908l Theecoder
ressed bitstream containing the flexbits portion

caﬂé ssil gmhsinlctbyheeslgmbﬁlom ‘éxelmyreahzeémefﬁcaﬁnts)pcn@pn alone.

di a8
ThitahERF A S (s & Brfes d8Biee of GorERit 477 e
4Eﬂ‘15thé Wh&HeR OThOBidotifER) o ffthOBintdd8 s s anBistoht 4s@AFp &AL flexbits

ayering presents a further challenge in the design of
ldyac kisahas the pptentiel banefipihatin(soawenicodat/depodes empl@me@wtlﬁgs a

B Rt Ingfvaitthy cofba e - e e hdP e TRERET "
BHOURLWE B 8le. ChiPbe aﬁﬂieal@é ¥he' @kLh thid 18y¥¢ for further

information’in the Flexbits |ayer. AU nformation
impeded comprbesien.ni ne t he nunber of fixed | ength code

bits_k (correspondi n to the bi .
resi B PR sgg 88 P th&glogmpsefsts Cﬁ" 2%%%%%%%% iﬂ%xr? its
p-gﬂfoned?é: Qx‘éﬁﬁle@ BY adepAERMNafd el oP bthét Hlication in the bitstream

backwar d-"adapti n % process to adaptively adjust t

so et ttee d:dcoclftrecan rndbseppiaied-©l, @ﬂ@@h%llwd@béﬁﬁl@/er LU
rres ony t f the grouping
%P?'%g’&l @ﬁ%ﬁm tﬁ%??rﬁéntéﬁ%%& %) and decoding. In one

i npl i’ﬁ%@ﬁ@%b&@em‘c& RgurfickrRhaldn@® iPtheGRSiEn of Badlevdrd adshtie

nodel i ng the transformcoefficients as_a Lapl aci an

griowpting @lesdrihed is thenfollhwing sestign) Pangsfthg Fi%bﬂ@ layeepay pem

Lapl aci.an _par a eV e
1§gﬁﬂﬁ@B%EQFéﬁaﬁHﬁ?ﬁﬁﬁgﬁrﬁ1Pg§ﬁfréﬂgﬁ§#&P% ing grodel
ARAJtREIABIN R e 18 QN Enfofmitiv i@rthe/PieRBitSkder. All information
(reconstructing the transformcoefficients frompboth

niehdedriordeterinimscthe sumbeofiited lpreth gedebitsek frorsspandingiaghe
and. t s/s n_i.n ts |layer 645) in
h*‘?@la?ggzbrﬁht?}l%? ﬁﬁ&% Su§atl‘fclg? slit Ejn[ion for future
bl ocksy TRgaptAfow renent woul d vi ol at e the |ayering
constrai nt tﬁat t he decoder should permt dropping the

FI exBhe sn¢edeernd despdenbrdenprosiieadoaskyaid-adaniing process to
a;qgg%\fe ag@}}setﬁbg@@geeg% AL QR WP ik feh@H Rd itk Nad

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
of k is derived from the Laplacian parameter A. However, such a sophisticated
model would require that the decoder perform the inverse of the grouping 610
(reconstructing the transform coefficients from both the normalized coefficients in

the core bitstream 640 and the bin address/sign in the Flexbits layer 645) in Figure
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900 is instead based on the observation that a nore
optimal run-length encoding of the transform

w@omio2xshent s i s achi eved when around one quarREr/US5006/030308

the coefficients are non-zero. Thus, an adaptation
paraneter fhaf can. be used.to tune the groupin
6 poaTode g e BN 3% P blFRhel Bsgr Rt would
el i dABFsHRRT pdriliCatbBpiRE T EleRbit
V%F#?&%9§§#%%§§g§“ gﬁ??gggﬁéodin% per]?orr%ancgl.ng e
lafeicfromi thg bymptebsedritsiream d20.non- zer o nor mal i zed

ffici I n bl ock, i d h d [
RN St T,
9% ﬁ?hﬁ&é@&s@@ bR SseRABoh it ANRE bAGRal lﬁlﬁtlehéth RORNALS of

upon the Information contained in the core .
thei ttasis foemmoe fiiviatis seehipvedwhbmgmund gne gnartar aif the edesficients

s B TG, P P R TEme s b ol 6 B8 ok
tcﬁ%ﬁ‘l% At4P8tIsPott RRuARMSShdrd 8fouh b ShrdeldRirdlsi TThdBstelalized

appl i ed when encoding/decoding the current block is_
chef§eidnraré ndromitprovidé good erteopyrcedingwsrisrmanges )Accprdingly,

i ts adapt.ati on process,, t he. ex | e, encoder .an .

5B Op P AP T A S DI Se B BIOBE Hhep g the adaptation
pRGaRIRh Gt S@fiphe infdl@hentatié BRY ad@btSitT SRdmeteLha then

of the adaptation i's based on information_ previously
ademtegerthatiedepsodsionly upen dhecintirmgtipr eentained gLy cgke i n

h I. bl ock : I . -
i e S e R e S B SR g o

BB be ABEI A NARKhE Plex®itd 1a4@N ofnlitedds MtePrbesRslis ¥backivatd
intended to mnimze |atency and cross dependence.

addttatiovainitbe sansd 8wt thepideptetionamodakenpdigd peen sppeding/decoding

dapt at j t, different i.nt I h
i Gfiehh bREls Fouteed PR Ry B pitels BheRldCaer
t he BORPIEHIRRNRDIARES IhOORME slcdet iRl dezbde gerfolihs tiee
nunber of non-zéro normalized coefficient is too

aflaptefion ethe hadkwasd pdansetipnpsiso Thakis te K afupisat iteiption of the
tend.to. drop, in. : . : .
et s ST i B A By on i s HEBERg O dpcoding
préoes€ dusesh withdplebue bRl inderotllbuk. Ihuheiexantplo ehsoder and
wi Il then produce nore non-zero nornalized

deoader,i the adapsatinacundste qogarsinge permaqpoblock fon g given trppsform

|.e, adapt at | .06 '
OB PRLEAL PRGBS Bl GoReabbRagl v oyfphve
RUtEHAAt ¥R aili o RAEREfoth Bsadagtitidn us diffekdit inteanatye suchfas
val ues for k. At each adaptation update,the encoder
adtetleatbdrrpetormitlog i ncrements, decrenents, or |eaves k
h d._Th I '
o RO S8 o LSRRG AROcLO900 Tl

valie 1€ NE M i of aohdetisworpiatiesd cdeficisntzie oo Mige, then k is

adapt ati on process 900 in the exam] e encoder. and
@gqu@p spljhzftﬁbi,s nygwer will tend to drop lg‘p future blocks. If e number of

non-zero normalized coefficients is too small, then k is reduced with the

expectation that future blocks will then produce more non-zero normalized
coefficients because the bin size N is smaller. The example adaptation process
constrains the value k to be within the set of numbers {0, 1, ... 16}, but alternative

implementations could use other ranges of values for k. At each adaptation update,
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an internal nodel paraneter or state variable (M to
control updating of the grouping paraneter k wwth a
whyevmeeses s ef fect. This nodel paraneter proviPEFUS200&E30308
before updating the grouping paraneter k, so as to

av0|d causi n apid fluctuatipon in the groupin

S PBSHEE G CRSRICT BT PR eI EH o OB JATH b iichanged

T@\? @%ﬁg? UcdfeP GRS deddEr ﬂine'rr{Hl?sg&rde%feﬁ%ts It 5P Bhe,Hut O 8.
th reference nowto Figure 9, the exanpl e adaptation

abtma:tex&an&ﬂﬁnmtaﬁmcmsab@uwwsb@lthemmp sides.s ex an‘pl e

adapt at i gn process | her d ta |l e

psou e edsidtion gtosess 0 i e Prahill Shirites 184 HpSodmpFrtienFes
aft int&% %1 208l &80or sftah@ vAGH V) m&m«; 85&ating dflie

exanpl e encoder and decoder is perfornmed separately on
gemping paaaraéior hmb&mjhmrngs cﬁmte dbistraedd] paraneeter prov1des alag

ed bitstream m _nance and
e A S N R
i S irf‘th% ReamprEheap@fi
PG BaRRRe: ThR RSy Bkt W Raf R Glon rocess

hsepaimegsr pteps, ffanpd toy8.t o t he transform bands. At
act i

92 t he ad at| roces count s
P b St erendd i A B B SRERTs S P EE HipSeet, 60
}J&B&f é%ffﬁll@@@dmste&h Iefb@la ﬂiﬂ&@' ﬁicesslqﬁ Gt Slediled in the
encoded/ decoded nmcr ogl ock At actl on 930, this raw

pscusﬂmchs listngraf Flg@u:Stl@ angfllledit mqheatmhab@cé\oni a0, ptke

ffi t
B PO OB LS B AR S PR B o
HEV IS Bind Bin & RipRdsehit @M o s'é&ﬁbllﬁmfé@in {richeling the
the "sweet-spot” of one quarter of the coefficients

ltmmmgcmmdmdo:}lrorﬁmﬁn@(@dﬁﬁsae‘\c and iR epafbeirniss etpcAlternative

ffi t d h
RAE 50 bty on B u R FattGR Bl R Rel L4
AaHta@én Sdparatd oﬁ?ﬁﬁﬂyﬁitﬁeﬁﬁnéf@nﬂﬁaﬁm zero. The
deV|at|on is her” scal ed, threshol ded, and used to

u pdalAé acthml 920, dhaadaptasien Ipfwﬁsafﬂi!élﬂ epunttherquipabes of nefrgero
960,

97 t
PRRR foelien ps oo R S SRR SRR R
RS/ 236 AtEhBEroblobk ! PE aBRSHEI3 (D aigreRt eburit$s hasmlibdto a
negati ve threshold, the value k is decrenented, (W thin

mﬂsctpdmmimr@cbnwmbm@i yon-patoscogfiigiens itomregiay sige area The

ce nor e ;

EHES pirger B eSS BEkbh F4ONbS detiubliS: (e REfm Bl e
&elgi@ed/ﬁlba@l ks thwrsweme?oedoﬂmetquaﬂewm sedfbicientsheision-
Such adapt at i on shoul produce fewer non-zero

mf fFIOC ﬁé?mlgle amaciphiaek of AG copfhigienfsdi thesxample %ﬁ‘?&%rd
g?ﬂga 2&@ g?e ?leﬁ{S %%Sth%]d%sn Cfl%]bdélqg for 70 %ut of the

epeated separ ate

zfdwa)?ﬁﬁci&{m tSbiPndiangdo OfTht evidaédis fatbér saaled eqhﬁﬁrshbldbdl, and
or e

used to update the internal model parameter.

At next actions 960, 965, 970, 975, the adaptation process then adapts the
value k according to any change in the internal model parameter. If the model
parameter is less than a negative threshold, the value k is decremented (within its
permissible bounds). This adaptation should produce more non-zero coefficients.

