- 1 - METHODS AND DEVI CES FOR CONTEXT SET SELECTI ON COPYRI GHT NOTI CE 5

[ 0001] A portion of the disclosure of this docunent and acconpanyi ng
materials contains material to which a claimfor copyright is made. The
copyright owner has no objection to the facsim|e reproduction by anyone of
t he patent docunent or the patent disclosure, as it appears in the Patent
and Trademark Office files or records, -bat reserves all other copyright

ri ghts whatsoever. 10 FIELD [ 0002] The present application generally relates
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conpression occurs in a nunber of contexts. is very commonly used in
comuni cations and conputer networking to store transmt, and reproduce
information efficiently. It finds particular application in t he encodi ng of
i mges, audio and video. Video presents a significant challenge to data
conpressi on because of the |large anount of data 20 required for each video

frame anggperfAEANOTIOEMI ch encodi ng and decodi ng often needs to occur.
The current state-of-the-art for video encoding is the ITU T H 264/ AVC
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10
FIELD

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

to methods and devices for encoding and decoding video using 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
presents a significant challenge to data compression because of the large amount of data

20  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
currently under development through a joint initiative of MPEG-ITU termed High Efficiency

25  Video Coding (HEVC). The initiative may eventually result in a video-coding standard
commonly referred to as MPEG-H.

[0004] There are a number of standards for encoding/decoding images and videos,

including H.264, that use block-based coding processes. In these processes, the image or




- 2 - frame is divided into blocks, typically 4x4 or 8x8, and the bl ocks
are spectrally transforned into coefficients, quantized, and entropy
encoded. In nany cases, the data being transforned is not the actual pixel
data, but is residual data followi ng a prediction operation. Predictions
can be intra-frame, i.e. block-to-block within the frane/inage, or
inter-franme, i.e. between 5 franes (al sd-called notion prediction). It is
expected that MPEGH will also have these features. [0005] When spectrally

transfor gl . i t of .thesg st rds prescribe t he ,use of
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blocks or transform units (TU), a separate context is associated with each coefficient position
25 inthe TU. The encoder and decoder must keep track of and look up a large number of

different contexts during the encoding and decoding of the significance map. In the case of

larger TUs, the context for encoding a significant flag may depend on the values of

neighboring significance flags. For example, the flag may have a context selected from four

or five contexts depending on the values of neighboring flags. In some instances, particular
30  flags within a TU or sub-block of a TU may have a context based on position, such as the

upper-left (DC) position.



10of the sets of significant-coefficient flags, selecting a context set for
use in decoding significant-coefficient flags of that set based on a
position within the transformunit of the block corresponding to that set
of significant-coefficient flags; and decoding the significant-coefficient
flags of that set using the selected context set. [0010] I n another aspect,
the present application describes a nethod of decoding a 15 bitstream of
encoded video by reconstructing significant-coefficient flags for a

t ransf or gpyprtsuNINEARYaNsf orm unit conprising a sequence of bl ocks, the
bitstream enco&lI ng sets of significant-coefficient flags, each set
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of the sets of significant-coefficient flags, determining a significant-coefficient-group flag for

that set; selecting a context set for use in decoding significant-coefficient flags of that set by
20  selecting a first context set if the Signiﬁcant-coefﬁcient group flag was decoded from the
bitstream, and selecting a different context set if the significant-coefficient group flag was
determined based on the significant-coefficient group flags of at least two neighboring sets of
significant-coefficient flags; and decoding the significant-coefficient flags of that set using the

selected context set.

25  [0011] In one embodiment, determining includes determining that the significant-

coefficient-group flag is equal to 1.

[0012] In a further embodiment, determining includes inferring that the significant-
coefficient-group flag is equal to 1 based on a right-neighbor set of signiﬁcanﬂcoefﬁcient
flags having a significant-coefficient-group flag equal to 1 and a below-neighbor set of

| 30 significant-coefficient flags equal to 1. In some implementations this method further

includes, after the decoding, determining whether the set contains all zero coefficients and, if



wherein selecting the first context set conprises setting a context index
variable to a 10 predeterm ned val ue, and wherein selecting the second
context set conprises setting the context index variable to the

predet ermi ned val ue plus the nunber of contexts. [0015]1n another aspect,
the present application describes a nmethod of encoding a video by encoding
significant-coefficient flags for a trehsformunit to create a bitstream of
encoded sets of significant-coefficient flags, the transformunit

conpri si . Se -of 15 ks, each set .of signif.icant-coefficient
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coefficient-group flag for that set; selecting a context set for use in
encodi ngCosH fleght - coefficient flags of that set by selecting a first
context set if the significant-coefficient group flag was encoded for
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to i npl enent such net hods of encodi ng and decodi ng. 25[0017]1n yet a
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coefficient-group flag for that set; selecting a context set for use in encoding significant-

et

coefficient flags of that set by selecting a first context set if the significant-coefficient group
flag was encoded for insertion into the bitstream, and selecting a different context set if the

20  significant-coefficient group flag was determined based on the significant-coefficient group
flags of at least two neighboring sets of significant-coefficient flags; and encoding the

sigmﬁcant-coefﬁcient flags of that set using the selected context set.

[0016] In a further aspect, the present application describes encoders and decoders

configured to implement such methods of encoding and decoding.

25  [0017] In yet a further aspect, the present application describes non-transitory
computer-readable media storing computer-executable program instructions which, when
executed, configured a processor to perform the described methods of encoding and/or

decoding.

[0018] In another aspect, the present application describes a method of decoding a
30  bitstream of encoded video by reconstructing significant-coefficient flags for a transform unit,

the transform unit comprising a sequence of blocks, the bitstream encoding sets of significant-




the significant-coefficient flags of that set using the sel ected context
set. [0019]In yet another aspect, the present application describes a

nmet hod of encoding a video by encoding significant-coefficient flags for a
transformunit to create a bitstream of encoded sets of
significant-coefficient flags, the transformunit conprising a sequence of
10bl ocks, and each set of significant-€befficient flags corresponding to a
respective block. The nethod includes, for a set of significant-coefficient

fl | t first bl . | ecti t t . froma
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fi gur es. the gignHicent- gt flagnoithatmeEumrihe nescipd oopRetler ence wil | now be
made, by vvag/ of exanple, to the acconpanyi ng draw ngs whi ch show exanpl e
embodi melf08%of t helngickamnther apysict, ¢lag present sppicationddschibes[adB@RpEFoirncadihg ahows,

i n bl ock .diagram f.or encoder. f encodi ng.vi deg;, 25[ 0023] Fi gure 2
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[003%] Figure 4 illustrates the division of a 16x16 transformwunit into two
r

fix pekssangsash s¢t of signifcaniagosdfoment flags corresponding to a respective block. The
method includes, for a set of significant-coefficient flags corresponding to a first block,

selecting a context set from a plurality of context sets for use in encoding significant-

coefficient flags of that set based on a significant-coefficient-group flag associated with a

block to the right of the first block and a significant-coefficient-group flag associated with a
15  block below the first block ; and encoding the significant-coefficient flags of that set using the

selected context set.

[0020] Other aspects and features of the present application will be understood by
those of ordinary skill in the art from a review of the following description of examples in

conjunction with the accompanying figures.

20
BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Reference will now be made, by way of example, to the accompanying
drawings which show example embodiments of the present application, and in which:
[0022] Figure 1 shows, in block diagram form, an encoder for encoding video;

25  [0023] Figure 2 shows, in block diagram form, a decoder for decoding video;
[0024] Figure 3 shows, an example of a multi-level scan order for a 16x16 transform
unit;
[0025] .  Figure 4 illustrates the division of a 16x16 transform unit into two fixed

regions using a defined diagonal;



[0026] Figure 5 illustrates the division of a 32x32 transformunit into two
fixed regions using a defined diagonal; [0027]Figure 6 illustrates a
coefficient-group based division of a 16x16 transformunit into regions for
selecting a context set; 5 [0028]Figure 7 shows an exanple transformunit
di vided into contiguous coefficient groups and exanpl e respective
significant-coefficient-group flags for6those coefficient groups;

[ 0029] Fi gure 8 shows an exanple of a dynamically determ ned division of a

16x16 tr ormunit intg regiqps. based ex | e of Figur.e

10[ 0030] @:ag{'}re 9 %%E%Iﬁgs%g%?ﬁﬁ? glvbsfowfgq%gg,mﬂf%?ﬂgé‘}t‘éﬁ‘g‘éﬁé rection;
[ 0031] Fi ﬁg{ogsﬁﬁngﬁqgﬁnetdhga yigem ¢ division of the transformunit into

regi ons based on the exanple of Figure 9; [0032]Figure 11, shows, in

fl owchar rm ang; -encodi QA :

15 0033] el o 12 e R s B B g PR form

r econst rwut integregions §istliectingecanégxt fetom a bi t stream of encoded dat a;

[ 0034] Figure 13 shows a sinplified block diagram of an exanpl e enbodi nent
of ab en®02®r; andFip@@3IHhbivgun exddpls ansfoan ahirgividdddatotloatifudlis 2gefficicaf an
exanpl e enbodigent of a 20.decoder. [00§6JSiniIar reference nunerals may

have becHOHSARYSFagp rsﬁpéﬂteverﬁl@ug%ﬂfaef gisBtrgroup flags for those coefhicient

groups;
[0029] Figure 8 shows an example of a dynamically determined division of a 16x16

transform unit into regions based on the example of Figure 7;

10 [0030] Figure 9 shows the example of Figure 7, with inference correction;
[0031] Figure 10 shows the dynamic division of the transform unit into regions based
on the example of Figure 9;
[0032] Figure 11, shows, in flowchart form, an example method of encoding a
significance map;

15  {0033] Figure 12 shows, in flowchart form, an example method of reconstructing a

significance map from a bitstream of encoded data;

[0034] Figure 13 shows a simplified block diagram of an example embodiment of an

encoder; and

[0035] Figure 14 shows a simplified block diagram of an example embodiment of a
20  decoder.
[0036] Similar reference numerals may have been used in different ﬁgures to denote

similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

25  {0037] In the description that follows, some example embodiments are described with
reference to the H.264 standard for video coding and/or the developing MPEG-H standard.
Those ordinarily skilled in the art will understand that the present application is not limited to
H.264/AVC or MPEG-H but may be applicable to other video coding/decoding standards,



simlar conponents. DESCRI PTI ON OF EXAMPLE EMBODI MENTS 25[ 0037] I n the
description that follows, sone exanple enbodi nents are described with
reference to the H 264 standard for video coding and/ or the devel opi ng
MPEG H standard. Those ordinarily skilled in the art will understand that
the present applicationis not limted to H 264/ AVC or MPEG H but may be
applicable to other video codi ng/ decodi’hg standards, - 7 - including
possi bl e future standards, nulti-view coding standards, scal abl e video

codi ng st ards, .and. reconfi gurabl e vi deq. codi sta rds, [0038]In the
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of thos es'?%dg% chmaf gg&%ﬁ%&}f% {rlrlgﬁ 'eogxgrﬁg a séagbﬁgﬁeg’g" %%;é r a%%%dtr)lp n%g%eic lgl}

codi ng uwith framgs enddsr ditecadi/orictaiet and/et tiles amBowettinidaciiec gpps,afthe N

i ght of the dg)scri pti.on bel ow. 'r?qogag] Tne present applicatiagn_describes

exanpl e Prote. ésAﬁFﬂdEP&W tiese p %8 Ffbl@beé‘ﬁd"iﬁé‘@%?‘ﬁ@daéﬂ ahtrafdhgce
maps. A shofi §kQsiee v@%ér?aﬁicﬁa?ﬁﬁeraﬁ@fsroﬁ'ﬁ&éss méé.erieédfﬂéraﬁf%?& gé‘&ic s to,
or corresponds to, a transformunit or a defined unit of coefficients (e.g.
sevdbal tefegrsbotonframes; slices, pantes,ailes rectariguban siicer groupsi drg applicable talfrmges)ni t) .
Each fl agq. i ndi cat es.,whet her .t he. correspondin si.tion_.in the transform
it or THES SHEEFT UG GHiDEUBTAICE ARG OB G oL G6 P fok et Siod et

exi sti ngrigt aRe Q;?ﬂﬁes td B@Sforl g, Mn@ﬁhifs?@%ﬁ?@@f doRirRSundts 98k f At become
25coefficient flags. In existing standards, there is one flag per

coef f i ciapereahia ligheof thagescsipiombelowhat is zero if the corresponding

coefficient is zero and is set to one if the corresponding coefficient is
non- zer d003Ne t er nMtegirgsent :itpmina:té)m;bpérila:s exgnplepesoekses asd detiendedencodingf er

Lo oL ncoter deradcel L 8 anLicam coet il oLl age Cor L anstor
g‘;)pf ?g;{?gﬁﬁgﬂ} & coWbgondiMo, h traBsfEH® Bhit bf 2 TR BRFRb&fLicREs (ERCseveral
transform units, a portion of a transform unit, or a coding unit). Each flag indicates whether
the corresponding position in the transform unit or the specified unit contains a non-zero
coefficient or not. In existing standards, these flags may be referred to as significant-
25  coecfficient flags. In existing standards, there is one flag per coefficient and the flag is a bit
that is zero if the corresponding coefficient is zero and is set to one if the corresponding
coefficient is non-zero. The term “significance map” as used herein is intended to refer to a
matrix or ordered set of significant-coefficient flags for a transform unit, as will be understood

from the description_below, or a defined unit of coefficients, which will be clear from the

30 context of the applications.

