- 1 - MILTI-LEVEL SI GNI FI CANCE MAP SCANNI NG FI ELD 5[ 0001] The present
application generally relates to data conpression and, in particular, to
nmet hods and devi ces for encodi ng and decodi ng video using rmulti-|evel
significance maps. BACKGROUND [ 0002] Dat a conpressi on occurs in a nunber of
contexts. It is very commonly used in 10 conmunications and conputer
networking to store, transmt, and reprqoduce information efficiently. It
finds particular application in the encoding of inmages, audio and video.

Vi deo presents a significant challenge to data conpression because of the

| arge amount WIYKEIEEVRE SPGNIFICANCE MARSCANNING Wi th whi ch
encodi ng and decodi ng often needs to occur. The current state-of-the-art
for -video encoding is the I TU T H 264/ AVC video codi ng 15standard. It
defines a nunber of different profiles for different applications,
including the Main profile, Baseline profile and others. A next-generation
vi deo encodi ng standard is currently under devel opnent through a joint
initiative of MPEG I TU. H gh Efficiency Video Coding (HEVC). [0003] There
are a nfMBEP of standards for encodi ng/ decodi ng i mages and vi deos, 20

i ncludi ng H. 264, that use bl ock-based codi ng processes. In these processes,
t he 5 na{od} f ramThia praﬂéntiappldcaitinn getﬂr@ld:j(mlatewqoidaml doynmmiomranﬂx'ﬁ pagtindlarhe

bl ocks are ctr transf nto coef.ficients tize and entropy
encodedl Pt et RRCGTE Sl MRS et R HEH i canfimes el
data, but is resrdual dat a follomnng a prediction operation. Predlctlons
can be intra-frame, i.e. block-to-block within the frane/inage, or
inter-frane, i.e. between 25 franmes (also called notion prediction). It is
expect eg AdRERMYND My al so be called H 265) will also have these
features. - 2 - coefficients are then quantized using a quantizer to

produce quantized transform domain coefficients, or indices. 100051The
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t he cas 3§§§§9Iuna or chroma bl ock 15o0r transformunit (TU), a separate
context ted wth each coefficient position in the TU That is,

t he encoder and decoder track a ot of . 30 ( udi ng the bottom right
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chr nnent  of. h 3_cont ext coe
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posi t| O%ifll Blsb lhgvéﬁuesé/m@tﬁféso <= r c <=15 if the TUis of size 16x16, and
O<=r, ¢ <=31 if the TUis of size 32x32. Then 3 distinct contexts are
assi gnefh(ﬁ)ﬁ the tRyge éﬁ@&iéll’y%sfo@tm remﬁ@al dhla, mlahy oPihedd sthitfardsRedfibl
coner |ncIud|ng the DC position (0, di stinct contexts are -assigned to
posi t i otie usp of hdiscrets asine(transfoym (RCH orrw,me: vBijiant dlregedrh el HeassulBoglDEMTT nct
contexts are assigned to all the remaining positions. 30Except for the
first 3 contexts for (O, 0), (0, 10), and (1, 0O), the derivation of the
context for a




position in the region {(r, ¢c): 2 <=r+c < 5} depends on its |ower-right

nei ghborhood. Let s(r, - 3 - c¢) denote the significance flag of a
coefficient at position (r, c), i.e., s(r, ¢) =1 if the coefficient is not
zero and s(r, c¢) =1 otherwi se. The context for position (r, c) is equal to
mn(s(r+1, c)+s(r, c+l)+s(r+2,c)+s(r, c+2)+s(r+1,c+l), 4), where mn(a, b)
returns the smaller value between a angl-b. The context of a position (r, c¢)
in the remaining region {(r, c): r+c >= 55} is simlarly derived. [0007] The
contexts for 4x4 and 8x8 sugnlflcance maps are determ ned by the bit
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including the DC position (0, 0); 5 distinct contexts are assigned to positions in the region {(r,

¢): 2 <=r+c < 5}, and the last 5 distinct contexts are assigned to all the remaining positions.
30  Except for the first 3 contexts for (0, 0), (0, 10), and (1, 0), the derivation of the context for a
position in the region {(r, ¢): 2 <=r+c < 5} depends on its lower-right neighborhood. Let s(z,



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 [0013]1n a further aspect, the present application describes
encoders and decoders configured to inplenent such methods of encodi ng and
decodi ng. 20[0014]In yet a further aspect, the present application
describes non-transitory conputer-readahle nedia storing
conput er - execut abl e program instructions whi ch, when executed, configured a
processor to performthe descri bed nmethods of encodi ng and/ or decodi ng.

[ 0015] Cchdenotesthe sitgaifrranice fteat afraaweficidnt et posesmn(r, Qpi. siat) o ifthel be
under st ood..by 25 those of ordinary skill . in the_ art froma, revi of the
Fol | owi FOPTEEEETR BP0 B Skt Qe e RS AP RO OB R ChSESHEdRY | ng

i QuI eSmine(P1,-cyBRE B 1 DERCRIPHION: S s T SDRA NBR:d AS4E) Sebaranseswbid: now
be made, by way of ‘exanple, to the acconpanyi ng draw ngs whi ch show exanpl e
enmbodi nealue betfiweeme apd bsEme campexit o€ appeition éme) inthewempining exgiot] Hi,phrrdc P=shows,

in ock, di agr.am f,.orm, an encoder for encoding video; 5 [0018]Figure 2
shO\t/)Vrlk, Ehl%ﬁlﬁgﬁrmﬂfi%‘fegmform a decoder for decoding video; [0019]Figure 3
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[0021] Figure 5 shows an exanpl e LI significance map containing significant-
coef f i civelnes gfitbepeighlameftots. (The dsiegninkticmnteontexd fafthei gpibeand;32k8222] Fi gur e

6 shows,. in flowhart .f.or an exanpl.e. net hod of. encodi n
i oni 1 Saniticansinais s ity Pl B eR el B inESS A SRRSO o an
exaqp! e dompimhiads Eddtext B¢ WkKing A thdGaldesISE rieighBbfih€ SRR AR Fllzk OPhieR 6RABRs dat a;
[ 0024] Figure 8 shows, in flowhart form ‘an exanple process for decoding
and r eceestlyrmoemenygicedsg aperatienst - coef fi ci ent-group flags; [0025]Figure 9
shows, in flowhart form an exanple rate-distortion optim zed quanti zation
process for multi-level significance map encodi ng; 20 [0026] Fi gure 10 shows
t he exanple LO significance map of Figure 4 after application

BRIEF SUMMARY

[0008] The present application describes methods and encoders/decoders for encoding
15  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.

[0009] 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

20  bitstream including encoded significant-coefficient-group flags, and wherein each significant-
coefficient-group flag corresponds to a respective group of significant-coefficient flags. The
method includes, for each of the respective groups of significant-coefficient flags in a group
scan order, reconstructing that group’s corresponding significant-coefficient-group flag, and
reconstructing the significant-coefficient flags in that group by decoding the significant-

25  coefficient flags from the bitstream in a scan order within the group, if the corresponding
significant-coefficient-group flag is non-zero, and setting the significant-coefficient flags to

zero, if the corresponding significant-coefficient-group flag is zero.

[0010] In another aspect, the present application describes a method for encoding
significant-coefficient flags for a transform unit. The method includes, for each respective

30  group of significant-coefficient flags in a group scan order, encoding that group’s



of LI RDOQ [0027]Figure 11 shows the LI significance map corresponding to
the LO significance map of Figure 10, after LI RDOQ [0028]Figure 12 shows
a sinplified block diagram of an exanpl e enbodi nent of an 25 encoder; - 6
- [0030] Figure 14 shows a 16x16 transformunit with 4x4 coefficient groups:
and a forward di agonal scan order; [0031]Figure 15 shows the 16x16
transformunit with 4x4 coefficient grgups and a group-based nulti-Ievel
forward di agonal scan order; and 5 [0032] Figure 16 shows, in flowhart
form an exanple nethod for decoding a significance map. [0033] Sim | ar
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r ef er engghitdifs idBorzé16 4igaifagnesbificient Viags and efédtingihd siphifidant-clevRdion ng
FI EVC standard. Those ordinarily skilled in the art wll_ understand that
the pretesstin s Eraupin @ scansorden withinithegropp if theiqomrgspopdins signiogtt-but nay be

appld ca -0 .0 i cdj ng/ decodi ng standards, including possible
f ut ugre é_’(%eg%é gl}tcé?&%%‘?{%g?l\%(e\z\%%éodi ng standards, scal abl e video coding

st andar nd regonfi gur e video codi st andar ds. 0 n. the
deocr | plIOBH hat FomeaMReE e ERSeFRRb e SRRt (or e
frame, pérfiriied in & bieB@ribedidr@erafidh e e badnditier I hhGBerdspeld, theyechesthgtion of
sonmewhat interchangeably. 20 Those of skill in the art wil| appreciate
t hat, i thetsinificaacestlicipri-groumiiagsianeriormeddn ppseseribd ordernvhich edebohemor e
slices._| e =Tey . i.n. i i
oper at i Bile Bieterild Pfach ARANIR B FlobiRtluGEbh Bl ERRARLARMAGERNBT et o, ,
sl ixe- bysthk e dvdai S, sone picture-by-picture, sone file-by-tile, and sone
by rectangul ar slice group, depending on the particular requirenents or
term notmm of t hg GRRIsp&RR Sorlif c@éf_ﬁweﬂegroaﬁfﬁgqg Pttt ifatd. 1 n any
particul ar enbodi nent, the applicable image or video coding standard may
det er mi signifigenttreetticirat Epesrinthoenregpending@gup atecifrarla spetheorsped, 2 n
connect i.on-w t.h f nd/or sl i Lor. pi ctur. r. 1] . / or
rect angf}%?fﬁ &R lé:?%lﬁ'ggqu afga lﬁléé)%g%rg%n%)}g%te&eé%rﬁgl %ggéfg,ﬁc{eh%sg Or g?nari |y
ski | | edcdrfespgling growp id nomrekes. Sinbdi@thet Bspettg B sperdal che mayeesult intl sighifisatite,
whet her particul ar gperations or processes.described herein and particul ar
- AL  eqediicipriagounilag bepg nonspere eyen {jal significant-poetlicieptdlags ipthear sl i ce
gr oups - AeSi I i 3 i ular slice
groups, Q%r?esggr%éﬁ%%ggﬁéeo e&%’hosew]h ?ra b@g?ﬁ%ﬁ%ﬁ@?ﬁgﬁ%‘ 1(?ﬁh’l(:hilegd:‘f'gl so applies
t o tr ansigoificantrdot&icieano agrfonthat eorreggpandisg gloup dcbinipe bitsttesym.et c., as wil |
beconme apparent in light of the description below. 5 [0036] The present
appl i cajgoaB] descr ibefurh¥eipea, He peReRePpphctiof @eieides &rxodasdand dewdand
decodi ng significance maps, A significance map is a block, matrix or group
of fI agecnfigaredinpaplementyuck sqtizads oh gacoding apdidegedin®r m unit or a defi ned
unit of coefficients (e.g. several transformunits, a portion of a
t r a2fsf oftdldhi t, ol yet e Gatithey aspreict, fhe Eassnt ippligationidaserites nppdransifory he

ion.in the transfaorm t _or the cifi%{jchunhncontains

gorn(r)ﬁ_s gg(?rgfnﬂgr-l%ggf{btle media storing computser-execu!f]a%ie program sREohs W

executed, configured a processor to perform the described methods of encoding and/or

decoding.

[0015] Other aspects and features of the present application will be understood by
25  those of ordinary skill in the art from a review of the following description of examples in

conjunction with the accompanying figures.



10coefficient or not. In existing standards, these flags nmay be referred to
as significant- coefficient 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 significgant-coefficient flags for a transform
unit, as will be 15 understood fromthe description below or a defined
unit of coefficients, which will be clear fromthe context of the

app! i caBRIEF. DESCRIPRIONOOG I THEDRAMWINGS described herein relate to
significance maps, the nulti- |evel encoding and decodi ng processes may be

appl i ed t her tax el.ement.s in. video cqdin e, coefficient |evels,
PP er Wlel: oren fergiics Wil ow, D /BRd% PE VENE SRS e 25COmPanSBE i by
exhi bi t agivanEs Which Shoit @Rample erBsdiiing ofdhé Preddnt Appliation, Maeh hedhent | evel s
m ght be all one with high probability. Simlarly, a local group of notion

VeCtorS)[(fﬂlgi‘t be @ﬁoféf{sﬁ?ovb@iﬁ%cﬁ'hfa%M&E%ﬁcd&?{fo&@ﬂéoﬁknﬂaé‘&?m for

exanpl e), or a set ter coefficients may be zero i n neighboring
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f ol %w‘ E%m?gscr i p%? %ﬁ?btsﬁ%‘t%’%gﬁh%ﬁ - é\%glg&%ahr%g idﬁlé&gﬁn%%ggé’odi ng
struct ur i ght be.a igd in certaipn situati.ons, .and th i i ons may
be det en“ﬁ]lﬁid fr o%f@‘{%%g 8 %W%%aﬁﬁe F’Wg’r\% ﬂ'@gc%ﬁ{l qu?@gzged?ﬁ}éﬁ%dél vi deo
or graphb&siri®ctitesitd;fi ed in sequence, picture, or slice headers). For
exanple, two levels may be used for natural video, and three |evels may be
used f ofg@oRPhi S FE GRhbws by Blab@Ib YighiieindBihs SRRGIRRY sighficalNEddMBEient
possibility is to provide a flag i'n one of the sequence, picture, or

30sl i ce flagntbetlse transfonoh wat of FipeeBer the structure has one, two, or three

| evel s, thereby allow ng the encoder the flexibility of choosing the npbst
appt®pr i[@r2d] st r ucFiguee b chowhen gnaagdal ] cipniférahce map 8ontainGip38¢iBéamtence i s

now made t Figure %h m@%ch shaws, in blg di%gran1forn1 an encoder 10 for
encodi n§osFgisB-2meup dagh fs thessigniliganeg qean fife 2, which shows a bl ock
di agram of a decoder 50 for decoding video. It will be appreciated that the

encoder [A022hnd deddgse 65bown 4k flpwebarh Eyes, an gxamplg methad ofigpredig®it ed on an

appl i catj ¢ fo rq.general 5 purpose conputing device, containing one
or nDre%%ﬁggéggﬁﬁﬁﬁélggg%Ps and nenory. The operations perfornmed by the

d d 0] . b be il . f
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pr ogs amsigRsidatéd i@ fropx&cud@bda;0y a general purpose processor. The device
may include additional software, including, for exanple, an operating

system figy24§0nt r olpihig SRASHS, id AoHRNAE orfrl Bf bk ARSle gifd&smﬂg@c_oafng%w ces and
platforns within which the encoder 10 or decoder 50 may be inplenmented will
be appr eehoasteutting signifsanbedifficienttgrowikfiaigsed in the art having regard to the
foll owi ng description. [0040] The encoder 10 receives a video source 12 and
pr oduce$06235] enc od digire Oshoesin fléwchive fete; an exambfle reecelisiation bptimimedded
bitstream 14 and outp%ls a choded.ﬁideo frame 16. 15 The encoder 10 and
decoder dBatizajoBRrOcYHPLIR LG eV Spiieance AP EBRPdR%ance with a nunber of

vi deo conpression _standards. For exampl e,  the encoder_ 10 and decoder 50 nmay
be 202649 conplFigure 10 shows the exenplsditha grilicancg anaprpffagyre fatishapriisatitier 50
may confg;&g%ﬂaather vi deo conpression standards, including evolutions of
the H 26 standard, |i ke HEVC. 20[ 0041] The encoder 10 includes a

R L R e T T e

or di nar ighap SHikkred 0] dfidrig RIDOQ;t he codi ng node sel ector 20 determ nes the
appropriate coding node for the video source, for exanple whether the

subj ect haye/ sl i G8gird 195hdws PsindlifRdhIRK didem\WTeh RRImPRchitoindént 608 Ny
units (e.g. macroblocks, coding units, etc.) wthin the 25 franme/slice are
i nt2> ornémlter;a coded. The transform processor 22 perfornms a transform upon
the spatial domain data. In particular, the transform processor 22 applies
a bl ock{0e2edd tr af&foe 1B tshowoaviewplifeyd dl ockl digigrami of ad @kample esppedimet of a
conponents.. For exanple, in many enbodi nents a discrete cosine transform
(DCT) | &¢RE8. O her transforns, such as a discrete sine transform or
others may be used in sone instances. The bl ock-based transformis 30
performed on a coding unit, macroblock or sub-block basis, depending on the
size of the macrobl ocks or coding units. In the H 264 standard, for
exanple, a typical 16x16 nacroblock - 9 - contains sixteen 4x4 transform
bl ocks and the DCT process is perfornmed on the 4x4 bl ocks. In sone cases,
the transform bl ocks may be 8x8, neaning there are four transform bl ocks