On the other hand, if the model parameter exceeds a positive threshold, the value k
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chrom nance and | um nance channel s. The exanpl e

adapt ati on process 900 is further detailed in the
w@e@atztsede |isting 1000 shown in Figures 10 Bemud®bne/030308

3. Effici ent Ent r opy Encodi ng 3.1 Prior Art Methods In

i RS PO B BT P USROSk e BGRRGHG bt PRRACfover
@P%rf)'c&ii?&fe?lts CHE SRR otRdrwistoBa dnshdrg & is given in

I gure as transformcoefficients exanp e 1200. In
t he z&g;mmdsendﬂ%ﬁlﬁd atandions 81989, ’(B@adéptatu@ﬁpro@@gs israpedad

B S R AL P LR S L S el e (ol

c&eﬁﬁﬁaneegﬂ&mlﬁaﬁ&edﬁﬁﬁé1§s have val ue zero. Certain
properties traditionally hold for such a string of

tr anﬁﬁmm@&@adapmtmtmocessr%o tsdighentetdiled inthe pseudo-code
coe ients .i determ nistic, and is given

lighng {ﬁ&%tSSawgf"aﬁﬁ%&z@a C%I’]Obabl listically, a large
nunbgr ofEmpefnftmﬁgﬁysEﬂﬁ, ro. At |east one

coefficient 1s non-zéro. In the case that all
coef3. ilci ditiexr Ar%ﬁmﬂs the case is typl cally signaled

_thr \%Hggﬁc%%w B t@gm ??Sflilg thfa[t d%scr%lbglgs
ré&@t@ésf tbcfh@&;dn% QPK st?ﬁgtofﬁﬂef@@féhﬁg Ond é)daﬁ@le%lﬂdiféh akring is

Probabilistically, non-zero and l['arger val ue
gmaeﬁlﬁ Figueni2 aptensform codificipelgienanmplg 1800t fe thetaxamgle Y,

Zeros a I val coeff ients occur .t owar
ofEoRAE L0 R ZeFa BubES raRisLOhE R 2R Pl AR gn of
eMhdr o&'@@%r %{Ht%@l ) Wﬁﬂb MR thMaEJePlitsierdh §PheR@ries have value

technlques take advantage of the fact that the

zgrer 0- val ue coefficients, which typically occur rather

freq entl can run

e ot AT Yl b LR D5 SR o
Cgm@f@h@, range data (e.g., greater than 8 bits), or
when the quantization paraneter is unity or small,
f enes ﬂ“&lamsihbmmnberm‘ffcpeﬂﬁermss ia typicadlycleterministic wad dggiven
above. such 2 situation the adaptive coding and
decodi r]?é’ﬂi‘ AR %8s cri bed above may be used to

condyt 'Pg&aﬁoﬂ?sugéﬂ}a 2GR dufifbler 516G ERAEhk bRNRGo dat a has

t hese characteristiics.” O her techniques
e At least one coefficient is non-zero. In the case that all coefficients are

zero, the case is typically signaled through a coded block pattern, such as
that described in Srinivasan, U.S. Application No. TBD, “Non-Zero
Coefficient Block Pattern Coding,” filed August 12, 2005.

¢ Probabilistically, non-zero and larger valued coefficients occur at the
beginning of the string, and zeros and smaller valued coefficients occur
towards the end.

e Non-zero coefficients take on integer values with known minimum /
maximum.

Various encoding techniques take advantage of the fact that the zero-value

coefficients, which typically occur rather frequently, can be coded with run length
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can al so produce transformcoefficient sets simlar to

those of transform coefficients exanple 1200 though
worden2seans, such as, for exanple, by setti ngP@I/0EYN6/030308

quanti zation level. Figure 12 also illustrates two

met hods of encodi ng transform coef icig{éﬁ}s such as

cqdeps Hoprevel whep ahespptimege Peingiearrdedds igh) dyngmirange data
The . bt e ' . 0
SRR B AR Q6B Blua e ading
femvee thhafban ot fiicipntvired eera, axdisonysdierbefe.t In Qbhamiiuagon the
exanpl e  1220_denonstrates one technjque for such a .
ac.}qpﬁyqt godipg apd ggqqq@gst@ gigues S%ﬁ)&ﬁ.ﬁi’)qu@%@%e usec{] to condition
tHel Sl LA HER thed SbrdlidnRE WRQ 1as B Alard@EPsti8! URher techniques
coefficirents (the run being either length zero or a
cqoalsd produtenmatsdiorm soefhicient seganiiartodboss of yrapsform225

w th the succeedi.ng non-zero coeffjcient in the series
Ry PRSP RIe 20P A DR s rueh i T8t pAeuliC St
h%}i'lfﬁ%tizi@ion%l.i ndi cates that no zeroes precede the

0

n-zero coefficient CO A special synbol 1235 called
" endFigfirebl odkq fllustratBOByo insthede df envodingrizansfarm ¢aetficients

s ot B BBkl 20 SH09p B8R B8
SRS IR satde R or e et 41 A0 beRigglon o
codffiaientioqudvidg atondingi benefiti GAscasfing exaneyilod A2Q demnpngiatgsione

data. Th nbol h b : i na:
o it Rorcue 8 TR Terel FmeinkeoRatr-ng naafa22f ffatat e
2OUBAESS A dHidefd-v AR JedBciehts (iH@YTR béingAMBEIehgth zero or a

al ternmative encoding schenme is 3D coding, an exanple
positiwdlenpth) g5 ¢ddedgogethards asymkahi?2s with the suace@dingginnggro

t run, of zeros Jd,s typically.coded.jojntl |
cetletenhin e RGeS BB Pubic L e ated ek ol mbor
UEDD el dic e BBt fRPerféd Fre€dde MR Hhon-zérd SbefTicih COALA Bgkcial
whet her this non-zero coefficient is the |ast non-zero

sgmbbf 1235amtled fiertchef Wodks'k ot EOBnisoued to sipealdhyedsst ruppfzeros.
her ef i oi | d ] ) to i ¢
B A SR s R e o O

of PSRl EScdeidichtdParEle Pa SR MBESRE EdeEficionvdie), and hence has
coefficient d, and that it is not the |ast non-zero

teoohiues, andtcan hethaghbef asencaing &ve dipensionsipd ygnsform
| freel K |
SR S e TR aPh BB R s

dr REHHRIR codRCardl £6 sent Eoele dprdissdbitaean 4plest Figsre 4.
separ at e advant ages. Each synbol in the 2D coding

t echaingther hiemetivd enoodingtselgiye isHn cedivg sApraxampleegvhigh is
3D coding, b th : i i
isircachiB Scampls 12, 18 3] AT AN 2B 35 b Regy BBl
bitlg vty @e sﬁ&e@@ﬂggﬂn%ﬁ%&fﬁ%ibﬁt, Reint2D cediag. Farte, as

for a conparabl e . : S
Boolean data element, “last,” indicating whether this non-zero coefficient is the last

non-zero coefficient in the block is encoded. The symbol 1245 therefore jointly-
encodes run, level and last; in the illustrated case the symbol <2, C1, not last>
indicates that two zeroes precede the non-zero coefficient C1, and that it is not the

last non-zero coefficient in the series. Since each of these elements can freely take
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codi ng schenme. This increases code table size, and can
sl ow down encodi ng and decoding for the 3D codi ng

wa@ etveneLsesHowever, in 2D coding an additi onal SBREDUE2006030308
sent to signal the end of block, and requiring the

sending of an entire, additignal ol i.s expensive
of Db T R husicn fitpt g ell ens S R TIBE FES fo tbe
nif€tapichdRkact i ce, 3D coding is nore efficient than 2D

coding, deSpite the larger code table sizes. 3.2 31A0
- YZExchaditige Wohhizjueh bagrepanateeadvantegésni Epghsymbol in the 2D

i|llustrated in Figure 12 utilize |,0int-codj f

coipé kB ags br s B eraivetion G e erbth fee dereee
R foRE MR vey st e SARIRRAETRAR thitafEl, 1TYRIs, feubdbRr 8] possible
zer os succ€edi ng a non-zero coefficient shows stron

syrobale img gen 3D doditgesoaeivillde twicetasdangeps farapcomparable 2D
caeffi.ci ent., .This proper suggests t utilit £
o5 i bt 3t Mo Beods b1 DGRt el Mt doveh bpoingzana

JEQIRSok A1eS3D ehding YeHendd, LIREW&kdr Vi 28N6HhH 8n hedillBhd 4gmbol
whi chlt i nproves oﬁgt he 2D and 3D1t echni qu%s out|i nedﬁinn

iFSeguioesigi@] thei pdrod bigki mdregriningshasendingngf an engia@adstitignal
codi.ng schene utilizing the idea .of di.n C i

YOS PRDRDE o Licaiarpet el Besar of AU AGBHE S-S

p?{ﬁti%, APPERNS GARbe SR IShAB0 colffingd&pika thd Ittt badeetable

at 'the coefficients are jointly-coded into synbols
sit865, which contain the value of a non-zero

coefficCi al i1t.h the length of the run of zeros
whi cfr2f OF:{]}E')R/T?/éanegnﬁ41?gro coefficient (if any exist)
as

avRalelthe pHEV&t techhigites Tinsteatédd Fightesiy @iled jsiebeding of
1355, <C1, 4>, jointly-codes the non-zero coefficient

nGh-zaredcoehcieglevelealong Mithoreesdirg wine af zeroes, dtrandel ow
it. ' Ki dvant of th . i
s e e L P

c6BEREon WithSheBiaBARLAY Sfthe 86n-BerbuotiTRiendd Tl Ao @Ipgests
non-zero coefficient is the |ast non-zero coefficient

thenutilfte of jadutky-ehgoding level ang sucepgdi@gainval ue of run to

N nal th N g e .
R b abMS Rl RIS L E b int BErh ARt w0
ifnBfovie§ bR KA @Ad BB taehrEQids ouflindd lie Feduvall 2ieFiude 8 iltdserates

val ue indicating either theﬂl_eng{ h of a run of zeros,
aprexamplealsi40 of alogdingTeheme ytilizing Srerideael ¢ading gigeeeding gys of

the synbol 136 <C4, | ast> _.whi ri .
25145 18 VIR syPieTs for e 2 oS RPRR B bt B4,
Fi%ﬂ&e 1Benadiseestthaghe dodfficiesn tarsjoiniBt datied ibayRbOBAESG S| n
the sane place in a synbol, run and "last" are

wiidle petaliarthe valng pf anenizerosestiiGient alopeiysith thFH&%%tﬂ 1%% the run of
TR0 U oSl 9 SO o
Thus the illustrated symbol 1355, <C1, 4>, jointly-codes the non-zero coefficient
C1 and the four zero-value coefficients which follow it.