[0040] It will be understood, in light of the following description, that the multi-level

encoding and decoding structure might be applied in certain situations, and those situations



- 8 - my be determned fromside information |ike video content type
(natural video or graphics as identified in sequence, picture, or slice
headers). For exanple, two |levels may be used for natural video, and three
| evel s may be used for graphics (which is typically much nore sparse). Yet
anot her possibility is to provide a flag in one of the sequence, picture,

or slice 5 headers to indicate whether fhe structure has one, two, or three
| evel s, thereby allowi ng the encoder the flexibility of choosing the nost
appropri afag beldetéshine o si jﬁg@ he
flag may rg resent a Conte%fﬁf@%%ﬁ@ﬂh#ﬁ@ﬂk@@ﬁgmgq as %@%gt§%399§ﬁ$FWSa§
nunber ofden ﬁ@i@semncamﬁmeeor stice beaders). Kafr ekymple; tgiodphilcthayrby ufedabir e

th | 4 te t i the t
oo 11 cha yiddR hIREE 1P Bind I BrEFT R dRe eBRhic olally i anore ©
i nt er changesyl Yet doeher pﬁﬁﬁﬂrﬁy%\ﬂﬁﬁoh@e Qéﬂ\ég it Bﬁ‘e SEHE sdlf b?‘gc e, gr slice

[00425] ReLerence is now nade to Figure 1, which shows agram
f or m° anbeadesde indigats ‘b’hetbﬁdb%lﬁtﬁ&ﬁvﬁ havoneRbre o tioee lesela,l thcrehﬁalk)ng Ehe_gur e 2

whi ch sh der 50 fao Vi deo.
apprecia ?ﬁﬁ%@%ﬁbﬂh co er &% qﬁ&ﬁgpﬁggggg;rg%mfEqaﬁgygaaﬁépgwﬁtﬁ%y each
be i npl eamthedmbodiarena i flagink e fepsgest 4 ddntait PRNRERL WAIIPRSRsEQBIIRY
devi ce, c¢ontaini n‘ﬂé T nor e, processi ng el enents and menory. The
operati o Haﬁngﬁém@H@o@@WHQUqé e &Eibic” 5oLy faguretthree deslsmay be,
may be iq@lenented bé way of application-specific integrated circuit, for
exanpl e, [@flby wayNe %ﬁt@mem@ﬂmﬁlmmmq tbﬂgermxécmﬂfﬁdnbm doyure? agdner al
pur e inc dd|t|

i nclg(t}}(?il nig‘)fep(?ﬁéégé%an?-Qg?fﬁ&\réhtg%a@rqaiﬁt‘%ohmﬁ?g 14 %SHW eflit?\ba‘f?é f $%kvi ce
functi onmeanilie range of devices and platforns wi thin which the encoder 10
or decoder 50 may be inplenented will be appreciated by those ordinarily
skilled joo42jhe ar tRéfxchdismBoARSI D HRGe i OWhRWisRGN L &S BlobP i g@:rb o4 The
encoder 10 receives a video source 12 and produces an enco& I'tstream
2514. Thacaded@dpr apodiageidess Refrscnnedoelee moile &t Flgammmhmhdshowts pblcka

decoded ahglen drHlBodkd so HieSRERI 3O siSepaer, S0, be o gured to

operate inconformance With a n For
exaipl e, dechderénaiesigibed Qeiitmay eatdie iRl dMsntdle lie¥fenCRBREL %f‘% neﬁn Ot her
enbodi nents, the encoder 10 and decoder 50 may conform to other vid

conpr es SHHBROSECANPHHREICViGes FRRIRIAESONS oG m%mrowssmlgeelqmez:@sqmdvumman daed, | i ke
30 MPEG dﬁeratzons 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

20 include additional software, including, for example, an operating system for controlling basic
device functions. The range of devices and platforms within which the encoder 10 or decoder

50 may be implemented will be appreciated by those ordinarily skilled in the art having regard

to the following description.

[0043] The encoder 10 receives a video source 12 and produces an encoded bitstream
25 14. The decoder 50 receives the encoded bitstream 14 and outputs a decoded video frame 16.
The encoder 10 and decoder 50 may be configured to operate in conformance with a number
of video compression standards. For example, the encoder 10 and decoder 50 may be
H.264/AVC compliant. In other embodiments, the encoder 10 and decoder 50 may conform

to other video compression standards, including evolutions of the H.264/AVC standard, like
30 MPEG-H.



- 9 - [0044] 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 subject frane/slice is of I, P, or B 5type,
and whet her particular coding units (et%r macr obl ocks, coding units, etc.)
within the frame/slice are inter or intra coded. The transform processor 22

per  OF M54y anST OFHY HRRHkr ! RSl Noa il IR0 £ b BinBHIde SR 24 N

transform processor 22 applies a ansforntto convert~Spati a
domai n detresfarm mpewssordl2, qumpioered; sud émropgxacglee?6.i As walh e epfrodhe@bys a

di screte, cosi ne tran rrm (DCT). is used. Qher transforns, such as a
di scr et 9% ?HW@“{W %fﬁLﬁ%dP et @W@%?d%?r%%&oﬁﬁte%ws theaparppaate The
bl ock- bagfihd madsfoR 8 vided Rl 158 SxAfipld uﬁﬁﬂie@ﬂle‘éﬂbjte%tl ﬁﬁﬁé/ﬁ@e‘%gf OP_orB .

sub- bl ock basi s, depending on_ihe_5|ze of the nacro s or coding units.
I n tPe Hypesandwéhether partitdar endinginits (agt mpérobllockss xddingramitso bico ehithiothieai ns
Si xt een $x4 r ansf or m bl. gcks [ ocess | rforned on the 4x4

bl ocks. "an%/tglﬁcéa Tyl of t“ﬁ%a iordg‘ﬂgT%gﬁ?IﬁDfT%ﬁ%mWrg@S@gémﬁ% SANHeTE HRSe ar e

four tramhs E;%ftﬂl 805K FaRen pRrtieEar, AR @At form pri€ss AN pPEASER ock-Bikel r ansf orm
bl ocks nay be other sizes. In sonme cases, a 16x16 macrobl ock may 1 nclude a

non- over r&lsEITHgo contsThwaiid flograindaia ipedva comanrdnts: ridslesakele, hadats] Appl yi ng

he bl - i xel I [ f
L anst or i g ABRBRE (el AaloREIPE TR (i OBl pfiiointS s oP adfien®eer i

whi di t hén@Banédrn @ictrtrs magve uswith fsbdic @Rttanees Thi BRsk-YasedeiBfornss ances t he
set of trag)sformdo in coefficients nmay be considered as a "bl ock" or

matrix oieriopmed PR p eadias unih maolledeen sybitieckihasis deperding pp theesizefthet of

transf or gy JoBER d}%@&i@kfﬁhﬁ@t %&h@f—l.ﬁilﬂngﬁxgl, gd;r g&{nngg%{ Q{)%\clqﬁ 1% macgoblock,

coefficients”™ are used”interchangeably an i'cate an
set of tooatwdsmixtectofrel trans foedifhil adke ahd theZ3C D PGk Ishe pefornak] dortangfoOblaciesonai n

coefficients is quantized by the quantizer 24. The quantized coefficients
ond asedirhedirtF afom Hocktmekench Fnisis te PRy erksRer

[ 004 8] ThRadb®l6kk. O y¥RbthtXcaREs, BHéaninkfosH Hlé&@ﬁa?rH@MZ@s.cﬁesBHe%a%% may be
referred to hereinas a "transformunit”™ (TU). In sone cases, the may be
non- squakt&]6 amagrobipokameysindade a goadv el appeg coartsiadiomof MSOId 8x8 traBformf r anes
do rel yblfﬁ&rg spatial prediction within the frane/slice, as illustrated in
Figure 1'by the spatial predictor 21. That is, when encoding a particular

i thi n DPOE "al [ ARk bR e FREoaiies BPPE el PEGl g mogPaBperichn
al gor i t hfinsfot® RAMIE&HRGET ALS8” B BSKcdTBkt REOnGRBNES t& G WiicheRl dual data.
20  coefficients have coefficient positions. In some instances the set of transform domain
coetficients 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
coefficients” are used interchangeably and are meant to indicate an ordered set of transform

domain coefficients.

25  [0046] The set of transform domain coefficients is quantized by the quantizer 24. The

quantized coefficients and associated information are then encoded by the entropy encoder 26.

[0047] The block or matrix of quantized transform domain coefficients may be
referred to herein as a “transform unit” (TU). In some cases, the TU may be non-square, e.g.

a non-square quadrature transform (NSQT).

30 [0048] Intra-coded frames/slices (i.e. type I) are encoded without reference to other

frames/slices. In other words, they do not employ temporal prediction. However intra-coded



5 The transform processor 22 then encodes the residual data. H. 264, for
exanpl e, prescribes nine spatial prediction nodes for 4x4 transform bl ocks.
In sonme enbodi nents, each of the nine nodes nmay be used to independently
process a block, and then rate-distortion optim zation is used to sel ect

t he best node. [0049] The H. 264 standard al so prescri bes the use of notion
predi ction/ conpensation 10 to take advdAtage of tenporal prediction.
Accordi ngly, the encoder 10 has a feedback | oop that includes a

de- quantize j rSE: el r.,30,. an ebl.ockin ogcessor
32, "The. SRSl SORSDEA BAG, MR AR tee it St BV RS
filterinpapalgeedistor 21. Thes ¢, elhemendoding 4 pticdliveoledond dng iPHRERsE hapheent ed
by the decoder, 50 t(gatre roduce the frame/slice, A frame store 34 is used to

store t HOW 3 PLERREEDY Mixels WitdinRipcksalreadiencadedoior Biet Hrmeiskied on i s
based o ik e (S not on
Che or | oF itk prAtCHoR S| Sobfrh YO Kb Bl P e BITER ity S B ERE Fospdleal By U
t he bos sThetoangfoemgiroresson2a lthencencodes ivortsidgaldinen dil.ag4, fér emibipds) ppssetibest or 36

uses the .frames/sli.ces stored in the_ fr store 34 as source franes/slices
for conpdPy a(er Cté‘?Pr‘i“@& S fg’f %ﬁﬁrﬁf"r’f‘ﬂg& r g%%@%?mﬁﬁgwmﬁy‘faﬁﬁ okthgi | ar
bl ocks. feemiodeahybe ht tRIHIBAISPBEes AIAE, M fhen %ﬁe-gﬁ{&@o@o mot i on

prediction is applied, the "source ‘data" %hi ch the transform processor 22
encodes apsimipationds psedad seleqt she beat moderes out of the notion prediction

process. For exanple, it may include information regarding the reference
frame, d084Ytial dilepl.a64stendardalst prdscribes tisctserol moiod ptaldtdualonpiengtiodat a

t hat .represent,s the differences (if any)_ between the reference bl ock and
t hetlg ur P[gﬁzﬁ(e@ﬂgwqgel q(}:‘t?}PWE? HﬁgIF %rfg?%)édlpﬁl& feagasdsr 80 hasdsedhagk opnot i on
vector rmy iRdhdde R RheER2288EvaYe FARS Lo U, Qﬁ@ééﬁéckﬁé g‘?ésg%' 32,

quantizer 24, but instead may be supplied to the entropy e
encodi nglhegleplockingfprodessob B2 staydnshidd odeplovking privecsspramnt iafddrieg efdessoent s.