_____ o Y .




5bl ocks. [0042] Appl yi ng the Dbl ock-based transformto a bl ock of pixel data
results in a set of transformdomain coefficients. A "set" in this context
is an ordered set in which the coefficients have coefficient positions. In
sonme instances the set of transform donmain coefficients nay be consi dered
as a "block"™ or matrix of coefficients. In the description 10 herein the
phrases a "set of transform domain coegticients” or a "block of transform
dormai n coefficients" are used interchangeably and are neant to indicate an
ordered set of transform domain coefficients. 1£10043]The set of transform

dormai n 980K i ci enFiguresl4ghamisiazlde 1 6 jrangierny uaih withdx4 zactiivicat gioups anded
CoefflCh%@&%‘g&%ﬁgfiﬁﬁﬁﬁi d information are then encoded by the entropy

encoder l ock or matrix of quantized transform domain

F88f4f55 fm%gifcodedp%ugﬁﬁg§hg’%%éé%l{ﬁ6z}w %E%W Vﬁﬁb P nttuécﬂe%g‘f%ﬁ?mt &ference

to Othegni@ﬂﬁﬁéﬂﬁm&@@§djﬁﬁh&ﬁHﬁ@o&ﬂ%&&tn&&ewxﬂo not enploy tenpora
predlctron However intra-coded frames do rely upon spatial prediction

rame/ g!ufe?l i i al
pr eg3 ctgdbg%il Thatﬁi ¢ #Senc |°?tlt§ﬁgo%rgratﬁregu rjfg ifbﬁﬁg& grtpggér n the
bl ock nagmﬁemumnmawed to the data of nearby pixels mrthln bl ocks al ready
encoded for that frame/slice. Using a prediction algorithm the source data
of the 038k nmay BEnitameferchednimeraBnaUsive Botrbused e diffeadist fighres pr dgR&sOr 22
t hen encodes the residual data. H 264, for exanple, prescribes nine spatial
predrctﬁHHaﬁﬁﬁégnﬁﬁﬁ 4x4 transform bl ocks. I n sone enbodi nents, each of the
25 ni ne nodes may be used to independently process a block, and then
rate-distortion optim zation is used to select the best node. [0046] The
H 264 standard al so prescribes the use of notion prediction/conpensation

cordingly, the encoder 10 has a
e%@ac?ﬂm&\oh% u esﬁ‘E% quan*l\lqgerlﬁc i nverse transform processor

30, and debl ocki ng processor 32. 30 The deblockrng processor 32 may include
a debl ocki ng processor and a filtering processor. - 10 - These el enents

mrror t decodi pg, pr,ocess i npl nted b the decod r 50 to re e the
frame/ s[qrbgé A fr e dessriation et Follonts soene paple srebodipedia arsaleser ﬁré@%
this ”aﬂa'if@x%ncettt}%é‘ﬁtzts@@taﬁ&@rﬁ'fgﬂh@& ttlifiPafirbrife dhRicpid HHEVE sttiiﬁard

reconstructed franmes at the decoder 50 "and not on the original franes,
whi ch nihostidrdiparilfyrshiliet mtetheacméltundctsmdfﬂna rhlusprdmt apzpllchteoﬂ o wey/limited to

co ess| i hyol i,n enco in A nDt i ct uses the
el B ARAN R Rofar by AhutoEha . O QeoRiniubicdinesihoiden T o,

corrpar | fRMdir sﬁBIer faftice §thdiRds fiuld- bi%upétfdﬁ}%s@arﬂfardsdﬁmdbfeywﬂ& &did ar

bl ocks. Accordin for macrobl ocks or ¢ ng units to which notlon

pr edi ct bendards, amgtme@ﬁgwtﬂevﬁéﬂp@@nﬂawmﬁr ch the transform processor 22

encodes is the residual data that cones out of the notion prediction

pr ocess|[00B&} exanﬁhbﬁdbamegnﬁﬁtﬁﬂbhudwhﬁn@ﬁnﬁngknﬁdmﬁganmgﬁgmbhﬂnmeference

frane, spat.i al spl. nt or t|on vect nd residual dat a
that T e BRREGvErs, AL RrER Sricuofa his g pum Bge v ef vt o eehBestly and

thexgur Te&e dFlskiTtkin tﬁéﬁ@ﬁﬂﬁ%ﬁ;ﬁ&ﬁt@%’t dh e dabB€of BE & PUCRaridhRI)R AR Ay MOt i on
vector may not be processed by the transform processor 22 and/or quantrzer

24, but crbntsin@adorrmprdﬁicsuplpwi dlso be appreciated dipy centaip deeodp@y/despdisgcodi ng as

part of the.bitstre n mnth?tgf antized 15coeffi |ent % Of 7] Those
br i nar PPYF s R R B AR PR 5P BC ot PR o Ao bR o ¢
vari at i giags, k6rhe bltRlre B9, sﬂne)@@teajgﬁm@em so&@%&b&aegum@ﬁe@gmﬁg i ncl udes

an entropy decoder 52, dequantlzer i nverse transform processor 56,
spatl aI densnding oatthe p@cularﬁ@qwm@éﬂ@rﬁwn@@sz gbthe@pplicphle inpge ebyideki ng

gédn@% bk " 4 gﬁmﬁr uca?%%]%f) fith Al q’ﬁé éﬂpﬁlggﬂlggn%e rﬁ%&e%rc%dm frame

buf es rec rames on conpensator 62

in appl ymn@rm@leteﬁﬁﬁﬁaﬂ&atdrmopﬁmoﬁpaéwﬁbe&mme raﬁeape@fonaé’d treppmes@ivhs t he
oper ati on_of recoverrng t he video data for Particular i ntra-coded bl ock
from a pi@Jrasnssapdgeslisss andpRikturgscodor fiss api/psecagvlayslics graws; 43dbe and

decoded Qi rrtlet}eo € rﬁd’cgf@fnﬁﬁcﬂ&% rcll_h?laﬁl? skftfed YiPthe art will understand, in light of the

present disclosure, whether particular operations or processes described herein and particular



25 the quantized coefficients. Side information may al so be recovered
during the entropy decodi ng process, sone of which may be supplied to the
notion conpensation |oop for use in notion conpensation, if applicable. For
exanpl e, the entropy decoder 52 may recover notion vectors and/or reference
frame information for inter-coded nmacrobl ocks. [0050] The quanti zed
coefficients are then dequantized by the dequantizer 54 to 30 produce the
transform domai n coefficients, which are then subjected to an inverse
transformby the inverse transform processor 56 to recreate the "video

dat a". tdferendds thframpgrsiicésapietires; dles, rectangudamslica gesips arecapphisablé tohframes,

i ntra-coded macrobl.ock or codi unit, the recr d "videp data" ,is the
st duaPiGERRcES: Hge PP slte B8R RETOH HLHRPIROF b e FBpPOtTRY
decodedThsQgds aplitli 13 thaRSrohh 3Rs, OB IRRL] RbukOTREHRR LATLs, 21c. IRRAI¥eEsné he
video data fromthe residual data and pixXel ‘data from a previ ously decoded
bl ock. hppaotr én ligltsd ¢he dagerfiptanst elaver - 5 coded nmacrobl ocks or coding units,

the recreated "video data"” fromthe inverse transform processor 56 is the
resi®lual0036] a f or The erasentrpplication deweibsaeiample ploatiseearidoderices ferencmbng| ock

froma different frage. Both spatial and notion conpensati on be
r ef errean‘{ deR %isﬁ%gganﬁ? B@PEt 518 g %Hés'gﬁf%ggﬁtfi*ﬁ@r Wgﬁﬁégﬂ‘)‘%sat or
62 loca}'d;a?s f, b%&&&g&?ﬂs%,%mm&m ﬁhif&%&éﬁ@@uﬁi%?@éefﬁaeé@ (Sp&eidhed for a

particu I nter-coded macroblock or coding unit. It does so based on the
r ef er entrendfommenits) & portmni ofa transformiungnonectding wpbc iHack fag odicates whether - coded

for | conbié pareatpasinerposmamin e irbsfoud s s dnpiced H5{ RRSBinS STOF S e v deo
datgp f 0Eoéfﬁ@f%ntcé}q{ogghf’é?;iisiti’n@%?dnﬂﬁﬂd&%ese[ 98124 véeblened L ey digdifiedntng process

may then be applied to a reconstructed 15frane/slice, as indicated by the

debl oci eoeffcisnioldasss bt exdstingrgtanslardsethicrscik ong flag pergoekisient ad thedlag/ispbide i s
tput as,the decoded video f e di spl
Gou e B MRrd TG SRl B 0 B AL oAb AR, P,

conput eggefSicient i@ Poke¥ro. O terin BlighiRaynch it s nesddieddin iiatdndedinefee kala
device, may buffer decoded franes jn a menory priqgr to di spl,zlié on an out put
Al

devi ce. MR ooedpred setofsigpiizqapticoattsiontaes forpiramsfarmeyibae vl Bid decoder s
wi | {e ha { : i m I WolaTH i codi ng
{o0k] ALTATRE S HESRCHBIR, Bhch) B4 Bl i Boctblfl, LR AITRRIGRE g

t r ansf ofionciherontextastithe apptiettsorisncl udes encodi ng the significance map (e.g.
a set of significant- 25coefficient-flags) for that block or set of

quant i zgeb3try ansf oanhdasteite exombles degiibed hdbi ®iagiofsigifiemceriaps, Shémbithar y
mappi ng of the block indicating in which positions (other than the |ast

posi t i ofvehensodiagand desading rreessesypanbe applied be otber sfaxgaents i wWiep

characterj.stic i i |t i,at it ARy from an
i nn- codgédlgé’i ec',‘%" (Yol%e%gcﬁ%rll%rlg-’ ?6"’8‘2%{?@@?3@ aﬁtﬁ mﬁﬁ%@%@@% %1}1%12%)(1& ’a chroma
bl oztx. WhechQRay athibit E@upistractatdsc Eonayanyde,\a loeal Broup dfrconffridnt Eevels nsiphice Al |
these factors nay have an inpagt .on the best nner in which to. _entropy
encode &HEDE Witk }Fglb&ﬁ?géblﬁﬁ’p .rgi{“@‘@ﬁg’] &ﬂﬁéﬁsﬂr o ofi mafirbvertqys Mgkt bs el dnt o a
vector | o3RGS h¥ibdhthiNfoRe ARt R dRhmf
horizontog?aﬁ%‘l%lgggnaﬁ, z?g zag(,) or an; otrﬁér scan order prescribed"5by the
appl i cabtre io adighborstgafnetpreddy bakide. scan is typically done in "reverse" order,
i.e. starting with the last significant coefficient and working back

t hr ough [0038] si gni i wAdlscBPunderstent s Rgliof @t folawity ddscriigtion thagthatm{l@; 0] is
reached. In the present descri %i on,. the terdn "scan order" is, intended to
meade t h&evsh erspding apf despdingymicturs apgitdeapplicd Brocgapyyations. fkkihesfse may be,
are pro dek : Yy as

T ever s EaRs B Rk AR R o Aon NG Vil oRiopRe: bRe PpiraRR b |

ent r opy geaphind @dideatifigd inheqag@mk] wefioke or slice headers). For example, two levels may be

used for natural video, and three levels may be used for graphics (which is typically much

b 1 BB ffer V:@éﬂiicfcﬁig may be all

more sparse). Yet another possibility is to provide a flag in one of the sequence, picture, or
30  slice headers to indicate whether the structure has one, two, or three levels, thereby allowing

the encoder the flexibility of choosing the most appropriate structure for the present content.



cont ext - adapti ve codi ng schenme. For exanple, in many applications a

cont ext-adaptive binary arithnetic coding (CABAC) schene may be used. O her
i npl enent ati ons nay use ot her context-adaptive codecs with binarization.
Exanpl es include binary arithmetic coding (BAC), variable-to-variable (V2V)
coding, and variable-to-fixed (V2F) length coding. Wth 15 4x4 and 8x8
maps, a context is assigned for each bgt position. Wen encoding the bit
(significant-coefficient flag) in that bit position, the assigned context
and the context's history to that point determne the estinmated probability
of a | eH¥89br obabReferspeb s now pge tooFiging 1s wich shpwarie hleskidirgsam femstan
probabl e s MPS)).. [[Q057] In exi.sting videa. coders,.. cgntext,.assi gnnent
<o eo BRI it PPl HOeh BB SlsP s R BisBEP ig AR BO8 PT S
4x4 | un@ialaBrls a ddeod@SorfondecdimptviddoV @ wilbbelagptedpitebbit the enéddet 1@aah bi t
position In the 4x4 significance map has a uni que context. Excluding the

| ast poésien’ daseribaddisrain wmy cach ksdmplemented or peapligptiahnsgifiepreenagly | una

Coni i _ _ O i ‘ . .
poar 1 ot gt Pbtunk Bbueq thhAlrndi dsile ph s SR ENEn IR SRR OTRC™, |
t hat pospdrativhs péHernasl iiathe bhdodenl Mer detolldrei0, anho dasd nidi g nidytheat esti mat ed

probability. Finally, the context assigned fq thaf position. s updated
based oFRlf@enigd by wayiof ama}ceté@n-meqfrfem%g@éﬂﬁ“ﬂ{cw T SBRleP Py ey o decoded

using t -Ellpsdgg i 0§tk | i racked

and 85e§8¥e§ide% %@?ﬂﬁﬁéfc? & as %?tgntgtg ggtaggréggfgﬁﬁ%@ %Ereg%)g'cggié Eg‘ﬂ‘é%%%?t 0

r ecover ingluds aflditiondl abftwarsi inctnding] 6s8jpichard GpetBingrsgst8@daL canitpilirig ozaivc e
the.context f i gni.ficant i 0 | based i ghbory i

o off 1§ QG o hn fonke 35 dovirGaod phiGRY PR WEh Aicsee bt d D Agrodee 1

and 32X§@nﬁ§%@iiﬁlkféﬁﬁﬁfed%ﬁ%e abBﬁEFate@rH%‘; th6del RlRag kAN $n HRMrCRiVEME tO the
bit - 13 -"position at [0,0] and to neighboring bit positions, but nost of
t he si graghiddatie tobevingxdeseniptidnags t ake one of five contexts that depend on
t he cunul ati ve val ues of neighboring significant-coefficient flags. In

t hese i [dxAhces, Thecnetear it rativesn vifled svmraor andtpreduckext erficodedibitstream
significant-coefficient flag depends. on determ ning and supm_ng.t he val ues
of the éﬁ?g}}h? R WL it ERBAR] G %&ﬁw&q?%dﬁcaaa{n%ﬁgﬁmdéca| ly
Fives | 0gRE LiRRder 1Hnd decSd s R HEUOR fiBlirell €9\8fcrhtd irS S ot e RSB nunftdk S |
involves nultiple nenory accesses, which can be costly in nmenory bandw dth
requi r enkvitleo covhpressiey statidardsa fipr exmnpde dhsendederli®hetd denetle8 3@ BRydiegni f i cance

maps co i n | ar unber, of zer.os. cordi ere i S a substantial
cost | nciatrsStbath o Stheh enafiBRe R ghiaPELY hnd &% fan D RpE S

coef fi CipathervadidéQompkéssica@BRlArds,a6610dida RESuMbASHIINCHIBRLCY CREantiE, REesent
application, the encoder and decoder use nulti-Ilevel significance maps for
certai nHEVAAsform units. In the exanpl es described bel ow, the nulti-|evel
significant maps are used for 16x16 and 32x32 sized transformunits;
hovger [0041] wi | | The envdderstloiodlutiéa spatighypredigtob2] ,usedifgono@xBlawtor@dx 64 or

ot her sized transform.units.in, so enbodi nment 5[00Q60] The .

o oni 11 EAROELEPrTS dPAaE 2 B0 PUTO ORI 7O AT e SRPERAYC ent
flag falyoge bf&hﬁrigﬁﬁdl@éd faliBe 8%, AHPSodiNPModd B0 20Vd ek PmitRR Yh AR RNt S t he
groups are forne gﬁ/ (conceptually) dividing or partitioning the transform
unit st cedingimede firdhdrvidedk sourdzp forexampleavhesher dhelwbagpirame/shee igiof L.dedr Bnt o

x4 51 OERS, GRGTEAPHR GBS BED e WABRRSIL R RIS P 4,272

20cpef f kemeRticdas idtbOdiSntrd 6®icd] ThHe tiafdBim ?ﬂﬁéésbﬁixﬁérfcfﬂmg&ramﬁnhwslagr ouped
on the basis that they fall into these defined blocks in the matrix

st r uct uthe. spatipl dpwelicdate dapsrticulasche trasstamn piegessosanplipsa hippkibesedi vi ded

into 4x i D ' f fEilCi itions.

[ 0061] Fﬁ&%ﬁg‘%ﬁ%ﬁeﬁl’g‘% %Pﬁ‘ﬁéﬁ%d%ﬁpf?‘g di?['!é‘ﬁ%%ﬁrgln%o onit: fé‘g‘!d‘g‘q‘%’%eﬁ?fr‘r‘%‘%‘fu x of
quant i zegtb@findenBnsfierdete dosivd tharste (DX Bt aged. Eheritrieformg spoh posdiscretche bi t
position within the transformunit may be specified by [xC yC,. wherein xC
= 0, 1, sipe transforpsory oy @ay by used 1“2‘301’?3.1?15*1‘5‘%@5-[3316@0 l?ﬂse‘geﬁ 18)15a di agonal
Scatp or | i t = Bl GN[EA inthis
ccanny cOtornict afil Coflye AR FlelhR bh S SO BAREL AR SRS gt bPAL

[ 0062] Refaeroblicks discodmg walitso Invthe . 264 SFaglardy fdr; exatnpid) asyed 16xl emacrpblck
significance 30 map 102. The significance map 102 contains the
significant-coefficient flags that are generated fromthe exanple transform
unit are shown in Figure 4. It wll be noted that a - 14 -
significant-coefficient flag appears in every bit position in the scan
order from([0,0] up to, but excluding, the |ast-significant coefficient at
[12, 10]. The significant-coefficient flag at each



bit position for which there is a non-zero coefficient in the transform
unit 100 is set to 1, whereas each significant-coefficient flag at each bit
position at which there is a zero 5coefficient is set to zero. [0063] The
significance map 102, i.e. the set of significant-coefficient flags, nmay be
grouped based upon a uniformdivision of the transformunit structure into
contiguous bl ocks in one enbodi nent. TFi9e size of the transformunit may
determ ne the size of the bl ocks. In the case of a 16x16 transformunit,

t he bl ocks may, be 4x4 in ment s, The 10 s are j|lustrated
in Fi guF‘éntﬂln5§le€}"?@ At ﬁ@gsfgfégrg}qeﬂb e DG pRCESIS per rfr%iggrth? %%@P&‘fsm unit,
such aspg rﬂzraé]@ &agg@ eanid f ags
gr ouped m@%%z b {gﬁfdﬂg;tgb‘gis or gherggﬁéeh%%tgﬁg&nﬁﬁ%ﬁ

one enbodicrobinick. dx getodledricagssethe tlgnsfupn blocks ey dhe other sizen slhoomewasdssa of

sizes 1 4x1 16x4,. 2, 32x8,.and 32x32. .15 064] Al thou t he
cxanp! oL OR G aHEHBIoGK et dacTie Rl Do RB e SO DTIPR A6 SO BERs 1 or

Si npbi Chigkks.t he present application is not limted to square groups. G oups
may be formed as rectangul ar bl ocks in some enbodinents. In yet other
embodi Mgy ot hety o TR Aas P Ehs S 102X ABBL 6 piddl dheeredliRgRAZ: 02N
order, it y be a ntageous to use groups fornmed Trom di agona I ces of
t he tr amshsgfonm dainbin donffighinth A& dse” sthis chtexhis agropdgyed saiyn tybichGhs onewhat

t rapezoi d or exanpl e, . rectan uI ar gr be, used with

oy | 2 on EATEIen BETe ContiiSEapoat BRIt SRR i 8t L Rtasmh SRR  ansf o m
uni t, 2%8efieRhisikdy2H consideRa ag&Y‘bf?)%k’U&eﬂatrfx cﬁ"cB@Fﬂc?eﬁ&t h tiRCARcriticap! oyed,
and 8x2 coefficient groups may be used a vertical scan is enployed.

