METHODS AND SYSTEMS FOR REFI NEMENT COEFFI CI ENT CODI NG
I N VI DEO COVPRESSI ON RELATED APPLI CATI ONS [ 0001] This

w@ppritcati on clainms priority to co-assigned U BUT/US2007/064912

Provi sional Patent Application Serial No. 60/786, 800,
filed on March 27, 2006, entitled "Refinenment

Coefficient Coding for Fine Granularity Scalability,"

and U.S. Patent Provisional Application Serial No.

60/ 830, 199, filed on July 11, 2006, entitled "Methods

arM EVHGDS ANDSYSTENMS FORIREFINEMENTCOERFHEDENT
conpression,” which are incorporated herein by

reference. TEGQIDINGANNIDBE@ITOMPRISSEON

di scl osure rel ates generally to video processing. Mre
specifically, the present disclosure relates to

net hods and systens for encodi ng and decodi ng
REAATEDIARPLECATIQNSt 0 vi deo conpression techni ques.
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stored or transmtted nore efficiently. Deconpression,

sparrated haginibyyelesdicef conpressi on, produces a

replica of the original data. [0004] Today, many vi deo

conpressi on nethods apply a certain type of discrete

TEGIBNICALIUER. RS Di screte Cosi ne Transform (DCT) for

reduci ng_a remai ni ng spatial redundancy in a .
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RGNY deo bitstream The conpressed bit stream
BATRE blto a decoder, which will deconpress the
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orjginal vjdeo data. [000Q5] Video conpres.ioq : :
%eé%ﬂwueéh%@ycqs%msﬁqn T dprees paessPRrflodigiiglorifge data. Video

compression is desirable for efficient coding of video data in video file formats and

streaming and broadcasting video formats. Compression is a conversion of data to a
format that requires fewer bits, usually performed so that the data can be stored or
transmitted more efficiently. Decompression, which is the inverse of compression,
produces a replica of the original data.

[0004] Today, many video compression methods apply a certain type of discrete
transform such as Discrete Cosine Transform (DCT) for reducing a remaining spatial
redundancy in a prediction residual, which is generated using either temporal or spatial
prediction techniques. Many video compression techniques also involve quantization,
which may be either scalar quantization or vector quantization. After quantization,

quantized coefficients may be entropy coded and placed into a compressed video bit



medi a. For exanple, in broadcast engineering, digital
television is nmade practical by video conpression. TV

W@ @viisgl can broadcast not only HDTV, but nul P¢PUS2007/064912
virtual channels on the sane physical channel as well.
Digital video broadcast may use the MPEG 2 standard

vi deo conpression format. H. 284/ MPEG- 4 and VC-1 are

begi nning to energe as neM/standards in video

conpression. [0006] Unfortunately, known systens and
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ghcoder +OOOQ%§F ure, 3 |IIustrates a method for
SBARR G PHY SRRSO, VI OFPBIP E S re 4 il lustrates one

fvesfi M foRfindAclPEERRG §RtcHRCRdanARRNGP SN n%'nﬁ@ﬂnaﬂon in video

sequence; [0011] Fi gure 5 illustrates one enbodi nent
odmprepri@t wféerffmmﬁarmusnhi@dbacm oAaC@timglaM ibegelg$ may be realized by

b k trat
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one variable I ength coding (VLC) refinenent coding

schene [0014] Figure 8 |Ilustrates one enbodi ment of

ﬁﬁiﬁﬁﬁ@ggg U4 8N &q rii.. 1 nenent synbol s that

[owo7pe "ﬁ%‘%' mmﬁtrmeg Ring YontbdYREet Tch kduldbdd WIRBBMMing bitstream
codlng, 016] Figure 10 illustrates one enbodi nent of

&ﬂvﬂﬂﬁable | engt h coding (VLCO table [0017] Figure 11

g¢&g§ﬁ} ;?Fitiglgfeg% ee{}hz%]ia?dt g}n{sen Eég)d r()Elae base Fayer and a plurality of

enhancement layers being sent from an encoder across a network to a decoder;

[0009] Figure 3 illustrates a method for encoding information;

[0010] Figure 4 illustrates one embodiment of a method to decode an encoded video
sequence;

[0011] Figure 5 illustrates one embodiment of a picture frame divided into a
plurality of macroblocks;

[0012] Figure 6 illustrates one embodiment of classifying significant and refinement
coefficients;

[0013] Figure 7 illustrates a drawback of one variable length coding (VLC)
refinement coding scheme;

[0014] Figure 8 illustrates one embodiment of a subband-based coding order;

[0015] Figure 9 illustrates one embodiment of refinement symbols that may be
associated with syntaxes used in refinement coding;

[0016] Figure 10 illustrates one embodiment of a variable length coding (VLC)
table;



[0018] Figure 12 illustrates one enbodi nent of a
solution to a problemdue to grouping of refinenent

w@omifilsient s when significance and refi nenent PCDUB2997/064912

are interleaved; [0019] Figure 13 illustrates another
enbodi nent where significance coding and refinenment
coding may be interleaved and3subband FGS codi ng order
is used; [0020] Figure 14 illustrates one enbodi nent
of a nethod of a decoder-based solution; [0021] Figure
[®17] | ustigwrt dd ibnsetragayinmdicmdotlingdnt af medtydd finf gaamularity scalability
ﬁﬁﬁﬁﬂer-based sol ution; and [0022] Figure 16
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transformis applied to the residual signal. A
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vari able length coding table is adaptively sel ected
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whet her the coefficient has been refined in a previ ous

issspeptrjad@bGpmithe silce voowheent, resifleal segnabig formesk by swhgracting the
signific coefficients and. refjnenent.coeffi.cient

Rditioh e SR S Rl bF USSR §RGP] 96hEP0 She current
bh@eks A Thfsform is applied to the residual signal. A plurality of transform

coefficients is quantized. A refinement coefficient is mapped to a ternary refinement
symbol. Refinement symbols are grouped in a certain coding order. The refinement
symbol groups are coded using variable length codes.

[0024] A wvariable length coding table is adaptively selected for different
enhancement layers. In an embodiment, the variable length coding table is adaptively
selected based on a probability estimation of the refinement symbols. The selection of a
specific variable length coding table may be based on a level of an enhancement layer.
In an embodiment, the selection of the specific variable length coding table is based on
whether a coefficient is being refined for the first time or whether the coefficient has

been refined in a previous layer.



plurality of blocks may be scanned before the grouping

of the refinenment coefficients. An order is determ ned
wowd/ivssch the refinement coefficients will beCTDUS®A7/064912

The refinenent coefficients my be stored in a queue

according to the order that was determ ned. [0026] In

an enbodi nent, every fixed-nufitber of consecutive

refinenent coefficients are coded t oget her using the

variable length coding table. In an enbodi nent,
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[0028] A computer-readable medium including 1nstructi0ns for implementing a

method for coding refinement coefficients in an SNR scalable enhancement layer of a
compressed video sequence is also disclosed. A video sequence is received. A
prediction of an original video signal in a current frame is constructed from the video
sequence. A residual signal is formed by subtracting the prediction of the original video
signal from the original video signal in the current frame. A transform is applied to the
residual signal. A plurality of transform coefficients is quantized. A refinement

coefficient is mapped to a ternary refinement symbol. Refinement symbols are grouped



| ength codes. [0029] A nethod for decodi ng refinenent

coefficients in an encoded video sequence is al so
waele@ehesed. An encoded vi deo sequence i s recei REHUS2007/064912

Ref i nenent synbols are decoded using a variable |ength
codi ng table. Refinenment coefficients are decoded

usi ng the refinenent synbol s, Swherein the refinenent
coefficients were grouped in a certain coding order. A
plurality of transform coefficients is dequantized. An
imyu excgeint cagings order.i slleppiiinedentosymbrodfgrogvent edeghabking Avariable
E%gggi equence is constructed. [0030] In an
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[0032] Many features of the enbodi nments discl osed

fisrobiaingday be i npl emented as conputer software,

ronic. hardware, or inatians of both. To .
BBSH 5 el ARl B RS aRe Pov o Rrthagsenee o

aRAFigafck Waihere NIRY r&U@nEORPMBERT B didhie! idogidde 9€ rfub@bnally similar
generall& in terms of their functionality. Wether i
slgawnisund he eadiodinyents of it dresariedisalosyar awaerecraly described and

AR TR GRS R, BG83 00 voris o
&fickdre toaliing s, Mhuk,MHcetitviid éndde sdetdile ddescription of several
embodiments of the present disclosure, as represented in the Figures, is not intended to
limit the scope of the disclosure, as claimed, but is merely representative of the
embodiments of the disclosure.

[0032] Many features of the embodiments disclosed herein may be implemented as
computer software, electronic hardware, or combinations of both. To clearly illustrate
this interchangeability of hardware and software, various components will be described
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software may depend upon the particular application and design constraints

imposed on the overall system. Skilled artisans may implement the described

functionality in varying ways for each particular application, but such implementation



functionality in varying ways for each particul ar
application, but such inplenentationdecisions should

woed7hesisnt er pret ed as causi ng a departure froPCT/082007/064912

scope of the present disclosure. [0033] Were the

descri bed functionality is inplenented as conputer

software, such software may ifclude any type of

comput er instruction or machi ne-executabl e code stored

within a nmenory device and/or transmtted as
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smallpbi |rbdohstr§d@@d r@iduar & aldddi foyshet @omOtié to reconstruct the video
scalablllty, or any conbi nations of the three. [0036]

granularlty scalability, hereafter referred to as
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[0036] Fine granularity scalability, hereafter referred to as FGS, is an important and
highly desired feature for video coding. This feature allows the compressed video
bitstream to be almost arbitrarily truncated, while at the same time providing the end
user with graceful degradation of the decoded video quality. As the video decoder
receives and decodes more bits in this layer, it will produce better video quality.
Moreover, FGS in JSVM has been designed in a way that the improvement in video
quality is evenly spread out across the entire video frame, as opposed to being
concentrated within only a certain spatial area of the frame, since the latter case will be

visually objectionable to the end viewer.



concentrated within only a certain spatial area of the
frame, since the latter case will be visually

wobjoeatizenabl e to the end viewer.[0037] FGS acPCEUS®07/064912

graceful inprovenent of video quality using bit-plane
coding. If the base or previous |layer video frane is
quantized using a quantizati oft parameter QP, then the
current enhancenent |ayer video is quantized using a

quanti zati on paraneter typically around QP-6, which
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coefficients refer to those coefficients that are
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Th I i d
Bi6SY b A a S Pobanoaiubl AR pi e rosponding
eqglitibht entise Pa¥r PréfiQisenyersdratzbst | GeffneRRhOtddfficients refer to

coefficients, they are coded separately in the FGS
thaye poefgpwmsatﬁlatt arcHipgdy Agazere Hee.Sv@niicant) in the base or previous

d di d
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C) B&d&eaﬁgﬁﬁéﬁ@enﬁoﬁé@ﬁ&eﬂas aghAdapticHe Maidtiabl fom other
Len?th Codi ng (CAVLC) node. Details for an inproved