[ 0050] Thgse. gr.di nari.l| kilJled in the.art wi |l .appreciate the details and
bosai bl e oSS PaeR et st Ehuitorg pfolsoeaive aahe eeadpote ramed e Bruer 50
i ncl udesraame/diter ApftartleSOEET4 18 AsediBGHR tHeZBproddoed! fFMRISS §n IHiPRahRE her ocessor
56, spatial conpensator 57, and debl ocki ng processor 60. The debl ocki ng

pr 0é&s s GROWBY. RFBYCtiris bated eyl Kiith e drecreeanstraeted fraproaidhe deaoderSf andmot
buffer S8 neURBhACRECRRRIE! Giftel AATRA, [QOndiif Ik TBLE B pE pIRENSaL O 62

i n appl yi ng notion conpensa e spatia ents the
oper at i wonptessiendvweilvadgn chevdiglieodiaga Af motien priicics Bbakes the Framegsieds bl ock

froma pr evci ]%gtﬁl %(? decodeg bl ockcémé_OOSZ The bitstream 14 is received and
decoded SHfC & HEPs5iPre e atspresdranpes/shices for camparison tan cvzey fiamsifor heent s.
Si de inf i : : ov : i i cess,
R A e T S R R S R
nmot 26n  owrtparsedictoon isiapplagopthiedatiree dfEat whichitind eanstdim @otasep\22dacattelis 52 nmay

recover tion vectors and/ or ference frame information for. inter-coded
macr obl 5&‘%5681 P@d@?ﬂ t%ﬁtecoﬁrlfﬁrﬁ’frf?fret © z‘PFPE‘?dé‘ﬁ‘Pé‘ pé?@sst'ﬂﬁ)ﬁea@ﬁﬂlﬁfﬁ MA¥d by the
dequant iizgHidiffdrmafiOn RIgARMEEHE Rfelch@8 1AE R SRR disptRehbhGire Riction WRiGH, ar e

then subjected to an inverse transformby the inverse transform proceésor
56 to rapf sesidval pisel'dataibot igateaents the dififérendse (ifppy)deivatcadhe tefitrenderbleohmand

cases, C | th i ntra-coded crobl ock or coding .unit, the recreated
"vi deo Efget QJI'PCI%E ORS ﬁ@%ﬁm rtlgP TRt ngﬂfpra%éenfzﬁ %tapgflgr E%Hﬁ’éﬁg‘ﬁ?li BAY P O%t j ve
to 25pr evécetsel pydecosatorh] Rokeswortdd dhdlorqubntadP24, BaeinsRad kil beQupaRas or 57
generates the video data fromthe 15 residual data and pixél data from a

pr evi oudiiSeTiwpY gBepdst 3 kor eppodinges Pastefdhe bitsireameplongwish thespientizedcr obl ocks

or codi r&geﬂégiehﬁ’ the recreated "video data"” fromthe inverse transform
processor I'S the residual data for use in notion conpensation relative

compensdTah oy BEOrer PRl GRS LS ppectidle Pl R peibe "

variations for implementing video encoders.

30 [0051] The decoder 50 includes an entropy decoder 52, dequantizer 54, inverse
transform processor 56, spatial compensator 57, and deblocking processor 60. The

deblocking processor 60 may include deblocking and filtering processors. A frame buffer 58




20 [ 0054] The notion conpensator 62 | ocates a reference block within the
frame buffer 58 specified for a particular inter-coded macrobl ock or coding
unit. It does so based on the reference frame informati on and notion vector
specified for the inter-coded macrobl ock or coding unit. It then supplies
the reference bl ock pixel data for conbination with the residual data to
arrive at the reconstructed video datalfer that codi ng unit/nmacrobl ock.

25[ 0055] A debl ocking/filtering process nay then be applied to a

reconstr a cate t he debl ckln rocessor

Arver deliPBiR eGP ded Bined b b b bR R ¥ hPEtr 520 bR BiE5aed vi deo
franme 1&0&@132@0&%@ spdfal EorBFnSMoOsT ﬁrﬁﬁﬁs&&b & dﬂ)@ﬁé‘h@ﬁ of tdcoWrlnlg tR€video
understood that the video playback ine, such as a conputer, set-top
box, DvDias fomapareylas fripesod e‘ééd’ﬁbrﬁoﬁb%me@w&]ﬁ&@é@@d@éﬂﬂk@e may buf f er
decoded frames in a 30 nenory prior to display on an output device. - 12 -
[ 0056] | tI10082]expect Bk hltsaﬁaIWﬁ’EQ} tacciveparidadeaco e sntaony dbecdatéldo wicbierhave

many of th .si.m Lar ficance codi n [ 0057] As
not e abtg)lvgﬁa%it eggne[?{r—l%lﬁgsc ?e gpﬁﬁjnﬁp%ﬁlg%b CLegpvered g‘?fgﬁ%ﬁ rcfpr ansform
S5domai n meﬁlhg@f(ﬁeéﬁsdrﬁl@bmm%hﬁiwlsﬁ ltddeo %&ﬁbﬁélﬁ@ﬁ%m@ﬁﬂnﬁ&)pﬂfor ass@t  of
significant- coefficient flags? or that block or set of quantized

t r ansf orBPUIheAMPeasRon; ifjeppiicableTier sxagmle, th%@r@@mfedpw@r 42 prayaesovemppi ng of
e D e ooty &Rl ARbMAILED AR bSOk it AR LSRG DO® L1 o)

non- zero coefficrents |cance iverted to a
vector i cor dange vmth an o d e verti.cal
hor i zont Péﬁdl agona equf’fltézefiefﬁe 5o 4R eBt%ﬁ%?a@EW%&’ﬂélPﬂuanﬁ*ﬁg #dan is

t ypirgal | prodiaehd Ransf@edcherin 86&F8tients; Which h@rthérﬂﬂlb}f\écwiﬂ th A8 ihRsde 1 @RIHI cant
coefficient and working back thr ough the signifi cant ma in reverse

di rect i oty ipinverse@ns ey pracessor ¢ peereniethe c‘GﬂWedat &t It oilbbe ippreciatehthdt, | n
t he pr esiﬁ V\klmg% SBEIII Q{'WH;IF.S lthgdr dea %‘ﬁi@ro% O%ﬁ or CO(%II’II% ﬁtgl r}.g% léect 2 bg?detgr e

order in |ch gs, coefticrents, or groups,

process aﬂttaa’ndthmysmm batd dorausd e SpdtthchnWeasart@heélhﬁ@b fo Vil ru@doldh‘d arS]
is then

"reversetg%é%c ordﬁ % fﬂ# Each significant-coeffici ent f

ent r opy EPCOUEYN 3me-nEh lﬁm@n%ﬂtgx&en%ﬁﬁﬁhqﬂéd%@ﬁtﬁ@'C’g’c’fh@ne For

(CABRG) "Se TR SR pLYE ek, PO PRST e R HIE. 2 08EY oREL ML P s

t he contaeded maerohloskgor doidngninits he Gecfambesit 1vy)eobhm§&mpﬂm inedrghtemsfong ,
Anong the conte used for 16x16 and

fi cant ff tf |
Sows2 S BRES Shab o A Sttt Sublar FouBrseiR e bt Gderpireieky) |
POsi ti Offrcth aldPF&EntaREhd | Both SpRiaEXABbEor Emhﬁéﬁ@ﬁiﬁtmgnﬁé refQrddgb ABRAY 4 4 sNg bit

positions, but nost of the significant-coefficient flags take one four
or five @tﬁdﬁ@@@P@M&@nﬁepend on the cumul ative val ues of nei ghboring
significant-coefficient flags. In these instances, the

20 [0054] The motion compensator 62 locates a reference block within the frame buffer

58 specified for a particular inter-coded macroblock or coding unit. It does so based on the
reference frame information and motion vector specified for the inter-coded macroblock or
coding unit. It then supplies the reference block pixel data for combination with the residual

data to arrive at the reconstructed video data for that coding unit/macroblock.

25  [0055] A deblocking/filtering process may then be applied to a reconstructed
frame/slice, as indicated by the deblocking processor 60. After deblocking/filtering, the
frame/slice is output as the decoded video frame 16, for example for display on a display
device. It will be understood that the video playback machine, such as a computer, set-top
box, DVD or Blu-Ray player, and/or mobile handheld device, may buffer decoded frames in a

30 memory prior to display on an output device.




25 determnation of the correct context for a significant-coefficient flag

depends on determ ning and summ ng the val ues of the

significant-coefficient flags at neighboring |ocations (typically five

| ocations, but it could be nore or fewer in sonme instances). [0060]In

previous work, the present applicants described the use of multi-Ievel

~significance maps, in which the signifileéance map of a transformunit is
partitioned into 30coefficient groups and each coefficient group is encoded

be a bl o8- bi odk et &R FPECH CobARCRGRRT mndastboed 33l Rajeamary’ ™
pr ocessegk théseaame ansi@lilefeanzach coefficient group is associated with a
significantcoefficient-group flag, which indicates whether that coefficient

group NBYieRRicaRASHEE ERdodiRgcont ai n non-zero significant-coefficient flags.
Ref erence nmay be nmade to L% patent application serial no. 13/286,336, filed

Docodi nl ¥ Hna Us Bareikd By e khrofy Bt U b SRR AR vdoRE cnoer

19, 2011doneait codfEdietitvindudes eneldify thasfgnifanne Map(eSc ansi afgignifld@t-cont ent s of
bot h applicatio re hereby incorporated by reference. [0061] One of the
t echni q u%gﬁté% ?ﬁgé(fm; atttﬁ%gkf ‘Efrséb%ﬁpﬁ’ﬁmé |trf@glorg slemam ¢aekiiaentht BiS on of a
one- passSg; i i v 1 : - : i~ ing 10

si S ABIHCB thaBhOf BRSry thafhin@oSthe YRR ARG AE Slmlﬁsdh aﬂo%%fé%%fﬁt E’i‘é}r aﬁ%

order. Reference is now made to Figure 3, which orm
uni t 100hedashpesitian) npnzerpaioetficigtaappearc afhasigeficanick usiprmdyelst cofivertddrtanst or m