O heQ v heteint the phraggd @ “sseo{ ransfosmatvnaity ccoefﬁsuentgkm 3 e1d0¢k10ﬁtlm183:rrm donsdE5] A

hen b CQRREIERIS G RO HHPGateray ara BRgnrrr i Rl tideie % oBbRARS LT o

si gni f i gembioekfficdnt - group flags. There is one
significant-coefficient-group flag for each group containing at |east one

signi fi geyas) coef f %h%&toff&aﬁ&on{[ %nﬁfrpé&fﬁ&&@isrquaﬂuieheoyltﬁé&luﬁmgév 4. candt
coefficient need not be included in the higher 1evel ni fi cance map
becauseqiantiged coefficienid and essoniated informetomin than dneadad € puimepegngoder 26.
coefficient, i.e. the last-significant coefficient. The 30 significance map
mayl®e [@f4dired t Thabldcker et oDquantizédIranybyrm ddueaihcodfficichs\nedy be

signifi e. cgQntaining the significant-coefficient-group
flags) ﬁ%gﬂ%torhﬁ'ﬁﬁa%ﬂ Eﬁésﬁ%m’c WEQ’PeveI 1, or LI, map. [0066]Figure 5
illustrates the Li hlgher | evel  significance map 104 corresponding to the
exanpl el%4§hi fi caketea-eaded fmesishiogs (e tepgliage encoded yithputieferpacetp othet t he

LI

that - ContheReiae” S fr §o8R, el BPhof Rbiok RfihahBuRicr Moy Bl Biffo el 1P

si gni fi éanies doeéllyupoe sipatihl p@éwmm Wiithirt the figurmigbiceras ﬂhumuratadrm Figune i by tiee
L s SRR R
in thisg ?ﬁ@h % HeGata &’negmb Pixels FREEGEKE ag'eadly en%odé%i fod ffat %ﬂﬂé@she@nt ai ni ng

t he Iast stgnificant 10coefficient Is at [3, . The group at [3,3] does
not cont'Lhmg ea;mydmtlgmalgonm thowfkdecdatmof thbbbmknmhethnsertﬂdttmrmdiumdiédm n the

Li 68].The significant-c fi,cient converted to
vector ADF AR DRaRGF (o Ren co e D OBABHE 123 oL BRI FEPATAS be ¢ he
same as pifepasa preficn MeRS bl 84 tﬁﬁfsfdﬂﬁﬁalﬁ\éﬁsh Th B&né EﬁBédlﬁfeﬁisUéHch ogereral ly.

I n one enbodl ment, the significant- 15 coefficient-group flag may use a

pr efef i ning rseday neydherused tmindeendentlyi proeess atbldckoand then seie-distationcan or der
for the t{(aglsaholrlml%ré osebect%n > CASES the Li map may exclude certain
groups PPREAHE" [ 6} ttng Gfast Si gni fi cant coefficient group,

whi ch w ave a val ue, .as W | escrl ed further bel ow
Foocer | 1odgsi J@ﬁ?ﬁ@f%ﬁt@&iﬂ H4E PRREFER the e ol o B s S PR |
fromthe, faf advantage of temporal prediction. Accordingly, the encoder 10 has a feedback loop

that includes a de-quantizer 28, inverse transform processor 30, and deblocking processor 32.

30 The deblocking processor 32 may include a deblocking processor and a filtering processor.



20 map, but rather could be derived fromscanning the coefficients in the
transformunit in the scan order. [0070]1t wll also be appreciated that
further higher |evel naps may be used in sone enbodi nents. For exanple, if
the transformunit is a 64x64 transformunit, the Li map may be based on
dividing the transformunit into 256 4x4 groups. Thus the Li map woul d be a
25 16x16 map containing LI group flagsl0-A further L2 map may be generated
by grouping the Li flags into a further set of 4x4 bl ocks (each of which

woul d correspond,to. a gro f 16x16 .coefficients fyr t ranst unit).
Addi 1 OABFSC RIS TBITOL P Jeeing Rrossy ?ej’?%‘ﬁ%‘fbﬁ ;ﬁ&efegr)é&;‘?} E@‘O@ﬁ%{%&%@en

ot her efRadisHBRNLA fralRQ¥k: REiLied &estbfe thovephatited fratbg Uneh mathieg theshows, in
flowmchart form an 30 exanpl e process 200 for encodin

si gni f | mation prediction isshpsed prghat wikbgthe é@ﬁgstQ@Gdkféﬁgﬁ‘Tﬁ@?ﬂW decodeg 50 agdgetat i on
202 wth the encoder det.er,nm ni { Lank f - | &1 I and the
signifi CHHE & (a,]ing?lt"{(hgl?%ﬁlsyp %geélsh% nf{%gg%%mg‘?f‘g%%lfﬁe&%%% (mteﬁtgtt%é;]lg oder scans
t he g r apshgressid iaokvedir dieodiagdecrdigl. A madeheiredicter 3masck dut frameyslicescant
coefficient and the set of significant-coefficient flags. Th

si gni f i stared-i Serfranes wpre-Yras $pUIce AgEenaljces dorRorgIRRFLIG wrﬁeﬁb‘g%rﬁe fadhe 5

scan (L Lhoualt k24 AR OB 15 ShebbRSrEBNinl s ikvhith

practic I'mpl enen ons as the scan order may I nvolve crossing through
mul ti pl gokibe ptediction isapplicd,aheSsoutdealath®tverich thattrapsfonh prdvessor 22 encodes is
significant-coefficient-group flag i.s nagde.when the_encoder determnes it
has scafisaeridysddptadhat 8‘6@%? ptjof the ‘%‘B‘i‘ort WEHICHPBRoCess: §Or Hagnle, it may

coefd i CiRNldb infolns ek dting TR eMrbRiaSrantd) 8 spAHP IRPlabEMcAOF FAbdRvELHONd
scan of elther the LOSignificance map of 10of the transformunit to

det er m aml tehidualipixsl e divt reedentsche diffeganoes(if anayy betweon ) referange block end 204,

for each signif.icant-goefficient:qrou | a t he encoder. det erm ne e
cont ext ! d’“ﬁ@ét blogk- tlﬂg’ﬁm_@'ﬁ‘?q 56 5&@8 g%fgrteﬂ(ge{ fr‘rgps BI?CP?I'CIQR?QI}:&GCF C_fri“&%]ye i n"g roup
flag bagrieQBd bithedBinelofhPRebesRR D2 %hd/ ol hEantiz@ T4 beriRsteaDBhRY be bigpliedtOUP
flags y be processed in"a prescribed order. In sone enbodi nents, the

prescri Bekngopeendoden Hefos aoding astpertsd she bitstresm alpongayith the qpartized or m uni t .

The gunber of contexts and their determ nation nay be structured in any
sui 12l EFHRSES. An exanpl e set of contexts and method for deter nining

contexts_ f significant-coefficient-group flags.,i ri bed | ater bel ow
[0073] I—lé%“?f[; encodBeserrdinanly Siﬂ‘ﬂ% i“thefgaiﬁc‘ﬁﬁ][@é’B%faﬁ @'iegﬁfaﬁé P%(Eﬁoﬁsﬁ’ Us, the
encoder v%ﬁﬁi% @ﬁﬁqﬁgﬁlﬁegﬁngi,m@j,gh&ﬂeﬁs; coefficient flags. In operation 206,

t he encoder Fwor king in scan 20order) determ nes the context of and encodes

each ST o] cant - 6RERLLGLERY a6 il cldpl LR £3 CRBhaROBISd sl 11 20

falls in a group e signi t-coefficient-group flag is set to
1. |If thengdom popessdi 5ty spatih cdmpeansstor 58 fahil dielblotkigg prosedsbngl.i Sheset to zero,

th f th ignifj t- fficient fl in that t
encelied deblogking pragesres Cmey ictids deblogkipg and Hftering Profcsseling e puider 58
25[ 007 418%%5 fgcﬂﬂééﬂg tegfﬁaﬁ{es tehieyse 'B?%erﬁéticﬁ%xﬁﬂ%ﬁsa‘g%}?ggﬁ apPlgthgthesiiced a

bitstrea enco ata which contains the encode ] .
si gni f i campersatidr. | Tieaptigcompersatoy$7aentesehts thpeprtaitbrstigedviedagthecaddof i ci ent

fl that fall j. ) that.h t . t -
BRI PN e R L R T S R R L

i ifi t - fficient fl f hat d t h t | t
one. non1004% si gn il BAHCABDE SITESeaid 1 Aeo030 P SRROPY e B TS oo g e
Si gpEfi ?ﬁﬂiﬁagf?&fdfdoeffﬁ%tst | A4S inhG LA RS allsg%r}ééwe&u%hg% ddd@pencoded

data of t Itstream Reference I's now nmade to Figure 7, which shows, in
- 17 - fdeowitmprocdsarsomearf vénanmphe bpsuppied tcaho nfasion cempeassation taopdor use in

i gni ficant-coefficient.fl f bi f ded data Th .
b1 Lt r camHtR o BB PR O JEPRRTIGOOLRBPLDIIE CORREOROOR of 89 4Py amed, or

read frQmRnGREBL B 0r saRRber R iniimaiss Tortar coRdDn)croBlogks. f | ash menory,
etc.) or a storage disk (e.g. DVD, BluRayTM CD-ROM etc.). The process 302

s applijgigorn t Rfe RLafesg c@éfi&?ﬁ%@%fétﬁ&?&édﬁgn@zew@rtﬁé B Ratiitict 5840 @

=

decoder. shown i deco eader | nf ormation, both for the
s eqBenceradude fhertransfolm slinaem arcfiiatts vehi¢ldap drei subjeoted than yatsefransfomhe

vi deo cqdi pg, standard in use). 076]1n eration 302, the positi of the
e v R S R e S AT A R
information may be represented in any applicable syntax. Some standards

10provide that the last-significant coefficient is to be specified using
matrix notation, e.g. x- and



y-based | ocation within the transformunit; sonme standards provide that the
| ast-significant coefficient is to be signaled using a vector of Os with a
1 at the last-significant coefficient position, wherein the vector is
mapped to the transformunit by the scan order. Any suitable syntax for
specifying the last-significant coefficient may be used in operation 302.
15[ 0077] I n operation 304, the significhnt-coefficient group flags are
decoded fromthe bitstream The significant-coefficient group flags may

have been entro encoded usj ng what ever_ ap. caple bhinarizatiqn schene is
speci f i BLSIBL e §‘E‘%§1r?déﬁlg1 ngasered eacrphlawﬁ ynif dheverieeieg n vide
exanpl eg, tﬁ’e{%ttﬁ&esﬁﬂﬁlpdété’ﬁ)r %@ﬁ{*ﬁéﬂ&%@ﬁgaﬁoﬁ AR 53 r&qo fedofed ONE

i nst ances he significant-coefficlent group ags ar ed by

det erm b]onlg wiithén ﬂmrftamet Thersptial eamperidatny 57 @sntraes tl(eb.ndeoptim:l fromrthe n t he

dedoa nistddel e miratan SR aSubi Aoared Both I SOREGore S RaRet paged
on tdhe fiRd ﬁ{&lr&ﬁockyb@ c8UiAE ufits, Tﬂlfbereél%ﬁteﬁf“vﬁleg QP %ﬁ{ th%%‘sfef:de%ﬁ%nﬁr oup

flags i s known because the scan order is known and | ast -significant
coef f i chmeessanso isdberssidualddatniospes ax motorB@npenkation rplaeve topaerefgrendedlodk

signifigance det case of non even i oned 25
o oups. Taca Ptk o, B Bl axancliort B O oSy BietorB A higy S

provi dedpredictib®opatatichs?. [ 0078] As not ed above, each
significant-coefficient-group flag corresponds to a respective one of the

conti gu@g1pr oups THE hidse cBﬁE)eﬁs‘aﬁ)r%Q mﬁé%ra%fb?éﬂce bR vAthi ReSrdfic bulfer
significant-coefficient flags into each of these groups having a

si g f i G&Qpeccﬁndfﬁ)r 8 pm@uaomberfdt)égd macoblatkeglcgding nait. It does so based on the

5|gn|f|c -coefficient-arou orres a.res tive oup of
The s giPERGEaL Bp LA Bh g gy VEelok SRR Tor Rathier SREA AR PR o1 or
si gni fi eadihg ﬁ@i@f Itltmmppmsqu@réfé@ﬁ@e blbélepixtinditd RIFBbMbIMaHOP KithithORsidhar
reconstructing the significance map, i.e. the set of

si gni fi datato ewephat teasronsiragied video gata forthetoringrumit/mawelletlbed scan or der .
The processing begins fromthe last-significant coefficient (but excluding
that | af@053] gni fi daqtﬂblarkafgfﬁltdrmgtprp@si; miag thendierappliéd to srebenstrualdd known to

confain.a n zero fic en l.n operati e Si ficant-
costd camERTpd g Tt P Sbipek e RBERRE B ARt aoio L Bl

SI gni fi ﬁ@ﬁ‘é}‘sﬁ@@fsfduﬁhﬁ B4 tHe@eBodddagddosfr#fé 06, fhf edaifbl€ RIrldapRIYH I\display

significant-coefficient-group flag is non-zero, then a

si gni i deviee. closfill be uedﬁrstﬂoeglat @ledmdféwhaﬁbmam@e,tﬁupl@ £ @ gempster, selitent ed by
operati gn . 396p of A

S|gn|f|§adt coé??ﬁéﬁg Pl rdupangggﬁn (g{ggd g%ﬁ%ﬂﬁ%p%¥38%i%%§ﬁ%8n ain
at | eastneﬁmeypﬁﬁrtbeﬁ@ﬂsw@{in@dtpﬁﬁdevidaen t he decoder decodes a
significant-coefficient flag fromthe bitstreamfor the current position.

[ 008] | fodshe assoczta& 8kheeled ¢4t HEVORGHMIast @Rbddre it deoeét Wil Ve @aBHeF T 1 ag
is a zero, i.e. it indicates that there are no non-zero coefficients in
the gr othsse samegon similarfeaidtess. sets or reconstructs the current
significant-coefficient flag as a zero, as indicated by operation 308. It
15 does Sipdificdewedap Endodirg t he bitstream [0081] At operation 310, the
decoder determ nes whether it has reach the end of the scan order, i.e. the
coef fi c{oosy] at t hasupp@raboet, tthe aitrgly cotlinighd atblevksdraerofuuiantized t@nsfpofin0] . | f
so, then the process 300 ends; .if not, then t he decoder ane to the next
pPOSi t | oﬁomﬁlﬂt%@%&%ﬁs inehdes sncodivg thg sigifisancezmap Ge@péa@tso Ssienbns 306 and
30 o XL t

po§Z| i o%gé@g%g ?%S) }‘J}% actbe apdéﬁgﬂeqf(ﬁggﬁ%éﬁyaﬁ%ga%l S e (}I%E?[%lt@ﬁ‘%(he scan
or der dslgmﬁmancermspjista binary ecappitg efche bigpchliddicatiggiid whwhtposmehﬁ {ctherthanf | ags

of a gr bef ar.e novi n ont the next Rat her, the scan order
(dependﬁwgaﬁmoeﬂgnw ° Gertiigi’ SRRy ﬁ]ﬁl@%ﬁ@w JVESOHAL RETAGRES S0y p

boundar i\gs v§lﬂ€1fi'1tt1§‘§stso&'é'@dd?@@é&@é&nﬁl@(i%ﬁif)é' b #h ﬁewct)h&gﬁlc% 0P Hh Bi&- 9r oup, a
few from 25an adj acent group, etc ing its way back to the [0, 0]

posi t i onoded slihe Eaeway berallema bdod@amwfmgnp bbsks TheiQR vades the ey slige thafyvatrsher
bel ow that avoids this issue. [0083] There may be special cases that are
accounted for in the encoding and decodi ng processes to save bits. For
exanpl e, as noted above, the group containing the |ast-significant
coefficient wll always have a significant-coefficient-group flag that

i ndi cates a 30non-zero coefficient, so that significant-coefficient-group
flag does not need to be encoded and transmtted to the decoder. The
encoder al ways encodes the significant-coefficient flags



