SYMMVETRY FOR | NTERPOLATI ON FI LTERI NG OF SUB- Pl XEL

POSI TIONS I N VI DEO CODI NG [ 0001] This application
waeb@bmeeothe benefit of U S. Provisional Appli ceaT/U82009/040267

61/ 044,020 filed on April 10, 2008, U. S. Provisiona

Application 61/044,023 filed on April 10, 2008, U. S

Provi si onal Application 61/044,240 filed on April 11,

2008, and U. S. Provisional Application No. 61/057,373

filed on May 30, 2008 the entire contents of which are

i ncor porated herein by reference. TECHNICAL FI ELD

[0002] Thigy Jr WGR"I&'T@SI&S()LQI%&'F T OF

encodi ng an
filtering tec nlques apgﬁHnggolgg%er e predsctlve

data used in the video encodi ng and decodi ng.
BACKGROUND [ 0003] Digital video capabilities can be
[00€1d r'hoy aipdiclationt daisnswhadberreinge UK. Rilewisioesd  Apiphcdtiodi Gigd44,020

igita ISl |taI di.ect b cast .syste
e ?ish ol G B DR, it Sl “GTGREE" aRY 8B 10,
98] U9nprs>v{sfe>@éisApph@ﬂt)@mmmzaekﬁea SO PR ems,zoos and U.S.
d|g|tal caner as, ital recording devices, vide
%aw@galdfémleétson di%doya% Blsdonl May 302008 the e@frlre contents of

d}?hﬂe iA@rS AL @hdr &%QQP@F&W and the like. Dgital
devices I npl ement "vi deo conpressi on techni ques,
such as those described in standards defined by
MPEG 2, MPEG 4, or |ITU- T H 264/ MPEG 4, Part 10,
Advanced Vi deo deing IiKM5NHl%LfIEhQn1t and receive

[@b& tﬁns lesc? sure qatrgsattlooﬁ 1ta efof Iegco nt ! %nd 1tng and, more
ressi on ues nmu orm spatl pre on

aRibuilyt e‘maﬁﬁ@teqhheldbs: Tapplf&dt t@ g@dw&e pﬂardldtleanMe used in the video
redyndancy i nherent in video sequences. [0004] Bl ock
Paelpe pt &eodiBdi ng is a very useful coding techni que
that relies on tenporal prediction to reduce or renove
tenporal redundancy between vi deo bl ocks of successive
coded units of a video FAUEGROUNR: coded units may
conprise video frames, slices of video frames, groups
[0003)i I@igillztlesi,de@ rcapatolitiver cashebe necbrperated oftoe ac vikked rangdeaf devices,
bIo Inter-c vi.deo encoder rfor

REETIER Bl S a g R esh S S SRrBn S Rrabiafe: systems
pERoaaENLitAf as6ihte IPDAY), Neptyp @e Aeskdr kemMfterk \ighsl dWceas, digital
adj acent coded units. Motion estimation generates

hgriling dgiceso vadeo\gaming frdeesarideq Bamaicapioke errdiyar gr satellite radio
ERRAEIR [ 51 AL SHmA ) PLEDLSERon i
such as those described in standards defined by MPEG-2, MPEG-4, or ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), to transmit and receive digital
video information more efficiently. Video compression techniques may perform spatial
prediction and/or temporal prediction to reduce or remove redundancy inherent in video
sequences.

[0004] Block based inter-coding is a very useful coding technique that relies on temporal
prediction to reduce or remove temporal redundancy between video blocks of successive
coded units of a video sequence. The coded units may comprise video frames, slices of

video frames, groups of pictures, or another defined unit of encoded video blocks. For

inter-coding, the video encoder performs motion estimation and motion compensation to
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ot her coded units. Mbdtion conpensation uses the notion
vectors to generate prediction video blocks fromthe

wor@®neee®re reference frames or ot her coded uPCT/ES2009/040267

After notion conpensation, residual video blocks are

formed by subtracting prediction video blocks fromthe
original video bl ocks being coded. [0005] The video

encoder may al so apply transférm quantization and

entropy codi ng processes to further reduce the bit

Rk ShARARVGh A& oS GAFU LSRR o@ftwb @3 InthialadfAbQe kSded units.
Transform techni ques may conprise discrete cosine
Mpmrsfeﬁmw(l[z@n@)ate@rm@tmcmqral Wiickiindlicate the d@eblsergcnt of video
‘t@lcr)ckg il ttg chI’res ch ﬁreblg?(ﬁ% ma lt())cf(snl'ﬁegg of v b %%?gnrgg frames or
Qhacedsd uaiss. aMoﬁ)&ﬁmph@cnsatlertlse@fth@hmbn wabtusstoag'eﬁerate prediction
4w§nverted into transform coefficients,

rlélg%lﬁt frcerﬁ éhee AR @rymafe eIy erﬁﬁexféa[mq?é]r&g]ger CHH?CEH 1¥1ts After motion

JonBRERA6Y, I‘égﬂﬁélmld@ﬁﬁtzksz%' Rfmds b?@ﬁbﬂraﬁ:ﬁn% Prédi&®ion video blocks
transform coefficients, generally involves a

fmf@é}mlgﬂﬂﬂévldﬁ@bﬂ@é]@sbemgecoﬁ%ber of bits associ ated
[WM %¥ ane\é)eg}lc%a&nl%g fa [&)CZ@ 3{3 rfils ﬁd}{h quglefltfz?t | veﬁ%i eBfopy coding

ri'ses one or roc
mmepsfeem ﬁm}gemﬂﬁﬂ@ﬂledﬁt xa&dass@mttxﬂa&h cnnimummatlon of residual blocks.
t &%£ coded bl ock patterns, &uantbégg "
HBRFY AT SRTET RS e 8 (bE Gy conceptually

diMBArustecdts. IRrm@vell, WiveRd tiafs oA @rﬁ&ge@%ﬂifbl\ﬁ@s or other types of
vari able |l ength codin CAVLC) and cont ext adaptlve

tBinsfRFps Ayt bvdtade  BodilfgT popmme)es qropeBploa acwded nxde@lues are

&hQ&kedqR% tBﬁsff)ﬁ)g E@&ﬁ‘&%&g d%ﬁc}?ﬁﬁ? Yéri)tr th@ér{%f ﬂtf? 1xel values in
at can be used to create or I|dent y a predi

tbct trequengn domaine udotgdatibh acdppbéd thatha tnamfomtwafﬁclcﬁts and generally

i fferences b g d and the .
Ut PR BucRes 6y SRS b TErSTRIEY S eiven wanstorm
@OffiRidns EE AR yOddAin@! cofipfiSesndtel 0@ nofe pERES ed that ccﬂfe&tl\ktiﬁ}eébmpress a
to identify the predictive block of data. G ven

FO¥NEN of erodifies Moflefe TR BYoTmatign goded blagk r@gwr%taqdh guantized
PSR ¥ @i RhRC KScahip o‘f"%ﬁt?oﬁﬂfs&%ntgoinglﬁg@bﬁtm?e fl@tslhg"f@i to content
Thus, given a set of residual” blocks and a set
a@eptn\@nvav@bhedplsgﬂ(l andinpd€8Vb) agd wentaudadap@mblnstyrﬂraha)u;tlc coding
éi& coder can reconstruct a video frame that was
|g|h5lly encoded. Inter-coding based on notion

[0806] Matodud vaded bidudki redy BoRPeRSaid bgzrprecaatlcamhfcﬁmeweﬂlyt can be used

good co si on because successj ve video franmes
tBthf‘éPe qr;%@&?y ¢ PreigRYe binsk angp éeStduﬁletHO%?f agy lnﬁhp%twe Oﬁxﬁlfferences

tﬁ:ﬂﬁ;&qe{ﬁie ¥iode Bein & GHERCH dRY pﬁ:@mﬁ% %I%cp | apk ?ré@lﬁctﬂbﬁ‘ $hidHadtion may
data, motion vectors, and possibly other types of

aupriax tHeOOG A mere émcm@navtepf@rﬁ thatcdip |uwet9 iHensdy Meepredictive block of

%ﬁve(lhg@l? HID nQotl% Q/%Eto therﬁBE %\éF is a%% t% %’c%kstg{chffhg Iigpé’d?&ﬁll Bfbcks that
e ac eve TN n

wire upedeth @ide iee chaidaal. Thus, glven a set of residual blocks and a set of motion

vectors (and possibly some additional syntax), the decoder can reconstruct a video frame
that was originally encoded. Inter-coding based on motion estimation and motion
compensation can achieve very good compression because successive video frames or other
types of coded units are often very similar. An encoded video sequence may comprise

blocks of residual data, motion vectors, and possibly other types of syntax.



generated during notion conpensation, which is used to

code a video block, may be interpolated fromthe

w@erooehz9ed vi deo bl ocks of the video frane or BCTE82009/040267

coded unit used in notion estimation. Interpolation is

often perfornmed to generate predictive half pixe

(hal fpel) values and predictive quarter pixe

(quarter-pel) values. The hal f- and quarter-pel val ues

are associated with sub-pixel |ocations. Fractiona

[mﬂ q{i‘teﬁﬁ@c{t@ﬁste% YquRE nPEBedP dblRiPelifiv HbdeR RhREKS til level of

t he sub-pi xel reséiutlon in order to capture

dorrmmsmn aﬂhatnrwef@emchleﬁeda iy jigleucabegienoethisaneset e prpgictive data

e Y th are, Siym | ar t he

{eg OC J gttlon gorg%eglg ﬁ%tnh v&%tui use egecrode a 16168 GE)locllqc, may be

ibﬂeqmlkzﬁed Wx&l@@@&ﬂdeb blogknef tala Vldehlﬁsimél (ﬁcc)ltm @oded unit used in

descrihes filteri t echni ques applied by an enco .

rﬁ?fﬂmaesa’é‘%ﬂ’erfn&iﬁ?‘?q%@ont iR @RB‘? REFSER P SEnsEke Bredistve gﬁépmel (half-

&Bc@ﬂﬁéggarﬁnﬂé&fztlﬁe&%ep il Q@?a%t%r oI ealqgsscﬂ“h@@lglf- and quarter-pel

fi'ltering techni ques may enhance ? he accuracy

erustliaet dsvecisted withsab-peer lasgtidnsadiraaioas] meficay wtoai mgpi,be used to

|

808 DR PoRERTRe T TR RN PO A BECE L] Mpueh B gl mpyement i

a ‘hd@o stiqgs el cosandetherebwe prodidagralictsefbldcks vk we-mone Es[mllar to the video

filt r su that ma ed for interpolation,

HedhirgR et et BBy are bBRR cyrmetry and. pi xol

symetry to reduce the anmount of data needed to be

sent between an encoder and a decoder to configure the

filter support for inter p8UHMRY and techniques for

filtering data at integer pixel |ocations in a manner

[00@8] Th gewrirati ﬂhssrdlicclosgwbiemr)l@'s fijteringr todinatuice applict! g an encoder and a

of th S d concern techni,que
BRBEG TR hoPRARHSS SRR a B PRl DU B g, grocess. The
deyqébedffilfekihg @Echnfjnek pag Sinbhncetthe atdurdcgrofcmeditiivd éath Sised during

sed Pr edi cti ve encodi ng techni gues for filter )
Q’P‘?q d‘?télﬂ?f’gltla? 1418 §OTHE ST B, ! qﬁm%%f‘epraﬁlaﬂm %’é‘i‘ of integer blocks

FPPeE STHRfe 4rBissveRil 60RBUS ehiMikéloRBE FBUBRPRLEIT dveRpixel filter
the description below. [0009] In one exanple, this

subBwt Gwtimay feowrdy iatomsldion, sohmnicsithy usesetflicisgt symmetry and
p%(eq Ig%m%%v é(g gedfkt)lll:% {ht%ran?o%gf I)i} cﬁt H%e%lec?‘? f))ffagetnt Bgtw%%hs an ]@ncoder and a

enco ream generating een se
decddeelto mﬂgﬁfeahe fittsr mq)pmeﬁq:mmtﬁrprogatlbm zfnldftmlanmeki folr éirltenﬁg data at

sub- | qcat.i ons bas on.the eight. sets of fil
le%?rfn%ﬁé?fﬁgonsglaﬁép%meh@% Redpis e seuriredreralafong ;ﬁtﬁer aspects

Jrahis \Hi WRRUILCLAH N & chRGEE PP R, infdd@atidd theBd bi&tEnOb convey
filter coefficients, wherein the interpolated

the s of iflter gad aowdly depdia seeffiswats ased hRreflicfiyeensoding techniques
fg{ Ht@tr gcgztfﬁ Q exﬁi h&‘&l%édo n’?hesgqu %gfeggk tsod}(e}hfgrdlsclosure will

nore Vi ase on the inter
lﬁwMaemﬁm&mﬁﬁomnhadmmhmnmdnhnpIe thls disclosure

[86631'19 %%e aexa{rrr‘:i‘lgllg otﬂisccgs gsillrs’ei Ig]rgvi(agsf Eil rPrilelt’i%d(:"ciognlﬂf)trising receiving cight sets
of filter coefficients as part of an encoded video bitstream, generating fifteen sets of filter
coefficients corresponding to fifteen different sub-pixel locations based on the eight sets of
filter coefficients, generating interpolated predictive data for video decoding based on one

of the fifteen sets of filter coefficients, wherein the interpolated predictive data corresponds



sets of filter coefficients for fifteen sub-pixe
positions based on coefficient symmetry and pi xe

W@ 926998 encodi ng vi deo data using interpol aRCDOS2009/040267
filters and the eight sets of filter coefficients, and
outputting the eight sets of filter coefficients as
part of an encoded bitstream [0011] In another
exanpl e, this disclosure provitdes an appar at us
conprising video decoder that receives eight sets of
thioht &F tte0@fkdeh Wi®OtS @B-pPRI locBfioRNaRNERHEH: Wh88P more video blocks
bitstream generates fifteen sets of filter
leoed theiintppslatedmrasigionditag to fifteen different

=Rpixel . location n. t he eigh e f.f0l . .

R SR SRR PR AR, HORGRLE Mo Rl SRl i Gnine cieh
swrof\filde codicods fig fifase dulspixengosifont besclliohtceefiickat syndhetry and
filter coefficients erei.n the interpolate

RSV RCTS dispding yideasigBriting Bicopplation il b et ses of filer
QEFfcRmNtand UWRn kR tHeO&Gight QS of 31 ABEPERALONEPAT ofMnCencoded
vi deo bl ocks base on thé interpol ated predictive data.
4igEae). | n anot her exanple, this disclosure provides an

r 0 l.&l ldeo encoder [ :
PR RS B8 SR BREP Facihi SBbAARe video docoder
thatheqives kighosis dfdiler bastdemnasomef dfiaa icadctided yitne bitgtreamd generates

i xel sy try, .encodes vi deo dat.a usi. i nt er pol ati on

1oEF e SRR RarEraR Satnonfe oS Tteih W Een{ whahta s basea
AUihRUishtt o BF Gikr sQ¥rRciBits,§ fdnbRies CiaRIfIIAEE PERlic@Se RRFL for video
of an encoded bitstream [OOé&] I n angt her exanple, .
deredingibaeH pguene ol boififtosn sy enfifdier copfBeicaisnyharsimie fipterpolated
ﬂr&ﬁ@tﬁ%' d&% &rond }09'01‘1:%:]C off th!: hﬁ%erf:&iﬁiefehf:élﬁ)- i§ela}§caﬁgﬁ§, af?(fl decodes
an encoded video bitstream neans for generating

dnicfot e@re wdtsblofksfhiaba @rthe oeérpoleicd praliatioe detspondi ng to

@bgh%en db{ferent 55P-gfol Iocathons based, on the. . i

{11 SBPHIh 1 FIplpe M SIS Ui eI el PP comprising . video
cHenRF atat 0efined tefihp dtab Lhltdrcadlificichis o fiftéenf Wb-pitell @6sitions based on
decodi ng based on one of the fifteen sets of filter .
©EEIINE PERTSTY #he MEich SYRBICITht E1cpeisatider piaarie; ipimektian filters
a‘ﬁ@'&l’i@é@%@'@ of ﬁltar}:%eﬁfcielhg,earfd § : Dihd 'efgfh?&%"(‘}f P _E:(R:'fff&l:nts as part
| ocations, and neans for decoding one or nore video
Blaochedod bitsteamt he i nt er pol at ed predi ctive dat a.

| n.anot her. exanmple,, this di.sclosure provides a
R e e R T

ibdditing cighieddid of Bndrscobfiicidhtsl dsgaft &Wd-dicdd id®i bits@Bsm, means for

based on coefficient sy try and pixel sy try, )
SrBSHYNS e@héﬁaiqﬁﬁw FeBTEPE TRSTCR mge%opg_rfggﬁm ditforent sub-pixcl
1bédtibRY BasRBDnt S RINGRES OF Fil@F cddffitiShts CAGINKI 6} BEHcPatin@NBkerpolated
means for outputting the eight sets of filter

reesi¢thiccdagnfas adeopdacpdiog basrderrcoereaf Bictfsftacaants qfddtesicoctticients,
\;[llk??lﬁ %ehﬁfeﬁo%?ﬁeﬁér%%ﬂi\bee&td (Q)rtteg%o%dg lcoscgzrle%%ltll{eeﬁij?é%x d%?erent sub-pixel
I nplenentea I n rdwar e,

locations, and means for decoding one or more video blocks base on the interpolated
predictive data.

[0014] In another example, this disclosure provides a device comprising means for defining
cight sets of filter coefficients for fifteen sub-pixel positions based on coefficient symmetry

and pixel symmetry, means for encoding video data using interpolation filters and the cight



software, firmmare, or any conbination thereof. If
i npl emented in software, the software may be executed

WO 2000nz928 NDre processors, such as a m cropr OREEER2009/040267
application specific integrated circuit (ASIC), field
programmabl e gate array (FPGA), or digital signa
processor (DSP). The software that executes the
techni ques may be initially sfored in a
conmput er - r eadabl e nedi um and | oaded and executed in
SRR FPAECER B entd, W RLaAAGOEHDRIG Y the EihBsl SFHIRS BéBficients as part
al so contenpl ates a conput er-readabl € storage nedi um
donmenécsicdbititresr uct i ons that when executed by a

e (o]? n.r Vi

B0RT TR RS SRR PR GbBu P Wy BE TnbleBRuBU N hardware,
seftder, firh®hice amanyg@neigitien ftlhefré(ﬁ"e nf sgtlemafted inl do€kvare, the software
coeff|C|en S corresgondln to fifteen different

BRHLHEXEETET FL RS Yrid rB%%gSGF? YR aé@@ﬁ’c“@é?@“&ff appligatipn specific

iaRefatddc bﬁ&ﬁts (ASRNEIRE ﬁrb’%r@ﬁlﬁﬁb@t ¢ pﬁr@? ?IfP(Y&) dat ﬁlgltal signal

for video decodi ng based on one o t he teen sets of

rpgessor (BSBY.f iTh¢ epfftgare hatreapenteshibe itgphaigpes aeede initially stored in a
t een

Bl S BRI RO e ik 07 o o

[00 g A debalidedy, bhls disclosurbelso ndeepplags edompmdr-madab.ée glatage medium

0017] I.n anot he & | e i.s disclosure provides a
EBRBbe o BAGHB BT BBGRHE Tt OUERPLIERGE B Processdr o upon
I‘eéb‘ixhﬁgl ClahPB&s bh Mtex\/\&%‘ff axac Ul pekt BY aA REQRASS@HO KiBHEAN, generate
t he processor to define eight sets of filter

feftsen pete PEAtter qosfictantstcoamgsronBingite Sftegodiffereahyibied docgtons based
ogf.f e r ideo

GEP'GEboms BY L e AnR! el TR LAY 8 i

decddieg bewdfdni ariceolft &lp fa?tudn cuts putfilten e:oe‘iﬁghntsswhsremf the interpolated

e RECdnsagiog o P REG Mesh BBASRSRE B! FiAfMT and decode

(ﬁille%ﬁ Wl&e(ﬁlbleclﬁﬂfasdc@fﬂlb 1ﬂté¥p61ﬁ%d@€é’dﬂﬂi&aﬂmng dr awi ngs
and the description below O her features, ects
[0 o pasiheigaenpie. this disslonr quRddetes eqmpEe- I‘F abh Séorage medium

(%hﬁ)?llsfﬂé qﬁs@ru\éh&{s R& @Hé?la&&:@ﬁteél 1’9 F#Ilagesgﬁs&ﬁéep{h'e giloég‘s%r to define
drawm ngs, and fromthe clailns. EF DESCRI PTI OF
eﬁfbﬁwtm[tﬂmeﬂﬁqén@ fOHﬁﬁ@naubipwkp@Hitagls é)meidlolnwscﬁﬁa'tehh@mmetry
ng >Plxe n.p)(qgmat# VI d %Il qeg)g(%g %ghl gc’:rpé)l a(ﬁo Ofg t%?s:% glbez sets of filter
dokfBcicats] Sn(BmiﬁIle a:}ke dgagetant ﬁltérttséﬂfaiehfsgts it emm:ﬂcsdaalfblatream.
video _encoder that may performfi|tering techni ques
@Bm.@@eﬁ%ta% ©fh i & om%ra BWEFR Ofl[ s f]sclepire aej et gforth in the

LORERLHR! dralBGY M th h&sstipin Begbw. n@%?feaﬁl‘rééebb ects, and advantages
positions associated with prediction data, an

of ithe mch@ﬂqu?ﬁoéﬁsﬁﬂlbﬂdsmatb§o@$<éqw¢ wilt he |app@¢1pcfrcm1 gl description and
(g%ﬁgg§ ?ﬁnQﬂﬁ@ Q022] FIG 4 is a conceptual diagram
iTlu

Ing a plxel filter support with respect to

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding

system that may implement techniques of this disclosure.



ni ne sub-pi xel locations. [0023] FIG 5 is a
conceptual diagramillustrating a horizontal 6 pixe
WO pdobazestipport with respect three horizontal BCbURiRED40267
| ocations, and a vertical 6 pixel filter support wth
respect three vertical sub-pixel |ocations. [0024]
FIG 6 is a conceptual diagramillustrating a five
pi xel -by-five pixel filter support for filtering an
i nteger pixel location. [0025] FIG 7 is a conceptua

[d()ﬁﬂ e b bd Ubaadib R Imfi0Wirating ﬁg&ran%lefﬁia RED dnb Q5 t1RAPFhay
fifteen sub-pixel positions wth shading to group

nerfeeh fifodig fcomiquch aensingant with tys distlosyemet ry for filter
[ﬁﬁéﬁ ng&: £ IPstasco%ge %u Ei%n}a 1lltuqr§t1ng Irtg%e? %Diéﬁos?tlonL ng)sogllated with

con
predictioontaal, a]hd maﬁxeﬂ IpKﬁhor&Lﬂsmraltedp@ﬁh mtamﬂate@bmhcuen tloa.

ixel, with adi ng. t hat. shows .c ficient
@9’?&1&1{’3_\/4 Retrossgpriet ey gk ki ?Ii?rasélP%(?ﬁ with respect to
dihd @dtfial ifdisisx horizontal Iinear pixel support
positions relative to a sub-pixel, with shadlng t hat

[86BUS1G. § sckeoneepiyn) dgwft ﬂlﬁﬁt@fﬁmgg;hﬁﬁmrﬁ@lﬁ_ oD 2pr opoprt with
rrlfé%)ehtsthl%e ?181@ O%PaI% P%elalgg {Thd lahaj§R/F;I@l%;.%ll\'}%pl%%)ﬁét\épglﬁ)bgﬁkmth respect

near p|xe |dns re
thmbvpntmellsubamxehloshtanhsng that shows coefficient

TR MY R X ST P—

f@pﬁltérmg%lﬁteg@ meelotc@mﬁh sub- pi xel , with shadi ng that
shows | ack o ¥écoeff|0|ent synnetry [ 0030] FIG

[992511 §IQ & Briceopeaya 1aa@ﬂhﬁlflﬁtr4tlagtf%tlmﬁ@erwl pesitions and fifteen

E@"&dn@'{!@lﬁl sﬂh&ig‘% o tﬂ%&elﬁ%fﬂ%h&iﬂ r&f}l 1?5% V&1 L nfetry for
1ﬂ0mt6mﬁmeM$c@wmnmtwyhﬂpgﬂempmﬁ%(i 13 is a conceptua
j L | ust S| | pixel
AT st SERLT B e SRR gl 1 suppor
@bﬁdh@@lamhato SHOWSxE ORfth EIGidBIRtths YRFRY ¢ogffidido S@ghmEtr.
is a conceptual diagramillustrating twelve

[9%7 | dilfreh i aiearensiat €SP ating §1Xth06‘ﬁ%nt?1é}nﬁﬁr| Rigelppppgrt
pORROR X Blive YM 4 Hlbé{l%éﬂ Wih Eﬁb@fngstﬂﬁ‘éﬁoﬁso@faﬁk 6f &tcocfficient

symetry. [ 003 15 1's a conceptual diagram
Syhimegiyr at i ng tmelve t wo- di nensi onal pixel support

j relativ a_Su ixel .. with shadi ng .t hat
BB E0R R eBhis el fafedy Mot Herato RRELAGel s ar
Id)isﬁlgﬁﬁlfﬂdtllvb usd subtping, with ehedmgltRatehovas soeiiend epnsiety .

whi ch may decode a |deo sequence that is.encoded in
[pﬁ%‘)] rﬁiﬁn 1S 3LORCSPHR, 1ﬁ%rla@| 1ﬁustrat1ng six vertical linear pixel support

positions relative to a sub-pixel, with shading that shows a lack of any coefficient
symmetry.