Yoet s of “Ta FicRiBOSHich Chch e ByTel g BR A Ot el g, o
di agonal orsafﬁ? DHRE i dr@erPMleis@h Wicfitallyldofe o Gevorsd &Y ;. & R ALK AR fet e

whol e transtormunit 100. The set's or "coefficient groups thenselves are
pr ocess dastisignificppbepeifaent and wartiag bagk thrugh dhessigliBicintpiaprie revatsedireétipnal so a

di agonal i) that, th can order in. this, exanple
s T o B R trpeton oo DI i Wkndd o B s Rherstiohy BB 158 o
pr ogr essisogn drtexhis imeenldod toomedr ©B brdee&f Which €Rgs, oeffRicnty, 8r glowpas ficlcadd

di agonal difrection towards the upper-left coefficient_group. In sone

i npl emerfPa P& AL RTReesseanddpasninglude prdess thafarg esferrredoicalleqiballt asdirevrseect i on;
thaysi s,scRE QQIEPSSi Ng in am upwards-right diagonal 20 direction and when
appl i ed §ur|ng encodi ng or decoding may be applied in a "reverse" scan

AN A TRV KR TR R X S

of an LI hi gher i‘cance P ci ent
groups nmyitersadupfiec t@ting schen! FoneXiplZ eh maayggmdaﬁaﬁaa eardilaghmpe f1ags,
and which coefficient groups contain all zero 25significant-coefficient
flags. THeArygdthmeticepding(6ABAQTshemainagbeasssect ed to contain non-zero
significant-coefficient flags have their significant-coefficient flags
encoded,[00#8r eas tWithd6rta ansi B2 gigoifirencehmapse thetcantextifor azignificant is

Si gBhfi jeient.:f re.not. engode unl.ess fhe re oups that
are QQ nc eéﬂ@go%fzﬁ%ds@(%’gl eéghlg f’%@% gilg%éi gg%t @ %ﬁ%ﬂ)ﬁg g%g BaEs, s‘%mf’ ﬁ%ﬁ‘%’g{eﬁ%s umed
to cont aisad &ir 16@B6AndIRX3DeEnERNcSIGH, ettt verah bbseandedicasd to thash
coeff|C|en1,gro%P ) i ) i
positionl at [0,0] and (in some example implementations) to neighboring bit positions, but
most of the significant-coefficient flags take one of four or five contexts that depend on the
cumulative values of neighboring significant-coefficient flags. In these instances, the
25  determination of the correct context for a significant-coefficient flag depends on determining

and summing the values of the significant-coefficient flags at neighboring locations (typically

five locations, but it could be more or fewer in some instances).

[0060} In previous work, the present applicants described the use of multi-level
significance maps, in which the significance map of a transform unit is partitioned into
30  coefficient groups and each coefficient group is encoded in a predefined order or sequence.

Within each coefficient group (which may be a block/sub-block) the significant-coefficient



30has a significant-coefficient-group flag (unless a special case applies
in which that coefficient group has a flag of a presuned val ue, such as the
group containing the last significant coefficient, the upper left group,
etc.). - 14 - [0063] The coefficient-group flags are either determ ned
based on the content of the coefficient group, i.e. based on whether there
are, in fact, any non-zero coefficientsl3within the coefficient group; or,
the coefficient-group-flag is inferred. For exanple, in at |east one

enbodi ne LCl < u S Se .zero.if. there. ar 0
non- zer oﬁ% Se%??f:"?gﬁt&ih’. dn tﬁg{eg'ogsfa tffil g(lgeg\i?wgtr%ﬂéfolasr? _Ol%samsde‘?’It %Slgﬁgc‘ecfiﬁ t here
i's at | eesifficos-group fag, ovhideihflicates wheiher thaecoeefidiért gt@ptmay B insidengyer, to
save bits in some cases.a coef i,cqi#gt?t-grou flag i.s not encoded and decoded

but rat hEPHE Npperosiguficant-goclHcientdlags Eéfeg?ncﬁ glayhsanadggo é@fel?alt‘?f\’é! ent-gr oupcI
] | j i Cj - .s inferre
flags. Fé’ggplicﬁ‘t%@é’éﬁﬁl, nd. @3/‘2?%,3?&%9& fﬁ%?%m@erclogf)fl' %hﬁﬁ%d] %ﬂgﬂgvétl %&nﬁiﬁ\%aﬁi{:é

to be 1 if the |ower neighboring coefficient-group
nei gibor Mags éudincpding ard Geoding™t aigl HE eateat dpplidstimaderialmol 6186 n8extilehsed

rocessi of, si.gni f.i.cant-caefficient. flags 100641The encodi ng and_decodi ng
8f t he sﬁg‘ﬁ?“ﬂ‘i’%&%ﬁ@&e‘?ﬁ%%ﬁeﬁmﬁﬁﬁﬁggiggﬁf?gg é?@n&ﬁwt JE‘FPB%@& .OfE‘Pfhot her
wor ds, tfeliencadiafohaas, idespetaitd HaRRRGRe 0N determ ning an estimte

pr obabi IJia?Jy t hat at he bi n1 ﬁ(glﬁng erﬁ%gded ig a nost - probabl e synbol (MPS).

That 15 ggker m natHp hhi P& Il el ] urn, upon
determ nﬁlr?gﬂ; cont ex?oﬁ%?%%hqu%f%gnt&??ﬁ%% f"y‘ﬁggg’l%cgﬁﬁ‘if‘,“"?#es cont ext - based
encoder mplerdenatiey ofieamic-pass wenmng processyi. & goasbised or muttelevehbndpeci i es

' be det ) f tjcul f data, and.that
ot 1 15e. Gk RelfeRaciie BR1 gt Ptk St |G ramstemunis 86 piton
flags, theltcriéRNigonRIRhn BRISEHIUbRBeE OThEXinsfREELEN #ng@%hr@iﬁoﬂ ihf’besi%@éﬂjes of

nei ghboring significant-coefficient flags (except f particul a
except i oppatignusetxdseciibcienhgrgapser ‘[sets Of yignifisantecoaffipiant Wiagd?. Withinkaell6 or

ST TITERRI RS I T e TN
whole transform unit 100. The sets or coefficient groups themselves are processed in a scan
15 = order, which in this example implementation is also a diagonal scan order. It will be noted
that the scan order in this example is illustrated in “reverse” scan order; that is, the scan order
is shown progressing from the bottom-right coefficient group in a downward-left diagonal
direction towards the upper-left coefficient group. In some implementations the same scan
order may be defined in the other direction; that is, progressing in am upwards-right diagonal

20  direction and when applied during encoding or decoding may be applied in a “reverse” scan

order.

[0062] The use of multi-level significance maps involves the encoding of an L1 or
higher level significance map that indicates which coefficient groups may be expected to
contain non-zero significant-coefficient flags, and which coefficient groups contain all zero

25  significant-coefficient flags. The coefficient groups that may be expected to contain non-zero
significant-coefficient flags have their significant-coefficient flags encoded, whereas the
coefficient groups that contain all zero significant-coefficient flags are not encoded (unless
they are groups that are encoded because of a special case exception because they are
presumed to contain at least one non-zero significant-coefficient flag). Each coefficient group

30  has a significant-coefficient-group flag (unless a special case applies in which that coefficient
group has a flag of a presumed value, such as the group containing the last significant

coefficient, the upper left group, etc.).



[0066] The cumul ative sum of the values of the five neighboring flags may be

used to I ndi cate the context for the significant-coefficient flag at

position x. Accordingly, there nmay be up to six contexts. In sone

i nstances, the nunber of contexts may be capped, for exanple 30 at 4. An

exanpl e context determ nation nodel is as follows: - 15 - context_Xx = (sum
nelghborflags + 1) / 2 [0067] The above Kontext x is a context index to a
"context set" for encoding significant-coefficient flags. That is, when

det er m nijgu®3| he comhe¥berfiSien 91511‘19& el O?ﬁérldgféhﬁ{neg)ﬁgg@d h(iﬁlené%x 9 ﬂhm ent

flag, the context is selected fromone the conte derine
5cont ext cedticienope®), .. @snéomwanqhblethmrmirenmfﬁcatanp Ren-zerolcdefivimtsOniEhia Gy ext
i ficant coeffl cient flags.

f di
For exanie CERRE RS P TSy B4 I8 rsthe P Boffeaiic Satt IFe oBncodi ng
- si gni fi cambodiarh, i @i@fﬁcﬁé@%&ﬁp&ldg‘@%ﬂt@%&o@f tfhlefe%tre ﬁ@ﬂélp??rB oeflﬁgleh{sfi‘ﬁ'Sf orm

unit and a second separate context set for encoding sign
10coet f i Biesie ﬁrcn%groumand tigpet ﬁ@t@eaf@!et@oadtlﬁ@pnmnc(rezeracbéfﬁcﬂnhagh@n etc.)

th the ex | e above, .the contexts
19 ]; oﬁnhte hteE(géeHé%ln H‘@ th"“’["‘(’) %] gb %E 3&“’?& cgses g cogtlic nﬁﬂhgf?up:ﬂ#a isutensqdsd of
the appr amid@béed:bmtrﬁhér 15 nrferaedqaarséd 61&1{h‘érvaﬁiegfflnfeigﬁ%ﬁng(%%%fﬁdléﬂt—%l%u ;f_ﬁaagg. in

t he seco d re i on, may based on a cont ext determ nation node
150f f set 0“63 % E’gfrlﬁr? Oﬁie@%ﬁ coeffigiont-group dlag s infestechtobe ¢ ibibe ldWergs

—0cont £ i r ontext x = 1 &
: uﬁq Olgoe?g%%%?b%rfﬁggg@flzcc g% gr':o‘dp]—il'ﬁg aﬂ@ H‘L% rﬁh}t ﬁgifg,l-lb_ori’lh coetficient-group ﬂag are goth
equal to

Context-based processing of significant-coefficient flags

[0064] The encoding and decoding of the significant-coefficient flags is based on is
context-based. In other words, the encoding and decoding depends on determining an
estimated probability that the bin being encoded is a most-probable symbol (MPS). That

15  determination of estimated probability depends, in turn, upon determining a context for the
current symbol. Typically, the context-based encoder and decoder work in accordence with a
context model that specifies how context it to be determined for particular types of data, and

that defines a set of contexts.

[0065] In the case of significant-coefficient flags, the context model bases the context
20  determination on the values of neighboring significant-coefficient flags (except for particular
exceptions, like the DC value at [0,0]). For example with size 16x16 or 32x32 transform

units, the context of significant-coefficient flag “x” is dependent upon five neighboring flags

as follows:
X 0 )
25 0 0
0
[0066] The cumulative sum of the values of the five neighboring flags may be used to

indicate the context for the significant-coefficient flag at position x. Accordingly, there may
be up 1o six contexts. In some instances, the number of contexts may be capped, for example

30 at4. Anexample context determination model is as follows:



20sum nei ghbor _flags > 3context_x = 3 + offset [0070]1n sone current

i npl ementations, a transformunit is divided into a first region and a
second region for the purpose of context determ nation using a fixed

di agonal definition. For exanple, with a 16x16 transformunit, the di agonal
is defined by x+y = 4. 25 This results in a region such as that shown in
Figure 4, which illustrates an exanpl el26x16 transformunit 110. The
exanple transformunit 110 includes a first region 112 and a second region