- 19 - for that group, and the decoder is configured to always decode the
significant-coefficient flags for that group. [0084] Anot her speci al case
that may be included in sone enbodinents is to al ways encode and decode the
first group. This group contains the DC coefficient at [0, O] in the 5
transformunit. The probability of this group containing no non-zero
coefficients is extrenely low. Accordil¥gly, instead of transmitting a
significant-coefficient-group flag for the [0, 01 group, the encoder nay be
configured t.o al S ode. the significant- fof 1,Cl | hat group
and 1 heraeudel AR AT SR tR aOM A baci 8 s Sl A1 R b

si gni fi garfpyeaeddd thé sighifich®@Sm&f. that group. 10 [0085] Yet another speci al
case that nmay be inplenmented in sone enbodinents is al so based on

probabi jgok¥} |t hege BefiRicRRkehd B3bniURA td AedbiOdRctRdie withahe sed t he
group below a particullar group both contain non-zero coefficients, then the
pr obabi bidey(which mapibe perticals horigontal olipganeh zig 748, er anyrethes seancaderfurescahed i s

very. high, Therefore,,.in, sone odinents., the encader an der ..mpy
RPN, Re D EEto eh  TE  R S oaA

nei gh bowitﬁqmgramm%rﬁﬂ@aht bsythicie Hnd brkifR baek rephithd Sbeificant nidpen réveade gr oup
has non-zero coefficient. Thus, with respect to a certain group, if the

si gni f i diaentiopamtil thic flag ab0R]s raagkpds by the peesgrtgleperintionpiBe fgrghscansordet” 1§ o 1,
and if the signifjcant-coefflci - gr. is set
fo 1, ¢ SEreEh e sk EL Wi Ts iRt B Bbs OB BB PP
for thepeRredsad Andimay ciiid caderaitat aveefiaed thelbygially acartersoshhioedeeNt 20
flags for the certain group. The decoder recognizes that the right and

| owey NRjOBBPOr S heyeé sindfbddtcostickaefiig BithéH erfiiopy Bnédded asihg diccapplicable
non-zero coefficients, 'so it will automatically assume that the certain
group heentexsradaptive codmigfscl¢nent Borapample, il mpnyjenpbigetiany e context-adaptive

significant-cqefflicient € HaS..,. 1 . [ 8,
anich SRR SRarsis bt APAG MiSTRES SLRGAP dulesRapleREfl, Sl

ref | ect ofr Gorendladaiveailsts MitltBindmatibanBkimpleoinchide bipeithmets esding

descri bed above. The operation 304 includes_an operation 3%:1- é in vmd'lch t he
si gni fi GBAEosripbleiteneriagle (V2 Y) ying and waaglatopined (VA hlengihaeeing. Wi

| asi=si gnjfi fLGI i : L OCahd : :

I asis- Si 3’611‘ %&cg’gﬁmcjgsg;‘f: Flgﬂfgtﬁ% a%s?ggtg%}d%ﬁﬁ Plr%png%l Ige)' ?)vitﬂteg? ?‘gjggéghﬁeglnt earlier
oper at i (sigrificdntcbefficient B4k) (O ORTHT pesitiec diteassighedoonmbese and theaogtext’ hbistrpups

the. noxo BRGRT driermin B8 AsrHe PPPBHITBHY AgFbhpro v lo SO IhE Y RS TRE
| ast - si gRiitd &oﬁn k4G i roup, the decoder assesses whet her
t he si g%ﬁ?ﬁe{ggﬁﬁlgoe .B%:tfﬂé‘ﬁ‘%af"lger%g"’% Mgsgbr ltohe group to the right and the
signifi scoef fic] I . . L4 roup are
cqual  t ST i i 0 P coda, Ealfl Ui i Mrkipfe I BRI OLE

bel ayv besaidseard ddoader] Bof cxaingilé, edlth Ht4 luatacblodkn thehvarsntadrah FHIESFC Stafiddrét her

hori zontal, vertical, .or di agonal% t he _%ecoder y sonetines have, ..

r econst PiRsedRpsdhay speh Ribprsitisep e rehtsy %ﬁema&g‘gsﬁﬁn{qﬁ‘é%mﬁ’f}si ching
relati V‘?{letlgst.tp%gitisﬁ,rtﬁﬁ%e 6 95 BoriE05 a&rt%ﬁé%fo?%ﬁ&ﬁi%g%f LhquRatiamdange of the
transformuni't, the decoder may not ever have a flag for a group below). If
t hose t wmpadFaceoh bijposifien,dhecsuext ssignedttd érat powtiqr ddverbiihdsttie estinated cur r ent

| el t A ffjcientl i gh that. both th ..and
deconer PrabieasRaref i Ftn the romtion AL bpetial g vaRics BiEG EPT SR s,
thesgec o taiflsd ﬁgaﬁiiﬂr’.‘iffiﬁaﬁ@mgecﬁ@ﬁ{eﬂ &'si%?%de toghﬁlﬁgsﬁibﬁﬁls bpdatediasddén

special case condition i's met. erw se, the decoder noves on to operation
304- 4. lthe sotwd bt valeeb dd theatecoderhe engoded dita dndesoded usiithe same contpd based on

the signifjcant-coefficient-agroup.f]ags,of. other .adjacent dr. , or other
gr oups é‘F‘fiﬁgegl‘?B‘?t?thffﬁb%ﬁlbht pg’ﬁ@logtl? {Sﬁg‘ﬁ%&?ﬁ?sepﬁ% d%tglg%ﬁg?heaﬁgéo {eég t he

si gni fi gatdapfingtdridetfitg @itPtPebd @ bikSfdr Batpbatieur rent group fromthe
bitstream The decodi ng i ncludes determ ning the context and then decodi ng
in accorme W t { I : . i eamased on

bi nary Jtrl thmeti cwg%lg?%’g%(%%)g 5,@%?@%? tﬁ%?%tr)? ér?g’retihgggﬁgggigr nglﬁgfécgdi ng

pr 08@s s émostl)3a93d upoo perghborinrg Bguifigantcheffidisoblieg valetse AmonesthahzchriexBhi s i s
the next-to:zlast. gr Lh the scan order. 1f not. then th odi i s not
yet fin iué?{g%i’,r %3’61 G?Wg{l@éég E@Pl%&%cleégapfogﬁgcq{e Fg?%gﬂ?ﬁt%aeﬁﬁ%%og%gg%vanc e
to the next group in the scan order. If it is the next-to-last group in the
scan order, then the decoder noves on to operation 304-7 where the decoder
sets the significant-coefficient-group flag for the last group, i.e. group
[0,0], to 1. This is based on the special case in which that particular
group is always presuned by the encoder and decoder to have at | east one

S o Y Y oy Y Y 4



25 preset to 1 so that the significant-coefficient flags for that group are
al ways encoded and decoded. After this operation, the decoder goes on to
operation 306 or 308 (Fig. 7). [0090]It will be appreciated that the above
exanpl e process illustrated in Figures 7 and 8 the decodi ng of the LI
significance map (the significant-coefficient-group flags) and the decodi ng
of the LO significance map (the signifiXant-coefficient flags) as a

t wo- st age process 30 in which the Li significance map is fully decoded and

the LO sigpifi i.S,th d. .| nhodi t i b
t hg cas Ebﬁﬁ@éﬁ@;ﬁ %Pﬂ? I be‘ﬁg Pﬂ&%&%ﬁp%ﬁ?@?&%ﬁ‘ﬁe s-lg‘?‘lﬁg;}g'é%’?) ’ich%lt Ef?%qc egs es
may be p&blonY¥ of ﬂ%@&iﬂ&%ﬁfﬁm E(géb%hd bfi thd AemiaeRA}alks OF nbiBRbd:AgBdhifi@ntbegi n

before the LI map i ecoded. It will be appreciated that in sone
enbodi neerfcienteflapsc duithege wistaners, thodsicgninatiennt berapestwpnisniion a signifivent-as

the first significant-coefticientaqgr f ] en onstruct ed. .

{00911 | RO BRERL IS PR e ol Sarrarfit PE SAREE e SR M ur ne
on amd dhfs steRBMBbAte RRatidm(typraAllp five 1d0atibal, But i Peuld be indré 6 AM&Ein some
multi-level significance map coding may be enabled _for |- and P-pictures,
but di s#istanges)od his-ipyadvesmaltiplg memornyageessess ¥y g be rosthoingpemeryout | i ned
above, . i-Cl r. il I '%ﬂﬁ ve
exanpl e‘sgmlg&ﬁ{eaﬁlg%ﬁhﬁsg%%s %i ’géﬁggn?'tlﬁﬁg‘éc%gﬁﬂeolﬁgz{s Et%\i/g%ﬁzc% : , %aglfglgzont al

or di agemph ronthinla lagguluimbenofzedsss i Agotdiaglppthacdds b esbstdntithevsginoulved when
scanning the significant-coefficient flags. This mght create difficulties
in encofi lw%&éa@&@f%gf%rwap FHMFZQ‘VHB? FERL YWYSn per specti ve because
significant buffering of data may be needed to keep track 15 of

si gHi i (490] coef f il peoatdanreyithene genect ¢ff the pepsers dpplicptionyihe preogeriand t o

i mpl ene - S i ' i X can twice (or
morey: - aristel i AR Mo R o ror bR R T BE RS ke BB (1 7 2
f or t hedtdoribepbelOrethephultisleded sighifithatmags 4 useddbel @eisand G2RBQL sigedr ocess and
o S, e i Bk BBk T3 Bk ek v
group-b J e \ f Fi gure
14, an Sﬁl%mhgd&@‘s%&-g{ﬁrﬁﬁsiﬁ%ﬁb%ﬂ% #0td s illustrated. In the context of
significant nap encoding, the exanp?_e _16>°<16 transformunit 600 includes 16
ci ght 1 100801 J0CH e SRRt AL Gl ot S el 2ol Sttt Qefictiy flog

Fi gure #dls ifoeoneodtheograas. (Fogsingplivity lin ifaey sinbbilincadnthe gawbt b forthed bypg at

[ 15, 15] and the_ diagonal scan is fromupper right to 25 Jower_left while

t r aver sfepgcenteally) dnadine or partitionng the BRSIHE prlEruckg Hito plosks. 1Br exgmplee

upper | ef L -ﬁq’agﬂ I i ng
pr ocessgl}gé[s@glaglé%aﬁrg{é@g%’?gﬁqzl(ﬁgﬁ}égsoen%c?%g asté %%ﬁ%ﬁﬂggﬁ?&@g% ffi cient.
[ 0094] | positibihs. be 3Rt 2emap hraly behidvidekinm S odereachitentaioingsixtyg-dedifafchent

gro boundari es. , For, e |l e, .consider the signifjcant-caqefficient

1 288 agogfignhbiRtqh: The BiEh eA-Gispiopent fises atedbo @OBRRLah By o Brbiied
nurer al $,1648) thedie g bRokes i 188 RREGL MAlcture! M nbfhed Eainple, both 1606380, t he
encoder and decoder first encounter the significant-coefficient flag 614 at

posi t i o82%32manOinay P dividsdrintordddrbledks sadnamtainiag sixtéen of the coefficient
significan{j-coeffici ent flag 612 at position [11, 11], which is the first
si gni fi 88H'oefficient flag in that coefficient group. Then the scan order

PR R M S B B RSN L R e
encegler uihdtm tbminl dochRiaHRN! Tt Gk BAkpIEY, Tl iSRRI WHIAR B Warkform

coefficient group boundar can resu n significant buffering during the
scanni ngnipnoydespeafied by kxE€.5€], wdlenas x6f= 8] yi?, .i. dannd gCef §.ilc2ent 15.| Hgiwgi n

[ ffici . : dth det ' [ to t e
i oni 11 CaRExBRRT Y tieEhe S o g R R EEf e EReRfctR shi gt dtid 1010
wai t  unkkdmplegs 4ds2, (0JPR8AdicaEd by dreRhéd sanémrpefficient flag in the group
has been reached in the scan order. In order to process the whole transform

unit 60y igR1a one : [ e ering
godggées oi TREGEnRG 0w kB Rl FigdfBY, %ﬁﬁﬁfsﬁ&né&ﬁ&aﬁﬁff@k@fﬁﬁ%g@e

to avoi ive menory access operations. The frequent crossing t he
coedd i cirmpt10gr die stanificace mep pO2 semitins thexagificant-apeffiorpt flagstthatrare

generated from the example transform unit are shown in Figure 4. It will be noted that a




for rate-distortion-optimzed quantization (RDOQ, i.e. soft-decision
quanti zation (SDQ . 15 Tracking the rate costs associated with encodi ng
when maki ng RDOQ SDQ det ermi nati ons becone significantly nore conpl ex. At
t he decoder side, the decoder too nmay require buffering to track the
previ ousl y-decoded significant-coefficient-group flags for the various
groups as the decoder traverses them-ilf-scan order re-constructing the
significant-coefficient flags. This results in greater menory/buffer

requirepnent.s._ at . der . el i e
cnaod roeanefesbiifisgr BRE Seasdh ST LTS Mol sch o BER 00 UFR) phED
Ref er eng@liding) 8w lagdieeri ficant gaothcidd, at (i, 4 0]. shevegrifieartcacitentilamattea@00 of
Figure 14 with a multi-Ilevel diagonal _ scan order illustr med. W thin each

coef f i chitpesitigroiep whichdhergdnanorrgerr cgeifictent in the Fpnsferny it [0 556448 evel |

r at her [0S \ : f gl . | £Lent groups

{ hermel V2SR S AR L AR WL R s ot IRRRRRL N £hB0 8

i nplemesdeffi¢ian is st & s@o.a di agonal scan order. [0097]1t will be appreciated
that diagonal is one option, and in other enbodinents horizontal, vertical,
zi g- zag[ooeslhot her T apnifitalfe naped02Dee. AlPiet fisighificimtcobfiRicno s, aiagibe gr oups
and/ or at the group-level for ordering the processing of the coefficient

gr oups. gupothased ween Henifre divisioasd sy trapsformyni sucluEsinty sptigresblocky e

group of sianifi - . h Gl i i nor der .
That i sl,n %%mgﬁgﬁb%'gﬁg%g‘g%%’%w %fﬂlted1 %éﬁktlﬂ rdg%gﬁo d‘%?gg‘? I cgg’ﬁi lé%e%‘n?i ci ent
fl ags otheyatragiaisxd6 aandften anit,ahié bigtkaaaybadxdin sohre qurtedanénts.-Pi® - gr oup

h b | eted. For, . | s di | der, th
ent}G o GouBpEyIod PRI A RIE &b Ths Wike demagdna e eincke o lege |
signi 71 GaRks if isﬁ(gl%taj <39 t8éFofth nhP Rlay1a%e ltd denitintl S fiRsRg adgdef ore the

decoder "starts décoding the group of significant-coefficient flags that
cont ai ngroupel miard blockst Sxbbibeksc prevtherf sizeppodtigucts bhwks.t Inoone enghodimgnt,

Simlarl bath those grou are c | etel y .de fore t er
Starte S oot RO D T RS of B e S Bl P PEE J7R5g. 612
at posi 4 ptry321, 11]. This permts the encoder/decoder to nore easily
process the multi-level significance map in one pass since all

Si g fi coef f i,& Gl r oS

ceatint [RBH, T cARhSTh the Soimlts ByRERLnISE Biosth BB BPRBRE RS e
mul ti - | Bloeks for sigiphicity,ths présent applicatjon isdet lifnited e squascgrioipsat@oupsmsay be

i nterleavi f signifjcant-coefficient- fl i thin the bitst
Ao onch KEBIER A7 ESCRHELgF BIORY 18 SPSERDORITS. Sbis Yt BLo TR COGETREY T | ¢ e
the si g{q{ﬁg e B, R ekafpI_Nith Qﬁﬁégnélls@zﬁl élfﬂeﬂ, htenéaj besddvamEpend torase drbeg

i nsert significant-coefficient ags for that coefficient group if the

si gni fi Gamed fosf dingirahsliags ofifhefttansfoins unisrinydrich case seme ofihe Etiups maydel 5

decoder decad t he.signi.ficant-coefficient-groupn fla [ : ! eam
ands0 t 1 saiBRaE raperpideh Hbabf ek ancley e eufl SBer e S T REAA R £
group i Br $&H8hl QEMSrdMk RioRe tRAn@IEOMh ah Bx8 fensSorgintit, 0aB otfieichi groapy - gr oup
flag is zero, then it sets all significant-coefficient flags for that group

L o zer om@eweqﬁﬁ adetigerssl scarvispmployed giiids @ tiictat graupemay pragedifam t he
or oup- by eadsh{ s SalORAL o RN altFoS B E SRE PBear e

scan order _used wi,t,hin the group does not necessarily need to caorrespond to
the gr o?fﬁ’@tan or ée}flg]%@a‘ﬁl/e% %E‘“ﬁpwﬁé@ 9936{5905@{“&( 8ﬁlby?8§léﬁ'°5lﬁ9upl§6?ayexarrpl e,
W thEn Hoa HreHised theana! 1e$él%r%n@ﬁdéﬁée fBY 108 ¢868d whidf gighifRapc 0Ccessi ng of
the groups is done in a horizontal group scan order. [00101]It will also be
under st ooefficient gronie flags. t Thereiseine siganiconteetigréerd rymoflagstos pachaBoymt ches with

the coeffi.cient grouping used. for.i.h |ty - | | . si.anifi . ,

however COFRDPgA %@Fte nﬁé@@ an&'ﬁ%eéﬁflﬁ% il :Iilh-e Igg%//ugﬂ 0021#3%&#1% h%ﬁg%%@@%ag% or der
may be @p&HBicAttel AbObIINEWE] inthé hiherlotel RREHRAAES Myip bevanssip o4ild akreadlytbe
groups of significant-coefficient flags. For exanple, with reference to

> R -
Fi gur es knawa Fricongin piisess age BOn-appIcoeiaigicat deahe Hal-sigedivancoetiicieat- ddch 4x4
coeffici [ :
b1 ooi g el chifon iy BOBHAL) SRR TR bEIE AL BB SR RYBRGclice
words, in this exanple, the diagonal scan order would be applied to four

8x8 bl ocks. Note that if there is a msmtch between the - 24 - grouping
used for the multi-level scan order and the coefficient groups used in the
mul ti-level significance map, then the encoder/decoder will not necessarily

process each group conpletely before noving to the next group.
[ 00102] Ref erence is now nade to Figure 16, which shows an exanpl e net hod
700 for