[0030] FIG. 12 is a conceptual diagram illustrating twelve two-dimensional pixel support
positions relative to a sub-pixel, with shading that shows a lack of any coefficient
symmetry.

[0031] FIG. 13 is a conceptual diagram illustrating twelve two-dimensional pixel support
positions relative to a sub-pixel, with shading that shows coefficient symmetry.

[0032] FIG. 14 is a conceptual diagram illustrating twelve two-dimensional pixel support

positions relative to a sub-pixel, with shading that shows coefficient symmetry.



[0035] FIG 17 is a flow diagramillustrating exanple
operation of a video encoder that utilizes a twelve
w@erooel2doed t er support consistent with this di SBCDES2009/040267
[0036] FIG 18 is a flow diagramillustrating exanple
operation of a video decoder that utilizes a twelve
pi xel filter support consistent with this disclosure.
[0037] FIG 19 is a flow diagfamillustrating exanpl e
operation of a video encoder that utilizes coefficient
[9Y39] quGyl ang cBh&%%'tua@ i HMuQQJﬂﬁ% 5\)@&% tvsVM dithehdlbi$al pixel support
di scl osure. [0038] FI 20 is a ram
nositigsy lreéﬂtuvng) exdripkd, ‘@bleslaiﬂmgﬁhaﬁshwsﬂm eidgspu@etry.hat

f fii I t
@(6;?‘1 Ilﬁ Snéz R&ly Ic t a&ra%hﬁﬂ"ﬁ&% giifnglafégjf é}'dé'm? dﬁgc}]lfler Whlch may
(felc@cw zd\t'léﬁgfﬁmldrﬂcé tiait rsahcf:dalﬁdaxmamiaenﬁpmcﬁthedme@fn i’:\ Vi deo
t ut ilterin inte i
SRR ﬂé&' t8 il B9 RAmNCaREFITRR R Vifp Gasoder that
WORSI StRle pidl FitbMiuppsit SGIsRRME ith ERO4dIofkG. 22 1s a

flow diagramillustrati ng exanpl e operation of a video

(883D dEE. khiar flowi dipgres ifusiming pgmple oneratigaof pividep decoder that

t r pixel val ues
A S TS e U L T
[ﬂOb’M/ RiGakj?namﬂolM djsgramtlllunsga‘ang eahmilgererdtion of a video encoder that

te di i on defl nterpolatlon for,vi.deo codin

eSO ieio HIBRCH SR VRGNt P S SRpi5550T
[6033] FZé} 20515 a ﬂfokxod’i/ag}hlﬁgﬂ@s@ahﬂlé S&hipRd dpehtidn be s Rtlcd U8 olier that
encoding filter coefficients using predictive coding.
T@@%&]O@&lcﬁnt ATk SYRBRTIPesistant Pith s dislovgca

I

[b@ :’th@:'@elg go %Qg% 8111%?15&1%)&%@;1&( %ﬁka%;a f y%%dgg F:récr(r)]der that
utihlzclsiﬁltealng g indegeepial lgertiohoto gdecettiadgsteil Illtt%er pixel values

coeffiCi predi ctive coding. [0045] FIGS. 27
cé’HﬂStﬁlgvgﬁletﬂl S@Loﬁ?ﬁ graphs illustrating filter
[O(M{f] fHIGI 2nit & flokediagram i@l goéaipkedpérdtiod 8da V[d@@ﬂ@doder that

FIG 29 is an illustrative exanple of an_ array,
Yiikigesgdlfering pbinteger pigel legndions (o ssperatergius A intpeey p@&l valyesn

.agchpiauashi@ishgyissed for encodi ng. DETAI LED
DESCRI PTI ON [0047] Thi s di scl osure describes filtering

[0e4H dilguidssis aplobi cé@grbl}a Hystretied techraget far cﬁ@ea@ldfertlodmeﬁngi
redl cti.on st.a encodi
BB iR PIR S B AR B FOR AT RRR ques
[0&42] eH]Gam:le atfloey cﬁ@grwmam/sn@fmgoﬁ edhdiuefer cabading $@dr cocfficients

u%ynrgl prr]gdlcf:tlrv% %to lil(r)lg al

[0043] FIG. 25 is another flow diagram illustrating a technique for encoding filter
coefficients using predictive coding.

[0044] FIG. 26 is a flow diagram illustrating a technique for decoding filter cocfficients
using predictive coding.

[0045] FIGS. 27 and 28 are conceptual graphs illustrating filter coefficients that can be
predictively coded.

[0046] FIG. 29 is an illustrative example of an array of integer-pixel filter coefficients for

which prediction techniques may be used for encoding.



interpolation, and in sonme cases, nmay inprove

predictive data of integer blocks of pixels. There are
wa@ewenzdo2aspects to this disclosure, includi ngPer/us®hub40267

twel ve-pixel filter support that may be used for

i nterpol ati on, techniques that use coefficient

symmetry and pi xel symretry to reduce the anount of

data needed to be sent betweeh an encoder and a

decoder to configure the filter support for

i nterpolation, and {RepQIIGS HESURIPTION | Ng data at
i nteger pixel locations in a manner that is simlar to

|
[g{;)ugﬂ elésglrhls 51%1? (%816} és GBI-II;E ?&ﬁnﬁggs 4%%5% @ %§ Iglﬁ{é’o%gle &nd a decoder
duriog kha padrceiom slageisf aa/ndengenoorﬁngmdmﬂ decpding peacess. The described

codln and decod system 10 t e used to
TREErERY BT T SRPEC gl RET Ut GHEE LA ARG dung fractionl
1ﬂﬂe§52)|léi’i%ﬁrﬁ}d iNSsofB QWkEs] May ifproke pRMEhiQENdHA of Metkdtd ®%ocRs of pixels.
source device 12 that transmts encoded video to a

Thew pisaevanl Hasick he dipdowre eliiﬁwmg: atusefal Bredymeixelpfiter support
t§9{uﬁ1§f pIQNES ?0111%‘[@%51 J%%Sttécﬂ Yléec goe]f§c1&?tysr¥emmetry and pixel

conprise any of nge o eV|ces
amﬁsly tg oadlucethd @emicuet of datamdedbd $¢ barsnit betwdevarcencdder and a decoder

Wi ess co C
GRPRF GBS A SRS oPRT M PG e poCif B g data at integer
pigdilotbepoaasannef tlanYs Winfikk @5 Sublgikcr @8erpblatiort aThese and other
communi cate video information over a comunication
teghapes argglescrifedyi defpilbedoW . conmuni cat i on channel 15 is

moasqlf@@si isTh %1&@91 Iy ﬁﬁlsexmrlg{pn% e DplaAsVili€o eﬁmﬁ\g%d decoding

which concern filtering and the generat’ion of
sustemu 16X thatenajabausgd to ngplpmeldlcmt iov er0codf thg techniguerotf this disclosure.

%[%%%alrrl 'F&#h I ngtcte eq()tlr?ch\l/\cﬁlers % sggr%e ag‘gcl:el fiﬂ tl?asnsr%rits enco&ed video to
nlques may e USG In a wde
arc&g&namfon adeties 16 eiata cra)gﬁmaﬂchndev:hms], 13. "Sdudeli degicd@2iagé destination

hat connunlcate vi a_physi cal res, optical fibers or
Kerl 6?%73‘?06%{1“56 APF g“y‘i%raﬁ%f‘di’ deviggs. agh?ocn?eo?f‘sest free device 12

HACQRA NG oRT dHREOH BB R EMES csBNuRk SHNPEAARE! LRH ANwircless
a stand al one device that does not necessarily

haodetsn |5@at11éed\meﬂlnlaar@y sefeliée rageai¢lephonfQ@a 9y [irdl¢se devices that can
c\%/)I llcedt Vlci:eoggu aglgﬁlr §&r d§ Véo%lﬁgca%x J:}ﬂﬁhéfd?i in which case

€0 source €0 encod
aqenchulinadadnh dieannelul Sais ovirdlewed @y ti2Bnigneh dfrthis lictobert, Rcﬂwever which

Destinati.on device 16 nm ude ei ver 26, no

PR *@@smgja&%a@r gegrat Qﬂ&fdﬁr%%?tgﬁ %&,ﬁ igpredicfjie co ing, are ot
RE&QL A MWt kiukh:@aﬂili%&tid% WF Sottiiydsd %e&&ﬁlﬁdﬁ&s #dy fso be useful
source device 12 may be configured to apply one or

oY &vidst ragheoft etbpiniaiings wKl devices dinskdipgudeyices thadr ongpungcate via
g@ﬁ Vﬁ%oﬂitggl Iﬁ)t;e?sc(ﬁs(ﬁh H%Al@arl oY Ilr\éfegseng c§g Cﬂpeﬁ{dlt%‘% gk encoding

stlnatlo evice 16 na e con to app
cmr dermdmg ottclirhgucs endpniatpaebe applidii m dl stehd slone mflqgathat does not

o Sully S BaUEGEE B SIRERS o nerel y exenpl ary.

[00®] VA thOeSmple of FIG. 1, source device 12 may include a video source 20, video
encoder 22, modulator/demodulator (modem) 23 and transmitter 24. Destination device 16
may include a receiver 26, modem 27, video decoder 28, and display device 30. In
accordance with this disclosure, video encoder 22 of source device 12 may be configured to

apply onc or more of the techniques of this disclosure as part of a video encoding process.



techni ques of this disclosure may be perforned by any
encodi ng devi ce that supports bl ock-based predictive
wepmod2aes or by any decodi ng device that suppRCT/BS2009/040267
bl ock- based predictive decodi ng. Source device 12 and
destination device 16 are nerely exanples of such
codi ng devices in which source device 12 generates
coded vi deo data for transnisgion to destination
device 16. In sone cases, devices 12, 16 may operate
dimil8rly URGdoAMch &lrl 28 SYIMIBL dtiofi &levidBNBEhHays HE Rod lAted ®25IPly one or
of devices 12, 16 include video encoding and decodi ng
reoed Heriechniquenefdghis shsstoswre 19 parhigf ssvidgodacoding pragyssor

: . Vi deq.tr I.ssi.on,bet Vi evi 12 .
I Qi e RS L 3RR0R0 A HEFD K RIS AR Gpegne various
tbehnaphea ot ithig, di@tosutedmay thel gpfoomyd by 0y 1¢nchilidgalesdurtb@ supports

i ncl.ude.a vi deo_capture

tﬁ&%&f@égdo ﬁ?gﬁtiggveiag&i%éoﬂc méia decpdinegdeyice taf ywpports block-based

HONE RN R RE. ©Bb RS UyviEa Pt HA®HesVih&RR dQiced 6Vdrfl @R rd1@@%amples of
froma video content provider. As a further

stiFh eqding daveces i whish seweeecv2@ Ifesengiates cedad édneplatastor transmission

r |.GS- : at t S . j deo r . .
GLAB0ERT DRRGH 11249 S S UER 1 d0ngP e in o ssancy
syomptitiel ageme sathettlaty b of dbvicsd?el € asbele video enaemg and decoding
source 20.is a videoéganera, sour ce devi%e 12 an

QEELPHLY | Sif"eviVe™e” FRYY PRSPPI &b ‘g%fr‘P@P/a“g‘T?oﬁé mission

REwdthdeRicPhaness 1D edch . cases ik Gapimihed.video playback, video
pre-captured or conputer-generated video may be

prdsadacty WidegdeeRwesder 22. The encoded vi deo
[h@é r\ﬂﬁéo’ Qitr B Jf@gﬁcpaeﬁp(g% ﬁ%g%ﬁ&dg@&iﬁgg ga%ture device, such as a
naaraqa, e.

accordi ng to a communi cati on st g., such as
wdubecadicwd, 8 ivadeo rmudhiveplostaateeprsvioCVE ptared aieb hara video feed from a

conmuni cat i on, st and and transmtted tao . destination
GRS E bl el AN e 85 RE S Sk 2o BRY ki Pormputer
gkfphidVhess data ftte bdi@dcrd@eoy aF 4 OaiBbiRAtiRar T live Mde@rachived video, and
anplifiers or other conponents designed for signha
BRI RsRatedr v idhemilp seme Zasqralf YidRo! wyEeccit g vidleo camera, source

HertIPeHd HQkindd ANBYICE b RSy dBtnRso-bdIh YL AL pABRLIok VRIS phones. In
filters, and one or nore antennas. [0052] Receiver 28

wth dest itheatdptined ave-ceptti®d rascewmpaterignficsataditviden wwebe encoded by
conmmuni ¢atsi,on..channel, 1 apd modem 27 denodul at.es, t he

SRR ToR TEUBCREL o PR R PE A SRS b Wocem 23
deb@tingetoC ar @mrhGnick@idh gii@dlafdre .. eGathv iankodatdyision multiple access
including anplifiers, filters, and one or re . : :
(M AR g anof T§BWE1“PW§?%%‘§{M4’ PAh Eanypiged ?ZE%H%QIUSP device 16 via

tFRGRIE N4 28.d NMRARIdaNEPLRAMAE 85 Widdehn2 R nlyN@EIBde various mixers,
transcei ver conponent that include both receive and

filteah gmiptifiers oe other sonpvaients dgigney forregngbimodieptiany slransmitter 24 may
N T L T S ——
amocaless 23 and 27 may i nclude conponents for

[0052] Receiver 26 of destination device 16 receives information over communication
channel 15, and modem 27 demodulates the information. Like transmitter 24, receiver 26
may include circuits designed for receiving data, including amplifiers, filters, and one or
more antennas. In some instances, transmitter 24 and/or receiver 26 may be incorporated

within a single transceiver component that include both receive and transmit circuitry.



perform ng both nodul ati on and denodul ati on. [0053]
Agai n, the video encodi ng process perfornmed by video
wepwodzo2®2 may i npl ement one or nore of the tRCHOSHOEG10267

descri bed herein during notion conpensation. The video

decodi ng process perforned by video decoder 28 nay

al so performsuch techniques during its notion

conpensatlon stage of the declding process. The term

"“coder” is used herein to refer to a specialized

MIBAERM & B nal SYIGR vaFioRPRAEAL HRerl Napl Bk R LIR: Ydhifents designed for

encodi ng or video decodlng The term "coder" general Iy

signab demedylatiey. \h dewe ertrodess modewied3 dad 3d aray ipelude components for
bk c). The term "codi ng"

Imgggbn§%8§£ﬁ%o kg%ﬁ&ﬂ%éco%ﬁ %. Di spl ay device 30

[d053) Aepasn, ﬁ]ﬁ’ﬁGVIdﬁCﬂd:edlnglpd(ﬁﬁssj@irﬁ)rﬁl@d By sRie6 enédldr PAyhay implement

conpri se of a var f dlS devi ces such. as

W BRI Piﬁ{q st ‘@préescr h&‘iﬂf’d pgfionypappegyation. fhe video

debSdg pR Bk PSABHIIR! B0 RBoRE Q@%a@ ajléo%gfoﬁﬁ"sﬁéﬂ t8&hniques during

dlode OLED) di splay, or another type di spl ay

ithenotics, coppeBulion paghef thy dpaadmgdroqehG, Tme ey mmiﬁli ‘davsedrerein to

AP R IRY oGTRG REIEN AL ELERS: PLrotht THes apgding or video

d&Epatbing. ur‘iﬁ}xertenm é‘coder’mgemrqﬂtwsafetaltotanan@decs smcmdeﬂ, iviies , decoder, or

%{-}}]P?F{]?y i 95 gaggqga H%Flec}ys rﬁﬁs‘tse?tg ?‘E&Bg\g{ { ?eg?rggg ierallc':oding or decoding.

IDl@ﬁlKﬁtdexhé‘@ 80l ALV ke, desbddd B8cAddtPERh uddreamd@EYREKpri®d any of a
W de- ar ea net wor or a global network such as the

VapeRrof dsplagsleriges %lah Pof C@h%dﬁﬁéi’ tubg (gRhbadiquid crystal display (LCD),
[ [ di

LBRRER RS S THPLE B SRTEMI ML DL HTAM TRy B another type of

dispdaysdevicei ng vi deo data from source device 12 to

i-nation_dev .catj on nnel 15.m )
BERH IR bR G Lo EETRAL ST LS SORAE poud s TRy, gyrtess or
witdd geftnitdh HEfubesues ek w ralid frafiehdyt @M spectrum or one or more
conmuni cation from source device 12 to destination

Rbsvirdle trppsmipgensiiney; o a8 c SeBPIngBom Rf VYiEReS daebgwired media.