Besides taking advantage of the strong correlation between non-zero
coefficients and runs of succeeding zeros, this method provides a further advantage
when a non-zero coefficient is the last non-zero coefficient in the block, by utilizing
a special value of run to signal that the non-zero coefficient is the last one in the

series. Thus, in the joint-coding of a symbol, the information being sent is a level
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encodi ng as being "21 D coding." This feature of 21 D
coding is not necessarily required of a joint-coding

waehenesehi ch conbi nes | evel s and succeedi ng rRCEUS1006/030308

an alternative inplenentation, the final synbol
transmtted coul d sinply _encode the . length of the . .,
valppand pRgiherv rigdicaiii %&?@ﬁ*ﬁ a}@ﬁm@m? BEZ‘HH_ME Pr 5t e
a . : e
R e e S e S
coplises a levél @vahueaind s okt yal@drathed itheg, the tanigth ¢lce tme Because

hepg et et o AT S o L IR PaBR P B E SETR i g “Test
af iﬁdégéﬁiéné Py BEEH s e HABE). DHuE NS MiFEHsidr@lity of the

enote end of block. Additionally, 21 D codi nq% carries
sadbelris agdier Quer 33Bitlcadi isgoinawhergtin belweehe Véniraiedy this

each s ol of the foryer is [ess than that of the
eP%‘tdE%%XS;%?Péﬂ%zg/z 1{8908de tabl e design of the former is
si NPrRis fEaR J3AD @bdihP s hdttneSdssarlig bl filRE e a36BBOHEES

are a result of the 21AD code having fewer
splemss Which tcombintes develshand3Deessding ripsiey an altornaiive odi ng

.al one nno scribe.an entire run.of. transfor
iEnE A Cobte L et o RSP PBH eyt g e
RENENBITZEFRds] ﬁﬂﬂhgh ik YMouldPbd Rlehikatié b&ROsZRLOUld substantially
coefficient. As Figure 13 illustrates, for this

innregse gz, size eftbeicadedsitatigrmy 3 gnother plismating; AHEOB symbol,

ddi ti onal Iy encodes |l e . f N,1.Qf~1
15 Pt 56ty 2D FBRE Pl e vl Hufiet 48 0 Roglidruf 2o
C]E)l:ii'hgtuse_bﬂﬂ |k wRlucaastids anndCith@sdver 2DncddimgtiinethdtIherelieno

irst symbol 1375, <0, CO 2>, sends the first run
neehioctodesnzsire symbpktol dspete eafl of hlocki Adiditippallye’aD coding

ffici , d,t.h d ' '
o pufishiies o EaRIPARBAR e 1o P, didplh, sl e

608drfis s anithatiofiehdllafEkand (Bpthawsee tablsdsignafithe former is
conpri ses an additional dimension, the encoding for it
sigpleethen tleat of Shedlstters Buth ghnge Advantages A gissulhel Bei2vzD code
i nforymation in.3 codi i.ght seem at first

having S‘fveli%osﬁlé’gg%eéeg%nn%gg’pg %CLHS' advant ages of 21AD

codi mMpwdvBe 20iD tediagtlonarahioddewiibt hr ehiitextn 9 tanifoirs

actual |y advantageous fromthe coding effi Cf en&/ )
qoeffichrnts begauseat dagrme) prBTiden o a sy tpisgnd,a sunlegeirnsiox fp the

| phabet f f : . whi it
PePilRCe sOSBRIsHE, &) fdore, £ {Rer 8! dys PGS, HEAG
syaibol lD:WSBi@S‘u@ed, h&llii% (ﬁ)ﬁcgﬁér%drl:lmencdfdeg wmefg%th?igqm ﬁmﬂzun ?f
exa e rocess e encoder I gur 6]
sorassdeTitis makeoimisaayniel aieist-eadses ok frgt e gi‘ﬁ%engimn OR
[ . ' gz L b g
R a0 et SRR 17 oK 9,55 g A Arigp B e

zero), the level of the first non-zero coefficient, and the second run (which is 2, and

the first non-zero coefficient is not the last non-zero coefficient in the block).
Because this symbol comprises an additional dimension, the encoding for it is
referred to as “3%D coding.”

Although the extra information in 3%D coding might seem, at first glance, to
negate some of the advantages of 2%4D coding, the different handling of the first
symbol is actually advantageous from the coding efficiency perspective. A 32D
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encodi ng normalized coefficients. In another, the

process 1400 can be used to encode transform
w@omo2xshent s t hat have been quantized t hr oughPCT/US2006/030308

tradi tional techniques. In various inplenentations of

the process 1400, acti.o be renpve conbi ned, , 0
sysRRst acasprrilygs %Gﬁ%ﬁ%ﬁ?ﬁ%@n&% &% 2y bfs; which
i = aasiAan h
Bl PP cpladed $BERRA! Bl bE Slhch BnBES Sud HOAS A frease the
28DAtsppbol is created using the length of the initial
run of zeroes (which could eith be of |en . or of
posiigye 14 Wﬁ)anéﬁ@nf’%é’r?‘?eisgﬁ‘“ﬁgw g’@r%‘c%‘geé%bp é}rg’@ﬁfe. H'to
) . B0l 3! ' fment,
eltﬁtﬁgg Igjfl%%fglg% @?zfggﬁggs dgcidsi on%a/cﬂt)ai%oAP tiﬁ%a%gp&ﬁgfeeeﬂ{\;t% -
thdbgtrerens h400 ¢dn teniaclnded aepat aitbe prasesni2O0wiikipuies/ for
currently jdentified is_the |ast non-ze coefficient
fagdingaastialiced] TS Bt Hodir e DR A00rcap freapd o
ehddBe hafdfoIR Rod@lcRnEOB ATtk BBtn qli8iz6d AEQSH LMo RYES
to action 1480, where the "last" indicator is inserted
tdachhiquésh dnspribed innementationsofahe process 1600 cantighnay be
zerogs. Thescgro e(§€, t hen e%odgs t he synbol using
TIRR e SPIRRE Of G AP P WP AGHO S nd the process ends.
Cne k@ss@{egﬁg‘éha&ioﬁrIQQg,sﬁh% 1RNEREhOY 288 Rk orinS
given below wiTh reference to Figure 16. 1f, however,
codficientis edentifiet e Themer actiondb430s b Shelhsxriley ig azated wamg the

hi.s i . the | - fici g
gt hiie FHGRHE of Ergen BTk Fold Sibbt Fgeramh 05F of besitve
1e|£n:g’gﬁg GRd gt Rbi-Reo RErRidk. At BESHbinY Shd3mabeasinbios is not

rted into the synbol, and the synbol is encoded at
campletm Neb8Dthe Preceexzeaphes dofisbncistion pidT ederoft detesmiien if

synbols is give elaw with r.eference.ta FEiqur .
et BORE B RO PR e B Hisag SR ocfiicient
ir‘éﬁl%fsgﬁgé St ar@torAtddeikiditO OIf th i€ theil St KBRYBro e€Xdist, the

ecause the preceding non-zero coefficient was
poeesy crintiedestotaction bé3Q, verorathe “tast’. indicatge iy ivpertedaptoghe 1

D | i.s then created usi thi s _non-zero

sBRY s i adin o et iing 2oy i g ik enars the
BYEusitdEntopFRAbodifg BPActivR 1490, Mldeheprotb&nendat One example

Sglgci sisclan?acti on 1(4)1715jg thce process detgrm' nes if the g

of smehemproness-of eneoding §yirledle it given bdlew vl redprengefothigure 16.
[ | f th tin t ' .
wher & pRgeydoe prsrapSrarne f el oo T ey s nor

{BNGOARA-zdrb cHGicicht) ehdd AGESSn | MAHe 60thaclitaesdibd46n of
where the next run of zeroes is included, the synbol

reros(dbith canlil ¢ithsr be Qs aposivive ETESF insertefbiniihe symbol,
- fficient. .3 t_|nf i

S ol 3 SBbE g s B PR PR edl o

AYEdhE thbals iSEVEN Bblo wHie feferen St e burle 160 ITHRtjrodbsiTEen

be used to generate a context for the symbol _
identifies the next non-zero coefficient at action 1460, which is known to exist

because the preceding non-zero coefficient was determined not to be the last one.
At action 1470 a 2%D symbol is then created using this non-zero coefficient. At
this point, like the 3%4D symbol above, the symbol is not yet complete. Then, at

decision action 1475, the process determines if the current non-zero coefficient is

the last one in the series. If so, the process continues to action 1480, where the
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bei ng encoded. This context may be used by the encoder
400 (Figure 4) or the decoder 500 (Figure 5) to index
w0 paoa/oorses of a col | ecti on of entropy codi ng tabtBEES1006/030308
code and decode the synbol Increasing t he number of

“lort s e e AP e s e eaterds BERetT e Besitbe fHope bick
1o JRNEY 840 Wher %@%ﬁ)ﬁngﬁ %Eé Riiluded, %&%ﬁlﬂé@’@ﬁé’od@ﬁ and

contexts are t there I's context dilution
tHewhedsess coreambs withttkxhexamphizem @relfjcierd. a smal | nunber
of synbol s, thereby reduci ng the efficiency of
adapl-dt i cﬁf)n extpfermation e code tabl es means nore

iC gnﬂnﬁ%ldh b8 SnbEIRE %’rxgggtﬂk’ hERRBAL %o 2040 dh jﬂ‘ﬁ@%oﬂﬁig!"ﬁ&/eral

e cont ext described herein is chosen
plecescafitaubdl itfhreaidrantypbe usal tdeeremierrecontixt iordhe sxboli s

h h nbol
PG EBrciedr dRSSorI AL MR iS6s BF A OTh S g AL e
dbQRef (ﬁf‘?ﬂ%ﬁ??} o Bldck M6 Q)ne b4 851MRALALE entBépyBHdRig tables to

trans (2) whether the coefficients are of
cbdeeardutecodmthe sgamboh rlonieasing hectuniyes of contaxts EBYes wrEe her

flegBHiy & Bisodey Erdet e i oS figBie R et contet
I—?Me%@f‘ Ad Yk @Fﬁ“e'ﬁh (g PR offBbReRE afd1ae(1) there is

ctors may not be used for deternining coding
contaktaditution rﬁWhenelroedwhrCOﬁ‘@m apps},lemgvlytte acordl rw@rt@@ of mlgols

dibety ednfta oSS R BRIt aE % [AqarbRate Rffesthonsss
nforé 'c&ingfe%ﬁg/ i€ medlor§ P&fuideaRth®&S than an outer

tran I'n other”inplenentations, context nodels
may Withythesef feintsrin nanetmmnnmld deserdlyes! htein is chosen to

t t |
cbtarn o e o gt aleh Phubia PSR G axmprla one
Efe?r@n%ﬁﬁ%&@ Q’ﬁétb&'a?@(l% thFRYE dFftrahBREBataNt tether the
ctors do not change within a given set of transform

txanﬁ)fmas eminner, Howevetiatef erotuser t(a@yfoma@tsore KAnghethprthen a -

of transf.orm coeffici.ents. 5
CORE BT EoBP TRt pt P AR LB Y e frere
HSHESY ad Brua%lé #ah€ it Bndrofkr € $befAtichi Ririftgn thesetiel of hr ee
series 1520, and 1540, non-zero coefficients are

qoeﬁ‘rcmmledmbmaﬁec r‘replsrmgtaapns o1y @én‘éfﬁaﬂfﬁlﬂ@e factors may not

the fir.st nbol I
fifma@ﬂt Eﬂf%‘eg% &4 ’1%5 fig thgan li‘%hgr %&@ er e#'wp e ﬁ:ﬁer‘%
t han ThilE WIS anSiiR A =fseaYeSa Hifferal BBITRbE Eables than an
di f f er ent fromthe others. This forns a "natural"

inenheditteftonsions, Whrobtussg/w'drfferenrngtsof cedera’qlf@r that agpouter
bei e first on ro coeffjci

BRaiireds oiie; JupliRp s 50515t 50 Al Bl gl e
TREF NS ot 1B el S Y Parfforedtiof N SaeR S d)f} by qeyiuRgnaitd coefﬁ01ents use
succeedi ng runs of zeroes around the first non-zero
a different set of code tables than chrominance coefficients. Both of these context
factors do not change within a given set of transform coefficients.

However, factor (3) does change within a set of transform coefficients.