5 decoding a nulti-level significance map using a nulti-Ievel scan order.
The nmethod 700 is an exanpl e process for reconstructing
significant-coefficient flags froma bitstream of encoded data. The

bit stream of encoded data i ncludes encoded significant-coefficient-group
flags. Each significant-coefficient-group flag corresponds to a respective
group of significant-coefficient flagsl5£Each non-zero
significant-coefficient- group flag in the bitstreantis foll owed 10by the

srgnlflcant coeffjcient flags of iLs res gr scan order.
[ 00103] TR (i CABAIIREIDE SignHIcan-¢9¢ rgp rg Hey%ssreleere@m 35 thg fgvel 1,

coeffic fﬂtlﬂrsltlon fromthe bitstreantln operation 702. As nentioned
previously, the |l ast-significant coefficient position may be signaled in
any one nunb t i i er

posi ti oh‘RmG Kk nown?{g[Ll ﬁé%ﬁ%&%tgge}rh%% lolﬂ%j&%% eco eﬁﬁ%ga (l:%ggiéét ﬁ%ﬁﬁg fo

15si gni fheeaainplatddificinedinapl18g shdwoin Figarebt. t1s ik dembied thdehe L1 map 104
S|gn|f|cant coeffjcients thin th ef ficient group .containing the

| ast2 si @‘Pﬂtt‘lpﬁaﬁt@%ét‘tr?%fgr\?m' g%@a AR STAUR Bt eantyps #idaast 0%er f or med i n
a scan g@ﬁ’ e Wet hin the
coefficrléent Ség%%ﬁﬂg%gp?g HQ%?Qﬁﬂﬂ%egﬁ?&%#%?@?ﬁ?ﬁgg 5&@#3%@5%85Pt|0n after
t he poshén-aeropthen He sllgnﬁeaslt-gmfﬁcxeahgroppﬂag iisoset eanehewddtkemgsd) adk s¢tomaerds t he
upper left coefficient in the scan order. 20[00104]In operation 706, with
referenfelp a gr lidexingaif tiey getps mbebe secHivd byeCo, ¢Ca) widreitin fhindexed as
CG is set to be the group_ after the 8roup containing the |ast-significant
coef f| cF"éﬁ@t‘Ple’Fﬁg gpohg 3 aad Y6Ge P 1.2 Phd hegraip Goptalng they pd-sugmafiqant  ent

gr t he

PRl R K e R

i n the itisnstfinelndednintthe Lhemagr oup cont ai ni ng the DC 25coefficient at

position [0,0]) in the group scan order. The group scan order may be

verti calQoeBpri zonTat sigifRamraleffi@ét-gréDdllmay Bipsynatiteito ABtor fdit @ec oder

reconstructs_the significant-coefficient-group @ flag for the current

coef fi cﬁf@ﬁtordeéowomerm&@éan%s cHye scpp prder gy hsithesamens the ssagsderdecodi ng

the sig _a speci al

case apfeiR T (R SH GLSOLe R R gy} b D bb ek LR il e

SighB fi cmfﬁelemegrbupﬂegnmagmelppfddaﬁﬁed manbrcb:r thanZhay bediffierent frothtier i ght and

the grou ow th ent oeffici ro bot h non- ro In this

i tuat i 81 ecttf-ln%cag P@c}eﬁr Fordhe rensierm pef ﬁ%ﬁ? 2 ﬁl&SUneyp By 5% SEHRERTAR be

non- zer grdas e o, O][gewattﬁe 1ds SRS UFTRAGE B M willnal g

reconst Fucted significant-coefficiént- group flag 1S zero, then in

oper at i presti@d flagvaingmis fwill drtdesmibkd fwtlenbelpivags of t he correspondi ng

5coefficient group are all set to zero. If the reconstructed

si gni fi geo6d} coef f ltovidlite apprecintdd, dait ttee Inomag el ndtrberdehvedthrcayiﬁ@m the4.0t he

sr ni ficant-coefficient fla of the corresp dln efficjent ro p are
edTRP PR rHBcTop A SRR s A oA tR i) g 30 orn[l@e ce all

the si gpdhicant - coeff|C|ent flags of the current coefficient group are

reconstructed in either operation 712 or 714, then in operation 716, the CG

| ndex | foghfly decr eRRpyat R, IRYE ey BOBRIBS LERG LI ko Wil B0 OUP

scan or er. i N operatio next c frcren e group

scan or dmbodhﬁieﬁ@ :Fof)exampie if thel tRanSformtumet 1s||a|66rc64 etutsf@froumt clmltlamrap Agyt he DC
coefficient at en _the process returns tQ operation 708 to fully
reconst Paibased qa dgrléwgrtlf‘cfaﬁtsfmrmt BiQeA0 14 TREps elhus ki maparquld, ul lta%e.p.

Ho er f o) ere
TheELT ghotie i Soflaipindn, ety ko8 aGdbROAGERARY b gORELEH b0 Brdbpths OO °
are decbddhkhgs mborn filréheb s¢tstf dad iockk ésmeh sf qmchrwmﬂd eoroespbnd toengrofip a@ $6:dite

al ways en ded i.n the bit trea in hls enbodi ne he decoder
presﬁmegcn ietts i e s DR b AP B t@ft %‘%brs r%%OP&PH}tﬂﬁggmB ¥T8Y ent

group i ge ehbREED HESHeNBEmBRR- zer 0. Cont ext - nodel ing 20 [00108] To i nprove
codi ng effrcrency, t he BAC engi ne (or other entropy coding/ decodi ng engi ne)

uses co S. contexts for
encodi ngj‘ﬁﬂ Si gn ?e(%‘g%t%ng ?Add?ié}?%%{ééﬁ%ﬁ?agsdﬁvﬂ\gﬂégﬁﬁiéﬁa@g for luma
encilli ngtaede gravgssa2id fomc@dmgfsmgmﬁcam{mefﬁnmntﬁl@l dde pdiaegs 200 begins in

[ 00109] Det ermi ni ng which of the two contexts applies to a given
significant-




25 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

t he adj acent group below the current group is zero, then the context for
encoding the significant-coefficient-group flag of the current group is O.
Ot herwi se, the context is 1. If the fll&gs for those two adjacent groups are
not avail able then the unavailable flags are presuned 30 to = 0 for the

purpose of context. determnation.. .- 26 .- [.00110 te that i.f di fferent
scan or %@fﬁtmnﬁé’gt"rlﬁh‘?\eSﬁ%‘rﬁpeaéet%m%&%%?lgﬁ“@? ?’n]ttcgl’v\g%r%begt %]%%earndrqlght) i s used,
the congigXkcamadsbiicant-BRupTRBECTH éie ehstfvdiientSthe Bhdddepstansheftfansfoant - gr oup
flag for the adjacent group to the left of the current group _and the

si gni f i black incthe peancirdertte defepning sl Ingrsigniicant perfpientpngd ihe sbeldgeifisatyr r ent

group to t.er.m_ne e.. text . t i J cess
Ty a1 sSSP qReE o BT BB oo RS ioub e Rty BE acER LML B B8

al way's anadgiouped cedih anloudt of BRARY Shedleesansy ied ined ippastiidill e cont ext
model s and nethods for determ ning context that y Qe used, Sone exanpl es
are gi varplpapreions@s theicao orlst Mak Nol v GTesing %{OUEF muligRlp gf‘)é?k%;ﬁlé some
significan f I Cl: i -1 g ote the
unber SR04 pia AR RS QBT ol B Ry el % L EREC) and
coef f i cl@atmigedtpas scamedubelast doeffixtiénd forahat)gradp, i.gathd eaiticoelfigichiblesahi¢] to

L0 L faptemeptRf sy 5 szt mNIRGICaIT & s6can SR of it i O SR SAnee Tag ot
to gt ep D AGRR hfX to AQbmbihéd fhe stdnificatPcddriGbht-grue) fiRg, avai | abl e.

Therefore, the selected scan order nust guarantee that any L[j] used in

* h det 1 ] .. i L t th
Sbove. alEF beq o Bl REbaR0R fo? dacnierifioehd dbo Rl SISO BARE il &1 10 4"
by:d = IC(id::temlgﬁéthi c@gleﬁt]to ;J?é-ﬂ{djiﬁ%ﬁ eitfipycnoddes tﬂ;at h@ﬂh‘ﬂﬂmt lfﬁdm It%‘ﬂ]'ﬂ_lP:ﬂ% 1, f N
an I =j, =1 if coefficient gro is.the ri or | ower nei or o
coef{c i chassd Ojgrﬂéﬁﬁ?t‘?m‘éli*ﬁﬂl qomtext.ollag -%%‘l“ P '.coeﬁﬁicéenb&x’?’?é?g%mag (95‘?9‘?%3%?11?1% 3

t t o i i t : : th
oo niRfebed ] 3h bARE enip SARIGEN the BRECHRR LI BISAIHR kst GIaBADH 1
* 4D fordie trafsBRil8iitniae aunber o, cofitextN aad thejir determinasioninsayrhsrstmetured ih

T et SN 00 AR EORL L AL Bl P12

wei ght i %&ttéogﬁﬁﬁﬁrﬁ-gmuﬂmgs?@ﬂes&@%3§@f béywbe constants. [00119] Anot her
enbodi ment of c(*) 1gnores the significant-coefficient-group flag' s of
[0073] Having encoded the set of significant-coefficient-group flags, the encoder then

encodes the significant-coefficient flags. In operation 206, the encoder (working in scan

20  order) determines the context of and encodes each significant-coefficient flag if that
significant-coefficient flag faﬂs in a group for which the significant-coefficient-group flag is
set to 1. If the corresponding 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 encoding process.

25  [0074] Accordingly, after the process 200 the encoder has produced a bitstream of
encoded data which contains the encoded significant-coefficient-group flags and the encoded
significant-coefficient flags that fall into a group that has at least one non-zero significant-
coefficient flag. The bitstream does not include any significant-coefficient flags from any

group that does not have at least one non-zero significant-coefficient flag.

30  [0075] At the decoder, the significant-coefficient flags need to be reconstructed from

the encoded data of the bitstream. Reference is now made to Figure 7, which shows, in



5 other coefficient groups at L and determ nes the context based solely on
the position i of the current coefficient group. This may be expressed as:
Ci=c(i, L[O], L[1], , L[N - 1]) = [00120] O her context nodels and
processes for determ ning context may be used with 10 nulti-| evel
significance maps. [00121]Bel ow i s given an exanple syntax for the

t wo- cont ext enbodi nent di scussed abovel7in this exanple, consider inputs to
be the current coefficient group scan position ( xCG, yCG), and the

reviou ded bins qf the s x el ement. si.gnifi cant oeff ro | a
'FI)'h_e out S‘et’v g@“? ’é?é%lgg Pf%eﬁ%cfa preonstpcipg § Tcé?eﬁf ggst }g‘gfﬁéf gr m
uni t I sppg t?e%ﬁﬁ@t"enl:@dé&adé?a bﬂ?e%ﬂh&xﬂ%@'ay B Rodiled tﬁﬁ‘dﬁ%ﬁ%{eh%tﬁ%m?éc%ﬁsz d O

formthe coefficient groups. For exanple, a 16x16 TU is divided into 4x4
bl ocks stmehmed3axB2d fiom s caiputderadal omedBurh isodkas. a themaroletze flagxmepbry, t he

transfor ni t or r-other s d bl aocks.

[ 00122] e o arsforpreecidk e ent R Heras CRrAQE el Bk ot 0P8 PPREH o
and 20 HebEUS bV red8ksBelefndh RanFbrmt Bifit 8y dR¥d@! T Bhown is the decoding of
significant_coeffgroupflag. For the derivation of ctxldxlnc, thefollow ng

appl i es heqdaomgr]mafhon@th fordhe sequicrreand foeagltsliesoraietare (epepdingronthgl nc i s
set equal fathg%; eo contané \{Izlil tsje In this exanpl e enbodi nent, the
def aul t %%% i'S'C lflﬁc Q{g P ot her enbodi ments, it may be anot her

| , d 25 00 th 3, |
Lo LIS 09, U R, e poson O lbeﬁﬁtt-saﬁﬁﬁcehﬁr'%%lcﬁ i feciedtrons |
yCG A bitstrBAh 2 ThislinfoaRation hﬁi%e Eéiﬁéheﬁbed@t’i‘ gy ﬁ%lﬂcﬁblé §§r§ca}§ RRheStar@hrds dX | nC

is set as ctxldxlnc = 44 + max ficant _subbl'ockflag[ xCG + 1 ][ yCG 1,
si gk fi pm@ﬁbbﬂ the keist- ag{uﬁxe@ PP y:@etlstm b]B}SPfcmﬁﬂ_dzaqmgmatmﬂ negation, ¢.g. X-taadabove

nsed | nyalRel PefRBuR RN i utiiG Sthe B aY Bl B OB BufEm ™ ©°

Quant i zabdfaibiehPid128¢ SighEled 0§08 b WectDF OLES S8th £ thy lasasignidicatt @btffiefent
optlmzed qguantization (RDOQ, or.  what is sonetinmes referred to as

" sof t - qiasitiem:rhesein therporiismappadde daatragsiorm @ét'@fthﬁﬁpwréﬁt i/ suifablst | zed
”a”Sfor@n %@g@a@@ﬁlﬁ ﬂt}fét%‘“sﬂts%nﬂ%ﬁftdcoegic?erﬁ% W {ntép%Patf%B 5‘ zat i on

expr essl e quanti zed transtorm domali'n coe I cients that

ﬁﬁ# i‘i) ICI en?EXPﬁﬁ?c’r}?\%@‘p trsrl?‘%[t} %Sa%%ﬁb%%f‘ﬂ %g%%ﬁ'glgg‘tqtpg%%b and

quantl Z BitbtRAnD N PR Snifibdht SOPMiclead %up flags ﬁﬁ?ﬁlﬁV@b@ﬁtenﬁgﬂ)jd&&OHWuﬁﬁye been
nodi fied by the RDCé) grocess because the resultin Istortion was
e

det er ni Hdgtever anplisatie bigarizgaiionsgheme istspegified by ﬁtﬁ’rﬁé@d&@rﬁf spesifiedyin the header
: .
det or m MTREyHRAS For GABR bARE AR ERS A RERR ol e B ERd R mE oSt S 17

posi t i Oinstzmlces. Tlhfr,@uﬂmnt-lcﬁalﬁeent gioap (@ mtdeicodetlﬂb@ deteginining fhletcot‘l’@k’efor and
the coded bl ock paraneter 1h%%rate To i Ierrent mul ti -] evel

si g f i cachiclagragion; (b r‘ﬁ’ﬁ?tlﬁlél hahst oSS BB BRBEP FPPROTS o {igdticterade
the hig RE), 484 PhenSdedBlihl ARNES FAIELHEE tHe bitdtrehAl Al vpBatdiemBOLN AR cH G 1 On-

the flag value. The size of the set of significant-coefficient-group flags is known because the
scan order is known and the last-significant coefficient was identified in operation 302; thus,
the size of the L1 significance map is determined. In the case of non-evenly partitioned

25  groups, a suitable signaling of the group sizes and positions may be provided in the syntax.

[0078] As noted above, each significant-coefficient-group flag corresponds to a
respective one of the contiguous groups defined for the transform unit. One or more of the
significant-coefficient flags fall into each of these groups having a significant-coefficient-
group flag. Accordingly, each significant-coefficient-group flag corresponds to a respective

30  group of the significant-coefficient flags.