CEnfTBYic AREI RhehRES ‘ﬁ{a?'fﬂlgn b%t 8f ng&%t B%@@ Elgt%%lrlg Ruch as a local arca

standard, such as thé 4 standard

@M@knawdﬂema detsork, tmdl stdl/lﬁE@mk s as the Intﬁ@vhn@e@numcatlon
nne delnre]%ﬂl& IC ||)esen he teclt[]arﬂ)llqlégnsl %Incg hc;nsm%IdlS ol S Uttection of
3Ny & ,Sare P & 8 Eny “par MEROR MR8

(ﬁfféiieﬁlgc@maﬁﬁiaz[tdm ﬁlemboﬁghtrmtmtﬁhgwﬁddondﬂ @Erond ,soude Sdefiee 12 to

spects, video encoder, 22 and vi deo decoder 28 may

afe:rﬁtle% dericedPat eOmpupiiatinn ghing EnEgydpe a%r%lé%%ﬂltches base
BRI IRY ahNGthedQuARRhOME @k EbMR PRV 1 1é E&mmﬁﬁlcﬁwﬂﬁom source

har dwar e and software, to 'handl e encodi ng of both
devide 32 smdestingtisn devica leonmon dat ast r eam or separ at e

conﬁ N %H?%deel' f22agﬁ)ci IV?&%' 8600%%2?% olf)re]faﬁes a[:]@o\fdlng to a video

or m
compression standard, such as the ITU-T H.264 standard, alternatively described as

MPEG-4, Part 10, Advanced Video Coding (AVC). The techniques of this disclosure,
however, are not limited to any particular video coding standard. Although not shown in
FIG. 1, in some aspects, video encoder 22 and video decoder 28 may each be integrated
with an audio encoder and decoder, and may include appropriate MUX-DEMUX units, or

other hardware and software, to handle encoding of both audio and video in a common data



| TU H 223 mul ti pl exer protocol, or other protocols

such as the user datagram protocol (UDP). [0056] Video

wepwoda292 and vi deo decoder 28 each may be PCT/US2009/040267

i npl enented as one or nore m croprocessors, digital

signal processors (DSPs), application specific

integrated circuits (ASICs), field programmable gate

arrays (FPGAs), discrete Iog|E sof tware, hardwar e,

firmvare or any conbi nations thereof. Each of video

BREALR scpfat@ e WrdERs dBCHBEaES NIBX-BEMUE WHAE fhal R oRIEN to the

or nore encoders or decoders, either of which may be

Ikt Hg2dt multiplexpraprotagpl, 2r colsimeldcdo dech et peoditdgrem protocol
di ng and decoding capabilities in a respective
"l e device, subscriber device, broadcast device,

[9056] eVidecddéncbbi@ 121 del. v1{1db0c&2bdeﬁ2\8ledelom¢dq>u emprnicyed @alohy or more

i ncludes a series of video fr deo encaoder. 22
BISEPE €S bn d%ﬁ“&ﬁ%‘g‘a‘f L uReEsifg Fﬁﬁ?ﬁﬁ’n@ph}%l?&l spg¢ifje dntegrated circuits
(fArS@C@S field ero%?aﬁmﬁﬂ)l@gﬁfédﬁréy@e(ﬂﬁt}@%? Harée 13@6 ydfﬂ@e@e hardware,

bl oc have fixed or var 2% sl zes

ﬁlrmwsﬂrcz er amc evmibingfians ﬂaergqfeclﬁéfcrn B wgocéetréﬁd@)édwd@aéwoder 28
I
ﬁ{ ’ < 1{;}1% rué%?m JAg o %%?e 3@8&5 e %?Q:o C%L e?tgi\ir ofl:vaﬁpn 1%%§/ &€ integrated as

e a series or macro
Iﬁ;rtrcﬁfragnmh‘tjimﬁdocosludot}iat pmk'siﬁs A&:odimganémlpdx&hng ma‘tblllftll%s'ﬁn a respective

H..264 stand supports intr redi ction.in,various

B RdeRics pebSe R 1o bt BePES b e, Sk iy 1 r oy

[bO'S‘ﬁ &Qfﬂé@@@cﬁﬁeﬁee S/ﬁbﬂ:aﬂ%gndchﬂfes %Weﬂ@@oﬁ@fd@@mﬁlﬁfeg? VA8co encoder 22
well as inter ction in various block sizes, such

Qsraias ogyvide, blq_@(s pyithgn inglividual gideg figipegin gd@rytogpncqﬂegye gideo data.
ch\f ifke ch‘MLo@ksfrB y hidfmBs canpan, S?{)Hl% s20d aﬁ@ﬁ'{?zscﬁgﬁdﬁl%e according to a

S| Zzes or CthﬂH co ent $ ocks may
sporifed salitd stakdirdf Epcpb(elldeqj&’amg nrludels aciesicodf slices. Each slice may
sformati.on c

DRSS SRRt She it SYEH e Be dirandd in @Bk, As an example,

thé BINSITA 064 E6ildarOsupPo&Omee prddedtiby i dHduablock sizes, such as 16 by 16,
transformati on process. [0058] Snaller video bl ocks
Thn Spplot Py d ety cq;wp%, %‘H 8X3rfar FREMBEomRaRFIfpps Well as inter

ﬂr@(ﬁ@ttanH%aﬁéusaoléfdkds%sfsru@l[f@s Ifh@}'; 16 rl%lﬂﬂ/d@ 8myglhi |8%\§€8| 8 b9f4 4 by 8

detail. I'n general, macroblocks and thé vari ous
@dbL by édklslumycoimoo@ﬁs agbe@tspandirg schlidoidoh @Uk@romm components

%1001? %é %cl)m% I"g%/c be I%g%? 821 er e 0‘%8 0‘% tra; ssfg 1Qn coefﬁc1ents

S an r su

eE@C ﬁ)lE)Wll@ge anfeemsﬂﬂn@ﬂibﬂ ptine@e n@entak Wideseo dasihe tﬂaﬁsfbmof(D@T) or a
vi deo frane Alternatlvely, frames thensel ves may be
QREDHRIY &yl {ransiefmatPmBICESr t i ons of a frame may be

[d@gﬂ] 'ﬁ%ll@ﬁw@@&@l@@l&l d&n %FUVQ& beﬁ@ﬁregcﬁﬁtmn apdy BOhded for locations of
refers to any independently decodable unit of a video

f Yidere frgmg theg andudedhigh teyeksroddstaila Ig| geaeralp frnaarOFOicahfe ;elmbthe various
s{ﬁg%ﬁﬂgg mIaQ %@ Qg&g(?epéd 4 bg Q/?(Reg %l?(lcﬁs.uﬂll a%ddgl%];ll Qﬁ%e %agfod’edéoﬂgdered to

be a series of video blocks, such as macroblocks and/or sub-blocks. Each slice may be an
independently decodable unit of a video frame. Alternatively, frames themselves may be
decodable units, or other portions of a frame may be defined as decodable units. The term
“coded unit” refers to any independently decodable unit of a video frame such as an entire
frame, a slice of a frame, or another independently decodable unit defined according to the

coding techniques used.



codi ng techni ques used.[0059] To encode the video

bl ocks, video encoder 22 perforns intra- or

WO paoen2qoeedi ction to generate a prediction bl oPKT/UNI0dE®10267
encoder 22 subtracts the prediction blocks fromthe
original video blocks to be encoded to generate

resi dual bl ocks. Thus, the residual blocks are

i ndi cative of differences betlfeen the bl ocks being

coded and the prediction blocks. Video encoder 22 may

[9@59‘] Olfor@néoder BRSTRE M RRs ch(ﬁzore%%d:\j:i" ab p@llf%lfssln{r&l HEhef- ﬁlteglctlon to
l ocks of transform coefficients. Followng intra-

gencr@te bawditipn ditickt i Videe etiodgr %dubtraaﬁsth@ mikidtion blocks from the
6?% %u loc}és go be ¢ c?&’e r fgge%er ‘rt res Q4I%¥ bﬂ)%ftasnt'i"hl%mﬁ% r%51dual blocks

Ion genera process 1 n
am eﬂ(flctatmlve o gli ffdrencgsl aBﬁWeZle ahet bloBIQSBelbg Yodedarcietht hﬁedlctlon blocks.

unt ata used to re esent t he
8@ fg%" gﬁylpféfpfr%ﬁ traéllg YRR @Sdp%guaﬁap E%to generate blocks of

t%@ffo%”%@ieﬁ‘éféﬁtrsd' NFollOwRR GREAL-ORY GRei- me&eb&afigb@gyodmg and
such as context adaptive variable [ength coding

t(?@ﬂmr@atw@rte@mmues«tw dapeddeebpartarys grintiantian. Quastizatign generally
rggéqA g)ro er% il \Qﬁ%}?%&%ﬁc?%ltseﬁg uasn GZQd g)é)oémﬂﬁllngcgl%g W% mount of data

proces eo e
weédbllbprfksem tharc&)eﬂ“&mm tﬂzﬂlowmgw qﬁdlrﬁzaﬁbn [eﬁmﬁﬁj’ doding may be

desti nati on,. devi ce eo d er 28 rece

EBBBRP B Hab Py e e Eaene o8 et By iSLaMEg e variable
[Ekeh lcedial VeAWIyeR @ata @d?a@ﬁ{/@“b SritdtheBO bl CABIATY.
§g§hgdélg§ such as C&VLC or C%% 1toeobtalﬁgt(he More

dgtralitafz e o%@f pf dhcepragding; Er@@esad@efagnedzéyaﬁ%qq greoder 22 will be
de@é{rﬁ)re?%l AUAN L ARSI RN (e sluant i zation) and inverse

transtormfunctions to reconstruct the residual bl ock
[0060] He dpstietiorddevadicnl6, Vidde deateleniierec@Besaths ongelnd valce slata.  Video

r edi i on bl ock based on .co tr nf or nat.i on or )
Bt Aol B ROEENN o ik S RIneo Tl prgpapy coding
BtAd @t dyh alichdaf Cmmcf bl CaBAM etf)fdtﬁalﬁe Ak qadtizéd eodffikients. Video
i ncl uded in the encoded V|deo data. Vi deo decoder 28
degorsr 28 @pplesdn¥eFomuantigtion (e-Auantigationy gpd fvigse dgnsform functions

tB Q&foqytﬁlct %eol%gldﬁéq b@J&QHQEe ﬁlele&(QHzﬁﬁ r %&&dd%b@&OZSbAIQPgenerates

tor display. Mre detail each step of the encodi hg
pedcessblpdr boedwd Q@}atrvh uilécurr@h@mdesym@i wifprimapien (e.g., coding mode,

I%cgtiog{ ;e%ﬁ)és Its%nt%l%?gla} ge n ﬁltgreéogﬁcltle%ltsam . the ﬁkes) uche G&Jd 1 the encoded

aiodies. 22deandbcyddl s SiilﬁstcﬁeIpreﬁ&tlﬁﬁﬁ)blcuﬂiewiﬂhﬁleoﬁeorﬂfructed residual
re interpolation filtering techniques durin tion
lgo PEQUCHA FeqoRstietad Vd@qoatﬁoclﬁ for g&el&m Y diatin obsash step of the

AeRERS pl%t:esfs b ForithedHyAg 8 oConc¥d L 20 vaN &R ‘él@icn%gd NE6 R detail below in
vi deo decoder 28 may obtain a block of pixels, wherein

Klgel®| ock of pixels includes |nteger pi xel val ues

[gﬁ%lg EAQ’%? plgztgltfslf? teg%ﬁ n@%tg g)f %13(8 scleaﬁé,tx}lc?e% n\%&e? hH a%l&] Gideo decoder

28 may usc the one or more interpolation filtering techniques during motion compensation.
In particular, in accordance with one aspect of this disclosure, video encoder 22 and/or
video decoder 28 may obtain a block of pixels, wherein the block of pixels includes integer
pixel values corresponding to integer pixel positions within the block of pixels, compute
sub-pixel values for sub-pixel positions associated with the block of pixels based on the

integer pixel values, wherein computing the sub-pixel values comprises applying an



sub- pi xel val ues for sub-pixel positions associated
with the bl ock of pixels based on the integer pixel
W@ 2000@36928her ei n conmput i ng the sub- pi xel val ueRCT/US2009/040267

conprises applying aninterpolation filter that defines

a two-dinensional array of filter support positions

corresponding to a set of twelve or nore integer pixel

positions that surround the siib-pi xel positions in a

radi al shape, and generate a prediction block based on

1%@0%@%5 BREE 1k ddiBics UP1RbAGhend MR Srraf\ o XREPs8p@rt positions
he two-di mensional array of filter support positions

@upﬂ@gémgd@ agettad t\aelgepr opret lmgvreplml papfiens thtltesgapurpi the[sub-pixel

]:F)g%o}lsl ke rad%al 300 le g tegr tlog%tl acﬁl ba?e t {eQSQ %211[16 of the

n accordance wth an? er a ¢

s‘ubqbe@l enmederA?2xangdé of thd dmdﬁhe@@ﬂeaﬂ ﬁ‘&yﬁ@fyﬁlﬂérl :hIppel“[ positions
ects. of sy m’retr% in order to reduce the apount .of
P3ponliae tdetrs of GVBRC e8I RERE PR RASEANS Bulained in greatcr

Aeviwe®wt2 and destination device 16 for conmuni cation

of filter coefficients used in interpolation. Video

[86¢20 e prcppdanas with tase the s pedt gh thisdisgosgte, fvidep gncoder 22 and/or video

[ r f I
cf%;gcgcgegl%ntgw féér%ealls E{% g}ltghlte{rz eI? Nt ?%j ?c%u)ég the amount of data that
eod fa mbemmleatqbrbemx%x%chobas edtvar thehlli disemttion device 16 for

FURHHeT S epdlCre Gefnr QUROREoT | { el oder 22 may

(ﬁ:&@ﬁﬁﬂecdlgﬂtséts to? RO tOSFiciBRY if6iefi fsen RMféref suBHieMN ¢QEB6hs, wherein
bitstream In this wa the eight sets, along with

th% piebt setopl BitstetocHigtanist 31y canraated bt oneseedicpimepmgtry and pixel
t gngd@%lgq{f{ee uﬁ &elf lol:étﬁ‘)qls ) foftljtp(l?l't ﬁf% Htt QLts %k k’llter cocfficients

quarter-pel pixe I L1 ons.
th/tanetblinecle,wqm asqjartsqumemcgdeddytseeanst Irbéns/\men thié f:ighr @, along with

t.he fifteen syb- ocat i ons 1.0
P O ot TS B S B et e el Ferfe i O the fler
(S)B‘fﬁ&f&lhfsy farayll MifteeR Xiasttpdl Mnd gaagepal pﬁblﬁgﬂﬁll@ﬂ f OMoradver, pixel
| east sone of the fifteen sets sub- t[é?: xel | ocati ons.
syt ey g¥isthiegutenditierentrgpes af theel eagal?ra}xebl%%tﬁglﬁd% a vertical

(flﬁ[fns‘%n ltrﬁiaﬁta TR af dﬁrﬂ:ﬁsi)h fﬁu@?fkel %Et‘?}nﬁlamt Eﬂptrlﬁ\ﬁedlagonal

I nt er pol ati ons and vid qual i in the video encodin
damdnsiee éudi atdeas] @%@]of\lh@@cﬁtede@@d@nb Eacebﬂocdml nahis dmck of pixel

d h h
sgg\éll%e?r%m enetn@X%onalCc%Im;ég %_;n For alt Eeggt 3@131%5 f gleol e{ls%catlons may improve

an “enco ream
ihﬂ&@o%@ﬁi atdevifiedf quatty is @icsviddo dncbdifg abddcbdiag.ent s

corres 8 toflf een dlfc{erent sub- pi xel | ocations
[B9eH JViter fleroden htof Lispianagen ¢ ewer16c@é¥frmﬁ%¢nth§ cight scts of filter

QeRIALad PherJrohAkRIRY eﬁldle%t bl\(ﬁregﬁt and géne\‘é‘[g%:fteen sets of filter
decodi ng based on one of the fteen sefs of filter

C@Q@fchntﬁu eprspondierie ﬁﬁeqrt@ffpmtefmbd}lml deraperschastd erethd gieht sets of
RS STRERNE. LSRR B ANE KRS LA o PAEL g on o

thé Gfteat erspdifatee codffi @elitg twheecid dfednterpolated predictive data corresponds to

one of the fifteen different sub-pixel locations, and decode one or more video blocks base

on the interpolated predictive data.

[0064] In accordance with another aspect of this disclosure, video encoder 22 and/or video

decoder 28 may utilize interpolation-like filtering with respect to integer pixel positions in

order to gencrate adjusted integer pixel values. Such interpolation-like filtering may



[0064] In accordance with another aspect of this

di scl osure, video encoder 22 and/or video decoder 28
wWoreopoaLdoks ze i nterpolation-like filtering w t hPCBEER®0%/040267
to integer pixel positions in order to generate

adj usted integer pixel values. Such interpolation-Ilike
filtering mayi nprove conpression specifically during

i 1lum nation changes, scene fX4de-ins or fade-outs, nay
renove noi se and facilitate inmage frane sharpenlng,

IR VIRY nipEdsBloh TRIANSEIE H&t@r@ Mem@Hatibh @@an%@sl Q&dne 'ﬁﬁéeiH? Bt fade-outs,
bet ween successive video frames parti cul arly wh

mpnreatovy npise pod fachiigs edagenirdmé sharpcoingf fndcinanhelp 11[11@%(5]encodmg
o-gﬁng eﬁ E%o rtcrj)?rgrbeb?/e & s]:uI: lé:‘cé:sor I 91%§%§r%meé ﬁeﬂ%?ul%lf lhgr? gymmetry is
nMMm@mwmgnﬁhaaksﬂmknmlers wherein the bl ocks of

[Bh%%(i lg'@ﬂelng%pgf tlﬁla I%lﬁl? ?ge ing Ie{:ﬁmlq}l\éf?h slsgpcggr{{:rg?{%$2%%%h@? gldeo decoder

I8 b 'iﬂc'ﬁﬂiet(h)@alhlﬁ% SURks BF Eﬁ('elsv AhbRH PRBREEKORT %H'éf‘sr includes integer
i nt eger pi xel ues within the block of pixels to

e erbice cergjsnendie foninésgerr Pigklxedsitipa wabin i diledkn of pixels, filtering
tﬁgltnﬂg' e?%nlem/?ggsr b:ﬁ glrll é)Y}?el li'lg%%e? gar%egslgl(r?]lnsdwtltﬂmt t@g btlock of pixels to
deheote aldjmed umagdr Ipeiehdglumt etercinttbe edtju?,led(mlteg’ea]bme@alues correspond
B IISHE A o T Gt S0 SGuRBP s bRF Gphed on the adjusted
lh@g@ﬁﬂgﬂQMQQ;predlctlve data for encodi ng of video

data based on a first interpolation filter, generate

(8864} A apsordango ith égohererspeat o iisidis Gosues Videiesode Gadnaggenerate

i i

iy PEEo O BreiRl 2 DS Bl 3 Yo PLEPREY Bhs st interpolation
foteedgakiatesatatd imergolated piedictimt dlata écrrputl(ai ectogmedifcthe weleo data

data based stortl anal ysi.s nco
G Aarapangae Bioe LSt B btoRsRATHERE BEOEFiene den
dn@ tharlicead ttdrpelae lpealidteB dathitsdd 6154 ratld@t@Red@bhadfis, encode the
filter may congr se a fixed interpolation filter

t

and
Vifre &b Brgdionttas pepdionomnd srceds sYRi3X Kotgicpisdh %ﬁelecﬂon The first

1@@%‘12{‘[{\69 A1t %{aQQJoﬁ{pln@@ affixch Efﬁterpgl-é&loﬁ rfﬂt%r dhg (t‘llleo&léfn?d {merpolation
not necessarily limted to these exanpl és. [0067]

fHter toheyr crmmreise aldchdaptmahtemulaémpdhlm,u lon this Idlse:tcsumy nat secessarily
mnn%ﬁgkﬂ§9e§o enerate addi tional interpol ated

predi ctive A2 whi ch may al so be considered in the

(0667 FlirthéEdidré Oﬁ?d(ﬁﬂit&iayShﬁrpoldﬁloﬁt fiedrs Wﬁdi}dSalsot be applied to generate

techni ques of this disclosure are limted to ) )
@gﬁ@pﬁtlp‘rﬁgoogaﬁq(yprp icdye %ﬁ%{ vég%lbwayl P é)p SOM %eé%fi in the rate distortion

RREGH C i MBerdddias k?l?est%gm@(ﬂleg Yipthﬁsrﬁlﬂd%ﬁfeadré A6t lfnhlltetdQB generating only
but coul d be ap gﬁ%ed to generate any plurality of

firat aond et defeppo ddxrtdﬂetlmdaai aedben bye iatypaidivheilteny, but could be
ch ﬁfl&?({ RO éeq{efa?cnal%} *)ltufah %1@@8' ¢ 1&1V‘éa(fa?a lge{ gcg 8[1%&19 Mumber of
ey pre d

ysis rnter Ive 'data i s use
ihgdgldtioy filtersc hirfipdrtastly, taoragedigottion analysis interpolated predictive data is
used to identify which filter to select.
[0068] In onc example, a method may comprise generating a plurality of different versions

of predictive data for encoding of video data based on a plurality of different interpolation

filters, selecting among the plurality of different versions of predictive data based on a rate



[0068] In one exanple, a nethod may conprise

generating a plurality of different versions of

w@e@dilaops/e data for encodi ng of video data baRerUSIW0H040267
plurality of different interpolation filters,

sel ecting among the plurality of different versions of

predi ctive data based on a ratedistortion anal ysis,

encodi ng the video data basedon the sel ecti on, and

encodi ng syntax to indicate the selection. [0069] Thi s
Ht85:5R 2HA1Gsi &l B FANTHE TRIB I BR B8&I0H Bl clb@ion® Q&P@Hc@@mg syntax to
filter coefficients. For exanple, video encoder 22 nay
1ndlgqttt:ﬂfeyse]act$(e‘t of filter coefficients for

['06%9?6l % rsclélgsuag f a1sB rc%?)i 'la\efl%sst%% 1q degfo\r”e??lo%tl eﬁgégrlt O%Fﬁcients. For
efxlainpkr vileefdncadee I’IQSmb}ﬁsdiﬁitlfyna peedf €itte eocficentg faf intdipolation of

ilter coefficients relative to filt
Hf ?tfve Vi %@s%le?%%cgewrﬁﬁ rsmél?%(galuﬁw%?%rf%w%ﬁhe set of filter

a‘oefﬁtc%ts BRBA Yon Pradibhieadddy bOtHcht %@%l@ﬂ%befﬁ&'eﬂt@sfelaﬁ{ﬂéj to filter
ﬁput the quanti zed residual values as part of
(7

that %isctcsat@b@/ﬁh q @@ﬂoqltemqi@@nd@t%d@pbz aumyatw@cféu the residual
I
S SRS WA e
[0&701 ovipece duemdlen/ e8dmepdeagvdb aseiabralibe agetiaetl wekia sal of filter

es and fil coefficients associat.ed wth.a fixed
GERUERDY BBt e SR THah iy e et CBye e bastFEn the e
dfaedifti ivanies ah® filtef e6dTALBAE aloRRtAt WiIE ad@icd WMESsbI{th filter, and
predi ctive decoding of video blocks. [0071] FI 21s
apphy the ket of Bleranereiticranstte anteinglagenpredisting dataoyscd foyjngedictive decoding
eI RO that may performfiltering techniques
consistent wwth this disclosure. Video encoder 50 is
[00E | t@nplieadloch Bpran alhusmadng/ pigl emmmcrpﬂaemdedemm@r 40 that may

us. re reed to "M deo .

SRBBRGN gk Feg it SpuTty G S i EREGGe VIS Ghooder 50 is one
tembleeo2, spotialézedi W eaﬁp@tar defic@ ofliapp@it@trcfdayd G€ herein as a
Videg encoder 50 may performintra- and inter-caodi

6Pd%)” o Yideoging ok 59.%%@?@&9?@& to yideRstgttier At A deves %‘3 or a video
éﬁlggﬁ%?%?at(ﬁfféreﬁt Nk ceS i\%‘o eﬁ‘co’E_ﬂ:IGSO %a&%ferf@ﬁﬁ ‘?ntPe{ and inter-coding of

[ustration. Intra-coding relies oh spati al
lmcéidi\xathilrowdccoframdﬂ; @bh@lghnmmwllgommnemte drermapa sl im FIG. 2 for
ease ep 1 trall} on, %I Ve 1es on al &1cetgonct0drl Qe erlrI r%ove spatial

m% 4l prédi 0 redsl? d° r enov F% ar p

ré@didﬁﬁi@lﬂﬁylldeﬁ thh(iiE@ gWeﬂi hidso admac efiér- cfoki&fﬁ&ﬁh@fonaemp@iﬁbpredlctlon
sequence. | ntra-node ) refer. to.the patlal

s c%ni??’é’é(%ﬁ%tﬁp?fﬁ]déed“%cff i ahdchonbingitieBisames of a video
RHEALET TR -LB R ARbIOr m@y k?éfeld kd aft fapal bés&i MEI)CSM mode, and
refer to the tenporal based conpressi on nodes.

Inseimeidgusachofs & priedictiors O7-owdeeorap pi- c}qug;gpmaﬂ. ¢B- mode) may refer to the

n or [ . unj C .