ﬁélmté,n‘thewéfr eodddespparatady my thee Kefrelayer. Shallaavlid 269deVC, the
i ded tha h own_to rove cgodi
g?po o ence)gom%lg{laat QSZJOT glé[t) orts g/é)uenn[r&f)xp? %{na es tlge Context-
bakpl &dapwef&ma@omtmh@twe ma)aﬂl I (GABACQSGAs® and Q@éﬁ Qjonlteﬁ;t-based
t he FGS Ia3()]Eel refinenent coefficients are sent using

M@ptsvn‘{%r larietht Sodias 6 A VL&D imrdee riRetailsagr amanprowed e finement
E(?e # ? gﬁe(?)tdm%_é:%?ﬁl:@ S tlflel dvr, F?%lodle\rl\ié{(ﬁfé&tdatﬁatells esﬂgwh 'to not only

l'ag, Sspec or not

ﬁﬁ;ﬁrbﬁ@ o®dihg efRidnce, Btalsoayredtlyi ﬁdmuaipldr@exﬁatlo\ﬁvdoh@axity for both
| osi ng generallty, it is assunmed that if coeff
terenpedeeard fgcedei s equal to 0 the value of a

L(g)é?? e :Tglﬁttheclgéé fle{)%}‘ %Qﬁnén? \(1]‘? (t)éfﬁi1%19tl§ %}e %egt 19S11%%\f]\§7%(; %I'I]léax clements:

I nenent ag equa speciTl es
vadfh ecffenent €lap ndeddic (1T ftéﬁlémentg Biredti@veflad. STHei fikekyntax element,
S(()qel%?_l refim%m-entl_ flag, specifies whether or not a refinement coefficient level is equal to
0. Without losing generality, it is assumed that if coeff refinement flag is equal to 0
the value of a refinement coefficient level is equal to 0, while coeff refinement flag
equal to 1 specifies that the value of a refinement coefficient level is either equal to —1
or equal to 1. The second element, coeff refinement direction flag, specifies whether
the sign of a transform coefficient refinement level is the same or different from the sign

of its base or previous layer representation. Without losing generality, it is assumed that

if coeff refinement direction flag is equal to 0, the sign of the transform coefficient



or equal to 1. The second el enent, coeff refinenent
direction flag, specifies whether the sign of a
wao e@nsisem coefficient refinement |evel is thePGHDE2007/064912
different fromthe sign of its base or previous |ayer
representation. Wthout | osi ?Tg generality, it is
assuned that if coeff refinenent direction flag is
equal to 0, the sign of the transform
coefficientrefinenment level is equal to the sign of
tdfmementr lesgas dilll[uj] t@d@f S‘igm petite dorresoadingsmeffayert ;in the base layer;
herw se, tﬁ r ef | evel has the opposite sign.
e HF e BGWL?YG %Set C BRRPSHEY'EBf codi ng t he
[mnperrqﬁtth& eafiice In%atesoﬁeﬂwa%%f F&ﬁnlg Qﬂ@fefhémte&t RIRESSs in the
he refinenent coefficients bl ock. Once t
VG8eloygoddp mo@ss shecmﬂimntgemth@)eform@ ek Wyoklotk. c@m:ﬁsthe video
in a nt coefflc:lentflnt

| ock, ,.all_ of th
LT T FBURE S EOBG et BTE e 0, teSUodul Lt 4 (Shinement

G&@ﬁﬁ@nt@tlﬁ‘ e CQRI HFRNS co@é&?’ﬁef@resﬁllae\ﬂ@eov‘@&le@ Jfafts coding other
adopted in one version of JSVM [0041] Table

pratlitidets. Sudha schbine oves vasealopéefdi ineneMersened dSHM

ed.in the follown do-co
AR oo ol o8 ngy i RorerE FBRER. reapding oprocess
aﬁnmleﬁédflmhec@ﬁbwglgrﬁéﬁdbemt llevel while (still
refine coefficient left in the current bl ock) {

get the Wenﬁnmntm%mdu@effl cient in the zig-zag
order | et/ vivRablaythe \diC tdbde wdefused feerbdingdeitdnenl kvell
m usi ng | taele G4tilr RMihembt Labificlepd RifEin tiecurht BloeENE
level stats éﬂme%t tdm@emahiU@cAfcionk ﬁlTﬁ@Img}ngl J#ad the
refi nement §){elxﬁel le%lto?t eeJeﬂ*i odthe bit butfer //

refi nemgent | Tab2 is the VLC
table to IFQQ Uflgn{élcy bcidl rection while
(still refllfpé% @Fegg Sa& in the current

bl ock) { ge‘l!lodlau PGP nt coefficient in the

zi g- zag order i fé‘@ urrent refinenment |evel is non-zero)
{ i1 (I eyélusihthe refiecnecairtevsi bjis 1ol irbthie ditdweter )

// refinement direction flag coding
// vlcTab2 is the VLC table to be used for coding refinement direction
while (still refinement coefficient left in the current block) {
get the next refinement coefficient in the zig-zag order
if(current refinement level is non-zero)
{
if(level has the same sign as base coeff)
let refinement direction s =0
clse
let refinement direction s = 1
code the direction s using the current vicTab2
update the refinement direction stats
update the value of vicTab2
h
h

flush the refinement direction bits left in the bit buffer

Table 1

[0042] The refinement decoding process is carried out in the reverse order to

recover the syntaxes coeff refinement flag and coeff refinement direction flag. With



let refinement direction s = 0 else |let refinenent
direction s = 1 code the direction s using the current

WO b@TaB4updat e the refinenent direction statsPCpUst0e7/064912

the value of vlicTab2 } } flush the refinenment

direction bits left in the bit buffer Table 1 [0042]

The refinenent decoding proce8s is carried out in the
reverse order to recover the syntaxes coeff refinenment

flag and coeff refinenent direction flag. Wththese

theee fWaalags, toggbtherth Wic bast hepisames trycpe@iiiocss, Ithg/éﬂ:coder is able

coefficients cod e to reconstruct

FoaFcRRt R t@owjﬁlﬁee@nf%e 5%%%3@% drcodris alspranainiaf Iﬁsand updates
ARGk tROAtRafbRld Siltcein th@wﬁmw sthyinYhE G4 thdleddb8er.

same way to stay in sync wwth the encodefr. [0043] In

4B 1,Iana:bT®ti (MdTebalylcTabl wrciiabah2) rmgly takiceorgnef dfree values,
t hree val i ndi cat i i fferent wa erfo

ieaY SR VBN Ramehim Vi e to e InBREale gares. 11
H&?aﬁ &f(l 'ﬂl?é'ﬁ%ﬁhetﬁé’lﬁt@ﬁﬁ%sadr@ SR bt ) Bit E}Yagbiotdn@s | #0yicTab = 1, the
coding). If vicTab = 1, the refinénent syntaxes are

sdmement gymeaxes aof ser rle@rbmussof thircov bigsTa bl ‘-v:lcz ab t=h@, the refinement

refi nement ntaxes 'n rou f.ou S.
S P b S ED o PR RED ThEpEhEr 31t aSedantlst ¥ dpggrmined
hQotdify a6 anmdt@mafatsd @£a|t1§ﬁ¢sc§f He fofigemeht ORMALNts in the current
coefficients in the current video slice. Al so, both

video elmﬁo diskso.drath thveendedssdad theedgsoderadekp thck plthe ablue ofthe most

bR ShePHE A b A RBEL G s 6 DT Glps chanes

ﬁbﬁﬁ)&ﬁﬁ§@mcéagéﬂ] The current CAVLC refinenent coding
met hod may have rel atively high conputationa

K] exihe. cureant &xaVilpl erclindraent podingt mﬁ@pﬁadamhyvmeeé@wely high

i nta dat e the a cunul at ed,,st,ati sti
e AR B B D SR SRS S Rl SR uRihyhdefip Bhpintain and
SydHi @Rk acduhgulgidd kRN IRT BOW rEByeneR gy itk Pdadiayhiae and direction
val ues of vlcTaband MPS. The current nethod nay need

sxtaak el heuruarenhectiod babi pgadyto dpdatedhe splugs ahwlcTakgnd| MPS. The

no;ngvﬁgﬂ?‘ﬁvﬁaag/}r/%%gaﬁoen&glf% Querg] a%%otiwﬂﬁlty coul(ljts C%‘or 0 and 1 will not

overflow by scaling them back when needed Changing the group length adaptively
may also complicate the implementation.

[0045] Even with its relative high complexity, the current refinement coding may be
inefficient. Simulations show that, for some sequences, the CAVLC refinement coding
can take up to twice as many bits (100% penalty) compared the CABAC refinement
coding, whereas the overall bit rate penalty of using the CAVLC mode instead of
CABAC is usually only around 15% or less. This inefficiency is largely due to the fact
that the CAVLC refinement coding carries out two rounds of bit flushing operations at
the end of each block (one for the level syntax, and the other for the direction syntax).
If a block contains very few refinement coefficients (e.g., only 1 or 2 coefficients), then
the frequent flushing operations may make it impossible to group 3 or 4 bits together,
hence incurring a heavy bit penalty because variable length coding cannot be used
according to this scheme.

[0046] As used herein, the terms "an embodiment"”, "embodiment”, "embodiments",

"the embodiment", "the embodiments", "one or more embodiments", "some



may al so conplicate the inplenentation. [0045] Even
wth its relative high conplexity, the current
wo edornesent codi ng may be i nefficient. SinulatPORESHNT064912
that, for sone sequences, the CAVLC refinenent coding
can take up to twice as many bits (100% penal ty)
conpared the CABAC refinenentl®&odi ng, whereas the
overall bit rate penalty of using the CAVLC node
i nstead of CABAC is usually only around 15% or | ess.
dinbedimeefst,i 'tegmoyentmdimeds], y ook embodinteet, f'asethethembediment” and

VLC refinenent codi carries a nds of .hit .
Heudi FebpErar JHge btk fll Birg osealh SoPOURI R figr dislosed
aﬁaok&zy@ " SN ANY HUSTQL BREnfiQy the diTect on

synt ax) . bl ock tontains very few refinenent
HOTT | C|Tém @rr(l e'dgtermomgy/ Candrgranmaéafll\camamttsst)lereoﬁen used in an

fr t fl t '
F’ﬂb“é@%}’ {‘)é'l t58nS§:J gﬂﬁr}%mgp ezgrﬁillfl)lggt 8@%’{’}?@?565 ﬁevi‘]lé‘é variety of actions

m&p HcFd B2 'AeRe@MingdY danPi@bRbE ma@ﬁﬁaﬂ% ecoyxﬂfuluagl ﬁrok@s@ﬁ%h deriving,
cod |ng cannot be used accord I Ng to hi s 'schene

Ay cstigating eloekimg vihde gerlngkmgnu;enﬂg(td[ta’(m;t A database or another data
gﬂ.%glgpm?eyain1n% ﬁlé(? g} nﬁ{n)er eA(l‘Sf% F@%@%" E 1nc’1ude r%gelvmg (e.g.,

r2ONRRY Ehﬁﬁinﬁﬁ&{ Saccesstfy McBRRG JXBNhS mem and the like. Al
enbodlnent agother #ggélnent %and t he Ilggﬁnean © A0

" dptermoningoe 3@ l(l@lude wmlvmgs:@é@ang qhoaﬂ;mg cstabbghimp and theflike.

