- 1 - MILTIPLE SIGN BIT H DING WTH N A TRANSFORM UNI T 5 COPYRI GHT NOTI CE
[ 0001] A portion of the disclosure of this docunent and acconpanyi ng
materials contains material to which a claimfor copyright is made. The
copyright owner has no objection to the facsim|e reproduction by anyone of
t he patent docunent or the patent disclosure, as it appears in the Patent
and Trademark Office files or records,-but reserves all 100t her copyright
ri ghts whatsoever. FIELD [0002] The present application generally relates to
data conpressio i articul to net hods and_devices for sign bit
i ng when: encdvi GlLAEPESE STG N BRTAH LDEN GaW T EET ENCrOND
[ 0003] Dat a conpression occurs in a nunber of contexts. It is very comonly
used in comunications and ' tore, transmt, and
reproduce information effi CW$W;§§F | ar application in the
encodi ng of images, audio and video. Video 20 presents a significant
chal l enge to data conpression because of the |arge anmount of data required
for each video frame and the speed with which encodi ng and decodi ng often
needs to occur. The current state-of-the-art for video encoding is the
| TUT H 264/ AVC video coding standard. It defines a nunber of different
pr of id esCOPYRIGEHEMNOTICEP! | cations, including the Main profile, Baseline
profile and others. A next-generation video encoding standard is 25
current | pgopnder dey T i t termed
H gh Ef feom Ie]ncy Vi d?gRCodl %é%lgabﬁ?? 61fTﬂhg @%?I;Il?ﬂgta:ngtgbc}’m ?/'Mﬁ{%%tfat %;1/) resul t
in a vi d@@t%@dﬂﬁgﬂﬁttaﬁ@m Jammtimicopyreght isreatlet ThasopyPigt cb’Wner haQne
[ 0004] Thoreetl% (%o%e% 5 of satand ds for E@'&Odtﬁ: P/ decodj n es and
vi deos, 1Rcl Udi hg Cfgﬂle{%g’[ UGN BY FBieng 85 U PAISAT oFUuBtest ‘é?at T t hese
process ediscldjdﬂ@e laSRABpEEs InrtREPatest AkiViralRendrROIE FIRK 8y rebdids Ok kdbeA¥dalPr 8x8,
and the bl ocks are spectrally transforned into coefficients, quantized, and
ent A8py Ehersaryight iighttwhatswsss; the data being transformed 5is not the
actual pixel data, but is residual data follow ng a prediction operation.
Predictions can be intra-frame, i.e. block-to-block within the frane/inmage,
or inter-franme, i.e. between franes (also called notion prediction). It is
expect edFilEId» MPEG-H wi |l al so have these features. [0005] When spectrally
transform ng residual data, nmany of these standards prescribe

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

to methods and devices for sign bit hiding when encoding and decoding residual video data.

15
BACKGROUND

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

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

25  currently under development through a joint initiative of MPEG-ITU termed High Efficiency
Video Coding (HEVC). The initiative may eventually result in a video-coding standard
commonly referred to as MPEG-H.



10 the use of a discrete cosine transform (DCT) or sone variant thereon.
The resulting DCT coefficients are then quantized using a quantizer to
produce quantized transform dormain coefficients, or indices. [00061The
bl ock or matrix of quantized transform domain coefficients (sonetines
referred to as a "transformunit") is then entropy encoded using a
particul ar context nodel. In 15 H. 264/-AK and in the current devel opnent
work for MPEG H, the quantized transform coefficients are encoded by (a)
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The | as PRI S er o Tk Bmumbet st s SRoPsPUREIe s B s
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present fegptescati on descri bes net hods and encoders/decoders for encodi ng
and decodi ng residual video data using sign bit hiding. In some of the
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quantized transform coefficients often occupies 30-80% of the encoded data in the bitstream.

[0007] Transform units are typically NxN. Common sizes include 4x4, 8x8, 16x16,
and 32x32, although other sizes are possible, including non-square sizes in some
embodiments, such as 8x32 or 32x8. The sign of each non-zero coefficient in a block is

25  encoded using one sign bit for each non-zero coefficient.

BRIEF SUMMARY

[0008] The present application describes methods and encoders/decoders for encoding
and decoding residual video data using sign bit hiding. In some of the embodiments, the
30 encoder and decoder may use multi-level significance maps for encoding significant-

coefficient flags. A sign bit of at least one coefficient for each subset of the coefficients in the



15 a correspondi ng non-zero coefficient within the respective set. The

nmet hod i ncludes, for each of the two or nore sets of sign bits, sunm ng an
absol ute value of the coefficients for the respective set corresponding to
that set of sign bits to obtain a parity value; and assigning a sign to one
of the coefficients within the respective set based on whether the parity
value is even or odd. 20[0010]In anot he¥- aspect, the present application
descri bes a nethod of encoding a bitstream of video by encoding sign bits
for coefficlents.for t.rﬁnsform unit. gﬂe met hod i ncl udes, for each of two
or nore S&P o%lfm(’:tcfgﬁﬁ%}f“g FUSHT 2 P A9CHIgRE, ) oM casesuthsisHBS e Piabs ol ut e
val ue of cdehRei&@eédrieapatitts thdboetiiabnt $oSupk As@PhAhOMAIRRN LI Hapsdlste for
determining that a sign of one of the coefficients in that set ‘does not
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met hods of encodj ng and decoding. [0012]In yet a further aspect, the
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storing - L - i | i gh, - 4 .
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encodi nchiding/tahnidee odiyniso HeAR4Bih Tais avep éfthey dntothraitliesevef sipfiGicaicesent
application wil] be un eﬁSIOOd'gé thgse of ordinary skill 1n the art
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[ 0014] Ref érence wi || r?ow be mlal%le, ﬂEycvvay‘g(‘%{#nj:%El anpl e, to the acconpanying
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Fi gure agram
encodi ngitsiretlen pf ENOAE] FHidgabe re2osdinting taefhtionts feli Agumfornam, e eeager for
decodi ng video; [0017]Fi gure 3 shows, an exanple of a multi-Ilevel scan
order f cﬁnc‘agﬁ%%’i‘%mt ma%?ssr:%r%smhﬂ,s forgbe Sprsfeimn unik caefbis comespRadipg & 4 6x 16
transf or@apiide fabES 'Tﬁ)dﬁf':ﬁ FoR kiR €ARE G i {5 | Ve se
gr oup- | eveﬁlé écean or d(;eer ; : 0%19] Figure 5 s bv%gé%hlgéaggg%l%g{gg@c%g? {rhgﬁs@oo?rm
uni €5i n aneinespdnding rgmeneps cefficasivitlin értregreotiyssearFhefnosthmbintiodles fgreath t
hi di ng; of the two or more sets of sign bits, summing an absolute value of the coefficients for the
respective set corresponding to that set of sign bits to obtain a parity value; and assigning a
sign to one of the coefficients within the respective set based on whether the parity value is

even or odd.

20  [0010] In another aspect, the present application describes a method of encoding a
bitstream of video by encoding sign bits for coefficients for a transform unit. The method
includes, for each of two or more sets of coefficients for the transform unit, summing an
absolute value of the coefficients for that set to obtain a parity value; determining that a sign
of one of the coefficients in that set does not correspond to the parity value; and adjusting a

25  level of a coefficient in that set by one in order to change the parity value to correspond to the

sign of one of the coefficients.

[0011] In a further aspect, the present application describes encoders and decoders

configured to implement such methods of encoding and decoding.

[0012] In yet a further aspect, the present application describes non-transitory

30  computer-readable media storing computer-executable program instructions which, when



[0020] Figure 6 illustrates another exanple of a grouping of coefficient
groups for sign bit hiding; 20 [0021] Figure 7 shows yet another exanple of
a groupi ng of coefficient groups for sign bit hiding; [0022] Figure 8
illustrates an exanple of dynamically form ng sets of coefficients for sign
bit hiding; [0023]Figure 9 shows, in flowhart form an exanple process for
sign bit hiding; 25 [0024]Figure 10 sholws a sinplified bl ock diagram of an
exanpl e enbodi nent of an encoder; and - 5 - [0025]Figure 11 shows a

simplified hlock diagram of an ex | e embodi nent o decgder.

[ 0026] Si erﬁeflg?arc ?@gﬁgi%pWSﬁﬁgPﬁﬁoé’%ﬁ]ﬁ@egﬁ% IB‘%‘QB‘I%(%GHFQC’?%% #¥er i gures to
denot e sde@bdiag. conponents. 5 DESCRI PTI ON OF EXAMPLE EMBODI MENTS [0027] I n
the description that follows, sone exanple enbodi ments are described with
referenggpifn the [ L 0G: AL l:gpi Ng
VPEG H Sraidlard, 10 TRosR A el IR GAR MRN8 IERYRITE (e
t he predboge dpplihaatskidnnitise arofromni avicview afchdfdiodimdsariptidiEGekahples imy be
applEcable.to.othqhﬂ¥ideo codi ng/ decodi ng standards, including possible
futuPe SCHBSPASWIRERG PR #°St andar ds, scal abl e vi deo coding
standards, and reconfigurable video coding standards. [0028]In the
description that follows, when referring to video or inmages the terns
15frame, picture, slice, tile and rectangul ar slice group may be used
somewhatpRIEEDHEHREEAION OF'PRE BRASKINGsI N the art will appreciate that,
in the case of the H 264 standard, a frane may contain one or nore slices.
It wll also be appreciated that certain encodi ng/ decodi ng operations are
per f or B0 a f r drafergycerwilimevbbssingde, dyveyarfexpopleototbdacompasyinge- by- sl i ce
basi s, Sfingl GhihSnBY RhGHY FivodMEhed b e Bt oo 3itn 5005 RichPCt angul ar

slice group,

10 [0015] Figure 1 shows, in block diagram form, an encoder for encoding video;
[0016] Figure 2 shows, in block diagram form, a decoder for decoding video;
[0017] Figure 3 shows, an example of a multi-level scan order for a 16x16 transform
unit;
[0018] Figure 4 shows an example 16x16 transform unit partitioned into coefficient

15  groups numbered in reverse group-level scan order;

[0019] Figure 5 shows one example of a transform unit in which four groups of

coefficient groups are formed for sign bit hiding;

[0020] Figure 6 illustrates another example of a grouping of coefficient groups for
sign bit hiding;

20 [0021] Figure 7 shows yet another example of a grouping of coefficient groups for
sign bit hiding;
[0022] Figure 8 illustrates an example of dynamically forming sets of coefficients for
sign bit hiding;
[0023] -Figure 9 shows, in flowchart form, an example process for sign bit hiding;