Figure 15 illustrates three example series of transform coefficients which better

illustrate this context switching. In all three series 1500, 1520, and 1540, non-zero

coefficients are represented by letters.
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coefficient, the first two coefficients of exanple

1520 (A, 0) and the first two coefficients of exanple
wa2e0/0t668 A) are jointly-coded in a 3VzD synboPCT/US2006/030308

Because of this, in one inplenentation, factor (3)

Syt S teRecie Sisfofs Be i CuRtioLe o bRrls TP

s%%%?fs?{%%séanﬂgré%ﬁgé Rennifraehofabledhan Eﬂétl_ﬁheriSS}mgiS@'%biﬁlse

e seen that because there is ndo break in
its hiphabet iodiffecant freonothe ogidrs. cTlin formsr {ratwrhl’eontext for the first

fficient ) fficient , C, d . I
G, ISR BT eBIE F B ReBeR Sheriene Al aRs
eg&ggggg{f JoREevith HOYEMode.t RRIABLABS fb%_&éxﬁé tHa DS hdbe! e

in the run of non-zero coefficients.
efidveleepreceding hed pewasding s ofzétocs erouad the fixst @n-ggro( and

any. whjch fol] ow). . are coded ' he secan
coeffieiEi TSt brerhiectsiaaiof pRERPIRA P PG LRaRtRaRE BET svo
c6&8ibleh& Ftkapleers40aNA fareSoiang Rt ¥ 4 51.B P Because
synmbol, different code tables Wil be used for
of thad, fin. oneimsleBent@iomrfdctdr (GAddesmt applydeidgtesarine the context of
3;?50-V€Iue runs) than are used for coefficients E, F

&D SfEPY- By contrast, in exanple 1520, there is a

br ealty Hei WLEMdIADY Bntrddl] e eRdtHel dif@ently SERAlinkdNt B&or
run of non-Zero coéfficients, and hence coefficient B,

(3ndlhais] insurbsptpukid0, Hean be seenchatitfecayseiere iy ko bisels dethe run

ith the second context el . Likews [
of iz iar g e peRapend: RSy e T AREE Gy well
ad BR0serd RFoBSRILITP) £8khicdded Withhe first cohRxcRdeel. Wdwevehahe
second cont ext nodel . Fldgure 16 shows an _exanp

Zplrorc}g eiﬁ@ D.@O@Stiﬁb}'tetaﬁlée@mi@ erunggoprAcsueectiyicnts. lé“%@@é@eathe
bol . | i i : .
FHR Bl ErRLEEr LR gt e85 e g 08 wene e

sBERRED ek €N THE Mredrl) thal WhiVdédch WdniAeRd esethitiah @h& than
of the process 1600, actions may be renoved, conbined,

fois dncodasiwvith ai2¢4ld syubele different cqiistaples yal depsed fog cgefficients

i Si ti 1605, wh t i i
76 S e b BB M Rt P DRI ol B Mok,
Kenthawes to action 1610, where the synbol is encoded
using 3 2D tables and the process ends. In .
var i Bysionpreniarexampbn20; ferasis dsraliesiween ApnddedThis
oo e f R g e AT o BT MR 86 BeBlient B, and

AMBYbRRUESEbn-Aeko b TisicaRAlre trfcoded wathIAdsecopdioohtexthedel.
process continues to decision action 1615, where the
Iekiewiderin gsemple 1349, Uit inebrenk heders . o a3 B gragple 1520,

receded t -zef ffisci ' '
e Firef b et O eSRot el ot model.
Figure 16 shows an example process 1600 by the encoder 400 (Figure 4) to

encode a symbol. In one implementation, the process 1600 performs the process of
actions 1450 and 1490 of process 1400 (Figure 14). In various implementations of
the process 1600, actions may be removed, combined, or broken up into sub-
actions. The process begins at decision action 1605, where the encoder determines
if the symbol is a 3%4D symbol. If so, the process continues to action 1610, where

the symbol is encoded using 3%D tables and the process ends. In various
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continues to action 1620, where the synbol is encoded

using 21 D code tables fromthe first context nodel
waea7oksepr ocess ends. | f there has been a br eBKT/US10061030308

at action 1630 the synbol is encoded usi ng 21AD code

tabl es fron1the ond conte nmpdel and the, .proc
g en S TSV 08 TGRS CAPY SUE MR Such

Eh PO UGS SR EhBRIc ARy CARLSRI Rl P Idhe c%aﬁiggs%haﬁssrmay be

radi tec ni ques hey are still not

usddei r omn to reduce code table size signiflcantly

Code_t abl es reated f e technl ues shoul d be .a

to tIrfélﬁ%W i n@&ﬁf?ﬁéﬁ’?’gﬁé thpre CP%RPBPS}O @ﬁ‘i&?&f’? G?POH
181 Sz)v)hefrgfhete%o@e}ﬁg @s{}}a@ k;sfneﬂﬁfl g 1@5@@&1& %&%lhaé pkdBBded 148

X (maxj run + for the 31AD synbol s, where

nnmzeﬂoeooefﬁmmttvﬂechmxomﬂmopdbtm the eym all Jdénof; thee process

c%%@%uzeg?%?aq RRgoR0or here o) & Geatediing BE It edstips from
e st Eohtélg mhorRd arﬁcpﬂhetp?&ebé"éﬂdsaﬁf thefe 10k bRerdd HReaky iR bt

ecause the possible values for a run of zeroes run
abticn €30t the mpxpoliin endodied asing 24D ofde( talbbep fiom the Bpcond context
Sim | #1 each synbol encodes a succeedi ng run of
e Pfsthetst ween 0 and max_run, as well as a
1l asyy syehel Tabisize Reddld (maxirun + 2) val ues.
Even wi th escape coding (where rarely occurring
synbwmleahetayhmqudetsogbdd‘@ow areat cr@ncmw@rﬁr@tlonal

- th h d d
predibace SRRt FlleatuEr av o B s S code
#g%mc%nﬁ e €olB et &ChEHIEH % HEERENIQRR BB Gt td&ransmit all
rther refined. First, each run and each level is

cbnﬁ)kmnonmob(naax_%vbblx (paexy runru @) fonthe 251 JSYmh01§ andr unl )
| | | + |
JE I A RN )

BROIERNSZ thd AkERirh Wﬂosbﬁﬁé)%ldeV@ dohgib easembenf sl indx_run
greater than zero, and the absolute level is greater

i¢ thermaximWepassiblelengthef aemd of eerees. 'Hresvalgednanryn wile is

DR SRR At P EEAE gt PR R 5 o
2R k@Y Bb 0 td%@y%n fops @dtﬂa)ﬂ(hﬁxc@ae of Sihaktly, #adhtsymbol

al so be coded, the val ue (run ORTast) of any
eaum adsmngeedmg rofi of eeroe of length Hebern Q/ambme&_@yn@oweli gsa

BT B TR R 0 Sl AN
rﬁlté?y &8 syMBb1Z SleQrb@itditbgetididntd otleR nidlEpleanetz 8y @bols

coefficient 'of the synbol is the last in the series.
sTmieelftbroelghtedcapﬁwbd qodf eble sigescapndsdoanidgblehe fir st

31 D T drder to re%uce colle table size the techniques descrlbed above can be

further refined. First, each run and each level is broken into a symbol pair:

run = nonZero run (+runl)

level = nonOne _level ( + levell)

In this symbol pair, the symbols nonZero_run and nonOne_level are
Booleans, indicating respectively whether the run is greater than zero, and the
absolute level is greater than 1. The values runl and levell are used only when the

Booleans are true, and indicate the run (between 1 and the max_run) and level
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form <nonZero_run, non g ne_|l evel, nonZero_run_| ast>.
This creates an al phabet of size 2 x 2 x 3 = 12.

wEemsezpsent 2VzD synbol s take the form <non q PET/US2066/030308

nonZero_run_|l ast>, creating an al phabet of size 2 x 3
(e o e s e Pbher, S RETERh s Ao AR UsS
cﬁeﬂothgﬂllaiﬁqm QEWcée%ﬁﬁig rin lof z&Rk4 Btk jointly-coded

ghiticantLevel . Because the Index only contains
symbalrisradnt ana sdyoary symbdheondeey gring_lagidwhichdalees on the value 0

ignificant, additjonal ipformation may.need t e
wBeRtheau igs dorpriensi O hebie TR Dot B s G bygg 2 hen the
n&?—‘ig‘fé%cﬁfféiéﬁ SRR Shibol %%@Pafsﬁin:ehé gdrie@s of transform

coefficients. Thus, after each synbol fromthe index,
i f tTHeertfovglto itilize hisgeilfidedancoding 8ie firsh 8 /AR byebdtaltdien

OGRS R e B bole i AR g HAE Ty 1 Y FBBaver
of §iz0% xR 3ze1D SRRStdnY 2)D M takB@tte fofAGIHINDBe level,

separately encoded and sent "after the synbol. Figure
nd7Zérb | st fastte sreatingxmaiphebes bf size @ ke @. Fwppe implenpntation,

o3 Rd s B BPURSER G 2R BR REn F lao
cBlled NoReisn aREkéIC ieaied SRhibeargDeRlled el sewhere. As

Figure 17 illustrates, the exanple series of
coef Bewiusathe IndgoomE gpatsingiinfermatiomabayt whetheplevels and runs

non-r.educed, 31 D, - 21 h [

SE R R A
MY & alldwa HBE def R bratlylkdtgeatd-h geticd of franbonatcoalfiefents.
a first synbol 1745 fromthe Index: <0, 1, 1> This

Taysiedler panki syathes fronuthe indexeildhelenel is @ sigmaliorat lvel, fhpovalue
first non- Fficient. thata the £ifStnon:
ks by bt aheefi beptalel s bl HLinegRkel A dymbol

ihdi8dted IABY £rinSofdderde8 a6 b WHEz 26 (ﬁbsﬁfﬁe? fenigth, $hat dengdieiso
coefficient. This synbol is then followed by a

spagaiclyi enandedeans sentifigs the speols" (1755), indicating

e

WHigh fepk@ents hatextmplezerioe 57000df abvoluiteeyatwesfdfinahsfotm By
contrast, the synbol 1775, <0,0>, which i(?gf” c teiﬁa
cnefiicieito cBt fighs ertransforaisosftisiats ey &e £ne eﬂd’%@&’ i oS
er9es,...f L[ . . . “ »
EST3a T B8 SRl Blct B BRSSOkt 1 5. 0.0

1addichireaddedi 3D LMAD ofichas grié ilafstrated tabeve, tisy fifso kymbol
fromthe I ndex should be analyzed to determne jf

vaeiddl thepriel <0, Af 3 mBlomsies otheacdieed pding) TogBren 1 Wuptes 2
e 78 R QR Aep AR I by

AP ddsREbre thafidlnéh-Lerd e Hicivne) tharttle fitst aendero coefficient has

additional information, if appropriate. In various
absolute value greater than 1, and that there is at least one zero after this non-zero

coefficient. This symbol is then followed by a SignificantLevel value “level 5"
(1755), indicating that the absolute value of the non-zero coefficient is 5, and a
NonzeroRun value “run_2” (1765), which indicates that two zeroes follow the

coefficient. By contrast, the symbol 1775, <0,0>, which indicates a non-zero
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i npl enent ati ons of the process 1800, actions may be
renoved, conbined, or broken up into sub-actions. In