[ 00130] I n one enbodi nent the RDOQ process nmay be nodified to performa two-
stage RDOQ with regard to significance maps. First, the RDOQ process is
applied to determ ne the best |ast position and coefficient val ues and,
thus, the Li significant-coefficient 25 flags. In a second stage, with the
| ast position fixed, the RDOQ process may then be applied again with regard
to the Li rate to deternine whether tHhiée is a rate-distortion (RD) cost
justification for zeroing any coefficients. [00131] Figure 9 shows, in

f1 owch | 0 i f
A R i e B L S S
opt i mal r3QGMARbpeeodsfansteisiucaal tht sigaificancandap, 0. edhit setoMipnifianposi ti on of

the last significant - 29 - coefficient, i e. a LO RDOQ The process 400
then fiseefficipns flags.tis performedrin thedrassribed scepippdesud pe procrasineeemsdroR Bunt  f or

the effect .of..th it i gni: ki ; Theng.il: es a
orcesy. B SR S EREATL ol Ao oS FELL AR S6em Ry T ik

[ 001532] Spdsknown 40ontsih havhsetdwetbdenf. MOPRation 605 doneashisigmificaquant i zed
transform 5domai n coefficients, which provides a.last-sjgnificgant

coef f i creafficiguidfiagthpdecoderdetgravinesyvhethes ifs carrespondipg sighi e MNased on

Lo, oL O T sl TSR e

corresp ng=to the op ients, ficient values, and CBP.
[ 00133] signidiesntadoffivieh Alag ishiecbdesit fram gind Bitstramt ap dsiicataibyi epefatioad06TAARL i s
the last group wi,ll contain a.non-zero coe ic%ent,éj e.d.tzﬂe t{l}afth '

si gni f i BaHthegsediated @h‘fqr&?sB?Haﬂl“Fg%{ figagt;coghcignt-groupalagRAEdeH'da ' nen

gr eyl | éro‘JL?tlﬂ oﬁﬁﬁn ¥E81shBhe £RELS0 2MERRAL, Hed thOsREddedsdeRianiprifeht- ci ent s
in othef groups. The process 400 may be pérforned in the scan order in sone
enbodi nesdfficient fldgdfogh the bitstradrd forthe camend pesitivm anot her order. [00134]In

operation 406, starting with the next-to-last group as the current group,
t he encqoisn] det er ifithesssotiatel er cotnesponding significantpeokeEfwient-group flag is a zero,

significant-coefficient-group flag = I f 15 not, tttl]‘gq?th Qup cont ai ns
only zef6! iNHicayha e He PEReBIER eliien s THHE SR DGR B eoHier o oF
signifi sthfRef 'a!.'lféh igf.fqé 4R cFent flak A6 R EACaENERARE by AbEMIiah §68.a7n RD
cost thg%%\%ﬁa%%%su tttlS a Fncoef fl?f(::i er??s irzl th% current S}g?oup were zeros.
| n tper doésart dédde ithfeore tluodtsireamsesses whet her the RD cost newl y cal cul at ed

is better than (e.g. lesser than) the current RD cost. If so, then in
oper ati ppsd}0 al | Acopérhiiei 210, shd decbde determant whethapit haercaelr thednd afithet he 20

current RD cost is updated to reflect_the ch e. |n operati 412, the
encoder sepadareke. Witetasicient af he pper lﬁﬁtcﬂmf'h%tatgg frppstpym g“’@e%\i@%éﬁ ?t has
reached tﬁege(h‘?ﬁf?ﬂ&s]?»% enet Q1R tgé}?ﬂlkgecﬁer {0 thd exdt ?osiﬁam 3 14 BeAlQRgern Ot
get zeroed 1f the encoger’ and decoder are configured to presume there is at
| east ofeopanicned1a andeéfdatsiopatations 30edndd08up recasstdst theistgmifidant-cordlicipeici al
cases oyt li nrgg above), If there are further groups to assess, then the

pr 0é@ss 28 E0rdBRER RSN 25 operation 414, where the encoder noves to the

W11 RodBRY T Lo tudes presialeihat i GRAROBeRY B SECEIUIOFS BIAPHIE o
Wi no illus ! made
to the o] - abkove. | j j i ey : jor to
L oot Rl M B R SR BBk, e Mo bELABTingonth B8 Bt by

coef f i CiReftes, the scad@rdd Gdependingion tireescan ofifee ambthe gspprgdomgtry)Beengadrésscance

B0 S ppordeemtm e BF deedsr mapRnatanien e EREARE I SO m red
LO sk ”'ahggﬂagaﬁigpa@, 200 wohang itk walirgg%i{ ® thO[0,@Nsbside iR BRAGHAEREr. 0K

correspon srgni ficancé map shown in Figure 11. [00137]1t will be
not ed t Bednningeprecagnmill badescobef furtheebealow ity evaids thirissugst - si gni fi cant

—

j0083] There may be special cases that are accounted for in the encoding and

decoding processes to save bits. For example, as noted above, the group containing the last-

significant coefficient will always have a significant-coefficient-group flag that indicates a
30 non-zero coefficient, so that significant-coefficient-group flag does not need to be encoded

and transmitted to the decoder. The encoder always encodes the significant-coefficient flags



5 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,

t he correspondi ng significant-coefficientgroup 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 fromzeroing the-few coefficients that were found
in those groups is outweighed 10 by the cost savings in reducing the nunber
of encoded bits, as_deternm ned b RDOQ assessnent. [00138] I n one

possi bl é"@hﬁ(ﬂ?‘iﬂaﬁ? therfiecdsor %’-‘5”@ ahvays desade tresignifcanscepticirat flngs

opti mal g féﬁﬁkgnt group size for the current TU. In this enbodinent, the
process %' epeat ed for nultiple rounds, with each round assum ng a

di ff ff d h
O et chasapet {1 < aiibtne? oathu Rdendiii v 1&8@9%%%%%%20%‘3‘#%?%@1“9ﬁ Baggp

round, efidodlerBdideécad ﬂm Blo0p eiﬂilsc@b@ldztﬂﬁzﬁﬁs e Q)(R&deﬁéibntfdil[() a)B)OQﬂfel cul ar
coeffi ci ent group size. After all rounds have conpleted, the R sel ects

t he ToefendpeEnpnigr Jihs pspbability af this giods cenfainingsry nq:%f?%%%efﬁﬁ’émﬁllﬁal ly, sets

t f I
a0, ¢ RS SAET BB, SAUTE HEOHG S NS SSRGSy V2! U
be obt aithed0, 6hgtous able él)boﬂélﬁnﬁl:ﬁb@dﬁiﬁgu{*dﬂ&dt&ﬂi(éﬁhenmftht sipaificagr@efficiint es

that are tested may be, based upon the transformunit siz For _exanple, a
32x32 t%ﬁ A AR %@ e decademay he spnfigured 1 always decpdeths significagi-oups t o

be testg ﬁﬁmm and the encoder may indicate (for exanple in
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[0089] In operation 304-5, the decoder determines whether this is the next-to-last

group in the scan order. If not, then the decoding is not yet finished, so the decoder cycles

20  back to operation 304-2 to advance to the next group in the scan order. If it is the next-to-last
group in the scan order, then the decoder moves on to operation 304-7 where the decoder sets
the significant-coefficient-group flag for the last group, i.e. group [0,0], to 1. This is based on
the special case in which that particular group is always presumed by the encoder and decoder
to have at least one non-zero coefficient, so the significant-coefficient-group flag is always

25  preset to 1 so that the significant-coefficient flags for that group are always encoded and
decoded. After this operation, the decoder goes on to operation 306 or 308 (Fig. 7).

[0090] It will be appreciated that the above example process illustrated in Figures 7

and 8 the decoding of the L1 significance map (the significant-coefficient-group flags) and the

decoding of the LO significance map (the significant-coefficient flags) as a two-stage process
30  in which the L1 significance map is fully decoded and the L0 significance map is then

decoded. In some embodiments this may be the case; however, in some other embodiments,



5l ast-significant coefficient position. The nunber of coefficient groups
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5 [0091] In some embodiment, multi-level significance map coding may be turned on
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.

Multi-level scan order

10 [0092] As outlined above, when coefficient groups are formed as illustrated in the
above examples, i.e. in contignous blocks, the scan order (vertical, horizontal or diagonal)
will result in crossing the boundaries of the groups when scanning the significant-coefficient
flags. This might create difficulties in encoding and decoding from a hardware
implementation perspective because significant buffering of data may be needed to keep track

15  of significant-coefficient flags of partialiy-decdded groups in order to implement a one-pass
scan. Otherwise, it may be necessary to scan twice (or more): one scan order pass for flags of
the LT map and one scan order pass for the LO map. One option for implementing a one-pass
scanning process-and avoiding some of the memory and computational complexity issues is to

use a group-based or multi-level scanning order.

20 [0093] Referring now to Figure 14, an example 16x16 transform unit 600 is
illustrated. In the context of significant map encoding, the example 16x16 transform unit 600
includes 16 coefficient groups, where each coefficient group is a 4x4 block of significant-
coefficient flags. A diagonal scan order is illustrated in Figure 14. The scan order begins
with the significant-coefficient flag at [15,15] and the diagonal scan is from upper right to

25  lower left while traversing the transform unit 600 from the lower right {15, 15] to the upper
left [0, 0]. As discussed above, the significance map encoding process uses a scan order

starting from the last significant coefficient.

[0094] It will be noted that the scanning order cuts across coefficient group
boundaries. For example, consider the significant-coefficient flags at [10, 12], [11, 11], and
30 [12,10], as indicated by reference numerals 610, 612, and 614, respectively. In the scan



yC = ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 If scanldx ][
nunCoeff ][ 1] } I f (log2TrafoSi ze >3) { | og2Coef f G oupSi ze =

| og2t raf 0Si ze- 2 nunCoef fi nCG = (1 << (| o0g2CoefferoupSize << 1))
nunCoef f G oup = ((nunCoeff + nunCoeffnCG -1)>> (| og2Coeff G oupSi ze c< 1))
for( m= nunCoeff- (nunCoeffGoup-1)* nunCoeffinCG1; m>= 0; m-) { n =
( nunCoef f 3r oup- 1) *nunCoef f MCG + m  xG2= ScanOrder[ |og2TrafoSize - 2 ]|

| og2TrafoSize - 2 ][ scanldx ][ n ][ 0]

order, the encoder and decoder first encounter the significant-coefficient flag 614 at position

[12, 10]. The scan order then encounters the significant-coefficient flag 612 at position [11,

11], which is the first significant-coefficient flag in that coefficient group. Then the scan

order then crosses into another coefficient group when it reaches significant-coefficient flag
5 610 at position [10, 12].

[0095] At the encoder side, it will be appreciated that this frequent crossing of
coefficient group boundaries can result in significant buffering during the scanning process to
track the values of significant-coefficient flags in various coefficient groups, and that a
determination as to the significant-coefficient group flag for that coefficient group may need

10  to wait until the last (upper left) significant-coefficient flag in the group has been reached in
the scan order. In order to process the whole transform unit 600 in a one-pass scan, the
encoder may require some complex buffering to avoid excessive memory access operations.
The frequent crossing of the coefficient group boundaries presents a particular complication
for rate-distortion-optimized quantization (RDOQ), i.e. soft-decision quantization (SDQ).

15  Tracking the rate costs associated with encoding when making RDOQ/SDQ determinations
become significantly more complex. At the decoder side, the decoder too may require
buffering to track the previously-decoded significant-coefficient-group flags for the various
groups as the decoder traverses them in scan order re-constructing the significant-coefficient

flags. This results in greater memory/buffer requirements at the decoder.

20  10096] Accordingly, in one embodiment the encoding and decoding processes may
employ a multi-level scanning order. Reference is now made to Figure 15, which shows the
transform unit 600 of Figure 14 with a mulii-level diagonal scan order illustrated. Within
each coefficient group, a diagonal scan order is applied at the group-level, rather than across
the whole transform unit 600. The coefficient groups themselves are processed in a scan

25  order, which in this example implementation is also a diagonal scan order.

[0097] It will be appreciated that diagonal is one option, and in other embodiments
horizontal, vertical, zig-zag, or other scan orders may be applied, within the coefficient groups

and/or at the group-level for ordering the processing of the coefficient groups.

[0098] Using the group-based or multi-level scanning order, each group of significant-
30 coefficient flags is encoded and decoded in order. That is, the encoding/decoding of the next

group of significant-coefficient flags only begins once the encoding/decoding of the present
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nCG >= 0; nCG- ) { XCG = ScanOrder[ O ][ O ][ scanldx ][ nCGIf 01 yCG
= ScanOrder[ O ]J[ O ][ scanldx If nCGIf 1] right CGFl ag = (xCG == 4)? O:
significant coeffgroup flag[ xCG+tl ][-9EG ]

group has been completed. For example, using a diagonal group scan order, the entire group
of significant-coefficient flags that contains the significant-coefficient flag 614 at position
[12, 10] is decoded before the decoder starts decoding the group of significant-coefficient
flags that contains the significant-coefficient flag 610 at position [10, 12]. Similarly, both

5 those groups are completely decoded before the decoder starts decoding the group containing
the significant-coefficient flag 612 at position [11, 11]. This permits the encoder/decoder to
more easily process the multi-level significance map in one pass since all significant-
coefficient flags of a coefficient group are processed sequentially in scan order within the
group.

10 [0099] Advantageously, the multi-level or group-based scanning order further
facilitates the interleaving of significant-coefficient-group flags within the bitstream. As each
coefficient group is processed in scan order, the encoder may write the significant-coefficient-
group flag to the bitstream and may then insert the significant-coefficient flags for that
coefficient group if the significant-coefficient-group flag is non-zero. At the decoder, the

15  decoder decodes the significant-coefficient-group flag from the bitstream and, if non-zero,
then decodes the significant-coefficient flags for that group in scan order within the group. If
the significant-coetficient-group flag is zero, then it sets all significant-coefficient flags for
that group to zero and reads decodes the next significant-coefficient flag from the bitstream.

In this manner, it reconstructs the significance map group-by-group in group scan order.

20-  [00100j It will be understood that the scan order used within the group does not
necessarily need to correspond to the group scan order used for progressing from group to
group. For example, within the groups a diagonal scan order may be used while the

processing of the groups is done in a horizontal group scan order.

[00101} It will also be understood that the multi-level scan order described herein

25  matches with the coefficient grouping used for the multi-level significance map; however, in
the more general case the multi-level or group-based scan order may be organized into blocks
that do not necessarily correspond to the groups of significant-coefficient flags. For example,
with reference to Figures 14 and 15, instead of applying a diagonal scan order to each 4x4
coefficient group, in another example implementation the grouping or blocking for the

30  purpose of scan order may use 8x8 blocks. In other words, in this example, the diagonal scan

order would be applied to four 8x8 blocks. Note that if there is a mismatch between the



bottonCG-lag = (yCG = 4)? 0: significant_coeffgroupflag| xCG] [ yCG+1 ]
if( ( rightC&lag + bottonCGFlag -- 2 ) Il ( nCG- 0 ) ) 34 - |
significant _coeffgroup flag[ xCG][ yCG] =1 1 else {
significant_coeffgroup_flag[ xCG 11 yCG |1 ae(v) } i f
(significant_coeffgroupflag xCG ][ yCC254I ) { nunNonzer oCoef = 0

grouping used for the multi-level scan order and the coefficient groups used in the multi-level
significance map, then the encoder/decoder will not necessarily process each group

completely before moving to the next group.

[00102] Reference is now made to Figure 16, which shows an example method 700 for
5 decoding a multi-level significance map using a multi-level scan order. The method 700 1s an
example process for reconstructing significant-coefficient flags from a bitstream of encoded
data. The bitstream of encoded data includes encoded significant-coefficient-group flags.
Each significant-coefficient-group flag corresponds to a respective group of significant-
coefficient flags. Each non-zero significant-coefficient-group flag in the bitstream is followed

10 by the significant-coefficient flags of its respective group in a scan order.

[00103] The method 700 begins with decoding of the last-significant coefficient
position from the bitstream in operation 702. As mentioned previously, the last-significant
coefficient position may be signaled in any one of a number of ways. Once the last-
significant coefficient position is known, then in operation 704 the decoder decodes the

15  significant-coefficient flags from the bitstream for the significant-coefficients within the
coefticient group containing the last-significant coefficient. The decoding in operation 704 is
performed in a scan order (which may be diagonal, vertical, horizontal, etc.) within the
coefficient group, starting with the significant-coefficient position after the position of the

last-significant position and wbrking back towards the upper left coefficient in the scan order.

20 [00104)] In operation 706, with reference to a group scan order, the current coefficient
group (indexed as CG) is set to be the group after the group containing the last-significant
coefficient. The group scan order is the order in which the coefficient groups are decoded,
starting with the group after the group containing the last-significant coefficient and working
back towards the upper left group in the transform unit (the group containing the DC

25  coefficient at position [0,0]) in the group scan order. The group scan order may be vertical,

horizontal, diagonal, etc.

[00105] In operation 708, the decoder reconstructs the significant-coefficient-group
flag for the current coefficient group (indexed as CG). This reconstruction includes decoding
the significant-coefficient-group flag from the bitstream, unless a special case applies. For

30  example, one exemplary special case is when the significant-coefticient-group flags for the



for( m= nunCoeffGoup -1; nm> 0; m-) { n = nCGnunCoef fnCG + m xC =
ScanOrder[ log2TrafoSize -2 ][ log2TrafoSize - 2 ][ scaddx if n][ O ] yC
= ScanOrder[ log2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx if n][ 11

significant_coeff flag[ xC Il yC 1 ae(v) nurallonzeroCoef +=
significant_coeff flag[ xC ][ yC ] } m= 0 n = nCG nunCoef finCG + m
XC = ScanOrder|[ log2TrafoSize - 2 |[ +292TrafoSize -2 if scanldx ][ n][ O ]

group to the right and the group below the current coefficient group are both non-zero, In this

situation, the significant-coefficient-group flag may be presumed to be non-zero by default.

[00106] As indicated by operation 710, if the reconstructed significant-coefficient-

group flag is zero, then in operation 712 the significant-coefficient flags of the corresponding
5  coefficient group are all set to zero. If the reconstructed significant-coefficient group flag is

non-zero, then in operation 714 the significant-coefficient flags of the corresponding

coefficient group are decoded from the bitstream in scan order within that group.

[00107] Once all the significant-coefficient flags of the current coefficient group are
reconstructed in either operation 712 or 714, then in operation 716, the CG index is

10  decremented to move to the next coefficient group in the group scan order. If, in operation
718, the next coefficient group in the group scan order is CG > 0, i. e. it is not the upper left
group containing the DC coefficient at [0, 0], then the process returns to operation 708 to fully
reconstruct the significant-coefficient of the next coefficient group. However, if CG = 0, then
the method 700 proceeds to operation 720, where the significant-coefficient flags of the upper

15  left coefficient group are decoded from the bitstream. These significant-coefficient flags are
always encoded in the bitstream in this example embodiment, so the decoder presumes that

the significant-coefficient-group flag for this coefficient group is effectively always non-zero.

Context-modeling

20  [00108] 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.

[00109] Determining which of the two contexts applies to a given significant-

25  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 for encoding the
significant-coefficient-group flag of the current group is 0. Otherwise, the context is 1. If the
flags for those two adjacent groups are not available then the unavailable flags are presumed

30 to =0 for the purpose of context determination.
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[00110] Note that if a different scan order direction (such as from upper left towards
lower right) is used, the context model can be changed to use the significant-coefficient-group
flag for the adjacent group to the left of the current group and the significant-coefficient-

group flag for the adjacent group above the current group to determine the context.

[00111] The context determination process may also include special cases. For

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

[00112] There are other possible context models and methods for determining context

that may be used. Some examples are given below.

[00113] To define notation, let L[i] denote the significance flag of coefficient group 1 at
level L and let N denote the number of the coefficient groups at level L. In general, fora
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:
Ci =c(,L[0],L[1],..LIN-1])

[00114] where j !=1. 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.