25  [0024] Figure 10 shows a simplified block diagram of an example embodiment of an

encoder; and




20 depending on the particular requirenents or term nology of the
appl i cabl e i mage or video coding standard. In any particul ar enbodi nent,
the applicable image or video coding standard may determ ne whet her the
operations described bel ow are perfornmed in connection with frames and/ or
slices and/or pictures and/or tiles and/or rectangular slice groups, as the
case may be. Accordingly, those ordinarddy skilled in the art wll
understand, in light of the 25 present disclosure whet her particul ar

operati progesses, descri bed rejn and i cul ar ref nces to
franes, C@ﬁ%sﬁes CFe Z% SIqWy %?mprlg @El?g‘liaaﬁgf P %‘“Wﬂ%%e‘ﬁg‘é‘ﬁé‘ﬁbqqf@abl e to
frames, ®&kodees, p| ctures tiles, rectangular slice groups, or sone or all
of those for a gi ven embodi ment . This al so applies to transformunits,

codi ng gro I in

T ght ol Y daser R creRpoBhubtRld Emaf s hep witd i SEGEATHARRTL BBkt
descri besmdxaepipengntocesses and devi ces for encodi ng and decodl ng sign bits
for the non-zero coefficients of a transformunit. The non-zero
coefbicients are identified by a significance map. A significance map is a
bl ock, matrix, group, or set of flags that maps to, or corresponds to, a

t ransfor i defined unit of 5Scoefficients (e.g. several transform
units, fﬁ%&ﬁ%ﬁ(bﬁ (&F%PWM#Q IMENTS, o di ng unit). Each flag

i ndi cates whether the corresponding position in the transformunit or the
specified unit contains a non-zero coefficient or not. In existing
standards, these flags may be referred to as significant-coefficient flags.
In exi st[ﬂ‘?ﬂj’]st anddn 8, des¢rentionithat doléows, agmpexangple bbodierentsfarodesttibedddth

coeffici Sj nt coeffi in.,a.sc t he
flag is rgfn{)en%%%tﬁ%d 56321(51%31‘ é")f wt%ﬁ C%Cng 3 %E‘F ﬂa"e&%’% ?@%‘?P ?tgn‘g o and
l s set mlo@m@dirfanlmIlmerﬁ@&ﬂdﬁmﬁnd‘e@Qéﬁd thheRé ?i@eﬂ@ﬁplk%ﬁn is R lihffedto
"significance_ nmap" used herein is intended to refer to a matri x or
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be under [ ni t, of
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15[ 0030]standands, Ianbeedonﬁgmrablemﬁeolcﬁdirﬂggtmdaﬂs,t he foll ow ng description, that
the nulti-Ilevel encoding and decoding structure m ght be applied in certai n
si tuati gooRs] and t @ aR dbdriftioh RS RIS ¥heRtTEmnBes vides Bt fhalRs ifehEat i on

| i ke_video content type (natural video or graphics as identified in
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to Figure c hows |n bl o d| agr an encod 10 for encoding
vi deo. lﬁg étﬁﬁéar s Py Parigian e g Wq}cgi’lleé%%%"ra“ OOINE agram of a

decoder éﬁdafra&n ik WhelB thd t 10
and decgder 50 ag/ggécrl bed hereltn 6pé§étiéigglaéscﬁB9dngélgﬁea§Q%Jﬁﬁ{neﬁh@c&ﬁg&%{

applic amﬁthrfrmcﬁnfbioc slives gadher pictuyses sndée tléttsrqndtow mg:tzdgulac el,lce(gmmm; @ithg one or

encodor S T Wb AAGAF Sy s Rt ey TR o R G SR B o ey of
app2$ capicaent ipRiistites whathegsati@darcipesttiohs of ﬁbc@%iékfﬂékﬁ‘lbe@ heR¥n WRYpapficutdror ed

programinstructions executable by a general purpose processor. The device
may - veferenegs|to famssdlicesopigiures filraicetangen dige @gaups elre apphieablecto frames,

t Th
Govi ces e bt fes COR M Pl ABTNE oL EMMES AL ho5E o G0 KRBt
i mpl erreﬁ‘hfsdilsm dppliestoappsfoehainitsl doyinghais @owpsdicoding slitd, lerd] ak Ryill becontd

having regard.tQ th | om ng description. 5 [0032] The encoder 10 receives
a vi deo® EF%’H? iiéh &%@#%W@b& Yencoded bitstream 14. The decoder 50

recei ves the encoded bitstream 14 and outputs a decoded video frame 16. The
encoder 10 and decoder 50 may be configured to operate in conformance with
a nunber of video conpression standards. For exanple, the encoder 10 and
decoder 50 may be H. 264/ AVC conpliant. |In other enbodi nents, the encoder 10
and decoder 50 may conform 10 to ot her video conpression standards,

i ncludi ng evol utions of the H 264/ AVC standard, |ike MPEG H.




[ 0033] The encoder 10 includes a spatial predictor 21, a coding node

sel ector 20, transform processor 22, quantizer 24, and entropy encoder 26.
As will be appreciated by those ordinarily skilled in the art, the coding
node sel ector 20 determ nes the appropriate 15 coding node for the video
source, for exanple whether the subject frane/slice is of I, P, or B type,
and whet her particular coding units (e.@: macrobl ocks, coding units, etc.)
within the frame/slice are inter or intra coded. The transform processor 22

per for ransf ogm upon, th atjal .domain .data. In ticular, the

t ransf gﬁ%azpé}oc essgfrheﬁgsg%arplpg‘g&gmdie CHIOCR SEARPIE PEISETSSS ﬁ&‘f%evé‘if’ﬁ%repc‘%cgﬁgi al
domai n dataletslisPash bidd fof DRSS codfRbicRy 8P krinsfbin TRNYTROnGIRRMI nent s a
di screte cosine transform (DCT) is used. OQther transforms, such as a

di scr et eosifisients anidestifiebby s sigaificanegymene 4 staificaneomep ismshladls emtrighe
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si xteen 4x4 tr ansfﬁrg bLlocks and the DCT process is performed on the 4x4
bl ocks. 8 ipdicaighwhetherdle comgspondipg pesieindbk Bansigrmpenibughe megifiedgnither e

ar e ! oureoh AN A5kRoiBRor TBERAGKe il pRADRLGEAREe bl A0S O m

bl ocks may er sizes. In some cases, i nclude a
non- ov ersigmixangcodtibiendlagen Iméxigting stamdai@ix Sherednsdcoflap far ecéficichOB34]tWpp! yi ng

t he bl -b dt f i bl of pi | dat | N i t of 30
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set of transform domain coefficients may be considere r

mat ri x 0% needrdi dhe farw, “signifidascaimsr’t dsptsedherein i8 interled ¢o refedte aphategses a "set
of transformd i..n efficirents’y or.a "black of.transform domai
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set of tdesdphion Beldoet A deelifunal FRbsificl-AR3RhithSyif e cRiar HHANGE O6 TR
coefficients is quantized by the quantizer 24. The 5 quanti zed coefficients

and ass@®@Pigaigns.nf or mati on are then encoded by the entropy encoder 26.
[ 0036] The bl ock or matrix of quantized transform domain coefficients may be
r ef &br ed09inher ei At wil e undepstarido imtight iof the(fallwing rleswiptionakatghe tinki-Euelmay be

- .e. . - 1 ture,t for. NS o
o0a7] | ppsif e ReP R SPaTH G e bR it G S qEl et ihietonsr er ence
to ot hemah0bd dfemimdd fBih sideinfokR&Toniedadeot ddQienfiRypB Phat@APYiA¥ SEHRGHIA as

prediction. However intra-coded franes do rely upon spatial prediction
wi t hi n tdeatified irpyegpence, pigirs, lor slicerhgadars) Komgxgmpée, twolevelsanaypat usad foor edi ct or

21. That, i n i [.CUl t.he data i.n the bl ock may be
conpar eg)ajfu?)altv e%d%llﬁ;t%%g 1%2‘“’%5?%‘5%% k%qﬁsf%%hﬁﬁgwlgﬁg%ﬁ?lfgglﬁu U8tfed for

t haROf r apmbs)| iYee andthérn®ssibiditeiite pioaidead ﬂsgintdmmoftﬁeesegﬁwcs,q)i&aﬁeélopﬂicé he

bl ock y be canyerted to residual data. 15The_transform processor 22 then
encod esn%? T§ té’éP‘X‘G%IF wipsther the strgature s oag.dwel e thinedevels, Hresehyi allowdngathe a

predicti 14 . j ch of the
P e modag eI B choAE B Hodl Ak st (R RARREBIRA! SR
r at e- di shothti @ubaiphéent] thatflagmadysepressht heostehtagpe, tigcthestidiedssociated with

the number of levels. For example, a content of type “graphic” may feature three levels.

25  [0031] Reference is now made to Figure 1, which shows, in block diagram form, an
encoder 10 for encoding video. Reference is also made to Figure 2, which shows a block
diagram of a decoder 50 for decoding video. It will be appreciated that the encoder 10 and
decoder 50 described herein may each be implemented on an application-specific or general
purpose computing device, containing one or more processing elements and memory. The

30  operations performed by the encoder 10 or decoder 50, as the case may be, may be
implemented by way of application-specific integrated circuit, for example, or by way of

stored program instructions executable by a general purpose processor. The device may



[ 0038] The H. 264 standard al so prescribes the use of notion

predi ction/ conpensation 20 to take advantage of tenporal prediction.

Accordi ngly, the encoder 10 has a feedback | oop that includes a
de-quanti zer 28, inverse transform processor 30, and debl ocki ng processor
32. The debl ocki ng processor 32 may include a debl ocki ng processor and a
filtering processor. These el enents mitfor the decodi ng process inplenented
by the decoder 50 to reproduce the frame/slice. A frane store 34 is used to

store th s an t he .25 ction is
based on%v%ﬁ?g&fiﬁ(?%g rrgrué((\’:lg(ri\%l%’r MSESR ?ﬁé’é’eﬁfm%ﬁ%ﬁ E%TG%PE% ??Wlﬁot on
the ori gﬂd‘v&ie finAizas., TMaﬁge SBJevilich bed platfbfihd WRhinSAAESthe YatRE:r 16 8RBRofite tO
t he | 05231q reSS| on involved in encodi ng/ decodi ngquA mot i on predictor 36

uses th < iraplFRanicd el beapniceined by e srdnasilp Akiled Boibe o heviageegesd i ces
for co rhéﬁ))cq} {Wg}gsa/degwoﬂtﬁ,ﬂt frame for the purpose of identifying simlar

bIocks ccor macr obl ocks or coding units to which 30 notion

pr edi s appl t SQur c ransform cessor 22
encodes l1%3%]he r es?%uegﬁo%étlgr?ﬁ?ges 83#&? 3855068? aP%er‘?BfffS&W P cg‘idg’l‘tﬁg??m
process. lf@he&ié@diﬂﬂr 80 rédeiv@B¥he encided HiGbaill 4 afid O6tPBislaQlRcd RAV HoEarkdFs.
reference frane, spatial displacenent or "notion vector", and residual

pi xel dakhe qngader rlﬂﬁrlé degadsr 3Qvaiay e fserrme%w(qpﬁraém)con@trmeme witlea nathberence

bl ock a I on..r i ference frane

and/ or TR Ol ERon g, B IRb e BHReR O fnd ol PR e cor 22
and/ or Cfﬂl.aﬁMAZ\é(E céiﬂphdmmt Ini dithémq‘bddnuelbg tﬁmmb&ﬁdotemdﬁeb(mér QOM@Qﬁnﬁ‘ﬁQOder
26 far enc |n art of th tsreamalong wi.ith the quantiz

coeftfi cit@ {gdG mfsden ga ding pyobgiang of the %?@4/%1‘40? S"é‘i@fbﬂédlikat e the
details qungg_sm bI e variati ons for i mpl enenting video encoders. [0040] The
decoder 50 includes an entropy decoder 52, dequantizer 54, inverse 10

e L N o N

pr ocessctrzﬁ;sfoﬁnfprmObaﬁfcﬂranﬁﬂergupmid a@srop P eadvdbr 26: t Kdwill BEBSpréQitedBe DYy a
nmot i on atﬁrrpen;lator g]i p yi.ng notion conpensation. The spati al

conpens npely s l@ﬁf% RE 8‘6@6’@%6?9%56}66’@69@FlPtﬁgmtnﬁ%th@laﬁé@Pﬁ&tﬁa for a
par giscul r ?1 8% [90 The
bi ts? r eacraﬁfhlrlI qﬁi&rfggﬂe&?&e % Cg’efggé §wthg%§le%l€ 9%9&1 ec odég gftﬁbp’r(%(]‘fj over

t he quarypgedd vbethed pamcml& co&rrgelmtn’(@g rmaaroiﬂom;/cmma ¢teg owhirethedur i ng

t he entrgop ecodi.n pro ess ich ma lied t the not i on
conpens a%%%‘%&be LE d?Ff)t tr% ﬁ‘qué)ﬁ% § § HaB
exanpl e,thé §tianddnesy d@ksc gﬂﬁdméaarrme tFRERY S proREdR Qz‘éggﬁé%rasbléél%é%éd reference

frame information for inter-coded nacrobl ocks 20[ 00 The quanti zed
coef fi citemsiomtecertvert suetipl domiainedhtbtp Sph@rﬂequammtser%s&xmmplp,rmuhnmg t he

traggf or nceff ci ent t he d to an i nverse
R R G e e R R L T P e
dat a" |sine\fbtdnlsfohﬁ oRPfHefChay Béludddah soth® irkQiiBesC THE Block-Batkdafan¥okd ian

|ntra coded macrobl ock or coding unit, the recreated "video data"™ is the

r esi dualPegfaimaed o a gading wnt:,@aaﬁrﬁr oweh@énqk&amsedea@mdmg o the Sp?reeJ\flﬂmjs |y
decoded ttal ato ene S the
vi deo délt%%r@lg&néét &hh% 1E‘i‘ual azaé-rlllj Faﬁ%?@?f fO? §§8ﬂ90my3108 @ﬁgg%ch,o €oded
bl ock. lcontaiseixtemsiad ransfohn a>$ockmmi ﬂaedndegrdmrxepémkﬁed@h tBOATlotRl t S,
the_recreated "video data" fromthe-inverse transform processor 56 is t he

r esPdual §4PE °3%65 thsEansiorapbloels menbrsida megningdhase predovgransfamdiesks @ebl ock
froma %zfcf'(ﬁﬂ@dkt Th r)r@ir@helj?é%g& ﬁ@%h?i}onﬂ%goc@}dag 'Be%ﬁ{ép%ésat 1 RBmTRYseR G

referred to herein"as 30"prediction operation
16x16 macroblock may include a non-overlapping combination of 4x4 and 8x8 transform

blocks.