W b@74ztses | ptions of synbols for Figure 18, theCwEE2066/030308
"x" is a placehol der, representing any possible val ue

for that artlcular mbol . Th
oo i B R o R B
fogiet hto@%de ﬁ}«orgiaﬁbﬁl on action 1820, the encoder
e

he synbol is of form«<x, 1, x>.
Thi sBécausgonvasyaiiiols eqaik adrgtmlmémkfermaﬂtml rosent after them,

cy7RbalE PGPt ROt b el G Er e gtion
stiRuPBe E%ﬁ gﬁﬁﬁgmtﬁ iy & 1§|§re qk shb®s BRBxABpIe prO&kE 1 SHCERY the

I'S enco sent at tion 1830. It is’i ortant to
eimider 400a(Figvoie |4 t-dgjemend §hdbimfornation xqod;qrttamg;glmﬂ 3i6DJadex

sPol 2006 fereaddniarah Bordra Suvl s SharRe T MhtaRcoss
rilrglggxeniaﬁo b1 BEDrddiR IRNLEAIING Ry Betemotodi| @dnibived, ve

ngt e sig |mm|afelyfollovmngthe10|nt coded
bsokehap, 1n110rss¢bdietloﬂme mahmdesodptdorswfbmnboh ey Bigued bhdhe value

B ispragop bR R e ReerET 198 oo ecta
21?15?19 nl“h’laitﬁgcesg Berts QF&%%& 16€b 85168 e first édt@d8Y BfaAboliiS sent.
orm<1, X, x> This determ nation is equival ent to
mﬁtgiangemnen hetiont 182 0n the- eneder detefthings emetheegﬁee'@rh%
the s £
et TS R AR Pa i bbot e

@;ﬁé&ﬁﬁsd V&hE %%xﬂgoltﬁh% DSV 0 VaRieGR&dtéd thive 1! TBihE eBEuNds
I's val ve. at deci sion action 1860, the encoder

densime ths tdie thalcase, diet vatreofghe n@n«wmfﬂcsentxs egcoded.and

Shit 2R Lot b Bnprpd P ad b Rebfp PRSRCE: AR e ltsfty
d%%ﬁg’setﬁe chﬁlthf'ﬂQ: dign ot 4 ndn-zerd ,coéﬂﬁ@[bnt hﬁls %[gﬁ‘pdﬁlld Kdﬂﬁm&ilded

ere are no succeedi ng zeroes, and continues to send
atrsevera pobis 5 Eocess BN Imsmoas] dnlplpme@ﬁonss tlois epeld. inyqve

spgre Sl thaedaty Wi Rsopt 800 Yo thSad S
?Hﬁ?gﬁﬁbcﬁ ngh@&snd Wah kl@e%tsblu%‘ valEof 1B 16el Zer 0es

W ng the non-zero coefficientat action 1870, and
t hen Téhe m¢gandless afghe éﬂdrrmynmn & aﬁthlaéiiZ(b st dgggion agtion 1840,
roce 00 .end If t
‘?16%9 ’h g?ﬁ%‘n?se I&s L m?e r}é’sxe>nt %18 ﬂ%ﬁ%ﬁﬁ{na‘uon s

)ﬂ{{;%félnt teadk \bﬁ&hel(tﬁé‘ Ho@2én)coeffRidn réﬂ?@seﬁ&fdl 18sthe 8fiibol
us the bl ock represented by the transform

tmsaﬁy priceding zewesoHsbeatactian 1830, @h%@@@éerlwed%ﬁwta@ lepgth of
ext bl ock e _transfor

o Ssrees Tescsting Benth 202 SRR A SUBME vabig ) |

the enGRdRHediBn GEHEH T F604 thetedc6@ir@bntiders thavalue of t where the

information is contained in a 21 D Index synbol and to
syento] is <x, X, t>. This determination is equivalent to asking whether the non-

zero coefficient represented by the symbol has any zeroes following it. Ift=0,
then the encoder knows there are no succeeding zeroes, and continues to send more
symbols at action 1880 and process 1800 ends. In one implementation, the process
1900 of Figure 19 then begins for the next symbol. Ift= 1, the encoder then

encodes and sends the length of the run of zeroes following the non-zero coefficient
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additional information, if appropriate. In various
i npl ement ati ons of the process 1900, actions nay be
w0 eewowedes conbi ned, or broken up into sub-actiPCBEUSA86/030308
in Figure 18, in Figure 19, the value "x" is a
pl acehaql der epresentin si bl r_that
ofReOR T Grendher GRS ROH ST cieded 1850 Ao 1800
I@t PP &9%9\?\'6‘)’(\4}] Cthe eh&ﬁief‘ﬁfﬁwseﬂ% ARG eRY Mﬁmbﬁt refiekented by
xt, “at’decrsion action 1920, the encoder determ nes
thetsgiribet istthelasy/(dndlonlyd onf irf therserids, and-thuFlesblogk represented by

| ent k whet h th f
e Qe coa g ohis CyPRIOR: AL BRI Gt e B¢ st bock
C%ﬂ@ygéﬁﬂhhwh dqg&g&&yl ﬁgﬂﬂges this to be the case,

ue of e non zer coefflcient is encoded and
sent Figtireal® showsk@3Gample pmcgss d 068 by g80dicoder 409 (Figure 4) to

t te that 19 _does not
CgRinne ey i SBHEe if e BBeR e Ofe FEeXpEGAg o send
ali@HoAA rn‘i’foﬁﬁ@tfléﬂ Gf Sipropridid. SInS}agidus RbIEmetatiBad HITiBE padcess

several points’in process 1900. Next, at decision
1800, iaotiorisongy be hamaevedpcmbioed ir @ecrl@nttmemtpaﬂubeac@pns wheite

Thi,s_ det t
ek g ieHed Reeuhlionn s AP eao P ar vy Bt s
vQMeth@th%meéulm a KRS The ptReésgartd at abfiod 1510)where
hen t he ‘encoder knoms there are no succeedi ng zeroes,

thmmbm emtdidad eymb@l iseent. MNexb assimmms agtiongtd20p theleamgodaing

BB el Bermunb i Papelie Tor tines Rutgy i 3rasg,
v&hefhe; thd k-£06 Q8 EicicReRt lp%é@lﬁg@ By fﬁl[wsyﬁlﬂfdﬂ $ad bf&ohﬁél ghloe

of the run of zeroes follow ng the non-zero
gcmefrfthm bnif the engodendetamsoos thrw?dOtbﬁélme easpt tha yakietod theainp-

.at .acti n 19 0 9
ZE’y jert is Fl?Fé’ cg%qn? ﬁ%‘&é’nqﬁgé nén q’% foggggoleéifof P %:tllse nt
m%&&&&%& Lo thyt wm Big#019 ddes hbEerdplisitlyodicuss tHewding of the
series, and thus the block represented by the

. signeofsf mrzeo e¢fficieah tlis isigncoms) e incluged, at Seﬁ?@kﬁ%@tsﬂgoo

ends t he next block can be transforned and
PAPE8Yled)"i f applicable.3.5 Additional Efficiencies

Besi 8RS, lapBeci8R attatl BAD] Al cnestis bomsidat awmmofabme the
one benéfit of br eaki ng down run and [evel nbols is

syprdaol isirixs 6 uEhis detsTminalion dedwedent o @kan@whe e FpRZero

SHRShy BR3P SMOSE ) S PRl el e

el XhotB i 8Biel sudesein ghiehdsy\iiel dvainbéetofserid tno@ef symbols

second context nodel holds is known on the decode
a ecleora RO Opmdgrpeags 80Qiends| Ty on eRlgmenighonthe H’Fq"F@SSt 1990 of

b 4508 1 58l s bR 55, BBl s
HAdLBSE 16eth bEthd FuloSyerbed fol16whgaRp hyn-zero coefficient at action
1950, and then continues to send symbols at action 1960 and process 1900 ends. If
t =2, however, the encoder knows the non-zero coefficient represented by the
symbol is the last one in the series, and thus the block represented by the transform
coefficients is complete. Thus, process 1900 ends and the next block can be

transformed and encoded, if applicable.
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equally to levell values of 3 D synbols, even while

the jointly-coded Index synbols utilize different
wab@habsts. Moreover, since the total nunber 0PCT/US2006/030308

transformcoefficients in a block is a constant, each

successive_run is bounded by a nonotonically

decrdasi @‘B@Qﬁ%‘rﬁf@m@ﬁ‘e& preferred inplenentation,

thi SBés'i‘cIeg rtﬂ?&dd%r{al}ﬂ% sBERERICHiEH disBudsBE a6 0 Hh& Berifit bEN

val ues. For exanple, a code table may i1 nclude a set of
bredRing alloifwex randed lévet symbuds stthattsubgpquentttd ghef fransmissidrf ofghe

a_set of coefficients and a different sef _.for runs .
3GDsj0tat bR EhseeeB e 90 RaleF TS RIS oF BRI 4Ry loading
885§ @k %lcfcllw ’I%tiﬁfntehﬁbqhétrboh&?{t s MioRdefcriting whether the first

necessarily smaller than the possible | engthS of runs
obéeebhd ogntext rhivdel hbldstis kiadvin on the deeedsn didsemdsbngiuies a valid

does not have to be as.large, .reducing the.entr and
C?Tﬁ’ﬂé&ﬁ ﬁ};(’gg’& g 3T rtwrariaBe S REP PR S RACTEn T TR
BRNGHdRYs whIcR b1 1 Q1R oE BRI sPb
ﬂ%l acemeF]t .S‘?—%{c S gﬁy‘gpzl%l?é?ét (ri:’glugogi-:zerzo/£ cggﬂfﬁf ?lgicgrrl]tapply
eqlﬁxﬂyete demtettlvilyeso 316D symbosueenathitettbe jeistly-codest Index i n
the series qf coefficients, then "last” is true
symbely ytilizg ﬁ’i%eé‘i‘r}tﬁiphiagetf'he non-zero coefficient
repr GREARE sMceahs WM HunPer b SardforhiCodPREihts i bock is a
| ocation in the array, then either "last" is true, or
coitarseach adéaegsiverin is bepended byzohondtonigalde detseasingeqpense.

e e R S B gt
vilk€ Pbr %éﬁﬂlél ARe A BT MAIdeOset bF M Vi oates fakes

are avai e for this synbol, which is defined as
skartissg inrttle first half-of2 spt of epefficienteansl a fiffesgniisef for suns starting in
tiissasd bR BB 1T Fhapy e PoAEepga feedl hattis
€G4S shiilef fhén %H@;Bdé@ibwl@ﬁgw of Rins 6@EthOh thé Grst Ablfebe

I's given below Standard Huffrman code

seansitsetiof ¢oslep doesethi heve toehye, asilargemedicing thesanttapy 6Ad be
.appli.ed t<§ derifve t hese sets of prefix codewords:
IPREYVENg COUNGPHIGIANGS.s 1 5 4,5,3 Table 2 :

4,5, BtferdnforRetorcsh B %eai@@tﬁl careful observation of coefficient
2,3,7,7,5,/3,7,3,3,3,7,4 Tabl é 4 :

Mac2mient , Bor3sxan®les i3the ngn-raisl qpeﬂidien’c represented by a symbol
3,1,7,4,7,3,.8,4,7,.4,.8, 5 .Sub I cc

St it ot o R ROl LB B 0945
Séﬁgﬂaﬂﬁ,dif Ase hdidL¢o Todfitiedt Roprobb@ee by heyaipabedcursatthe b>

penultimate location in the array, then either “last” is true, or the succeeding run is

zero. Each of these observations allows for coding via shorter tables.