114, divided in ac ce.m.th.; X 4.di-agonal definition. That is,

al | significant-co%%#é@i&w%ﬂ@%gggﬂsgfﬁ%ﬁfz J§$y <4 are in the first region
112. In this case,the DC - 16 : val ue, at , 0l has its.own context. In
sone s_en@gésﬁt he Dcsni‘eoagjgf[? S?Pt?éyx B @oit H’élf%go 3 C'OP?HXF &ty E‘Eieﬁﬂ’d%?gl whi ch
ther e i SsignifitdifHcBefFiefthefdesi Thhfie, Wi @férnﬁlﬂh% tHeQ@ Ak R @h&JIER; 4 gaﬂiémarrmde
to Figure 5, which shows an exanple of a 32x32 transformunit 120. The

t r ansf or figwifirant-coefficientiflag, theccontexpisrseleeicd isemione of tefcontexts defineshini®® 5 and
a se%pnqx%ﬁ%kgg 124 in accordance with a diagonal definition of x+y < 8.
That 71's, a Significant-coefficient flags for which x+ty < 8 are in the

first regi 122, cept the DC significant-cqoefficient flag 126, and are
t Ihose si @hgﬂl cant -Igl)égﬁlgieé?lé‘ﬂlte l’ﬁlpfflﬁ%n 1:gn%%%8gr&n@éph§nt th%e‘f‘glﬁy ﬁ%ﬂ?@?@g set .
Al ot hesy i attidei ﬁa@ﬁcoqﬁpgfgifg[ﬁﬁ@dﬁ&-cééfﬁa&nﬂ‘@agsmpgrkhagﬁ[%?h@e@b@eriaﬂdt he second

set and are encoded using a second context set. _ o

si gni f i céaepdesgedyyseioancontpdgetipeencding signaidehattcersTivignt flags dalling e e first | n
this sense. Qsl ti Or he consi dered third region by itself

[ 0072 THEEigh R RS RBR  sier A GRRAB cE el e et g
contigxt seffidien flapsdinpdntoesesbiiekiondst a daaltbieh ad.) bf B sradffodn tansf or m

unit. [0073]1n a first enbodinent, the context set selection is fixed, like
wi th theppgsggonal dedehs With NIRRT IhY BotBRONBm NOVKYEE setinlyt hi s first
enbodi ment, the first region is not defined by a diagonal. Instead the

first rdgrlude penterds fned, aml Tand selpasing of sheanpoerriatedamtaxt frauprideddarni tion. I n
this manper.. the cante set, selection is coefficient-group based, which
o oves oS FRReR o FipE RePRLicn Bl B bisefb T B oSt B PR on

mul ti - | emedelsif:gni fi cance map enbodi nent. Multiple regions could be defined,
each of thembeing delimted by coefficient 20 group boundaries. The DC
posiiisi on can be cogrgdefleped as a region. [0074] Figure 6 shows an exanpl e of
a 16x16 transformunit 200 divided or

If region = region 2, set offset = 4

sum_neighbor flags =0 context x = 0 + offset

sum_neighbor flags = 1 context x =1+ offset

sum_neighbor flags =2 context x =2 + offset

20 sum_neighbor flags > 3 context x =3 + offset
[0070] In some current implementations, a transform unit is divided into a first region

and a second region for the purpose of context determination using a fixed diagonal
definition. For example, with a 16x16 transform unit, the diagonal is defined by x+y = 4.

25  This results in a region such as that shown in Figure 4, which illustrates an example 16x16
transform unit 110. The example transform unit 110 includes a first region 112 and a second
region 114, divided in accordance with the x+y < 4 diagonal definition. That is, all

significant-coefficient flags for which x+y <4 are in the first region 112. In this case, the DC



partitioned into context regions based on coefficient-group definitions. In
this exanple, a first region 202 includes all significant-coefficient flags
within the first coefficient group (may al so be considered the | ast
coefficient group in reverse scan order), excluding the DC :
25significant-coefficient flag 206. That is the first region 202 includes
all significant-coefficient flags for-Whirch x <4 and y <4, excluding [0,0].
Al'l significant-coefficient flags within the other coefficient groups of

t he transfor i1 200 are in.a second regqi 04. The . cor:

Sioni 1 oaee AP} hes e foatdn SRR Seane e L, SPilipndisbecamidewsiesdie! usi ng
a first ephex whith théd 1s& dilife so:AHitlih aRYoneRefki cient flags within the
~second region 204 are encoded using a second context 30 set. In one exanple
| npl emenfoayion, t heeBRAGIRhoR AR 1o 68! whigh Shd NS ipidGTa Bx32
significant-coefficient flags is within the first region, i.e.”in the
upper - | etfanstoomfunitcli2@n fThg trongform unit 720 ishiivided er partitiorgd idte tafast ragion 122

he. gppel CEEogr A 187 i hECtRafiw il f hpePtel FeBoTar oo Adr Uafatl one, Che

first regiffcd@yodffeichio.dusewhibRA+OR® £O0f feTranbeith 90 xEG @EP! €, in a
32x32 transformunit, if the coefficCient groups are 4x4, then the first 5

regi on riagnifiepat-gerificisnt fag 98, and dre those sightticenteesefipient flogs areteheodeppsinglaef t

cor ner sf,or Nkt . i neanother .ex | e e 16x16 transform
ot 1 2od kel Pkt PG dldBdnincr o BABPR IS AT BB S b AR i PR pecP R B on
202. O had avesricatédimsingd dcoh® capiteet aAttRDC BighifiBhit-@effidient Blag 3 2H!ts

descri ption, [0076%In this first enbodi nent, the encoder and decoder

pr odfss GreRdfusHgits-ommeaniaxt By tBistsensedhe Disypastitaarmanbarprsidered adbind sogionusi ng
a cont exl, ;5&fr sel ected based on the coefficient group in which the

signifi cgnt -coefficient flags belong. The position of the coefficient group
withint r ansf it det.ermnes .the context set selected. That i.s,
each coe[p ﬁ?%]l ent glﬁ OLPEQSV?IIHE R A %ﬁ?ﬁagﬁﬂa‘ﬂ?‘? t‘é@%‘%n&taec&nWﬁ?t for
certai n eposdisy theSinifidant codfAciBntcieE bF 6 rafidfods ane. 1S a nmenber of one of the
defined regions, and each region has an associ ated 15context set. [0077]In

a secondogrdjodi Menh a fritenfiRAiAS, BE Sombitlskt REbA & B BEOW L hé%ﬁ&onﬂut the
boundary between the first and second regions is determned dynam<cally. In

one 1&xargsfisition exanples giyendbeveh betwvenentin thik éirsd ievbs diorent, shdofuiserbgigndnnathet her

the coeffi-cient-qroup:fla f. a rticul ar.caoefficient,qgrou s.inferred
toc10r delipbd R a flapdh KR nRRlAdh: BARAT bt RotRaiGe g
based upfinitioa. GO inehen] the contbxtisb@fecAbn istcdefficat- Hasdd amdhei ghbori ng
coefficient grqups. [0078] Reference is made to Figure 7, which

di agr amapPreEs g g ity of gignidicentaestiisiont ensodingio agnyitideve! significarep map
contigu o] - anif - ffl-C] i €. f fhcie r oups.
The coef |é@gﬁéngr3@%§Q#%%ﬁgg%PngefgﬁﬁéggﬁgI%ﬁ%a§}§hl6%§g§%gt §°§ﬁ8&%925(x
= 020. . ,g8oupyboun@aries. ThSPC ptiodicgn bk comiderabaff iegioant - group flag (SCG | ag)
determ ned for

[0074] Figure 6 shows an example of a 16x16 transform unit 200 divided or

partitioned into context regions based on coefficient-group definitions. In this example, a first
region 202 includes all significant-coefficient flags within the first coefficient group (may
also be considered the last coefficient group in reverse scan order), excluding the DC |

25 significant-coefficient flag 206. That is the first region 202 includes all significant-coefficient
flags for which x < 4 and y < 4, excluding [0,0]. All significant-coefficient flags within the
other coetficient groups of the transform unit 200 are in a second region 204. The significant-
coefficient flags within the first region 202 are encoded using a first context set while the
significant-coefficient flags within the second region 204 are encoded using a second context

30  set. Inone example implementation, the encoder and/or decoder determines whether a

significant-coefficient flags is within the first region, i.e. in the upper-left coefficient group,




each of the coefficient groups is shown in the diagraminside the
respective coefficient group. [0079]As will be appreciated fromthe
foregoi ng di scussion, the transformunit 220 contains a

| ast-significant-coefficient (LSC) in one of the coefficient groups. For
t he purposes of this exanple, the LSC is presuned to be in coefficient
group [2, 2]. Al groups prior to the -d@coefficient group [2, 2] in scan
order necessarily contain all zeros. - 18 - [0080] The

signific t r efflce

necessarﬁsr&etgﬂﬁgﬁlh%h%ﬁer g%gt% g?lfrﬁlé a“H%Las O mt? ﬁ’é]é‘%@ ‘?r % ‘H’t‘ﬁ%ﬂﬁlg “at | east
one non- m[tmneoéfhfen.@paﬂbﬂcbﬁféﬁ&i}ﬂh@ﬁaﬁﬁfoﬂ%aﬂﬂtﬂ e shown, the next coefficient
group in reverse scan order is coefficient group [1, 3], which contains

al | zer omow]ffl Ci ERloTherARRIGHs NGk Yirst idorP e Prlol R or3 G0Rf e Cheiffcredt OUP T ag
is a 0. [0082] The next coeffici ent groups in reverse scan order, groups [3,

0], [2, &Pup.afer qxamply ineg 22530 transford und, if St cofficint waps areriednibon therfost
coef g ci gply, ARLHLO Ao 8F B PLod BTSSR AR fRELE ' ot 97 ouP

flag of ficien rou

coef fi ci teatisformamitl tCr, Bi ioitet eRmiple,ané idiﬂ%&ﬂinsﬂhﬁlﬂlﬂltfﬂo@ﬁlndyﬁn@lﬁﬂ@ﬂm&ﬁd to be
0. 10[0083] The _next group in reverse_ scan order is coefficient p [2,

0] . Becali8® Gopkicianyarounsinghe §rst semen 2@ datheyyasiagonnwill hesarposiateds |1xghboﬁ
coeffi ci have SCG& | ag=1, the significant-coefficient-group
flag fort‘ﬁg efg‘%r?ggsen?hg?oup [2, 0] is i nf erred or assuned to be 1,

irrespe of .. Lhere ar e I fficients ncoeff|C|ent

gr oup [g[bg?’ﬁ n\(l)\/'figtt ﬁrsstgmnémd gﬁ% g 831 ({%ﬁp@(%%sfsf@il%?@ group [1,

1. 1ooefdolefﬂc$emt g0 pdRedinial tllitﬁxscoﬁhtéx@‘ﬂﬂﬁg Aeb/iBRQEt Wldchedased on the

significant-coefficient-group flag of zero, so no inference is made. In the
& b

case of EHINGNEEEwP 1’@ whigh the SngI]ﬁcalﬂftCOﬁgiq% Aags eelenen t Bierpoaitivoef ther o
coeffici SR Ff %ﬂm Meqpa%foﬁﬁeﬁmt'd%{e% neg Eh%%%niekﬁ&t 8&6(35[66:'\& "I’hat g, eaclh

renai ni ng coe groups In reverse scan
signifi a@ﬂfﬁ-cmﬂmtgfduplvﬁﬂﬂn greampsﬁohﬁgmttnha;‘soaﬁted iither deetdlint @nket det, {DBHA] Any of
t he inferr&d ni fi cant - oef%@chg roups flags need not be ‘encoded in 20
the bit<PF n6 YRIHHBE & ﬂeffﬁ@}%r@lda%hﬁw%asw& agwpgiied o 1,
andighe Qpeedgkt and decoder automatically encode the
significant-coefficient flags of those coefficient groups, even if one of

e cont e | SR8t 0y | ORBR L LALSRAE L P PR AP ©°
i |1 ust r &toundarpbetween ﬂmib:smhrﬂmbaﬂidrmg:bnzbﬁsleténﬁm& h@nérm%ﬁlﬁ)f' Okl Rk dmple of
this second embodiment, the division is based upon whether the coefficient-group flag of a
particular coefficient group was inferred to 1 or not. That is, the coefficient-group is assigned
20 to aregion based upon the coefficient-group flags of its right and bottom neighboring

coefficient groups.