Li8Gaf's P ouRoa e BhOHSY: anbMel wp SRR ol mppless expressly

§1ﬂaﬁﬁie@rcﬁm§ec ah ovtaerrlvaﬁﬂss thO1BRAQS Ibab&l BiPeEbstiba@both "based only
extremel y broad sense. The term "deterni ni ng"

emc@W'@Q@ééltl#aW@e vari ety of actions and ther efore
i ncl ude

IHE0E & o R el oni K Rngt TG O sGRPR il agting bitstream

ko8 gefdied b & Hiad G@anu@arﬁ?@@eﬂ@lﬁﬁtyog GN)oth FGSd @t leo sequence is
structure), ascertaining and the | Al so,

cofaprepseil ita g 'singhe videe istighen peibet \WaﬁgtW(Oelaigers ﬂé)@@i hayergl 06 and an
eﬂha?lcr:errr?etlllt ?afe{ I%S% Cgé lehps%ra{eg lgG% n?aézciﬁ]rt S plu ﬁ] enhaPcealeent layers

ni ng
n@sol ving, selecting, ch003|ng, establlshlng, and the
| i ke. [0048] The phrase "based on" does not nean

fM948kd dnlopic smbodimmngdle bsgsrlax| 1;%3@@@9%(‘@@‘3& ¢aling elethe video
se@ggﬁcgez{ndm?plggﬂ.y lllahsghg Eow%%{s qua??s Sfj t V1de%esséﬁ Eg] TEQ elri‘hancement

eas

faytd 104sdndaheN angnceiRadiai®@s 01 88 Ofarying C@bﬁbﬂf@iua’ﬁt? aeove that of
coding bitstreamstructure referred to as Fine

the s Lavee AU Beaerling pgph( q:c@g)ona] ﬁnlpwm@t\}aﬁé@oded after the base
gasrglr?ﬁg ?e%u%ts ﬁr‘%r ﬁl%fc'e%gedbgﬁﬁlt? o‘cfI tﬂglxg% Qeglﬁer‘? r eﬁ{na%lttlgn, FGS

east ayers:
bitstream has one significant advantage that durmg or after encoding, the bits pertaining

to the enhancement layer 104 and the N enhancement layers 102 may be truncated
(reducing the bit rate and thus the decoded picture quality) in real time. This provides
flexible control over the transmitted bit rate and allows the enhancement layer 104 and
the N enhancement layers 102 to be adjusted to match the available transmission bit
rate.

[0051] Figure 2 is a network block diagram 200 illustrating the base layer 202 and
N enhancement layers 204 being sent from an encoder 208 across a network 210 to a

decoder 212. The decoder 212 may decode and use the base layer 202 and all or



enhancement | ayer 104. As illustrated, FGS may further

i ncl ude N enhancenent |ayers 102. [0050] In one
weerodiasent , the base | ayer 106 i s a nonscal abPET/osmb0TIgH4912

of the video sequence and typically has the | owest

quality of the video sequence. The enhancenent | ayer

104 and the N enhancenent |aykrs 102 have varying

| evel s of quality above that of the base |ayer 106.

Decodi ng each additional enhancenent |ayer coded after

péreiohasé dnayer mdGs entesiatrhenti layarn 20dcr #hs eldcapleal 21Rycaitructs an

the vi deo sequenge. addi tion, FGS bi ream has, one
S G P A oA Ans WA g oG Rentp 2P D e g dient, the
E) R dpprA&mb @ NYist AsfidR a2 Gﬁglﬁ?rﬁl 6l @¥Ehs AQnB0Er monitor,

e N enhancenent |ayers "102 may be truncated
(etevauan, P A herofsictor r ¢it.e Aamded kepiehire20fe sotheddgl @t aibase layer 202

ual it inreal ti Thi rovides fl exiple. con I
Epns shampftchBhebisht by 20 T O el RS 167 202 represens
ARNANERIRAT hader stdtthr@nghd hacN NhanC&IBAtenhY ela§erk0204 arc
to be adjusted to match the available transm ssion bit

mapreyerf@0s tporFihgurese yes2@ nistwegkalify odk cdi @grbedin®®@, the video
illustrating the base |a 202 and N.enhancenent ,. .

i 40 ot R IRRE YRS G Al SRR A FHRE et in Figure 1.
T8¢ POKKcodih@ fbena nttgaRdRktichiatly ukBiil GQGAGRY strédmidPBdhd broadcasting

decode and use the base |ayer 202 and all orportions
afplisaidonsrwhene thearyhidatde fremmibsagrebandnddth mMayenad e ddewn 21 2dvance.

onstruct.s an aptimal approximtion,214 of the oo
ERFR ahr s, TR BRBGR e TeRe niatibriifcaen grbivariy to
fatdhMile ARPEBX MRishRichl Bitl &itdi sl avedvaimbe ditSPplaYhanges, the
216 such as a conputer nonitor, television, PDA

privperaat laysrsc204&ay bg diyneatediagsordingdp in wabiyme deprogsleghe optimal
ba lLayer , 202 and one or nore.enhancement .|l avers 204,
Ty G-, E5pp PSP S e ST L' Forexample, the

AtRioU DD Hal i tihcstt AR atthnaditer? agRroP04 hed 8RAABEEBR RErcams with
Iaégrs 204 are inprovenents upon the base |ayer 202
gifterant bitgetas forditferept dasBnaiobsdi ment, the vi deo sequence

2L, J9E0L°E, HEAOR NS BRSPS AL el on

pabbdifidh@theyind&afatibn i® be ¢hétrled Sbmpamdsngvided sequence. The method
br oadcasti ng applications where the avail abl e

89 Hibs spBTedinah shén t vidgy cRepdepend ibsiveise &d thenpethod 300 may
' n.aft. in )

R ey Bl SROR0, P piDBeo0 IALERTRR S ARRS it or data

im@n2ols sTha doddder Ak thehsprobigccati@bbtigibhesigndl of ah@pproximation of

changes, the enhancenent |ayers 204 can be truncated

g@(%@a}a;l-, @ilgg;ali frprp g& code.nghe @nc,@gi@g,qn@lélepqa@r@w heggollectively referred
019414 YSTUPRC 5, SGRURIE A HEARCS! i M o
compressed form and decodes this to produce a copy or approximation of the source
sequence.

[0053] The method 300 begins 302 with the encoder receiving 304 the video
sequence. In one embodiment, the video sequence is an uncompressed video signal.
The encoder begins to compress the video sequence by exploiting the similarities
between neighboring video frames and constructing 306 a prediction of the current
video signal. The prediction is formed from one or more previous or future frames and

is improved by compensating for differences between the frames. A residual signal is

then formed 308 by subtracting the prediction frame from the actual current frame. The



network 200 may truncate the enhancenent |ayers 204

and then send bit streans with different bit rates to
walpdofetsmt destinations. [0052] Figure 3 ill usPCHUS®0Z064912

met hod 300 for encoding information. In one

enbodi nent, the information to be encoded conprises a

vi deo sequence. The nethod 30@ may be carried out

within a video encoder, and the inverse of the nethod

300 may be executed by a video decoder. An encoder is

enchden mekessest ¢fothe bamgeritees diegnain wnghhatiag isamplea of gble prediction

The decoder may.then produce the original signal or an

gﬁﬂP@ﬁPﬁﬁ‘FSHP%FﬁF%@n@FWéinaI signal fromthe code.

fd?)g4]9 ncodRMmARS SGFasRihutBYy 4D1RRE b 86 L iRI¥rmi &f @& t&Sual signal

0 as a video CODEC, which’ encodes a source inmage or ‘
td wducesrempaemeespiantlorcdustanpy. e Sbe tlarfséorm ey edethegesdittininsresidual

t.o groduce C or. approximati on of the sourc :
setlle mug. rpBioE SpeicBbIB NS08 b EEI eSO B R rpecoe icients.
ERE RABMicI@RehY fshnBO4 Bhe ¥1 ERBvS §AUENR ant | VAIRBE lcaving a small
enbodi nent, the video sequence is an unconpressed

vk off ggalicanThecBvomtethabpyivids ¢ onarorgonpsst tcheseritdam of the

seguence xploiting the simlarities between . .
RSREGRRNS: VI o chbAflulent i Sshafii £ eabetdsing QP-6. which
predively et tHefiabtif i8R ktepisRan HhlNaAls-a rE018t A LRUGEddQRantized
is formed fromone or nore previous or future franes

stapl size, mpragsased lyantisynoé sasforny coofficetinfs wrlbhewsne nonzero in the

bet n the.franes. residual si.gnal, is the or.ne

S5 halin: Pl oMb i SRt SO0 ey BSfed 85ME the method
300 Hak HeUhrAndnhhhdiRnt TAye£ NEOUE HrétidBSlap & ahe HRo frame or the
simlariti es between nelghborlgg sanpl es of the

pasedixer iob therddéadliane were genntiecd pbd Pang thedivati@satipn parameter QP,
0054] The t hod 3 conti nyes appl xi 310 a
PR PRt TRt SR LB APRR R, S i g

F035] al IhemeRedament e oAREd QuANERR\CBEMBichREIn the enhancement
rediction residual signals into_another_ domain in

picay heglagsileed asgroassegitiBepnbysigniaeaat. of relawwarent ededlgients. “Non-
The..coef,fici.ents are quanti z 312 renpyve .
FRGRT bRy BT SHRR HATHaRAS R RERE g base o previous

Blyginudd reain &8 theicet® chh@icepeaVinp. aSimifca@OTgRRMlcients refer
representation of the residual sanples. In one
Ehg‘@éﬁ sexticicntsdhalopfaceq enthe Base ofjuuenipyeldyers bygbagpmg, nonzero

UG LY, AR U5 AR A AR 8 o

adefiiciete alse cre) bladidy tionadro tifi angk e bApaeafikilgfeentls onk lembodiment,
beconme nonzero_ in the current franme. For exanple, the

preddrinenent cexfigigal ispeaprgd he Bk by mefinemenhetpd. Jbe ternary
g&?%teﬁ%nﬂ 4% 1%%%2?%@% eéfaéﬁ‘?ée- vhilied NeriRr §¥O8YS sdaftY §he current

e video fra
enhancement layer and groups 314 the refinement symbols in a certain coding order. In

one embodiment, the encoder groups 314 the consecutive refinement symbols in the
subband-based coding order. Each group of refinement symbols is referred to as a
“Refinement Symbol Group.” The encoder then codes 316 the Refinement Symbol
Groups and adds these codes to the bitstream. In one embodiment, the encoder codes
316 a Refinement Symbol Group using a variable length code (VLC) from a VLC table.
In another embodiment, the VL.C table used to encode one Refinement Symbol Group
may be dynamically selected from a set of VLC tables, based on the current estimation

of the statistical distribution of the refinement coefficients.



base | ayer of the video frame were quantized 312 using

the quanti zati on paraneter QP, then the current
wenivancswent | ayer i s quantized312 using QP-6.P¢DOSH)P7/064912