R T R (e e
iRtef- Odsdlﬁg m’pidl dictoforan thteacdingf unitd wsdhr ad ispatial prediction unit are not

illustrated in FIG. 2 for simplicity and ease of illustration.

[0072] As shown in FIG. 2, video encoder 50 receives a video block within a video frame
to be encoded. In the example of FIG. 2, video encoder 50 includes a prediction unit 32,
memory 34, an adder 48, a transform unit 38, a quantization unit 40, and an entropy coding

unit 46. For video block reconstruction, video encoder 50 also includes an inverse



[0072] As shown in FIG 2, video encoder 50 receives a
video block within a video frane to be encoded. In the
wex@opteof FI G 2, video encoder 50 includes BCT/US2009/040267

prediction unit 32, nmenory 34, an adder 48, a
transformunit 38, a quantization unit 40, and an
entropy coding unit 46. For video bl ock
reconstruction, video encoder!®s50 al so includes an
inversequantizatlon unit 42, an inverse transformunit

ffntiAN6n @Rt 2D d§1{ imerse '%raQ%}nQ Qg fid 5eRddRBh. S cking filter
may al so be included to filter block boundaries to

(n@trﬁblvté/nbtrw kllsn &s ancdudedfta diltsr bbdﬁb@é@@ﬁh@ttp uerhext Mpekarsss artifacts
f:roql gec ht é:teg L}ltl pelfl)? Gig l%ieos ra%qge fgcli‘t! rerS;sF dgpé/%%a nyy ﬁlter the output

aJadda\sli ncl ude a notion estlnatlon (ME) unit 35, and a

iQn compensagjon ( unit 37. Filter na e .
T i mﬂe%? &%Ydﬁw%ﬂ? £ fé‘z“%n‘a““%%él\’%ﬁ\}’é‘ée%’ gyd @ motion
R eNatiBPIMCYuniVB7UNiter3 ARH bMinciiMell 113?retd9:t19§ hRRBMand may be

i nterpol ation or |nterpolat|on like f ering as part
levolmtbymnfe@t ibet pBMlénwtoBS mpd iR eohgéreardriemm interpolation or
go%ﬁaqiloﬂglklé Of tt&l %&lt O(?Tu 10111: Iés{n%%ltl(f?l}? aH@/X{ %‘f&tft&ﬂl !:(anensatlon
esent a ur eren
a‘camrdinlgttatﬂes dlsntemus Fﬂlﬂef Be mytacmylﬂbesepm‘sentmtpém]ahiyatf idifficrent filters

el Bl B AT ops e e 0 G g Fitring o

de@érﬁfe@meaém ONTHYE, pretiRfiM®afti PNmhi Kclhidd b §f1Sralitpufi Meerpolation or
t he encodln%qprocess vi deo encoder 50 receives a
t

lvﬁeﬂ?é)&i‘tlﬁpdlé(ﬁ 6T D@diteitic Cnesiingeprocays.DEdyoBinoter S0feqigs a video
Nk »fQr

it 879 SOSE BN Vi BEGRRCIRITE, oA IREASLE L2 poroms

lﬁlefﬂédlctlnn Ebding 29 gerSpec iafpiredadtion, bIvEK (Jaﬁeﬂeds"ﬂ’m BLOCK” in FIG.

ORI TRy 335 Rt oty B oy P e bt P prciction

‘tﬂ&ﬂfpﬁﬁﬁ&hd)@mm; an@erenak 87thg pirREinChbtsh &n@felisatiboR@d 4bnerate the
Motion estimation is typically considered the process
rsedigfimdyeg ng notion vectors, which estimate notion

[0674) Wides RERGHS 1s@yﬂ9§lly%n¥1@8re@ fhe Oﬁr@ées@ﬁﬁ%gﬂ ﬁtlngﬁ%tlon vectors,
|nd|cate the di spl acenent of ction block Wt

whiph edingt¢ ortion forefidgoetloeksf rfamptl(oo rvegohdor codwte, mrmyt lndlcate the
FirdiepuPh e pblifb) BBt Bibli®s DG oh e JetRE Tt leliher coded
Unita 6., Shéc) pelbtiveon tBé bloble t§ bab®jed eivhib ehet (ﬁiﬂiﬁﬁf ﬁdnhy (or other coded
Iocated %rlor to or after the video frane Ertion,

WD+ hBe (aiereRroriF ARl PEIURAICE A FemURebh tempa@ély 93t prior to or

Dl MgsidedMptabR n(fo@ PORRASSH thORidd &¥R)CR! hifick IS bete®ideo block
the process of fetching or generati the prediction

isioangk Mosan n@mlyatm is BiPigely g@ttsl@cerqdrtg@pq@gfrsapf frtchang or generating
tﬁ% E}?Jd‘f@u%ﬁ ‘tﬁ’(?crlle lﬁégP&lel 3t4e ??}b%’l‘tﬁg tlﬁtte Fatg to? tolk?lgeﬁ\?lge oggneratlng

nmotion vec m ned
filtered predictive data based on the motion vector determined by motion estimation.

[0075] ME unit 35 selects the appropriate motion vector for the video block to be coded by
comparing the video block to video blocks of one or more reference frames (e.g., a previous
and/or subsequent frame). ME unit 35 may perform motion estimation with fractional pixel
precision, sometimes referred to as fractional pixel, fractional pel, or sub-pixel motion

estimation. As such, the terms fractional pixel, fractional pel, and sub-pixel motion



[0075] ME unit 35 selects the appropriate notion
vector for the video block to be coded by conparing

W b@oszade bl ock to video bl ocks of one or norBCT/US2009/040267
reference franmes (e.g., a previous and/or subsequent
frame). ME unit 35 may performnotion estimation wth
fractional pixel precision, sonetinmes referred to as
fractional pixel, fractional Pel, or sub-pixel notion
estimation. As such the terms fractional pi xel ,
&tiAGHid RS bPeled 1&@&% a‘tﬁ%rxﬁl frfi@loh ANBRY nfBRbh Qﬁlrﬂﬁ%nbﬁIE unit 35
used i nterchangeably. racti onal pixel notion
reast $aheet i amotioyEvegior thag Mdaeajes shdpdasemantriota) loeptipe it thanaan integer
pl)«gI 1(():(:%{1&1? ﬂl Bltgan%gie I%llacttlcina?{)lﬁglc aBtllo%nesp }nh r aCFo%vs rpe}f:dlctlon unit 32
tpi txaek mmm(bro mtﬁsmghmt precmah | thays 1rﬁé@d—lp0¢ei @or Gni-pix3P lo@tions, thus
track nmotion with PreC|S|on t han |nte er

cadiigneh

g(eai:ra‘felﬁ OF; %‘é;psatq Be ck hggacagpﬁé el mpt reé‘[ugatlon may have
@Mﬁ@ﬁﬁeo@sﬁ@dﬂ'@ﬁﬁ&%l%l%&mcﬁf %?gh't}pﬁﬁlal Pe&i§ibon B@tahP Miner precision.
estimati on may have preci sion,
Mbayniteds ma%emvglﬁeﬁltglsar% gr Ghy hﬂepﬁism infernelatipen deiingafhg motion
LinefioPsggision. ME unit 35 may invoke filter(s) 39
or anygnecessary i nterpol ations during the notion
[6876] rfiant iperforpr deesenal [GKEL Ghoflan pembensmid, aei( anal 3pinxgl perform
.ot | ensat 0 i erf
PRt Qrro TS oSS B i pelaipT Blinef il bidgfosgepit dat a

Jublphel tRgtibm (refeeled td Ber8if RS keH- Fixiasrdradtioll rx@l Q%ﬁftlles) MC unit 37
resolution (referred to herein as subﬁglxe

P#Yadyospafiltgisk el ol thissntemmplation.t Brpdigugn |Uﬁvo$<?e npay perform the
1lr1rttae3{o(a%1)o?ggr 1f1f% ou?foﬁ Hk@tf@t'élq %@f %féger IP & 'u%fngt : oﬂéa}nﬁc&%g described

pertormthe |nterpo at i'nterpo
Herdit.eri ng of |nteger pi xel s) using the techni ques

R raa b B i e Bk s Rt BV age unit 35

NC uhid 37 %emah@bﬁaalchh@ videe d)lldékla@ibciéltddle@lﬂb ltmc Imonon vector. MC
aSSOCIated with that notjon vector. NC un

Wit &h Maye eﬁqhealiecw@ﬁtlw Blogk Qs MERRIY y/ %haqggsigldtl{gnmp‘ﬁ%n veetor
dg%m%d%‘?%@runﬁe}ﬁ rlﬁ]tﬁ‘@ hsb¥f %d—fﬂ)'ntveg‘l%r whth ﬁa!@ﬁo@%%epf)recmon,

a notion'vector with fractional pixel precision, '
MR uni3Y7 filters el fleh andmarpn etrontpri@iite suchrdagr fpofudtrexel resolution,

e?gu 10 trllnv%gt 3 élgerf 2%9{%‘1 tlhslt grségcleslsjt ! nﬂ S%rg?rg:aSes,ls gl\éo{(nltt [Wolation filtering
tedhin&jup @k afoido thaf iWhi esddng gteehatiguabpixchpaeictibatatv@sy be indicated

used to generate the sub-pixel prediction data
95 108F CHEOES BE TR BrSYRBX S1HOEY B GPELRY0sP IeErit i iop H@ﬂt@@n in the

do@e ERESHERY . @&R:Ibdﬂ GomBiabpet® of fis ﬁl@@béﬂﬁé Qb thd & eGP PBE1 symmetry
bi tstream |ndeed, some aspects of this disclosure

a0d weeffipicnie mpesryg rgsiug@the emettett af yyaip thebedefls tibgrponveyed.

@g nﬂ\’;:}eé Eéghé’tiﬁgglgg]ﬁ%%s gg%?agé t%% ngéréi%tlﬁlﬁﬁ tbﬁoggt wﬁ@oe%%oﬁé% 50 forms
gendnd tvadtotthekgiabdicd t‘RESTIDI RICRCKY iitl BTG .€Y) bydabtraxfing dienfrediction
block from the original video block being coded. Adder 48 represents the component or
components that perform this subtraction operation. Transform unit 38 applies a transform,
such as a discrete cosine transform (DCT) or a conceptually similar transform, to the

residual block, producing a video block comprising residual transform block coefficients.

Transform unit 38, for example, may perform other transforms, such as those defined by



a residual video block (labeled "RESID. BLOCK" in FIG

2) by subtracting the prediction block fromthe

w@eiogitmaks vi deo bl ock bei ng coded. Adder 48 r epCBEES2WS040267

t he conponent or conponents that performthis

subtraction operation. Transformunit 38 applies a
transform such as a discrete cosine transform (DCT)

or a conceptually sinmilar tralfsform to the residua

bl ock, producing a video block conprising residua

thé m4%mdgid)%1&loﬁg febfdcBihBy sibliBR$S DR, U akc3Birads®rms, integer
exanpl e, y@fer orm ot her transfornms, such as those
tepmpforresl sbltbhed mamermstaaredizar dypostaf énnafp@mmmda plsadkuged. In any
§ Iseg1tr|§1 %fPIt'Irrlg Dgég a[\ﬁgﬁgs r étthaél O?IIFITECI; gﬁ?e’ res !ﬁ{léﬁg(floc grod,rucmg a block of
Iéilalibﬂifr@ﬁﬁfﬁrncmdzlfﬁhlaitgs OTtagtransfodn nhay @nyercts eesﬂlrahfmﬁfrﬁfaﬂbn from a

uni t. 38 ag i es thg{transforn1to t he resi dual bl ock,
P¥D darpingo & fisApey 4Pmpisi dual transform coeffici ents.

[60"®)] L @RS MURRY 0GRAVEE tﬁeht%sﬁ@cﬁ it@HSbrh RbGTiBRAS @ further reduce
froma pixel domain to a freq uencg domai n. [0079

t@@ﬁﬂt i Pt quantizatipn prgesjuagit teﬂ@@ thp it rdéB‘ihdi@féﬂClaﬁda\ﬁléh grpg or all of
ts It

tg(g e %ff%ie :&on Pto?igjé/iéﬁ H&efnt&zﬁ 89{)}#}! g&? 46 entropy codes the

cpmsmmdaitz&ﬂfwmt tbeﬂﬁxrmamr Eajrl emfnptdwe:ntrolej fcod:lngnma;t. 46 may perform

COULE L AR AR et Bt PR R Bent . For

[ﬁﬂmrﬂop?%bﬂlﬁgmnﬁtom RGyUdlsd cdfe bRy opﬁfofr@lpf@d%\ﬂ}@ ntax elements
CABAC, or anot

er entropy codi ng net hodol ogy 0
@tﬂmf‘ékfyor% EFditgonHni 32 6r ARG CIMPYNEH @E Vidhe eIQﬁOdﬁfU%Oe The'one or more
t S r c

BEFFIGLASHORA BLETRILE PLGMEADAT R B AGLHAD vrors.
101r¢a)0<mt10m¢0énm1ue that triag uscstyorgeaxraw themmh—plxnla@ata nckudesudset of filter
cogdi ng, node,, one. or .nDre notion.vectors

‘ioﬁ&l‘é}%gr 8F g 1‘“38‘]%“88 1% edwggh eg‘t‘“&faélé?ﬂ & 4 Pieffigtion block.
Gadpfiibnt Phredi@ton, and ehtiAtios Uhisal iy prleliic@Vely encode and quantize the
coefficients, or other information associated with the

Ryetetion SY8RXofuch e ﬂétle% ercEicigs. meerking dp e @pregts of this dRclosure.
Iﬂﬁl%%rfgt i rlan?r@ﬂy gyaRg 'bﬁ 3ctn{r91'3‘y Widibg Anit 4BBMPERGILL ‘!/1&@0 h¥d syntax

encode and quantize the prediction syntax, such

di¢rhengy nyebd itehemittsd tacaothdi migvico o oarehizigh dart Qtfaf trmsrrsssmn or
ﬁngosure Fol | owi ng the entropy codi ng by entropy

&6 glng unit 46, the encoded video and syntax el enents

[0081] hevdrseaanpantizhech tnianiat hed @Aestke erakfoamc hinit edd f @ply inverse
| ater transm ssion or retrieval. [0081] I|nverse

B T HlVGﬁFttra&fI mwﬂlnfﬁép%wlvawsqemﬁ%ﬁbe geaidual block in

AP Pix¥1 dld?ﬂzﬁﬁ €z OfdR Mt ARL OB r&BUnéMBES eThY RBGIBLEBY | ké@fﬂual block
respectivel to reconstruct the residual block in the

(bibslstl “BESY RESI@ BLOSKT ot YO 33 enagiyeprescatf areqepgructed version of
tﬁgg%“alﬂﬁég% gfowg%wﬁfaﬁgfobﬁanﬂﬁ. ngi)l/é) ?%B&é@gﬁ? qrgsidual block may
diffeofinah nhic teeiduserisikogenafated by summer 48 due to loss of detail caused by the
quantization and inverse quantization operations. Summer 51 adds the reconstructed
residual block to the motion compensated prediction block produced by prediction unit 32
to produce a reconstructed video block for storage in memory 34. The reconstructed video
block may be used by prediction unit 32 as a reference block that may be used to

subsequently code a block in a subsequent video frame or subsequent coded unit.



the residual block provided to transformunit 38. The
reconstructed residual block may differ fromthe
w0 e®od2@k8 bl ock generated by summer 48 due to POFESINI/040267
detail caused by the quantization and inverse
quanti zati on operations. Sunmer 5 1 adds the
reconstructed residual block to the nption conpensat ed
predi ction bl ock produced by ¥rediction unit 32 to
produce a reconstructed video bl ock for storage in
[0BST'As Aéscriblre a[)@\‘;eogtﬁ&ﬁ%negnft’ | heg bl g&!ﬁorfﬁa)ﬁm&ﬁ%n USEfhation with
by predi ction unit as a referencé bl ock that may be
frastional @ixal s spthepixly pw@eor\a BY sekpriedictaons ulis 8quisat fractional pixel
etgoglr esle g)rred’?&lg)r%gl er ggne{alf Iggta [a991§0 ;Lllz«g[?rfcreorlrlg on (re sub-
Iﬁsdlloﬁﬁﬁabtmnal/\plbdal Falhae) umintmdaion( (Qferﬁlube d)esxﬁlbe)d in thls disclosure.
cisio When prediction unit %ﬁ uses fraf
IBi fW r ﬁ nggrtop%ﬁ?r? @?Frat’pﬁ)ln% ACUSEDIY SGRPHIEIS %ﬁt posmons between

tHERRERL lx@%@sl@nssmbwe@ bhodigSH! wédt&maﬁﬁhg distaHeBBedRkn integer-
or fractional pl1 xel val ues usi ng i nterpo ati on

TR riesitions My sher fefstedi o ashhadf-pixelc(helwel. pasitions. hrawb-pixel positions
S 02 DL R 8 Ay RSB 308 B S R R peon e b
rpfa:snedltorts qusutbr- pxlxxle(qup@eriﬁeil)omitiamsaslﬁﬂplhal positho@s located half the

i sta bet ween inte i xel |on
‘Esé?ne@F ‘f%l gyt tS%?PE?“iéf ‘(lﬂﬁl(?’r g’éf isﬂ%%B%s and a quarter-pixel
ool btk td dsunghth-gRat @cghnabél) ﬁd‘sal(ﬂg Sha rﬂceem&et ween

an i nteger-pixel position and a aIf-pler posi tion

[A9831 Gy dfisror eacersuad lizpiaip tiBvstigting [integpy ayixed (op &yl pixel) positions

ag&%ﬁatte(pxgﬁ}%) I%HR’[-I% éeﬁll a‘ﬂQ%ﬁﬁ F&Qf’gc()k Prgéﬂo%gl {)@el 5§1§On5 associated with
i'stance between an ‘integer-pixel position Por

iham‘olaped(pﬂedposn tlaton)In aind cancaptaalt iﬁustptitixe lof &G 3.i the daffaent boxes

referred to as. ei.ghth-pi xel ht 0Si ti

SRR 8%t RS e (SR SiBE AR agih of » frame.

Cdplituisicd abitdrg (1|nrth€ BB%kespiiie |sol(d) [1néfsbl |répré§eﬁtein)eg99§1biéll RB&ions, while

associated w th predictiaon an

sralldetishen tsi h@éF% Wikl §?‘fqddﬂ’§5)af§%r6ﬁnéth§ dulmeﬁl ({Geations. Tn particular,
ﬂlfgl%&ﬂbl?stgg AY, %q' I% '@lnC@alt)@ D6I 'Elt]ﬂjearﬁpﬁp ?@trc':iﬁ'&ent a 6- by-6 array

ITustration of 3, e different boxes represent
qfulxtegeravmtl mbtlcmswethm @(flameosrise or othelsq:qdﬁd) meitwStlrprxehlocations “a”
Ini,(')gg O“)(:ré represtth %ftoclgn dsal}b llj’ll cr:‘{elo?ag%lgse Sa%SI’(l)fna ¢ t\gﬁh tlr?tgger(é:il{]el C3, e.g.,
Bebeashiimager pitul lassrml €3, 1Cat mr@d(ﬂﬂn $1hﬁlab9)¢ﬁ‘§1xw Ibéntions may exist
dotted lines) gfresenthtgg)sub pi xel | qcatiops. In

©

BraF‘fqué Lﬂt%\g,er ptﬁe;( cafidp ot e Agca‘ug&s 5 theepgpgo” represent every

@@and—:&uaﬁér ﬁé’l%l)&%itogﬁlcfnedg&%%wﬁl Bidd¥r ﬁixélr(fﬁy of

i nte pi xel locations within a frame, slice or other
(0034 nt@mrtplxeslslh@apon@emay beatspapted ‘Wafh aumy@l@glrﬁenwr clement, such as a

ﬂh%? Vi Q\;hefl 'ﬂ? \g&) c?a%’w% (g‘ eétlnil {éa he ?ﬁdet?cilg&ie 13%}; Hleasure an

eger eger
1hl@ﬁ9&tyl ccfmsthS soutédg atl]Be BnraﬁhdMof tht Sﬂnb(af anﬂmbsoplame:i pixel intensity value

| gcati.ons XISt for every.inte |er | ocati on.
\ﬁqﬁb%dﬁte%er)pé{el g?r? ongalaeac Ilﬁ,te)gj:é 1xeb 0C té%]rlag}éﬁ%Ve an associated
8V f ¥iftbal {ubhfkel apehtiaRa(dr HoshBly rﬁd)réﬁ' ThO&afb&Nof sub-pixel locations

associ ated with integer pixel
associated with integer-pixel locations may be dependent upon the desired precision. In the

example illustrated in FIG. 3, the desired precision is quarter-pixel precision, in which case,

cach of the integer pixel locations corresponds with fifteen different sub-pixel positions.