[0078] Reference is made to Figure 7, which diagrammatically shows a 16x16

transform unit 220 divided into 4x4 contiguous sets of significant-coefficient flags, i.e.

coefficient groups. The coefficient groups may be indexed using the x-y coordinates shown
25 (x=0,..3;y=0,...,3). The significant-coefficient-group flag (SCGflag) determined for

each of the coefficient groups is shown in the diagram inside the respective coefficient group.

[0079] As will be appreciated from the foregoing discussion, the transform unit 220
contains a last-significant-coefficient (LSC) in one of the coefficient groups. For the purposes
of this example, the LSC is presumed to be in coefficient group [2, 2]. All groups prior to the

30  coefficient group [2, 2] in scan order necessarily contain all zeros.



25 220 shown in Figure 7. In this second enbodiment, a first region

(i ndicated by the synbol '"1'" in the coefficient groups belonging to the
first region) for encoding the significant-coefficient flags is defined as
i ncludi ng those coefficient groups for which the
significant-coefficientgroup flag is inferred to be |I. A second region

(i ndicated by the synbol '2' in the coef&i ci ent groups belonging to the
second region) contains those coefficient groups that have a

30si gni f i[@so] - coef fThe k@hifrcak ?1@1? ted .ed. i A .
under stoc[)d _tala_t t hose %geffitgégﬁ&%ﬁ} up q‘hgrfomeﬁ&f&ﬂgdép b4 i] 1slﬂgcessanly
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of which dynam cally changes fromtransformunit to transformunit,
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statistical data, thereby inproving I'ch” coding efficiency is
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significant-coefficient-group flags for the various I'clent groups
occurs #8ddesnder peamabenlly enpodedhe signifisantwiceffidiiny flngs of théiewevETcient proups,s

even if one of them contains all zero coefficients.

[0085] Reference is now also made to Figure 8, which shows the dynamic region
division for an example illustration of the second embodiment based on the transform unit

25 220 shown in Figure 7. In this second embodiment, a first region (indicated by the symbol ‘1°
in the coefficient groups belonging to the first region) for encoding the significant-coefficient
flags is defined as including those coefficient groups for which the significant-coefficient-
group flag is inferred to be 1. A second region (indicated by the symbol ‘2’ in the coefficient
groups belonging to the second region) contains those coefficient groups that have a

30  significant-coefficient- group that was not inferred. It will be understood that those coefficient

groups for which the significant-coefficient-group flag is zero need not be included in a



30 case, the encoder and decoder eval uate whether the inferences were
accurate or not. For exanple, the coefficient group [1, 1] may, in fact,
contain all zero coefficients. These - 20 - coefficients are actually
encoded in the bitstream and are decoded by the decoder because the
significant-coefficient-group flag is set to 1, although by incorrect

i nference or assunption. In Figure 9, -tlfi-s is indicated as '"inferred
incorrect'. [0090] At the tine of decoding the significant-coefficient flags

for coefficient group.5[1.  1]l.. the~dec r._woul d_not  be re, t t he

i nferenced s Sllélcggéersé Igé%:wlé@gﬁlg%%sloﬁﬁﬁsﬁfodmﬁﬁrc?é}oéflé‘f?g\é\&'h@e ﬁg:faf ficient
group t opdstiq@eXA6 My $thkehdve its owne&OhRRAt &id)@fis) ik nbBecaRati R Bhi86ked part of the
significant-coefficient-group flag. Accordingly, the encoder and decoder
bot h useflfsheegi¥nt ext set associated with the first regi on when encodi ng and
decoding the significant-coefficient flags of coefficient group [1, 1].
However , [0f8eh it cBusesthedonggeine deicrigtismulival bemppreciated dlidft iths fnst angrsecpsl t he

d decod t ake thi.s. know f.the i t . jinf int
ecodnt . PR B ey G ol B PrRRRh R e B 8 ¥ hieRont “or oup
flags fodymasédiyacheddes fifoatPsnsicm @it @NenkOrm Lhit, ddpeNdeapipEOms ceabntldreld

nei ghbor coefficient group at [1, 1] as having a significant-coefficient
group f | Eepségunynitis questione Bripyntining thesepaption efdbeiregions aloag ceefficicay equal

I N T R e L

si gni fi cadhievablef fTihe demimighaniRnichttefths Bburidarylmbaiestoonthe Rpeddacith whrth thdhey
actually contain at | east one ng -égro coefficient. [0091]It w.ll be
appricti atcERFHNMA ORI SC!s adpriatedvgih the fWe FEIHCORYEEE tovrds prebatibity

processi figynalies rebRetvd dFatiihl Qét%ﬂ@ﬁ.dﬁ?a}’tﬁ%?et% @}%égme COE LEGhicRYodiR

i nference for the purpose of assigning coef ent groups to reglong only,
or it mastfiaiesey sempoveéct ed for the purpose of 20actually deternining the
significant-coefficient flag for those |later coefficient groups that may

have rel j0687jupon theviil be apprecihtet e baoaechdanisiokor i@ pRARhies theTbREenge.
[ 0092] As a result, the nunber of_ coeffjcient groups for which an inference

was usedegiondistesinatian prasess wonle be tassigs saeh eqcsigicn gerp tpragsien Aes t o

j usty gl hfgﬁm tAEkiSnifR S 1 FIRE i '

sel ecting cont elglt.11 set ?afor e?\%%)glp(r%g% E@tiﬁgﬁﬁgg%%\gt}%e%g%ﬁ%ﬁﬁgﬁ#(%%%gs

Fi gur e 10hea hwywiseithheoft tha sighificamtenoie ftic2&d graupHlagh ef fhieniht anidosecasightioegi ons
coefficient groups equal 0, then the coefficient group belongs in region two; otherwise, it
belongs in region one. The upper-left corner coefficient group may always be classified in

region one in some embodiments,

20 [0088] A third embodiment is now described, which may be considered a variation or
refinement of the second embodiment. In the third embodiment, the boundary between the
regions is still dynamically determined based upon whether significant-coefficient-groups
were inferred to be 1 or not, and the boundary continues to lie along coefficient group
boundaries; however, the third embodiment includes assessing whether the inference was

25  accurate or not and making adjustments to the categorization of later coefficient groups based

upon a reclassification of the incorrect inference.

[0089] Reference is now made to Figure 9, which shows an example transform unit

250. In this case, the determination of significant-coefficient-group flags for the various

coefficient groups occurs as described above in connection with Figure 7. However, in this
30 case, the encoder and decoder evaluate whether the inferences were accurate or not. For

example, the coefficient group [1, 1] may, in fact, contain all zero coefficients. These



indicated thereon. It will be noted that the coefficient groups that nmake
up a region need not be continuous or contiguous in this case.

[ 0093] Ref erence is now made to Figure 11, which shows an exanpl e nmethod 300
of encodi ng vi deo enpl oyi ng the second enbodi ment of a process for

sel ecting context sets for 30encoding significant-coefficient flags. - 21
- [0094] The nmet hod 300 includes, for a2Z8oeefficient group, i.e. set of
significant- coefficient flags, determ ning whether the

signific I.Glent-qr fl ould he inferr .n operation 302. As
descri be%%g%(g%g;, gljte%gt%gl ttl% ecg’ ? errltr)l &@? blﬁsﬂretam @%&%%Pgeﬁ%%diggo‘{eﬁé‘?ca{l?%ge
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[0091] It will be appreciated that this ‘correction’ of the incorrect inference for
processing later coefficient groups may be limited to correcting the inference for the purpose
of assigning coefficient groups to regions only, or it may also be corrected for the purpose of
20  actually determining the significant-coefficient flag for those later coefficient groups that may

have relied upon the incorrect inference in making another inference.

[0092] As a result, the number of coefficient groups for which an inference was used
to determine the significant-coefficient-group flag changes to just three. This has an impact
upon the shape of the regions used for selecting context sets for encoding the significant-

25  coefficient flags. Figure 10 shows the transform unit 250 with the first and second regions
indicated thereon. It will be noted that the coefficient groups that make up a region need not

be continuous or contiguous in this case.

[0093] Reference is now made to Figure 11, which shows an example method 300 of
encoding video employing the second embodiment of a process for selecting context sets for

30  encoding significant-coefficient flags.




25 second context set is selected. In sone inplenmentations, the selection
of the second context set includes setting a context index variable to
point to one of the defined contexts within the second context set.

[ 0098] Whet her using the first context set or the second context set, in
operation 318 the selected context set is used for encoding the
significant-coefficient flags of the c#rent 30coefficient group. For the
| ast coefficient group, this may include encoding the DC

signific oef fig [ [ [ d.cont ext. .and, any ot her
such fIa%@bgg may ﬁﬁéﬁﬁﬂ@bEg%gﬁ%ﬁgﬁﬁaiaﬁﬁg%ﬁgé%ggghé%&wtﬁéwggﬁgpp | ocation
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shows an_exanpl e h 400 .for decodi ng a_bi ream of encoded vi deo data
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map is pgdgdftthonaebnt BETHICIOMN rOMPMSciBlS 1PThabis et fecat neptld Lchent ! ags,
i.e. coefficient groups. 10[00100]1n operation 402 the decoder determn nes
whet her actallyilepksfat theletado dte ¢osflgient srrupup dbtesying ovhethve thew aremby saetdrbci ent
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theR repea%f_s,th§l process from OBerat ion 402. 20[00102]1f the decoded
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significant-coefficien
setting a context index to point to a predetermined one of those defined contexts within the

g

first context set.

[0097] If the significant-coefficient-group flag was determined based on whether there

were non-zero coefficients in the coefficient group in operation 307, then in operation 316 the
25  second context set is selected. In some implementations, the selection of the second context

set includes setting a context index variable to point to one of the defined contexts within the

second context set.

[0098] Whether using the first context set or the second context set, in operation 318
the selected context set is used for encoding the significant-coefficient flags of the current
30  coefficient group. For the last coefficient group, this may include encoding the DC

significant-coefficient flag using its own assigned context, and any other such flags as may



[00103]Below is illustrated one exanple of the first enbodi nent of the
decodi ng process usi ng pseudo-code. The first enbodi nent of the decodi ng
process is one in which the 30 regions are fixed al ong coefficient group
boundari es. This exanpl e pseudo-code is but one possible inplenentation of
one possible division of the transformunit into regions. - 23 - [00104]In
the syntax exenplified by the pseudo-céde below, if the transformunit size
is 16x16 or 32x32 (e.g. log2TrafoSize > 3), then the exanple process is

per for . h h I fil,c.in er. yal ues. used. bel ow, faor..Lhe i ndex
a1 ao chaye SR BngbtBaRBSB0A i P ERET KR RS R M BB 32b A e

nunber ofctetafihgechetaitexihe. lash LOQGECohd ot B the trhiifSmPitie EFSo ahén thee col or
conponent index cldx, the current coefficient scan position yC),

xC ,
the tran@catshmaycioonfodasngxsgoepdiremvith sgeard tedhe wanségray unlbﬂ(vd& may ght
| 2T f M i - . f 1 1 . I T
vg?i a[)?e‘ﬁgt?g%%mﬂégg%ﬁg%gﬁ&?’ﬂée‘%? r @gﬁ{&%@gf t(lbtglﬁ&}(légi @% ég‘g"‘}%&%’g% iJgﬁsf orm
bl oclb simeat esedfige\grousinyeviewodat ohiiensnddeptdieths prdcass. el ement

significant _coeff flag and 10significant_coeffgroupflag. For the derivation

of si gCtpgp9dihe folRefuiene: witPddvebe mh@O&OFkhie 120GRTLhIhoWE st Bxdnfplefiddlodt O
| og2Tr af oHei ght and | og2Traf oWdth i s egual to 2, sigCtx is derived using
ct x| dx Mefiidar decodimgradiiisiomn of encgded videq datp toavapupkapt § fignifiganse mapfons : 0) +

C .c< .0 ' bf ' ' Lt
|()C/)92T:‘:af 0 Sil%gﬁt(la n&h?@%@%ﬁ%LSpfbﬁg)%gg%ﬁ%@%@%ﬁ%lﬁﬁ%&ﬁ ved using
ct x| dx Vup8fBiierk flags, f.el doofficienspgfipx. = ((XC + yC = = 0) ? 10: ctxldxMap8x8[
((yC"™ 1) " 2) + (xC>>1) ] sigbtx += ( cldx > 0) ? 6: 9 [00109] O herw se

i f 10 + PE10g equah operafon 80DfHe) ebsed Bt BidePwhéthér tRNG gniFicatl befficlent! dX >
0) ? 17:20 20[00110] Ot herwise (xC + yCis greater than 0), sigCx is

deri ved SevmBapiosihcmsiopt epstiirient eprupshorlditivdniennd. alf se) tham i operation 412 it
si gni f1Gagl 59etf noft,I i ﬁllsopfepaltiloﬁ%ll the significant-coefficient-group flag is decoded from

the bitstream. As discussed above, in this example the significant-coefficient-group flag is
inferred if the significant-coefficient-group flags for the right-neighbor coefficient group and
15  the lower-neighbor coefficient group are both equal to 1.

