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[0002] The present application generally relates to data compression and, in particular,

to methods and devices for encoding and decoding video using multi-level significance maps.

15
BACKGROUND

[0003] Data compression occurs in a number of contexts. It is very commonly used in
communications and computer networking to store, transmit, and reproduce information
efficiently. It finds particular application in the encoding of images, audio and video. Video

20  presents a significant challenge to data compression because of the large amount of data
required for each video frame and the speed with which encoding and decoding often needs to
occur. The current state-of-the-art for video encoding is the ITU-T H.264/AVC video coding
standard. It defines a number of different profiles for different applications, including the
Main profile, Baseline profile and others. A next-generation video encoding standard is

25  currently under development through a joint initiative of MPEG-ITU: High Efficiency Video
Coding (HEVC).



10 the use of a discrete cosine transform (DCT) or sone variant thereon.
The resulting DCT coefficients are then quantized using a quantizer to
produce quantized transform dormain coefficients, or indices. [00061The

bl ock or matrix of quantized transform domain coefficients (sometines
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(conceptually for the purpose of context association) into 2x2 blocks such that one distinct
context is associated with each 2x2 block in the 8x8 TU. Accordingly, the encoder and
30 decoder track a total of 16+16=32 contexts for the 8x8 luma and chroma TUs. This means the

encoder and decoder keep track of and look up 62 different contexts during the encoding and



[ 0009] The present application describes nethods and encoders/decoders for
encodi ng 25 and decodi ng significance maps with context-adaptive encodi ng
or decodi ng. The encoder and decoder use nulti-level significance maps. In
at | east one case, the multi-level maps are used with |arger transform
units, such as the 16x16 and 32x32 TUs4 [0010]In one aspect, the present
application describes a nethod of reconstructing
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BRIEF SUMMARY

[0009] The present application describes methods and encoders/decoders for encoding
25  and decoding significance maps with context-adaptive encoding or decoding. The encoder
and decoder use multi-level significance maps. In at least one case, the multi-level maps are

used with larger transform units, such as the 16x16 and 32x32 TUs.

[0010] In one aspect, the present application describes a method of reconstructing
significant-coefficient flags for a transform unit from a bitstream of encoded data. The

30 method includes reconstructing significant-coefficient-group flags, wherein each significant-



correspondi ng group are zero, in which case the decoder will decode all the
zero value significant-coefficient flags for that corresponding group from
the bitstream [0014]In yet a further aspect, the present application
describes a nethod of 30 reconstructing significant-coefficient flags for a
transformunit froma bitstreamof encqgded data. The method includes

decodi ng significant-coefficient-group flags fromthe bitstream - 5 -
wherein each significant-coefficient-group flag corresponds to a respective
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25  cormresponding group is non-zero. In another aspect, a special case may result in a significant-
coefficient-group flag being non-zero even if all significant-coefficient flags in the
corresponding group are zero, in which case the decoder will decode all the zero value

significant-coefficient flags for that corresponding group from the bitstream.

[0014] In yet a further aspect, the present application describes a method of
30 reconstructing significant-coefficient flags for a transform unit from a bitstream of encoded

data. The method includes decoding significant-coefficient-group flags from the bitstream,



- 6 - if that significant-coefficient flag is in one of the groups for

whi ch the corresponding significant-coefficient-group flag is zero.
[0017] I n a further aspect, the present application describes encoders and
decoders configured to inplement such nmethods of encodi ng and decodi ng.
5[0018] I n yet a further aspect, the pr.gsent application describes
non-transitory conputer-readabl e nedi a“storing conputer-executabl e program
i nstructions which, when executed, configured a processor to performthe
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cont ai ni ng quan ransform domal n coeffici ent 20[ 0024] Figure 4 shows

an exanﬁiabcme;poﬂdm@gmapwﬁ&gmﬁmﬂrweﬂﬁpmtg}agétocmm coefficient flags for
the transformunit of Figure 3; [0025]Figure 5 shows an exanpl e LI
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si gni fi cance map from enco
coefficient flags. The method includes reconstructing significant-coefficient-group flags,

wherein each significant-coefficient-group flag corresponds to a respective group of
significant-coefficient flags, by setting the value of at least one significant-coefficient-group
flag to 1; and reconstructing each significant-coefficient flag by decoding the significant-

15  coefficient flag from the bitstream if that significant-coefficient flag is in a group that has
corresponding significant-coefficient-group flag that is non-zero, and setting the significant-
coefficient flag to zero, if that significant-coefficient flag is in a group that has corresponding

significant-coefficient-group flag that is zero.

[0016] In a further aspect, the present application describes a method for encoding

20  significant-coefficient flags for a transform unit, wherein the transform unit is partitioned into
non-overlapping groups of significant-coefficient flags. The method includes encoding
significant-coefficient-group flags, wherein each significant-coefficient-group flag
corresponds to a respective one of the groups of significant-coefficient flags, and wherein the
significant-coefficient-group flag is set to zero to indicate that that corresponding group

25  contains no non-zero significant-coefficient flags, and wherein the encoding excludes at least
one significant-coefficient-group flag inferred to be 1 rrespective of whether its
corresponding group contain non-zero significant-coefficient flags. The method further
includes, for each of the significant-coefficient flags, encoding the significant-coefficient flag
if that significant-coefficient flag is in one of the groups for which its corresponding

30 significant-coefficient-group flag is non-zero, and not encoding the significant-coefficient flag



- 7 - [0028] Figure 8 shows, in flowhart form an exanple process for
decodi ng and reconstructing significant-coefficient-group flags;

[ 0029] Figure 9 shows, in flowhart form an exanple rate-distortion
optim zed quantization process for nmulti-Ilevel significance map encoding; 5
[ 0030] Figure 10 shows the exanple LO significance map of Figure 4 after
application of Li RDOQ [0031] Figure 1? shows the Li significance map
corresponding to the LO significance map of Figure 10, after Li RDOQ

[ 0032] Fifgh4t&igheficahpwserAcisht g if itshddfabk gbupgfor wHdh 8 cerrespphdingnbodi ment
of an 10 encoder; and [0033] Figure 13 shows a sinplified block di agram of
an exanpigsilisapiorgeHisient-group @80, [0034]Sim |l ar reference nuneral s may
have been used in different figures to denote sinmlar conponents. 15

DESCRI PiG0OR] OF EXENPLEhENBDRE seo0gplicationdgserthes ehgdersrand idgcoderd | ows,
SONe exa e odi ments are seribed with ference to the H 264 standard
ot n B R R o SRR R Sodthd S ERHRRCS Sohose ordinar i1y
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codi ng standards, scal abl e video codi ng standards, and reconfigurable video
codi ng sxesnttdy etmfigh®d3girpeessdrdo pedomi fieidsacritied mefthyids ofisncodingrandéirerring to
vi deo or, | es the terns 25 franme, picture, slice, tile and rectangul ar
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will ap jate that, in the case of .the H 264 standard, a frane y
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are perforned on slice-by-slice
conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Reference will now be made, by way of example, to the accompanying

15  drawings which show example embodiments of the present application, and in which:

[0021] Figure 1 shows, in block diagram form, an encoder for encoding video;
[0022] Figure 2 shows, in block diagram form, a decoder for decoding video;
[0023] Figure 3 shows an example transform unit containing quantized transform

domain coefficients;

20  [0024] Figure 4 shows an example significance map containing significant-coefficient

flags for the transform unit of Figure 3;

[0025] Figure 5 shows an example L1 significance map containing significant-

coefficient-group flags for the significance map of Figure 4;

[0026] Figure 6 shows, in flowchart form, an example method of encoding
25  significant-coefficient flags;

[0027] Figure 7 shows, in flowchart form, an example method for reconstructing a

significance map from encoded data;



- 8 - basis, sone picture-by-picture, sonme tile-by-tile, and sone by
rectangul ar slice group, depending on the particular requirenents or
term nol ogy of the applicable imge or video coding standard. |In any
particul ar enbodi nent, the applicable i mage or video coding standard nmay
determ ne whet her the operations descEHQed bel ow are perforned in
connection 5 with franmes and/or slices 'and/or pictures and/or tiles and/or
rectangul ar slice groups, as the case may be. Accordingly, those ordinarily
ski | I ed[oo28] he ar Figikd & shovie irbfléwéehart forrh] £1¥xafipld frocdis Esiadtcodihg ahdsur e,

whet her particul ar operations or processes described herein and particul ar
r ef er entasenstyiching phgaiiicantreogficignt-wronpallagst j | es, rectangul ar slice groups are
applicable to frames, slices, pictures, tiles, rectangular slice groups, or
some or [¢2P] of t hEigurd Hshawsyi eravioigimean examplertatesdiatosteonsgpbiniized t o

transformunits, codi uni.t.s roups of coding.units, etc., as wll becone
appar enfl" Z??Wroﬁqss?(%én@gélsﬁlg'ﬁ“%ﬁcaﬁ%qwe‘f@gglﬁ The present application
rel ates t i gni ficanc s. A significance map is a_block, _ matrjx or

arotp of90BPhgs t nEtEvHE HRSHaNS the e@&?@%@ﬁé S0 map PEFIERE MR APPIGEER £ 1 ag
i ndi cat ggp WRgsdhgr the corresponding position in the transformunit contains
a non-zero 15coéfficient or not. In existing standards, these flags may be

referre as signj.ti - oy {:S4 | t here
o one HEE1 DG, ° B EPRlemsREL] wiihiRenlc 24 contofiiiil 1 e LoAR e

cor r esponagiof Figuwel §,iafieebl RDOQero and is set to one if the corresponding
coefficient is non-zero. The term"significance map" as used herein is

i nt endegbg3g] r ef er Figral T¥idwsoa Simphfie®bldk dRigradt ofirtikahipteahbsdinbht stiagnt
flags for a transformunit, as wll be 20 understood fromthe description
bel B, fwOISiRBd er ence is now nade to Figure 1, which shows, in bl ock
diagram form an encoder 10 for encoding video. Reference is also nade to
Fi gure H003&hi ch shiause b3 Hhovoske dinghfiehblotk diagrrendban sanfle endbedittientpfiai deo.
It will .be .appreciated that the encoder 10 and decoder 50 described herein
may eacﬂm@gmgnplenented on an application-specific or general 25 purpose
conput i vi ce, .contai pi ng one or nor r.ocessing .el.enent s and ,nenory.
The” opeMEbns  peSTotraatoros AETERARY bl 1o Bedn TaEn: o dERte. my
be, may g hlak BHnpoRALLd by way of application-specific integrated circuit,
for exanple, or by way of stored programinstructions executable by a

ge al purpose processor. The device may include additional software,

i ncludi ng, for exanple, an operating systemfor controlling basic 30 device
functions. The range of devices and platforns within which the encoder 10
or decoBESCREETIOIN OREXAMPIE EMBOBHVIENTS be appreci ated by those
ordinarily skilled in the art having regard to the foll ow ng description.

[ 0039] The encoder 10 receives a video source 12 and produces an encoded
bitstream 14. The decoder 50 receives the encoded bitstream 14 and out puts

a decodgph3s] deo f iR dkSoripbiod feut BFRAE Borkd eihtble emBEEImeRE: B iesofb&PRith gur ed
to operate in conformance with a nunber of video conpression standards. For

exanpl erefetqacetadhelly26fctadardfer vdee calingayd/pethpidowlopnetiEdipsradad. 1 n ot her
enbﬂ-gil . I . 1 V]
conpreggﬁéﬁngﬁgﬁﬂ§&%§% Hﬁcfhglnapéggﬂﬁ%ygﬁgﬂg¥p%%%ﬁgﬁg%%ﬁﬁ@% sﬁ&#ﬁ%@ﬁ? i ke
HEVC.  H.264/AVC or HEVC but may be applicable to other video coding/decoding standards,

including possible future standards, multi-view coding standards, scalable video coding

standards, and reconfigurable video coding standards.

[0036] In the description that follows, when referring to video or images the terms
25  frame, picture, slice, tile and rectangular slice group may be used somewhat interchangeably.