[0084] Integer-pixel |locations nay be associated with
a physical sensor elenent, such as a phot odi ode when
wao bwompade data was originally generated. The PCT/US2009/040267
phot odi ode may neasure an intensity of a |light source
at the location of the sensor and associate a pi xel
intensity value with the integer-pixel |ocation.
Agai n, each integer-pixel |o ion may have an
associ ated set of fifteen sub-pixel l|ocations (or
MIBRSr B Wer BB Blxel JELGi I RS e b sop RRl MEéach %@%e‘r-%ﬂél location based
associ ated with i nteger-pixel |ocations may be ' '
adetbe deratgt! pm@mprt hiéor deinied ppresising farexamplet ¢rsh éntegrpipéxcl location
i1l u E red pr.e n
ma&/ g}ercres_%pl d o r[nlb rtiérc:%‘esglg rplxeq 90 on?1 Cg%segnoiféegh a?npl(ﬁ cach of the
muegegﬁxdrbcboaebnsl ragyatdresponcloritles pentse wul-pixtl fdsens for eighth-pixel
di f.f.erent sub-pixel. positjans. More or fewer sub-pixel
Bestet-o CIhQV‘egkeocé‘%%‘gH}a&tdégnWOP% OF ZANHC PRYCL JBINS St one or more
lh&%h&@éhd%ﬁ%ﬁn%etvﬂl%eéj%' red precision. For

hal f \Pl xel precision, for exanple, each integer-pixel
[D@ﬁ:&lt onY rranresent heypanse. andt Gb pd 66 maylepyeseat two different values of

el&liél?c_@%‘f a’%ﬁre?@@é %{)()ﬁlglemwgdllg%orlr eég dEchtepﬁxel location may actually

ck:lﬁne yhﬂehqme:l s/lab}emfmeh thrme+dnme1rs3)nﬁbmler ghetch- pTheetechniques of this

cﬁ{ci%lprsegﬁ?w%vlz?cngayp eter 6chgreglrc 1'998 ?Nétga%%g%;h g)ge gﬁlgencs)iron I}Drrpeurposes of
SHpIHyN aARCHe %%M&ﬁa‘[ tbERARRks ¥reMRYcrlRBMAFEREpHIN FIREIGRIues in one
and Cb and G may represent two different val ues of

dmegeh s er rhniqegsmesy_bei ovisndebiedhe sthgycimerians. space.
W IH"[ éxah18feaéﬂf@{} g'%b Gley! chﬁfoq@%@éo@ﬁtetdmlﬁ?ﬁpégé%lxel “C3” are

or a three-di'nen | ona or space
1t1&smmdcfuequamﬂer -phxckprdeisioh.ohe Eftednowbypexe] poutonsefsrciatal with pixel

edl n WI th n,espe t, 1 o qne dinensi.qn..f.por, purt os‘es, o
ar&l#ﬁ??icais Fhe%extengtlgat echni'qués re’% and

Mes Gfithesthy ﬁibtlbﬁﬁﬂ@@b&loh@aégbdﬁhd viadhUgiser Iifte @dteixel locations are not
di mension, simlar techniques may be extended to_ the
HEWB oL FRBHEI, feher| tharBH1ost HShie SRS encofT 1P Ofsthe 15 different

i?alégoﬂpil )fcﬁzlatlé)rgcﬁgdc%&i WREP B&Eﬁ%@gloﬂ" éSh ab ALLH6L 1B'fﬁ§lller dEdil below).

are Illustrated for quarter - pi xel precision,.
Subftied focatikasp bx”e‘lh”po@ Jt”lmmsbeacs%ucdm@diabﬁmml mcmbnscamd sub-pixel

I abel ad,,a Ba, Dicp £, 0 8, Lo 1 Ghy « ] h,, d
lﬂca%gnsd R/bstsGl of thfé 0 ’her f}(actli onal ﬁngcé)t |H6a be Tefni]red to as

@ﬁﬂmplﬁéle@baﬁbﬁsh ot her integer-pixel |ocations are not
r.sinm % (ot her than thgsgr used. to

shown
[8%7érPé?‘§°t6’ﬁ‘eurBtr 38 é“dG’P eppeder 40 qnay determing pixgh valpgs) for sub-pixel

1bogidhd enshasspedatssh Wtetrﬁblﬁidﬁeﬁltérfﬁg Ebg' N0 fa 37aSCon51stent with the
described in further detail bel ow pi xel

ITocRH Hrfsstandard, fagexample; jredigtion U@@t 3(2gf1@r qlqyzjrmma rixel Values for half-
d}%%l,loﬁ{é%ﬁ%' $ %‘,’ aé-g%f‘lﬁpelﬁ?h‘i'atﬁ)g’k}’ﬂ%k,gﬁkh lf;s%% %gﬁ%ﬁ%ﬁ mmat§/18 ’Baése of the
Hi @b standhrd, ahasiltquedetfarierps foelthd 6¢at incmpolatf MOBEr are typlcally [1, -5,
%r, gg,: -%:/ I(Jaf Egﬁcl)ug% o%lgqﬁ ngo# | %gt% rrelg]yct?edl?sred4q3rer? éfuoglel}n?trﬁl may apply the
interpolation filter first in the horizontal direction and then in the vertical direction, or vice
versa. For half-pixel positions “b” and “h,” each tap may correspond to an integer pixel
position in the horizontal and vertical direction, respectively. In particular, for half-pixel

position “b,” the taps of the 6-tap filter correspond to C1, C2, C3, C4, C5 and C6.



| ocations "a" through "o" using interpolation
filtering by MC unit 37. Consistent with the ITUT
wo@ed2eeaandar d, for exanple, prediction unit BRI/IS3009/040267

det erm ne pi xel values for halfpixel |ocations using a
6-tap interpolation filter, such as a Wener filter.
In the case of the H 264 standard, the filter
coefficients for the 6-tap i ntlerpolation filter are
typically [1, -5, 20, 20, -5, 1], although other
1GR& ¢, Gb eI SpiTBYp REiIoHSRE- ‘[hé:> Tapdb etk QSDtaH Bl gb’i)‘regﬁ}ﬁdqg A3y B3, C3,
t he |nterpolat|on filter first in hori zont al
108, riet pinb A3 arftr teemplen pixblevalesst o aub mxplepQSﬂtmm,s “0F apfl ¢&” may be
coglr ﬁ%du’szl 8 eh&glfo ? lggnd Siti on_s " b and h, each tap

f corres t'o eger plxel position in the

oAt Apcter el sftect)onyqpacpec S
ol cappscpeas 1y @&h e

nd to

filter corregp
TR A QoSHPR el Vi s ok &ias ;ﬂ %F%%?QP’%‘? hiseives to
1n{érp0@d’ﬂéi1 hbrlszbeEet%éH)B%§QOﬁés'O]QC@QLH@UDP—'ID% (o}) Ve@ﬂ@ﬁlly between
(2): (d - 5*C2 +20*C3 + 20*C4 - 5*C5 +
PPSI)UPBQA@ 3 wd—AﬁFAs Halgpiggl leogiiogs’j H@m*bmompsveéamh Foytap filter
i iQ N

tﬁat]tlgg{jlffgvl nQeQ'g& te ?[exreh%glfrlersg)gé}%ln C?ﬁ’@(alkél ptloﬁs e g.,hﬁaccordance
wmhemnﬁkqmewnhﬁbmzcﬁtalIy bet ween positions Cl1-C6 and
D1- D6, or vertically between positions A3-F3 and
A= 5HiblF20pb xel0*htoe atiil ofj) “H16)/ARy be conputed wi(i)h a
6-tap filter that uses previously interpolated pixe
jal(eessafd tdoeh halofegpt et +REpiIbPIS, €.g., in 4)
accordance with one of equations (3) or (4): j = ((aa
whddd bR ih@@hkedin 206 M) x c5f'ﬂeépo‘hd§ f0) anﬁnﬂe@dlﬁﬂ)n(b%)wéen%3 and A4, bb
((cc - 5*dd +20*h + 20*ee - 5*ff ;%Pgb + 16)/32 (4)
GRHERendn & P igistnoktien befveepd33 apd F?ré%sla%rrﬁdswt%l Hyjerpolation
BB &R afd @ hﬁ%%ﬂ@s%@n&gto%ﬂqntéimlalﬂgn SO5VES PANHE D49ii@Brresponds
I nt er pol ati on between B3 and , corresponds to an
th Anenfgriodation ﬂpeb@teméémr@:&hmﬂ morrbﬂlvoudﬁr tioe@lpmted[@lat@natn:tween F3

terpolatio t ween rresponds t
ol S et Sond: A el teama e gy BN B o1 ad
d@Frespohay nobﬂtmte@obﬁbm&emééa @nandFD2, Im catgspbiddnodan ﬁﬁerpolatlon
corre onds to an interpol ation .t en C _and D

sC%oﬂ*aisD% &eaﬂrr?w@é(}sp}e|aatu?t6w0@ EeenChand B, ffworresponds

tG %ﬁ rll%él%@ﬂlﬁ%n bOwARBn CH18H B3 Aldl QneoR@ipNaad oG @ o@ﬁlon%tween C6
corresponds to an interpolation between C4 an
adMesponds to an i nterpol ation between C5 and D5 and

[GQSﬁ %onglﬁggp\gﬁh ttl?e lqr}6h @Faﬁ&a&&’,' &Edlgponbﬁﬁlw Hla%e%ﬂgm%mel values

2% < 2 “d 2% < 2 “f 2% < 9% s 9 “k 2 “1 2% < 2 “ 2 1P

at quarter-pixel locations “a,” “c, J0 e, ) g, A, 4L “m, and “0” using a
bilinear interpolation filter and the pixel values of the surrounding integer- and half-pixel

locations. For example, prediction unit 32 may determine a pixel value associated with

(194

sub-pixel position “a” using pixel values of C3 and “b,” determine a pixel value associated

(13 ,,

with sub-pixel position “c” using pixel values of “b” and C4, and the like.
[0090] The actual filter that is applied by MC unit 37 to generate interpolated data at the
sub-pixel locations may be subject to a wide variety of implementations. As one example,

prediction unit 32 may use adaptive interpolation filtering (AIF), as described below, to



[0089] Consistent with the H 264 standard, prediction

unit 32 may determ ne plxel val ues at quarter-pixe
W(]) ewatizedes "a," "c," "d," "e," "f," "g," "i," PKI/US2009/040267

"m" "n" and "0" using a bilinear interpolation filter

and the pixel values of the surrounding integer- and
hal f - pi xel 1 ocations. For exanple, prediction unit 32

may determ ne a pixel value a8soci at ed MAth sub pi xe
position "a" using pixel values of C3 and "b,'

fehewy 1%@13@&!(?(@3!1%\5 alrye rAgSosE: #d/ QQS/WCE@ @q&om&ﬁﬁg Expert Group)
position ' usi ng pi xel val ues of -, the

doinieifted tmg@]:n Tridoraeg eralingf te¢hmetogids dlat |0£feab1gh¢re®db1§g elffl?lency than
T‘F'gg% dg r}}lé Bar%gllﬂg EbAng:: t%ﬁ?los 1%%\%%%9 g% galgtovtér t%]@ %ﬂ"[grpg a%(lgn filtering
usag Inetre Rt 264 maardpespemﬂlmﬂﬁéceseqpémd$ with hrghuesoﬂutf’n)a (e.g., 720i/p

may. use adaptjive inter olat iltering (AF), . as, :

He D Bed étlﬁwﬁlet Bisa o BT bt S Fordr el s s alytcally

da@h‘ta%d%@-@éc@ BUNCEEE V}I HeQinGoHL ek F¢REdn Gr&URkrgy. This helps to

comm ttee has been exploring coding technol ogi es that

adﬂfeéfr alitﬁsgllgeﬁuaél@aatwg aélﬂfm@w@rﬂwm@memprgewrrmdnmﬁmor other artifact

F LSidar od I e

BRI 3 oA U LLEL S PO 0, BB i

ﬁimp ecadftiewts o?asr oacld éoms eqmﬁam: psedmtddh qlhdng'hedr esddduind eent in the video

.6, 0., £20i/p_or 1080i/ .Ipn AF, ol at i
é"ﬁs gaél} g(g}leg %“qublf’%(ge th’ﬁég%“f qSBS qog a\ﬁgﬁ( %\Imil é?ﬁ scheme, as
wal &uhaiyedhdr diteaboy idheded. rame by mnim zing the
prediction error energy. This helps to address

[aﬂ?ldsﬂhegﬂ: arguant ddicran taprd dfoflfoRchesier ransigentey itpragpects of this

AR, rt%‘r %g Qtfl}&rscﬁ&ﬁé %Ct oGRRE R #ﬁgnérps%pgﬁble /ﬂF (NS-AIF),

original and re ference vid rames. analytica

adeconded aa;dpmablv AIF ($-AdF), @m@ﬁ fhici snhAIF omtlezhodatllﬁmaduﬁﬂers (D-AIF).

@]]t}&)élgﬂ B?c(hs lgeanA%g 8?%%‘26? tllf%@lgf?%eglﬁ ﬁﬁ?%{{,@gg%? i qmiclgu%s tarrllcF support, all

tﬂﬂe& (AI(FSM:h&n@sOmhyi UAD K Hnilak taRa1Rti@n pAdcessse e deriveathe Viltek casfficients,
ot her interpolation schenes. [0091] There are

Wﬁlﬁﬁlylscﬁxplﬁlé‘ﬁ%h?bfvyﬁ@g nep-sppaeable AFHRSANGFABPS ent wi t h
[ﬁ&é&i%s\%}éﬁq 8 Lé;%)j6QW§%l Sdichal rll:oonr eﬁxla %%Ltﬁzeﬁlg k%%fﬁéi&ﬁ? rﬁ?f where

sional” non-separ a

50078 s AL A CEPA T ol T phown i

Elhieée Wté'-t}stt:b@lﬁm]m Us subdpikélgroemibng, neer‘pdl“bf’i ‘@i “d,” “h” and “L” are

tec ues por all three AlF sche ma
PRRERLADD) PRI csiin® G S Engn i 8?'@ B a 6-tap

1ﬁ@qfoflau@>hqmﬁe5to Mr;ﬁnate SuddXkai SiddpikeEl RWItIVEd N’ “b.” “c,” “d,” “h” and

.non- sgBarable Al F as an exanple. [0092] Assune a

b 13y 6Dtindburwmsh SlRbHEY afolpcaiepat apoazqritglias veriggl line between two

: f F r P r t

1ﬁ@gér Oﬂl%fl ﬁ%ﬁsﬁlsolﬁg ubwpi)kl%x gllséurr)ﬂgzs I’[‘l%a? Oﬂﬁes Sp(@(ﬁgloﬁ P%{Efé ﬁsg{é) thteger-pixel

®hkivions (Al BrGigh3F6 lidDFK}thaﬂn tﬁe méfelteh@ frams wdiephx @ixel values of P

positions, i.e., "a," "b," "c," "d," "h" and "1," are

winee dj AENSY. otk 1s( Aﬂ))tal@ﬁlﬁ}emaksl 0fp’Q§L t.i,dvfstakesribe value of P, ..., F1

predi ction unit 32 may use a 6-tap

takes the value of P, ..., and F6 takes the value of P, ;. Then, the interpolated value

p* at sub-pixel position SP, SP € {a,...,o}, may be calculated by prediction unit 32 using

the following equation



interpolation filter to interpolate such data.

SUb- pl Xel pos' tl ons ||a’ n "b, n "C, n "d, n ||h|| and ||1’ n
w@e@ohsoeh t he sense that they are | ocated i n BCT/US2009/040267
hori zontal or vertical |ine between two integer-pixe

positions. Also, assunme that the prediction pixels at

the integer-pixel positions (A through F6 in FIG 3)

in the reference frane take tHe pixel values of P

where i,j = 0. ..5. That is, A takes the value of PO

o, ..., A6 takes the value of sP5 , ..., Fl takes the

value of 50, ..., and F6=takpsPih&. value of 5 5 . (5)
Then, the interpolated val ue=p-SF at sub- pixd

ti SP. b I at d b
PRl Bom vttt VB o BT s A aE S0 bba)
Let S be th I lu th deo f
a? po§|¥|oﬁ (xey |xe Lva ?7 kT o @%ﬁjegkva[ﬁsyjrane

lre’re st rnvsim nv1¥12)t1?1hvector ggmvxﬁﬂ;m%ﬁ 15 t{le 11%‘[6%6'1;] component of the
\?Pﬁdno%c\/(ﬁc & ’F@néjtﬂzqnltecf Jfﬂ@t f'l"l)é %ﬁluQ{ S?}ls tﬂ—@gor\f@%bbﬁdmg pixel

y)is the corresponding pixel position in
poeftioh enthe réfernestratiey. X arihsle, ihfhd dage 6taé‘>apcﬂ1te6 Fap: 6/2-1=2
filter, FO=6/2 - 1= 2 . For each sub- plxel position

f&?,ea&lhﬁlblqﬁﬁéllp@mh@ﬂﬂ Ser therpreli@iogyerioe cifrgy (&fé? be®Rel R actual pixel
actual pixel value in the current frame and the
viaftedn plel carst fratheendethp iderpaleted ivalug cerl b yequmardiitast byoprediction unit

%Pfé)%: Iaﬁ’ %vjef)s tthl ﬂavg 'nﬁ)?!oﬁ VE(?QII %rh%m%n ﬁtrés%oncy ?%C Logguga?lxa}.ﬁgsltlon SP.

. on corresp on (O]
ﬁ{ee]gnj.e&licjlugrpn eﬁé{ %ﬁeég}rﬂ %S@?f {T%HSE% O?quﬂXteﬁ) eoy Sg%{u%% %q? ke)%:using the

1Bu&wﬁ@kq&9@ﬁ4] For each of the sub- plxel positions a
through o, MC unit 37 may set up an individual set of

equati ons by conputlng the derivative of \esp Jawth

respect tpstjhe ti ks h > e number of 6
equatlons@ )2 ;;2; é‘élse”)‘Z ﬁ “t o4 fre Hunber ) of ©

filter coefficients used for the current sub- pi xe

[@%4]@09%21&? of tﬁ? rsuﬁ-%?xlglll tp\ﬁlaﬁgﬁsnjﬁntﬁfo?lgﬁllo (r%@) urit! %pfn)ég et up an

position

in@viduRl &6 bﬁé%&ﬂo&rﬂgﬁ G%é)l}fgﬁ%tﬁés rf"\lla@vcbé/f ﬁsﬁ)agvr%l:}e?pect to the filter

|nterpolat|o filt i xe p03|t|o

co8fficients: /%" ] The nmber dNcquatibns, BNMis"@sc, iAEGaR R tHR dulber of filter
sense that they are not Iocated in a vertical line or

doefficZant @ded'fbﬁﬁlehﬁlfrﬂéﬁteghtiﬁi@ellﬂHsﬁﬁﬁlSPlOl X6l cRAStOL@MSnsional (2D)
In this case, systemof thirty-six equations wth

kM3 29

suhiDiYO) Pesitkon Tk ‘Ef € can ‘be kol ved hyaMC aunpredigzon qiie32 may use
J@-’B?—%Waﬂ@d Bte?b'&atpdnxﬂterp%qutﬂl)(c.’@%051tlons “e,” “f,” “g,” “1,” 9,7 “k,” “m,”
“n,” and “o,” are 2D in the sense that they are not located in a vertical line or horizontal line
between two integer-pixel positions. In this case, a system of thirty-six equations with
thirty-six unknowns can be solved by MC unit 37. The remaining 1D sub-pixel positions
“a,” “b,” “c,” “d,” “h,” and “1” may only requirec a 1D interpolation filter (c.g., 1D 6-tap
filter). In the case of a 1D 6-tap filter, a system of six equations can be solved by MC unit
37.



a," "b," "c,” "d,"” "h," and "1" may only require a ID
interpolation filter (e.g., ID6-tap filter). In the

weawe/1af2é |1 D 6-tap filter, a system of siXx eqREl/DS2989/040267
can be solved by MC unit 37.0 = dhs +k y+l V Filter(s)
39 may represent one filter or a set of many different
filters that may be used by MC unit 37 to generate the
predi ctive data. [0096] Thus,%%one exanpl e process of
deriving and applying the AIF filters may have the
fol |l ow pg,-steps, which can be perfornmed by prediction
unit 32.5 — Estimate notion vectors cnvx, nmvy) for
every video bl ock to be coded. During notion

[eed5 mati on, I X interpolation filter (e, , the
i nt er pologt E% ﬁr»o‘ Z;j;huof’mH.f 4/ AVC) can be e(lg)pl ied. 2.
Usi ng these notion vectors, accumnul ate prediction

error e f ACh subpi xel position SP over the
dt B

current “Then,*¢al cul at e adaptive filter

coeffi,giepss h for each sub-pixel position SP

i ndependently by m nimzing the prediction error

laligfyp9anay rwptchant no fifredi € sdt of neng dyfjered fdterothst may be used by
ove.,-3. Estimate new notion vectors. During this

ﬁﬁ%ﬁﬁ%é7§% ?ﬁﬁ??ﬁﬁlﬁqg%ggs?mthe adaptive interpol ation

[0096] ehsis Comppath@lel prosdsepf deriviyg bl aRidyihgthe A fiflerk Mgy have the

adaptive interpolation filters, nption estimtion

f@ﬁ%l.ng stephdud 39 bsIPFHLinRG DY PATHETIONABISE: etc., are

reduge dEﬁﬂﬁjat@ RlotiSh vamSk ggzvﬂ%ﬁ/ﬁz}a%i eggryit\ﬁde%o&é)&vt% %e coded. During

[0097] Different AlIF schen€s y use e sane

anal yt i gatiope@esisn as figdd/@erpdaid. filldge.di, tHeeih®fg®gion process of
between the different schemes nostly lie in the nunber

of uni qieofitYercanbeppplisdent s used,  whether the

i nt ergpotj%% QResE inhJtBh S/ cBioR, SERAMARE riictdANTRERALEP6r cach sub-
and the filter support used (i.e., integer pixe

posi t i opisclumedionoSh nvertpolcairent aidep drgte. allisor ¢dlavatopdaptive filter
t he sub- pi xel gitions). In each.of ese schenmes, .. ..
certai nc‘gﬁﬂ%}tg ?ﬁ-,jcé?fsw SHR-BIXS pce%témAFE nfereadnthyly pipimizing

i nposed,to r%%uce t he nunber .0 ilter. coefficien

f f t
it nell PR SrRDHSH A LeAr© PrEdaT Sk SRR above.
bi t st3r eBfimdt® 3R] mioion NSctbis, Duding ethadMplotion Netitdfiidn Briocess, the

of prediction unit 32 nmay interpaolate |ID subpixel . )
adaptive interpolation filters computed in step 2 may be applied. Using the
adaptive interpolation filters, motion estimation errors, caused by aliasing,
camera noise, etc., are reduced and better motion prediction is achieved.

[0097] Different AIF schemes may use the same analytical process as given above. The

differences between the different schemes mostly lie in the number of unique filter

coefficients used, whether the interpolation filters are separable or non-separable, and the

filter support used (i.c., integer pixel positions used to interpolate at least a portion of the

sub-pixel positions). In each of these schemes, certain symmetry constraints on the AIF

filters may be imposed to reduce the number of filter coefficients that need to be encoded

and sent in the video bitstream.