In one enbodi nent, the nonzero quantized coefficients

in the enhancement [ayer may be classified as

non-si gni ficant, significant, 13r refinenment

coefficients. "Non signifi cant” coefficients refer to

those coefficients that are zero in the base or

[:0066] oudn| ayeiddﬂaindalr emhbch'rrwat othi nertdoderc urayeecode the refinement

ment ni ficant" coeffl ients refer to
h@ﬂ fnm%ﬁl ﬁteélhi‘lﬁ’g el BYEBr oF P X4 Iads Ggicoder may encode

Hﬁﬁiﬁlé’ 'éﬁhaln@é‘rﬁént Q%er? GRALEHE 91@83 t&dif® %xfrﬁa@ | @Rt Biel dtddBment, the
current enhancenent layer. "Refinenent" coefficients
Refimment SymbskeGouogs fiiooi tntsultiplatt G enhahecazuly layorszee coded using

hpdnlte S o rrleriR  Pthish St 05 VIGr s B Thed for one
FekinRIERk nﬁ%{r'ﬂé%ffergﬁ‘tefr&ﬁ 'fHéa‘V]ZC rtﬁflé N&IEh %n&ﬁéms (ER¥r.

have 'one of fhree values. The encoder scans the

HO57ENnt Fegltraﬁlc:lélmrﬂteﬂ @Wnlmidngrtcnjpsm@md #h@ to decode an encoded
i nement s |Sln e d|n order. .l n on

kb arhentc. THeSendudanc§ib Atk he FoRInhREa e RpEifing method

566 bf‘?@ﬁf&t 3.SYR® @é&)diﬂ@ hBBos '4@@ %Bgin@ a§239y QQRES @éc‘éﬁﬁng 404 the

Each q1gwroup of refinement synbols is referred to as a

eiRefle @r@msemtb@l Tee @u@dedwmteoewqmp m&yerrisct belegfedabto as the

bifGreie < F R R odFH R e ERGTTRIRL SABBRFOUB LR the VLC

bk, arfRat iRegBRMbnt 1 GFoRpP aéSéiRed& ¥ahd al £&ab8RIMLC tables
code (VLC) froma VLC table. In another enbodi nent,

based \¢|n(1ht: ataltiéti@é deptifntioncddbe gelencrent ﬁ@@féimemsyﬂi@cﬂame statistical

{Ilg%lf[‘[ga ion 133%58 namﬁcg Sﬁ?reﬁ({ esgltggtd}%r Iggr]ﬁeacéf {,ﬁ {able If encoded
&Ifﬁbin%ﬁtl Satboth bl rButipRrenBindehRnt B éM@RERLeived by the decoder, the
coefficients.[0056] In an additional enbodi nent, the
deroderemayragans heo & Ct trblerused kedeaete iatsGnementgymbols according to
{H%htriSp)ectwceener11l ncceerren{1 | ayers. For exanple, the encoder
nay ERCOde Tuft ml enhancenent | ayers under the FGS

foedBNg fnferrﬁ;%thoﬂmamneorﬁﬁf@@sd laﬁ@ﬁhe debRlcRelct MRIBMR the refinement
Synmbol G oups fromthe nultiple FGS enhancenent |ayers

epcilieignfe 4sing ﬁhﬁgreawﬂad@p@d@ée qanena pyebela| dbe deneder fen proceeds

ﬁ)n&’ él}lgﬂtg%'ﬁqBQEy%&%ge#% ne %1‘[ C%Q%f% eﬁl’?s l{ﬁé{% %ro re 90& éi b%k to the

er én from |' e use

amtda e ViksS 1h>ae¢e1équa{nﬂa&17¢oelFﬁ@am§. Fhé hieﬂﬁidréﬁlogﬁroéﬁ&&s by applylng
enbodi nent of a nethod 400 to decode an encoded vi deo

dbyae HgEerseriangleg dp ri§e eawadzab Gopdgicpts. ain oAy éndhedipent, the
n@gﬁg 31%?{%’83% nﬁ?lt 1H91ﬂ6§9% 18$er£: il gte cos@e1 ?ragg‘ﬁ;gﬂ.o%%eﬁ éhe decoder

egrns eco receil ving
epptedad? ideocse uadicen tonme r@f\@@@@d cvéfieensetideiRcalci@ynstructs

2 lléfc’ gn gfe)pri)gfmear‘uroreldoftﬂ?e grsigfnglewdeo sequence as it existed before the encoding
method 300 of Figure 3.

[0059] Figure 5 illustrates one embodiment of a video frame 500 divided into a
plurality of macroblocks. Macroblocks are the basic data units in the decoding process.
As illustrated, the video frame 500 may be partitioned into the plurality of fixed-sized
macroblocks that each includes a sample of the video frame 500. In one embodiment,

each macroblock includes a sample of 16x16 pixels. In an additional embodiment, each

macroblock includes a luminance (luma) component and two chrominance (chroma)



bitstream The decoder decodes 406 the Refinenent
Synmbol Goups using the VLC table. If the Refinenent

W®E000123@& oups are encoded using the adaptive RLIZUS2007/064912

tabl es based on the statistical distribution of the
refinenent coefficients, the sane statistica

information is used in the deloder to select the

correct VLC table. If encoded refinenent synbols from
mul ti pl e enhancenent |ayers are received by the

daopaients. t Hlee Hexodenporent adatps td He Mightbablof ths earticolar sample

decode the refinenment nmbol s according to their

PRERUE: SEma ShimeRTEn Byl GOSBI PR tieeiiba samgle. In one
6AB5AiRkES RN dE B8 30018 fuHBEOSREHARE ihbe FIBfliRES®IMCes, slice A
coefficients using the recently decoded refinerrent

§§hixbics B T aidcdderC tthen dorsboreds stqpederaantacoblotk® which are
t he decoded refinement coefficients before they are
BREEECH SRR CEE R hA S P CBF‘é‘vgi"éfB? | %feeﬁ‘aﬁlé’jq%éﬁ?‘? P2 and the

afaglobioeke 0bainddevilieh RREL A0S0 D RGL B8 S cARRUYICROtANR decoder
an inverse transformto the dequanti zed coefficients.

beforrdice oMM andralice @6l duensdditiond shhodimeny, theiotdgdef encoding
he i.nverse djscrete ine transform After the )
SR UBSs PhL oS 2 TLILENE BT e e RSodgtnay be arbivrary.
Fef &ReiRAtsicO8 S04 hRHHS, enkb@ ORGP RLThe (RBSI: Wetdte 4HefotBbr slices.
approxi mation of the original video sequence as it

Synidarbyd shest or ¥6 mey dcwdddngl anst $eodl LU ddcofrghafercathe other two

Pichive b PGl 1 ARG iR VB Rl ik HiERoblock in

Mt o7 IO KiSe b Ge i@t ﬁ@éﬂs@n@@h@_l?‘bjﬂs in the decoding
rocess. As illustrated, the video frame 500 nmay be

] t i dhgdciontlostrates anl axemipla ¢f hyfw fa desgifgiceeldiicients. A base layer

mack obl ock t _each includes.a sa . 0 h | dea :
FREMECLCH0%: 03 T oltRestics Afeh FRPi skt 4 T awovicea
The dikespicesl OX e Phxelager b02 amdaghdi ddhan@meaaedt At represent

each macrobl ock includes a | um nance (lunma) conponent
eordlieigrs o zod nBlivse coelhicints) e npletred e as The-signifigant coefficients.

] h ' f th '
N N T

Ehar aabelctstalas. ah ohbenbadiphedt, the baselageroadim@Eatt, blédke602 is in
video franme 500 is further partitioned into a )
pretiogp | anjargement deer usinge hea FEG? vidgpi eqdimg dommatgnds previously

\%{!Ié"lﬁe& c?qullg (ﬁesénlcgc%n S’m@th&g3 %%ﬁn&eF% reng,c £ Eéf&%lf% efficients are
I ch dre processed consecutively 17 a certarn coalng
queized. FOAftex quilteatisl, | the w0 andfitibats Macthebémieksement layer
contained within slice A 502, may be encoded and sent )
eeeltigientchledded+ that el coriesrongingoepelfifdends ircidie basphryen gpeflicient

PR P, STRGAHIEDS v I BAT RO 1O s
tvhesedecioekpondiny doeffatdoitd iranlye base layer are nonzero are referred to as
refinement coefficients 608. Because significant coefficients 606 and refinement
coefficients 608 have different statistics, they are coded separately in the enhancement
layer 604 following the FGS coding format.

[0061] In one embodiment, significant coefficients 606 are those coefficients whose
corresponding coefficients 606a and 606b (the coefficient representing the same
subband) in the base or previous layer are zero. Refinement coefficients 608 are those

coefficients whose corresponding coefficients 608a and 608b in the base or previous

layer are nonzero.



For exanple, slice B 504 may be encoded sent to the
decoder before the other slices. Simlarly, slice C

wG®7p4be encoded and sent to the decoder beP@F/ES100B064912

other two slices. Each macroblock in the N enhancenent

| ayers corresponds to a macrobl ock in each of the NI
enhancement | ayers and base |Byer. [0060] Figure 6
illustrates an exanple of howto classify

coefficients. A base |ayer coefficient block 602 and
HW62hharugureritillisisagrs acyed backi /@ tof Heawkre60GANI & refinement coding

AR GHEE AR "Ry 45 08k PBr Bl 1B 1 Hlp B Plock order

%8 Shheldh@ ?%eﬁ@ﬁfc‘c {Rlisnt SndVeh cfu%ﬁf%ir #8F0{n@8 within the video frame
non-si gnificant coeffi‘cients. Thé remai ni ng spaces,

806, A58 wi68RiguEnd, \Gh)@bthedmhtrcap 1768 entruncatak fafli the emdeo blocks

HRESeTay i T QuPHPan it PopkerstpS P4 B G - -l will have
6&@%@6@5@1211&}3?/?2 cH&b%dttB Qh& GRcY 116 s Cdi Behck® ‘h”&ﬂd on) whose
As previously explained, during the encodi ng nethod

gldcotntFaqliacBs ata s foiny coeffivei7éht & ttier quienté zechde these
Affer quant.ization, the nonzero,coefficients .t.he ) )
S e R S N o b SR G oot iR pThf'S detaited in
fRmesignAl ng coefficients in the base |ayer

coefficient block 602 are zero are referred to as

H0ga] f i dagure <8d€ﬂ$ti;a¢§seq116§n¢©_6imem of thecobbiridehased soding saler 800.
FoRACRBRARIR AoSSLAREE M2,  Sedold G AN o hffe dlock 806 are

P& videeays Soe‘}"ﬁ&@ﬂltfshﬁ Y sRebhlmtanés 1828, afthne embodiment, the
refinenent coefficients 608 have different statistics,

bh’élf's 80% S0dden! §Q:fp&fl€§11@¢1§$ inrihg Fest &¢Hapanesment daysr segduthat the
' F . [0061] . 1
e hRE T GRRE S SOBaRTYT b shtokbis HEMd swpthe first FGS