[0034] Applying the block-based transform to a block of pixel data results in a set of
30 transform domain coefficients. A “set” in this context is an ordered set in which the
coefficients have coefficient positions. In some instances the set of transform domain

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



[ 0043] The notion conpensator 62 | ocates a reference block within the frame
buffer 58 specified for a particular inter-coded nmacrobl ock or coding unit.
It does so based on the reference frame informati on and notion vector
specified for the inter-coded macrobl ock or coding unit. It then supplies
the reference bl ock pixel data for conmbination with the residual 5 data to
arrive at the reconstructed video data-$er that coding unit/nacrobl ock.

[ 0044] A deblocicing/filtering process may then be applied to a

reconstr eq¢ frane/skice,. as Jdndi.cat.ed by the,debl.ockin rqcessor .60.
After de %%lglgl?en%lﬁ %eﬁﬁe?‘r%r?&fé?ﬁf%“? g%fﬂ@l“ﬁ? 1 Es 8&?p@?§%§9?ﬁ§?ﬂ"€b Nyvi deo
frame 16coctfdiertxadyp hsedfinterdhiafigaBly M afe MleSRIAIMINRW ffordéred W&t df thfisform
understood that the video playback machi ne, such as a conputer, set-top 10

box, DvDlQpaipcaeffigignts) ayer, and/ or nobil e handhel d device, may buffer
decoded frames in a nmenory prior to display on an output device. [0045]1t
i s expechl€d5k hat NAEGeHTivansfarmrdonsaic ockffisicnin s glmotizkelrty the bharhiaee24reile of

t hesg sa r simdar features. 15 ant i zed, Transf orm Domaj n Coeffi ci ent
Encodi n g&{gaﬁgzﬁicé’ gﬁj}cheéﬁﬁ %ﬁfé?%éat?%lpggéﬁlﬂ% 8{5(1‘}61%6”%{1‘?‘{}&9%% S8Ry Freoderibock
or set o@ antiz t.r.ansf or m.domai n ,co&ffi cients includes encoding the
signi fi Y map (ErePlo% Ydpatgk of apantized GRpsiorandqmain casfficlenisgaay beor ¢ hat

bl 0Ck_OTrefibledb hetdflsia2 Gl bR SHRY (MUPTRIOmE RELL Il 80ty 0o LA 'f ance

map i s a binary mapping of the bl ock iTndicating in which posi fom
t he DC 20pwssquargguadraire traggforns (NSQT).cant - coef fi ci ent position) non-zero
coefficients appear. The significance map may be converted to a vector in
accor dan®@3®i t h t Hetrscadedofratres/sdlioks Glo. 1y Dhee wRioled dithofiaeiczaat & other

di aganal , zig.zag, or, any other scan order prescribed by the applicable

codiqﬁ_g sﬁfaaﬂ‘e?gﬁh&‘}g lgRihe é‘éﬁ‘?ﬁa g’_eﬁfﬁﬁin@épmploaaﬁgmrﬁl PTP@%‘?IE?«;HOW?‘C%IEII?M-G@@

starti ngrphdsdud Ry dp%ﬁtspédagBf&i&%ﬁhimiﬂe!@%lﬁ@,%@.iw téaqn??%}%em/%qh the
d t oe cie

significant map i'n‘reverse direction unti e signiticant- nt
flag i n sphigal ppgskietor 2. t Thet isy ehemendodig] a paticdadiedk the dath e thertdsdntiay be

description, the term"scan order" .is jntended. to the qrder_.in which
fl ags, pc‘?SB?HaFeé% ﬁlfesc,iatao?ts’bqﬁ&f ’,“S%lg”'{hﬁ’eblf}%@é‘?r dy %’é%%]f@ra% awssiceand may
i ncl ude WA prodiion AledrikiRh Qhé &ﬂué@c}e{i@bfﬁh@ Bl n¥aydse cohSURIASE rSERA @itder -

[ 0047] Each significant-coefficient ag is then éntropy encoded using the
appiPcablhe BmskoRPesceswl 33 thanencedtis tke seideaslata-di. 264 fopéemyile) presoybes

appl i catj. . - td ina rithmetic codjn BA! henme may
pe” used. i TaRH M R AR ER B DS R iibod T s BB pkES b ke or
si gni fi aamd modeahiy isd et td IndepénBedtiypravesk abAs&S indBeR FhidlBRM G ghbor i ng
significant-coefficient flag values. Among the contexts used for 16x16 and

32x32 siWHMTEIRRdRIeE bR seledidredbestmodert ai n contexts dedicated to the bit
position at [0,0] and gi n sone exanpl e inplementations) to neighboring 5bit
posi ti od8038ut noskhedi 26hetandaghplsp praseribas dlid iseiod motioh aysdittanéompenstion our

B I N AT,
correct thanhdudesfaale-quantighn 28] iaoftte GRAFIMCHOBEssd AY aAEBIISki P processor 32.
The deblocking processor 32 may include a deblocking processor and a filtering processor.
These elements mirror the decoding process implemented by the decoder 50 to reproduce the
frame/slice. A frame store 34 is used to store the reproduced frames. In this manner, the
25  motion prediction is based on what will be the reconstructed frames at the decoder 50 and not
on the original frames, which may differ from the reconstructed frames due to the lossy
compression involved in encoding/decoding. A motion predictor 36 uses the frames/slices
stored in the frame store 34 as source frames/slices for comparison to a current frame for the
purpose of identifying similar blocks: Accordingly, for macroblocks or coding units to which
30  motion prediction is applied, the “source data™ which the transform processor 22 encodes is

the residual data that comes out of the motion prediction process. For example, it may



determ ning and summ ng the values of the significant-coefficient flags at
nei ghboring | ocations (typically five locations, but it could be nore or
fewer in sonme instances). 10[ 0049] The significant-coefficient |evels for

t hose non-zero coefficients nmay then be encoded. In one exanple

i npl enentation, the levels nmay be encoded by first encoding a map of those
non-zero coefficients having an absol ut®-val ue | evel greater than one.

Anot her map nmay then be encoded of those non-zero coefficients having a

| evel al_u evel coefficients,
navi ng- A uE RRebE Pl e ¥ Eren FAYE ¢ SuiRldicciifbrdemona G5he
cases, tdid rediu pEd&D@ad@dlaﬂ&prc@@ntﬁ R Bfftldades\(FlaH$) BERES thd F¥8rend OH8& e
sign of the non-zero coeffjcients is also encoded. Each non-zero

coef fi ciBREMEY block; dfopnationsegasding thy sefrsence franteendioy snotion veptat mapmottsr o
coeffici L ]get? I e to hi ethe
sign bit ?esge;?h ?Eﬂgﬁfﬁ%@% ﬁagélszélln dﬁf%l%t?zzeﬁélz?oru%mﬁ%a m q)e 5r°8PP lt;egﬁaon

al ., 5" Sithe efaipy dicolden@b ,forJeﬁ'EWﬂgﬁgﬂart @ the bgttdafigalof@e Wil &he cﬁﬁnﬁﬂe@o
Novenber, 11. Under this proposal the sign of the first coefficient in
the trarfSFIHit is encoded by way of the parity of the sum of quantized

coefficients in the transformunit. In the event that the parity does not
correspd@®B%o t he Hwseardinargnskified mehe prt sill eprereeiptitemdetailsand possblencoder

must  adj Wstad e 0 f oefficients up or down by 1 in order
to adj ust t%e&pglﬂ@ém ”mgqﬁdé% entc (gerﬁsed to determ ne which coefficient to

adj ust n V\/nat | 0051] Sone, pri or has cused on using

ml ti - 3 ?d]m gni 11 c eﬁggé“"%%%%% [Epy; 4 Cﬂ%ﬁsﬁé\@@uﬁ%t‘@fé rBVeSSC whi ch

shows a tﬂe&xfbﬁntpt@dmséoesm dpatidl cbBipeidatdr 52, M ddbl R¥BIg FHRIQRBD. IHan or der

illustrated. The transformunit 100 is part| ti oneg into sixteen contiguous

4x4 coefdPRrking pgrcseses 68 maydeqludedeblacising dndditeriog pracessomntA flamgduffet¥8 hi n

each co s applied within the group,
esfué I?ésefgéo &i%%n%&lﬁ? &%ryans flofk c%ei ensy bgf 40D, gg?%m(gﬂ

rather than acr oss or - un Roefficient

groups tdogfpepdaties. Ihespwnelcm@gﬂsatcﬁrﬁ? 2pRBerds theloperdfibg Bf teboddiin gt@(ﬁﬂm €
i npl enen al%oon IS, g]éso a dida(gonal scan order. It will be noted that the
2

scan or he PRt L Hgreedpdblopk fremy aprsyionsly deeaded dlockscan order; that s,
the scan order - 12 - is shown progressing fromthe bottomright
coefbi cilB¢tllgr oup The batswm\l\férs@requd a!ldaljéwhﬂd i the entrapy deooder G2 t@ fesover

oy ey PR Sieedt, Sy B IR P RO AR B PR

upwar ds-decatihg ﬂnoa@ﬁ[@lmdbﬂvﬁﬁbh fiay B0 dup}zﬂf%ﬂ t@ﬂﬁ' rh&(b g%ﬁsa‘ﬁﬂﬁ%ﬂ p@r e in
decodin rra Ogmaegé)l ied_in a "reverse” scan 5order.. 052] The use of

ml ti-| gpdé pRlisadlener ean %éh"emwﬁlgc%llef ahmay regover
hi gher - |n?(Y[ﬁJn bR JddfR IR IRP ﬂ%&@&nﬂo?ﬁhﬁﬂ{[ Bt He(f 81?1{:1%%) l.gOt groups may

be expected to contaln non-zero significant- coef I'Clén ags, and mhlch
coekfi ci group [ ni f,L.can ient .f
co e?@ ic |[gér}{2] gr oup zrht% %g%rﬁiz%d %E%afﬁé%n{é%c pd e%uc?ﬁtiﬁ‘?d%ynt ﬁﬁﬁ%uraBtlzer Wo !