3.6 Index Implementation Example

The first Index has an alphabet size of 12. In one implementation, five
Huffman tables are available for this symbol, which is defined as Firstindex =a+ 2
b + 4 ¢, where the symbol is <a,b,c> and a and b are 0 or 1, and ¢ can take on
values 0, 1 or 2. One implementation of code word lengths for the twelve symbols

for each of the tables is given below. Standard Huffman code construction
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a is Boolean and b can take on values of 0, 1 or 2.
Four Huffrman tables are defined for |Index, as shown
whedoom1sdabl e 1: 1,5,3,5,2,4 Table 2 : 2, 4, 2, 4PC1/8S2006/030308
Table 3: 4,4,2,2,2,3 Table 4: 5,5,2,1,4,3

Addi tionally, in one inplenmentation, . in ofder o ta
DAY GH 086 EDISeRIRGORs TEHPRLES BhISBSah gt af pretix
cﬁ%’#&n 3.5 above, when the coefficient is |ocated at

e

ast array position, a one bit code (defined by a)
is Uksie (b 58, 1MbFuEely,45,8n this case). In one

i npl enent ati qQn e e_coefficient is in the
penﬂ%ﬁ‘i‘é’c e4§(f§§=m}0£,2=gg”%go bit code is used since it
I's W\ﬁg?ﬁt hak 17 5k 7 88 7 API enent ati on of

Si gni f cant LeVeél ‘codés theé | evel using a binning
pr oCEable 4: t BA7,5,6)3,3pS5656,4 range of levels into seven

bi ns eyel it hin bj n.are coded using fixed | ength
codégﬁhﬁgd gﬂgk%?ﬁg&?ﬁéhgélves are coded using Huffman
codegybsddlicht hRfdx BPmBER%ayé Bn APBabBIZE GEB! 3 bAS.,

t hrough the grouping techni ques descri bed above.

irfpleineatatiyy, Indeiselefinpd enindentiaon? bwhewrtbreymbel is sabg and

oS3 AR PSSR % ! TSRS LAY ol B
fIPR@ RYsIRYR beldd: D Synbol s Figure 20 shows an exanpl e

process 2000 by the decoder 500 (Figure 5) to decode a
seriEablof: syfHb2.4 nto transformcoefficients. In

vari Lmplenentafi ons of the process 2000, actions
may ﬁéﬁ?znnéégﬁ4g i ned, or broken up into

subagiijons. 4R bhey, actions may be defined to handle
error conditions .such as thosetriggered by corrupted
bi t sTadads. Sy 1gsocess begins at action 2010, where

t he oder..receives the fjrst. jointl|yi¢ I
and AAHBABELY.E% gbt P prenairD in sEls” o & e g Btome of
HRCIFRMaR R Beschibad s 96dH0R TS Abdveewhen e opilvidndieidcated at
based on the decoded synbol (including any |evel_ or

theulasti aufay positionna e bit ppdesdafingdbyt wds ¥eefpibes yaiguely 2 in this

bitstream). .One | | ement.ati on. of .t.hi . -
o1 SBm PubFB STRILR! BBl Rk Qplfeposcon.
b BHIBdE I usEN 8inkE AGE RhowR &t BGNLi nues to deci sion

action 2030, where the decoder determnes if the

sy nhOhe implepmntationted Significantkeyel eodss thsleveldiingess pinning

coefficjent ..  If sq, th I QCESS nt.i nu GLi QR
SRS b BB EaP B i e
cBA& RORHIREERN B JodEE A8 Shetiifls eBelsss #@RAded using Huffman

codes. This can be done, in one implementation, through the grouping techniques

sy N

described above. Similarly, in one implementation, NonzeroRun is coded using a
binning procedure that indexes into five bins based on the location of the current
symbol.

3.7 Decoding 3%2D — 2%:D Symbols

Figure 20 shows an examplé process 2000 by the decoder 500 (Figure 5) to
decode a series of symbols into transform coefficients. In various implementations
of the process 2000, actions may be removed, combined, or broken up into sub-

actions. Further, actions may be defined to handle error conditions such as those
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ends. If the synbol is not for the |ast non-zero

coefficient, the process continues to decision action
wQuo/2Mber e t he decoder determ nes if any zerBCT/US2006/030308

coefficients have been indicated by any synbol thus

far. If not, the process_continyes,to actio 8’
triggsred yheorriad istsams, Ihe BROSPSFRPSIRTAL a@mﬁ& Whes the

I f h

ReaPLERETo B8 (b 28 ol Bkl Moo R SN R SHD bode
b i Nex:tnamtm@ 0020 4Ensfoharcoafficpmbcas poglated Habel on the

decoder receives and fmgodes t he next nbol usi

dosgded spabok Ganleding any Nehey TR S QHBHIR L EhPIERTRL A H) .
ca%g?ersgéd%ﬁtrggmrhbﬁg PiahfetatibR @?Jchlé’\@cstloﬂs@ HeschiBEd in greater

process t ocee s to action 0, where transform
detadfblelosy eznﬂﬂe@eet todpgirat2éd ’Iﬂnaspe@bessnthbh eogteuEd éol dsoistoo|

(|nclud|n l.eve rrun i fornatl

abion M0, Dibgrechs decsier Srterigs 1A Patel trfiSuBhr s the
DEQt f | 8StJ dB8H 2000 SN RAE 8h

R EPED PRt 1, oAbl e RS Al 2000 3L ey

réthainingani-popmdsted ooaficiesisare pailaed B erosh ene prdvess 2000

dg;oder determines if the synbol indicates that it is
the | ast non-zero coefficient. If not, the process

r et Uffi§e EPMBAIGE RbOfRr B h@hoa M é’d&@*ﬁél@ﬁeﬁiefbroéé(ss Eéhtinues to

the process continues to action 2090, where an
deeigion ractign 20\4(p oyherathedlecadsr ﬂehcrrenmes iy Zprimﬂ @antpheye

Zer pes, oce ure 2
et 5505 B L B Sairos06 coRERES B0 &fion 2050
f{tﬁtn%xf é’ 1%’ 161984 hh & i&IHEd udiflg YD E8iR tables following
enent at’i ons of the process 2100, actions may be

thesﬁrsv eahtextanddahe & ingteacdhras enefﬁplentstlwvs bpemindicatrg. at decision

Wi | 2100 dtod

oo el SR ardigey 00Ch B e el S A er g o Bt

grtﬁgxﬁusm 2%!6 :S‘dda%ts1¥§fdn@wn§‘g%etséédnq%ntelxemhew R dpasdless of
run eng hs may be included in 2ViD and 3ViD

mlymn obrtextuhodsh wes ubetl, did pacess dmggoaedgta ection 2070, where

BT e ORGP BB B e

M@r s B rmakibn B0, préRat AIRE 86H ﬂemsolﬁsﬁeﬁﬁpl Ak ﬁﬂac’uon
action 2140, which i's descri bed bel ow. however the

AP Ohale lrrgnlfam@mam'l)rsqﬁmm actiph & @@@rd@ﬁ@rmmaé@rrdqtﬁehb%?w with
deci sij act 2120 if .the s

ST IR Bt rHeor e FoRbiUES o UEGUP R e 2050, wpere the
d‘eéadéf%ie%%ﬁwl@ﬂ t%@ts?ﬂ'nﬁbﬁhﬂ&atefs & i¥ BruBe Rist AGPZEHO] I un

In the 31 D synbol is 1, indicating a positive-length

qoefficient. mfnotmhe @mqesﬁgrealmetqﬂqc@n@x #etion 2049 fand repegipnbso,
oes indi %é@% ﬁ%h run ofnzer u
B BraceE Sl oS RESPbALLL VSR PRUSDeUrE kPSR o
QR Gerdt §re &?GIaIEbcp\fmﬁ RErokd Anll HrotesOTd. endased on the
encoded | eve l'owi ng the 3 D symbol, and initia
F1gure 21 shows an example process 2100 by the decoder 500 (Figure 5) to
populate transform coefficients. In various implementations of the process 2100,
actions may be removed, combined, or broken up into sub-actions. While process
2100 is configured to decode symbols encoded according to the techniques of
Section 3.4 above, in alternative implementations, level values and run lengths may

be included in 2%D and 3%D symbols, which would allow process 2100 to be
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transform coefficients are populated with zeroes

according to the run length. Next, the process
weonriomies t o deci sion action 2140, where the PEDUS®NG6/030308

determines if the synbol indicates that its non-zero

coefficient has absol ute val ue.greater .th . This
siggfigd.c TheREPCHSS Regis atdrsisign aptiqthel o Mroe %‘8?10‘{'?
ovelo i . . .
SBEMRELAIHIRVEAD b, 001 bl rpa el g
adtioa 2140, wkich ic destfibed belowi If, dowiewer the gyrmobolilis al3f2I} kgmbol,

synbol does not indicate a ficient.with. | ut e
g ek R ko) o AR S AR S e
le%%éiﬁniti@ﬁ' Blof 2380 BSfhcRE! fIihEd @ftbel ®nBBH !d%fﬁl%ihiﬁ\% {ffhe value
eFfther a - 1 or a 1, depending on the Sign of the
ofinonZees aux drefifei 344 symbolfis tlhimdsatibg b pdsitive-lengitic aine ono,

_coefficient with ab h
B S 2T leBEd whndl eesbg dres Pt o e oelihn of
7B\ %fff&ien&st] eheeBbdsk Chfttiuck fo HQHADAA02RHereBe length of the run

coefficient 1s populated with the | evel value, al ong
isdehdéd, basidgm. thaeneided leystiofodlowing the 3213 symbetagndingtial

i ndi cated..in various S,...thus decaodin f th
tree%m Epapicatghe POMHEY S 1e e oo Bisiensth

act 1 QB%, g&?go&rss 23 huedRdecisidn Afh D120, REére e dekbBer

t he decoder determnes if the synmbol indicates a
dptesiiney & the sgtbolsndisaigsithat its nen-péroceeBiciané hag dhsehie value

el 58T oS TR SRR et

’ s%aﬁblt i% \Iﬁfddﬁﬁ%g tHdBvelHas osolite vk iohéhted tBAT O-dr@) @idicating

The case of nonZero_run_| ast ‘equaling 2 is not
tist dhwmonazero kaeffictsbis edtheadgint 1. i Ifi thersyshos dogromt jindieate pe

e P TaR Lol AoR e bohd  aaeoies: g G%gion 2150,
WSS Betiaet éo%ﬂ?cgl@rllt% pbi\Batell WithSeiteeQdrd: 2 Daspendifig bhghe

encoded runl ow ng the synmbol, and subsequent
stgnarf$lionon-zarefcbeiceant s Ifthe syrobrlldeee indigatha peqifeignt with

cgor di to the run,length and proces 100

gcehE P Satdnte PhE S R0e-SRSERE & SheBadbo e
thd 1YL 6T tH cTHCERCIIUBE0dRA And HhedideEfiGidnta o ad wathethe level
for efficiently encodi ng and decodi ng transform

Vtghef flong mﬁl\ildgmgn (kj)és dischssedralbventhaisignonay be indieated igfvarious
evi ce ' i gi L.al di : . ) g
T B erodh it roeisnbes Rart SRR L AERSEA ddions

J1889e 286§ Vi deo recording, transm ssion and receiving
equi prent; portable video players; video conferencing;
and &lest, aTHeciglpyactidn 2@; thealseodey desaniney ifdhe sambeldndicates