895 fa b RS toMhe Ho kO 65 BRIREI the sGBihflivabeNésdi®O6A1eABd0 sends
(the coefficient representing the sane subband

)
rqﬁn@nﬂémbfa@éﬁc‘@@n% PEOPF GBS 19 ﬁvéranéﬁﬁmz@n@m Relftiapé miegyt belong to. In

coeffic ent ose i cient

G5 PubEURRRR 4R daRlifai it S EREL R R AN S0ttt 806 may
BprBE@VA eokdtitidiein aibBamPPz@edn [HIEE2). Fiogekemple, B0,0 represents a
illustrates a drawback 700 of the current CAVLC

peatfigientap thecloigt niybachieniband Ohandin thersbleek 389- bl ock
@%4? q}& Gic én%bo%?tggnt ﬁ{% rf% Q&kﬁg}’ egéo%(e‘é( Ay qgﬁne‘%emk coefficients
ently generate Spa P ¥y

uneven qual’

plm@m\ae @seﬂtlol\m Bbjon Bt e aﬁd(IQQO f Magenddddr % &IROWEs dny refinement
6%ure when the bitstream 708 is truncated, all the
Bejemp gusent alppesieansel.il n Bl He a8iltB3.r bamd 708l o he gubband

E&(ﬁ@%a(}rh&nggé) 4%%52)1 ag%sﬁ%haer g%ﬁ'l‘[eg’leph ec%\e/ilgf 1e\{¥lt4DI I"%V %9%)21(68 ©Ind sent
édﬁoﬁﬁkg tdlthartfhn@ﬁ(b)m\ﬂibﬁ&ﬁl subband they belong to. Using the subband coding
order 800 results in more even quality improvement spatially as more refinement bits
are received.

[0065] Figure 9 illustrates one embodiment 900 of refinement symbols (ref symbol)
906 that may be associated with the two syntaxes used in refinement coding,
coeff refinement flag 902 and coeff refinement dir flag 904.  As previously
explained, if a refinement coefficient has the value of 0, the syntax element
coeff refinement flag 902 is assigned the value of 0. Accordingly, the ref symbol 906

assigned is also 0. If the refinement coefficient has a nonzero value, the coeff ref flag



refinement coefficients are | ost during truncation

714. A better order to encode these refinenment
weomifiisients is to use the subband-based codi PQI/OSET/064912

which is detailed in the next Figure. [0063] Figure 8

illustrates one enbodi nent of the subband-based codi ng

order 800. In one enbodinent,lt first block 802, a

second bl ock 804, and a thlrd bl ock 806 are three

bl ocks of coefficients in the sane enhancenent | ayer.

PO tsnas'gnt‘rbdienmtm off he IbtheckEn80&ht BOicicantia80B same sign as the

bl ocks st E enhanc t layer such that

FHE™SE %6‘3 Blﬁg’éat ?;‘éést |1Hdﬂ%$85§r B0 RV IR %‘}P@B?F&%eﬂlt layer,

IR GRE HFEr Mt i d:SonECRel FUEE of GOMRAE DidrPof ﬁﬁ‘e reﬁnement

bl ock- based org the subband-based codi ng order 800

s<mﬁﬁsiemteihith@bmetlawsfrfprcwem snhapcapnatit tayet ¢ cs ofpesite the sign of the
nsforn1 mai_.n_subband he bel on

RO PR T AR e Sy botey BuRebd ahe Paclffer dir nag 904 is

Qés%@§ t&oealuesgﬂ’l an Cﬁn@@@r %ModlﬁlﬁﬁleMaré&nGt@%f cie'ffﬁ'n%nﬁle value of

in subband y and in x. For exanple, BO,

ﬂ@pﬁé@@ﬁfﬁﬂaﬂ6@@@4W®H€ﬁ¥“ﬂn the first subband (subband

eBh bt Son BT B RER033F eastibii e kil PER: e tumpvmbol 906

&oRkikhed aRtwwIR &SERAd ﬁtth@Q&’:ff 'r@Pﬁer@a%@OéBi]s fsigA8fthe value of 1,
B2, 0. The encoder then encodes any refi nenent

theatf isginbolt %Déprsee@@gnectathe pesict éfchs TBOvalues Bf the, rehspmBgl 906 are

Pige RfadR aniediqelF HERRECRnc Pk CERRERPs Sbheaioadbsvatues of

aﬁdeﬁeyﬁlb@%eﬁﬁpxegldte@bbll@ev transf orm domai n subband
t hey "bel ong t Usi ng t he subband codi ng order 800

96Ul t s ngurpmlrﬂeﬂbwmteq 9af |en;}30dmm%\ﬁérﬁew@n§{betl¢®th yOéigg (VLC)

PP RS oS i G Benct PP RBHs it TSRSt in Figure o

Uneér sm®bind®06dihh adrdé ol cad0 edfbeRdntiitibdlhendyMBe grouped
syntaxes used in refinenent codi ng, coeff refinenent

fqga@lelgetzi eﬂ?@ﬁ@e@@lﬁ Yranhoh &rrevr 1@@2 isf gnggdagiousingahe VLC table 1000.
co ff|C|ent

|
?heyabge T olfnc dglslt %?ﬂfrahqf oft ef entines n%fqel{] ent{;}% as g ¥ I%engf @ %Seﬁnement

ax el enent coe

S1@Bo1907ou sumsasg@@@hlﬁdrdemvaﬂgue of 2 QodeAR@gthdi 00gl of, vdriaBle length
ref synmbol 906 assigned is also 0. If the refinement

easter for ¢pding thraB clinaienis SyabehOeup 12 dloepaitipdpr 7alaggad a code
w%r &d@gfet?x k Ielali\)’lgll%gthogocﬂe fo% O(glﬁg tﬁeef{efnr?e%e% S&mbol Group 1002

coe |C|en he correspon

oed bacioelat valoef The cedit word ltdn)e ibare ihaydd 1ﬁrth¢Jb@t1fthmSand sent to
enhancenent | ayer, the coeff ref dir flag 904 is
 the value of 0. If the sign of the refinenent

ﬁg@gf i(:islﬁg‘%)nﬁiosu %&;cﬁ?ﬁgégﬁ éﬁ&%; V?{gje%[b‘fe" HRUShENRARCRMBNE used in
refinement coding, it is not necessary for the encoder and the decoder to constantly
accumulate and update refinement symbol statistics, thus, the computational complexity
may be greatly reduced. In another embodiment, a VL.C table is selected from multiple
tables based on the estimation of the statistical distribution of the refinement
coefficients, the performance can be improved with additional complexity of probability
estimation and table selection.

[0069] Referring now to Figure 11, current SVC standards allow multiple layers on

top of a discrete base layer 1102. When there is more than one FGS layer 1104 and
1106, starting from the second FGS layer 1106 and going up, all refinement coefficients



refinement coefficient in the current |ayer being

encoded, the coeff ref dir flag 904 is assigned the
woadoge131 1. | n anot her enbodi nent, the par anePE@r/ES2007/064912

defining the value of the coeff ref dir flag 904 are

reversed. [0066] If the coeff ref dir flag 904 is

assi gned the value of 0, the ¥Yef synbol 906 is

assigned the value of 1 and if the coeff ref dir flag

904 is assigned the value of 1, the ref synmbol 906 is

basngtedn¢ bé twalclassesf the. “oldiereViatmest @iclfihents efe mymeb‘diat already

06 are then encoded and inclu int bits
e el et Genr e S MY OHS o i P4 (ane She R refinement
§é/ém8lent9g§: ’[h%sé)ﬁﬁn%ﬁ? ge&tﬁle%mh@egﬁﬂ ifd ﬁ&‘é(fi%ug-@GS layer 1104 and

[ lustrates one enbodi nent a variable | ength coding
ér‘e‘ucﬁ)t enédring thO 0 ingsedt stagemchd eutrnet pdruddooFigutrell provides an

f d d .
ST AT BoatAg or 8 oo eaabA gy dof oFi e RO psoh10 contains
ﬁgﬂﬂé@n‘[&ro@ffﬁ%tst PaRt Revel AR reinBaEMNIE T enBY MW, ﬁeoééléond FGS

02 is encoded using the VLC table 1000. The tab

o0 110fc ingtislss dolel” inctih¢rmgnt gfoelivianite s ] 12Eas welrasr elwasreﬁnement

R It e
r9sel foer mRdbMdinideblmal poremERtarSH R GbnEcOMR 0431 %nef that have no

particul ar value, and a code word 1006 of the variable
D@M@ﬂhWﬂwﬁe for coding the Refinenment Synbol G oup

[ G el i o, 1 EaRRanac Sy e HR00uLE nhV Ritreren

Eﬁﬂ&ﬁ]prbsatﬁn@ SRR 8RNt TheefSieN Gh @nYLdmbodtheént! ke b&iRr to use
table 1000 i s used in refi nement coding, it is not

Aidlseans AN fables tig encade dleken. Eandicrnesc déifierat VLE coding tables may be
ant n a efl n nt s
G05d<Bhdie BFRTYE 8 B8 BTG IR kO TR ek dYRh R liffggent vLC
gbRathy beadud esl cnddicaRorO@icn@mip @&ﬁﬁ@i&hﬁs iacIVi&d trathetsebond FGS
selected fromnultiple tables based on the estinmation

spyet h]é)6stﬁlam ithat jusedl togised theprefinementfcoeHciqnds ingbedin the first FGS

Faggrf I 10 (I:Igc’gh% :Egdﬁg rtsz(f‘% %Qe n%ﬁl%rb ?uch@éboa‘éﬁg%v&lsttpb&nlon should
babbed ﬁ&h@fdde%rfohﬁﬁ@@] SBelﬁ am@ wlenmuptaaoﬁlhgmaymw complexity
current SVC standards allow nultiple |ayers on top of

as dils sqlelydapedsen ﬂ@yr@ﬁnqrmw cogihisient plapeandsthgdi(eS {abrarnlevel rather

: m ¢ _h
%@ F ?{&(ﬁ}{%gg%&l?% a L OI %a%gg the %)ﬁ’{nﬁdlrégatlsﬂ@s o ShotHier %ﬂl%odlment
voef f[atﬂ:e eni seebdaged adyonaically thasede basthe sestitagon @lfdthe statistical
refinement coefficients_are those that already have

distibwEap At the geitromangeredlicignts e the eyTeu§OSdsyIrayer
ﬂ(ﬁ)gf'] a'ﬂg&@%2 1ﬁﬁ§%atgse(;‘ne NERAment 1200 of a solution to the problem due

to grouping of refinement symbols when significance and refinement coding are
interleaved. In FGS coding, the significance coding pass and the refinement coding
pass for different blocks are usually interleaved together. One reason for this is that one
block might contain fewer significant coefficients than the other block. When the
significance coding pass of a certain block is over, the refinement pass for this block
will start next, while the block next to this one will still be going through its
significance coding pass. In one embodiment, the significance coding (of S0,0 and then