10si gni fprehict thmm‘nfsfoemeiahlaﬁﬂ a&fﬁdsiame vtrﬁlelh re3h@idubjeefidtio 6R afvklseit@ntfofh ags
encoded(,pa\é\ﬁer eas the coefficient groups that contain all zero

signifi ¢ iy ense frapsfopm P‘loﬁﬁ@o%é(étorf@?r e%tﬁé]%ﬁj‘é@df(%ﬂfﬂ esdt Wﬂb@ﬁ @P@C@f@h@i@t t hat
are enc %‘ S5 @%@y $6ctPis Wit El?ﬁftl%l coled ﬁla PobfR 09 Qonﬁﬁé Ay %}[15 {}:?%as%de‘ﬁﬁéﬁ sumed
ag). Ea

to contain at [edst one non-zero sig |can -coeffrcien
coeffi c idetat’ igtho mq:sldlmkdaa $irgne in gatial amg:fematuoﬁ mélatvectop grévdgudydéoeded a

ch.th ff 15 h fl f
o o2 me AR REE tiscFes TiRsDgiecameGRen Y smes st a fpedhe -
coef fi cir@idual 8018 aHPPRE! RS Ho&rﬁ*@vm%l? dbeoded @ﬁ)%l(-rﬂ’?oﬁié caQls ?ECIIE s H&it@%/a or

significance maps facilitates nodul ar processing o res
encodi n goéﬁdcm@l@@bidpkﬁg)r cpdinsanits ﬁ@recfﬁwwdpme datad froopihe itvendettyantfordi de

mul tiple si T
P proce 95 {Sthe remduapdar{a}(or use in motion compensation relative to a reference block

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

30 “prediction operations”.



20 divided or partitioned into sets of non-zero coefficients and a sign bit
may be hidden for each set of non-zero coefficients using the parity of the
sum of non-zero coefficients in that set. In one enbodi nent, the set of
non-zero coefficients nay be made to correspond to the coefficient groups
defined for nulti-level significance maps. [0055] A single threshold may be
used to determine whether to hide a sidb-bit for a 25certain set of
non-zero coefficients, irrespective of data type. In one exanple, the

t hr eshol st is . pased.on the nunber, of coef.ficients between,the fjrst
non- zer o[ﬂ g{‘)‘ﬁf fici eﬁ}e lg%bonl %&peﬂﬁ?e@c}oﬁa&%sﬁ53%‘?r‘é‘?ﬁe%?9&t‘wg‘1§§}e. frappg,buffer
whet her 3gwpeeifiad oratpakieasdr idtet-EudRd McEbbIOUIRR cofing GART Tt dc8 &6 BasbEbMBRN the
first and | ast non-zero coefficients in the set. I n another exanple, the

test mayeleenss Samedpiommation 3ndimefian verion specifiadorthisdniar-peded eracofblonkprzer o

coeffi ci g t I her. odi nen .he test may he
based onC%'Ei fﬁ% dsnll[} mﬂ(;tﬁel?%“ﬁ g%%%g?%%@é?@gg% lxteﬁgé?%%’ﬁp%@&)@ahg%thaleelﬁf‘]éu"ilﬂn t he
set 8&xceaiath togridvd ditlesteodmbtrutiad aid¢edan huhbh@digddha®obloca - 13 -

conbi nati on of these tests may be applied; that is, there nust be at | east

a m ni myppgynber of demIedifihghinas: ﬂrﬂcés?ﬁla?%e lp%)h@d ﬁ%@éh@x&s&ﬁﬁ&e&bso' ute
a

val ue of the coefficients nust exceed hr esho val ue. Variations on

.t hese t Hramgigics, asdndisatpdiy Hieqisbloskingprasgesyr 6000461 deiflecking/Bltéringnthw nade to

Fi gure ' . e -16x16 formbupit.120. The transform
P L b R R s S G B e S
coef fi cidenics. ItWidl teamtitiswod tiat GleOd@s pliyback Fekiag, shch s a Somputerl Getithp t he
ordgr9 iﬁ)vvhi ch they are processed, reverse di agonal scan order.

]1

[00 0%, PVILer Bidtay Rlwer, angie m@%é%@@%@e@e@wy ibyffer despdest frames in a
ffici f 01 jgn..bit hiding. That is, h coeffici
coerrtl Cllﬁé}ﬁg?,ggllbr &h@?‘@thsl,’ Ql?tglﬁ?‘g%ﬁtz(?e%{be It 1 alng at I's, each coefficlent

group is te agal a to 10 determne if the coefficient

i it abl ' ' Lhding. As.. d ab , . Lh be th
The coettf8lont. or difseRhARt b BbRepmhipRleF o Rriioshole Fab Rt s

bet ween df ltesé sdnsd orvdmilziciestuggef fi ci ent and | ast non-zero coefficient wthin
that coefficient group. [0058]In a second enbodi nent, the sets of

coefficients for sign bit hiding are formed by groupi ng coefficient groups.
Figure 5 shows a 16x16 TU 140 on which is illustrated an 15exanpl e groupi ng

of ggef fg.gipRba g;:a%ﬁ?ggrﬁ%,ﬂmfnqy‘;egq‘%ﬁt%];cg?gg%‘fb%{}g?ﬁgI n this exanple, each

set of coefficients e purypose o contains four

coeffi ci gr oups, i.cient ar s, n_each set are nsecutive
gr oups i[ﬁmﬁlue sca%so%@r%b%g%rtﬁggé{dgﬁg gf[imlg%gg;ﬁ? Orcé(torg’gtto(\fﬁpa@ggaﬁaﬂé\fg% s 142
cont ai ndomagf ddeffideaits gichudpserkodinghe dignifiamtte hthp (2Rea S@OIREnERENOf

coeffici egf%,s_ 14 cort]t ins coefficient groups 12, 11, 10, and 9. The third
set of cogfirient tagsd %85%%@@@&?% quendized dapsiprny dompis cgettipients, Thed 5.

Final |y : : | Gi . i ns: £.1 ci r s 4,
3, 2, aﬁﬁh{ﬁaﬁ%&?% }ss er}%%inﬁ@ﬁr{gl %tgﬁlﬁc%@l(%ggé %lewﬂﬁcggggr\l{l{‘nggr&%%ﬁ:%ese of
coe2@i cipesitign torthadast signifipantecobfiiciens positidn)tmenmrio deffididdempesr  The 140.

[ 0059] For ch set of %oeffici Snts 142,, 144, 146, 148, the nunber of
coef fi ciS’@H{e[‘gcaB‘éet%ﬁmV & conyetted f,@ VSRR inR6rRrdacs VEDENE seangyder (yhichiaayh uber

T RSO RN g 6, IS e ) e i
coding standard). The scan is typically done in “reverse” order, i.e. starting with the last
significant coefficient and working back through the significant map in reverse direction until

25  the significant-coefficient flag in the upper-left corner at [0,0] is reached. In the present
description, the term “scan order” is intended to mean the order in which flags, coefficients,

or groups, as the case may be, are processed and may include orders that are referred to

colloquially as “reverse scan order”.

[0047] Each significant-coefficient flag is then entropy encoded using the applicable
30  context-adaptive coding scheme. For example, in many applications a context-adaptive

binary arithmetic coding (CABAC) scheme may be used.




whether to hide a sign bit for that set. The parity of the sum of absolute
val ues of those coefficients in the set is the nechani smthrough which sign
bit is hidden. If the parity does not correspond to the sign to be hidden,
then the parity is adjusted by adjusting the | evel of one of the
coefficients in the set. 30[0060] Figure 6 illustrates a third enbodi nent of
sets of coefficients for sign bit hididg-with a 16x16 TU 150. In this
enbodi ment, the sets are again forned on the basis of - 14 - coefficient

roups, the s t sari contaip the s nu r of

goef Pi ci@ﬁ{gs] or coeﬁ?ﬁgﬁien?nd%g%g{gn%%e@?ﬁﬂ ﬁl,ecl‘o tef‘ﬁggaisﬁ Stion five
sets of oveffiddntlegisyirmmestdatdsybaed Theh hdigiormglighiabOilcRifentTRE ek ent
groups 1 to 6. The second set 154 contains four coefficient groups: 7, 8,
9, and Mynongthecanteyts used s d6Elrangi32532 sianificancsmangy Garesarg ¢ertairpcorderds 13.
The 5fo : I f i Cl r s 1 nd..l5.,.The. fifth set
185 contisricait hbiGRMkeh B (EARhY Bl AR hioriB s f fishorik

appr 6ci digsbsitivas, Huhimwsteofhhalsipeificamroowifidtent flags thias @ey ofFetrSordivecoakkis¢hant s
in areas, of the trans{qrménit 150 for which there_are |likely to be fewer

nonzer o 4BER%The sraulaiue valpen ¢fseighbpdng sigpifisanticop Hicient flags: Ha thaseas of t he

t ransf or; i L0 \Wh 5 [-C : > te
Dot € o e Fire 5 By Eo TR En AR en i

wel | as deter@kdngndsiupeniag theovduea o f thecogfificanit-eo¢ffigientiflagstat neighisoeinigs appl i ed
to those TUs. [00611Fiqure 7 illustrates a fourth enbodipent, in which sets
of coef ﬁ?‘iﬁ%{éﬂ% éyl?l aﬁbﬁ%ﬂoﬁtk‘mﬁib&?ﬁ&&d’[ TROTS 9T ST i SRS BSINCAS-t 160 are
forppd m‘& ut ad&%ri ng.to the caoefficient group structure. The 8x8
tramffo it maytleSrERRspherettigigntdevebetor thase Aen-gere ¢peifisientsimanthag bas f or
t he pur f 1,51 'a'hg,@é%% gredeleh I | odi nent a
transfo%ﬁgﬁetg - E)Izglgegé%i gon lé@%éﬁﬂ%émfggvj 1%@%?%%@?&?%%{#2@@%%%ﬁ%mS
for si gefBidse snwoeivrgetfictnts ldiving. anlabsdlhiesrabedevel pluates dias cak. dveftict mapnt s
are for rredrFﬁo ﬁs to %gOf;ltﬁ consecuti(}yﬁg coeffi ci en&s l)n t he scan order. For
exanpl e D {BEHpe encofefiof theseqiongase eqetfiaens haying p levgbercatethan b Tt o f our
sets of vgnefok !léizke%lta‘il%/ T A CoR AN @ hAGhelh %8&?&%&&%&9@&% M&gttﬁed n the
scanni ng order. The 20groups are | abeled 162, 164, 166, and 168 1 n Figure
7. LBo6Zn¢atiedein sovag ¢ases, dreiatiammeodedithay beths aofuakodie moiusthrse.may not adhere
to the scan order. That is, each set may include sone coefficients from

hi gher fi#d@liency fbsisignardshd montdeeo toatfisibms s als encadell. SEavk nopekfd ci ents from
| ower fre encgla%osi.ti ans .in.the_t an%f?rnLu it. All coefficients in these
sets may°HGEeREasasign bit ingicatipe whether thg Ievshokthatnagy ey coofBisigdspeaagive e 8
shows acf g&éiﬂv@'m%ﬂﬁ%%as béenadeto BedeSihObigh Bfithi ﬁ?%%t%oéi‘ﬁ%ieﬁ{ gpdi t hiding
wthin a 16x16 transformunit 170 are dynamcally forned, using the

coef f i citeanzform goiy Slareu Gordon, etrald., §3ign Dtaldiding nICHVE-@blo a1 extingr Gereea, t han

a fixed cqef fi.¢ci e edefin based_.on e transformunit, size and
sca%éor ¢ Zr%to l\ﬁ)%ee %ﬁ% (?8 Zl Qlﬁgelﬁhl&?mosﬁg?ﬁ% gf ﬂl&iirs Weff%ﬂ%w tﬁ]a trapsfoy an

order amditty @ekiath EFBE paSYfithe/sun$ o NBRSHE idhd i jval ue
30 until {the threshytl)\{li'?val ug IS mgt.SChge thléi ?ﬁfgﬁ%ﬁﬂ@h%@%}ﬁ{eﬂlﬁ sign

bit is HApthesyentdhatithepair fpesdios aerreppondtodhe setualisigncofohel Grst orefficientdtheni s

t hen process) z 4D - Figure 8.l]Justrates.a

| ast - si g% %?%%E%{m lgg%(#??té}ll%%tggﬁfto Fﬁ %@é&g@&e@f% ent o(fjvlmo‘tl}’pf fprdetoadiisty . oy
order, theepaeine oRPOisdo Beasdad defeaninetutecl octiEbitite bajukt 480 Rdal direcBbn. [ 3.
0], and [2, 1], in turn. Wilst processing coefficients in coefficient

groz® [ 005k}, theSbieesidpWdril BasTBéused\6f Akidh Reli-leveN g dBinkapkOr the | ast
non-zero coefficient to be 5 processed in reverse scan order in the

coef f i cReffrensedupoyy mads fo Fighee huydrichughouis-al l6ii 6 trensforn onit 469 withiaemltii n t he

int i l.at i ve. absol ute. val f
Qoo 11 ol ST AR ey e B ek Rp SRR G PP RIS 568 1 et uti ng
al | coetéitiguend 4x4 coeffivdert grdupslor taef $f sgreféangtoefficiens flads”. Wi bicgshol d

test in this exanpl [%S({tray be based on there being a m nimum nunber of
non- zer SOCHEFR} EPEhPdliagonak ssan arles ispelichwithinghe groapcatier fhan epross the