[0098] For NS-AIF, for example, MC unit 37 of prediction unit 32 may interpolate 1D sub-

pixel positions “a,” “b,” “c,” “d,” “h,” and “I” using a 1D 6-tap interpolation filter (also

referred to as a 6-position filter as each tap corresponds with a integer-pixel position),



positions "a," "b," "c," "d," "h," and "1" using a ID
6-tap i nterpol ation fllter (also referred to as a
wWG2@od2aoeon filter as each tap corresponds w t PCHUS2009/040267
I nt eger - pi xel position),which requires six
coefficients. The six coefficients of the 6-position
filters used to interpolate the ID sub-pixel each
correspond with one of the infeger-pixel positions
illustrated in FIG 3. For exanple for sub-pixe
WIAsh LERMSs s coctReien@NIThE six EJeBricints bPURIBL ORINE! filters used to
positions corresponding to the coefficients ‘are
igerpolRs ey, DCsutapidelCeacaneprfasporsiu byitpi seed Obélsq tteges-pixgl "positions
1llustrate%n1gl dl%} 3. t h Slf:)z(arrll n# Sae S 1ng (ps?ti\l n’S“ e an%é‘c,” the six
corresponding 'to theCderircients ale ,
1E@gaﬂﬂmﬁ@omﬁh&&bnﬁﬂbﬁ@@g{®ﬂmebdﬁeﬁh@MQﬂSIKED(BS@th55HﬂC£and
‘filter su orL‘,g he‘ terpolation filter 099] ..

for sy Q}Wl@ﬁg E f t Il‘rn %e@eggxg%sﬁog%Lorresp(lndlng to the
deeictdnRnse ", B3 fG3 D39 E3 ant:F3. " These ifteger-pcl poﬁtlonsar@gresent the
"0" using a 2D 6-by-6 interpolation filTter, whi
ﬁ%@ummegﬁf%®h@yﬁgpwammiﬁ@¥ coefficients. The

t f f t E‘ Olcc I’ l‘ n “ 2 “ I3 2
I et B s Rl bR R s R B0 8 k
‘mot re eS’mndo‘ Ol tsingi znf?.@g@byml medrpgasint ﬁlmrswhibhAﬁqui -t];%ty six filter

cb)sg'% clantsy, ST hF iﬁ}:‘% géirﬁ%g ge%.t F t{ee%D &j@ ngerrponl tg&eélﬁeg Iusec! to interpolate

tthl tzbrsn@Jp@zen edthf dokre§fond Mithnigtegeidhikéi pagikiohL Al TAGH 10196 |(§1 C6, D1-
nposed ., ho coefficient or pixel symet
and Fgmﬁﬁ

r
%c%ldﬁé eﬂéf‘é@ entegear Pixch ReTTiQNs eprescgb thy éﬁter support of the
i 0 |c f D i
thiholafoR e O b SRR Rl AR KB nBRILLRRor pinel
posidtiyonseo érmoda Yoval enobd36 tooehit ndicents ©f thiitye: sld|cngfﬁcients for

B PR R P P BT e RBETR S E DT R S icions. or

Diotal 0¥ 86 M eadfictents. ERcddiighandi sﬁﬁdlﬁglﬁﬁt hin@bddi df cb&‘fleleﬁ@ lin &he video
given level of distortion, which is undesirabl

T@@ﬂ@@}na?‘deﬁ“étdi}&@“%@t BYehepsle r Hisdhigh b4 (S’(YFré‘F@dHWatlﬁ turn, increase

REPR LRI Q%Jeh'lév%[ oﬁcﬁ&&fnoﬁ' $HRERis dthﬁééﬁbfc‘ symetry
restrictions nmay be inposed on the Interpolation '
[00100¢r s t dorwdugsethe e ovgritzed agfociatsidoigh féridingy the filter coefficients,
cte;g[glfél;sly%#n? n{yﬁ]r%{r]fﬁcl 1orpser%gy tbe 1%)%81;86 gct)nm%}%g:t 1rn§e%goq E}lon f8 l'ter;r\lt\olO reduce the
@eef o€ uefifuc Sﬂmbéfﬁcﬂ&w tbz& neﬁ@oseﬁ seﬂﬂ @Néccoderi 28. Two types of
conbi nation, Pixel nngtry enforces the sa set

an

f :
YRYRSSY. EpePpict |S%‘an§tr( COREICHNT FYPRETY MpaYp impgsad.gtlone or in

doRibdta8iehn vV BixSI @aﬁnafy difGrc&ahd sefn@er selbf ﬁﬁér%@&fﬁ%féﬁfs%ﬂ‘@ﬂhe mirrored,
fgOSItI ons. Pi xel syrmetry may al so be referred to as

inedginder resgindreensipns pSGE aet) éos défifrent phikeixebpasitiong.y Pixel symmetry

e {
Iﬁ@é’ %I(E:(? g %ég'f rnad tﬁ %1? S ;())&8%91%14 Bﬁsg)::fa;(r a? %{ufoh C}% %(?qrogglzl.metry applies with
rekpetd itei that filsy mosdifigicnto naskdvgatat hvath handor endror mﬁJSpiﬂel locations.

B S SLBSLA N LIt L B SYTLLLE L Sin s 0 b0
VBt dti€@in addeftﬁfﬁtdu‘éﬁtl&lr (cROMR) iz dirB&ion, vertical direction or both) for the
various filter support positions relative to other filter support positions for a given sub-pixel

values to be interpolated.



various filter support positions relative to other
filter support positions for a given sub-pixel values
wa@ 200ba269e8 er pol at ed. [ 00101] Pi xel symmetry nmayP@BUSREH040267

in NS-AIF. Referring again to FIG 3, let / zo a,h

,A5 be the set of filter coefficients for sub-pixe
position "a," then the set of filter coefficients for
sub- pi xel position "c" is hah4 a ,...,A0, i.e., the
same coefficient in reverse order or horizontally

[obicaped. Phat s %Il%meg&qgé}}:t)é Qe PInXRE- AVl uﬁeﬁ%r%gaigam to FIG. 3, let

sub- pi xel position and prediction pixel value p c
&t s ubiexed sq s ifilteoooctidicnmyorab-ealet pbati@d “ajstheg thidByet of filter
and (9), respectively. pa=- +h? -C2 +h" -C3 +h" -C4

cobfficentsGotkab-piel( @Bsitipncc=hd 7 @&J,. +ha, ve.QBe sarBe c&Ffidielt in reverse
-C4 +hg a -C +h0 a C6 (9) Sub-pixel positions "d" and

ordér arepribentaliyt Bipped.afled issprodjctidrepisanelwety” atf sub-pixel position “a”
interpolation filter coefficients as sub-pixe

gndgir¢dicion pixel vandp® et subrresgd @ositivrel’yy. m@sbeseatdulated using (8) and (9),
sub- plxel positions "a" and "c" may have pixe

TEYATARESYY, rel ative to sub-pi xel positions "d" and "1."
[00102] One aspect of this disclose is to actually

remove pi xel=&yfrety yChetwsen isub- phxdls +Bos€t i ons "a" ()

and "c" relatlve to sub- pi xel p03|t|ons "d" and "1."

In additian,= i %el s yenelry; rdy - Get Av6is dégl - €or )

sub- pi xel position "f ' relative to sub-pixel position

Sub-pixdl pod@idhd F@Nandi‘Rahays pemmeipylattdyushfy d¥@hsedef 6f interpolation
sub- pi xel g05|t|on "k" relative to sub-pixel position

ﬁlF?r"COFﬁﬁcsea hasc sibaiixel dhosional 2 c gpd e at iceRsCHER)Y-bedy sygh. sub-pixel

¢ ”t f « 19 «y 9
]g)?*ﬁoﬂg anll @ ﬁlh}phﬁirétp )%([_\ S}}ﬂﬁﬁgtﬁr}eféidtfiégéél&é) ﬂm&%gsmorﬁ d” and “I.

agonal symmetry in't cases As "anot
[O8EMDl e, [CGote Bpect of this dsclose jsAe @tually. rcmpveSpJSelbfe/mm@ry between

SRR 5B 20 L SR RTA Bl B g o,
008 is{ @Rty Giayibs ahoﬁed‘lﬂ)r gukkpixel poshtlonGf: relatifte $o sub-pixel position “i.”
In addition, pixel symmetry may be avoided for sub-pixel position “k” relative to sub-pixel
position “n.” In such cases, diagonal correlation may be low, making it inefficient or
ineffective to impose diagonal symmetry in these cases.

[00103] As another example, let /g o, /5,500 2y 5500 P54, 55 1.0, 1S 5 DE the set of 6-by-6
2D filter coefficients for sub-pixel position “e.” Then the set of filter coefficients for

position “g” is Zg 5.l 4sees by green By 55 P 4oenns s o (horizontally flipped version). Similarly,

the set of filter coefficients for sub-pixel position “m” i8 A5 o, 5 ey 5 50 Big g5 g 1 5enns Py 5

Il

(vertically flipped version), and the set of filter coefficients for sub-pixel position “0” is

hS 5o hs 4o B g oes By 5 0BG 45ens By o (first horizontally flipped and then vertically flipped). As

such, sub-pixel positions “e,” “g,” “m” and “0” have pixel symmetry. Symmetry between
sub-pixel positions “b” and “h,” and between positions “f,” “i,” “k,” and “n” are imposed in
a similar fashion as the examples given above. Under such a pixel symmetry constraint,
there remain only five groups of unique filter sets, a first set of filter coefficients for sub-

pixel group “a,” “c,” “d” and “1,” a second set of filter coefficients for sub-pixel group “b”



e5h5e4,...,h5e0 (horizontally flipped
version). Simlarly, the set of filter coefficients
wo e09ged92pi xel position "nm' is 0 1,.. .,h e ,.PCT/OSD0OE040267
O,h0O el ,...,h 0 e (vertically flipped version), and
the set of filter coefficients for sub-pixel position
"0" is h 5 h 4, , h 0, hi 5, hi 4,...,hi O (first
hori zontal |y fllpped and theﬁ”vertlcally flipped) . As
such, sub-pixel positions "e," "g," "m and "o0" have

dﬁux‘ﬁ|” aSrMHH@éton £il1SY SO didht DR @@&leé%}oﬁ’;& “ee’l’ “po Sﬂnt’ ,RM8o  a fourth
"b" "h," and between positions "k, " and

Sehﬁf féit@ cpefiosetd fomgrausifii Tidr ki aandl ‘o y R and atfﬁ@l é@taﬁﬁlterscoefﬁcwnts
@is 1%§%a§1“nder such a pi xel synnetry constrai nt,
i nly five groups of unique filter sets, a
[i)OI(BIi] set Fafthérimote NGASF fag ii@pdss cbeﬂﬁc&ub@itmﬁétrygtfeauptlon on some
3 ©"d" and "1," second set of fil
QfdféﬁrSF .fﬁ%?ﬁt% af QB O i CMRBRUIH il eyl py ymmgtry Hpyegbed above.

Iﬁ%ﬁ)m@ica:fe'sl dl?onﬁpﬁfefﬁ&érﬁ @&ﬁmfeﬁ’%r nwbde%lffﬁdselg'réi’lkiﬁled &.g.. eliminating
e

," a fourth s |ter coefficients

rdla@p@z@jpzoeﬂﬁclent' symmety congfrgints nIn' ongrigstance; fiq epeaqienypymmetry is

r [ t u ] 0
% e(rn‘r{‘rgl?%; fﬁsﬁ% SFT%Olﬁ) Qf(') g{ég( #)?s!ci:'t@%nrs]t WShu{h 9}%91%11:5 sub-pixel
lb@slbns 7 (5<n” ddf’ smh‘él ofHowleese thei detcard gots pf saiqueelqmsutmns which

SRR el ) Rl Ko BTRR Y e QO dpgprdance with

%@Muﬂﬁl@prposely avoi ded, e.g., elimnating any
i agonal coefficient symetry constraints. In one

i nstance, no coefficient, s tny b s jenposed on filter
for the first group of %hbxgﬁﬁel4bbs/%lons whi ch (19)
cl udes sub-pixel locations “"a," "c," "d"

issverihe eordficients iy iglearpition félt?ﬁs Eﬂrﬁéff thbr&s if(t“irgrf’éé fifth groups of

SBipeh bhGlistde S heBghdlidd &Mtpixd podifins o, “fMBYnd 1§V erespectively, may
coefficient symetry in accordance w th équation (10).
have coefficient symmetry as given in equations (11), (12), and (13), respectively.

hi;=h;,, fori,j=0.5i#j (11)
h,=hls  fori,j=0..5 (12)
h] —h/S ; =hl Y —hsj,,.,s,j for i,j=0..2 (13)
W=, A

[00105] Under such pixel symmetry and coefficient symmetry constraints described

above, the number of unique filter cocfficients can be reduced from 360 (no symmetry
constraint) to 6 (a) + 3 (b) + 21 (e) + 18 (f) + 6 (j) = 54 coefficients, i.c., 6 coefficients for
the group including sub-pixel position “a,” 3 coefficients for the group including sub-pixel
position “b,” 21 coefficients for the group 1nc1ud1ng sub-pixel position “e,” 18 coefficients
for the group including sub-pixel position “f,” and 6 coecfficients for the group including
sub-pixel position “j.” Thus, in NS-AIF, video encoder 22 may encode and transmits fifty-
four coefficients instead of 360, as in the case of no symmetry constraints. As described

above, the fifty-four coefficients may be analytically solved based on equation (7) above.



h =h\ =h h =h\ (10) Likew se, the coefficients for

interpolation filters for the third, fourth and fifth
w@e@aps9ed sub- pi xel positions, which include BCbUSiRED40267

positions "e," "f," and "j," respectively, may have

coefficient symetry as given in equations ( 11),

(12), and (13), respectively. h =he , fot i,j =0...5,i

j (11 ===1i,j =0...2, f& (13) K=K i [00105]

Under such plxel synnetry and coefficient symwetry

Vﬁ@@%ﬁ&'d&tﬁ) fey @He'ntiﬁgdlﬁbelyﬁmzé heaouwbekingfs (%1'1@& GHB-Golomb code),

ilter coefficients can be reduced from

@Slnsn@d the aefisiants intthe bostaaga) Addlgoqab)detags on ([]@e) prediggve coding of

filt] %Oﬁﬁ‘lcgérjr%su 18 5dlsc s%g(i flh C%rgzgtgr ’deta e‘%ecl)%\g t anfogff% %g p%edlctlon and

cﬁmﬁtﬁzfatlﬁm &1Ii’lttS41f ﬁfaytlbtﬁugﬂfdofm thdﬂ(plreuhicttﬁ/@ Sudingpancke uantization of filter

tion " %h% é{ C|ents for the group including
& lctﬁnﬁéioniiggl?tt"i’l fhisglise OJ‘§‘8recoeff| cients for the group

[o0fleydi NQ 18 WRsREXRIF PARKE! P8, IF, pRAiGiok Ql%ftf32c Tﬂtu§e separable
for the group including sub- plxel position "
intgrgBtian filtews idlee ketivodtel dipcetigaypneé feibd & criisal dlreah@rmntlséead of non-
o ] t tea 60y .as. | it e
#LBME Hle Eéo‘?aqotl ons?r%i lhl{é% fif %ngfégg’“ cér dﬁlaebgl\?egﬁ) 1%9@1 positions,
predittyonf onnt 3(2066@; MEntust ﬁﬁyoﬂ:)@realrmbytmmaBlzy appliogseahly horizontal

BRatinef Pgaanor S 3ol BRRUT T SR PSR iRin s TR ation. T

R ARimpRNehe SIRMG o thCafIOR fid af |dﬁ9(§tﬁ)nhlnﬁlft<ﬂ§ cOhpSler & 8§1t10n (or 6-tap)
Addi tional details on the predictive coding of [ ter

flises f PreflisHers upis 33 jagelips dekizonial gligienal lersifpr w@rmwl positions “a,”
ef fiCi i&afi 0 It

Rl Sl ISk 0,ROR O3PS T OLs Mhkice ke PRYS) as filtr

suppareandcapplits wirgeul dircoiosaldilent fonstuthpixbl ®sdioss ‘d? tin,8 and “1” with

ROA08Le RS 6 SES oi BOL5 BOETGHED o

rhﬁaﬂnzngnmlplml pReitibAy) i8N dhd ElDtshB-p‘l/)&[ pbgadnsdbFediztib® Minit 32 applies
i nst ead _of nonseparable |nterpolat|on filters_as. used

horizeggalafifterineofirst. Halloweds by-Vistticel fiferdng pongrticylr Birg; Gpllowed by
Hb%b&ntg’lzﬁft&m% , Aﬁ/gnuﬂfet ﬁl?bz LR &steﬂ%r Wi §ep§1%ﬁ)le horizontal and

applies only horizontal directional filters or only

weetrdal cﬁlabrsdnasebt: |mmuteﬂ|1ht2@c@dd@pemh nguamnnt(ﬁ)e above. Wlthout any
sub I ocatl n_one exa hor | ntal

Sy rn% s AOII () ce til? i fl;rso)% ézgpflﬁlcien{gqgat ngscll f D code and sent to
B4 tcapificfehistiens 36(P¢ceﬁﬁcﬁdms; as 14nhd casaoﬁmsJAlemhnfd sgzﬁﬂﬁeaﬂy
dlrectlonal fllters or. sub-pi xel positions "a," "

[AOK7] o wiSeATH ms Jurthesi imeoss,BRg Py BigES gymmespy restrictions on at least
$oe (ﬁnﬁie fﬁ@erﬁ&@ﬁ‘of fifers 3UnBRe fHel duBpixel symmetry of NS-AIF, with S-ATF,

(13 ,, (19

the filter sets used for sub-pixel positions and “c” are not symmetric, i.¢., horizontally

flipped versions of cach other. Instead, the coefficients of the filter sets used for sub-pixel

(194

positions “a” and “c” are derived independently of one another as /4,4 ,....h{ and

hy by ..., hs , respectively. For each sub-pixel position that has vertical movement, the sub-

pixel symmetry is similar to NS-AIF. That is, coefficients for sub-pixel positions “d” and

(1%

“1,” coefficients for sub-pixel positions “e” and “m,” coefficients for sub-pixel positions “f”

[IP2]

and “n,” and coefficients for sub-pixel positions “g” and “o0” are vertically flipped versions

of cach other, respectively. For example, if the coefficients of the vertical filter for sub-



support and applies vertical directional filters for
sub- pi xel positions "d," "h," and "1" with
WO paoegao2pi xel positions A3, B3, C3, D3, E3 aneCHBS{08E€@10267

FIG 3) as filter support. For the renaining sub-pixe
positions, i.e., the 2D sub-pixel positions,

prediction unit 32 applies horizontal filtering first,
followed by vertical filterimg or vertical filtering,
follomed by horizontal filtering. Again, the filter

pqgeq 1?1%31? g su%e%df O ttlﬂgn P& g?(!lﬁltshgf {h%%hﬁ:lal il for sub-pixel

ver t ters ey Ye conpu accordance w

p%gglgh I“P (hz)hdabgzwe stlﬂ? ?1 ]t5§/¥ﬂ l{yrlysed §1 ?JAIE ’5?1}& has vertical

Uce the> hunber coe nee
£89ed| %ﬂﬁim%ﬁin R dllﬂé]ns%?lefg Nz @&’,ts%of 'h@{%g&ohave horizontal sub-pixel
coefficients, as is the case of NS A no

%ymaém/r yThe[S@b POl sSEUAEEY fra Alilirm%eredneﬁpths eﬁumber of cogffpegents that
tri t

AT EIHIEH 308 AR TARHE v

[001(]‘8]3. Al FS-MR, hkSNALALF, tri'age afsb Iutea&oeﬁ?ﬁhalt sg@ohefrpro further reduce the

suh- pi xel OSItI ns " " re not tric,

ungpeP o GopBiRRly 0 pretl solS warederdon, U, shéoder 50. The
doeﬁtc%@l syrhllﬁ@try aeddfihG-gnt ﬁla9fbettﬂeesatmé dseth 19QNIF U@t ftR4t in S-ATF
sub- pi xel EPSIIIOHS "a" and "c" are derived

there @Eﬁ‘e"ﬂﬂ%ﬁ | rogonih @r aw@pﬁéﬁ t%iisﬁmrs hin other Worgls.gheregre no 6-by-6
2]?1f11te \ I SIA§F PG {;Ac}{‘%{ﬂy %epﬁosﬁ%ﬁ%ﬁgp Egb )he n‘?feﬂh& 'fl‘P[Qr coefficients

as vertical nove e su
hdyhdvakyheiMpadinticattBad cduatioc@el.f i ci ent's for SUb p' Xel
positions "d" and "1," coeff|C|ents for sub-pixe
positions "e" and ;m_ t|&1?nts pFor sub-pi xel (14)
positions "f" and ," and coefficients for sub- pi xe

|t|ons " and re verticall Ver si ons
lﬁ? Blch otTﬁé?eforF’e‘gﬁléE?ﬁ%\ﬁé‘W’me é¥m@>¥mﬁp% cogtficicpfesymmetry, S-AIF
RRef ﬁlh“f‘ iy §e\%§1 SHQ &f Ylﬁfq'ilb QQI 6- t?l fiRks, fiRE oF WRRINXBE symmetric filters
osition "d" , en the coefficients of
t ﬁeea@briw@:mreer mmq@fr Cﬁ@fﬁcmﬂs plFhcefenpayng isenfiltars may gach have six
Birey el e SR S RELGi AN B ID oo sond o
tSad Hifto ek umidue fﬁtmmeé‘ﬁclerhauethh o'rdiea birdtahms ub- pi xel

try. _The er n. S-AlLE_ma educe
LR e dn oroRSaF sEhant Rl idismb e St bieto 2 eers for
th&0D sfu[)%el Gsﬁ&%f‘fe"’c*fe’mgs’ o 402coaf Pi-ai"eMiSv.” The directional

400108] S-AIF, like NS-A g§¥ al so use coefficient
dignBay \eopprisq pixHap sy é@d codlipignth epayohave o fpcdiveset that only a

#E@t of! ggoéfﬁcﬁﬁts SRCRAE D %ang;ﬁ?% %é/ g{éﬁﬂﬁ& }ﬁ{é ?lﬁ'fer §|gprpé>rt refers

e coeffircient synmetry use
tashd pixblSpaaitiens dronefite refeatnce MraicAh# it fmeabmam&:rlﬁﬂdltylgl tBe sub-pixel

ri zo | . vertical) 6-tap.filters.,, |
RS%‘?ISES Dl b7 BE oGP Bo B prytl Ve e p Grposition (or
thﬁg‘&rapiﬂé@bolﬁﬂ&i filt@nhadfas Bftegr plxel Positions jA 1, BR, C31 D& E5 and
ter coefficients may have sy nnetr% as |nd|cated in

@q@aﬁlr% AURPPH Pr@%t@nwmﬂﬁﬂ TRaY §oyputc su

a 6-position diagonal interpolation filter that has integer pixel positions A6, BS, C4, D3, E2

pixel positions “g” and “m” with
and F1 as filter support. Prediction unit 32 may compute sub-pixel positions “f,” “i,” *9,”
“k” and “n” with a 12-position diagonal interpolation filter that has integer pixel positions

Al,B2,C3, D4, ES, F6, A6, B5, C4, D3, E2 and F1 as filter support.