EOB) for block A 1202 is over after two rounds. Then the refinement coding of R0,0



coefficients are those that just becane significant in
the previous FGS | ayer 1104 and are just entering the
wo eforhesent stage in the current [ayer 1106. PPQUUS2002064912
provi des an exanple of having two FGS | ayers 1104 and
1106. The first FGS | ayer 1104 contains significant
coefficients 1108 as wel|l as ¥&finenment coefficients
1110. The second FGS | ayer 1106 includes "ol d"
refinement coefficients 1112 as well as "new'
tanflilaten®Oifl ) volésthitcBeirdt shel dabab, tinhh éhecpefificance nedifid d6blosk B 1204

new_ si.gni fjcan fficient.in the second FGS | ayer

epshici s [ A ROR o LR ons:ar e

[P2p1 I AJERNEastR o ihhRN S S hRficdhaY Snd'R FACREE! @ding is the use
val ues. [0070] The two types of refinenent

cbdfef subbamt sodidgd 2rdemnd HMigdd KBaubisgiatts engher sybdybiment 1300 where
robabi lity. distributions. .Therefore, .in on :

BB arroting i S ] STeges aR ke Vi pdiment th

t@raaeRdard keMhed W sddRARY eFOIdéIahﬂﬂ&%he\ﬁl—ééaﬁﬁﬁ% M8 0-th subband

tabl es may be used dependi ng on the | evel of the

¢3006r, dnockF@BS 1B eontafior a exgmipdanee aodificfeat SO0, VIIEncabéignificance

b dto. de.th fi fficjent :
FRtrSed i e CaloRimitty PRI SRRan [ oriuesy B 13045
S@nHSE defiRecheddd fie@8dn c6drEbloat R NO! idediciRut he
first FGS | ayer 1104. Hence, a coding table nore tuned

f®735 uc Wy bdawior iof yntelileaved bighifsaneshand! rdfibemens edding generates a

' ove .performance. , Such VLG tabl e adapt at.i on..has
DRI SURE b s S5 e s Cohf By erRaBB ¥ HER or example,
fieéd) nermBhemoeddiicib@B! A¢l @8 Serbéert fide, FERd Ry@enicY &ymbols are
rat her than relying on collecting and updating the

byfigred upbatorsa Vd4: cade vaerdtiheent erb oBlitra the, dogpderisalst whenever the

an ,be sel ect ed dynamg.cally based o he, esti nati on o
I N e R E R R
&0ff the 6itaRdat 4 ¥LC &ﬁle%rﬁ%ﬁreﬁ@n%@)g%up d Q03 Jre et symbols.
12 illustrates one enbodi nent 1200 of a solution to

Bhethiy epdeerrrus sidl birfbugd ythst enceddirrresnsading yhibisr andas not yet
ignifjcance a refi.nenent codin re i;nterl eaved. In .
Bl bt A5 16070 bR PERE e SRRy B L RS Such B coding

kbl qERbingost ROn@a&s shobodiWiler 8aiifibdnes kad aEftnement passes are
usual ly interl eaved together. One reason for this is
tierteanerd wilbdadl ni e toap rarg gweyided ¢oisplveathis problem and are

gl%%{({ei ¢L.gQr s than the other block. Wen the
igni fii cance codi ng pass of a certain block is over,

j0va4y ef imgirent iP@asSitek Arméthbd obd @€dod¥i-bdsed t@nitio €40, that requires
while the block next to this one will still be going
norchargs nt dreserperen sidpcdhe caredgr pads always ghe to group every three

[ L gni codi S :
BIPRS00 0L 0% R0 . whn
h hefiti@hdnn eoefiicicnodd R@uedtcdRQhO (falhslvinat @icrdions hje vdrtied out. The
start. But _ at the same tine the significance codi ng of
pretod BlOPobggins by initializing 1402 a counter to zero. The location of the
refinement coefficient being requested is stored 1404, the sign of the corresponding
base layer coefficient is stored 1406, a counter (initialized to zero at the start of the slice
decoding) is incremented to keep track of how many such requests have been made
1408, if this counter reaches three 1410, a “read” operation is invoked 1412 and normal

VLC decoding is carried out. A group of three refinement symbols are returned, which

are then dispensed back to the corresponding coefficient locations as previously stored



(coefficients S1,2 and EOB) is still ongoing. [0072]
Anot her reason for interleaved significance and

wo eforhesent coding is the use of the subband cedi/n§007/064912

order. Figure 13 illustrates another enbodi nent 1300

where significance coding and refinenent codi ng may be
interl eaved. In one enbodi mentd the coefficients are
scanned i n subbands. For exanple, when scanning the

0-th subband 1306, block A 1302 contains a

$4 ghiahd ¢leen cauntoet fresei EnterSOL406 HE tloecoumiayns bt getctbree 1410, the

codi S0,0is ¢ ou S|n1larly when t he
§RModdaB stiens soReB A SISO o scanned
[(R)HSPGWBWM&% H&oﬁgr §igd ispRIBRNtH1Leehldre 'b%FHenBlon t@le deSoder, the
carried out. 73] This behaV|or of interleaved

siiqgderf-sida mobltlan chas elﬁummnb nomplditngnyedepattes decpdabl &he basic

when the refineme d|n is done b r ng. of

FIREP IRt Ghe S ViR Forr e doo LBkt fpbesppale, three)

fgﬁnﬁﬁl@ntedb‘éﬁﬁ%ntss kitedechid g€ gﬁa@ﬁﬁt@&ﬁ%%v@ yielcat éﬁﬁement symbols
buffered up before a VLC c6de word is sent out. But at

t»het nebobeficsivble) awkiemawst codiBcideis oslraygesoéd. aFlgure 15 illustrates a
oefficient co ntered, .the d
EiEIoAET0! o OF ool e FRHECD PO BlPE ) SufoRER Bliscans 1502 a
w{aﬂl hERBESATHIOAGE iR 1B QIR 2l delRbafct &fd EPEMBo4SYARMhSch all the
But this code word is still buffered in the encoder's

efivoticnigedstiidients anldl ba asntrﬁblringethe belonl guling stagre Alosgsthsfway the

R AR S B DETHG! 0P afo P Gl BTG i brfer At e

Sddd kiagan& Berd A drefifdrhdie NRRBE cRAS $188dsaHoebd B&R 6\ mined 1508
wll farl. Two solutions are provided to solve this

phetbFierhhan Heer &rOpmivhoa@therb‘éltb \mevmxs M]:ffmneglt(sleawlready sent out.
tflhsla(l);’l %hreélgr} esct@nﬁgt[akﬁ% nl ?tge S %jeg ﬁlg% fonetsnlea coe]fﬁger:ll’t 1S sent 1512

RReOdelvitiale @lo/eesididnts frimedifWly ket ihihe Ques. Mhe Mstiod 1500
synbol s toget her before sending out a codeword. At the

@I@é@@l?&w@ @mtdéhewdm@m sfqveerment coefficient is

[1QW, g4 QREL 3 a ant |
ot nite 1B BL YRR BRI AR D T aGBan e ashilogp ooy 1o
hﬂy ZBE Of int&icavB@alfithd s1@f11ficl§h@:efﬁfs$ Q@Tﬁl@treﬁl%ﬁécnlt ®hRntom different
bei ng requested is stored 1404, the sign of the
blockedpdrdina dubagelimape o disetra eoding orders wradly1spported in the

ggﬁncgfgft r§éo‘ﬁlu}1én%lahgr? dl"htege Fv?or Q(i(lgtﬁonts Q?SOSE{P% (%t toh%oﬁlnﬁ% %% 51%? number

stelinE@en8sdoRAME deadt Jﬁﬁdﬁmﬂe@(ls graupitgdfahee szmledsls
reaches three 1410 "read" operation is invoked 1412

HWd Thor daishenld lz?eéBsu ged dhat ghath dhie gleeodenbgpesypndencoder-based
E&ﬁt‘?&s C%Il b@ea%ﬁéd Y tﬁI:Q %llosck%agecf I%tflﬂgrﬁgﬁjt co\ﬁmg aﬂ defined in SVC Joint

Draft 5 (JD5), thus making it unnecessary to flush out the remaining refinement bits
stored in the buffer at the end of every block. For the decoder-based solution, a further
change at the encoder side can guarantee encoder and decoder synchronization. Because
the block-based refinement coding scheme in JD5 adapts the VLC table, the number of
grouped refinement symbols can change among 1, 3, and 4. At the end of a block, the
encoder should suspend the VLC table adaptation until it encounters sufficient number
of refinement coefficients (this will happen some time later as the encoder carries out
the refinement coding of the subsequent blocks). When sufficient refinement

coefficients have been encountered to invoke a write operation of a VLC code word, the



are then di spensed back to the correspondi ng

coefficient | ocations as previously storedl414, and
wWob@7aaimter is reset to zero 1416. |If the couPdBUS1087/064912

not yet three 1410, the nmethod 1400 returns to step

1402 and continues on. [0075] Whiile the decoder-side

sol ution places nore burdens %h the decoder, the

encoder -si de sol ution has m ni mal coaneX|ty i mpact on

the decoder. The basic concept is that the encoder

ahosdyscapemsisné theawwianlc ¥ LAubkble plki@pt@tﬁ(ﬂr [mdanﬂiiseschbmeeél)e frequent

ﬁeflnenent coefficients, { E deco uar a

ocC %/

T G irens BR Risri AlooE) et re Al {acpry Being can

w@ﬁﬂlﬁnie%f hiResga M%@ﬁlh&de%h%e ofeali@UpRNEd. Figure 15
lustrates a nmethod 1500 of on€ type of encoder-based

Hlﬂ781 i oMt thhenént oatkng p rcent&u amsmbes0lresincmentaion(froiamipea flushing

PRGN G DRI 50 el R BB GUBF EF R, i A 1s not zero
§1§‘cms 184 hMht BRI Aalse® ald NPic! 888 1 1%}§J0@5@ 01 WRYoftpfforming

refinement coefficients are’store 6 in a quele
thedbrstiinggopenitiohiis tecadil thg noost grobaple SthbOlﬁo‘f@I m@wset ageplete group,
when efi nenent coefficient _.needs to be se it is

sl B0 e et SO Butsc e 0t EOL ST GBRURS s aipreal group
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he " two Cco ren
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solutions also apply to gwouplng of any nunber of
ﬁ}éﬁbqi@ﬁlé%tn@ginﬂ@olpes haléfﬂ@ld eflwding erauqnm t &@ apgther embodiment,

0 egg ? %a%%% 1y e d If:)oél eb (fa%lign the %&h% %‘ége glb%gg which will

BOlUcades bgahc Mecapp! the VIO tdbie @ésighléd lras estin e kmareeRbups are
coding as defined in SVC Joint Draft 5 (JD5), thus
weekdi ﬁlgﬂs mayi g @é@kgvaery thegumphgs lef saftnepgat @@ﬁ@qlmtﬁ@ be flushed will

1% ih%@% ci(fi) lé;th%t ' n SH QHé gteoug c 1@% %ﬂg ftl?Jr only one

every ECO er - pase

cMﬁgenta‘tR’t hﬁberﬁm@ﬁkﬁr Hisatad marcogmrtaatge@qe(mo@jeﬂ) @mg the VLC
decoder nchroni zati on. Because the bl ock-based
bl rareeding 8ENURP st RERROIF. it mogﬁd@f@ﬁsent Heusp Tspegil /L C table.