30  whole transform unit 100. The sets or coefficient groups themselves are processed in a scan
order, which in this example implementation is also a diagonal scan order. It will be noted

that the scan order in this example is illustrated in “reverse” scan order; that is, the scan order




10 exceedi ng sonme threshold value. The reference nunber 174 indicates a
sign bit hiding operation with respect to the 'last' or upper-|eftnost
coefficient in a particular coefficient group. In a sixth enbodi nent, sign
bit hiding is done on the basis of coefficient groups, and the criteria
used to determine if a coefficient group is suitable for sign bit hiding
are dynamically 15 adjusted accordi ng-1d-the previously decoded coefficient
groups. As an exanple, if either the coefficient group inmediately to its

ri ght or; fficlie i med| at r 1,0 its boitom h .non-zero
coef f i ci%%‘?@ﬂfﬁrég%aﬁ%ﬁbm%é‘%ﬁ%’mwﬁ* %"reﬁﬁ%efi‘t?%lﬁ’t 18%4%1&“ ¥ Toediagmebol o f or
sign bi tdikkctdrn@wasds thOgps-1¢ft coedfidianttSorsd. MhRbAY MinplerdeRtiBNhE 84fe scan

coefficients The coefficient group may al so be determined to be suitable if
it cont A TRy bededined imthg ofhertinentioar thatiscrregresengintam ppwendewight dingonkl r st

non- zer Q; j "9]?]] 2 - 7 f.fi Cl wi t-hin that coefficient
group, ;Hsnceggés%élﬂbe |%ng%@%gﬁg&géggg?cﬁ)éiﬁgﬁgh%ev?phf%B’G%]rIeYerW 154 e
appr &ci atréet. t hat in sone of the foregoi ng enbodi nents, a sign bit may be

hi dden in one coefficient group based on a parity value that relies on

coef fici[epsy in arechre of@eft-ievtlafiniBERHOMabirbREs tHeRnESding BearSI 05: Val ue
of a coefficient in one coefficient 25 group nay be hidden in the parity by
way of dughsydevelsigmfisancs mapdbafipdisatenwhich capficiest gioups My be axpegred dp.

[ 0066] F g L: ) i hnot tn.sone of .t.he.foregoing
embodi n&%@?ﬂﬂ%%blg?i\tﬂ X g?\f@%ﬁgﬁé%%g%wh KSR, QuRS Sopan Al g5,

di f f er enignifysahbxoetficiomtriiagh Kke acdffitiemtpry@stthat ntkyf Beasxpo@ed fd @atdi€nén-zero

nmvd éi gn.fl_i?q%)ﬁ. --L06 - V\hﬁre he parity value needs to be adjusted, a
coefPi ciSEmitigaperetiicicnt flpgs hiavs hes signyicaptocacticden fisgs endodeds whsreas rechange

t he parid¥sriciddf i : fd st [ I f

adj usting accoe%%%kgﬁ?ﬁng\?g?@?g%g E)gmd%ét&gr% Eﬁ?‘ﬁg&gﬁtse P 8% Iﬁogﬁlé%dglg@?sga

st ar t i nghgyomt gicwps thatamrenenttd pesiuse ofia spectah eass eacupiiog bbcanselthiey afehe
coefficients thin.t hti’rs‘: range are then eval(t)jl%;ée_d d.one is selected to be
changed P'TH™S & ‘é%?‘?ﬁla_ A Balilﬁgrﬁts}gn[lﬁ@ng& CHeR Fagh B FIcBheioRR
first noRs ZeioAifkaft doesii@tit-grbuy i (uARbs £GRklal 64s8Rpplidd 1h BRI GGRN VB RLFer -
[0069]Wth the use of nulti-I|ével significance maps, the ending position
forla saseupthas ardlpg of epresumgd yatucnaph bethelgeupeehntainiog it las stgnifidahock- | evel

i nformat | on . 1fl Ly, 1f e 10subset contains the very |last non-zero
coef fi ci8h C}eﬁ’?ﬁéeﬁﬂ\ﬂ%aeg gm;p(efc{,}e so-cal l ed gl obal |ast, or Last

Si gni fi Coef fi.ci ent t he search.range may be established as the first
non- zergﬁ,@(‘;’(}:f fici é@f’uﬁ%))grﬂgﬂll‘]z%‘% SHERIARFOMRBY ﬁ’éart%%%? HF@PE’BPWSSMH s,

t he sea&gg@{a@ag@f@ﬁ)ﬁc&ﬁnggﬁ@mgin%p a range fromthe first non-zero
coefficient to the end of the current sub-block. [0070] 1 n one enbodi nent,

t he st argg posi ti : i i - i
un- quant[?ﬁzsgg coef ?1‘%%% pgﬁsggtégngﬁﬁtg ﬁgﬂlﬁ’ @g?%n%hﬁg’gér %gra%lgéﬁﬂee may be
coe?®i cidended @paditioned idty sets ofisordesro abéfficieefsfand asighdbibxabpbehidden for each
gquanti zatiqn. Un-quapti.zed coefficients that have the sane sign as the sign
Lo be. heBdRoNTo ETiHRICUUEES 116 Do Wahs BT OFRI-ZHTO GOSIEIeRSdn Buserdti &1 ent o

from poght b@Bodifent, iR deP6F RASHArb 08k iBEichid Sndy! He%ad%qg 26165 QH‘?‘EH fnged
coefficient, the cost of changing a quantiZed coeffici er?t romzero to one

wi | | be cesfirigat grdupmitiined fadnilti-leved sRoiwanahmaps.

[0055] A single threshold may be used to determine whether to hide a sign bit for a
25  certain set of non-zero coefficients, irrespective of data type. In one example, the threshold
test 1s based on the number of coefficients between the first non-zero coefficient and last non-
zero coefficient in the set. That is, whether there are at least a threshold number of
coefficients between the first and last non-zero coefficients in the set. In another example, the
test may be based on there being at least a threshold number of non-zero coefficients in the
30  set. In yet another embodiment, the test may be based on the sum of the absolute value of the

non-zero coefficients in the set exceeding a threshold. In a yet a further embodiment, a




[ 0071] Anot her issue in the process for adjusting a coefficient level is to
define the cost calculation used to assess the inpact of an adjustnent.
When conput ational conplexity is a concern, the cost may based on the
distortion and rate may not be taken into account, in which case the search
Is to mnimze the distortion. On the other hand, when conputati onal
25conplexity is not an over-riding condérn, the cost may include both the
rate and distortion so as to mnimze the rate distortion cost. [0072]If

| evel . .However, in

RDOQ i s n be..us to,adjust, .th

many cascg)rél[,?oq {‘%%né)tgﬂ%ﬁ {a%ts PONA e@g%g@%%t;s,é@er% ISt 4 iR n g

RDOQ mayofiiotffietenevialthedt afCGecdinibtiye absd 18O WEuE BPOJicHEMLRns rhsiBkdebd §d

rate-di storfiaqn analvys_i s may be 30applied at the encoder to inplenment the
ks

si gn bi tthFsseeld yalue. Variationsenthgseamshobbtosts spaydsodastammbayadne first non-zero
coefficient in the set and the | ast non-zero coefficient in the set may be
tested HP0P@ughl y Referentedis inay niddstto Figuse 4f wlieh simovemsixagmplh5xd 6 dfahsfoirent by

1 fr cr. L.ng- the ficient. [ eneral ternms, the a

coot £i o1 I P95 R HaPlhob Bk 920 LG it 4 oft BN Eifsuf & BBteORSRE gi ven
by (80) Zocffcidniat THrceficidit gftfups hreintmfdi<dSTt, 903 UD 18¥n heldddtd whidhaRey 18
resulting distortion maéiébe estimated as: q2(1 -28) [0074]1f the

coef f i cildngessad; .8 wupsR didgonsbegrnyder. to u-1, then the resulting distortion
may be estimated as: g2 (1 +28) 10[0075]It w Il be recognized that for the
i nt er - cd@8¥lcase, Inhdirshirmhodimeritogachicetfticientogrosp iss sehof dvefficiergefdr te/ 6 t o

+5/ 6] is.off .In .case of .intra-code l,ocks, the ntization
5t or 1 Be LR bflpioib DS 355 RlsriGi B iRa alsae Bt gr e KD | <

on, 10he defsignedt thd cokbfflcianapioup HOWRMBIE fol 418 BiDNEnL oA £4dtd hfveOthe HsBin@yt i ON
increase is still valid, regardl ess of the range of 8. 15 [0076] The encoder

may al sdertaidhe ensdficien eromm watainsgd legshyminimancsnbe of codibcivats betwesen the

coct {1 kgt ol ol OBl Somcln o RS BB S0

netric. For exanple, i ned rare cos
i ncl LU+l 0 and ,4- 90. it =1 (40 and 4+1) 3-0.5 bits 20it =
rlragr | n (1: [gﬁ%]cﬁanggﬁ atsscoéldf-ﬂﬁoel.r%‘?”g’. tgé Eﬁsf? gf(f?‘—? LTS é@é’éﬁpg‘ng af?lrgonﬂe |

31+0. 5+byrbigitg vhfideithPogRSs Fighe 8 sBd @ | 6:a% 119 186 Bi;[l %%&fjis Tilg.lsgﬁte& aRi t, the
(0]

cost _of a significant coefficient flag is estinmated e 0. Its, and the

costoi néxample growmng of eostlipiant igroups interiaus dets of beefficigntisi {rsthis example, each
set of coefficients for the purpose of sign bit hiding contains four coefficient groups. The four
coefficient groups in each set are consecutive groups in the scan order. For instance, the first
set of coefficients 142 contains coefficient groups 16, 15, 14, and 13. The second set of
coefficients 144 contains coefficient groups 12, 11, 10, and 9. The third set of coefficients
20 146 contains coefficient groups 8, 7, 6, and 5. Finally, the fourth set of coefficients 148
contains coefficient groups 4, 3, 2, and 1. In this embodiment, a sign bit may be hidden for

each set of coefficients. That is, up to four sign bits may be hidden per TU 140.

[6059] For each set of coefficients 142, 144, 146, 148, the number of coefficients
between the first and last non-zero coefficient (or the number of non-zero coefficients, or the
25  cumulative total value of those coefficients) is tested against the threshold to determine
whether to hide a sign bit for that set. The parity of the sum of absolute values of those
coefficients in the set is the mechanism through which sign bit is hidden. If the parity does not
correspond to the sign to be hidden, then the parity is adjusted by adjusting the level of one of

the coefficients in the sef.