Those of skill in the art will appreciate that, in the case of the H.264 standard, a frame may

contain one or more slices. It will also be appreciated that certain encoding/decoding

operations are performed on a frame-by-frame basis, some are performed on a slice-by-slice



10[ 0040] The encoder 10 includes a spatial predictor 21, a codi ng node

sel ector 20, transform processor 22, quantizer 24, and entropy encoder 26.
As will be appreciated by those ordinarily skilled in the art, the coding
node sel ector 20 determ nes the appropriate coding node for the video
source, for exanple whether the subjeg%_frane/slice is of I, P, or B type,
and whet her particular coding units (e.g. macrobl ocks, coding units, etc.)
within the 15 frane/slice are inter or intra coded. The transform processor
22 per f p4sig; sémt bRRgEOyPictiR) sdhetiRpBHilR] aibdvidbydetangdlar sbiee group| ar, the
transform processor 22 applies a bl ock-based transformto convert spati al
domai n deneading onfbe parirulaegeiraninis ortgrmigelagy of the appHeable ags or widses a

di scret i a s ) s a

i sor ot PAREARILE IR B G bnltdabREE n Ebiicable LG Rde it T, 2

bl ock- bsasdhrd ravysletetifinesyizbhqp ehid qrensibne destribedi beigwuané performed dib bamiectbon

sub- bl ock, basi s, pendi ng.on the si of the, macrobl ocks or coding units.
In the Pithdrrmass arai}ceﬁaild/e&eﬂﬁ?ﬁ@,anéfw%s 0{6@&1@%@6? BEWSBHEGi ns

SI xt ee”cé&é%aéﬂfb’?%&%fﬁi@%ﬂﬁfthés@d}éi taﬂﬁ; Sednh LR EwiBuRREGAIITRAIGR oF R 4X4
bl ocks. I n sOonme cases, the transtorm bl ocks may be 8x8, neaning there are
f our tr preséndidinchisockwhether praticuddo] apetationsmoymocessésaltesagited diereithand panefiar m

bl ocks be other sizes. In so cases, .a 25 16x16 macrobloc i ncl ude
o on olRHeEss I fotsRsfi pisficey e canneuRe e SRUPS AR BpORPLe o Fibles

[ 0041] Apipdey | MGt dieriles, R6dtarpabR dlitd @BEHL btdife or 41l STthoRf foPh ¥Rlen datbadingsmu! t S
in a set of trans?orn1dona|n coefficients. A "set" in this context is an

or d&¥ ed Thistalsorapphiescte transforn anits, siodingsmnis@ownsatt cpding gnitp gt tas 3vil beeqme one

i nstances_the.segt, of- .t ransfqrm.d in 30coefficients nay be considered as a
"block"aﬂywﬂﬁp?ﬁ9ﬁ6¢ﬂg% %ﬁ@#@ﬁ?@galn the description herein the phrases a

"set of tr.apsfor omai n coeffi.cients" or. a."block of ,transformdomain -
1000 ool ent o1he PErsfuaRlcaion Erladin teonied faies Sowsr AL RGCR BI04t & an
or der edpRefk, xﬁam&r@@%@rdmﬁggrﬁiaﬂnﬁg@{ot bfbdtdsPonds@9 42 s rSAitO fEach ®Agf or m
domai n coefficients i S quantized by the quantizer 24. The quantized

coef fi cinsligatesaviebtizs shcsanresppridiriamasiiiongn the wansfem wiieatignsananzerent r opy

encpder 26.. 5 [10043] The.hl oc r i t r omai n
cook 1 cPanRgepter L PUPitinga trfienbhiss et py bR Rty 1] G
[0044] | Bééfﬁci@ﬂdﬂé%sf TRBEisted dtarkards| there ik ype flhg par ®efitad and thetflagus a birf er ence
to other franmes/slices. In_other_ words, they do not enploy tenporal
pr edi ct thehis aqemi s carrespendingasiivientas zere ap%l%ﬁeh@cﬂﬂeéggﬁ carrespeBHNgt i on
within I Lslice ' . in_ Fi n e '
predict%&8§§?ﬁ¥§g§hfgﬁ'ﬁ%%%&é%?% .ﬁ%ﬁge%%Ptﬁgﬂ%gﬁkﬁ og&gﬁﬁég%gﬁgﬁ#ﬁi%he
bl ock mmatdreorcadped 8¢t dfgignhficadttaeiidicmeabags Yo txalsform udii, as Wwilbbks al r eady
encoded f%% tag fr%ne/sLiQe. Hﬁing a prediction algorithm the source data
of ¢the BPYRERO %0 € ORPEPHRYDEIBY, esi dual data. The transform processor 22
t hen encodes the residual data. H 264, for exanple, prescribes nine spatial
predi ct i¥38hodes Referancs is new srade o Bigvekb. whigh shoves, Enbleck diagpm fogae of the
15 ni ne J - i n
rate- di SARFT RS shEedi3Eabs REREREORGNA Hnlld B57REeD, BhRE SoRLd bldik

diagram of a decoder 50 for decoding video. It will be appreciated that the encoder 10 and

decoder 50 described herein may each be implemented on an application-specific or general
25  purpose computing device, containing one or more processing elements and memory. The
operations performed by the encoder 10 or decoder 50, as the case may be, may be
implemented by way of application-specific integrated circuit, for example, or by way of
stored program instructions executable by a general purpose processor. The device may
include additional software, including, for example, an operating system for controlling basic

30 device functions. The range of devices and platforms within which the encoder 10 or decoder



[ 0045] The H. 264 standard al so prescribes the use of notion

predi ction/conpensation to take advantage of tenporal prediction.

Accordi ngly, the encoder 10 has a feedback | oop that includes a
de-quanti zer 28, inverse transform processor 30, and debl ocki ng processor
32. 20 The debl ocki ng processor 32 may,i ncl ude a debl ocki ng processor and a
filtering processor. These el enents nf?For t he decodi ng process inpl enented
by the decoder 50 to reproduce the frane/slice. A frane store 34 is used to
store tb@nfa?%%gmnieam%e apProciatedl BYRMogS ordinhelynekilledrin pieath kdvign i s based
on what will be the reconstructed franmes at the decoder 50 and not on the
ori gi nateghrddadke follpwane drsriptictt er from the reconstructed franes due to the

| ossy 25 conpression involved in encodi ng/ decodi ng. A notion predictor 36
uses t hip0BPhnes/ sTheencodentbrgceines heidee sovecest and [Faduges goanended bidsioams| i ces

for co rison t curr.ent,fra r .the r pOS f i,dentikfyin i m.lar
bl ocke e B¢ frchar oSO it EEe Blsstel, Rt RO Lo Rk kil fatisTe
preds ct TRE ehcodaPIl ditechbfi® SOSRMY Seecodfiared Wb bdtatelie confonadme With Daestser 22
encodes is the residual data that cones out of the noti onﬁredl ction

pr ocessof vdeo exapression standgeds. Jor pxampladhe prcodantq s desgdar dOTEat ble ref erence
f , il dis. " i g i i dat
that e B REAVE coliTine A Bk etbodiblsothe EORE 10 a8 Sedotdl S0 ay Bpatim 08

t he cur iestheblid@kcontpréssicibidndards sigaluding@vbheionedfthe Beo4) AW estardedrdy tikerot i on
vect or rraEﬁéqr\ot be processed by the transform processor 22 and/or quanti zer
24, butH -ead may be supplied to the entropy encoder 26 for encodi ng as
part of the bitstreamalong with the quantized coeffjcients. 5[0046] Those

or diGar {0040k ki | | edhe anqoder H} inclides a spstiebpredictor 2hea erding mede sriegiers) bl e

vari atigns Jfor_inpl ting. video 7] T he: . i ncl udes
e 1 AP RSG50 RS 8 AL LR
spati al tHeepeliveailPskifdd inahe ad et osdihg hode eclestsnR0 béterndihes tile bpropriatag:
processor 60 may I nclude debl ocking and filtce;[]i ng .pr Qcessor frame

S,
buf f er Sedingmeds forithe videe seies, det @ampleyraetherghe sdueqsjragme Pb*rp/%éowér%at or
62 i n appl.yl i at | T i t esents
the opopipe) Ayt AR SRARE A 0 TR, KOTRAIE 4b) MRt e
bl otk f framealipe ereiimesbyintte codigid Thedcaksfoll p4@JeTtoe 2B ipesfomesmirdntiors: wmoei ved
and decqded by the entropy decoder 52 to recover e _quant.i z
coeff| cF@rFP@t.lgi@H’é‘“} br %W?%E}legagﬁggg pF@SWé%EGPﬂWi%O%ﬁd@S%t ropy 15
decodi Ng PIOGE RSoony T Spdtfal WothGih dABYoRBectUPBArhEsheh. tHAE eXMBiiAI0In GRMARENS At i ON

| oop for use in notion conpensation, 1f applicable. For exanple, fhe
ent r opy enibodidentssdiswste cesioe tansfom CTEistsed Qihgr tansferms; sysbas fidiserste

informatjon f i nter-coded macr,obl ocks. 100491T. ant.i.zed. coefficients
et hostn dangng Db AhES TRRE CRuHan s sahoR, Ty BReR SRR AR RRB b r m dorm n
coelfhi Cipaibitned Wi £EbdRLurdil) R RWr&db-bibcRbakiBMRpERlihg M Heqizt ZGhdy t he

i nverse transform processor 56 to recreate the "video data”". It wll be

appr eci ataetbbiavks or coflinpwitse I8 dhe HO0d Ktandard fon exampla a typicabitax 1 fraeacehlorkk or
di it. "yi "o oci t .
cpat i o1 SPhihine haSeh 351 ahGPrm W IRL aftPd PP pldlEe i BRI W b LibERs, 1

frame. TheoBPadseq thepaperseblocksniaygen®&haningehere dedotiatransformblodis per

resi dual data and pixel data from a, previously decoded bl ock. In other
cases, Swerpbleck; Ap yptotber cagrgethe fianslonn blacks 810y bs@Hhey SRSt 12 SOPIRESS R eat ed

"Vigdeo qat fp m%&%ﬂ?oaeﬁ‘lag'}ﬂa?&?a ﬁ&@?\?érfﬁ@gingcgﬁﬁ)ﬁ?agﬁn%§4k§ d&d Galsfinal data
for uUse In notion conpensation relati 0 a reference block froma

di f f er edtocks.anme. Both spatial and notion conpensation may be referred to
herein as "prediction operations".

[0041] Applying the block-based transform to a block of pixel data results in a set of
transform domain coefficients. A “set” in this context is an ordered set in which the
coefficients have coefficient positions. In some instances the set of transform domain

30 coefficients may be considered as a “block™ or matrix of coefficients. In the description

herein the phrases a “set of transform domain coefficients” or a “block of transform domain



- 12 - reference frame information and notion vector specified for the

i nter-coded macrobl ock or coding unit. It then supplies the reference bl ock
pi xel data for conbination with the residual data to arrive at the
reconstructed video data for that coding unit/macrobl ock. [0051] A

debl ocki ngatering process may then be plied to a reconstructed
5franme/slice, as indicated by the deblocicing processor 60. After

debl ocking/filtering, the franme/slice is output as the decoded video frane
16, for coufasete” hefusél mpdrébangbably shdit dyeatleiviifidicatt tin btdereddRt BhERisfir@od t hat
the video playback machine, such as a conputer, set-top box, DVD or Bl u-Ray
pl ayer , demainseelisintte handhel d device, may buffer decoded franes in a
menory prior to display on an output device. 10 [0052th i s expected that
HEVC- colfi42hnt endbelest of transfome domeais opefticidnts/ie quamized by theegenizeng4omhe

simlar features...Significance Encodin 0053 not ed .above h

ent ropyq‘é@%izﬁ%ccbeffﬁ?ie%ls% as&?‘“%téa?‘gff’md hoﬁltalrg teP%Jr@&P’?‘rf‘ed%%%’Pﬁ eg%oecﬁef ?%I ents
i ncl udes encodi ng_t he, sjgnificance nap (e. a set . of significant- 15
coef¥i c{@ﬂ’?ff I agsil.}"ﬁ3 g“"’i‘ %a%nam’b %Ptlge@t(mé‘fgfo&ﬂéjsﬁf’}%ﬁoe?‘:i‘g%? B¥°8ormai n
coef fi ci80tSt to Hafeis hoddkapatudi®P 1S @ binary mappi ng of the block
indicating 1n which positions (other than the | ast position) non-zero

coef fi cj appe ) C i ISt ] whi ch
1o ol o o0 B ool SeEU R (L oo A L B o

I nt er - c Gemes/slides.cIn dthemmyrdb.ahey danst dndpick tearposal phedictionb IHmkeve intra@eded| ue

for the slice may vary 20 fromslice t lice,, All these factors have
an i mpaGamsHde FrY BRe énﬁtaﬂlrwfﬁ&%owftﬁw e Taiveioligy 2 ey Héaﬁlﬁlbefﬁ B g e
MR Eg%%g%g@r%d%&rzuf TRANYE S HBPerdoBAig B\RF R bRcR tNEGPIn thB bRk MAajece with

whi ch may be vertical, "horizontal, diagonal, zig zag, or
any ot heompared toothd dntamf esarby Ipectisowithin dlens hireslyl eacededifogthst frardelslibe,. The

[ ypi 1 l.y.d in " " ti i t | ast
i qni 11 e gttt Sfer S MEPRTR JaBne HeE S pReour e taidbel e n°
r ever SeTRE &anT6e proddisbt 22 then kh@flled thelrBsi@lal idatar 24 dor dxakiple, prescribes
significant-coefficient flag is then ent ro&y encoded using the apPI i cabl e
S. 8

cont ext nimgapatia) gradintion gnade Eereixdtensfoxabincks. Imsomaembgslimertatdaghet the

co xt - adaptjve binhar r.ith i ¢.codin Al h . .he used. O her
oot Ene bR et BRI TROLAE bloR Y AELEIPAIBAGE 500
Exanpl eaptaﬁijaﬁgﬁ isdgedionriact theibeftrmbddec codi ng (BAC), vari able-to-variable
(V2V) coding, and variable-to- - 13 - fixed (V2F) length coding. Wth 4x4

and 8x8yqRABF. 2 CIALEKI64 Sardafd 56 Freb@ibes Bfeuskiof mdeish prdfetiotempenadeh ng
the bit (significant-coefficient flag) in that bit position, the assigned
cont ext tatakie adrantageobtemporalipsedietion: Aqchedinglyi the cerader K has a feedhask logmt ed

pr obabi |,i f. a l.east .probabl e synho LPS) (or.+in ol e i,ONSs a
oot pr Stk ieiecs pa R nees S IS BB ol et o S e BRTORBH
assp@NMERE dialﬁo&lﬁ@%jpfoeéﬁbﬂ@mfasi finddedeh ddbiookiipgaesessuitind adilteing pfozessexanpl e,
with a 4x4 luma block, the current draft HEVC standard prescribes that each

bit posiThewsrelementhmingdhe degedingaapesss aplemaated by thedreoderOdg repreduce g ng
the | as bkl OR, fedibldds aaked Fialefalolh of 4x4

| uma si %}r#%?s:l:lg%c% ﬁwmatps. 0lrgor q%‘a{%@ tﬁ?@%ﬁ‘t&s‘t oﬁl,lée?he cohzhgihtlselglsm g’ﬁg%l to that
posi t i omatiehpredictiam it hased shiwtat edll bO therretmisirhéted framsost the detodit 50 axd doPS i n

that position, The actua). pbit value_.is then encod usi t hat . esti mat ed
pr obabi PRiie oww&ﬁrayﬂ,esfc w@cﬁmﬂy Jffera%%mé%ﬁcwwlﬁfgﬁ %ﬁgﬁgg%?‘? {he 1ef8¥at ed

basggl 0Rympression involved in encoding/decoding. A motion predictor 36 uses the frames/slices

stored in the frame store 34 as source frames/slices for comparison to a current frame for the
purpose of identifying similar blocks. Accordingly, for macroblocks or coding units to which
motion prediction is applied, the “source data” which the transform processor 22 encodes is
the residual data that comes out of the motion prediction process. For example, it may