[00109] Therefore, wth both sub-pixel symetry and

coefficient symetry, S-AIF filters may have el even
w@edog/1a28ini que I D 6-tap filters, five of whi CPCHDS§2009/040267

symetric filters that each have three uni que

coefficients. The remaining six filters may each have

Ssi X unique coefficients. In this case, video encoder

22 may quantize, predict, cod¥®, and send a total of

fifty-one unique filter coefficients in the video

(001 8| r eamp @O 19l usk I ARRNETH- A dT 20NEBRIcich ﬁ’rEmetry as_described

prediction unit 32 uses directional filters for the 2D

abaie pith etsppogo NSoASE. " b term¢ of subgpixel symmetry, therejare fivgrutique sets

(%frf“ﬂte{; 9ci ?ﬁclf?nts fo-rrll_gn %\%Icé]{gﬁ]?%{lhg E‘%tger];rlsadbt %8 oY é?n?ﬁ/logs RN séogpl%l)i)ositions

‘talvatc, ond’y aad Sutﬁletlng)f[het fwencc fikéf ¢0®ffﬁj’1]ctrﬁs (regdﬁnﬁr@reﬂ) eflipped and/or

transnitie cri.bed herejn, .f ,Iter“ayp ort
tpfedy ¥erpignypau P%Ef PRYLRS ohs r orﬁnt Hedr ¢ ers%ﬁ’d’@ fhegtpmne filter

doBfHcidn®s (U! %e GhitrBrel nﬁlﬁ?&pirﬁydr @&atteﬂ %eﬁ%QS)Pédbeﬂle%klhbﬂ’sn%” and “h”
0 u

MC unit 3 C e sub-pi xel positions
SRS ﬁle@a@@ﬁlter 69e glpnté(ﬂap‘)enw adgonzintal dilisr p@i alti b«nng a vertical

t n e J; (13 L, (¥4 Q :
s BB Aol PRPDET B SES O ShruE Shme B Sfgrciens e
miaorab fippte asdior- mptaxcel Vemxmsl |andhsub g&elqmshtld)nfj”\hal; his awn set of filter
6-&05 %lon di agonal interpolation filter that has
SORYEG8: pi xel positions A6, B5, C4, D3, E2 and FlI as
[t)()htZ‘]?r SUPR @drins o?r(%@ffﬁﬁdnﬂ @yﬂdﬁhbfry mt&%eﬁ@mﬁt ®r the first sub-pixel
sub- pi xel positions "f," , "k" and "n" with a
grgurp@yhtdueﬂ] ‘81 agonad” wﬁ é? 015%& F‘o]rpfﬁ pasejont fligr baydng six unique

dggffﬁ%g’fs . ?%ECZ g‘f&ﬂﬂ ﬁf ter Supp drtlteFSB ?entAGer the second

sruh5pix¢$ grdupebs alné “Bl hJSqESI €D tapditeoefilfdr diaging tlwermatqluy casfficients,

GEpEH sam gty I BB e PrrDeOh ey S BB e v o

2fnld|“be rus60 fliré Eio f41t6Spds@toni filee hp@ha@tik ﬁh@quub eoéffﬁﬁfé@t@n A fourth set of
sub- pi xel Positions“vgg‘”g b- pi xel positions "

falgpr caﬁﬁlcwa}s R oWy b hel- sake Fd| ter Vo it éﬁ?@havmg 6 unique
doffiontsThAd OF @fh bt &pﬁﬁela'agéfﬁ&eﬁt@t 1%? eﬁoﬂlﬁr“ i QBSihe three unique
sub-pi xel positions "e," "g, aring the
walffeichist tTde totolifnlair eﬁtlmq(lteccg:fﬁclmw mdhe@-AIH $qbpled is 6(a) +3(b) +

%dl gLﬂd OStr@t €04 SRS r][S) Thesa 1193% ?ge!fﬁecﬁ)l?tls tnltac}?/ I [bedlcte@ quantized,

e “SANENT | t e¥°Ccoet FYC ein

<baa1a@@gamnﬁmbwe&oanﬁmam, belng a vertlcal filter),
sub ?lxel ositions. " "n" sharin

Tt i1t MC ugEYi i ?f%l%ﬂocleungt 3 %‘w .uaer%lzf Orfmprﬁ;fé‘dge Interpolation

t@(ﬂﬁ’fcﬁl@s H&%ﬁﬁe%qle\‘tﬁﬁ% Qfﬂﬁ)lce @8 QCcﬁl%ymf)fﬁlerpgﬁﬁbﬁ bpghb ‘bixel positions
has 1ts own set of lter coefficients. [00112] In

andforngedyice dleritdr @fﬁtmtsgmiﬁépn yilter coafbeicnip dfat ing¢detot be enpoded and
r S - I- . [1] [1] [1] .

S ] A OGP A iy g o i

radief ih'apd: ént snafyi beeused féreinferpoddtiogr eulnifedsnbat use coefficient symmetry
nnetrlcg filter coeff |en&%ﬁéor t he second

ang plxe symmetry to reduce the amount 0 ta ne to be sent between an encoder and
a decoder to configure the filter support for interpolation, techniques for removing some
aspects of symmetry relative to conventional techniques, and techniques for filtering data at

integer pixel locations in a manner that is similar to sub-pixel interpolation. Offset



sub- pi xel group "b" and "h" uses a ID 6-position

filter having three unique coefficients, (i.e., bis
w@weeeaes), and a third set of filter coeffi cP@nUS2009040267

sub- pi xel group "e,"” "g," "ni and "0" uses a

directional 6-position filter having six unique

coefficients. A fourth set of filter coefficients for

group "f," "i," "k," and "n" ise a 12-tap filter

having 6 unique coefficients and a fifth set of filter

QR fubS hRMIS RQErHIOUR adilitioR 2¥EMHEq rf@teselé@hﬁ’%‘ﬁetween interpolation

coefficients. The total nunber of unique coefficients

filters, pred '@cmlqueg (f¢feq1gd1q:tyebl(ea1);odmg ﬁbyr cpe%(cg:)ltyar@{tlﬁg described.

= eftici fficl.ent .
[éseil)f)l e di ot P‘I‘g i asuaa(r;] épe]i:ljal dia % da%a us{r%tlnéa f(‘velve gg f@tea port with
bipest toadns sd‘tQ}ﬁIiélSlbczMBnynllﬁ a&BrdmhchWﬁHIth:lE idivelagtmet MR2 unit 37 may

may use one or nore of the interpola JQ”»EGQUH ugg e
HEGLE BhH VB 6 S%H%ﬁk%o%ws a?rcu%ac%v ot K n,” and

‘onthelcAYnahé Mhded irFsiRr Pix¥ElalRQS iTh kIR Sasd) nﬂfutlﬁ% %Cs%blpti‘)?el values
nunber of interpolation filter coefficients that need

cogppiscsepiidegl aariaternokation ftltce dhat DisSines péwoidimepswapleprray of filter
Wﬁ%ﬁ% %os%' ﬂrésﬁ gte ;ﬁtse rrééﬁkNéR’@B&é%)S?lgfl)'] h&k) RHRRCSikel positions
thaittsﬁrrpmh(hthle(mb pbeb bmmpjfs&ls tlllllwtratstdén ¢o@ef 4.1 dheilter support positions

LR KRR fosid A i T R o ar shown as

BREPERR db@edCIoRh aBdi [Rvel bsellbtdrifl. SO RAT B7 1@y interpolate pixels in this
i nterpol ation, techniques for renoving sone aspects of

mymeeieryever] Arehe & §idse rliwht Pshamy t2eedin queisdicten block based on
F@@ﬁt@d"ﬁ@ sﬂcl‘tp XEII \lfath?ers' at ﬁ)QSlﬁ&’l ﬁﬁéresg 0 ealradla shape, and has

tions in manner t simlar to p|xe
sumﬂarfpaqluatqyanspoﬁid seh¢ 8¢ pmlnpmﬁltcarseplajrtsused @ DISEAEdbut with much

t echni es, for selecting between
m%?@éﬁg?g?a%ﬂl?lﬁ# ®YY; and techni ques for predictively
[e0ri3fli ng fAsl ¢r be apprbéicice Ten 6. 3l s dasgikélbeducs may comprise

00114% FIG 4 is a conceptual dlagran1lllustrat|n
vigtlfgpek ends quagtei-ped st Whe Antedeldien filtsr fhaede thes' the two-

(ﬁﬁﬁgns%rféﬁhrré}p&taﬁﬁe‘? @§ppohrpo§§ﬁ9§ g%.B Fedfoldafihbhe of the fifteen half-pel

di scl osure,” MC uni t y conpute sub-plxel values
2mdmm@mnIplwaﬂwSBSShqwnﬂméqu4 " i, ok,
ased an t e sha nte i xe
[\(}gi[ ptsoc% (‘:[vavgs)lé/e Or r(‘?‘pe 1tn ]%lﬁ pos%lonsI t)%e sufTotina th the sub-pixel

pb@i‘ﬂ‘ibﬁs Sﬁshapplvwmglaamgnmmﬁpml ﬁlﬁl 104y friclutie rfoﬁrhﬁteger plxel positions
defines a two-di nensi onal. arrg 1of filter
s

% &G Darpad Dy Srllég)ﬁg(ﬁag H@ nipg bal apd qapaxter \pgls‘%ail}es and eight integer-

p?)@é Hobit¥ndTBREB4l begsr i X8| H3OSId £ @ﬁrr&ﬁﬁﬁngsﬂﬁ'é I ﬂlteger pixel
t he sub-pi xel positions as illustrated in FIG

Hosltlpefr Eaghpd the fptes sennoroaitiensindhmntwi-dimessigesl ﬁgaymfjﬁlter support

10£5aLﬂ %xgioml fid gfr%ggvo%hﬁ‘ggv(% Hﬁf@y glng f)(es t10?18§é1£11!1\96nt% AL Sub- pixel

own as Xxes wt ower
Ijoeinbesr.l Bach fleringirhay3foringyrti dftrestjpal @hpepiaxeh :dumig 4 kidgo encoding

manner for ever Vi deo. bl ock,..and ma
RRrat By widgo 590@8%[ eﬁ @ﬁébﬁcﬁf dupag @&Kg ?ﬂd&g&apgﬁﬁéw pigo decoder
UPIR! 18! Db e Vlaélﬁeril-:gdlﬂg%Mc'e@nplfeﬂich@ﬁ ulit PP YrlvalBS pRrality of

radi al shape, and
sets of cocfficient values to entropy coding unit 46 as part of the prediction syntax

clements. As shown in FIG. 4, the set of twelve or more integer pixel positions that

surround the sub-pixel positions has a radial shape and may comprise a sct of spatially



simlar frequency response as the 36 position filter
support used in NS-AIF but with nuch reduced

WO nioenpobati on conplexity. [00115] As can be PCT/US2009/040267
appreciated fromFI G 3, the sub-pixel values may
conprise fifteen half-pel and quarter-pel values. The
interpolation filter that defines the twodi nensi onal
array of filter support posi t1%ons is applied to define
nine of the fifteen half-pel and quarter-pel values as
FheWintcBer i phsitlo01d e dilE he@TpePind YRIERPAT vaIRE edeﬁned by the
i nt eger pixel positions that surround the sub-pixel
ipegioldtiondiltar &-ssHdwr(sw% i HGading in FIG 4, and may
hhel-vyde f nt e 4y
[ngr:lﬂxun di (hﬁél{ Eocﬁ& urﬁ A(éemaggg da qusgr%?dgrcggfgfngt Yaahges and output
taa doeé‘ﬁ@blit Vlahl‘ee géihpnmeﬂporaﬁsm filtens B2, of B4 enébded Ghstrebid, Whlch may

surrou eger - pl Xxe .
E%%,P? F%‘P?émtt E%a“cﬁ’tthef VIF?g S@é?eh %gg’ﬁdi}l rafy 9&40 antJ qogfficipat values
defRediiBngkpeho dndadifRent ishb-Bixeh URRAST sRA G NS, 4 may define

shown in FIG 4 are within two integer-pixel positions
¢Ef¢ranﬁ weightings Her Satwpivr oF nwe iintegsnpixebpesitiqns| tRix¢l sgmmetry may

r r
enco dp tﬂlltﬁ\?} os%tgg)fsf’ E&ﬁcf@ eoa?tggé gigﬁ g&ff%%tjépgél?mg% (}(?rothe twelve or
Idoneumtgga p\rxadi @OSIdﬁlBOd’ﬂlBI@lrprﬂE]SN absyposiitd&dntégmdml N6@ greater than

r|n the vi deo encodi ng process, .
ol ebPhior PR, Py gy R ke 5T B BRplloggtions t rely on
rﬁ%frefd ehvRREd YdouR&d WeigRitds QP YtHeP gixBDlobdions 46 tHAs c&ﬂﬁ&lents do not
of the prediction syntax elenents. As shown in FIG

nepd toske coged fopqcpionsrthatdpee pineleyemepy xeth qibasiseb-pirs! kh@étons
[ﬁb’%legnd 8. %ug Q'c)éﬁéep §|dt1 2H§ Pﬁsﬁaﬁn ad h@lllzo%ﬂ@%%( pixel filter
an y conprise a set I nt eger

oppaet wpihsicspash shrto ht)hmnml rmabmavteﬂ -lthom qu uaalvmacalrmx -pixel filter

S}lﬁ]})(ijfgpvct )e rfeé%%fj Hlkr)%‘l I nt F@%T % tgb g (Bt i ﬁlg)pgﬁl If)cations are

s‘ﬂl@derdIH%tle Qe 1dtheng, &dﬁnﬂ tﬁé seopixki E)lcﬁﬁins wad Ueshaaed with lower case
ut put the coefficient values of the interpolatiagn

1Fﬁtqrtnérang§10$%dr lineg M ugif 8 688 cBMPYtertbab-RiksloRlusaiorderagions “a
*Be’ Jnﬁa‘@‘e"ﬂ} 'éq%ﬁgmé 9 lﬁgﬁtl%fpoﬁ%gh ¢&ier fRACHRAES § BR- dimensional array of
furality coefficient values defined wth
ﬁﬂ@s pemortt posetareh (@li- CfierMﬁtursquﬂ piaxedlsd mutameshmxerlmalues for
4. may., def i ne ., ffer ent ht.i.n

18ca§ s odin theger(p pll Sbé/ a]ajo%lngla\gﬁ%f%r I._L,ntelg)f)laﬁl fI l{cl,r that (ie}/ines a one-
dibsdiorall eayt dffiltabsgiplost pabitioneABIFSI an &hiy aAayl elﬁledleiﬁltdﬁlﬁ)ldfﬂlon filters
di fferent htipgs for. the twelve I nt.eger

RY%RA uss%&w#éhe ﬁﬁ%ﬁn&a[f N6 AHAURI e %‘élFstﬁ wn; Hh?%fgér s
[BOFON | S §1€ab8s atdhatpMal HRgRLD BlusMRIES) fiPé $Blel-by-five pixel filter
symmetry may al |l ow some of tg i xel l'ocations to rely
sonpart fardilisting imvieges oist lqcettlca; el thisi agbet infrgolafforolifeefiltering may

i . | n

‘t%o%gge \gﬁﬁl és %ﬁf Fooﬁlééééﬁé figlﬁgéafélogél ﬁlecfraerqﬁ]}%el?e ate ggq%‘[&? 1IR§ger pixel
valueer IisBlG:. i, Xelexhmaplat inegsr. pixel value at position C3 may be filtered based on

a five-by-five pixel array A1-A5, B1-BS5, C1-C5, D1-D5 and E1-E5. Other filter supports
could be defined for integer filtering. In this case, if ME unit 35 identifies a block of

“ 2

integer pixels, MC unit 37 may filter cach pixel based on a five-by-five pixel array shown
in FIG. 6 (or other filter support) to generate filtered integer pixel values. In this way,

interpolation-like filtering may be applied to integer pixels, which may improve encoding



[00118] FIG 5 is a conceptual diagramillustrating a
hori zontal six-pixel filter support with respect three
whorovaniesl sub- pi xel |ocations, and a verti caPCT/US2009/040267

six-pixel filter support with respect three vertical

sub-pi xel locations. The filter support |ocations are

shaded with capitol lettering, and the sub-pi xel

| ocations are un-shaded, wt h3l ower case letteri ng and

dotted lines. MC unit 37 may conpute the sub-pi xel

N B 8 fIRMiRORLhARESs orcene Rde-indRBHfade-ouRY IR RRIiNdD) $hiser filtering

l'inear interpolation filter that defines a

ronerediove ngiso nad fagrlitaty indgef frdmeshagpeppgr endowgy helprimprove encoding

o?]fngog I\/le'(l)lr\l% nel ?f?bgﬁgéé gl’uéc%ss?]\?evpig%(g frt.qn%gs éeﬁrﬁg@%ﬁfyg !er]lan gymmetry is

dot M@pssed Pheflpolcatifiornti | Tréger-pat filkefrignesy also be extremely useful in

.onedi, rrens onal ,array of fjilter support positions

RBIGHNE G ipHing PEYTPICHHIOT Vg psyFnieh BT Favedagus changes.

[061265ed f qihu§'\)ide%f erfc@@er@ﬂetn@ﬁ)@ vitRb fdeB&der 28nay utilize interpolation-

‘uarter-pel val ues shown in FIG 3. [00119] FIG 6 is
lgkeclofreimptwith ragpesy tamteger pstel @Mlﬁ@maqurd@ t9i g@éﬁfﬂ@yadﬂlilsw integer

I S ty,f Qr I
ﬁ%@gg)talugél t\/ﬁcﬁ]eot eﬁﬁgc?ezr: a2§eoql vi éé)r &%F&{J?zgﬁlﬂ ?)?aln% é )%% aln blocks of
pedfs, byehcaip ki oetel o ahds tolf pl)&ispmcludctsantegete[gml vyalwee Icoﬂr@pamdlmg]m integer

i.n.order to er i nt eger _pi xel | ue

AP g Tons P R Ak (hbhert B og D SO GETERbH Moy fle

tfoBl g&ef vilh&r edebas 8thePhtdbef | E 8t Pitudsi wighiR itheeblods &pixels to
1-B5, Cl1-C5, D1-D5 and E1-E5. O her filter

%?Gfifﬁ@ratdﬂls'@é iteeds @b ¥l Hese whesein the adjayted infager pigl. vajugs correspond
t, 35 f)i n r

t%lhcki 1rgt@g°‘e? &Jl I%Eggﬁ]é and f%eingtgl{r’fﬁ% 2 C}ﬁ@dl@tlﬂ B@asegségn&g% adjusted

1ﬁneg@-1byelfwahles piTke Iprealmtlay bédvbvaan |t1menH$eGlsea t¢ oncodt loe ldecode a video

filter suppo eratefllt nt eger
i oo RitRR Bhorl bl A TRER B Gt G BB RE e dpagine.
[e1App! | edf the tédhhR@els urfoehsd divitigCdh dRYdihgPrRYS, Vldeo encoder 22
encodi ngat tinmes of illum nation changes or scen
mageeicHee dreidpbyigae Slockss addiiteienss, btht:@g% eumrgnt tvec}ep rjock being
dhRYdi eI vifie %Qédi%oﬁ'mogkac*\/kde% %Qodeﬁgemg}r s encode one set of filter
shar pening, and may hel p I nprove encodi'ng of fin
wbffsentsmey eered unl éonieeperdiltreiag sirpessitly encolde aresr more sets of filter
c%gfft elngs! pg::r1 cgde\ﬁhu ntef%g %nte&tgfr ﬁ}térﬁr%gga dlflfgprﬁsledaltlgrrl]s %itinn%fle coded unit.
IﬁXihé ed’iiﬁfnpldJSEfPWG. 60N thaTysiltew Isﬁlg)o(ﬂtlﬁlaﬂor tthie &ﬁtdéfﬁ)rflltermg may define a
r essi og &or vi deo se%@ence at haille f ocus )
‘@%‘%5101{“ b 20t STRLSLY-vilsb VR ofaer Fyothermpre cosffiigisat symmetry
ﬁ@;ﬁ@dﬁ hefecBYIcht kbrh s?oefmla{t@@ieatfbmé ikSrifd bR EHlaR iny a subset of
Wth respect to integer pixel positions in order
the Al didfcecnh dpaiBeionts prstnegdad tpidrteimipg il @8 cosffigisnts éwdb@l éfter. Many
, . i .0ocks
og}gerq{ltey 196%% \I\g ag)ggﬁltaige cl, éé)cg ﬁg%{tglr}t%f-ﬁgggghgg
[ﬂmng];er plIf(die uﬁdzgﬂ:e@elcﬁttemgpcsnﬁenﬁgnied duninggzerdemm process, the
sitions within the hl ock of encoder

DIAUY B EUBRIEE SBEREYE £ ﬁef%s VH‘F i?c%p?sx%ﬁum of % residual

\)t{)i@éol'lﬁ@ckb%ﬁg}&%tétlﬂwﬁ%l heduricht B 8& blBél%(Eélng/ aldeasd Mdt ik Brddit@ion block.
OCKS O I Xels 1O

In this case, thepdecodlng device (e.g., destination device 16) may receive one set of filter
coefficients per coded unit for integer filtering, or may receive two or more sets of filter

coefficients per coded unit for integer filtering at different locations within the coded unit.



generate adjusted integer pixel values, wherein the
adj usted i nteger pixel values correspond to the
WO paoegzo29i Xxel positions, and generating a prepCTUSINI/040267

bl ock based on the adjusted integer pixel values. The

predi ction block can then be used to encode or decode

a video bl ock, dependi ng upon whether the process is

per f or med durlng encodi ng or #ecodi ng. [00121] If the

technique is perforned during an encoding process,

McHROIQINGERORRY B/ BR¢ HERNRE LS o idt§St- Bél&}’ﬂte\ﬁhg' @B BLRAK, as well as

as a difference between a current video bl ock being

setwcf deltpelrfdtering cpetéidicntsi o, bisbiciets thatdeay ]@erﬂ(lﬁ@dléq garratqgll fifteen
ilter coefficients per coded

Se %? # F&QS? &HéfﬁﬂﬁggLﬂﬁi or possibly encode two or

[(mm] set s Agfair i ihtcgfolatioafliki cliding perintegd epixelnwﬁluéso rnay improve

integer filtering at different |ocations ¥h{h|n

CUE i Peci IR TR BENaGPN EPeRec SRR qderipypr ade-outs, may

1@1‘1‘1@9@5@@6 BRI tdchRatk qltnﬁ&efralfnb |sh§rbérﬁ19%r%}zl fB8f hé1§ iRprove encoding of
-di mensional filter, e.g 5 filter wth