30  [0060] Figure 6 illustrates a third embodiment of sets of coefficients for sign bit
hiding with a 16x16 TU 150. In this embodiment, the sets are again formed on the basis of



[0077] O her rules or estimtes may be used in other enbodinents. 25

[ 0078] Reference is now made to Figure 9, which shows an exanpl e process 200
for decoding video data with coefficient-group-based sign bit hiding. The
process 200 is based on the second enbodi nent descri bed above. After
review ng the description, alterations and nodifications to the process 200
to i npl enent ot her enbodi ments describdd-will be appreciated by those
ordinarily skilled in the art. - 18 - [0079]A threshold value is set in

operation 2. .ln so nbodi pen this threshold val may be. .

prpedet Ier‘fﬁeﬁg%ené " Oﬁll%g’ﬁlﬁgl‘egsﬁg:e({ée %tt fsl?ﬁeﬁs I C%@ﬁ%%m%ﬁu&eﬁquyf@?g%?%ﬂq s,

this val seffidynht @xdupac Fedesatpe, iheidillustdiRaMvele ¢ estgcivid aR Hihad. ’tfﬁé
er

exanpl e, _the threshold value may be in the picture header or in ano

| ocat i onfiiif 364l #2 eodaips eepfiicianher@eddpion Theseemndeat Hdcontains fdecadticient
identifi ] i iddon. in the current f.f i cj ent.group,
i.e. setﬁ‘g‘?ﬁégg’e&?’fg{’ %‘%g@r geggri]lg'd{g %Zfﬁ%acsf‘ tals o %@irc FESTP gﬂel@naq g?c ent
coef 5 cifentth getddp contains casrfiotedegroupd 14 Hril Tl eTiry MNeS 15N EoMMAPRIt BF upper
coefficient in scan order, between the first and | ast non-zero

S, . ; . ¢
coef f i cilghraciificphgroupdp+ ftorillbe agprsaigted|thaghis embegisant Pvidzo for Lerger sttscoder
decodes il dBriRidnfs ihR bPthehSbEAAM: 15b BS0AHE et dRIREGo B ferl GrofYET Y
non-zero coefficlent 1n the coefficlent group except for the upper leftnost
non- zer zawefdficemntand smzler seeafffebefifieivhtsgn theparédshd thetsinsf@ir ey 150 in
coefficient.in reverS@&sc n order). The)gi q@bits are applied to their
respect | c}ﬁBﬂr-l'%j%rPc?o‘é FRSAR RIS Cqmamor W%F ,tf?l'lefabf’ﬁ‘ée% plimensicauldsaplant i on
is tbat 3 3§k3]2191b1|af%§:9TU75@ie@ ak YR Q@8 hh BX@TWZ@as%%‘asbd &oe@lﬁ?&ﬂ%ré@ %ﬂﬁgﬁ#& ve,
evel is

then for all sign bits set to one the correspondl ng coefficien

made nedaepplied tadjosedLki n operati on 208, the decoder eval uates whether the
nunmber of coefficients between the first non-zero coefficient and the | ast
non- zer d0GGHf f i ci dfigure7 iBcamtwradenrth ambbdineat fif vbidanttsOf codffienaR Fassighe

t hreshol.d.. .I.f nat.,. was not. used at the encoder, so in

. th 3 bit .hidi .
ey ot G e ot S B | HLATE ferhegi it sdisang e chepeieh
non- zer Qure@Pdthichir@Nhd 8aBtarsPorkBYE! B8y, ¢ Ry ol Halre ﬁéﬁgﬂlr%@t?p %#gﬁ&iﬁge

coefficient level. If the nunber of coefficients does

t hr d8holfdr thearposaobygrifivinea nep2nchdinglebodarevasts esthissmitvdinhart atthesfabisol ut e
val ue of the sum of Jjhe coefficients inthe effigi ent gr oug 1S eyen or
odd, Le."its %a?hl §9nal yEndy used TR RERCeSRing e epeticiets oy Sign bl acrdipg idhon- zer o
coef fi cilgdihgl B PRSdabé, e ARCOADEHRRGBIRE FHART sBAL 188 EéhsBdlitdecobfficiehls 0dd,

then the sign of the upper-|eftnost non-zero coefficient is negative, so in
oper at | 6h thE1sean prdgp Kk expmplee neths ilpsration dpetransrmaBit0Ge33 grouppbingt foon 216,

t he dec r 1.ne £ fi.nl shed .processi ng the coefficient
ar oups. P ofSEUFREMECEN 6 ABe b BSeod e PR GRA R A e o

coeRDi cigemipsgrolapeled 16116 645 Ti6) asd 868 @Mgiirei7n operation 218 and returns to
operation 204. [0084]In one other enbodinment, the size of the set of

coef ficifeeé2y may e yeeMeaRe etBodimedt, Shd\thLoC@6ffcidnts&Rhy ndiR@herk 3o tHeR€arS! 9N
bit hidin nag_é be single-coefficient-based sign hiding. 30In this
enbodi méxder. dhatiscsel setanayrinclude same easfiigente GFomnlghe fraquencyipgsitiond irthat i on

istob . - i S;to conpare the magni tude_of the

coef fi c?rgﬂ% e@gp%@ﬁgﬁrﬁg%’%f@g%&%EfroEblo_w ¥ ﬁﬁﬁﬁ%{lﬂ’g?ﬂ@&%ﬂr g st a

| evel | axlpeseffitiams ihtheidveasho) sothru@si1gibe adjatent M 1hs sbirdslags. ot herwi se,
convention sign bit encoding/decoding is used. [0085] To apply the sign bit

hi dggg ifeod3re si ngli@re88hdweh Eifth eAARBimdiCin HhHEh 4o AT TBEHCRNts for sign bit
| hiding within a 16x16 transform unit 170 are dynamically formed, using the coefficient group
structure and scan order. In this embodiment, rather than a fixed set of coefficients predefined
based on the transform unit size and scan order, the encoder and decoder form the sets by
following the scan order and tracking whatever quantity is measured against a threshold value
30  until the threshold value is met. Once the threshold is met, then a sign bit is hidden for the

coefficient group which the encoder or decoder is then processing.



I's conpared to the parity of the coefficient |level. As an exanple even
parity may correspond 5 to positive sign and odd nay correspond to
negative. The encoder then adjusts the level if the |evel does not _
correspond to the sign. It will be appreciated that this technique inplies
t hat above the threshold value all negative levels are odd and all positive
| evel s are even. In one sense this maylbe considered, in effect, a

nodi fication of the quantization step size for coefficients having a

ot ermorO ) 9 Gn B 0 HEGELG e R PV ARG En ARG ST MR | s but

one pos Sd:d@:f@cld:ﬂﬂghﬁfﬁﬁ[m 2 1@ B8eanl di'dérh!h% eBERIP hi) décb@ersthéﬁlﬁnl%é toltodfigent S
applied on a coeff|C|endﬂgrou -basis, and the threshold test is based on

the numbEPuRsdds 31 £3. ShtandfZ.orh inHerns | Whilst pepsessingocasfiaidrite inesweficent geoup [2,

coeffici niy, e Al e ff ent i n_the gcaoeffi

group. Aﬁ fag eno(ﬁ %d-h és}| éqﬁ%%td%rg?%tﬁ gl%“ ?g?%redﬁ asﬁ{l(}nﬁzeer%f:%etfﬁ?lgmlt%ﬁgader to
i ndi Gat eprabesbdikin revegse soait oftiedinitfe toeffitiemago@n[2, [T (thd most WpableftoniAgN t he
header al sq_contains the paraneter tsig, which is the threshold val ue.

Exanpl e RG0! ll%th;i?&o‘{mﬂs yedenin the M&Pﬁ%@ému%lﬂ’e Absobyte )’Zl{le pEscri pt or "
c_par ing u

O RSl LR R AR Bl ML

cabac_i sthaterrerns se«tfﬁbﬂea@u@;ip 1. The threshold test in this example may be based on there

being a minimum number of non-zero coefficients, or the absolute value of the coefficients

10 exceeding some threshold value. The reference number 174 indicates a sign bit hiding

operation with respect to the ‘last” or upper-leftmost coefficient in a particular coefficient
group.

In a sixth embodiment, sign bit hiding is done on the basis of coefficient groups, and the

criteria used to determine if a coefficient group is suitable for sign bit hiding are dynamically
15  adjusted according to the previously decoded coefficient groups. As an example, if either the

coefficient group immediately to its right or the coefficient group immediately to its bottom

has a non-zero coefficient, the current coefficient group is determined to be suitable for sign

bit hiding as long as it contains a minimum of two non-zero coefficients The coefficient group

may also be determined to be suitable if it contains at least a minimum number of coefficients
20  between the first non-zero coefficient and last non-zero coefficient within that coefficient

group, as described in some of the embodiments above.

[0065] It will be appreciated that in some of the foregoing embodiments, a sign bit

may be hidden in one coefficient group based on a parity value that relies on coefficients in

another coefficient group. In other words, the sign value of a cocfficient in one coefficient
25 group may be hidden in the parity by way of a level change to a coefficient in another

coefficient group.

[0066] Furthermore, it will be appreciated in that in some of the foregoing
embodiments, a sign bit hidden in a set of coefficients may be from a different syntax element

like a motion vector difference flag (e.g. mvd_sign flag).

30 [0067] At the encoder side, the decision is made regarding which coefficient to adjust

in order to hide a sign bit in a case where the parity value does not correspond to the sign.



I f( entropy_codng_synchro ) numsubstreans_m nusl ue(v) [ 0087] The
foll ow ng pseudo-code illustrates one exanple inplenentation of

20coef fi ci ent - group-based sign bit hiding: res dual codi ng_cabac( x0, yO

| og2Traf oW dt h, | o0g2Traf oHei ght, scanldx, cldx )Descriptor

| ast _significant_coeff x_prefixae(v) - 20 -

| ast _significant _coeff_ y prefix ae(v)-iib-( last significant _coeff x_prefix
>3 ) |last S|gn|f|cant coeff x suffix ae(v) if ( |ast S|gn|f|cant coef f

y_prefi *Whei t?le pan%y Vallie eec{sltg B ad:;%gtgé fa-(}loe%ment i(evalelgvgt be mcrease& or

decreased by 1 in order to change the parity.

[0068] In one embodiment, the first step in the process of adjusting a coefficient level
is to determine a search range, i.e., a starting position and an end position in the scanning

5  order. The coefficients within this range are then evaluated and one is selected to be changed.
In one exemplary embodiment, the search range may be from the first non-zero coefficient to

the last coefficient in the scanning order.

[0069] With the use of multi-level significance maps, the ending position for a search
range for a subset may be changed to utilize the block-level information. Specifically, if one
10 subset contains the very last non-zero coefficient in the whole TU, (the so-called global last,
or Last Significant Coefficient), the search range may be established as the first non-zero
coefficient to the last non-zero coefficient. For other subsets, the search range may be

extended to a range from the first non-zero coefficient to the end of the current sub-block.

[0070] In one embodiment, the starting position may be extended to conditionally
15  include un-quantized coefficients ahead of the first non-zero quantized coefficient.

Specifically, consider all coefficients before the quantization. Un-quantized coefficients that

have the same sign as the sign to be hidden will be included in the search. For un-quantized

coefficients from position zero to the position of the first nonzero quantized coefficient, the

cost of changing a quantized coefficient from zero to one will be evaluated and tested in the
20  secarch.

[0071] Another issue in the process for adjusting a coefficient level is to define the
cost calculation used to assess the impact of an adjustment. When computational complexity
is a concern, the cost may based on the distortion and rate may not be taken into account, in
which case the search is to minimize the distortion. On the other hand, when computational
25  complexity is not an over-riding concern, the cost may include both the rate and distortion so

as to minimize the rate distortion cost.

[0072] If RDOQ is enabled, then RDOQ may be used to adjust the level. However, in
many cases, the computational complexity of RDOQ may be undesirable and RDOQ may not
be enabled. Accordingly, in some embodiments a simplified rate-distortion analysis may be

30  applied at the encoder to implement the sign bit hiding.




do { xC = ScanOrder[ log2TrafoWwdth ][ | og2TrafoHeight ][ scanldx ][

nunCoeff ][ 0] yC = ScanOrder[ |og2Trafowdth J[ |0g2TrafoHeight ][
scanldx ][ numCoeff ][ 1] nunCoeff++ 1 while( ( XxC != LastSign
ficantCoeffK ) Il ( yC H LastSignificantCoeffY ) ) nunLastSub set =
(nunCoeff - 1) >> 4 for( i = nuniastSubset; i >=0;-) { offset =i "
i f( max( log2TrafoWdth, |og2TrafoHei ght-) > 3) ( omtted } else {
omtted }

10

15

20

25

[0073] Each coefficient between the first non-zero coefficient in the set and the last
non-zero coefficient in the set may be tested by roughly calculating distortion from increasing
the coefficient by 1 and from decreasing the coefficient by 1. In general terms, the a
coefficient value of u has a real value of u + 8. The distortion is given by (8¢)>. If that

coetficient u is adjusted up by 1 to #+1, then the resulting distortion may be estimated as:

¢ (1-29)
[0074] If the coefficient « is adjusted down by 1 to u-1, then the resulting distortion
may be estimated as:

g’ (1+28)
[0075] It will be recognized that for the inter-coded case, the quantization distortion &

is in the range [-1/6 to +5/6] when RDOQ is off. In the case of intra-coded blocks, the
quantization distortion & is in the range [-1/3 to +2/3] when RDOQ is off. When RDOQ is on,
the range of 6 will vary. However, the above calculation of distortion increase is still valid,

regardless of the range of .