[00101] In operation 408, if the decoded signiticant-coefficient-group flag is equal to 0,
then in operation 408 all the significant-coefficient flags of that coefficient group are set to 0.
The decoder then moves to the next coefficient group in reverse scan order, as indicated by

operation 410, and then repeats the process from opefation 402.

20  [00102] If the decoded significant-coefficient-group flag is not zero, then in operation
414 the second context set is selected. If the significant-coefficient-group flag was inferred to
be 1, then in operation 416 the first context set is selected. In either case, in operation 418 the
selected context set is used to decode the significant-coefficient flags of that coefficient

- group. Operation 420 involves determining whether it is the last coefficient group and, if so,

25  moving on to the next phase of decoding. Otherwise, the decoder moves to the next

coefficient group in reverse scan order and returns to operation 402 to continue the decoding

process for significant-coefficient flags.

[00103] Below is illustrated one example of the first embodiment of the decoding
process using pseudo-code. The first embodiment of the decoding process is one in which the
30  regions are fixed along coefficient group boundaries. This example pseudo-code is but one

possible implementation of one possible division of the transform unit into regions.



[00111] The variable sigCx is initialized to 0. [00112] When xC is |ess than
(1 << log2TrafoWwWdth ) - 1, the followng applies. sigCx = sigCx +
significant_coeff flag[ xC + 1 ][. yC 25 [00113]Wen xCis less than ( 1 <<
| og2TrafoWdth ) - 1 and yCis less than ( 1 << |og2TrafoHeight ) - 1, the
followi ng applies. sigCx = sigCx + significant_coeff flag[ xC+ 1 ][ yC +
1] [00114]When xCis less than ( 1 << 0g2Wdth ) - 2, the foll ow ng
applies. sigCx = sigCx + significant_coeff flagf] xC+ 2 ][ yC - 24 -

00115 Il ofut | kit AL e b . ] than (1
< og2 TR ooy Ty syt RUGREEROTe AR Se tely e MR R W28
to O, 18 16x16 or 32x32 (e.g. log2TrafoSizeC ¥ theh shevotansitipoctss iSpeaformed. YoNbté thanot

I 2, 5the. follow l.ies. si = sigCx + significant coeff
Filaql xcof propeeinier Tt oPbRea er e Tidssaarithin gl we e ggpivs ahyPRght ) -
2 and si gElstednsinb@ndel RANatbe dufibef of d@HAGRBALT €5, Sigax = sigax +
significant_coeff flag[ xC][ yC + 2 ] 10[00117] The variable sigCx is

modi fg ed&ﬂﬁfﬂg]m ! Ovﬁg?&?(gﬁﬂljggesg Lt So16AURhpdrinCin@0dIBQ e ¥Grdipd YC are

greater than or equ
coefficient scan position ( xC , yC ), the transform block width log2TrafoWidth and the

transform block height log2TrafoHeight. The output of this process is ctxIdxInc.

[00106] The variable sigCtx depends on the current position ( xC, yC ), the transform
block size and previously decoded bins of the syntax element significant_coeff flag and
10  significant_coeffgroup_flag. For the derivation of sigCtx, the following applies.

[00107] If log2TrafoWidth is equal to log2TrafoHeight and log2TrafoWidth is equal to
2, sigCtx is derived using ctxIdxMap4x4[ | as follows..

sigCtx = ctxIdxMap4x4[ ((cIdx > 0) 715 : 0) + (yC << 2) + xC ]

[00108] Otherwise if log2TrafoWidth is equal to log2TrafoHeight and log2TrafoWidth _
15  isequal to 3, sigCtx is derived using ctxIdxMap8x8§[ ] as follows.

sigCtx = ((xC+ yC)==0)? 10 : otxIdxMap8x3[ ((yC >> 1) <<2) + (xC>>1) ]
sigCtx += (cldx>0)76:9

[00109] Otherwise if xC + yC is equal to 0, sigCtx is derived as follows.
sigCtx = (cldx>0)? 17: 20

20 [00110] Otherwise (xC + yC is greater than 0), sigCtx is derived using previously

decoded bins of the syntax element significant_coeff flag as follows.

[00111] The variable sigCtx is initialized to 0.

[00112] When xC is less than ( 1 <<log2TrafoWidth } — 1, the following applies.
sigCtx = sigCtx + significant_coeff flag[ xC+ 1] yC]

25  [00113] When xC is less than ( 1 <<log2TrafoWidth ) — 1 and yC is less than
(1 <<log2TrafoHeight } — 1, the following applies.

sigCtx = sigCtx + significant_coeff flag] xC+1][yC+1]
[00114] When xC is less than ( 1 << log2Width ) — 2, the following applies.

sigCtx = sigCtx + significant_coeff flag[ xC+2 ][ yC ]



(max(l og2Traf oW dth, | og2TrafoHeight) - 2), the follow ng applies. sigCx =
( (sigChc + 1) > 1) + 24 [00119] Oxherwi se, the follow ng applies.
15sigCx = ( (sig&tx +1) " 1) + ( (cldx >0) ? 18 : 21 ) [00120] The
context index increnment ctxldxinc is derived using the col or conponent
i ndex cldx and sigCx as follows. [00121]If cldx is equal to O, ctxldxlnc
is derived as follows. ctxldxlnc = si géﬁx 20[ 00122] Ot herwi se (cldx is
greater than 0), ctxldxinc is derived as follows. ctxldxlnc = 27 + sigCx
00123] npl e i | i t cond enbodi ment of the
<[1Iecodi ngmgfic()%]ess W%@%%S%E%%ﬂ%lsg?g%%ggnﬂéfggt@%cond enbodi ment is one in
whi ch the regions are dynan cal | term based on the manner in
whi ch the coeffici ent-groﬁp-’%/(?g?e%ﬁgéa%fjgﬁi%ﬁ%%gHﬁgﬁ@_ilnet her through
decoding or by way of inference. [00124]The exanple syntax for the second
enbodi ment may be subst anfi a1 yo § et pedal ia B o He "2 § it 26t capdimOabove for the
first enbodi ment except that the nodification to sigCx, shown just before
the derivation of ctxldxlmc,xG % 4 gplcheeurl ta 3 br yC % 255 not[eQ@d262) f cldx is
equal to O and at |east one of the follow ng conditions is true, (xC >> 2)
+ (yG6 " 2) is equahefalodying dpyies< 2) is less than (1 << | og2TrafoWdth -2)
-1, (yC>> 2) is less than (1 << | og2TrafoHeight -2) -1, and

sigCix = sigCtx + significant coeff flag[ xC [ yC+1]

[00116] When yC is less than ( 1 << log2TrafoHeight ) — 2 and sigCtx is less than 4,
the following applies.

sigCtx = sigCtx + significant_coeff flag] xC [ yC+2]
10 [00117] The variable sigCtx is modified as follows.

[00118] If cldx is equal to 0 and both xC and yC are greater than or equal to 1 <<
(max(log2TrafoWidth, log2TrafoHeight) — 2), the following applies.

sigCltx = ( (sigCtx + 1) >> 1 )+ 24

[00119] Otherwise, the following applies.
15 sigCtx = ( (sigCtx -+ 1) >> 1)+ ( (cldx > 0) 7 18 : 21 )
[00120] The context index increment ctxIdxInc is derived using the color component

index cldx and sigCtx as follows.

[00121] If cIdx is equal to 0, ctxIdxInc is derived as follows.
ctxIdxIne = sigCtx
20  {00122] Otherwise (cldx is greater than 0), ctxIdxInc is derived as follows.
ctxldxInc = 27 + sigCtx

[00123] An example syntax for implementing the second embodiment of the decoding
process may also be illustrated. The second embodiment is one in which the regions are
dynamically determined based on the manner in which the coefficient-group-flag was

25  obtained, i.e. whether through decoding or by way of inference.

[00124] The example syntax for the second embodiment may be substantially identical
to the syntax shown above for the first embodiment except that the modification to sigCtx,

shown just before the derivation of ctxIdxInc, is replaced with:



5significant_coeffgroup_flag[(xC >> 2) d- I][yC >> 2] +

significant _coeffgroup flag[xC >> 2][(yC >> 2) + 1] is equal to 2, the

foll owi ng applies. [00126]sigCx = ( (sigCx + 1) " 1) + 24 O herwi se, the
following applies. 10 sigCx = ( (sig&x + 1) " 1) + ( (cldx >0) ? 18: 21
) [00127] Reference is now made to Figure 13, which shows a sinplified bl ock
di agram of an exanpl e enbodi nent of anZ2éncoder 900. The encoder 900

i ncl udes a processor 902, 15 nenory 904, and an encodi ng application 906.

1ne encofoRss|appl | 21d:a8 e 1 Bind AL A ARIRIoRinPLAMRAL N nBRP] | Cati on

stored in nmenmory 904 an ntalining I nstructions configuring’the
processor 902 to perform gperations . tho escri bed herein. For
exanpl e, the encoding appl'i C(§§>5nﬁgb@%ﬁ%§zﬁ0688§%gﬂd out put bitstreans
encoded in accordance with th rocesses described herein.

It will be

under st ood that the encod®ndXS0apdsicathagi! sodostdyaledVidthordli GiCoir A
dabl di b BIG: ok | devi ce,

conput er readabl e nmedi um sggibsgﬁlagt(g-gqF%lef%o%%gh{mgzbl’gﬁ&mry evi ce

random access nenory, hard drive, erence’is now al so nade to
Fi guse 14, which shows a si mgrificantl dobfiigdoupli feegf @@ of 2)an 1 ¥x@mpl B +enbodi nent

of a decoder 1000. The decoder .1000 i ngl udes, a oc or, 1002, .a nmenpry
1004, and a decodi ng applicé?@Bﬁmﬁgdﬁ? 5ﬁ3933@5§§ﬁ§%igﬁifﬁé§ﬁbﬂ1%@*%866 may
include a conputer program oy application stored in nmenory 1004 and
containing instructions for configuring the processor 1002 to perform

operations such aqhghgﬁgdggagﬂkged herein. The decodi ng application 1006
may i nclude an entropy dec r configured to reconstruct residuals based,

at | east g art, on.reconst i ignifi.cant-cqefficient flags, as
descri be[gbgzeeaei n. sfg[r&txvﬁ ﬁf‘%ﬁt lgb%%elﬁgt %‘o(gtﬂ?%‘élge’ p%]eet%gg‘ggl& aﬁgﬁgsppl i cation 1006
nmy 4pe stored in on - 26 - a conputer readable nedium such as a conpact
di sc,” flash nenory device, random access nenory, hard drive, etc.

sigCtx = ((sigCix + 1) >> 1)+ ((cldx > 0) ? 18 : 21)

[00127] Reference is now made to Figure 13, which shows a simplified block diagram
of an example embodiment of an encoder 900. The encoder 900 includes a processor 902,

15 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 processes described herein. It will be understood that the encoding

20  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.