[00115] In an embodiment similar to the above-described context determination mode,

the context may be determined by:
Ci =c(,LOf0], LO[1], ..., LO[15])
= sum {bj * LO[1}

[00116] where j =0, 1, ..., Nand 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

contexts (6, if a distinct 3 contexts are used for chroma).
[00117] Another embodiment of c(*) is given by:
Ci =c,L[0], L[1],..,LIN-1])

=sum {bj * L{j]}



yC = ScanOrder[ |og2TrafoSize -2 ][ log2TrafoSize - 2 ][ scanlcLx ][ n
] s gnificant _coeff flag[ xC][ yC] =0 } } } } else {
n = nunCoeff - 1; n >=0; n- - ) { XxC = ScanOrder|[ | og2TrafoSize - 2
| og2TrafoSize -2 ][ scanldx if n][ O ] yC = ScanOrder[ | o0g2Traf oSi ze
If log2TrafoSize - 2 ][ scanldx J[ n][ 1 ]

=27 -

[00118] where j=0, 1, ..., N and j =1, 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.

[00119] 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

[00120] Other context models and processes for determining context may be used with

10 multi-level significance maps.

[00121] Below is given an example syntax for the two-context embodiment discussed

above. In this example, consider inputs to be the current coefficient group scan position

{ xCG, yCQG), and the previously decoded bins of the syntax element

significant_coeffgroup flag. The output of this process is ctxIdxInc. In this example, the
15 transform unit is presumed to have been divided into sixteen contiguous blocks to form the

coefficient groups. For example, a 16x16 TU is divided into 4x4 blocks and a 32x32 TU is

divided into 8x8 blocks. In another example, the transform units may be divided into 4x4

blocks or other sized blocks.

[00122] The variable ctxIdxInc depends on the current position ( xCG, yCG ), and
20  previously decoded bins of the syntax element significant_coeffgroup flag. For the derivation
of ctxIdxInc, the following applies.

[00123] If xCG is equal to 3, and yCG is equal to 3, ctxIdxInc is set equal to a default
context value. In this example embodiment, the default value is ctxIdxInc = 44. In other

embodiments, it may be another value, including 0.

25 [00124] If xCG is less than 3, and yCG is equal to 3, ctxldxInc is set as ctxldxInc = 44
+ significant subblock_flagf xCG+ 1 ][ yCG ]

[00125] If xCG is equal to 3, and yCG is less than 3, ctxIdxInc is set as ctxIdxInc = 44
+ significant _subblock flag] xCG ][ yCG + 1 ]



significant_coeff flag[ xC] [ yC I ae(v) } } ....(decodi ng of
coefficient values and signs omtted) } - 35 - [00157] The second
for-loop within the main if-else statenment reflects the group-by- group
processing in group scan order. Wthin the first part of that |oop, two
special cases are dealt with in an if-else statenent: the
significant-coefficient-group flag is28et to 1 if the coefficient-group is
t he upper left group (i.e. nCG0) or if the groups to the right and bottom
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transmission cost.

[00129] The RDOQ process normally evaluates four costs in determining the rate
component. The four rate costs include the last position rate, the significance rate (LO rate),
the coefficient rate, and the coded block parameter (CBP) rate. To implement multi-level

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

[00130] 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
25 flags. Ina second stage, with the last position fixed, the RDOQ process may then be applied
again with regard to the L1 rate to determine whether there is a rate-distortion (RD) cost |

justification for zeroing any coefficients.

[00131] 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

30 quantized transform coefficients and to determine the position of the last significant



[00161] I n anot her enbodi ment, the coefficient group size may be fi xed.
Exanpl e syntax using fixed 4x4 coefficient groups is set out in the
fol |l owi ng pseudocode: residual coding eabac( x0, yO |0g2TrafoSi ze,

traf oDepth, seanidx, cldx ) { Descriptor |ast_significant_coeff x ae(v)

| ast _significant_coeff_y ae(v) -36- nunCoeff= 0 xC = ScanOrder]|

| og2TrafoSize - 2 ][ |og2TrafoSi ze - 29 scanldx ][ nunCoeff if 0 1 yC =
ScanOr der | Iog2TrafoSize - 2171 Iog2TrafoSize -2 ][ scanlclx J[ numCoeff ]|
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itusesa greedy approach to further optimize the transform coefficients.

[00132] Operation 402 reflects the use of RDOQ to obtain optimal quantized transform
5  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.

[00133] 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 flagis fixed at 1.
10  The encoder then greedily determines whether costs savings are found by zeroing coeffictents

in other groups. The process 400 may be performed in the scan order in some embodiments,

although it could be processed in another order.

[00134] 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

15  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
assesscs 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

20  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,
01 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

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

embodiments).

[00135] 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 L0 RDOQ), the optimal quantized transform domain coefficients are

30 shown in Figure 3. The corresponding L0 significance map is shown in Figure 4, and the L1

significance map is shown in Figure 5.



I f (log2TrafoSize > 3) { [|0g2CoeffGoupSize = 2 nunCoeffinCG = (1 <<

(1 og2Coef f G oupSi ze -c< 1))

-1)>> (|l 0og2Coef f G oupSi ze << 1)) for( m= nunCoeff - (numCoeffG oup-1
nunCoef fnMCG1; m>= 0; m-) 1 n = (nunCoetroup-1)*nunCoeffinCG + in

ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize -2 ][ scanldx ][ n][ O ]
= ScanOrder[ log2TrafoSize - 2 ][ |og@P-afoSize -2 ][ scanidx ][ n][ 1]
if (n == nunCoeff-1) significant_coeff flag[ xCif yC] =1 Else
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significance map 502 shown in Figure 11.

[00137] 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.

[00138] 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.

[00139] 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.
If the modified RDOQ determines that 2x2 is optimal, the encoder encodes a bin 1 into the
bitstream before the significant-coefficient-group flags. The decoder decodes this bin before
the significant-coefficient-group flags and knows that the coefficient group size for the

current TU is 2x2.

nunCoef f G oup = ((nunCoeff + nuntCoeffinCG

)*
xXC =

yC
2,

| dx



yCG = ScanOrder[ | og2trafoSize - | 0og2Coeff G oupSize -2 ][ |og2trafoSi ze -
| og2Coef f 3roupSize - 2 ][ scanldx ][ nCG ][ 1] ri ght CGFl ag = (xCG -
(1<< (log2trafoSi ze - | 0g2Coeff G oupSize) ) )? 0: significantcoeffgroup
flag[] xCG+1 ][ yCG] bottonCGFlag = (yCEH 1 <.< (|l og2trafoSize -

| og2Coef f G oupS ze) ) )? 0: significant_coeffgroup flag[] xCG] [ yCGtl ]
1f( ( rightCG-lag + bottonCG-lag == 2-3141 (11CG- 0 ) ) { significant
coeffgroupilag] xCG ][ yCG] =1 } else { significant_coeffgroup_flagl
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last position. Specifically, an exemplary RDOQ process for a 16x16 TU, 4x4 coefficient

groups, and a multi-level scan over 4x4 groups, is as follows.
5 [00141] Step 1: Set nCG = 15 (start from the last coefficient group).

[00142] Step 2: Do LO RDOQ for each coefficient in the coefficient group at group

position nCG following the scan order within the group as specified by multi-level scan.

[00143] Step 3: If the resulting coefficient group after Step 2 has non-zero coefficients,
nCG is greater than 0, and either the right'neighbor or the below neighbor has its significant
10  coefficient group flag set to zero, do L1 RDOQ for the coefficient group: 1) calculate the RD
cost setting the L1 flag to zero for the present coefficient group; 2) if the cost is smaller than
the RD cost resulting from Step 2, set all coefficients in the coefficient group to zero, and the

significant coefficient group flag of the present group to 0.

[00144] Step 4: Decrease nCG by 1.
15 [00145] Step 5: Repeate Steps 1-4 until nCG is equal to 0.
[00146] Step 6: Determine the last position minimizing the RD cost.
[00147] Figure 17 illustrates this example in flowchart form showing example process

450 for RDOQ encoding of a multi-level significance map with a multi-level scan order. The
process 450 includes a first operation 452 of setting the number of coefficient groups nCG

20  based on the group containing the last significant coefficient. In operation 454, a LO RDOQ
process is performed on the coefficients within the current coefficient group; that is, rate-
distortion optimization is used to determined optimal coefficient values for each coefficient in
the current group. In operation 456, if there are no non-zero coefficients, then the process 450
skips to operation 464 to move to the next coefficient group in the scan order and cycle back

25  to operation 454 to perform L0 RDOQ on that next coefficient group. Note that the process
450 also skips to operation 464 if the lower and right neighbor groups have significant-

coefficient-flags that are both non-zero.

[00148] In operation 456, if there are non-zero coefficients in the current group, then

the process 450 moves to operation 458 in which L.1 RDOQ is performed with respect to the



yC = ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 if scanldx if nif 1
] significant_coeff flag xC 11 yC 1 ae(v) numNonzeroCoef += s _
gni ficant _coeff flag[ xC ][ yC ] - 37 - m=0 n = nCG numCoef f NCG +
m xC = ScanOrder[ |og2TrafoSize - 2 ][ log2TrafoSize -2 ][ scanidx ][ n
1l 0] yC = ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx
1l n]1[ 1] if ( ( rightCGFlag + botX¥onCGFlag --=2 ) Il ( nCG==0) |II
nunNonzer oCoef ) { significant _coeff flag( xC ][ yC] ae(v) } else {

current group. That is the RD cost is calculated if the L1 flag (significant-coefficient-group
flag) were set to zero, thereby resulting in all zero coefficients at the decoder. If the rate
savings versus the distortion result in a lower RD cost, as evaluated in operation 460, then in

operation 462 the coefficients are zeroed and the significant-coefficient-group flag is set to

5 zero.
Example Syntax
[00149] An example syntax for implementing multi-level significance maps is provided

below. This example syntax is but one possible implementation.
10  [00150] The significant-coefficient-group flags may be denoted and defined as:
significant_coeffgroup_flag|[ xCG ][ yCG ]

[00151] 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:

15 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
equal to 0;

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

[00152] 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.

25 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
significant_coeffgroup flag[xCG][yCG+1] =1 and
significant_coeffgroup flag[xCG+1][yCG] = 1.

[00153] When significant_coeffgroup flag[ xCG ][ yCG ] is not present, it is inferred
30 tobeequaltoO.

[00154] In some embodiments, the significant _coeffgroup flag[ xCG ][ yCG ] does
not apply to 4x4 and 8x8 transform blocks.



1} } else { for( m=

= nCG nunCoef fnCG + m xC =

afoSize - 2 ][ scanlclLx ][ n ][ 0]
og2TrafoSize - 2 ]J[ scanldx ][ n][ 1]
0 1

-33-

significant_coeff flag{ xC ][ yC] =
nunCoeff G oup -1; m>= 0; m-) { n
ScanOrder[ | og2TrafoSize -2 ][ | o0g2Tr
yC = ScanOrder[ |og2TrafoSize -2 ][ |
significant_coeff flag[ xC ][ yC ]

[00155] The following pseudo-code illustrates one example implementation of multi-
level significance maps within the decoding process for reconstruction quantized transform

domain coefficients (residuals).

[00156] It will be noted that the first portion of the pseudo-code includes decoding the

5 last-significant coefficient position. The number of coefficient groups are then determined, if
the transform unit is 16x16 or larger (as indicated by if (log2TrafoSize > 3)), and the number
of coefficients in each coefficient group. The second if-else statement reflects the decoding of

the significant-coefficient flags within the coefficient group containing the last-significant

coefficient.

residual_coding cabac( x0, y0, log2TrafoSize, trafoDepth, scanldx, cldx ) { - Descriptor
last_significant_coeff x ae(v)
last_significant_coeff y ae(v)

numCoeff=10
xC = ScanOrder( log2TrafoSize — 2 ][ log2TrafoSize — 2 [ scanldx ]| numCoeff ][ 0 ]
yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff][ 1]
while( ( xC != last_significant coeff x ) || (yC 1= last_significant coeff y)) {
rumCoeff++
xC = ScanOrder[ log2TrafoSize — 2 ][ log2 TrafoSize — 2 ][ scanldx ][ numCoeff ][ 0 ]
yC = ScanOrder| log2TrafoSize — 2 ]| log2TrafoSize — 2 ][ scanldx ][ numCoeff ][ 1 ]

}

if (log2TrafoSize > 3) {
log2CoefiGroupSize = log2trafoSize-2
nuraCoeffinCaG = (1 << (log2CoeffGroupSize << 1))
numCoeffGroup = ((numCoeff + mumCoeffinCG -1)>> (log2CoeffGroupSize << 1))
for( m = numCoeff — (numCoeffGroup-1)* numCoeffinCG-1; m >= 0, m-~-) {
n = {numCoeffGroup-1)*numCoeffinCG + m
xC = ScanQOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx |{n][ 0]
yC = ScanOrder[ log2TrafoSize — 2 [ log2 TrafoSize — 2 |[ scanldx [[n][ 1]
if (n = numCoeft-1)
significant_coeff flag[ xC][yC]=1
Else

significant_coeff flag[ xC ][ yC] ae(v)

}
for( nCG = numCoeffGroup-2; nCG >= 0; nCG--} {

xCG = ScanOrder[ 0 ][ 0 ][ scanldx ][ nCG ][ 0]

yCG = ScanOrder[ 0 ][ 0 I[ scanldx ][ nCG ][ 1]

rightCGFlag = (xCG == 4)? 0: significant_coeffgroup flag[ xCG+1 ][ yCG ]
bottomCGFlag = (yCG == 4)? 0; significant coeffgroup flag] xCG ] [ yCG+1 ]
if { { rightCGFlag + bottomCGFlag =2 ) || (nCG=0))




1 } else { for( n = nunCoeff - 1; n >=0; n- - ) { xC = ScanOrder|
| og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx. ][ n ][ O ] yC =
ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scatildx ][ n][ 1 ]
significant_coeff flagl xC ][ yC] ae(v) } } ....(decoding of
coefficient values and signs omtted)

{

significant_coeffgroup_flagl xCG ] yCG ] =1
}else {

significant_coeffgroup_flag| xCG ][ yCG ] ag(v)

}
if (significant_coeffgroup_flag] xCG ][ yCG ]) {
mumNonzeroCoef = 0
for( m = numCoeffGroup -1; m > 0; m--) {
n = nCG*numCoeftinCG + m
xC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][n ][ 0 ]
yC = ScanOrder[ log2TrafoSize — 2 ]{ log2TrafoSize — 2 ][ scanidx }{n]{1]
significant_coeff_flag[ xC ][ yC|] ae(v)
numNonzeroCoef += significant_coeff_flag[ xC ][ yC ]
¥
m=0
n=nCG*umCoeffinCG + m
xC = ScanOrder] log2TrafoSize — 2 1[ log2TrafoSize — 2 ] scanldx J[n ][ 0]
yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]
if ( (rightCGFlag + bottomCGFlag == 2 ) || (nCG == 0) || numNonzeroCoef) {
significant_coeff_flag[ xC ][ yC ] ae(v)
}else {
significant_coeff flag xC][yC]=1

}
}else {
for( m = numCoeffGroup -1; m >= 0; m--) {
n = nCG*numCoeffinCG + m
xC = ScanOrder[ log2 TrafoSize — 2 ][ log2TrafoSize — 2 J[ scanldx [ n][ 0 ]
yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanidx J[n][1]
significant coeff flag[ xC J[yC =0
}
3
}
1 else
{
for( n=mmCoeff - 1; n>=0;n——) {
xC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize —2 ][ scanldx J[n ][ 0 ]
yC = ScanOrderf log2TrafoSize — 2 1[ log2TrafoSize — 2 ][ scanldx J[n]f 1]
significant_coeff_flag[ xC ][ yC ] ae(v)

}
}

....{decoding of coefficient values and signs omitted)




} 1001621l n yet another enbodi ment, the significant-coefficient-group
flags may not be interleaved with the significant-coefficient flags within
the bitstream That is, the significant- coefficient-group flags are
encoded in the bitstreamtogether and the significant-coefficient 5 flags,
group-by-group in the scan order, follow themin the bitstream Exanple
syntax corresponding to a non-interl eagged enbodinent is set out in the
fol |l owi ng pseudocode: residual _coding _cabac( x0, yO |0g2TrafoSi ze,

trafoDepth, scanldx, cld Descriptor last _significant coeff x ae(v)
| ;st si 115i7iant _%@ﬁ?@nﬁé%@%w%& maip 1593@9 &tgtS@ﬁH@eﬂ%‘?f? &ec%‘?iﬂ’@f'oSi ze -
2 l o 0 4 . — ;
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whi | e( dealOwith i as {f-alsegptatémemtnthe sigrificant-podfficientyg@ohp-flag is set to 1 if the
| ast _si gni f.i cant f -38 - ff++ XxC = ScanOrde
| og2Tr abOfisEaREUp i {5 pReclpberosi (e Ak Uk i e 2rqunn nBE RN U fottom . -
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two cases do not apply (the “else” clause), then the significant-coefficient-group flag is
decoded from the bitstream (significant_coeffgroup flag[xCG][yCG]).

[00158] Following that if-else statement, a further if-else statement provides that if the
significant-coefficient-group flag is non-zero, then the significant-coefficient flags for that

10  group are decoded from the bitstream in scan order. All but the last (upper left) significant-
coefficient flag in the group is decoded from the bitstream. The decoder then assesses
whether any of the decoded significant-coefficient-flags for that group are nonzero. If so, then
it decodes the last (upper left) significant-coefficient flag for that group; and otherwise, it sets

it to 1 because it knows that it cannot be zero.

15  [00159] The “else” statement that follows applies to the situation where the significant-
coefficient-group flag is zero. In that case, all the significant-coefficient flags for that group

are set to zero.

[00160] The foregoing pseudo-code shows one example implementation of the
example method 700 described above in connection with Figure 16. The significant-

20  coefficient-group flags and their corresponding significant-coefficient flags (if any) are
interleaved in this embodiment. A distinction between the example method 700 in Figure 16
and the example pseudocode is that the example method 700 deals with the special case of the
upper left group in operation 720, whereas the psuedocode deals with that special case within
operation 708 by setting the significant-coefficient-group flag for that group to be non-zero

25  and thus decoding that group’s significant-coefficient flags from the bitstream in operation
714.