ARSI b S P b
cifegéﬂglilﬁgﬁ% éﬁgg QLielof 66ATLI A REMhABOSEMBOl is UchdRatighawn
positive-length run, or 0, indicating a zero-length run. (The case of
nonZero_run_last equaling 2 is not shown, as that case is caught in process 2000.)
If the symbol does indicate a positive-length run of zero coefficients, the process
continues to action 2180, where the length of the run is decoded, based on the

encoded runl following the symbol, and subsequent transform coefficients are

populated with zeroes according to the run length and process 2100 ends.
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Figure 22 illustrates a generalized exanple of a
sui tabl e conputing environnent (2200) in which
walemcotsesl enbodi ments may be inpl enented. ThePCT/US2006/030308

conmputing environnment (2200) is not intended to

suggest any limtation as to scope of use or
f uncti on&qupuBPgEH@lPOHWé*HfH on, as the present

| nveme% MovEAYsdibell TREGIE W@@ 43 1gﬁl'edﬂ) V848 ¥Bcoder 500 (Figure 5) and

gener al - purpose or speci al - purposé conput i %
teehiviquesnioe afficieni¥yt dncodifig aad decadnglirgnsfamedaefii¢ients can be

p%rofer}pe%tgl;q%?nv a[\ga?@ngr%ﬁ ({egﬁ:ggg.&wgﬁll) dg%‘%é @}edla[eﬁ%}m_ql é)a?cgssmg is
pg&o%ﬁéa' the 4 Qﬁéﬁé:oﬂ?l@f‘é)&%l@st bORplA3 GhadeSardalisied

n"a das ['TThe. The proce33|ng unit (2210)
r@mehm&esm&mupmm&mdewﬁmungbmapnnstpuﬂﬂﬂgﬁyk@nﬂwﬁﬁyVbboa

or a tu r oc progessi
co§Bahela o e BASBERRRY leleTpbblrp BB Uhentd
haRVRE &E&fﬁ?\‘f Uisqil1Bad lﬁsﬁ(gltﬁq hie@[hsprbgesbﬁgrsﬁﬁﬁ/@r@é@@@tﬁﬁg Wﬁhm
power. The Tenory may be volatile nmenory §e g.
arcegipstee 05 ptlmactbmputmg\@nylmomenb sachi dsshawnon Figuase ¢

fl nbi
Oy S Pl s R ATURLB”
ehﬁ?élﬁﬂ@ﬁ’(im ﬁﬁ‘@/h%sdé%é@ﬁﬂ e%ﬁ]ﬁﬁlﬁﬁéﬁtg ﬁ&?dféﬁn@'[&inented The

eff1cient transf orm coefficient encodi ng/ decodi ng
cbmphmgcresronme@b (B200) mgxoé mten@dﬁe ﬁmggeagfanydttéltatlon as to scope

dd t t
H?ﬁl ?rl F%’Z‘g{)ﬁ ﬂrhvc?fl exa a?;;eé1 ol ?rﬁ%gg?l%ﬂa & or
( reﬁae!)nmtih dﬁi@féecgeiefai%'é@ose @fl @pe@fal@ﬁf@s@ bépitigtevi ces

, and one or nore communi cati on connections
eq2i2qidhentAn i nt er connecti on mechani sm (not . shown) such

< BSOS R Eh RGE Bos
lé_éépb fo¥essRRAAL @ Q%}%ﬂﬁﬁﬁ%&@f (LR20)e I Foturs DRVM)s most basic

es an ogeratln genvi ronment for other software

oenﬁgmtlwg (2230) Irenelofpslimithip edasheblnenthy pregessmeddt (2210)

di t t f
SR R B blse S by e REPER LS OF 53Ryt processor.
109 the8&dsSin8 sy ei; ﬁﬁ[@lapfcﬁess&[gjuﬂlm@xedﬁs comgniet- C
di sks, ‘magnetic tapes or cassettes,

RoBable insamgtionsie ingreac PEYSARTBE PP @W%O%CP?@@Q} gay be

rmation,and whi.ch ca S
B R RAG B s 80 df MRl By if . ROM,
@EFI(@M IfASK fiéeidrensgc.§, o sbine cembinatiog of #280). The memory
i mpl ementi ng t he descri bed encoder/decoder an

@210)ctares saffvems (B339 éoploneating theddseeihedgnaeds gieﬁ@der and
n Th t b )
e o oo nC U ER R R RabRY oo 7 o

t r ackpadrhy utﬁlgv@iv@@nhfeﬁuﬁlaﬁ axvealdittorat fanirey Ekﬁ‘vdxampleo the
anot her deV|ce

computing environment (2200) includes storage (2240), one or more input devices

(2250), one or more output devices (2260), and one or more communication
connections (2270). An interconnection mechanism (not shown) such as a bus,
controller, or network interconnects the components of the computing environment

(2200). Typically, operating system software (not shown) provides an operating -
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that provides input to the conputing environnent

(2200). For audio, the input device(s) (2250) may be a
w@ouwne2xses d or simlar device that accepts audPOI/US3906/030308

in analog or digital form or a CD ROMreader that

AT Ol FEBT T K9P0 il SRR HYIE e
aédo(feo%ﬁah?te%wlﬁésﬁ&ﬁth@Eoﬁgm{eﬁﬁroﬂﬁé/& ﬁtn%ten%eﬂfn@&mzom

romthe conputi envi ronnent
conmTin tabge (2240 nmgtbemm@eivab(lé!dr?@n—mmb}lable and 1nc1udes

communj.cati on over a cormu
TOGRBiIG BRERLS A CETRIT CR-ROM it ThY iy st any
ofhBf REARL ﬂlcﬁﬁ:‘é.g b@%s&PMr‘é ﬁn@ﬁﬁ%rﬁxﬁidewhl@ﬁ "cﬁﬁl B h@U?:‘ésed

conpr esse or video information, or other data
vwmnathandmpaumgi eld\atmmmng (2200). AThostatage €249 steres igsteictions

16 R GHPma G0 Fie Baientae FRRarHoed P65 Bncger o offtien

ulraﬁgf&rn‘i'%éfﬁelehpeﬁchﬁmﬁhﬁ@@&m g BehMRMef exanple, and not

m tation, conmuni cation nedia include wired or
wi r eTlesmptieddvideds)d32 5 (phagrizan tedchinpiut devies sushras @dteyboard,
optical, RF L Irared aco stic, or other.carrie Ehe
g Pan ook Griees B deRinis el PiavicS o Angler 88Fce
e gfavh&% qrﬁ%ﬁ 16 iR & %gfuﬁﬁg eﬁﬁ%rﬁﬁént @I2009 7 PYE Ridi6,aRE alpue
medi a. Co a

. uter-re bl e nmedia are any avai | abl e medi a
devia¢(sr@a50emay be ssedndiart ionsimilao dprice gt eepepisadioninput in

bt i CROPT srhehr oo sl bobaordes SulidskiBisats e
bﬁg{lﬂﬁ‘fgeer{%%ﬁﬁién( 2PROdutp ot RIRQE) Qﬁﬁﬁﬁ}nayww@?tﬁrﬁﬁer

Ia, and conblnatlons of any e above
spayet, D werderm opamthersienmige tlaat WM‘q@@@mﬂ diam gherropeputing

descrl b the general context of

eé&%é(@éut abl e instructions, such as those
' nCl Tﬂ@%ﬁﬂﬂhﬁﬂfl@ﬂbmml&%) (QQVODQ&lﬁE%Cdéhﬁﬁumﬁatﬁm over a
conmputing environnment on target real or virtual

cpmonEssition n@Eeinen b hlyqthg‘r@gtmlﬁmﬁﬁdufl}’e SThersonupenication medium
libraries ects.,.classes

cgg%%lé %pggtgcgg{lvggsﬁ Ic%mﬁtre% gxecgfag)l% t&ldt cowréssed audio

P 3deb %‘foﬁhaﬁ&? 68 oftfer HARiE AR duRAEd da4 hl@halabﬁ todglatétipdBa
types. The fuictionality of the pr ogram nodul es may be

stgmablsralesdgrmﬂ thap haa omaeqnm@m of its gharastatietifssst erschaaged iaguch a

in various ut ersexecu
et 0 e BrOEOGR i ReaRE B G 2Raple, g not
H@ﬁﬁeﬁioﬁ é’oﬂn‘ﬂﬁﬁicaﬁén ﬁlieéiaﬁh@u&@ﬁ'n@@ BPWidengs eRMhigaereNt .

For the sake of presentation, the detail ed description
inplndnerdeith ek electisnb optieal, RE; 'igErradaseoustio, gy jothsr carrighd

‘app ri be co. ations .n 0
envi %ﬁ ﬂ%’ia? ’é‘s@o?eéf‘lrﬂrg l{%cﬁgl% f;herle]é\/c bedle ?fg%etqﬁ gtr%em
JeBEraPRST @ 0P 88mputer-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 computing environment (2200), computer-
readable media include memory (2220), storage (2240), communication media, and
combinations of any of the above.

The digital media processing techniques herein can be described in the

general context of computer-executable instructions, such as those included in
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15

performed by a conmputer, and should not be confused
wth acts perfornmed by a human being. The actua

W@ 09pl2 K68 oper ati ons correspondi ng to these tePCEUSENG030308
depending on inplenentation. In view of the many

possi bl e variations of .the subj.ect matter described

PIRBFRER IOCHISS chelf g PHRSUStl n QBRI RYongnio OB ATar rerk ¥
. \ s

vl BocBORT oIy, pRECSEARRA hAfal Qb Bos,
libracies]iobigces, slsiessconfpanerinsdata struwowes, ietd. dmet pelfeBoPprticular

representing digital nedia data, rising.
o S ronthob e i s AR GR Ry o th program

Gyt hi e Jas dWkIRIdSh Rrari

ng\)gg{?gsy ol&@%‘% &?g?%g%tgfgg&gn [ rlllginf:ogt%if%r? Sof a Ao
embodinents. doahputei-executablermsthstions for pregrammaodifles may be

coefficients and an i,ndication of a. length of a
cRBIOAE okt O BB PR For each

sy <Il)r th8 sél&eof%?&eﬁﬁti_gﬁ, thY Aheli&t dssBAsiicDuded 6Gs 1ike
synbol to be encoded in a conpressed bitstream (420);
“determvihe i Epeneaatt A< adjuet” aek ‘GpplyE e descaibe compties operpiiens in a
of transform coefficients is represented.b S I
cEDBBEE SHBPBTITL LR G eFON e 1 BN HORT R Sbaradons
pEMBSRAUSIY coPutef, a3 ERoul@hbieb Coplifsed WA StcpERithRaDyan
Indicator that the coefficient is the |ast non-zero
homeh beinge he agtuali¢amprsetapgrasions ceoirespendingde diose terms ety
S ol in the serjes of synbols additionally conprises
deprnding Quiny ﬁmgwa@nfength of a run of zero-value

coef fij GRIUrshPmBRP Podieblavhtidtivhs B fireZabRceRefié dbsaibied N
the series of transformcoefficients. 3. The nethod of
heteit, weslaihay eirrinyénsios allissch ebedimenisasmasoedme withi the
resul rom.det.er m ni a normalized part of a series
Sﬁqpe\/ﬁf{ﬁéq &éﬁ&'éng e %rﬁjr%c‘:l V@?%tsg@gﬁ#%. 4. The method of
claim2, wherein one set of code tables is used to
code the first synbol in the series of synbols, and a
di fferent set of code tables is used to code other
synbols in the series of synbols. 5. The nethod of
claim 2, wherein each synbol in the series of synbols
has an associ ated context. 6. The nethod of claimb5,
wherein the context for a synbol is based at least in