30 include information regarding the reference frame, a spatial displacement or “motion vector”,

and residual pixel data that represents the differences (if any) between the reference block and



the actual bit value. At the decoder, the encoded data is decoded using the
sane context nodel. A context for each bit position is tracked and used to
determ ne the estinmated probability for decoding data to recover bits for
that position. 15[0056]Wth 16x16 and 32x32 significance maps, the context
for a significant is (nostly) based uppn nei ghboring
significant-coefficient flag values. Anbng the 13 contexts used for 16x16
and 32x32 significance naps, there are certain contexts dedicated to the
bit positel @freAtblblk. ThfrREtibPrdpaidadoe iréfereltd QS ahd/oPmotibh Ved®Shaphottbtle
significant-coefficient flags take one of five contexts that depend on the
cunul at bipsessed by thegtansiorminsenessry 22iagaior Heanizer 2 dukinsiced sy besegpliedt¢y t hese
i nstancgs, _the tarm [ C t Lgai fi cant -

oot 11 cPRspipPy SREEEEAY R de IRl ool | 0 el °TT
signifigadtficiemef ficient flags at neighboring |locations (typically five

| ocations, but it could be nore or fewer in sone instances). This involves
nul tg pl @oIBOry agusfesRinaity skillcdan thearE Rl pprédiatdtivdeyaiRandpostile

requi rements. Moreover, in nmany instances the 16x16 and 32x32 significance
25 maps vaiiaioas foramplemypating vislep epg¢odeer os. Accordingly, there is a
substantial cost involved in encoding and transmtting | arge naps that have
f ew coe{@043] ent vahedecodpOfbizikclndenatentthpyclecader A2 olequardizecds,dgfiversee pr esent

lication, th decod i -1evel sianifi f
Cort o PPt BRSFON 16 PRI HEPEAS LrBaebior N PR 60ndRR ¢ 1 | ovel
signi fi ﬁé"cﬂbcl&ﬁ??ro@és%omﬁa HelRdbBloRRig 334 SkeihZ frdcafofs! A0 EhNE Bufa 485,

however, it w be understood that they may be used for 8x8 or 64x64 or
ot hEd  spunplies resnsstorcted frames foruss diyer mathoteareprnsator 62 nppplyinHmeliqhe

significant-coeffi.gient..flags ar Q : h.signif4 o fi.cl ent
flag f aFPEPFISEEOT nrgheoﬁpa?ﬁézogﬁpgﬁsﬁgqr%é(#&g?e%ﬁﬁg PP%Iaig(?]ﬂ %‘%@%ﬁgﬁeﬁﬁé"s t he
groups gata fbiod pRtlcilyr ingeeeddt blatk fidmdi ptedivagdy decaded blockoni ng the transform
unit structure into blocks. For exanple, a 16x16 map may be divided into

4x4 bl oghgygpach cank Bitkikdath B4 %ir8&ivedl ank RcERAyithd 8itfopy deBSder 52 RS rechvep2Xx 32
map may be divided into 8x8 bl ocks each containing sixty-four of the

coef fi cthiemuapbeididoefivienth Sid¢ ipfermuatign maysdscf beteeottered dugingdheentrpy gr ouped

on e hasis that they fall .i.nto these.defiped hlocks in t.h P D

ot it uPEdingpiBiceh dhe 3 UiTb S O ERRIGHYS BE AN Rl B AR bbcne
mat ri x gfotiod @bhipaadtibh, ansipdicableOFoer ¢kaaRdd, thedrtidbs Mecdder 52 Adexbddgepur poses,
the bit position within the transform 10 unit may be specjfied by [xC y(,
wher ei nmegor vgctors ang/or referenge fame juforngiongfor mter-coded macrgblogks.(f or exanpl e)
a diagonal scan order, it will be noted that the |ast-significant

coef fi cil@MO1i n t hiThe guantizeé coeffigien{s rpe then dequestizedditthe dequaptizesisértence

nuneral 112. [0Q60] Ref erence is.now al.sg made to.Fiqure 4. j ws an
i ¢ PRICGR PR dAReBr s Ao TRae quiieh B Hier fiplsolsS of st ipiigtt

si gro f i egRlic BO&EE irGhsEoiin plod@Sot Sto reEreatt theyeiddoxdatt. flt will bhigppreciared that,
transformunit are showmn in Figure 4. It will be noted that a

si gni f i émsameenses, segheastwith ayiniggreded magroblask pr goding yaitithe recrgatadnaideean

order fryom.f0 i | - Si.oni f fiLgi ent at
D19 o RB g etftal Qun B usE KEndfa\bmutciGto RSB 1ol B:EABLIF BELALE! i
t her e i $laekmvrthiz efedfraoef Thedpatiil dompehaatdrr Hngeheratas tins ¢iddddath froaethet 0 1,
whereas each_ significant-cqefficient flag dat ?af(h bi thelposi tion at, which
t here | $esiduabdgga and pixel data from a previously decoded block. In other cases, such as inter-
25  coded macroblocks or coding units, the recreated “video data” from the inverse transform
processor 56 is the residual data for use in motion compensation relative to a reference block

from a different frame. Both spatial and motion compensation may be referred to herein as

“prediction operations”.

[0050] The motion compensator 62 locates a reference block within the frame buffer

30 58 specified for a particular inter-coded macroblock or coding unit. It does so based on the



20coefficient is set to zero. [0061] The significance map 102, i.e. the set
of significant-coefficient flags, nmay be grouped based upon a uniform
division of the transformunit structure into contiguous bl ocks in one
enbodi ment. The size of the transformunit may determ ne the size of the

bl ocks. In the case of a 16x16 transforymunit, the blocks may be 4x4 in
sone enbodi nents. The 25 groupings are’illustrated in Figure 4 by the |ines
demar ki ng the 4x4 blocks. A larger transformunit, such as a 32x32

t r ansf ofefergndd framy infeveatioh and heioh iveétod speoidied ifed the intéd @dsd glaoiabhadkiont 0 4x4
bl ocks, 8x8 blocks, or other size cantiguous, bl ocks. [0062] Al though the

exanpl esoding wait-nK thensupplies sherpiarenrsrhlomkapizel datior gembigation Wit thy reafual f of

si npl i Cg%ﬁ(]@o 511?1%89{ &%?E@ong’tﬁmt#&:ﬂaﬁ)&ti%ﬂﬂﬁt chliffil uf rSHIYE. € groups. G oups
may be orned as rectangul ar ocks in some~enmbodi ments. |In yet other
enbodi ot her, S ] o~ 2 s W th i nal scan

or der, nﬁbtsriwlay be Q veg’ﬁc{égﬁlgér?a'gen?lg pﬁ@c%gsgrpgﬁglseﬁ)ﬁ_%%?gﬁqd tP Srvet S&P%%ﬁ?di agonal

sli apes @hmehRticd, agiklicatdd bynthe deblockihg pfocesL6G ONRendebldikingy fltpimewhy be
sonmewhat trapezoidal in _shape, [0063]A higher |evel significance nmap

cor r espEAEREHCE 15 oufuIt %ﬁﬁidﬁcﬂeddi%d]%ﬁmﬁalﬁ’gstf%aﬁ@kg@ﬁ display@n aghEpldy gher

| evel spgnifi ] i I 'f'?{agg-fﬁﬁlﬁﬁ Lei.ent - group
flags. %gér:éé #ﬁﬁ%@éﬁ??‘?@gﬁ{hg%%%ﬂ? %fbé‘%%mglﬁ%ﬁ% SP ag G or ea%:lli;b%;[ up

cont ai nbag RWDI oz &io-Ray elaegand/oc awbile baddhieki devicef inag bufféralegodadpranmestiaiani ng
the | ast-significant coefficient need not be included in the higher |evel

si gni f i E&AE H’éﬁrtﬁgﬁfﬁ’e"m@%@‘ftd&w&ady be known to contain at |east one

non-zero coefficient, i e. the |last-significant coefficient, The

si gl 11 10982k nap nHys ewepted drat BE - camplignt engqders ad deeoders withpaverpanyiifgher

| evel shaol {180 mi @ (ds- € containing the significant-coefficient-group
fl ags) hn’%gé z?!é'f(l:referg%rﬁ 0 3s the |evel 1, or LI, map. [0064] Figure 5
iIIustrg.tes the Li Ei, het | evel significance map 104 corresponding to the
exanpl e> &Yfsarce Bep g"‘foz shown in Figure 4. It will be noted that the

LI ma ontains a significant-coefficient-group flag for _ eac rou
Fhat - olME3he o Reaticdliove 56 Bopy catine oS biqtk et of dantepd SaRgfoRt b
si gni fi gaRhincRefdictEintlulitf@Rodmk Mdsislfcaice wipdb.g. DA o SicRifichien the
significant-coeffici ent-%roup flag is set to one. Oherwise, it is set to

zerkh [ cedBtientdBagshiprdliatbhaskgr setpd quantized trapefoinh denaimcope@ntyy Gdje, wher ei n
inthis. .examle xCG.= 0, 1,.2, d .=.0, .1,.2, 3..The gro

cont ai nFRGIEHE G Satipy maRpEo B RRe fcaERg i yaieh ppsindnc(cetifing
[3,3] daRIad@bsiGen) inzedd Yoertifoht appdat.- coRMlédki BN} hdvieagBain $RardBretiftidsS not
included in the Li map. é}0066] The significant-coefficient-group flags my
be convuithaphighitjeesseriatedr Hon ¢rample jtapaebe fam aprigea-coded slisprar @nBbdi nent s.

The sc a@oﬁd%ﬁ%e.”ﬁ%a@%etﬂﬁnﬁao@@ckatﬁ' atéﬂ?orﬁg BlocRS Ef'ﬁé QP value for the slice may vary

20  from slice to slice. All these factors may have an impact on the best manner in which to

entropy encode the significance map.

[0054] The significance map is converted to a vector in accordance with the scan
order {which may be vertical, horizontal, diagonal, zig zag, or any other scan order prescribed
by the applicable coding standard). The scan is typically done in “reverse” order, i.e. starting
25  with the last significant coefficient and working back through the significant map in reverse
scan order until the flag at [0,0] is reached. Each significant-coefficient flag is then entropy
encoded using the applicable context-adaptive coding scheme. For example, in many
applications a context-adaptive binary arithmetic coding (CABAC) scheme may be used.
Other implementations may use other context-adaptive codecs with binarization. Examples

30  include binary arithmetic coding (BAC), variable-to-variable (V2V) coding, and variable-to-



specified for use with the transformunit generally. In one enbodi nent, the
significantcoefficient-group flag may use a predefined scan order than nmay
be different fromthe 25 selected scan order for the transformunit. In
sone cases, the Li map may exclude certain groups like the [0, O] group or
the last-significant-coefficient group,, which will have a presuned fl ag
value, as wll be described further below. [0067]1t w Il be appreciated,
that the LI map need not be derived directly fromthe LO map, but
rather goed GvAF 16t vRling. r@hthsixaand 398 hids co@intaxe Isensignédifot Bechtbiansf or m
unit in the 30scan order. - 16 - [0068]1t w Il also be appreciated that

O £ her padaror Wihay epcodiysaherhis (ni e oo b Rsishb Taain g1 B peo o e RRIEIRG. | {

the tra [ %{g@? : ite thb RSt bIBY:PSF PRsED on

di vi di ng&{t%{et%ggir?s lgfer%%aﬁ}t 'ﬁ(%gﬁgégéﬂﬂ@&glrl%eutpg ghl’ ug Eﬁegyliilyl Btr)rap woul d be a
16x16 npbablekambol(@PE) (q@iosmné implsmedtafionst dvapstipobabjr symbob&MBB))er at ed by
grouping the 5 Li flags into a further set of 4x4 bl ocks (each of which

woulsi cgmssrpond TrDedst@poidecdoddBxddnte&a abdigrnean isprédaenihal for Bowhfths m unit) .
Additional levels of abstraction and/or granularity may be enployed in

ot her entrodpiandidecodenoBot Remmnle vith 3 &xdlgimaiierk. the qurgnt drag HEYE sfndatdws, in
oraer ity _ . AL " ont
e e e R

det er m therlgst pbsition,ghatimeannt 5 coétts arearickéd figenemiing dftdx4 luma significance

significant-coefficient-group flags. .In_one enbqodi nent, .the encopder, scans
the tr aﬁ@%rﬁmaeleﬁlt PHSlFl%éP%@%@‘gﬁSWéFO ﬁ@_t a_%ftl%wﬂ&ﬁmlﬂ%s the&tmighi £ i cant
coefdic ggi%tﬁlgiggg?s%agt‘?at%@ Mtﬂfansﬂ%fthﬁ%ﬁﬁigﬁ.e fl"i&b GtaAbif VaAUSis tHA®ncoded using

signifi icrent-group flags nmay be determ ned during the sanme scan
(al t hougat estineat¢dpnobabibiyn tFiwdlyhthfefoenientassigneditoubatmmyitios isispditddbasél on

practical i nent ations as the,scan order .wl | nerally involve crossing
b ough THRACTRLPE Vi B AL e freadsiing Somes A ttean g b tae Fidtt © o

si gni fi gRyabr cOebdtkai 8PEacH b Hdstibads irsckeBdRd Whano UbRnAMe PaesstifRtey M nes it
has scanned the | ast coefficient for that group, e.g. the exit

coef fi cpebability for decpslingqrtetrageaer bits forthas pesiiotler nay perform a second
scan of either the LO significance map or of the transformunit to
det£5 mi [@56he si giWith teui6-and S2k3 2L significapesupar@Othe agsetext 007 Sighificoptds at i on

204, for e significant.-coefficient-qgrau ag, .t he encoder .det ermi nes
£he’ conlBRHY et anan G eI RE A PO PP AT R valhes” ARGREEe 13265l

si gni fi ganitor 06 il i Sk 3D SigHlichARInARSBErOfe bhitnifl 86REH BeHcAaMoakE bit The
significant-coefficient-group flags nmay be processed in a prescribed order.

| n some pesibotlatfif end tawcighhesiog bisegsisions but mostd thesignifisantiveeliciont Bagker 25

d h f ' f d
Unei 1 dgberms ALETeRomeys B8t aertia phAREC T iy TR e dfBRE o) 7

set20f eodttiechsiland itebomsfaftesddl Aefdminagos oNthexbiredt@ontext for a significant-
significant-coefficient-group flags is described |ater bel ow [0071]Having

encoded ce¢flicisat flasgf depends o determinisarnd symmingthe yplues elfhe sigadicapicenstlicienien
encodes i ORkf 1 ~caeffic haQs y N s WA O[S MR & TP -ToTatoTe [CT4
(wor Ki ngtapsﬁat?{g%llprs)}eﬁ%B)tggtgﬁﬁé%gdraﬁgtglg%ér m Hrégé BFﬁlgg@gnltb ext o? ' ae%‘% 1enco es
each si gitdncedNThizdaddlies ratltipid memoify dcbeésses, which can be costly in memory
bandwidth requirements. Moreover, in many instances the 16x16 and 32x32 significance
25  maps contain a large number of zeros. Accordingly, there is a substantial cost involved in

encoding and transmitting large maps that have few coefficient values.