[0076] The encoder may also make rough estimates regarding rate cost for the various
coetlicients using a set of logic rules, i.e. a predefined rate cost metric. For example, the

predefined rate cost metric, in one embodiment, may include:
ut+l (u#0 and u#1) > 0.5 bits
u-1 (0 and u+1) > -0.5 bits
#=1or-1and changedto 0 > -1-0.5-0.5 bits
=0 and changedtolor-1 -2 1+0.5+0.5 bits

where the cost of a sign flag is estimated to be 1 bit, the cost of a significant coefficient flag is

estimated to be 0.5 bits, and the cost increase from # to u+1 is estimated to be 0.5 bits.
[0077} Other rules or estimates may be used in other embodiments.

[0078] Reference is now made to Figure 9, which shows an example process 200 for
decoding video data with coefficient-group-based sign bit hiding. The process 200 is based
on the second embodiment described above. After reviewing the description, alterations and
modifications to the process 200 to implement other embodiments described will be

appreciated by those ordinarily skilled in the art.

4




first NZPosl nCG = 1<<4; lastNZPosInCG = - 1; for( n =15 n >=0; n- -) {
XC = ScanOrder[ |og2Trafodth J[ |og2TrafoHei ght ][ scanldx ][ n + offset ][
0] yC = ScanOder[ log2Trafowdth ][ log2Trafolleight ][ scanldx ][ n +
offset ][ 1] if( sign ficant_coeff flag[ xC ][ yC] ) { coeff
abtl evel _greaterl _flagi n ] ae(v) if( | astNzZPoslnCG ==-1) | astNZPosl nCG =
n firstNZPosInCG=n | } -18 -

[0079] A threshold value is set in operation 202. In some embodiments, this threshold

value may be predetermined or preconfigured within the decoder. In other embodiments, this

value may extracted from the bitstream of encoded video data. For example, the threshold

value may be in the picture header or in another location within the bitstream.

5 [0080] In operation 204, the decoder identifies the first non-zero position in the
current coefficient group, i.e. set of coefficients, and the last non-zero position in the current
coefficient group, in scan order. It then determines the number of coefficients, in scan order,

between the first and last non-zero coefficients in the coefficient group.

[0081] In operation 206, the decoder decodes sign bits from the bitstream. It decodes a
10  sign bit for every non-zero coefficient in the coefficient group except for the upper-leftmost
non-zero coefficient in the coefficient group (the last non-zero coefficient in reverse scan
order). The sign bits are applied to their respective non-zero coefficients. For example, if the
applicable convention is that a sign bit of zero is positive and a sign bit of one is negative,

then for all sign bits set to one the corresponding coefficient level is made negative.

15  [0082] In operation 208, the decoder evaluates whether the number of coefficients
between the first non-zero coefficient and the last non-zero coefficient in scan order in the
coefficient group exceeds the threshold. If not, then sign bit hiding was not used at the
encoder, so in operation 210 the decoder decodes the sign bit for the upper-leftmost non-zero
coetiicient (last in reverse scan order) and applies it to the coefficient level. If the number of

20 coefficients does meet the threshold, then in operation 212 the decoder assesses whether the
absolute value of the sum of the coefficients in the coefficient group is even or odd, i.e. its -
parity. If even, then the sign of the upper-leftmost non-zero coefficient is positive and the
decoder does not need to adjust it. If odd, then the sign of the upper-leftmost non-zero

coefficient is negative, so in operation 214 it makes that coefficient negative.

25  [0083] In operation 216, the decoder determines whether it has finished processing the
coefficient groups. If so, the process 200 exits. Otherwise, it moves to the next coefficient

group in the group scan order in operation 218 and returns to operation 204.

[0084] In one other embodiment, the size of the set of coefficients may be reduced to
a single coefficient. That is, the sign bit hiding may be single-coefficient-based sign hiding.
30  Inthis embodiment, each coefficient is tested to see whether its sign information is to be

hidden. One example test is to compare the magnitude of the coefficient level with a given



signH dden = | ast NZPosI nCG - firstNZPosInCG + 1 >= tsig for( n = 15; n >=
O; ii- - ) ( if( coeff abs level greaterl flag[ n] ) coeff

absl evel _greaterUag[ n] ae(v) I for( n =15, n>=0; n- - ) { xC=
ScanOrder[ | og2Trafowdth ][ | og2TrafoHeight ][ scanldx ][ n + offset ][ O
] yC = ScanOrder[ |og2Trafowdth ][ |og2TrafoHeight ][ scanldx ][ n +
offset ][ 1] if( significant coeff fll&g[ xC ][ yC] ) { if
(!'sign_datthiding Il I5|gn|-I|dden [l n !'= firstNZPosl nCG coeff

sign_fl aI%Ies 1d] Co&%cx)entg Ihavmg a?eve large(i1 rll'ranI i [‘tm]:sholdqiave their sign bits hidden;

otherwise, convention sign bit encoding/decoding is used.

[0085] To apply the sign bit hiding in the single-coefficient case, the sign information
is compared to the parity of the coefficient level. As an example even parity may correspond

5 to positive sign and odd may correspond to negative. The encoder then adjusts the level if the
level does not correspond to the sign. It will be appreciated that this technique implies that
above the threshold value all negative levels are odd and all positive levels are even. In one
sense this may be considered, in effect, a modification of the quantization step size for

coefficients having a magnitude larger than the threshold.

10 [0086] An example syntax for implementing sign bit hiding is provided below. This
example syntax is but one possible implementation. In this example, the sign bit hiding is
applied on a coefficient-group-basis, and the threshold test is based on the number
coefficients from the first non-zero coefficient in the coefficient group to the last non-zero
coefficient in the coefficient group. A flag denoted sign_data_hiding is sent in the picture

15  header to indicate whether sign bit hiding is turned on. If it is enabled, then the header also

contains the parameter tsig, which is the threshold value. Example syntax is set out below:

pic_parameter set rbsp() { Descriptor

pic_parameter_set_id ue(v)
seq_parameter_set_id ue(v)
sign_data_hiding u(l)
if ( sign_data hiding ) { '

tsig u(4)
}
eniropy_coding_synchro u(v)
cabac_istate reset flag u(1)
if{ entropy_coding synchro )

num_substreams minusl ' ue(v)

[0087] The following pseudo-code illustrates one example implementation of

20  coefficient-group-based sign bit hiding:

residual_coding_cabac( x0, y0, log2 TrafoWidth, log2 TrafoHeight, scanldx, cIdx ) { Descriptor
fast_significant_coeff_x_prefix ae(v)




I -21 - 1 sumdbs = 0; for( n =15; n >= firstblZPosInCG n- -) {

I f( coeff abs level greater2flag[ n] ) coeff abtlevel jninus3[ n] ae(v)
-20 -
last_significant_coeff_y_prefix ae(v)
if (last significant coeff x prefix >3 )
last_significant_coeff x suffix ae(v)
if (last_significant coeff vy prefix>3)
last_significant_coeff y suffix ae(v)
mumCoeff =0
do {

xC = ScanOrderf log2 TrafoWidth ][ log2 TrafoHeight |[ scanldx ][ numCoeff [ 0 ]
yC = ScanOrder{ log2 TrafoWidth ][ log2TrafoHeight ][ scanfdx ][ numCoeff][ 1]
numCoeffr+
} while( (xC != LastSignificantCoeffX } | ( yC '= LastSignificantCoeffY ))
numlLastSubset = (numCoeff — 1) >>4
for{ i = numLastSubset; i >=0; i—~) {
offset=1<<4
if{ max( log2TrafoWidth, log2 TrafoHeight } > 3) {

firstNZPosInCG = 1<<4 ;
lastNZPosInCG =-1 ;
for(n=150>=0;n--) {
xC = ScanOrdei| log2TrafoWidth ][ log2TrafoHeight ][ scanldx ][ n+ offset ][ 0 ]
yC = ScanOrder[ log2TrafoWidth ][ log2 TrafoHeight ][ scanldx [ n+ offset ][ 1]
if( significant_coeff flag[ xC[yC]) {
coeff_abs_level greaterl flagin] - ae(v)
if( lastNZPosInCG ==-1)
lastNZPosInCG =n
firstNZPosInCG = n

}
signHidden = 1astNZPosInCG — firstNZPosInCG + 1 >= tsig

for(n=15;n>=0;n——) {
if{ coeff abs_level greaterl flagfn|)

coeff_abs_level _greater2 flagfn|] ae(v)

)
for{n=15;n>=0;n——-) {
xC = ScanOrder| log2 TrafoWidth ]f log2TrafoHeight J[ scanldx ][ n + offset J[ 0 ]
yC = ScanOrder| log2TrafoWidth ][ log2TrafoHeight ]f scanldx ][ n + offset [ 1 ]
if{ significant coeff flag[ xC J[yC 1) {
if (1sign_data_hiding |} !signHidden || n != firstNZPosInCG)
coeff_sign_flag[n} ae{v)

else

coeff sign flag[n]=0;




xC = ScanOrder[ |og2TrafoWwdth ][ log2Trafolleight ][ scant& ][ n + offset
1[ 0] yC = ScanOrder[ log2TrafoWwdth ][ | og2Trafolleig,ht ][ scanldx ][
n + offset ][ 1] if( significant_coeff flag[ xC ][ yC 1) {
transCoefflLevel[ xO ]J[ yO ]J[ cldx ][ xC ][ yC] = ( coeff absievel m nus3[
n] +3) * (1-2%* coeff sign flag[ n ) I f (sign_data_hiding &
signllidden) sumAbs += coeff abs_| evél- ni nus3[n]+3

}

sumAbs=0;

for( n=15; n>= firstNZPosInCG; n——) {
if( coeff abs_level greater2 flag[n])

coeff_abs_level minus3[n| ae(v)
xC = ScanOrder[ log2TrafoWidth ][ log2TrafoHeight ][ scanldx ][ n + offset J{ 0 ]
yC = ScanOrder[ log2TrafoWidth ][ log2 TrafoHeight ][ scanldx ][ n+ offset [ 1 ]
if{ significant_coeff flag] xC ][ vC]) {
transCoeffLevel] x0 [ ¥0 J[ cldx [[ xC [ ¥C ] =
(coeff abs level minus3[n]+3)* (1 —2*coeff sign flagin])
if (sign data_hiding && signHidden)
sumAbs += coeff_abs level minus3[n]+3
} else
transCoefflevel[ x0 ][ y0 J{ cldx [ xC ][ yC =0

}
if (sign_data_hiding && signHidden && (sumAbs%2 == 1))
transCoeffLevel[x0][y0][cldx][xC][yC] = - transCoeffLevel[x0][y0][cIdx][xC][yC]

}
}

[0088] Reference is now made to Figure 10, 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
5  computer program or application stored in memory 904 and containing instructions for
configuring the processor 902 to perform operations such as those described herein. For
example, the encoding application 906 may encode and output bitstreams encoded in
accordance with the processes described herein. It will be understood that the encoding
application 906 may be stored in on a computer readable medium, such as a compact disc,

10  flash memory device, random access memory, hard drive, etc.