I t, 13 ’a.

LB RS iR TOTeR: SXREL 20 EA08G sl o
sdlod“d’ susqieddst e \AnC 4 adﬁnemaﬁhagtrﬂidlaﬁ wahtd 27 15 coded as “00”.
encounters sufficient_nunber

Similarly, if the group size 1s 3, and there are two coefficients, “R1” and “R2”, to be
flushed. Instead of coding the group (R1, R2, 0), different VLC tables can be used for
coding the smaller group (R1, R2). In one embodiment, the Exponential-Golomb code
is used for coding the index of the group which is calculated as R1*3 + R2. It is to be
noted that equivalently the index of the group coded can also be formed as R1 + R2 * 3.
[0079] Figure 16 illustrates a device 1600 configured to process digital images
and/or digital video. The device 1600 may represent or be implemented in a digital

television, a digital direct broadcast system, a wireless communication device, a



of refinement coefficients (this will happen sone tine

| ater as the encoder carries out the refinenent coding
we@boowhessubsequent bl ocks). When sufficient rePCHEN®NT064912

coefficients have been encountered to invoke a wite

operation of a VLC code word, theencoder can resune

the normal VLC table adaptatl%h Under this schene,

the frequent flushing operation (done one every bl ock)

as used in the current refinenment coding can be

pémdnml zbkgifal aaselsteod (YA pea flaptommoerpoten, bedegkteptdoynputer a digital

rove 078] ,.,At the end of codin cert i n.nunb
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rm he fl eration is dd the.
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el PR Ypd Sig g P Bpt A BER fuh@Feding fogpniques, such
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flushed. Instead of codlgg the group (R, 0, 0) using

enpshayidevicab Tes trasccstil b gaw UEP @er@le§§/ peyBmynicpiior gandard such
ef
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HI083] ar 1Qne orrmeneeciJrenip ok thealevise 3 60@ mythisegommayracatiysly coupled

f d
S5 oAl Gea T I ot § Pl L0 5H o 5hE8h m i
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enbodlnent t he Exponenti al - Gol omb caqde
FIG. 16 is merely an example. The techniques described herein may be implemented

)

with a variety of other architectures.

[0084] The memory 1614 may have a relatively large memory space. The memory
1614 may comprise dynamic random access memory (DRAM), or FLASH memory.
The memory 1614 may comprise “NOR” or “NAND” gate memory technology, or any
other data storage technology. In other examples, the memory 1614 may comprise a

non-volatile memory or any other type of data storage unit.



Is used for coding the index of the group which is

calculated as R 1 + R2. It is to be noted that
weeowrasdent |y the i ndex of the group coded canPEl/BE8200064912

formed as R + R2 3. [0079] Figure 16 illustrates a

devi ce 1600 configured to process digital imges

and/or digital video. The deviZe 1600 may represent or

be inplemented in a digital television, a digital

di rect broadcast system a wireless conmunication

8L e, Bpemsgeaaldedipgicesdingsisi $6@hay PODApriseaa tlaptsefpfor a mobile

CO ter, a desktop.conputer, a digital_canera,

aﬁd@%%iapelwcwﬁ@?ﬁ@aﬁ g&?ﬁ@@ﬂlaﬁé%wiﬂfgvaéﬁafgwrm ifogione or more
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or any teleconmunication device wth video tel ephony

¢ivcits @05 ), iftelde progro0dahle Tnte dawysc &PXGNY, wayapowc essbinations

ncode, decode, tra 1.t and/.or recejve inm and/ or.

CHRY 3ht oot g avd e FELTEmel B o front
SRR Age/AHEN pRtedind 4RR 1HARdHICaH Mnhod/Plicd WBEIRe SEMSP600. The
1612, tetrieved froma video archive, or obtained in
ertbnd emitnd hhlermayA coingeise cod engpdariil¢cod§1 (ICOPE(hefatesicoding (or

SR T AT R S ST 2T
fioggpar theﬁB@al%&ﬁ@rty‘émn@a}U RbpA&LE sHBMerSHIPALfer memory space

Inter-frame coding fechniques, such as notion ‘
edativeatoi b merdonoiéldn donmpamsplei e, logaldmiemorya-1604mesy comprise

di ng techni , h ti i Rt | d
A PAgh SRR F g iceeS Eustitn SRR ARbb T 9 Husryd 604 may
&ﬁgﬁdg&a%nmﬁ;b’u dRniy iinegai WRR k@Bl RoMBYhGEs 6% processing
Su

ch as a canera or video canmera, to capture inmages or
viid d 603 éq peavedss [agh acosssotoedath dubapaupredesheraigogsige coding process.

uences in a. ry An .i mage/.vi de I Ocessi
TRAETTE05 iy Sirorgand e o i Ot BB Bl ERRRGT O may be
fhsleB®ed Yn B6RdMmP&EYoSHBEE cotTRurARAES ANAéM6ryVEd@0ller 1606 may
sequences before and after such processing. [0082] A

eordred awimpsy [cl@ms apdyritebadky éo thedpest memens AHQ4. coded

' sequences t.o_another device. T anscei ver
HOBEP ray HROE Spl PuPROLOEE I 1R Te0L TSR g or more

fRde phovéssingnteBMliqudg! ¢h A aamed GO ideEXRGRINES t6finfpkdR image
standards include CDVA | xEV-DO, WCDVA, etc. [0083] One
avalifpr ende thargtt gnprove Hee dgliyeofl gopidpysegeence.  For example, the

i cati c | Vi a..a i cati b ]
REREHE FRbkYFigto, PiRERtey B RPN RO e RS such as
Hrosalding, dbiefol R & PdcsionBycalify,| @bc@eection ! 8ftod eyvession, and

1600. The architecture illustrated in FIG 16 is
pratial {iltgrng x dig| fEontpRe MBge(Hidge @sowedeg uBE dl o8 ramn alygyperform

Q@le} {EBhrEHE&t 5 general, the techniques performed by the unit 1608 are referred to
as “front-end” image processing techniques because the techniques precede coding by
the image/video coding unit 1610.

[0088] The image/video capture unit 1612 may comprise image sensors that include
color filter arrays (CFAs) arranged on a surface of the sensors. Front-end image
processing performed by the unit 1608 may improve the quality of the video sequence
captured by the capture unit 1612. For example, the front-end processing unit 1608
and/or the coding unit 1610 may comprise a DSP programmed to process images
captured by the capture unit 1612, The same area of memory 1604 (or memory 1614)

may used for both front-end image processing purposes and for other storage purposes.



with a variety of other architectures. [0084] The
menory 1614 may have a relatively |arge nenory space.

wab@7meswry 1614 may conprise dynam ¢ random aRCEES2007/064912

menory (DRAM), or FLASH nmenory. The nmenory 1614 may
conprise "NOR' or "NAND' gate nenory technol ogy, or

any other data storage technoddgy. In other exanples,

the nenory 1614 may conprise a non-volatile nenory or

any other type of data storage unit.[0085] The
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@b raYhpeqdieg Hiipdel G maymeeonmmge oprare Sithrge video compression
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eotiRer\detiee viagd edtReivERI61®Xanpl e, the front-end
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conver si on, tering.
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ot her techniques. In general, the techni ques perforned
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[0092] The various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be implemented as
electronic hardware, computer software, or combinations of both. To clearly illustrate
this interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in terms of
their functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans may implement the described functionality in varying ways for



the i mage/ vi deo coding unit 1610. [0088] The

i mge/ video capture unit 1612 nmay conprise inmge
w@emwsoirs4t hat i nclude color filter arrays (CFABQT/US2007/064912

arranged on a surface of the sensors. Front-end inmage

processing performed by the unit 1608 may inprove the

qual ity of the video sequencelcaptured by the capture

unit 1612. For exanple, the front-end processing unit

1608 and/or the coding unit 1610 nmay conprise a DSP
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¥I%|cgs%gte SThé H{ocgﬁgfs aIl(F{h%%‘i(grgé'@lglg&lﬁlhlcmw\f&%de in an ASIC. The ASIC

may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[0095] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the present disclosure. In other
words, unless a specific order of steps or actions is required for proper operation of the
embodiment, the order and/or use of specific steps and/or actions may be modified

without departing from the scope of the present disclosure.



magnetic fields or particles, optical fields or

particles, or any conbination thereof. [0092] The
woanrows4i | | ustrative | ogical bl ocks, nodul es,PCT/US2007/064912

circuits, and algorithm steps described in connection

wi th the enbodi nents di scl osed herein may be

i mpl ement ed as el ectroni ¢ hardware, conputer software,

or conbinations of both. To clearly illustrate this

i nterchangeability of hardware and software, various

[0(l9ﬁlst r aVhie sperposeidmetts eod spplmatdohses!, the ipr&seﬂilttésclosure have

av, n described above in.ter :
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particul ar application and design constraints inposed

dnmgheaodemamkmsw@n@nwﬂskehpwmmanoﬂsanskaynnﬂphﬁhﬁnybenwde

t he described functionality.in varyi wa or eac

e O EP S pPPERL o et s GEHEY B R s of the present
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departure fromthe scope of the present disclosure.

[®93B] TWbatuarlaowslisi | ustrative | ogi cal bl ocks,

nodul es, and circuits described in connection with the
enbodi nents di scl osed herein may be inplenented or
performed with a general purpose processor, a digital
signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmabl e gate
array signal (FPGA) or other programmble |ogic

devi ce, discrete gate or transistor logic, discrete
har dwar e conponents, or any conbination thereof
designed to performthe functions described herein. A
general purpose processor may be a m croprocessor, but
in the alternative, the processor may be any
conventional processor, controller, mcrocontroller,

or state machi ne. A processor may al so be inpl enent ed
as a conbi nati on of conmputing devices, e.g., a

conbi nation of a DSP and a m croprocessor, a plurality
of m croprocessors, one or nbre m Croprocessors in
conjunction with a DSP core, or any other such
configuration. [0094] The steps of a nethod or

al gorithm described in connection with the enbodi nents
di scl osed herein may be enbodied directly in hardware,
in a software nodul e executed by a processor, or in a
conmbi nation of the two. A software nodul e may reside
in RAM nenory, flash nenory, ROM nenory, EPROM nenory,
EEPROM nenory, registers, hard disk, a renovabl e di sk,
a CD-ROM or any other form of storage nedi um known in
the art. A storage nediumis coupled to the processor
such that the processor can read information from and
wite information to,



the storage nedium In the alternative, the storage

medi um may be integral to the processor. The processor
w@pa7nims4st or age nmedi um may reside in an ASI C PATTESABI/54912

may reside in a user termnal. In the alternative, the

processor and the storage nedi um nay reside as

di screte conponents in a user2@ermnal. [0095] The

net hods di scl osed herein conprise one or nore steps or

actions for achieving the described nethod. The nethod

steps and/or actions may be interchanged with one

anot her wi t hout departing U%@Mge scope of the

present disclosure. In other unl ess a specific

order of steps or actions is required for proper
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di scl osure. [ 0096] Wil e specific enbodi nents and

appl|E&@W§W§fﬂﬁaiﬁ€UﬁF@sent di scl osure have been

illus e

the oo ERIRIREREM Pro el §id R et AL HAPRamERom e

confi gur at video anfliceanponent s di scl osed herein. Various

nodi fi cati ons, changes, and variations which wl |l be

appar ERmiRgR Khigyal %gaall b suhtiactipgthg predigipngd ﬂihﬁa%gmﬂ video

the arrang [ t hods

and systen@' ?Hhﬁgﬁﬁ ?%%ntVﬁﬁgggﬂsd?gkgﬁg%?%ggggﬁereln
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di scl osure, [0097 1 VWhat is claiped is:CLAIMS 1. A

met hoau%l.zmé&cnlw@ iy LHEpORT CRYECENE: ents in a
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of a co sse vi deo sequence conprising: receiving a

vi deogmepingreienamnsymbids inngeaatapr ediigg order; afid an

origina V|deo si gnal |n a current fr fromthe

vi deoCuHRRERCeEnInEIhIYEDY S #aR Vatighajengip codes.