[0057] In accordance with one aspect of the present application, the encoder and
decoder use multi-level significance maps for certain transform units. In the examples
described below, the multi-level significant maps are used for 16x16 and 32x32 sized

30 transform units; however, it will be understood that they may be used for 8x8 or 64x64 or

other sized transform units in some embodiments.



significant-coefficient flag falls in a group for which the

significant-coefficient-group flag is - 17 - set to 1. If the
correspondi ng significant-coefficient-group flag is set to zero, then any
of the significant-coefficient flags in that group are not encoded, i.e.

they are skipped during the entropy e_nlc4o_di ng process. [0072] Accordingly,
after the process 200 the encoder has produced a bitstream of 5 encoded
data which contains the encoded significant-coefficient-group flags and the
encodedjgpisgpi f i camhe sighifichiti eifidid dlags faterdupell. EnétOsignifeaispotifizienhfisg at
| east one non-zerog significant-coefficient f]lag. The bitstream does not
i ncl udefadisynteijoge pf theieunso EPF sigpligity i MRy embrdimegyts ficgreupsate forged byot have

at |eas : Loni f. £ Cl : t der,
the o afsoRrpsiR) BRHAEbERleipaRE neBiysooh il siBlire WIHA, FopExBSIRS
encodeda déx B mbp g beidividediato 4Rcbloclarach cantsiningsbdesnt of the gnefiEcignt whi ch

i o 11 BATOBogt SPEPIRED TERDE OO LoD O P G COHRE D DETal OFIE
bitstre i : I i b r or
B B b M L
et c.) ofalkingt thesegiefided klofks ig. thOviBirixBitolRaydm CD-ROM etc.). The process 302
is applied in 15 the process of reconstructing a transformunit at a
decoder [0080] showRiguge 3 Hsowkestoghanglof 6x16aceasformfuaittao (e mdndt bf quantirdie
sequence and for each slice_or picture (dependi on,_the syntax of_ the

vi deo cBansigrsdometacaeiniviapts) For leg*mg RUBP ol B P§é‘§9nt"‘ﬁéﬂrbl55’§it¥a%fﬁm6f t he
| as{e Sigo £ i Ci | SdRGoded drom th ' L Thi .

i nffoq mtg{ﬁg%daﬁa%stsggﬁﬁéegp?}ggﬁ%%]d%ﬁhn angeap%lli’ gza'b'l gsss}b(ﬁlﬁx@g}ozﬁé"slt% ér%sél}gds 20
provi de(fohetanigie) 4 diagersil spahfordeait wilb bé hoted dntt thedastesidreficpecidificdntus tng

mat ri x not at,i on, - an -pased | ocation wi.thin the transformunit;
sone st%m%ﬁlaésaﬁiﬁ%ﬁ8iaﬁﬁ%ﬁ°¥ Y% ?f?%‘ieg}}lﬂi"?fif@% “coefficient is to be
signaled using a vector of 0's with a 1 at the |ast-signifi ciant, coefficient

posi ti of?06Qher ei nRefaenreds vy plso mads do Figyre haviich shovisan sxamplesjentfieanse apn

order. i 1:f vitng: ] Halg T oefficient
e 2 JO% TR sfenfiiah maP 102 AR e digReah BEATRHR fldal A afe
si gt f i gendrated &b the exxdimyle trapsfhina gsit areshdendol Egguire dnittwid Heinosadrtbastra  The

significant-coeffi.ci.ent, group fl ags have begn entr encoded .usin
ahat evePERSARECAS T 4P AP S RRLP LGy Ban 30 O HE L OITEdP ey
speci fi ederhding NRe NERMBRIficR{ QLM cIAPat [Eg,rlcﬁxmﬁek@grf%gﬂtt@erﬁaéﬁmag\é@e&hnar y

arithmetic co%i ng may be used in sonme instances. _ ‘

si gni i bitpositiow fari whientherg is amonizetpscasficientdn thedrapgfogarvaitriOiinget th e, cont ext
for 30each flag,posi.tio i.t. position.in, the.higher. 1 evel. significance map
. . Pigrees Sl hiRfcbetibish s o Pl e hOTich SRR RS Bl from t ne
bi t 3¢ r eamefab@dntiedatitbrgrot he context based on - 18 - the flag value. The
size of the set of significant-coefficient-group flags is known because the

scan or gajery S Knowhe afdifidificd @ 1%3@{ {hbgamfs@?ﬁé&@b@émci%&}jdgdﬁﬁa&Bé' ed in

| S
operation 3!)2; t hus, the size o significance map is deternmined. In

t he casgravpedbascdupon g upiom divisielofhe tressfoun yuit staisteredntgwantignpus blockse
group sizes and positions. may be provided in the synt,ax. 50007 ot ed
above, *ukiiie EMtadbph, 1e Sl s e RO PRI e Dl BB Bt ve
one of {eca6OHt 4 UEHAGSTAERHRASASTHeMRstLE afayteeixtiabshe efbodindentsOTaeor nore of
the significant-coefficient flags fall into each of these groups having a

si g% f | eemvpings efe illusteatedyindlipurel 4oy, thadiset dempagking et blocks. ‘A larger
i gni ficant. ficient- | ] t i f th
i oni 11 SRR SLER; 4 FpRielas BaRll PRI i GRPRSATLER MhSUP o 1he

si gni f i gadiiped 0Rb Rks bRiks, B8 bbcks, &y Sthet biea cortizuous blocks.

[0062] Although the examples given herein use groups defined as contiguous square
blocks for simplicity, the present application is not limited to square groups. Groups may be
30 formed as rectangular blocks in some embodiments. In yet other embodiments, other shapes

may be used. For example, with a diagonal scan order, it may be advantageous to use groups



. for that 0080

remai ni ng operations for reconstructing the significance map, i.e. the set
of significant-coefficient flags, is performed in the prescribed scan

order. In the case of a reverse scan order, then the processing begins from
the | ast-significant coefficient (but excluding that |ast-significant
coefficient position, since it is already known to contain a non-zero
coefficient). 15l n operation 305, for €ach significant-coefficient flag the
decoder determ nes whether its correspondi ng significant-coefficient-group
flag isfoied from diapenat olides sP tizdiangfosingmit] incelith caseabine of Grtgroumunay bag i s
non-zero, then a significant-coefficient flag is decoded fromthe bitstream
as i ndi sernewhatjrapererdal inohape6s. That is, if the associated or corresponding
significant-coefficient-group flag indicates that the group may contain at

| east ot63bn- zer & Hgkerdével sigaificanqeimaap eaveespendinisio themetizsofgroups may

signifigant-coefficient,flag fromthe bitstream f the «cure _posi tion.

[ 0078] I ?hefll}i’g ggg%rgfgﬁ.aﬁ"gah@elglgwles%ﬁ%n%%}ng% ésn?%fn(]i’rggﬂr’?g -Sgtooef{;g ?@%‘?@ﬁ% -group flag
i s o zZeg@efficient-group fhgd. Mce@is@me kipaifidahet@iAdient@onpiag B @actogbip ci ent's in
t he group, then the decoder sets or reconstructs the current

si gni fi eefeininget leagh enersigmbgpnirsoeflisiepioilag sThegrpunearpipipe theclestrsigificws. | ¢

25does i oY : | L
decoder @%@@@%@%@g h\%’\%lge{ ﬂ?llg?ru H%Ekfmﬁgé ﬁ}lgfg gg?v?lﬁg&gﬁ%hg% mtg Slga%ltél\'slgiri s“gﬂ]l ggg%l 0 red er,
i.e. thenewetd cantantt laist bhenoppan doefficieanqrirethe ddst-sigaifiaanskffiaeniriThe, e. g.
[0,0]. If so, then the process 300 ends; if_not, then the decoder. noves to
t he nextlepBsARGeIRAN Way e reieyed aasdbelevelGioF Wﬁnabe?%%n\ﬂ&ﬂeré@?? Seiicapesat s
opefat i : 1 t b i ) | Gk eVl T a9
T R (7 GoRihinOihe st RO By oy Rk ey Keeler e Rl b Bl Soan
order usuhlJmaploes not result in reconstructing all significant-coefficient
flags of a group before noving onto the next group. Rather, the scan order
(dependijou®4pn t he Figuad5 dihdantea i It hieigherdeyel gipnifisanyd mas US4 torrespamiingior 0SS
group boundaries such that the ﬂecoder. reconstr,H%ts a . few flﬁgs fer one
group, Hhaeample sigpigmesgard@asheys ipriesred. tydl bepgtedtat g Lhmar 108 t he
[0,0] pe§hhina siddi . S8- r SRy Bst speci al cases
t hat ar gélg%%lggrﬁitggu(ﬁ%gtr E{?e\rfﬁ%lﬁlg %ﬁgﬁ]og?%gﬁgﬁﬂ{%gg%}jﬁaﬁgé pfrnocetsseé to save bits.
For 1®x asijghificanscoetfi@ehtdlagy & anytod thy significamtcaefiictapt flags Witkin-thé gnoisp mxsant

coefficient will always_.have ignificant-coefficient-qgr.oup .fl t hat
ndi cat 88geRpten S P AERLERFERISAT Eo0B TR S | QRS A PR AROYr oup
flag does not need to be encoded and_ transmtted to t decoder .. The
encoder [6Rhys endwdseingafdhe grgups may Re spss ﬂb}iféﬁﬁ,ﬂpggsw GEDIALRS gr oup,

and the }Socpny i d 9 gah vays dGishgMd hgaidnsomt f 1 cient

flags fggﬁiéﬂg?&gdr ogb?’r%’g%%g?%not hér’ s’pe(}lqlglcé]c se tﬁatgmay be%lnrl]cl uded in

sone enboefificient s at (3,20 Hhe\apep 26@cH] clves aotcod@onatyy digrefitint-soefficieupflagihics

gro contains the, DC coefficient at [0, O] in the transformunit. The

pr ogﬁbi Iltilﬁﬁﬁoﬁflc@a?%‘“ﬁ}‘%ﬁg T%nt ai ni ng no non-zero coefficients is extrenely

| ow. Accordingly, instead of transm tti;ra a sigpnificant-coefficient-group
%

flag fol0Qaes [0, dhegieathrantepeticisriopundlgesyaay bnesnygrediia welr i tdhcode

hadsi oni fi ' . :
the si g?é\%ﬁ“stcegs@éﬂ (\C.,@;E}fé b gdlﬁ@«'émfxl#ﬁﬂl%ngh _@Q@Eantg&rﬁ%%nﬁie Qa8 GOBR scARYaBe

configure decode the significant-
specified for use with the transform unit generally. In one embodiment, the significant-

coefficient-group flag may use a predefined scan order than may be different from the

25  selected scan order for the transform unit. In some cases, the L1 map may exclude certain
groups like the [0, 0] group or the last-significant-coefficient group, which will have a
presumed flag value, as will be described further below.

[0067] 1t will be appreciated, that the L1 map need not be derived directly from the L0
map, but rather could be derived from scanning the coefficients in the transform unit in the

30  scan order.