[0089] Reference is now also made to Figure 11, which shows a simplified block
diagram of an example embodiment of a decoder 1000. The decoder 1000 includes a
processor 1002, a memory 1004, and a decoding application 1006. The decoding application
1006 may include a computer program or application stored in memory 1004 and containing
15  instructions for configuring the processor 1002 to perform operations such as those described
herein. The decoding application 1006 may include an entropy decoder configured to
reconstruct residuals based, at least in part, on reconstructing significant-coefficient flags, as

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



} else

transCoefflLevel[ xO ][ yO ]J[ cldx ][ xC][ yC] =0 1 | f

(sign_data hiding &k signilidden &% (sumAbs%? - 1))
transCoef fLevel [x0][yO][cldx][xC[y(C = -
transcoeffLevel [ x0][yO0] [ cldx][xC][yC] 1 1
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a computer readable medium, such as a compact disc, flash memory device, random access

memory, hard drive, etc.

[0090] It will be appreciated that the decoder and/or encoder according to the present
application may be implemented in a number of computing devices, including, without
limitation, servers, suitably programmed general purpose computers, audio/video encoding
and playback devices, set-top television boxes, television broadcast equipment, and mobile
devices. The decoder or encoder may be implemented by way of software containing
instructions for configuring a processor to carry out the functions described herein. The
software instructions may be stored on any suitable non-transitory computer-readable

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

[0091] It will be understood that the encoder described herein and the module, routine,
process, thread, or other software component implementing the described method/process for
configuring the encoder may be realized using standard computer programming techniques
and languages. The present application is not limited to particular processors, computer
languages, computer programming conventions, data structures, other such implementation
details. Those skilled in the art will recognize that the described processes may be
implemented as a part of computer-executable code stored in volatile or non-volatile memory,

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

[0092] Certain adaptations and modifications of the described embodiments can be
made. Therefore, the above discussed embodiments are considered to be illustrative and not

restrictive.




[ 0088] Ref erence is now nade to Figure 10, which shows a sinplified bl ock
di agram of an exanpl e enbodi nent of an encoder 900. The encoder 900

i ncl udes a processor 902, nmenory 904, and an encodi ng application 906. The
encodi ng application 906 may include a 5 conputer program or application
stored in nmenory 904 and containing instructions for configuring the
processor 902 to perform operations suéh-as those described herein. For
exanpl e, the encodi ng application 906 nmay encode and out put bitstreans

encoded it h the processes described herein. It wll be
understd%%hﬁﬁgf&gagﬁgﬁﬁgﬁing application 906 may be stored in on a conputer
readabl e nedi um such as a conpact disc, 10 flash nenory device, random
access nenory, hard drive, etc. [0089] Reference is now al so nade to Figure
11, which shom% @ ginpljfied bl ock di agram of an exanpl e enbodi nent of a
decoder 1000ncthaG obidecsdiage atiisedmn ef ersededividea by tesarstrigting coeffieipmie jorr004,
and a d j L I : I i I .include
2 Computar-topa AP Bkath dildting 1F o ERRCLASoABEL biGh: B RSy 1o 15
i nst buctdadnset bbsiga bith camspoglingie pregmet soset b OR:1ficiepte férahatrapdoat udf)S such
as those descrihed herein. The decodi ng applj.cation 1006 _nmay incl ude an
ent r opy ‘Y¥EIREFTBH @H}dé‘ii‘t‘isgh‘f %%ﬁ‘g% PQrEGSPPRAENgIRN-2erp seefficient withiadhe j

part, oqegp%gme{’%{nggogicgﬁhmiggnt -coefficient flags, as described herein.
It will be understood that the decoding application 1006 may be stored in

on -22 - a corrmllte%h&e[ﬁgpvp%/tgnﬁg%i&gg]af%%?%ﬂgs a conpact disc, flash nmenory

devi ce, random access nenor riv etc. [0090]1t will be appreciated

that the decoder and/or encoder accorgding ta th resent |ication may be
i npl emented in a n ‘“8?88?%%%ﬁ%%YﬁﬁﬁoﬁﬁegB@@FwPﬁéﬁh@Fﬁﬁ?eaﬁgﬁﬁut 5

li mipation, servers, catispabdlitg RIbgsenmmebrOSRab abtapls PAKS vERIEPAHIET S,
audi o/ vi deo encodi ng and pla;%ack devi ces, set-top tel evision boxes,

tel evision br oadcaa§§igﬁﬁglh|@f@% on@BEhERBL T8I AR BRS the%%eéﬁ\?&%ta asgli ofincoder
may be inplenented by way of software containing instructions for
configuring a proceswbetherghe panity velve is erenfarmddi ons descri bed herein. The
software instructions nmay be stored on any suitable non-transitory
conput er -readabl e 10 nenory, including CDs, RAM ROM Flash nmenory, etc.
[0091] 1t will be understood that the encoder described herein and the

modul e, 2r oTh¢ methoprciBsdin dAIERAvheddin @hdiesT thOfdspetioe caYPPERMicibkp! enent i ng
t he_descri bed nethod/ process for caonfiguring the encoder may be reali zed
usi b9 st antRIFEPeIHER EFSPETGARMSPedicleaErlAFigues and | anguages. The present
application is not limted to particular processors, conputer 15 | anguages,
conput eB- pFagjmathei ﬁ&%@h\l@i@lmﬁswhmn gach ofithe taspertive s¢te of enetiicients

i npl enent af | i il i he art. w| ecogni ze t.hat the
descri bed %drrgeg%chs‘?fggé) %%{/o%te&?%}g?ééwgr@g(fogfﬁchenbgllpfksoﬁn B’F}ﬁfﬁ‘}‘gﬂﬂ?g %l e
code st or eblotks iM@bél of the @foup® Are\coh@citie: BIBEIIN 2 bhsckHavd] s€dn @fer.
application-specific integrated chip (ASIC), etc.

4. The method claimed in any one of claims 1 to 3, wherein the method further comprises

20 determining that the number of coefficients within the respective set of coefficients
between a first non-zero coefficient and last non-zero coefficient in a scan order exceeds a

threshold value.

5. The method claimed in any one of claims 1 to 4, wherein assigning includes making the
one of the coefficients negative if the parity value is odd and leaving the one of the

25 coefficients positive if the parity value is even.

6. A decoder for decoding a bitstream of encoded data to reconstruct coefficients for a

transform unit, the decoder comprising;
a processor;

a memory; and



[ 0092] Certai n adaptati ons and nodifications of the described enbodi nents
can be 20 nade. Therefore, the above discussed enbodi nents are consi dered
to be illustrative and not restrictive. - 23 - WHAT IS CLAIMED IS: 1. A
nmet hod of decoding a bitstream of encoded video by reconstructing
coefficients for a transformunit, the bitstreamencoding two or nore sets
of sign bits for the transformunit, 528ach set of sign bits corresponding
to a respective set of coefficients for the transformunit, wherein each

ST R R S S

of sign bits, theprocessor to perférimiie Rghtiesd ksl wh enyeldist Pimkhgo goef fici ent s

for the respective set 10corresponding to that set of sign bits to obtain a

parity VAl uene@pd of&iio 2hifdiBF (0 B efbodiliSsi g06kd fo%@é‘fhéiglgﬂstf&ld" the
respective set based on whether the parity val ue Ts even or odd. 2.
The met hod trenypmedni, themgthard tomptisingi n each of the respective sets of
coefficients 15corresponds to a respective 4x4 coefficient block. 3. The
met h&d cl ai med fifar cathaoftwb, orwinae eets ofawdfificiéntt fie thespetimyveiget s of
coefficients corresponds to a group of respective 4x4 coefficient bl ocks,

and wherein the coehiniagantbsolhnekslut bf teebefficichtteotthatiyRs tPsiRaiaABRERHL | Ve
bl ocks in a bl ock-level scan order. 4. The nmethod clainmed in any one of

claims 1 to 3, whereV#Uhe nethod further conprises 20determning that the
nunber of coefficients within the respective set of coefficients between a
first non-zero codictar@ining thahe siga of omoel the ceeffoientsii thehset idpescnogcan or der
exceeds a threshold The net hod clained in any one of clains 1
to 4, wherein assign%%é%ﬁﬁ% ﬁa %p%gkﬁﬁfet%@'one of the coefficients

ne ive if the parity value is odd.and.l eaving the.one of the .
2522@:‘ :‘/i c: ents pgsaidiqsé’éé/? :lel{’f’h‘léfsap%ﬁ?ﬁ‘i}eméﬁ‘ ﬁ@ylﬁ% %3\98?1 In @y elﬂoﬁgﬁllﬁ?é]ﬁe Pty

decodi ng a bitstreamghe &N6&RASFbIAAD the Sod SCARIrMCLoctREL T Ci ents for a
transformunit, the decoder conprising: a processor; a nenory; and - 24 -

a decodifgTRPRIetoR I RMed PLSE, 7 Woﬁngﬁ@ﬂlfgcﬂa? Egt%hndfqge LSS MG QA% OF
configuring the processor to performt met’hod clai'nmed I n any one of
clains 1 tooedficignts,anneding sigobite fuoradli nog-zrdedesiiciaasimthatiet eaepyfoetteasicng
sign bits fﬁ&Fco ficients for a transformunit, the nmethod conprising:
5for each Bf“F{B“GF°HSre sets of coefficients for the transformunit,
suming .an_absol ut.e valéje of the coefficients for that set to obtain a
pari1 y Val E&(? method clammed 1n claim 7 or claim 8, wherein the two or more sets of coefficients

each comprise a respective 4x4 coefficient block.

10. The method claimed in claim 7 or claim 8, wherein each of the sets of coefficients
corresponds to a group of respective 4x4 coefficient blocks, and wherein the coefficient

blocks in each of the groups are consecutive blocks in a block level scan order.

20 11. The method claimed in any one of claims 7 to 10, wherein the method further comprises
determining that the number of coefficients within the set of coefficients between a first
non-zero coefficient and last non-zero coefficient in a scan order exceeds a threshold

value.

12. The method claimed in any one of claims 7 to 11, wherein adjusting a level includes

25 selecting the coefficient in the set to be adjusted using rate-distortion optimization.

13. The method claimed in claim 12, wherein the rate-distortion optimization uses a

predefined cost metric for evaluating a rate cost.

14. An encoder for encoding a bitstream of video by encoding sign data for coefficients for a

transform unit, the decoder comprising:



determ ning that a sign of one of the coefficients in that set does not
correspond to the parity value; and 10adjusting a |level of a coefficient in
that set by one in order to change the parity value to correspond to the
sign of one of the coefficients. 8. The method claimed in claim?7, further
conprising, for each of the two or nore sets of coefficients, encoding sign
bits for all non-zero coefficients in-2hat set except for the one of the
coefficients. 15 9. The nmethod claimed in claim7 or claim8, wherein the
two or nore %gl%cq;mpoefficients each conprise a respective 4x4 coefficient
bl ock. 10. THePWETNod claimed in claim7 or claim$8, wherein each of the
sets of coefficients corresponds to a group of respective 4x4 coefficient

bl ocks, and VhEFEPR>R% coefficient blocks in each of the groups are
consecutive blocks in a plock | evel scan order. 20 11. The nethod cl ai ned
in any one ofNSTSPHRE 2RISR SIGHeE B MEPMOKE AR eGRINING ARSHaEtions oy sapdiguring

det e i i gt hatyd e TR ho Bl AL dAIE Tl B old\ s Blig4gef 1 ci ents

between a first -Z€ero ¢ icient an -zero coefficient in a

scan gor exceeds. | . 12. The nethod.cl ai .in any

a0 o, ARy THES I fadileedivm storiprg ol RS St Bfiont T e
coef fi ci entwhidh, When saicuted, mfigtdics shedr msid1Gotdt@s i Hdrfrin the mRHodE A@kd on.
13. The nmethod clained in claim12, wherein the rate-distortion

opti m zat i Sheysde of chimmyiéte febd ééed3netric for evaluating a rate cost. -
25 - a processor; a nenory; and an encodi ng application stored in menory
and containing instructions for configuring the processor to performthe
met hod clained in any one of clains 7 to 13. 515. A non-transitory
processor-readabl e nmedi um storing processor-executabl e instructions which,
when executed, configures one or nore processors to performthe nethod

cl ailged in any one of clainms 1 to 5 and 7 to 13. 10