part on whether a non-zero coefficient represented by
t he synbol occurs before or
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after a first zero-value coefficient in the series of
coefficients. 7. The nethod of claim5, wherein the
w@onrextses or a synbol is based at | east in parPCDOS2006/030308
whet her the series of transformcoefficients are for
| um nance or chrom nance channels. 8. The nethod of
VF*FdiamlS, wherein the context for a synbol is based at
easth | t her e . .
1 gor prafiff ot afBads dks bR GBiciblie R Rorssenting

digianskoiamaty, campfsihgr transform 9. The nethod of
claim2, wherein for each synbol, the indication in
t hat regyaspetingdfl 40P)ethe seripsiof Hrnsfaen coefligrenty Assesrien o1
ZeJ O- effici ' :
SRR SRS DRI R ARk nonr
c6ofibeht frbmahs varidsfof Zhsfora lcuerficiaatsl dndiaarihdichitorodf a length of
| ength zero; the run of zero-value coefficients is of
agupssanentyen pergjetyaluerrecivignts;ci ent i ndi cated by the

ol i j o \ _ .
C antr 5P Al B ePEts 4G RHol Ralddfs ABHbFheRimpol o be
Wbt iin a t dinprBsted ditsteanof420)@ntiengt h of the run of

zer o-val ue coefficientéﬁpreceding the first non-zero
coef wheteitne lashnanyeerp icpefificiophingthe seriasd tepapfoss coefficients is

synmo compri.s | ndi : | e
SR GPTBEDBTT PSR DGR DO PRSI hnion
RO Z2b-FafR&bbfid@id corfprives he fglidhtaiehat the costliofentis the last

positive |length. 11. The nethod of claim9, further

nebrprd eefigcienthen a synbol conprises an indication that
ru

figiemhen a synbol compr i s at i
3 engthe meBRTHHEL (B h % (P ultp) B P DAS I oo

20@8bhil} Sdthsrided ahendiadAA alengdth ef & PsREBeFalue coefficients
bitstream 12. The nethod of claim1, wherein for each

Psgmfﬁim_g,a_ ﬁmbnc;mmr@ apeidiianhin the serissrd tansiormisecHisien®r o
coe t .1 i, LCi
e e b T AR AR S5l bgh e

RS QbtefBinied 418o1lalizB@pM0 Bf Z eériesPafilie-edrgpttransfogheat er
than 1. 13.” The nethod of claim 12, further

cooffigidngd- ng, when a synbol conprises an indication that
NoRs Zerg c fil.cl [ l; r

oo SRR LS PR A0 B gt e

froedyhitel eNthelseribieofenanaRdanda HiffranBpy eudde tahildssk usmino
14. "A digital nedia decoder conprising:

code other symbols in the series of symbols.

5. The method of claim 2, wherein each symbol in the series of symbols has an

associated context.

6. The method of claim 5, wherein the context for a symbol is based at least in

part on whether a non-zero coefficient represented by the symbol occurs before or

after a first zero-value coefficient in the series of coefficients.

7. The method of claim 5, wherein the context for a symbol is based at least in

part on whether the series of transform coefficients are for luminance or

chrominance channels.
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a data storage buffer (2280) for storing encoded

digital nedia data; and a processor (2210) configured
wa 2007021568 ve a set of conpressed synbol s (420)PCT/US2006/030308

describing a series of transform coefficients;

th nmbol 510): d 5 )
81 e R meBod T ¢lln Sy BRFCR ’fspﬁ‘n%éséoiﬁ‘é%f;a%ﬁaféeéﬁbw
ngrgiﬁ% Qheliae a{%@gﬁssﬂmﬁ%m édefm&tyvﬁl%rfsf M heraeiodt, .

ressed’s S conprises jointly-co synbol s
it Datenandat ¢rlaOtef rasfanset of code tables
according to a context npd each jqintly-coded

| ;
95y nibe pethedpf glayn 2, Whsreihi cadt tymba) e fidipatiopdn that
sirﬁ‘t%l%‘cf tt?g le}létﬁ"b?';ﬂ% %%%ﬁl?égﬁ?&ﬁ St i Gients RERPridds®

ero-val ue coefficients ow ng the non-zero level.

tebary Eh@bel igilicatingrent of tile faltbeving towditioms drithewlmbel: n:

eacﬁ J oi nt|y-coded sypbol d,es&:r i bes a non-zero | evel

by itheremes fgowakereriisieniys of (gt 28t % of the

non-, ' r | o .of

co m@g@éF%es%%ﬁg Q:g g@%‘:ﬁn})&&g I%Ff/l :bg ?)lhng? |le§1 gh’ | evel

sy bk soelfistont Bidigitddisy thalsymbolf is daclastrooeffderd ih theederies of

and i ndications of level signs; and the processor is
trppgfome coeffpentfur ed to, when anal yzing a joi ntly- coded
1§Y 0Pk WA Jf '39311%@ %;hfiaeiﬁ %’iﬁ&i&gtiéne(\(ﬁhe ‘I@h%ﬁ?oﬂlﬂé b€

value is greater than I, reconstruct the non-zero
zbrovielludisdefiicibits piavdding thefrst estekers wobfficianhircthe first symbol in

descri bes the val ue of the non-zero level. 16. The
thej sgriespt sywahols errnpRss adoolepn indiqaiing yrhstlgr pr g0t thegpn of zero-

syl o : : I :
B elnl i e PSS REF o SHTDGA S B FBliPAED BYis of 2
pB§ifi¢€HnBeh. t he non-zero level in the series of

transformcoefficients. 17. The digital medi a decode
16f clh¢ methed affedaien h furdhez igomprising, WheRa 8y ehrgmprises an

.d [ - i Ci .
AR o 1 EE MR GRS, o
1608 bf Gk et 6f k@0 gar@iceefichais ©;betdneodet indhe canpressded

synbol s additionally conprises run synbols describing
bithfecanangt h of each run of zero-val ue coefficients

e PR A 0, By s B o
s§@®61 bittie non-zero coefficient from the series of transform coefficients
comprises a boolean indicating whether or not the absolute value of the non-zero
coefficient is greater than 1.
13.  The method of claim 12, further comprising, when a symbol comprises an
indication that a non-zero coefficient has an absolute value greater than 1, sending
the absolute value of the non-zero coefficient to be encoded in the compressed
bitstream.
14. A digital media decoder comprising:

a data storage buffer (2280) for storing encoded digital media data; and

a processor (2210) configured to:

receive a set of compressed symbols (420) describing a series of

transform coefficients;
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a digital nmedia decoding programfor performng a
met hod of decodi ng conpressed digital nedia data, the
woregohoziseonpri si ng: recei ving (2000) abit st r eaPCT/UDP6/030308

conpri sing conpressed jointly-coded synbols (1340)

encoded froma set of code _tables according to a

cont ext W@‘é‘pP@é%%isﬁﬁlb(’bdébQ)QﬁlPFg jointly-coded

synbol s L4\S, : :

coeffi ci té% O%E{(g@(gﬁ%@&hég‘{rrﬁg%gp alzu seg%eefﬁtc fetEl %a s@%g}r%mg the
st @bt aneeisedey@bolsame r econstructing (2100) a set of

transformcoefficients fromthe determ ned | evels and

r unswhereit¥ ansf orm coef fi ci ent zeros. 19. The

conput er - I ' ' im&q |

bitstr ear%ﬁéegég?)?g?mg%%%% %@ggﬁdo@rﬁ]{ féie%\ ! ] cf %ﬁg)grk?rong&lﬂs
(Byohehcodsd (1600) fehhesetfof codretables aprordiag toleconliergmbiie;

initial jointly-coded synbol to det e,{)rri ne a ruri ot1

initial teeshigigiyrcedssrpmbobhi35obaeseribes 4 pomhggig lpyel from the

coef fi Ci I ; [: t 3
R A N e B
fellavify #% nodggreiigvel.t he j oi ntly-coded synbol s indicate,

for each transformcoefficient |evel, whether that

1peveThedigitalmadig slecrdst ohlaan 4t e¥hEPI han 1; the
jointly- ifadi f un: of:
SRR AU ol AR or oS30 Sl
aff aBsdlee vahenfihe idiezdrb il samedterthlved; conpri ses

conpressed synbol s_describing the length of yun f
t r anthesehelcsEmrpespe symbels 6%(,11%9??21% HORIISGH, Teyghsymibols

Dt ¢ . . ] o
B Rl TR SRR Bl o160y and

decogheRffodesidt if Filrihee ocefibuzsttiopivhed andlyzingagaintg-coled a
transform coefficient |evel has absg}l{tut e val ue %rgl%%r

symhol which dndieatphi ReR-Eeratleteh ahopapsebiteyelyess gepeh

| evel decodin . . Sy ' '

A SR B PRI LT GRIBS i s st
16oeihé 6f @Bthohead levaind when decodi ng a joi ntly-coded
synmbol which indicates that a run of trans

( . form.

16oef The digitel medisslceadagodslagn 1dnihersm 8 .S}ﬁnfaphg thyget of
RS BBl B IR L tpsne
doeffidhtdpretdiing the.non-zero level in the series of transform coefficients.
17. The digital media decode of claim 14, wherein:

each jointly-coded symbol describes a run of zero-value coefficients by
indicating whether a length of the run of zero-value coefficients is greater than 0;

the set of compressed symbols additionally comprises run symbols
describing the length of each run of zero-value coefficients whose length is greater
than 0.
18.  One or more computer-readable media carrying instructions which describe
a digital media decoding program for performing a method of decoding compressed
digital media data, the method comprising:

receiving (2000) a bitstream (420) comprising compressed jointly-coded

symbols (1340) encoded from a set of code tables according to a context model;
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decoding (2000) the jointly-coded symbols to determine, for each symbol, a
transform coefficient level and a run of subsequent transform coefficient zeros; and

reconstructing (2100) a set of traﬁsform coefficients from the determined
levels and runs of transform coefficient zeros.
19.  The computer-readable media of claim 18, wherein the bitstream further
comprises an initial jointly-coded symbol and the method further comprises
decoding the initial jointly-coded symbol to determine a run of initial transform
coefficient zeros, a transform coefficient level, and a run of subsequent transform
coefficient zeros.
20.  The computer-readable media of claim 18, wherein:

the jointly-coded symbols indicate, for each transform coefficient level,
whether that level has an absolute value greater than 1;

the jointly-coded symbols indicated, for each run of transform coefficient
zeros, if that run has length greater than 0;

the bitstream further comprises compressed symbols describing the length of
runs of transform coefficient zeros, and the sign and magnitude of transform
coefficient levels; and

decoding the jointly-coded symbols comprises:

when decoding a jointly-coded symbol which indicates that a
transform coefficient level has absolute value greater than 1, determining that the
transform coefficient level by decoding one or more symbols in the bitstream which
indicate the sign and value of the transform coefficient level; and
when decoding a jointly-coded symbol which indicates that a run of

transform coefficient zeros is greater than 0, determining the length of the run of
transform coefficient zeros by decoding a symbol in the bitstream which indicates

the length of the run.
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