20coefficient flags of that group. [0083] Yet another special case that may
be inplenented in sonme enbodi nents is al so based on probability. It has
been noted that when the group to the right and the group bel ow a

particul ar group both contain non-zero coefficients, then the probability
that the particular group contains a npp:- zero coefficient is very high.
Therefore, in sonme 25 enbodi nents, the encoder and decoder nay presune that
any group that has a right neighboring group and | ower nei ghboring group

t hat boj(pe8pnt ai NItRaill-atsr e ppadciatal that farthédtaphdriaie] glapyimal 88 usalinzeine
coefficient. Thus, with respect to a certain group, .if the

si gni f i exhedigents &oe wean@ﬂ@»ugthmt@gsfbap UK ds 3 pARR4 transform ynitgthe lqmapmayo 1,
and if yani s o = f f ] | S set
fo 1, t hEeRHERaRR mERAIE) Sl I R R B ek B B P PRI 0 S
fl ag fofl6tltemaecdmainingridugroamflagd. wa fiathen £2deap mirebs geridted by groopmifthei ent
fla for the certain grouyp. e . decodefr regcognizes that, the righ

| onds b dhegingo hauther Setag e Blogks feagts ot whEE MY ERreHAD Hartol 8Bt i ng
non- zer g GAGkhs HORDHR trahSfoth uft).| AGUitioRR VR dDAbSPRMOR ahdlBt glali@lafhay N
group has non-zero coefficients and it will decoder the

si gni f i baamphyed fri ethergmlbiddagents.| 0084] Ref erence is now nade to Figure 8,

whi ch shows operation 304 fromFigure 7 5 with additional detail to reflect
an exampios9gnbodi Refirerak id hew hawddko Rguof 6, Widclsgewisain fiosdartdeseranbed above.
The operatigon 304 includes an oper_t[elxti onq)é_?4,—1 in ich the S

si gni i EXARRIE Facess 209 fop enroding, signiticant-copitigient fiags o Hhe PrcHt 200desins in

| 8ot Si anifi .9 . _ . The | C

I asitq Si gﬁ‘%‘%ﬁ“g‘g%qz ‘Ec&gggél %:cg(glgtr d}ets%nag%%%ggl %%grn%)m t{he bi d{lgl?rf%fg?ntajiﬁﬁthaen earlier
oper at i sign{fivant-cletiaignt-gtur DEB5IThee eebotinent, Herencodes scank the fynsfdm gr oups

[ der. As ted | ti 304- th d f

o the RESK T RpGHe Fririoren 8 Jepaning S PR e 8 5o RS B BURRESTOLi ni mg < he
| ast - si ghfflcaRdoetREdtifake Mhe fokifitiitoBfRitht-ghdid MRS af§beaRERRERA Whet her
the significant-coefficient-group flag for the group to the right and the

si gni f i daring theshmi scanr{plihongh afdegiginfagpount ef birisuineted ivelye aray kapseéit group are

eq to 1. lnitjally,. the decoder ,wl. . i gqht and
bel £v bBrektigt Hnblefiotariohy S BE SRR st i, dfbeaty kB OB bbbk

hor i zonbRicks: VR kb€ Bises,Ahe détapdnaion dfhike slgsifidat-dveffickamptiupeiagianade
reconstructed significant-coefficient-group flags in . these posifions

rel at i vavhep therncedgr determigies ifthas seanned thedast coelticisnt 9f thahgroypr ¢ shedye of the

t ransf or ' o o vk w. If
t hose t \%gé f?@f%@éﬁ%ﬂ%@%@%ﬁ@%%@ @Ig%%é%dteﬁgi\r%?tpﬁgtgﬁgggﬁrﬁd?f 63{ of th E‘gﬂhgur rent
20gr oup Lalsggmifaeainogmap or bHthe traasterth uinttite deteymine gie digraficdndcbeffibienegooper and

decoder presune that it is set to one. Accordingly, in operation 304-6, the

decddler 188%s the si gnificant-coefficient- group flag to 1 if the special
case condition is met. OQtherw se, the decoder npves on to gperation 304-4.

I n anot l¥70knbodi Aeaperation 204 fureagh sigaidicantespeffisartieeyn Rags thepasedston t he

o oups. SPERMRE ' ShERHEHS ifla e 8Ty AigGks A8 F6 an AL AURGIonOoBh PEE
si gni fi eased-obabe detemsined gomend. Thagighificahtheetfiviesrgrogy fiags rhayoe prbeessed in
"1 acconuRBbH THok Ha B SmIHERC BB SCHPa OHlet Bahe e e SGa o |

bi y . . . ; ¥ . . g T
pr %Ssgﬂ&%%%ﬁ%%wgl on g%’%%@t?ﬁge g{ggg%ﬂeoﬁ%gg?ggr%ﬂ%es whet heratltoﬂi S is
t he neximaydbe strattudignanp suiablduimanmr e Asicexsmple st dEgontdxts angtmethbdfort he

decodi n%etle?mﬂa%g Xo%ttexftsl for 31%51 car?tgcc}e?ﬁcign%gg(l)‘ggﬂ flags is described later below.

[0071] Having encoded the set of significant-coefficient-group flags, the encoder then
encodes the significant-coefficient flags. In operation 206, the encoder (working in reverse
30 scan order) determines the context of and encodes each significant-coefficient flag if that

significant-coefficient flag falls in a group for which the significant-coefficient-group flag is



cycles back to operation 340-2 to advance to the next group in the reverse
scan order. If it is -21 - the next-to-last group in the reverse scan
order, then the decoder noves on to operation 304-7 where the decode sets
the significant-coefficient-group flag for the last group, i.e. group
[0,0], to 1. This is based on the specjpl case in which that particular
group is always presuned by the encoder and decoder to have at |east one
non-zero coefficient, so the significantcoefficient-group flag is always
preset baitd1sdf thhaorréspending sighifrcamtcoetiafi¢ntgraut flid mgst tb aerof thah agy ofithear e
al ways encgoded and. decaded. After this operatjon, . the decoder, goes on to
oper at | antegockisaent Hags inthat sroymale ot tcefiedd SBEY e SkipBat ERERE e above
exanplemaﬁﬂgqg§mﬁhegﬁk£§ged in Figures 7 and 8 the decoding of the L
significancé map (the significant-coefficient-group flags) and the
10decodj f the WeT1 IR I gnif1l b+ Gl | ags)
as a tw!)dtgtz gge prél&%rglr%wwa\lﬁ?%ﬁg? ﬁ@%ﬁgﬂgﬁg %@gr]%%%n%%&?ggpgﬁ%%{oded
and 5 heehdoded Jata whichnaataimpthie sndédied sgratfrdrtdcoelfici aa+prowntiami and th eserichda] may
be the caseg; homejﬁé, i.h sone ﬁther enbodi nents, the decodin rocesses nay
be part Fignilicarirqagiipient fipgsitnat fall ipfea gl thahies s 1%@@@°W%§ﬁ§eaﬁ-n bef or e
the Li esdtribisnf td YIIHAQ0GHN dbls th ilciiR APRILAGAGHEEL AN Mhes BT any

e decoding of t

enbodi nents 15 t he LO sighifi1cance map may bDegin as soon as
t he fi r gtoupithptidbecrrithavosalfleast paewmen-parp sighifpahtaspebeaentflagonst r uct ed.

[0089] I n sonme enbodi nent, nulti-level significance map codi ng nmay be turned
on and @0f73PependiAntheatecodar the xanificant-¢petficierd flagp acediobeirahaimused from

lti-1 | signjfi . di b bl ed f | -. and P-pict ,
but 1657 s 5 cpaoded o, oitee bitecams i edgRnes e nARAIaY FH0 61 TEioh AR & codi ng
ef fi ci epg¥chirhforfifin @:E@ﬁp;g? Pf&éss%h%r &@6ﬂsﬁﬂ¥t§%§@}ﬁﬁéﬁﬁ%ﬁgﬁ&n€ﬂ%§ﬁ% ‘rals €s

contexts. The predent a catlon proposes u our new cont ex
encodi nbitstheemsofgmicédedalata. cheffifsteanmayrieupcdivaigbroughe nebrirkxbsneatien.fier | una

di ng/ decqdi d t f I ng/ decodi ng. ~25[ 0091] As
hat  nergter eeead i Gubbe Beutbt ORRuR. SIOGEA BEROGH e Sy B sed 1
other i gRl)eantaidany (fe:gag\em,nsmkrag%mm@[, £09. THEH6QRS %ifsa@PHéd @S to a

given significant-coefficient-group flag may occur as follows. |f the

S |h gh? f | thermroesseef teconsiructinmapratsfomn wajt at_tatfkca@ﬁraé*&;ﬁfhwmisﬁm @eqow'@fgrqf g h]E of
the ad; aeese AEPholoR Rt fon B Eepb Pl P 5 T GRF eI RORRAED 36 or

encodi ngyrtheosthgRideb cading eoallidich asd)- group flag of the current group is O.
O herwise, the - 22 - context is 1. If the flags for those two adjacent

groups feeg4not av g bphhieort RN tHeR s 1ida VAR & dri At 86 AERSY ABSdbO fron0 for
t he purpose of context determ nation. [0092]Note that if the forward scan

order i theldstrcamhdhisanfosetioroaiey be maprésenicd anamstappliceble smtah Some standards
significantscoefficient-garoup f or, the adiacent aroup to.the |eft ,of
he2bur PRMICERG Bt B CRb A Stk Bt DE e & Bl BhBHeblioy T °
adj aceny-tasalipcalRmeitiii ehectiins&itn @i bPint Stafl@ires plonRlettie tiioRstnignifita093] The
context determ natjion process may al so include special cases. Far.

coefficient is to be signaled using a vector of 0’s with a 1 at the last-significant coefficient

position, wherein the vector is mapped to the transform unit by the scan order. Any suitable

syntax for specifying the last-significant coefficient may be used in operation 302.

25 [0075] In operation 304, the significant-coefficient group flags are decoded from the
bitstream. The significant-coefficient group flags may have been entropy encoded using
whatever applicable binarization scheme is specified by the standard or specified in the header
information. For example, context-adaptive binary arithmetic coding may be used in some
instances. The significant-coefficient group flags are decoded by determining the context for

30 each flag position (bit position in the higher level significance map — e.g. the L1 significance

map), and then decoding the flag value from the bitstream and updating the context based on



exanpl e, the upper left group may always be assigned context 1. [0094] There
are ot her possible context nodels and nethods for determ ning context 10
that may be used. Sonme exanples are given below. [0095] To define notation,
let L[i] denote the significance flag of coefficient group i at level L and
|l et N denote the number of the coefficjgent groups at level L. In general,
for a given L and coefficient group i, we use a function c(*) of I and all
available L[j] to determine a context G for L[i]. The context is thus

gi ven Dbthe flegGaive. dlie size[ofthe def 4f sighifidhnt-cdéfficiedd Sohpapeis knbwnibecddst ¢het hat

ava | abFeh R 0 -Bar e can torett oRsehi G ebioRae: By L[}

used intl‘%(s’fz)e e Eﬁggéﬂg&%%@ﬁg delefMirel Sthlthe Ea%g%i‘l%eaﬁgggﬂﬁbmnt simlar

to the above-descri ont ex eterm nati on node, t ntext may be
det er m peaph y:suitable sighaling @B grouPfsiips and paSiticsl may teypruifed inltibeEyntax.
[0098]where ] =0, 1, Nandj !'=1i, bj =1 if coefficient group j is the

ri g8 of[oo7eper Asneteglabove, @hcteggiificant-eneffigientsproup dlag cbirespoldoioher Wi se.
This particular e di ment has 3 25context 6, if a distinct 3 contexts
are uselfSPHIIVERRS ‘?‘."* CP@@@P%\B&UH%Q‘?@T?%EF '%E%ft“ﬂﬁjf’“% pait. Dge gr (ofe ‘B"&Be: c(i,
L[0T, Libhificamlddetticknt fagSBMintboGach bR u% 5 1{@9#0‘9' fEtleoctidientt, N and
j =i, %)1%4\1'3’0 non-ezero Pfagcoeflﬁ(%agnt grc%e g"jlpsi sa any ﬁé?gﬁ%orcf’ng 1(?(r)leffici ent
group ogrouptflagt Avasrdiigly @dsh figmhicadtceeificimatt genug fhjg cor@smmntefom sepective t hi s
enbodi nment, ilf]"e wei.ﬂhti n oefftilci ents bj may not necessarily be constants.
[ 00101] E9YP KL e APBHFARESPCISFICR( M38S gnores the si gni ficant-coefficient-group

flag's of 5 other coefficient groups at L an%determ’ nes the context based
soldly W077he posiiepfesodame theget of sigaticantyroe %?néﬂmlg}fiiaﬁz themthe ay be

expr essgdh Asing Gharalibis fol Hbnstiok g the stdnificandd thap, i.e. the set of significant-

coefficient flags, is performed in the prescribed scan order. In the case of a reverse scan
order, then the processing begins from the last-significant coefficient (but excluding that last-
significant coefficient position, since it is already known to contain a non-zero coefficient).
15  In operation 305, for each significant-coefficient flag the decoder determines whether its
corresponding significant-coefficient-group flag is zero. If the corresponding significant-
cocfficient-group flag is non-zero, then a significant-coefficient flag is decoded from the
bitstream as indicated by operation 306. That is, if the associated or corresponding
significant-coefficient-group flag indicates that the group may contain at least one non-zero
20  coefficient, then the decoder decodes a significant-coefficient flag from the bitstream for the

current position.

[0078] If the associated or corresponding significant-coefficient-group flag is a zero,
i.e. it indicates that there are no non-zero coefficients in the group, then the decoder sets or
reconstructs the current significant-coefficient flag as a zero, as indicated by operation 308. It

25  does not decode it from the bitstream.

[0079] At operation 310, the decoder determines whether it has reach the end of the
reverse scan order, i.e. the coefficient at the upper left corner of the transform unit, e.g. [0,0].
If so, then the process 300 ends; if not, then the decoder moves to the next position in the
reverse scan order in operation 312 and repeats operations 306 and 308 to reconstruct the

30 significant-coefficient flag for that next position.