subtracting the prediction of the original video

|gnal fromthe original video signal in the current
£r ame Thepisthpr g cliim lafisther srrpRyisimeusiegs? dirablasliepgiaicoding table

%&aﬁggﬁﬁlg sngct@%i %r%ﬁéﬂeﬁtyen %?cteﬁ%ﬂtsfﬁ 4 coefficients;

are coe clent o a ternary
refi nenent synbol grouplng refinenent synbols in a

ertai.p. codi Q der | d codln t he refln y
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coding table

4. The method of claim 2, wherein the selection of a specific variable length coding

table is based on a level of an enhancement layer.

5. The method of claim 4, wherein the selection of the specific variable length
coding table is based on whether a coefficient is being refined for the first time or

whether the coefficient has been refined in a previous layer.

6. The method of claim 1, wherein the method interleaves significant coefficients
and refinement coefficients, further comprising:

identifying a slice that includes a plurality of blocks;



adaptively selected for different enhancenent |ayers.
3. The nethod of claim1, further conprising using a
w@ 2007akd3¢1 | engt h codi ng tabl e adaptively sel ecP@rURneBh4912

on a probability estimation of the refinenent synbols.
4. The method of claim2, wherein the selection of a
specific variable length codi#ig table is based on a

| evel of an enhancenent layer. 5. The nethod of claim
4, wherein the selection of the specific variable

| engt knanmhi'gmlga plabilliey ofshlbcks ddfoapa thetprolyeng af tho edfinicoicent

is being refiped for the first time or whether the
coeffici entOH ﬁ@’ﬁ%en refined in a previous |layer. 6.
The neBetn Rl 46l RddPwWith YRRH BdYeliRem &R cBATcleRisalillaR S ed; and
significant coefficients and refinenment coefficients,
f ur t hetprigg therre snamgent cokdhcichty iimg qaeus! decerdingdo thenotlerdbat was
a pIuraIit of .bl pcks; scanning the plurality of bl ocks
bef ore the %ﬂﬁ?ﬁg of the refinement coefficients;
determ ning an order with mhich the refinenment

oeff |ents MA| and .storing.the refine

oot f 1EF ERihediasc Enaﬁeﬁef ECUPRITTRE o Biek s (G udes a

salfebepBtied. 7. The method of claim1, further
onprising identifying a slice that includes a
plurality of blocks. 8. The nethod of claim1, further
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béford the gralpingwttthercfiaompiticoefiigictiet er m ni ng an or der
with which the refinenment coefficients will be coded.
10. The method of claim 1, further conprising storing

vhe reht prmeatofeehfl] Qirthof Sorhptisin Od@erenifiag ah dideg wit which the
the order that was determ ned. 11. The nethod of claim
nefingpentegositients will keepdstinber of consecuti ve

refinement coefficients are coded together using the

vari able length coding table. 12. The nethod of claim
10. ful hfhmeth@dmﬁ clagnrg Lgﬁl@umm@rm@ lorareeihe refownfant feapfigionts in
of aesacl:(():r m Q[g tehoerr rtl1it as. eterrrgltlh d of claiml,

f Areered n§r|5|ng % rfor i At ushi ng operation.

14. The met hod of claim 13, mhereln the flushing
pper all“he me![hoﬁl lfldfeeum&id lhe1%1noenv(:'\eryoﬁxed-number of consecutive refinement

coefficients are coded together using the variable length coding table.

12.  The method of claim 1, further comprising grouping refinement coefficients of a

slice together.
13.  The method of claim 1, further comprising performing a flushing operation.

14. The method of claim 13, wherein the flushing operation includes adding one or

more most probable symbols to one or more refinement symbols to make a complete

group.

15.  The method of claim 13, wherein the flushing operation includes using a
variable length coding table which is selected based on the number of refinement

coefficients to be processed in the flushing operation.



nore nost probable synbols to one or nore refinenment

synbols to nake a conplete group. 15. The nethod of
w@b@7m2B8 wherein the flushing operation incledEBS2007/064912

using a variable length coding table which is sel ected

based on the nunber of refinenment coefficients to be

processed in the flushing ope¥ation.16. The nethod of

claim1, wherein the variable length coding table

conprises a 27- entry variable length coding table,

Wher elThe tigthodrod ukaiméng/hhreirstht: aeable krgthTdodingssthlodomprises a 27-

claiml1, further co S|n .u ing the subband- based
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el ectronic deV|ce that is configured to encode

refine nt coeffj n a signal-to-noise ratio
{ENR) The Bictpder s Heéw@ﬁf cq%@fésangﬂsuég T@Sﬁﬁbt@eéé)asqﬁ @dpe
SREHENGR cnhilRcflROLIGNI ¢ devi ce conprising: a
processor; nenory In electronic conmunication with the
processor; instructions stored in the nenory, the

h@St ' %%te'le%ﬂ%nf%%fe%? i ?s“éogﬁgﬁreh Yo ool !re‘fﬁleﬁle}{f %%%cdents ina

quence; construc an origina
slggznab nioike aatqum)tscﬁlaﬂeenﬁimembmeayer@e@ cem@reende/ideo
forma residual frame by subtracting the prediction of
BHCRAC) BieiRiACronigls VISP §HAPTIFIA® M t he ori gi nal vi deo
si gnal, %Q dde current frame; apply a transformto the
residu sigral; quantize a plurality of transform
coef f heheng 8y, elmmna: doafrmneceion vadetht ipeicessor;t 0 a
ternary refinenent, synbol; group refinenent synbols in
a cer MITACHOHE SREFdoR dRs MeBREY. é‘t?d@“f%é“’%‘?ff%%ﬁ@‘ft“ag&?rfﬁol

gr oups US'RQeN@%W%R%%ei éh codes. 19. The electronic
device of claim1 rein the instructions are

further exeamutrattlagpredictiseofaanvargdisdivelebaipghhinaodirmegt frame from
tabl e adaptively selected for different enhancenent
| ayers. 20. The'8V&¥orssmi®Ceievi ce of claim 18, wherein

the el ectrgppc 1% MRS dnge lg)pﬂ.{b %’tlfr%cejthé ﬁre‘dmn%ﬁ lo?ﬁl\é%rlgmal video

significant coef |C|ents t coefficients,
and wher ei n t hesignal from the original video signal in the current frame

apply a transform to the residual signal;

quantize a plurality of transform coefficients;

map a refinement coefficient to a ternary refinement symbol;
group refinement symbols in a certain coding order; and

code the refinement symbol groups using variable length codes.

19. The clectronic device of claim 18, wherein the instructions are further
executable to use a variable length coding table adaptively selected for different

enhancement layers.

20.  The electronic device of claim 18, wherein the electronic device is configured to
interleave significant coefficients and refinement coefficients, and wherein the
instructions are further executable to:

identify a slice that includes a plurality of blocks;

scan the plurality of blocks before the grouping of the refinement coefficients;



instructions are further executable to: identify a

slice that includes a plurality of blocks; scan the
w@baralizsy of bl ocks before the grouping of theCT/US2007/064912

refi nement coefficients;determne an order with which

the refinenent coefficients will be coded; and store

the refinenment coefficients i3 a queue according to

the order that was determined. 2 1. A

conmput er - r eadabl e nmedi um conpri sing execut abl e

i nst r dgtinons arﬁ ordecwithrvghictethie mefirentent oefi ficicnte mﬂ:t be nocted and

signal -to-n e ratloﬂggNaé scal able e hanc hﬁ

of a EtSW&P%E BN s i lie MU R 8CTHERE (R 6’ T that was

conpri si ngyctb®GRlYI NO a vi deo sequence; constructing a

prediction of an original video signal in a current

frame fromthe video sequence; formng a residua
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met hod for decodin reflnenent coefficients in an

encoded vi §€6° §¥YGerfce conprising: receiving an
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using a variable | ength coding . decodi ng
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coefficients were grouped in a
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to a refinement signal; and constructing a video
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22. A method for decoding refinement coefficients in an encoded video sequence
comprising:
receiving an encoded video sequence;
decoding refinement symbols using a variable length coding table.
decoding refinement coefficients using the refinement symbols, wherein the
refinement coefficients were grouped in a certain coding order;
dequantizing a plurality of transform coefficients;
applying an inverse transform to a refinement signal; and

constructing a video sequence.

23.  The method of claim 22, further comprising using different variable length

coding tables adaptively selected for different enhancement layers.



significant synbols and refinement synbols, further
conprising: storing a |ocation of the refinenent
w@omifilssent being requested; storing a sign oPCT/IE2007/064912
correspondi ng base |l ayer coefficient; and increnenting
a counter that relates to a nunber of requests made.
25. The nmethod of claim 24, fither conprising:
determining if the counter reaches a predefined count;
i nvoki ng a read operation and causing nornal variable
Réngt hhe mdthm)g of akalim 2deebdicimgh¢ encwwdtdividea stgeanuimcbfdes interleaved
refinenent . s and 26. od of. claim 25,
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coefficients; neans
coefficient to a ternary refinement synbol; neans for
cert ain. codi

% ou p‘l’ﬂ% ﬁ'{ 1m 2%%/ ngergmfth% g%hl]ilg %}g/err[% 1(111 1n?18%%§0J1scardlng
p@kﬁgsy@bmgble Iength codes.

29.  The method of claim 27, wherein the flushing operation includes using a
variable length coding table which is selected based on the number of refinement

coefficients to be processed in the flushing operation.

30.  An electronic device that is configured to encode refinement coefficients in a
signal-to-noise ratio (SNR) scalable enhancement layer of a compressed video
sequence, the electronic device comprising;:

means for receiving a video sequence;

means for constructing a prediction of an original video signal in a current frame
from the video sequence;

means for forming a residual frame by subtracting the prediction of the original
video signal from the original video signal in the current frame;

means for applying a transform to the residual signal;

means for quantizing a plurality of transform coefficients;
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means for mapping a refinement coefficient to a ternary refinement symbol;
means for grouping refinement symbols in a certain coding order; and

means for coding the refinement symbol groups using variable length codes.