[00128] Reference is now also made to Figure 14, 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
25 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, at least in part, on reconstructing significant-coefficient flags, as

described herein. It will be understood that the decoding application 1006 may be stored in on



[00129] 1t w Il be appreciated that the decoder and/or encoder according to
the present application may be inplenmented in a nunber of conputing ‘
devices, including, without 5 limtation, servers, suitably programed
general purpose conmputers, audio/video encodi ng and pl ayback devi ces,
set-top tel evision boxes, television brgadcast equi pnent, and nobile

devi ces. The decoder or encoder nmay be 4%pl enent ed by way of software
containing instructions for configuring a processor to carry out the
functi ong co@ptter RAGHIEHBAIIm f Ii ' L n any
sui tabl e non?transitory conﬁE?%ﬁégé?ggﬁﬁgh%%hﬁgﬁgggga?%? Sgﬁﬁéﬁﬁﬁg,m%AM
ROV Fl asi¢mesydeyd drstecete] 00130]1t will be understood that the encoder
descri bed herein and the nodule, routine, process, thread, or other

sof t war e[Md@Bonent ItiwiP bemppretiagdithe tedwnddredd/or tivodénicos@as th@lic present

configuring. the encoder .may be.realized .using. standard conputer progranmm ng
t echni g ug%pqlﬁﬁtdqq i) E%ﬁ%%l?m%‘fggﬁ’r %’é‘gﬁ%eré’;g ﬁPlinE‘gtllri vicss.iptluding withput o

par t iz ul Bhitfie 8856 SsuitdBIFRS ShmtRd lBRGH r ald; O
conventioné,ldata sfr%%turesfﬁoghergguch [ Fg%en g%ﬁ%% é%?g?pgﬁagwg%e

skil | ed fnf plaebagk devipds| sat-éemoigheiviseon hoxes, ttblevision broadexbt pruipmesteamdraybile

i npl enen@&,qceggﬂeaar tdmp(;:r con&)ut er-execrt abl % code stored in volatile or

non-vol ati & menpry. o8 S RF At oy, PEMRIGmERiq i Waedti SOR@ TS ROBFHBIPEd chi p

(ASI O), mistructond I thikairmicn poeRt@ith easy sndheRifibsaldarddbrdgherdescri bed
embodi nrents can be 20 nade. Therefore, the above di scussed enbodi ments are

consi der ¥Htvrage Bstruetiogs maatbeiorethen mot suiteblemonttiapgtory compputer-tadable S CLAI MED
IS kA . I At f encpded video by reconstructing
Si galilofi cfaﬁﬁ%@ggugﬁolggﬁcglﬂg’@ﬁ’?géﬁf glr%glgh’[%?lg%fe%r munit, the transformunit
conpri si sequenc f blocks, .t bi t st ream.encodi.n ts o .

signi fi C@%} @:‘oef fi fg;@ﬁe i eéit?o%g@ﬂ%é’flc‘?%? &‘?%_ﬁ??@?q‘iﬁmglﬁﬁwr% peGEPH e,

bl ock, tphecsetthedd,cn Wi Sodarelcompand@implemehiy thb ﬁ%ﬁb@@ﬁlfe’fﬂoﬁyp‘??ﬁesg ﬁo?gs
correspondi ng to a first block, selecting a context set froma plurality of
cont ext wfighring thgsacqdsr gay dairerdized yring steadard cadpwef frogiaeming keahsiqoés t hat

set base L ORdE - j ci.ent -qr fl ssociated with a bl ock

to the rionm SRR AR R SRR ot BEPRELRR tbels ™ 1 g

assddi atledguigtd) campihitecropeinoming Renventishs, ldb@ckrictaRd, 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 mMemory,

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

[00131] Certain adaptations and modifications of the described embodiments can be

20 made. Therefore, the above discussed embodiments are considered to be illustrative and not

restrictive.



decoding the significant-coefficient flags of that set using the sel ected
context set. 152. The method clainmed in claim1, wherein each '
significant-coefficient-group flag indicates whether its associated bl ock
is presuned to contain at | east one non-zero significant-coefficient flag.
3. The method claimed in claim1 or cI?jn12, wherein sel ecting a context
'set conprises selecting a first contex 7set if both of the
significant-coefficient-group flags are non-zero, and, 20otherw se,

sel ecti nyyaaetber aMidexd: set. 4. The nethod clained in any one of clains
1 to 3, wherein decodi ng conprises context-adaptive decodi ng, and wherein
the context sets identify the contexts to be used in context-adaptively
decoding the significant-coefficient flags of that set of
significant-coefficient flags. 5. The method clainmed in any one of
clainms 1 to 4, wherein selecting a context set further 25includes selecting

a specific context .f.or .decading the signifjcant-coefficient flag in the DC
posi t i oni'of‘A‘F’ﬁ O?iof g?cog}r{ga?b1isfrg?1p 0?5“‘?0%8& M‘ﬁ*ﬁ%gy FEPESICHER SIeRUCAR t r ansf or m
unit.5 -codfficient flagd R aTRLNOEN GhAl B thahdFo@¥ni® BSmHisitg #bdBedee F blockWhRL €i n

sel ecting a context set is further based upon the size of the transform
unit.  Bistreaa creadiegisety of signdficant-gesfiicient Dfgscéagh set corresporidingtie n e¢spective

sel ecti i.s_further based upon whet her conponents of the
transfoﬁ%?%ﬁifﬂ%%ég?éﬁép%%%%onents or chroma 5 conponents. 9. A decoder for

decodi ng a bitstreamof .encoded data tQ reconstruyct significant-coefficient
flags for a tra %%ﬁ%{mﬁlﬁcﬁ@%@&@&% a%sd%‘?fﬂe?@inﬁ’é‘.g tga %@é%cgo?"?lecgn&énory;
and 10a decodi ng agipkdxE &t i 8 pREARY bNcIRER ks #isE AERbBINBYignfiRlhMCE | ONS
for configuring the pﬁbcessor ?o pe¥fo?n1thg ﬁethgdgg§ainegg}n anypone of

clail¥s 1 to 8. 10cocHKigient Hlogs of thatrebblisagom asighaBedny-cesfiodnrgroup flag

significant-coeffigient flags.for a.transfar,muni 0 create.a bitstream of
encoded sets of siagsﬁ?ﬁ’?t%JaW!-83’1?“??8itlé%‘?gq’%gﬂ?,#?@g%ﬁwﬁsﬂf%%ﬁm%

conprising a sequeseefiddntprapkiag RasdateEwitRh bidliVeldve aRtraagddd ghent flags
corresponding to a 15 respective block, the nmethod conprising: for a set of

si gni fi cant - coefibdsdiithe oAl aG N BRAGR HaBloft Batdsel ﬁ&ﬁ% thesQekted EG1EGLNY A
context set froma plurality of context séts for use 7n encoding
significant-coefficient flags of that set based on a

significant-coefficient-group flag associated with a block to the right of

theiir hanificant- 20coeff.i ci-ent-qr | a soci.ated with
a bll gc ks%eﬁ.l(l)l\g/)v ﬁ{%ﬁ}g)ﬁgﬁlsrﬁrsnt%h %rp{:)lgi?g ?, \g%%‘em eac mgmﬁ%ant—c%eﬂil"épen{-gro(%lp%ag mdicates
whether its associated block is presumed to contain at least one non-zero significant-

coefficient flag.

3. The method claimed in claim 1 or claim 2, wherein selecting a context set comprises
selecting a first context set if both of the significant-coefficient-group flags are non-zero, and

)

20  otherwise, selecting another context set.

4. The method claimed in any one of claims 1 to 3, wherein decoding comprises context-
adaptive decoding, and wherein the context sets identify the contexts to be used in context-

adaptively decoding the significant-coefficient flags of that set of significant-coefficient flags.

5. The method claimed in any one of claims 1 to 4, wherein selecting a context set further
25  includes selecting a specific context for decoding the significant-coefficient flag in the DC

position of the first block if it is the upper-left block in the transform unit.

6. The method claimed in any one of claims 1 to 5, wherein selecting a context set is further

based on whether or not the first block is in the upper-left comer of the transform unit.



encoding the significant-coefficient flags of that set using the selected
context set. 11. The method clainmed in claim10, wherein each
significant-coefficient-group flag indicates whether its associated bl ock
is presuned to contain at |east one non-zero significant-25coefficient

flag. 12. The nethod clainmed in claim10 or claim 11, wherein selecting a
context set conprises selecting a firs€8context set if both of the
significant-coefficient-group flags are non-zero, and, otherw se, selecting

anot her £o L= - 3 ai - gg% . lL.ai ms
10 to 127,3' gﬁgﬁeeiﬂ%ﬁec}%rggﬁlﬁgangoon%%ﬁgig?ﬁ %g‘r?\(% E’;z‘gl}‘%élapst@lﬁ %édé;anco |x(r21§&1§§15ﬁ1 \%ﬁerei n
t he contlextd gminshe sieadf thy ttahwformonhiext s to be used in cont ext-adaptively

encodi ng the significant-coefficient flags of that set. 14. An encoder

for encali MYye giegnidfdlaimed 1casf dde®feRimé | 893, direid skleamsf DEdekdkét i Airfhepduce
a Sbitstream of encoded data, the encoder conprising: a processor; a
menory; Esef unenaRker semappantcefitheoWanstermeentt #re femd pYMpONEnts o chiiomang

I nst guctd, fqr configuring the processor to performthe nethod clained in
any one o cPalns 10 to 13. 1015. A non-transitory processor-readable

di [ - tabl e, | ' whj ch, . t.ed,
cont | gurks AneoBr eREBIREATINAR FriSBidd il BricdtBlrid s rERnEt Ity one
of clainms flagfoBaaafsfdn Liit, kB decoder comprising:

a processor;
a memory; and

10 a decoding application stored in memory and containing instructions for configuring

the processor to perform the method claimed in any one of claims 1 to 8.

10. A method of encoding a video by encoding significant-coefficient flags for a transform
unit o create a bitstream of encoded sets of significant-coefficient flags, the transform unit
comprising a sequence of blocks, each set of significant-coefficient flags corresponding to a

15  respective block, the method comprising:

for a set of significant-coefficient flags corresponding to a first block, selecting a
context set from a plurality of context sets for use in encoding significant-
coefficient flags of that set based on a significant-coefficient-group flag
associated with a block to the right of the first block and a significant-

20 coefficient-group flag associated with a block below the first block ; and

encoding the significant-coefficient flags of that set using the selected context set.

11. The method claimed in claim 10, wherein each significant-coefficient-group flag indicates
whether its associated block is presumed to contain at least one non-zero significant-

25  coefficient flag.

12. The method claimed in claim 10 or claim 11, wherein selecting a context set comprises
selecting a first context set if both of the significant-coefficient-group flags are non-zero, and,

otherwise, selecting another context set.




-29.

13. The method claimed in any one of claims 10 to 12, wherein encoding comprises context-
adaptive encoding, and wherein the context sets identify the contexts to be used in context-
adaptively encoding the significant-coefficient flags of that set.

14. An encoder for encoding significant-coefficient flags for a transform unit to produce a

5 bitstream of encoded data, the encoder comprising:
a processor;

a memory; and

an encoding application stored in memory and containing instructions for configuring

the processor to perform the method claimed in any one of claims 10 to 13.

10 15. A non-transitory processor-readable medium storing processor-executable instructions

which, when executed, configures one or more processors to perform the method claimed in

any one of claims 1 to 8 and 10 to 13.