= [00102] O her context nodels and processes for determ ning context may be
used with 10 nulti-level significance maps. Rate-distortion Optim zed
Quanti zation [00103] Sone encodi ng processes enploy rate-distortion

optim zed quantization (RDOQ, or what is sonetines referred to as
"soft-quantization”. RDOQis a process;pf determning optimal quantized
transform domai n coefficients based ona rate-distortion 15 optim zation
expression. Accordingly, the quantized transform domain coefficients that

resul t {0080] RDOQ Mawilldse appheciatdd thet thé scapand@erasudllyalogs ack readdint r ansf or m
domain coefficients that were arrived af thr ogg&rt he normal transform and
P

quant i zEeePBirusHag all sigmficartoppefiicient flags pba goup Prioremoving oM the Xt EI0W- been

nmodi fie [ j

ot er i NIy P HAcE (RpERTng B f5%ph DRtef BRI el iRk} ) ol Seans

20t r ans agress groue beundafi€0sbioY [hEh éheRIDOGI qp remastsuatoa fest flygsdmah oa¢ gmuppafewcost s
in termning.the rate conponent.. The z{glocllir ra[bfacoshs i ncl ude the | ast
posit i offOPAAdiaqeat &P ENiefq-CHoRkINE L5 way paskiq fhe) [0.0] RaSIHER Py PR FeGESeSSH: . and
the codggep! ock paraneter (CBP) rate. To inplenment nmulti-Ilevel significance
maps, it may be advantageous to nodify RDOQ to al so include the

hi gher - 25si gLt @nﬁ?‘sr e s gg@n ul ati on.
[ 00105] (ﬁ)\ég e emggl r?en(rfl geﬁ%%%@t&gﬁa@y gfﬁolg?%e to%%ggform a two-
st age RIEXQdimg groceagand sive Wisgiof examyie, asmpted abbve the grhep Bi@inmgdhekst-i s
applied to, detern.ne the best !hast osition apd.coefficient val.ues and,

thus, t Fgnificant spfticiens will elyews pay e sRicH-copicenl EEURA 144 BT PHe t he
lasig poﬁbﬁ-‘zﬂ‘g cfl?ikfff%ijent,tsﬂ AR RIRCER I OB -SrBENIRE AGRRIo 85Ed to B8 encag@i N Wi th

regard to t rate to det'erm ne whether there is a rate-distortion (RD)
cost j ushd framsanittedhtoftbe decader. ritheaamgodayalwiysicopadss theoigioiant-goetbic@ntfiagss, in

Si gni 11 Bk s oo R s o onBiso RR 8 ey Ko BB W Pt RS

Squant i z8qnhiti@&gl, or m coefficients and to determine the position of the |ast
significant coefficient, i e. a LO RDOQ The process 400 then fixes the

| ast pomsizﬁgl and ag} %ﬁeciaji‘ﬁas‘é!{ﬁa{t%g $nE198d MQoRfeCMBNih&tts 1shE aRfdygct Of

the additio | evel's of significance maps. Then, it uses a greedy approach
t o I%rt kacodephd decrde tiefitst gnogp.oTms@peaff ¢anitadng the O okdizdiOpet §,i00 in the 2

refl ect;r t he use, of hﬂ ob%%&é\ opti matl. uantized tra f.ortm. 10domai n
coef f i c AR {attc PB@E‘ Uy gt Y Broup SRRSO 1O8eAY EYLRTI84 ti on.

Operat | @ﬂréﬂ&y &% UaSortithgy, fiidadiof tiaRkkREtg P85 cAR-doBficiett-2fouhMag for
transmtting the |ast position, significance nmap corresponding to the

opt i mal thedéf ¢] groemttke encaderquay be eq aglp @bways ghepdemie significant-coefficient
flags of that group and the decoder may be configured to always decode the significant-

20  coefficient flags of that group.

[0083] Yet another special case that may be implemented in some embodiments is
also based on probability. It has been noted that when the group to the right and the group
below a particular group both contain non-zero coefficients, then the probability that the
particular group contains a non-zero coefficient is very high. Therefore, in some

25 embodiments, the encoder and decoder may presume that any group that has a right
neighboring group and lower neighboring group that both contain non-zero coefficients, then
that group has non-zero coefficient. Thus, with respect to a certain group, if the significant-
coefficient-group flag for the group to the right is set to 1, and if the significant-coefficient-
group flag for the group below is set to 1, then the encoder does not encode a significant-

30 coefficient-group flag for the certain group and always encoder the significant-coefficient

flags for the certain group. The decoder recognizes that the right and lower neighbors have



[ 00108] I n operation 404, the |last significant position is fixed. That is
the last group will contain a non-zero coefficient, i e. the |ast
significant-coefficient-group flag is fixed at 1. 15 The encoder then
greedily determ nes whet her costs savings are found by zeroing coefficients
in other groups. The process 400 may pﬁ)perforned in reverse scan order in
sone enbodi nents, although it could be processed in another order.

[ 00109] I n operation 406, starting with the next-to-last group as the

cur r ent sighididpnt-doeffictant-gewip gk iditarag nohekhedoefiitdents) so énvilighueerpativally a
significant-coefficient-group flag = 1. If 20 not, then the group contains
only zepssymgithal e cestatn grAwp basdaerera kegiticipnss apd it yall deghdsy B".e signif¢agt-
signifig é@§fﬁ%$cient-group flag = 1, then the encoder cal cul ates an RD
cost that wou esult if all coefficients in the current group were zeros.

I n oper gt 408, Lt encoder asses h t . | at ed
o bt t B988han (e ReEorER O RS RERERI P e ghRaRE So B
operst i aith4hdfitivhhl deeall tbirefilen s exdinpld embodifnt ofthe indling of dicspdciabdadest he
25current RD cost is updated to reflect the change.. I n operation 412, the
encoder dessEbedehovin dhe aperpiion 304jsldes anonepation) S0kddn whichthegigaifient-j ¢ has
reached . J ; r not
ot zor SoAePEHEub 3k FHTAERGub oy fhing the HebBniteR fopificilor LR PR 101 o1
| east oheatianefthe tastaighificantentficient kalecGirdofrom shedwtstrearh énlan partibreopdional
cases Otlt| i hed above). If there are further groups to assess, then the
process 56hYRY i nues at 30 operation 414, where the encoder noves to the
next group f?usi ng reverse scan order in sonme enbodi nents). _ -

25 -
[ 0040L0] IMIBSRDOQ pAbe decedgs then meNepdreygh the BoLRYINGEVeEG/ SR opder e R Mpted in

i gar s ontedb RS EaRBIBRAE, &bl ERER! ol e RABKE oL SiERREh i (1
quant i z gtbupreaniafndtignhe dasesignifvaht doefftridm. Hoethishgromp,ithe #éogderasSesseivehether
correspandi ng LO siqgnificance_map is shown in Figure.4, . B an the%%,li 5

si gni f 1 EgrEifieant-caCI@RSHSIOHP ﬁ@g%?réﬁ%gr%éai rghl an thesignitianeeedticignt-

resul t, | i m Q3 A11t6 ANGE; 11l

Fi gure %&bgﬁg t e%%ds%c@a[btvgg{eo(@%or g@)?ﬁ%ﬁ% tﬁ? gli%élni ’itggﬁ)%cghﬁplﬁl%ﬂgﬁ
sholfn i have fipgsdo ik righd 8dd B§low bacduse frchan gitsé stattér hut Jater in the scan order

i gnificant-cqefficient fl in the, | ast-significant 10 i.e. th
150" Gt Rareotint Rerigeladt stmepline fipap AR periihes by RaRpBarasiely oo
and  t he gfolific3ht-ePiiledi B Supfidgsie BiksE BoREG6hs réfatide foaBs brrert BEopArdrasngrdi ng

significant-coefficientgroup flags for these three groups have been changed
t o zer odpcatedwbthie bottem adgr efthedranpfornguitethe decorige mag gt ever bayaraflag s 2encoder

w ll not need,t ode, t hese T. .S J. t lts
from ze ) 0 I en at were found in 0Se groups 1s
Sroup e{cﬂ)@ ﬁhg%oge té‘fof ?djacgﬁ{]ér%ﬁ%sg{rg 48% 1 Hl%n g{e ﬁr%awﬂ otflﬂ'?e cument
outy@i ghrmpkbsomeind@t ROBs saffidiagly High thativierh tigs dnteddrunt decoder prevtethabitt s,
as determ ned by the RDOQ assessnent. [00113]1n one possibl e enbodi nent,
t he RDOD s§f tcrnss Acgardiegleip eperation é%ét@ﬁﬁpmef%@ﬁﬂmcaebeq ¢ent group

si ze for gla%l% rlgghe\-%#ﬁiélgg%%oidﬁ%qgmnbthe%&ﬁ??&&%ﬁeﬁiﬁ@v. SntgPeat ed

for nmul lg¥p oun rou assumng a erent coefficient group
Si ze andp&@iidn B0 peiminotirer 4bodimatink,ithl specidlivate mapnsilidiadto bebhsedioanhs are

not actually set to 0.
signif%/cant-coeff?cient-group flags of other adjacent groups, or other groups altogether.

25 [0086] In operation 304-4, the decoder decodes the significant-coefficient-group flag
for the current group from the bitstream. The decoding includes determining the context and
then decoding in accordance with the determined context. The decoding may be based on

binary arithmetic coding (BAC), or other binarized coding/decoding processesj

[0087] In operation 304-53, the decoder determines whether this is the next-to-last
30  group in the reverse scan order. If not, then the decoding is not yet finished, so the decoder

cycles back to operation 340-2 to advance to the next group in the reverse scan order. If it is



Essentially, in each round, this nodified RDOQ process cal cul ates the RD
cost for a particular coefficient group size. After all rounds have

conpl eted, the RDOQ selects the coefficient group size that yields the

| east RD cost and finally, sets any transformcoefficients to 0 as
required. The encoder encodes the val ug of the optimal coefficient group
size into the 25 bitstreamso that it Can be obtai ned and used by the
decoder. [00114] The coefficient group sizes that are tested nay be based
upon t hehetmreatrsd-tasingromp in the zeverseatarsordem then the dwd& thévas ©has Bperaiidn Iy 7t est

roup sizes 8x8, 4x4 and 2x2, The oups to he tested may be sel ect abl e,

gnd lto hewé‘ﬁfﬁfgéﬁe‘f?éﬁ SptS gﬁc%@é%%‘i“’%ﬂ%&ﬁ%‘%‘ﬁ“ﬁ Héorstéa fi’éh%@uhéédwpmgl
SkZeSTW ; 1 i 30

group Sk eSThslid bided Bﬁgﬁesspteaél %@@iﬁ Mh@ﬁ%ﬁa@ bRt glp B ?@%@ﬁ%ﬁr@

exanpl e, that the encoder "an ecoder have agreed”t hat t he
nmodi fi etheRDORlaniahdl deasler tolmve af least en¢ naweérbicoefinienysode sgrfisant2x2 and 4x4,

d d by.1l and 0 tively. :26_- |f th i fied term
Chat? ox SRS P o TR e L Sotiat et et e hior FHEm AR Focifh bef or o
the si gpidupGadhlva9eEiBuedihd dr8dst. AR tHRPERTIAAROAEDdENIses Bh o bef ore the

significant_coeffgroup flag's and knows that the coefficient group size for
t he cur pperafion B06orB308 (Fiiz. Bkanpl e Syntax [00115] An exanpl e syntax for
i npl enenting multi-level significance nmaps is provided bel ow. This exanple
synt ax [8088lit one Iipedlshedppracimpddctiatrihe bbore. expOPleliGpddseillustrated in Figures 7

i gni fi _coefficient- £l be.depot ed and. def i :
o} o 11 S Wrop (P oh e oy By Bestie B R SO PR D e group dagnioad the o
t hey @ oefibdorlifyVf t8E RYRigRERIahtORap (HEGen oGt cotffidi? B a8 UtHBREagh $rdBsOr

f

32x32 transform bl ock,” whether ‘the correspondi ng coefficient group at
| ocat i oin yhicbdhe LiTsighificascerroap isduldy denotled endthed.Oxigniiitanoovmap is then | f

nonper odRRurt B et difBhis D bl bR dpobsWAYE: i S oth Srtliiieas) |
set l5egidectding prddedtes iﬂa?%e pattGihfertoandd. clort fsgiheWitddsl ofESLDmap ey 1S

equal to 1), the nunber of nonzero coefficients in the coefficient group at

| ocat i ohegin pefare thed ) mapisrfHy degoded xBayill be@ppresiatesihatiia sorae smbodigtenise d
bel pyv. . y | | - .
oot BALROMIA PR sb g Fhodiy 68 AESe RS MUAR S s

posi t i ogrou,fla@)hak begc@torstrdetedi s i nferred to be equal to 1. 2. The
significant_coeffgroup flag[xC[yCG at the coefficient group position (

XCG  yCi89] n scam sif€embadiinehe hfu@elidve] SigniGdude nhdp cbdidg may be turned on
25signiticant_coeffgroup_fl agng.G] [yCG+1]F = 1 and ) o
and off depending on, for example, picture type. For instance, multi-level significance map

coding may be enabled for I- and P-pictures, but disabled for B-pictures.
20  Context-modeling

[0090] To improve coding efficiency, the BAC engine (or other entropy
coding/decoding engine) uses contexts. The present application proposes using four new
contexts for encoding the significant-coefficient-group flags. Two contexts are for luma

encoding/decoding and two are for chroma encoding/decoding.

25  [0091] Assume that the reverse scan order is used (other prescribed orders may be
used in other implementations). Determining which of the two contexts applies to a given
significant-coefficient-group flag may occur as follows. If the significant-coefficient-group
flag for the adjacent group to the right of the current group is zero, and the significant-
coefficient-group flag for the adjacent group below the current group is zero, then the context

30 for encoding the significant-coefficient-group flag of the current group is 0. Otherwise, the



significant_coeffgyoup_flag[xCG+1][yCG = 1. [00119] When
significant_coeffgroupflag[ xCG][ yCG] is not present, it is inferred to
be equal to 0. [00120] 1 n sone enbodi nents, the significant_coeffgroupflag|

XCG ][ yCG] does 30 not apply to 4x4 and 8x8 transform bl ocks. - 27 -
[00121] The fol | owi ng pseudo-code illusfyates one exanple inplementation of
multi- |evel significance maps wthin The decodi ng process for

reconstruction quanti zed transform donain coefficients (residuals).

[ 00122] ¢dntenit id 1.0E theofige fohbsd fhe ddjdceit @oups 2va nof aviallshlp tendice wreweilibbe | udes
decoding the 5 last-significant coefficient position. The nunber of groups
are t heflagsarepieswaer to T O derdhe purmescripogtext determipgtios. or I arger (as indi cat ed

by if (log2TrafoSize > 3)). residual _coding cabac( x o] gZTr af oSi ze,
t r af oDef90R2] scanl drte thatdﬁth)e forved seanprdar is used, %mgﬁnmlaﬂdel@@e ¢ changedq v)

e L g R TRON  orR PRI 5
| og&Tr aﬁ[@ afd thedigrifi¢mgedératei-goup Aaf foranandjdoent proopabioasthe bhrrdnt] i f

(1 og2Traf oSi ze > 3 {h
group to determine the context.

[0093] The context determination process may also include special cases. For

example, the upper left group may always be assigned context 1.