[00161] In another embodiment, the coefficient group size may be fixed. Example

syntax using fixed 4x4 coefficient groups is set out in the following pseudocode:

residual_coding_cabac( x0, y0, log2 TrafoSize, trafoDepth, scanldx, cldx ) { Descriptor
last_significant_coeff x ae(v)

last_significant_coeff y : ae(v)




1 i f (log2TrafoSize > 3) { [|o0g2Coeff G oupSize = | og2trafoSi ze-2
nunmCoef fi nCG = (1 << (| o0g2Coeff G oupSi ze << 1)) nunCoeffGoup = ((nunCoeff
+ numCoef fi nCG -1)>> (| og2Coeft U oupSi ze << 1)) nCG = nunCoef f G oup-1
XCG = ScanOrder[ O ]J[ O ][ scanlcbc ][ nCG ][ 0] yCG = ScanOrder[ O ][ O
][ scanldx ][ nCG ][ 1] s gnificant_coeffgroupflag] xCG][ yCG] =1 nCG
=0 XCG = ScanOrder[ O ][ O ][ scanl d®6i-f nCG][ 0] yCG = ScanOrder[ 0 ]|
O ][ scanldx ][ nCG ][ 1] significant_coeffgroupflag] xCG][ yCG] =1
numCoeff= 0
xC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff ][ 0 ]
yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx }[ numCoeff ][ 1]
while( (xC 1= last_significant coeff x ) || (yC != last_significant coeff y)) {

numCoeff++

xC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff ][ 0 ]

yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx [ numCoeff][ 1]

}

if (log2TrafoSize > 3) {
log2CoeffGroupSize = 2
mumCoeffinCG = (1 << (log2CoeffGroupSize << 1))
numCoeffGroup = ((numCoeff + numCoeffinCG -1)>> (log2CoeffGroupSize << 1))
for( m = numCoeff — (numCoeffGroup-1)* numCoeffinCG-1; m >= 0; m--) {
n = (mumCoeffGroup-1)*numCoeffinCG + m
xC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ n ][ 0 ]
yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize —2 ][ scanldx J[n]i[1]
if (n = numCoeff-1)
significant_coeff flagl xC}{ yCI=1
Else

significant_coeft flag[xC ][ yC ] ae(v)

}
for( nCG = numCoeffGroup-2; nCG >= 0; CG-- ) {
xCG = ScanOrder] log2trafoSize - log2CoeffGroupSize -2 }| log2trafoSize -
log2CoeffGroupSize -2 ][ scanldx J[ nCG ][ 0]
yCG = ScanOrder[ log2trafoSize - log2CoeffGroupSize -2 J[ log2trafoSize -
tog2CoeffGroupSize - 2 ][ scanldx J[ nCG ][ 1]
rightCGFlag = (xCG == (1<< (log2trafoSize - log2CoeffGroupSize) ) )7 0:
significant_coeffgroup flag] xCG+1 ][ yCG ]
bottomCGFlag = (YOG = (1 << (log2trafoSize - log2CoeffGroupSize) ) )? O
significant coeffgroup flag[ xCG ][ yCG-+1 ]
if ( ( rightCGFlag + bottomCGFlag==2) || (nCG==10})

{

significant coeffgroup_flag[ xCG [ yCG ] =1
1else {

significant_coeffgroup_flag| xCG |[ yCG ] ag(v)

}
if (significant _coeffgroup_flag[ xCG ][ yCG 1) {

numNonzeroCoef = 0

for( m = mumCoeffGroup -1; m > 0; m--) {
n=nCG*numCoeffinCG + m
xC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx [[n ][ 0 ]
yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 J[ scanldx }[n]{ 1]
significant_coeff_flag[ xC ][ vC ] ae(v)
mmNonzeroCoef += significant_coeff flag[ xC ][ yC]




for( nCG = nunCoeff G oup-2, nCG > 0; nCG- ) { xCG = ScanOder[ O ][ O ][
scanldx ][ nCG ][ 0] yCG = ScanOrder[ O ][ O ][ scanldx ][ nCG ][ 1]
right CGFlag = (xCG == 4)? 0: significant_coeffgroupflag] xCG1 ][ yCG ]
bottonCG-lag = (yCG - 4)? 0: significant_coeffgroupflag] xCG] [ yCG+l ]
if ( rightCG-lag + bottonCGFlag - 2 ) { s gnificant_coeffgroup_flag[ xCG
][l yYCG] =1 1 else { significant_co&ffgroup_flagl xCGI [ yCG ] ae(v) }
1 nCG = nunCoeffGoup-1 for( m= nunCoeff - nCG nunmCoeffinCG1l; m>= 0;

m_) { n—nf‘()\'nnlur}effw(‘f‘d.rnl

T OO ot LI LI "4 = A LI

n = nCG*numCoeffinCG + m
xC = ScanOrder{ log2TrafoSize — 2 ][ log2TrafoSize —2 J[scanldx {n3[ 0]
yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 J[ scanldx J[n}{ 1]
if ( ( rightCGFlag + bottomCGFlag==2 ) || ( nCG == 0) || numNonzeroCoef) {
significant_coeff flagf xC |[ yC ] ae(v)
}else {
significant coeff flagf xC}{yC]=1

h
} else {
for( m = numCoeffGroup -1; m >= 0; m--) {
n = nCG*numCoeffinCG + m
xC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scankdx J{n ][0 ]
yC = ScanOrder[ log2TrafoSize — 2 [ log2TrafoSize — 2 ][ scanldx J[n][1]
significant coeff flag[ xCH yC]1=0
}
}
3
} else
{
for( n =numCoeff— 1;n>=0;n——) {
xC = ScanQOrder[ log2 TrafoSize — 2 |[ log2TrafoSize — 2 |[ scanldx [ n1{ 0 ]
yC = ScanCrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]

significant_coeff flag] xC J[ yC ] ae(v)
}
}
....(decoding of coefficient values and signs omitted)
}
[00162] In yet another embodiment, the significant-coefficient-group flags may not be

interleaved with the significant-coefficient flags within the bitstream. That is, the significant-
coefficient-group flags are encoded in the bitstream together and the significant-coefficient
5  flags, group-by-group in the scan order, follow them in the bitstream. Example syntax

corresponding to a non-interleaved embodiment is set out in the following pseudocode:

residual_coding_cabac( x0, y0, log2TrafoSize, trafoDepth, scanldx, cIdx ) { Descriptor
last significant_coeff_x ae(v)
last_significant_coeff y ae(v)
numCoeff=0

xC = ScanOrder| log2TrafoSize — 2 ][ log2 TrafoSize — 2 [ scanldx ][ numCoeff [ 0]
yC = ScanOrder| log2TrafoSize — 2 [ log2TrafoSize — 2 ][ scanldx ][ numCoeff [ 1]
while( (xC != last significant_coeff x) || ( yC != last_significant coeff y)) {




xC = ScanOrder[ |og2TrafoSize - 2 ][ |log2TrafoSize -2 ][ scanldx ][ n][ O ]
yC = ScanOrder|[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx ][ n][ 1
] if (n - nunCoeff-1) significant_coeff flag[ xC][ yC] =1 Else
significant_coeff flag[ xC] [ yC] ae(v) 1 for( nCG = nunCoe tiroup-2;
nCG >-=0; nCG- ) { if (sign ficant_coeffgroupflag[ xCG ][ yCG] ) {
numNonzer oCoef = 0 for( m = nunCoef -@8oup -1; m> 0; m-) { -3 - n=

nCG* nuntCoef f i nCG + m xC = ScanOr der[ Iog2Tr afoSize - 2 ][ Iog2Tr af oSi ze -
2 ][ seantd ey 6é—ff+" H—061+—y€E—= o\,anu UUI|_ tog2TrafoSize =277
| og2Tr xC= ScanOrdé]E{[Iog%TrafoSme 2}[ ]ogﬁ’fraf" Slie—Z][ scanldx ][ numCoeff][ 0]

yC = ScanOrder|[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx ][ numCoeff][ 1]
}

if (log2TrafoSize > 3) {
log2CoeffGroupSize = log2trafoSize-2
numCoeffinCG = (1 << (log2CoeffGroupSize << 1))
numCoeffGroup = ((numCoeff + numCoeffinCG -1)>> (log2CoeffGroupSize << 1))

nCG = numCoeffGroup-1
xCG = ScanOrder[ 0 ][ 0 ][ scanldx ]f nCG ][ 0]
yCG = ScanOrder| 0 ][ 0 ][ scanldx ][ nCG ][ 1]
significant_coeffgroup flag[ xCG J[ yCG j=1
nCG=10
xCG = ScanOrder[ 0 ][ 0 ][ scanldx }{ nCG ][ 0]
yCG = ScanOrderf 0 J[ 0 ]{ scanldx J[ nCG [ 1]
significant_coeffgroup flag{ xCG ][ yCG | =1
for( nCG = numCoeffGroup-2; nCG > 0; nCG--) {
xCG = ScanOrder[ 0 ][ 0 ][ scanfdx ][ nCG ][ 0]
vCG = ScanOrder[ 0 ]{ 0 ][ scanldx J[nCG ]{ 1]
rightCGFlag = (xCG == 4)? 0: significant_coeffgroup_flag[ xCG+1 ][ yCG ]
bottomCGFlag = (yCG == 4)? 0: significant_coeffgroup_flag[ xCG ] [ yCG+1 ]
if { rightCGFlag + bottomCGFlag =2 )
{
significant_coeffgroup_flag[ xCG J[ yCG ]=1
1 else {
significant_coeéffgroup_flag] xCG ][ yCG ] ae(v)

}

}
nCG = numCoeffGroup-1

for( m = mumCoeff — nCG*numCoeffinCG-1; m >=0; m--) {
n=nCG*numCoeffinCG + m
xC = ScanOrder| log2TrafoSize — 2 [ log2TrafoSize — 2 ]f scanldx [In][ ]
yC = ScanOrder{ log2 TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]
if (n = numCoeff-1)
significant_coefl flag[ xC [ ¥C]=1
Else

significant_coeff flag[xC ][ yC] : ae(v)

}
for( nCG = numCoeffGroup-2; nCG >= 0; nCG-- ) {

if (significant_coeffgroup_flag] xCG ][ yCG 1) {
numNonzeroCoef= 0

for( m = numCoeffGroup -1; m > 0; m--) {




significant_coeff flag] xC 1l yC 1 ae(v) nunbl onzeroCoef +=
significant_coeff flag[ xC]J[ yC] } m=0 n = nCGnunCoeffnCG + m xC =
ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize - 2 ][ scanldx ][ n][ O] yC
= ScanOrder[ log2TrafoSize - 2 ][ log2TrafoSize -2 ][ scanlcbc ][ n][ 1]
XCG = ScanOrder[ O ][ O ][ scanldx ][ nCG ][ 01 yCG = ScanOrder[ O ][ O ]]
scanldx ][ nCG ][ 1] rightCGH ag (X85 ----- 4)? O:

significant _coeffgroupflag] xCGtl ] [ yCG ] bottonCG-lag = (yCG == 4)? 0:
S|gn|fcant Cceffnrnnn fl anl vCG 1 [ \lf‘(" E1 1 if/ ( rinhf f‘f:l:l g +

bot t onCCGFl ag..="2 “FGI’}“EIFOWJrﬁ \ || numMonzer aCod) signifidant_caef

flag] KC HdeX‘F SeanpQryderf logd TsafoSize —2; 1lag rafoStre éé[e“'FqﬂIdf‘ﬂ[é’dﬁ kcirlycy =1

yC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]
significant _coeff flag[ xC ][ ¥C ] ae(v)
numNonzeroCoef += significant coeff flag] xC [ yC]

}
m=10
n=nCG*rumCoeffinCG + m
xC = ScanOrder| log2TrafoSize — 2 [ log2TrafoSize — 2 ][ scanldx [{n ][ 0]
yC = ScanOrder| log2TrafoSize — 2 ][ log2TrafoSize — 2 ][ scanldx J[n][ 1]
xCG = ScanOrder[ 0 ][ 0 ]f scanldx J[ nCG ][ 0]
vCG = ScanOrder[ 0 ][ 0 ][ scanldx J[ nCG ][ 1]
rightCGFlag = (xCG == 4)? 0: significant_coeffgroup_flag] xCG+1 ][ yCG ]
bottomCGFlag = (yCG = 4)? 0: significant- coeffgroup flag[ xCG ][ yCG+1 ]
if ( ( rightCGFlag + bottomCGFlag == 2 ) | ( nCG == 0 ) || numNonzeroCoef) {
significant _coeff _flag| xC ][ yC ] ae(v)
} else {
significant coeff flag] xClf yC]=1

}
}else {

for( m = numCoeffGroup -1; m >= 0; m--) {
n=nCG*numCoeffinCG + m
xC = ScanOrder| log2TrafoSize — 2 ]{ log2TrafoSize — 2 ][ scanldx J[n][ 0]
yC = ScanOrder[ log2TrafoSize — 2 ] log2TrafoSize — 2 ][ scanldx 1[n][ 1]
significant coeff flag] xC][yC =0

}
}
}
} else
{
for{ n =mumCoeff - 1;n>=0;n— ) {
xC = ScanOrder[ log2TrafoSize — 2 ][ log2TrafoSize — 2 {[ scanldx Hn][ 0]
yC = ScanOrder[ log2TrafoSize — 2 ] log2TrafoSize — 2 ][ scanldx J[n]f 1]

significant_coeff flag[ xC][yC] ae(v)
¥
)
...(decoding of coefficient values and signs omitted)
}
[00163] 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



} lelse{ for( m= nunCoeffGoup -1; m>=0; m-) { n =

NCG nunCoef fi nCG + m xC = ScanOrder[ | og2TrafoSize - 2 ][ |0g2Traf oSi ze -
2 ][ scanldx ][ n][ 0] yC = ScanOrder[ |og2TrafoSize - 2 ][ |0g2TrafoSi ze
- 2 ][ scanldx ][ n][ 2] significant_coeff flag[ xC][ yC] =0 } } }
1 else { for( n = nunCoeff - 1; n>=0; n- - ) { xC = ScanOder]

| og2TrafoSize - 2 ][ log2TrafoSi ze -240[- scanldx if n][ 0] yC =
ScanOrder[ | og2TrafoSize - 2 ][ log2TrafoSize -2 ][ scanldx if n][ 11

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

5  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.

[00164] 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

10  processor 1002, a memory 1004, and a decoding application 1006. The decoding application
1006 may include a computer prograin 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

15  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,

etc.

[00165] Tt 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

20 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

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

[00166] 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

30 ° languages, computer programming conventions, data structures, other such implementation

details. Those skilled in the art will recognize that the described processes may be
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[00166]1t w Il be understood that the encoder described herein and the
nodul e, routine, process, thread, or other software conponent i nplenenting
t he descri bed nmet hod/ process for configuring the encoder may be realized
usi ng standard conputer program ng techni ques and | anguages. The present
application is not limted to particular processors, conputer 30 | anguages,
conput er progranmm ng conventions, dat-#2structures, other such

i npl enentation details. Those skilled in the art will recognize that the

describ S be -41 - inplenented as a part of
conputéﬁﬂﬁgtggﬁiﬁﬁgﬁggﬁ% stored in volatile or non-volatile nenory, as part
of an application-specific integrated chip (ASIC), etc. [00167] Certain

adaptati ons and nodi fications of the described enbodi nents can be made.

Therefore, the above di scussed enbodi ments are considered to be
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groups are to be reconstructed.

2. The method claimed in claim 1, wherein the group scan order is a prescribed order in

which the respective groups of significant-coefficient flags are to be reconstructed.

3. The method claimed in claim 2, wherein the significant-coefficient flags of a next one of
20 the respective groups are reconstructed only after all significant-coefficient flags of all

groups earlier in the group scan order are reconstructed.

4. The method claimed in claim 2 or claim 3, wherein the prescribed order for reconstruction

of the respective groups is a diagonal order.

5. The method claimed in any one of claims 1 to 4, wherein the scan order is a prescribed
25 order in which the significant-coefficient flags within each of the groups are to be

reconstructed.

6. The method claimed in claim 5, wherein the prescribed order of significant-coefficient

flags within each of the groups is a diagonal order.



6. The nethod clained in claim5, wherein the prescribed order of
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configuring the processor to performthe nethod clainmed in any one of
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storing processor-executabl & instructions which, when execute configures
one or norsgupeddaksors to performthe nethod clained in any one of clains 1
to 13. 516. A method for encoding significant-coefficient flags for a

t r atisf o P Thd hethbéd elaimédimcing@iip of slaimys 1 f010, evdehein esghegbuyy & ayicheyyuade
significant-coeffi (ii nt flags in a group scan order, encoding that group's
correspondﬁﬂ@ngﬂﬂﬂ??ﬁ%ant-coefficient-group flag, unless a special case
applies, and wherein the significant-coefficient-group flag is 10set to

zero t ol nkhegaethod plaimedyiaany one ef plakas hip By silisres reeansigicHsg appobiaeo
significant:g 1.6l ) , i . Lgnifi -ﬁ@9§ l.ci ent
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20 two neighbor groups, and wherein the two neighbor groups include a right neighbor and a

below neighbor, and wherein the context is 0 if both of the significant-coefficient-flags for

the two neighbor groups are 0, and wherein otherwise the context is 1.

14. A decoder for decoding a bitstream of encoded data to reconstruct significant-coefficient

flags for a transform unit, the decoder comprising:
25 & processor;
a memory; and

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 13.
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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 13.
5  16. A method for encoding significant-coefficient flags for a transform unit, the method
comprising:
for each respective group of significant-coefficient flags in a group scan order,
encoding that group’s cotresponding significant-coefficient-group flag, unless
a special case applies, and wherein the significant-coefficient-group flag is

10 set to zero to indicate that that corresponding group contains no non-zero

significant-coefficient flags, and

encoding the significant-coefficient flags in that group in a scan order within
the group, if the corresponding significant-coefficient-group flag is non-

ZC10.

15