[0094] There are other possible context models and methods for determining context

10  that may be used. Some examples are given below.

[0095] To define notation, let L[i] denote the significance flag of coefficient group i at
level L and let N denote the number of the coefficient groups at level L. In general, for a
given L and coefficient group i, we use a function c(*) of i and all available L[j] to determine

a context C_i for L[i]. The context is thus given by:
15 Ci =c{iL[0],L{1],..L[N-1])

10096] where j !=1i. Note that in order to use L[j] to determine a context for L[i], L[j]
itself must be available. Therefore, the selected scan order must guarantee that any L[j] used

in ¢(*) has been determined previously.

[0097] In an embodiment similar to the above-described context determination mode,

20 the context may be determined by:
Ci =ci,LO[0], LO[1], ... , LO[15])
= sum{bj * LO[j]}

[0098] wherej=0, 1, ..., N and j !=1, bj = 1 if coefficient group j is the right or lower
neighbor of coefficient group i and bj = 0 otherwise. This particular embodiment has 3

25  contexts (6, if a distinct 3 contexts are used for chroma).
[0099] Another embodiment of ¢(*) is given by:
Ci =c,L[0],L[1],..,L[N-1])

=sum {bj * L[]}



| og2Coef f G oupSi ze = | og2trafoSi ze-2 nunCoeffGoup = 0 for (xCG = 0; xCG
<4; xCG=fr) for (yCG =0; yCG <4; yCGt+) nutnNonZeroSB [ xCG ][ yCG] =0

} while( ( xC!=last_significant _coeff x ) Il ( yC!=
| ast _significant_coeff_y ) ) { nunCoeff++ xC = ScanOrder[ |0g2TrafoSi ze -
2 ][ log2TrafoSize - 2 ][ scanldx ][ myCoeff ][ 0] yC = ScanOrder]|

| og2TrafoSi ze -2 ][ | 0g2TrafoSi ze - 2 scanldx ][ nunCoeff J[ 1] if
(log2TrafoSize > 3) { if( ( XC % (1<< | 0g2Coeff G oupSize) =0 ) && ( YyC %
(1 << | pwaovef f G alp®ijze), 17-.; N and j =i, bj is non-zero if coefficient group j is any

neighboring coefficient group of i that has already been determined and bj = 0 otherwise. In

this embodiment, the weighting coefficients bj may not necessarily be constants.

[00101] Another embodiment of ¢(¥*) ignores the significant-coefficient-group flag’s of
5  other coefficient groups at L and determines the context based solely on the position i of the

current coefficient group. This may be expressed as:
Ci =c(iL[0}L[1],..,L[N-1])
=i

[00102] Other context models and processes for determining context may be used with

10  multi-level significance maps.
Rate-distortion Optimized Quantization

[00103] Some encoding processes employ rate-distortion optimized quantization
(RDOQ), or what is sometimes referred to as “soft-quantization”. RDOQ is a process of
determining optimal quantized transform domain coefficients based on a rate-distortion

15  optimization expression. Accordingly, the quantized transform domain coefficients that result
from RDOQ may or may not be the same as the quantized transform domain coefficients that
were arrived at through the normal transform and quantization process. In some cases, the
coefficient values may have been modified by the RDOQ process because the resulting
distortion was determined to have been less costly than the consequent savings in

20  transmission cost.

[00104] The RDOQ process normally evaluates four costs in determining the rate

component. The four rate costs include the last position rate, the significance rate (L0 rate),

the coefficient rate, and the coded block parameter (CBP) rate. To implement multi-level

significance maps, it may be advantageous to modify RDOQ to also include the higher-level
25  significance rate (e.g. L1 rate) in the RDOQ calculation.

[060105] In one embodiment the RDOQ process may be modified to perform a two-
stage RDOQ with regard to significance maps. First, the RDOQ process is applied to
determine the best last position and coefficient values and, thus, the L1 significant-coefficient

flags. In a second stage, with the last position fixed, the RDOQ process may then be applied



0) ) nunmCoeffGoup-Ff 1 } if (log2TrafoSize >3) { xCGE.ast = |ast
significant_coeff x / (1 << | 0og2Coeff G oupSi ze) yCG.ast = | ast
significant _coeff_y / (1 << |o0g2Coeff G oupSi ze) significant
_coeffgsoup_flag[ xCQl.ast ][ yClast | =1 significant_coeffgroup_fiag]
Il 0] =1 for( n = nunCoeff G oup; n_2>40_; n-- ) { xCG = ScanOrder[ 0 ][
][ scanldx ][ n][ 01 yCG = ScanOrder["0 ][ O ][ scanldx J[ n][ 1]

again with regard to the L1 rate to determine whether there is a rate-distortion (RD) cost

justification for zeroing any coefficients.

[00106] Figure 9 shows, in flowchart form, an example RDOQ process 400 for
encoding of multi-level significance maps. The process 400 uses RDOQ to obtain the optimal
5  quantized transform coefficients and to determine the position of the last significant
coefficient, i.e. a LO RDOQ. The process 400 then fixes the last position and adjusts the
current RD cost to account for the effect of the additional levels of significance maps. Then,

it uses a greedy approach to further optimize the transform coefficients.

[00107] Operation 402 reflects the use of RDOQ to obtain optimal quantized transform
10  domain coefficients, which provides a last-significant coefficient position. Operation 402
results in a certain RD cost based on the rates for transmitting the last position, significance

map corresponding to the optimal coefficients, the coefficient values, and CBP.

[00108] In operation 404, the last significant position is fixed. That is the last group
will contain a non-zero coefficient, i.e. the last significant-coefficient-group flag is fixed at 1.

15  The encoder then greedily determines whether costs savings are found by zeroing coefficients
in other groups. The process 400 may be performed in reverse scan order in some

embodiments, although it could be processed in another order.

[00109] In operation 406, starting with the next-to-last group as the current group, the
encoder determines whether the current group has a significant-coefficient-group flag=1. If

20  not, then the group contains only zeros already and the encoder skips to the next group. If the
significant-coefficient-group flag = 1, then the encoder calculates an RD cost that would
result if all coefficients in the current group were zeros. In operation 408, the encoder
assesses whether the RD cost newly calculated is better than (e.g. lesser than) the current RD
cost. If'so, then in operation 410 all coefficients in the current group are zeroed, and the

25  current RD cost is updated to reflect the change. In operation 412, the encoder assesses
whether it is done with the L1 RDOQ, e.g. whether it has reached the group just before the [0,
0] group (the [0, 0] group does not get zeroed if the encoder and decoder are configured to
presume there is at least one non-zero coefficient in that group, as described in the special
cases outlined above). If there are further groups to assess, then the process 400 continues at

30 operation 414, where the encoder moves to the next group (using reverse scan order in some

embodiments).



I f (1 (xCG - xCGO.,ast && yCG = yCQ.ast)) significant_coeffgroupflag] xCG |
ae(v) } } - 28 - for( n = nunCoeff - 1; n >=0; n- - ) { xC=

yCG |

ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx ][ n][ O ]

= ScanOrder[ log2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx if n][ 1 ]

1 f( log2TrafoSi ze >3) { xCG = xC >>(lpng2Coeff G oupSi ze) yCG = yC

>>(| 0g2Coef f G oupSi ze) if( significant coeffgroup flag[ xCG ][ yCG} ) {
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[00110] The RDOQ process will now be illustrated by way of an example. References

will again be made to the example given above in connection with Figures 3, 4 and 5. Prior to

L1 RDOQ, but after LO RDOQ), the optimal quantized transform domain coefficients are
shown in Figure 3. The corresponding L0 significance map is shown in Figure 4, and the L1

significance map is shown in Figure 5.

[00111] The L1 RDOQ process may result, for example, in an optimized LO
significance map 500 shown in Figure 10, and the associated or corresponding L1

significance map 502 shown in Figure 11.

[00112] It will be noted that the significant-coefficient flags in the last-significant

group, i.e. the [3, 2] group, are unchanged. However, the [3, 0] group, the [0, 3] group, and
the [1, 3] group have all been zeroed. As a result, the corresponding significant-coefficient-
group flags for these three groups have been changed to zeros as well, as indicated in Figure
11. The result is that the encoder will not need to encode these three groups. The distortion
that results from zeroing the few coefficients that were found in those groups is outweighed
by the cost savings in reducing the number of encoded bits, as determined by the RDOQ

assessment.

[00113] In one possible embodiment, the RDOQ process can be extended to determine
the optimal coefficient group size for the current TU. In this embodiment, the process 400 is
repeated for multiple rounds, with each round assuming a different coefficient group size and
with operation 410 modified so that transform coefficients are not actually set to 0.
Essentially, in each round, this modified RDOQ process calculates the RD cost for a
particular coefficient group size. After all rounds have completed, the RDOQ selects the
coefficient group size that yields the least RD cost and finally, sets any transform coefficients
to 0 as required. The encoder encodes the value of the optimal coefficient group size into the

bitstream so that it can be obtained and used by the decoder.

[00114] The coefficient group sizes that are tested may be based upon the transform
unit size. For example, a 32x32 transform unit may test group sizes 8x8, 4x4 and 2x2. The
groups to be tested may be selectable, and the encoder may indicate (for example in the
sequence header) what group sizes will be tests for each transform unit size. Suppose, for
example, that the encoder and decoder have agreed that for 16x16 TUs, the modified RDOQ

will test two different coefficient group sizes: 2x2 and 4x4, denoted by 1 and 0, respectively.

yC



1 f( ( XC % (1<< | 0g2CoeffGoupSize) = 0 ) && ( yC % (1 <<

| 0og2Coef f G oupSi ze) = 0 ) &% (numNonZeroSB[ xXxCG ][ yCG] ==0) & n !'=0)
significant _coeff flag[ xC ][ yC] =1 else { significant_coeff flag[ xC
Il yC ] ae(v) if( significant_coeff flag[ xC ][ yC]) numNonZeroSB[ xCG i f
yCG ]++ } } else { significant coej flag[xC[yC =0 } } else

If the modified RDOQ determines that 2x2 is optimal, the encoder encodes a bin 1 into the
bitstream before the significant coeffgroup flag’s. The decoder decodes this bin before the
significant_coeffgroup flag’s and knows that the coefficient group size for the current TU is

2x2.
5  Example Syntax

[00115] An example syntax for implementing multi-level significance maps is provided

below. This example syntax is but one possible implementation.
[00116] The significant-coefficient-group flags may be denoted and defined as:
significant_coeffgroup flag| xCG [ yCG ]

10 [00117] This flag specifies, for the coefficient group position ( xCG, yCG ) within the
current 16x16 or 32x32 transform block, whether the corresponding coefficient group at
location ( xCG, yCG ) has non-zero coefficients as follows:

If significant coeffgroup flag] xCG ][ yCG ] is equal to 0, the number of

nonzero coefficients in the coefficient group at location ( xCG, yCG ) is set
15 equal to O;

Otherwise (significant_coeffgroup flagf xCG ][ yCG ] is equal to 1), the
number of nonzero coefficients in the coefficient group at location
(xCG, yCG ) is non-zero except for the special cases defined below.

20 [00118] The special cases are defined as follows:
1. The significant_coeffgroup flag[ 0 ][ 0] at the first coefficient group position
(0, 0) in scan order is inferred to be equal to 1.

2. The significant_coeffgroup flag[xCG][yCG] at the coefficient group position (
xCG, yCG ) in scan order is inferred to be equal to 1 if

25 significant_coeffgroup flag[xCG][yCG+1]=1 and
significant coeffgroup flag[xCG+1][yCG]= 1.
[60119] When significant_coeffgroup flag] xCG ][ yCG ] is not present, it is inferred
to be equal to 0.
[00120] In some embodiments, the significant_coeffgroup_flag[ xCG |[ yCG ] does

30  not apply to 4x4 and 8x8 transform blocks.



significant_coeff flag[ xC ][ yC] ae(v) } nunml astSubset = nunCoeff >> 4
for( i = nunLastSubset - 1; i >=0; i- - ) { offset =i << 4 for( n = 15;
n>=20;, r -) { xC= ScanOrder|[ log2TrafoSize - 2 ][ log2TrafoSize -2 ][ O
][ n+offset ][ 0] yC= ScanOrder[ |og2TrafoSize - 2 ][ |o0g2TrafoSize -2
if O 1[ n+offset ][ 1] if( signifigant_coeff flag[ xC ][ yC] ) coeff
abs level greaterl _flag[ n ] ae(v) |

[00121] The following pseudo-code illustrates one example implementation of multi-

Ievel significance maps within the decoding process for reconstruction quantized transform

domain coefficients (residuals).

[00122] It will be noted that the first portion of the pseudo-code includes decoding the
5 last-significant coefficient position. The number of groups are then determined, if the

transform unit is 16x16 or larger (as indicated by if (log2TrafoSize > 3)).

residual_coding_cabac( x0, y0, log2 TrafoSize, trafoDepth, scanldx, cIdx } { Descriptor
last_significant_coeff x ae(v)
Iast_significant_coeff y ae(v)
numCoeff= 0

xC = ScanCrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff 1[0 ]
yC = ScanOrder{ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff I{ 1 ]
if (log2 TrafoSize > 3) {

log2CoeffGroupSize = log2trafoSize-2

numCoeffGroup = 0

for (xCG = 0; xCG < 4; xCG++)

for (yCG = 0; yCG < 4; yCG++)
numNonZeroSB [ xCG [ yCG 1=0

}
while( ( xC != last_significant_coeff x ) || ( yC != last_significant coeff y)) {

numCoefft+
xC = ScanOrder| log2FrafoSize — 2 [ log2 TrafoSize — 2 ]f scanidx ][ numCoeff ][ 0]
yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ]{ numCoeff [ 1 ]
if (log2TrafoSize > 3} {
if ( ( xC % (1<< log2CoeffGroupSize) = ¢ ) && ( yC % (1 << log2CoeffGroupSize) =—

¢))

numCoeffGroup++

}
}
if (log2TrafoSize > 3) {
xCGLast = last_significant coeff x / (1 <<log2CoeffGroupSize)
yCGLast = last_significant_coeff y /(1 << log2CoeffGroupSize)
significant _coeffgroup_flag] xCGLast ][ yCGLast | =1
significant_coeffgroup_flag[ 0 ][ 0] =1

for( n = numCoeffGroup; n > 0; n-- ) {
xCG = ScanOrder] 0 ][ 0 ][ scanldx J[n ][ O]
vCG = ScanOrder{ 0 ][ 0 ][ scanldx J[n ][ 1]
if ({xCG == xCGlast && yCG = yCGLast))
significant_coeffgroup_flag[ xCG]{ yCG ] ae(v)




for( n=15;n >=0; n- -) { if( coeff abs_level _greaterl_flag[ n ]
abs level greater2flagl n | ae(v) I for( n =15, n >= 0; n-
ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize -2 ][ O ]J[ n + offset ][ 0 ]
yC = ScanOrder[ |log2TrafoSize - 2 ][ log2TrafoSize -2 if 0 ][ n + offset

I f( significant_coeff flag[)dﬁé[ yC] ) { coeff sign_flagl n]

1T 1]

ae(v)

]

)

for( n =15, n >= 0; n- -

) {

)

coef f
xC =

| f( coeff absievel _greater2flag[ n

for{ n=numCoeff— 1;n>=0; 0~ —) {

xC = ScanOrder[ log2TrafoSize — 2 |[ log2TrafoSize — 2 ][ scanldx ][n ][ 0]

yC = ScanOrdet| log2 TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]

If ( log2 TrafoSize > 3) {

xCG = xC >>(log2CoeffGroupSize)

yCG = yC >>(log2 CoeftGroupSize)

if{ significant coeffgroup flag{ xCG ][ yCG]1) {

if{ (xC % (1<< log2CoeffGroupSize) = 0 ) && ( ¥C % (1 << log2CoeffGroupSize)
=0 ) && (numNonZeroSB[ xCG [ yCG =10} &&n!=0)

significant coeff flag[xC}[yC]l=1

else {

significant _coeff_flag[ xC ][ yC]

ae(v)

if{ significant_coeff flag[ xC [ yC])

numNonZeroSB[ xCG ][ yCG J++

3

}

else {

significant _coeff flag{xC][yC]=0

}

} else

significant_coeff_flag| xC |[ yC |

ae{v)

}

numl astSubset = numCoeff >> 4

for(i=numlLastSubset — 1;1>=0;i——} {

offset=1<<4

for(n=15;n>=0;n——) {

xC = ScanOrder|{ log2TrafoSize — 2 ][ log2TrafoSize —2 [0 ][ n+ offset ][ 0 ]

yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize —2 ] ¢ ][ n+ offset J[ 1 ]

if( significant coeff flag{ xC[yC 1)

coeff_abs_level greaterl_flag[n]

ae(v)

}

for(n=15;n>=0;n——) {

if{ coeff_abs_level greaterl flag[n])

coeff_abs_level_greater2 flag[n]

ae(v)

}

for(n=15n>=0;n-){

xC = ScanOrder] log2TrafoSize — 2 ][ log2TrafoSize ~2 [ ¢ ][ n+ offset ][ 0 ]

yC = ScanOrder| log2TrafoSize — 2 ][ log2 TrafoSize —2 ][0 ][ n+ offset” [T 1]

if{ significant coeff flag[ xC][yC1) {

coeff sign flag[n]

ae(v)

}

for{n=15n>=0;n-—) {

if{ coeff_abs_level greater? flag[n])

coeff abs_level_minus3[n]

ae(v)

xC = ScanOrdet| log2TrafoSize — 2 ][ log2TrafoSize —~2 ][ 0 ][ n + offset |{ 0]




coeff abs_level _mnus3[ n] ae(v) xC = ScanOrder[ |og2TrafoSize - 2 ][

| og2TrafoSize - 2 ][ O ][ n + offset if 0 ] - 29 - yC = ScanOr der
| og2TrafoSize - 2 ][ log2TrafoSize -2 J[ O ][ n + offset’ ][ 1] [
significant _coeff flag[ xC ][ yC] ) { transCoefflLevel[ xO J[ yO ]

trafoDepth J[ cldx ][ n + offset ] :(2§9eff abs level mnus3[ n] + 3
1 -2 * coeff _sign flag[ n] )

10

15

20

f
[
)

(

yC = ScanOrder| log2TrafoSize — 2 [ log2TrafoSize —2 [0 I n+ offset” ][ 1 ]

if{ significant_coeff flag xC1[yC]) {

transCoeffl evel[ x0 ][ y0 ][ trafoDepth ][ cldx ][ n + offset ] =
( coeff abs level minus3[n]+3)* (1 —2 * coeff sign flagin])

} else

transCoeffLevel[ x0 ][ y0 ][ trafoDepth ][ cldx ][ n + offset ]=10

[00123] The foregoing pseudocode shows one example implementation of the example

process 300 described above in connection with Figure 7.

[00124] Reference is now made to Figure 12, which shows a simplified block diagram
of an example embodiment of an encoder 900. The encoder 900 includes a processor 902,
memory 904, and an encoding application 906. The encoding application 906 may include a
computer program or application stored in memory 904 and containing instructions for
configuring the processor 902 to perform operations such as those described herein, For
example, the encoding application 906 may encode and output bitstreams encoded in
accordance with the multi-level significance map processes described herein. It will be
understood that the encoding application 906 may be stored in on a computer readable
medium, such as a compact disc, flash memory device, random access memory, hard drive,

etc.

[00125] Reference is now also made to Figure 13, which shows a simplified block
diagram of an example embodiment of a decoder 1000. The decoder 1000 includes a
processor 1002, a memory 1004, and a decoding application 1006. The decoding application
1006 may include a computer program or application stored in memory 1004 and containing
instructions for configuring the processor 1002 to perform operations such as those described
herein. The decoding application 1006 may include an entropy decoder configured to
reconstruct residuals based on multi-level significance maps, as described herein. It will be
understood that the decoding application 1006 may be stored in on a computer readable
medium, such as a compact disc, flash memory device, random access memory, hard drive,

ete,

*(
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transCoefflLevel[ xO ][ yO ][ trafoDepth ][ cldx ][ n + offset
} } }

-30-

[00126] It will be appreciated that the decoder and/or encoder according to the present
application may be implemented in a number of computing devices, including, without
limitation, servers, suitably programmed general purpose computers, audio/video encoding
and playback devices, set-top television boxes, television broadcast equipment, and mobile
devices. The decoder or encoder may be implemented by way of software containing
instructions for configuring a processor to carry out the functions described herein. The
software instructions may be stored on any suitable non-transitory computer-readable

memory, including CDs, RAM, ROM, Flash memory, etc.

[00127] It will be understood that the encoder described herein and the module, routine,
process, thread, or other software component implementing the described method/process for
configuring the encoder may be realized using standard computer programming techniques
and languages. The present application is not limited to particular processors, computer
languages, computer programming conventions, data structures, other such implementation
details. Those skilled in the art will recognize that the described processes may be
implemented as a part of computer-executable code stored in volatile or non-volatile memory,

as part of an application-specific integrated chip (ASIC), etc.

[00128] Certain adaptations and modifications of the described embodiments can be
made. Therefore, the above discussed embodiments are considered to be illustrative and not

restrictive.



[ 00123] The foregoi ng pseudocode shows one exanple inplenentation of the
exanpl e process 300 described above in connection with Figure 7.

[ 00124] Ref erence is now nade to Figure 12, which shows a sinplified block
diagram 5 of an exanpl e enbodi nrent of an encoder 900. The encoder 900
includes a processor 902, nmenory 904, and an encodi ng application 906. The
encodi ng application 906 may include a conputer program or application
stored in nenory 904 and containing instructions for configuring the
processwWHADIS CLAMEDI® oper ati ons such as those described herein. For
exanpl e, the encoding application 906 may encode and out put bitstreans
encoded in 10 accordance with the nulti-level significance map processes
descri bed herein. It will be understood that the encodi ng application 906
may be stored in on a conputer readable nedium such as a conpact disc,
flash nenory device, random access nenory, hard drive, etc.
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3. The method claimed in claim 1 or claim 2, wherein setting the value of at least one
significant-coefficient-group flag to 1 includes setting the significant-coefficient-group
25 flag for the group containing the significant-coefficient flag for a last-significant

coefficient to 1.

4. The method claimed in any one of claims 1 to 3, wherein setting the value of at least one

significant-coefficient-group flag to 1 includes setting the significant-coefficient-group
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significant-coefficient flags for a transformunit froma 5 bitstream of
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wherein each group is an 8x8 block.

20  11. The method claimed in any one of claims 1 to 10, wherein reconstructing one of the
significant-coefficient-group flags includes determining a context for that significant-
coefficient-group flag based on the significant-coefficient-group flags reconstructed for
two neighbor groups.

12. The method claimed in claim 11, wherein the two neighbor groups include a right
25 neighbor and a below neighbor, and wherein the context is 0 if both of the significant-
coefficient-group flags for the two neighbor groups are 0, and wherein otherwise the

context is 1.

13. The method claimed in any one of claims 1 to 12, wherein the values of all the significant-

coefficient flags in one of the groups decoded from the bitstream are zero although the



9. The nethod clained in any one of clains 1 to 8, wherein the transform
unit is 16x16 and wherein each group is a 4x4 block. 10. The nethod cl ai ned
in any one of clains 1 to 8, wherein the transformunit is 32x32 and
wherein each group is an 8x8 block. 20 11. The nmethod clainmed in any one of
clains 1 to 10, wherein reconstructir$? ne of the
significant-coefficient-group flags i udes determ ning a context for that
significantcoefficient-group flag based on the

si gni fi canbriegRhllingistRifi@hnuseifitiefsgroes aag torubdt@eodpds sétwo 1nei ghbor groups.
12. The method clainmed in claim1l, wherein the two nei ghbor groups include
a right | 25RRi 08RG c1aMskdan ARY BHe HEHSIROLN 1o BIUHMRE B VidddDitt@eHNE ¥énfbind i f
both of the significant- coefficient-group flags for the two nei ghbor
groups ar goope afialscateblevidemcddingitardarda ndfitdgw cpding standard s Iec@wiggué@%@ndi ng

significant;coefficient-group,flag.f.or that group.|s t to 1. 14. The
net hod cl %%WWS&W%%@%‘?EE% mfnciyovﬁgg &V&ﬁlei)%?nﬁhﬁﬁe vi deo bitstream
conforns_to one of a scal abl e video, codi ng standard, a | ti-Vi codi ng
st artlar &- B‘crré‘?;tb?é flgimedinany PB%ngﬁlﬁ?%]gtos]%a WE‘Q’F‘%‘} eafhﬁr%u%aﬁ ﬁ-hé’ffﬁ{vci ency

vi deo COdid?ﬁeI%hﬁﬂ’&ﬁriﬂwéth.la The nethod clainmed in any one of clainms 1 to
14, wherein each group has a height different fromits wdth. 16. The

net hod i i F I0S: i : ai ns
Crxt oan & iEehl BRmERE ) o 8 Mliads 1 & £ bl £1ch FAGIAN AEiceH

si gni f i candfigiifiednt-cedf@itient flag, Andowhdrbia detoding dmrsignificanitoefficient flag from
significant-coefficient fl, is in.a group that ha cgrres ondi.n

10si gni f i dhebitgtesamyif thap pign 6@&%&5@6@%14@%@1&@% BSOPEIROBAINE; ¢ e
firpgg fifte ﬁéainﬂ%éﬂﬁ%i%ﬁi—%@%?fgag%a@ﬁktncfd—%c&ﬁﬁ?;ﬂi@.d for that group are
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20  18. A method for encoding significant-coefficient flags for a transform unit, the transform
unit partitioned into non-overlapping groups of significant-coefficient flags, the method

comprising:

encoding significant-coefficient-group flags, wherein each significant-coefficient-
group flag corresponds to a respective one of the groups of significant-coefficient
25 flags, and wherein the significant-coefficient-group flag is set to zero to indicate
that that corresponding group contains no non-zero significant-coefficient flags,
and wherein the encoding excludes at least one significant-coefficient-group flag
inferred to be 1 irrespective of whether its corresponding group contain non-zero

significant-coefficient flags; and



for each of the significant-coefficient flags, encoding the
significant-coefficient flag if that significant-coefficient flag is in one
of the groups for which its correspondi ng significant-coefficient-group
flag is non-zero, and not encoding the significant-coefficient flag if that
Ssignificant-coefficient flag is in ong of the groups for which the
correspondi ng significant-coefficient-group flag is zero. 19. An encoder
for encoding significant-coefficient flags for a transformunit, the

encoder conpfirehéldef the PigpiFRaSoeffidént TREYry storing the significance nap;
and an encodi ng application stored in nmenory and containing instructions

for configuring tRBgoRIMGRS §gﬁlﬁ'b5ht&%ﬁ&&éﬁt tﬂag ifRAtDshi Géaat-oBsHitientClAd 8% 8.
20. A non-transitory processor-readabl e nmedium storing_processor-executabl e

i nstructions which, onefithexarewnsddr wbmhfltsgnne@oad@g@rgrmﬁﬁaet-p@qfﬁgglswgup 0

performthe method Cﬂaagllgﬁgn-%grlop an t%ﬂgodg ing t?le 31gm cant-coe%gmgnt ﬂ]a% if that

5 significant-coefficient flag is in one of the groups for which the

corresponding significant-coefficient-group flag is zero.

19. An encoder for encoding significant-coefficient flags for a transform unit, the encoder

comprising:
a processor;
10 a memory storing the significance map; and

an encoding application stored in memory and containing instructions for configuring

the processor to perform the method claimed in claim 18.

20. A non-transitory processor-readable medium storing processor-executable instructions
which, when executed, configures one or more processors to perform the method claimed

15 in any one of claims 1 to 16 or 19.