%fefqbeftct NoemeRs hebYesn seesessivecyident fr@}}m@@wﬂ%{w@m symmetry is not
pYIC T B RRSHRCRAND, FOREE ThRgSRS ABEEIL who found 1o be

axtreﬂnéllycumﬁlls c..eton depiese tcongedsepn) ne vadeb RKfguences that have focus
oefficients for the filter. Many other filter sizes
AfitF°Shapes may be used in accordance with integer-pel

[00124¢r i Ng.ChPEBAAIY, intérPSlaticd-BREERtARR if hbttRFfoRBed Br integer-pixel
per f or ned durlg%ba decodi ng process, the techni que may

Rs)émgm geAlfe dbytend; g carrespe gg rrxﬁ%aeéalxel RRSBI0B| 1 e rgfrepce frame is
q}csecﬁ“zrs §‘" dlg?\!ve%ﬁr qﬁ th&)lr Qfﬁ's gﬁs%ﬁ)sﬂ}det eb fler may be used for
ent VI ock belng e pre dict1on

1btlegcrkplxdl rloctatw& inas@antiein ¢had mmmllagtodletﬂqmat(oas g Interpolation filtering

desti nat. recei ve one,set of filter .
oBleer e Rt R FionS SRS, ¢ FESolr et Fiiel iy yeser-pivel
ﬂwﬁﬁoﬁﬁﬂﬁaa&ﬁ‘ ckiVID Thius, TR Blt&@teSofQhtefdripidl p6QeddsiiC te@&b&l to herein as
er coded_unit for integer filtering at different
IP@Hé’ﬂ%t@HélkWﬂhﬁFlﬁg’t%é neyydesdVigwed aEsigm i GHerineuthp intpggy-pixel values

tt?%&?er%ﬁe@ dﬁE’tE@p&@fv%l&fs integer-pel filtering
coefficients, as wel|l as sets of sub-pel filtering

[00E25( i ci enindike entgrpola@plg Hiltegag dort $vdtpindypobisions ehero the goal is to

(g)ggl?&l?@gﬁ%ﬂale)lflgg&!tf‘%ﬁ ueeg Set CS e f(ﬁ)lieél(?eglof n‘lgi leend thT%é%rteIgeors IOI’IS in the

eferdniot GERE afrcaddl exvedd. UESt ﬁlfqﬂylhg'ﬂﬁllté)t\{@ @rofmrlﬁtsgrqu(el posmons in the
§e0|f|cally duri ng |Ilﬁg1 ?tlon chang scene

PieEaCE fiemgrotfeaya n&m 8T ofgscfifmoler %r@ mnflafegffr~ﬁl>éﬁlé>051tlons

doHBGE af F AL, SNALRE N MG ARG R cINFIsRidnIRAAY %11@\9 C&@Iﬂep @apture of
of fine object novement between successive vid

lflularmgorpdmgmea\weyl fygmens. S\detonely.ifdtering on ﬂpolgwgermxel positions
%1:!1}1 {IE)RV iy %Ité e?' ? 51tl: glg @J“@a}g’ﬂ}%é §iec apét?e%‘tes su@l?gﬁ fade in and fade-out.
SO

ering a oun reme
Hlberlrrgwmwle: ameypr-essl positiond niaydelo Sremueencmant Is@halhﬁmaas (such as
focus ch nges. L .

camera nmse?a or performs sharpening, if needed. Furthermore, if no symmetry on the
integer-pixel filter is imposed, the integer-pixel filter may help capture fine object
movement, such as object movement that is not a multiple of quarter-pixel. Finally, integer
pixel filtering may also be useful in improving compression of video sequences when focus

changes occur.



[00124] Conventionally, interpolation-like filtering
is not perfornmed for integer-pixel positions in AlF.
WO pEbvaxd28 t he corresponding integer- plxel posi PCDIS1009/040267

the reference frane is sinply used "as is." However,

in accordance with this disclosure, a filter may be

used for integer-pixel locations in a manner that is

simlar to interpolations. InPerpolation filtering on

i nteger-pi xel positions is technically a m snoner, as

[bb‘f—'l6§" xel 1y @&M@%S@Jncésntlﬁ%[)faﬁbﬁ(?illteﬂlggsbf in@é%%r- pixceAions may be

exi s Thus, the filtéring of Integer- pi xel positions

degendshienmadmototheectitn ds ofher evog)dﬁ MG omitl Tkef prciliceon At 32 may

Bt n?[lvngyapa)%;(\( e 1W‘t:3 g%lot%lo geé%lér ée({s o1, \‘;V A oﬁ% g%ctor 1derrt1fled by ME

unal ifesFor 1@&112(5] 1dr.!frbolhmn fittan;cgo(bfalhtegér-lﬁmd:lt@mtmgs fray be performed

sub- pi xel. positions, where the goal i pbtain.th
tEW‘QP%‘EF CGff] ROUES [y HESEFTs Elégéﬁ’é‘é‘o? T ﬁ‘émt?ﬂPS’(lé‘il%“ glﬁe“ng may

reffieReln ReSdd PRSIl Vdlud ﬂﬁ th&{RERASR el E@s"@orﬁ' WaRAYhe motion vector

exists. Yet, applying filtering on the |nteger-p|xe

N9Ys 1o @nibimixal h@sm@flen@rf&f@rmg afrantegdranixel popifiamers pfrformed with

e I
rgsgorel? aﬂo r;[ﬁ% rl]d: %e]r ?@W%lﬁ?sf é@ﬁeﬁltér[}# %ﬁé B? H q fé)fr) gﬁérf}&)]]g{]g‘n of the sub-
g iviiuon s Imrtys mbhew 1begerepslxdaﬁitmng nody b ctdmmdmadladaptlve based on
chanqgs bet ween franes. Additionally, filtering on the
&FBi xel positions may al | ow the integer- pixel
[BOBI7) | ONS Fop ik@EdriPie] SRRRIoA!, £ILBCS SinkHfltds fikdem the form of

and fade-out. Filtering on t he |nt%£er pi xel positions
cqrtion (49) paybe dertved psing theisgma Rnapiicebrocess dedis deHpeihg sub-pixel

@ﬁﬁéﬁkﬂ@ﬂdlor perfornms sharpening, if needed.
urthernore, if no symmetry on the integer-pixe

filter is inposed, integesr-pixel filter may help
capture fine €bjeé£5§§%éhﬁ nt, 'such as object novenent (15)
that is not a nulti'pl’e of quarter-pixel. Finally,

WH&@E@HS PhoX@ikeréd ln&@ﬁef ﬁﬁeln%)l'ueél'P%Cis BR HeeiixdlValue at position (i, j),
lbE’prowng conpression of video sequences when focus
a

Hofbs ceeffigient B pogfion K Homd Pndt arfties offidit dp pematifsices, the
Jlfeg}o%{tloﬂ gill%f fdr Qﬁt@%ﬁ-pl)&'l 5841 (pfﬁsth Qd?gha{;@é( ﬁp[@r 6’@8@? Q%e P = 0). In
upon notion vecto rd uni t
cphﬁdmmnlccmthscrﬁlter Gﬁsemagf raualpste laxe bia alpplbey of haehmques

t|on fil on the notion
DEFIP RIS GO b difiied e RAREforac dalBh, CF o KESiifgpont ofscts
thayt Iﬁeﬁ‘ddflﬁgd &r chdl REQixdd b¥lionndSivhii® FEG.MBRYA Rehp S k@ mithe defined
when the notion vector points to an_integer-pixe

febdntegsmixethbringing: gisi %ﬂtalolwml?qrt Ar P SP%%f-‘G} t Gonpeading and
(%gitﬁtﬁltl)ﬁ SisRInk@'U. Y &t APH1id e n ISRFi£I986 - PI Xel  paRiqthPRarczewicz et

e notion vector points to a sub-pixel position,
oahdhm@ﬂmhéoﬁfsEﬁSe@BrSQB%@XEbo&ESQbHEHJ@”ﬂ@aﬁmgdadwtnumbm

qgll%r lEf SPf i vx; Q ftluse Bnt%le%grrne p(i as t al pl%eeseh a]%]%lé:atlon, and which is

eri'ng nay or i nter pol ati‘on o
1B¢tbpcbrmeﬂ headini@$ . refefienichli sroniden @fany iadti@igedl- qutalkl on the use of many

may .b i dered adaptive based on
of%sets or c{] %erentyplxe an(? su% Sxele[oca?ionsp
[00128] In order to reduce the number of filter coefficients to be transmitted,
coefficient symmetry as in equation (16) may be imposed on the integer-pixel filter.

fori,j=0..4 (16)

FP FP FP _ 1 FP
h hl4j h4l] h4z4]’



notion vectors. [00127] For integer-pixel positions, a
5-by-5 interpolation filter in the formof equation

w@ 1®p/1z@ys be derived using the same anal yti cal POT/US®E%040267
used to derive the sub-pixel position filters. where

pFP is the filtered integer pixel value, P1J is the

i nteger pixel value at position (i, j), hFPj is the
coefficient for position (i, 3%, and oFP is a filter
offset. In sone instances, t he interpolation filter

O@REr foRhege Eoe@fléﬁgﬂt s@ﬁ’l?de&ﬂy%a%/ ARY b QlednaYBethier doleffﬁﬁent symmetry is
of fset (i.e., 0). 'In‘other instances, the filte

ighpsedtmaFR dmyiedl bE ﬂaﬂrfyw@der andhsigtyded tofthe deshdérgubthe Symmetry as in
C)];lfs t?lgegcpon t%fe 11 gge? Pn%)éféﬁerdg“?{? Ig;}g%{ ]::()Oefr ?1(?191?[9 aid P E‘se)% %1ay need to be
sﬁﬁﬁbﬂ&dkk&kreach sub pixel posi tion shown in FIG. 3.

t her offset eflned for teg I Xe
lAﬁf%a?E. ng td?émlg(ﬁ erlﬂa‘yo'F’e 6‘1‘@&’&% Eﬁggatnéé‘i‘?ger offset and then
c@@rn?eéﬁgi Rdctndl SRRFIOH Hhid&sé gﬂ@ﬂltééergoff&@taﬁﬂ”the fractional offsets are
ication Serial No. filed for Karczewicz et al,

c&d@d diffierenflipdl hwwspmnw mdxémsmgsw@mmmern@hﬂo}p@lb code.
98580 DYTRED QRPN WLEIARE LR HRELSAIPbe qunics
diffemnm)}ot}mhetde iete gir mfﬁyt r Eéememqﬁc qorovi tesls mdmuantization may be

addi ti onal .det ai t he use. ffsets for
SPPbpRIfe saskieh eSS e cit infisehol e fobige agpitude.  After

cgl LAlatib® thEHMGRNAINT B IS beQodéd hdi®f fitebhdtl coMtkS AsQn example,
e transnmitted, coeffj_cient symmetry as in equation

the B)lowane peudmeRsisarryoHustée hovt 8 gsien pﬁ%qma% pffses may-be|coded using
f|C|ent

iftiefh fixch Ungh fls achined B3k 4tin BB e AL

sy nmdiet yifsesl berthoseatenefysecbe deci ded by t he encoder and

sign ecode the synmetry as in (16) is
usedqﬁﬁogﬁﬁbﬁ%ﬁggé?n%1L%ﬁ“?lIter, then 9 filter

coef flice bR EbiR M tHe Miniteebf HrayiseedubaiResemt to the
decoder. k00129 Codi ng. of the offsets nay be done by
fi r stlet ahrnGedhf abselaserlusif et and then coding each
fracti onaligaifstREw) ln)thls case, the integer offset
and the fractional offsets are coded differently. The
i nt eger of f set offegtFlpts Tdded usi ng si gned

exponentia Q cod Dependi ng on the magni t ude of
t he |ntege#egﬁﬁégﬁﬁe@¥€3*ractional of fsets may be
quanti zed dlffeﬂBﬂFMﬁzihan the integer offset. For

exanpl e, g?rz (kgvels of quantization nmay be applied

on the fr& filsets when an integer offset has a
| arge magni t udgerAFkigr=2
else

offsctFbits = 0
[00130] In this case, video encoder 50 may use coefficient prediction and
quantization unit 41 that for cach of the offset values assigns a first number of bits to an
integer portion of a given offset value and assigns a second number of bits to a fractional
portion of the given offset value, wherein the first and second numbers of bits are
determined based on a magnitude of the integer portion. In this case, the quantized

versions of the offset values may be forwarded from prediction unit 32 as prediction syntax



quanti zation, the fractional offsets may be coded
using fixed | ength codes. As an exanple, the foll ow ng
w@swadassede may il lustrate how a given fractiBCEHIDS2009/040267
of fset may be coded using different fixed | ength codes
defined based on the integer offset value. Let offsetl

be the integer offset Let offsetF be the fractiona

of fset Let offsetFbits be thel’nunber of bits used to
quantize offsetF Let abs(a) be the absolute value of a
didh @IS (Rl Rightization QF uRf §8gt EQhéssls‘peﬁfoﬁh&?consmtent with the pseudo-
i f(abs(offsetl) < 3) offsetFbits = el se
dofl¢ alry/cof frsatyl cpse video ghdoglet Hbingy encoge tedustofuibert Fihitsglifferently
= 0 1 case, video encoder 50 may use
tg%é % %mgg%mﬁggﬁg%ﬁlon and quantization unit 4 1 that
[00131(13 ach #iGt hes akcbseptuvbliugamaisiastgiiag dodri inepempird giositions and

to.an jnte portion of a gjven qffset val ue

fggﬁi? pg’f% RosLiRgs i thahskne & gB(?Utps%’tXBI goviionst fhghgpay use pixel
seﬁﬁﬁét@nfo@fﬁﬁéa S oBieRMtOEdRRtenY HiHE thiMIRCRER! NE E)aﬂh@ﬁlar FIG. 7
and second nunbers of bits are determ ned based on a

iHasgiates @d@p@q‘el P@ﬁé’fquﬁt“ gérropdy {4 rerresponding Jo dateger pited position C3.

e. S

%%\%grlétg% }5 O%p[?'o Olt\%lnlnaﬁ;lllét ?é%ﬁ(é%k&%sto CSF ?gEIGS. 4 and 5. That

isysubapied] eltmm)ss aé t’ é‘[f ”qlgai’nt‘u 28t tn” Ofn, T ke, ”oefnfds‘ef’ may hese values

erf rned onsi st ent MAt t he | do.code abav .
iyt 8 ivaBS i st it SHayt ShEDad- SHESH HOoResRons "o
‘of Bid “50 dighd aitepiktlylobiRas the “:ﬁecmd“m’um;e ha@f vRidsSdetermined by
[00131] FIG 7 1s a conceptual diagramillustrating

Fogigentplng Jiaparpixed punpess shogwsnad. 3.1 f t een sub- pi xel
96’1532 ' onsh‘{"'tfdés n?r%%op% %égrg{p% ; Cge?fﬁﬁl:p&e‘an%chhﬁﬁt the filter

se pixe ents
croefﬁclemsefot pwict locathnrs“ail’l aclkpamecey With pspact eutharfjlteFlc@ffidients for
il trates Su itions "a" r ou " 0"
sy B Bharng. SR gBRa i etp, St B e0scgych that the fier
@Yficiditsege m@l ¥rhtidhOsd "t dr@ @jimﬁlbﬁiwﬁwﬂt}ﬂreﬁ)@t tof théCﬁlfee%@&ﬁdlents for
to t hose of FIGS. 4 and 5. That is, P
dacepers 1 e anel qymmet]@/ may lpe 1-mpojsed-suclp(that hﬁ,]fﬂter- qpefﬁ%qpés for pixel

lo@atloﬁaé/’ Q@gﬁ%@ﬂrfé%th respect to the filter coefficients for pixel locations “g,” “m”

and “o0,” and pixel symmetry may be imposed such that the filter coefficients for pixel

“ 2

location “i” are symmetric with respect to the filter coefficients for pixel locations “k,” and

pixel symmetry may be imposed such that the filter coefficients for pixel location “f” are
symmetric with respect to the filter coefficients for pixel locations “n.” Therefore, only
cight sets of coefficient values may need to be communicated as part of a video bitstream in
order to enable a decoder to gencrate complete sets of coefficient values for all fifteen pixel
locations. Furthermore, for any given set of coefficients, coefficient symmetry may allow

only a subset of the coefficient values to be sent, and the decoder can generate the complete

set of coefficient values for a given pixel location based on the subset and coefficient

symmetry.
[00133] One aspect of this disclose is to actually remove any pixel symmetry
between sub-pixel positions “a” and “c” relative to sub-pixel positions “d” and “1.” In

addition, pixel symmetry may be avoided for sub-pixel position “f” relative to sub-pixel



determ ned by a twelve pixel support as shown in FIG

4, whereas sub-pixel locations "a," "b," and "c," and
wGaaiwopeeees | ocations "d," "h," and "1," may haRE€T/vsio0L640267

determ ned by horizontal and |inear pixel supports

shown in FIG 5. [00132] In this scenario, pixe

symmetry may be inposed such that the filter

coefficients for pixel locatid¥h "a" are synmetry with

respect to the filter coeff|C|ents for pixel location

po‘§1t10n31 Mg 8ddidon, Bi¢EdynSHOFEHLY baR6iRA thi R8sk %quhon “k” relative

that the filter coeff|C|ents for pixel location "

tarselbwmhenpﬁlitlcn Wnt'h Ineslk grsaso diagend jdorrelation exfalyi d Lin’t smaking it

1]%168{%;%%{1 1nf>ﬁgc%§/| érpp%sgecﬁe%%ogal &m&r ylnﬁgélrg gggﬁgg g%ht sets of

coefﬁc&m& By dnme peretatovall hﬁﬂreas pacHf t@fﬁd’lﬁlti ay é¥e a larger set than some

coefficients. for | ocations "g," "nm' _and "0," and
Pry@ions) ﬁ?f%mqye%a;&fx s HBEE Y Mmooyl diggnsion for some
#aRE hixel ﬁ;aht%ﬁsorlngbm%lcake@c alab @Al pixel §FrBmEWTERA WiagomMl tcBefficient
respect to the filter coefficients for pi Xel |ocations

Symmetraﬁniayrhe)@éltrms%tedm avpidedijo Hlow fopyarencs icthe versieal diacnsions.

r CO I; i xe (0] |
[g)t))/ig i tri C(:I‘{e e{ﬁhg ggﬁré é? FI@ J/Id% Fx?cé rd<912%2e gr%aygclfegeﬁ?nne elght sets of
fdtex ebefficieats iant s1s¢ the ‘cight eetefocﬁ ifidter ondffycientght gsetase alf fifteen sets of

oeffi |ent val ues,.m ed to be commupj cat ed, as ,part
GRESOQTHED srrePPRunt 1o Gea e SHEBRG laS st hibed By coefficien
s?ﬁm%@t@dmlsmeﬁﬁtaﬁdqfu 0 @fef digHt @Btk of Hitdeock@dicrd hs part of an
ifteen pixel |ocations urthernore, for any give
@é@deéfblfég@ﬁlf i Eigbhpds OEBlé@rqu@ff@#ﬁntsS%‘rb@ pytpﬁhzj{vrﬁwr@woded unit of
tHQ laﬁlco Octr é)to %g\tefrél%' gtﬂ}engc?sl H&re élghtl%gts%? Bliter coefficients
eco nerate e conpl et e”set
muelﬁa‘omplmﬁd)r dxﬁfd:mmsarefasrofacgdedemum xel location based on

sty of TR R G cte b e oo Tt 1y PPanih el sub-pivel

Ipéaxich shywhHELN FIQ) €3, Weenths Wighpi 8l t}&oswfﬁaaa sy&hmﬁf}d and 'the pixel
relative to_sub-pixel positions "

syBaatyslsfing filte sugpasisder gy cpplales] a%ﬂ%far p%irsuéwebl%ron Video
d%@@de‘ir Qg’ Bf ddstin&tRhnkii¢e 16 ‘fha?LﬂQ:eR)e)%‘?éh@ Q&4 bi @ifer chefficiefits as part of an
dition, pixel symetry imy be avoided for sub-pixel
qno@deﬂlvmdt:o Hitstreas, genwratetidicosn B@t@p&ﬁlterm@sﬁme@m coprespohging to fifteen
(?#g??tca]il :ﬁlixe cﬁacsg’[ocgas:c Colﬁ\r/(grll t OI onn%gg%etsdl alfg%’r coe@l fglts generate

isterpoRitedy prelifativdridsta tanfdeo dedelingl Batd S)ﬁ‘t(fﬂlef the fifteen sets of filter
fici all fifteen s

Cg)g Fcrengs; gﬂpglﬁg&d@&g@o P.T&Sr at 1gtye iiar%ﬁogr@ﬁ?@n(?s to gne of the fifteen

ERRRNub YN 1dc8EHMI Qiéle&cd)d’&s&lfe%& nfd%e SMBIBloEYs Ba%e 8Y @ledB@rpolated
in the diagonal dinension for some of the pixel

Iredieftvicsiat. | n some cases, di agonal pi xel symetry and

[g nal (Aqq%{slt %'for of %l)f Bh Yer!BY {' ﬁgr g(le 15@% gl%yor{ave coefficient

avol ded to a va nce in e ve
sgimml sols thaf @(gi@ﬁ]seﬁeftb rcmfﬁgwaig@lnﬂndtry deinfprisds a vutdetoof the filter
&oder 22 may B ne ei ght sets of
coeflicients assoc1at w1t a filter support for a given sub-pixel location associated with
the given set. Thus, video decoder 28 may gencrate the fifteen sets of filter coefficients
based at least in part on pixel symmetry between two or more different sub-pixel locations.
Moreover, video decoder 28 may generate the fifteen sets of filter coefficients based at least

in part on pixel symmetry between two or more different sub-pixel locations, and based at



filter coefficients and use the eight sets of filter
coefficients to generate all fifteen sets of filter
w@eombfizedpent s corresponding to fifteen differ ePCT/US2009/040267
sub- pi xel | ocations based on coefficient symetry and

pi xel symmetry, and output the eight sets of filter
coefficients as part of an encoded bitstream Ei ght

sets of filter coefficients nly be output for every

coded unit of the encoded bitstream or possibly

1S45Y & ﬁzjtrt B %Héfﬁ@@ﬁ@%nﬁﬁet@@efﬂeg b&r §?¥V§n QE¢ dulch 1Rk the glven set with
coefficients may bée output for different areas of

odwtbnt aymmer) 04BB]iscT esubidt tod dhe §lr§crscq¢&ﬁq1@§qomsdcmtgd with a filter
S%P']g dr fo?%lgﬁzegguléglxgl lgga?ﬁ so@%ked%& tBe X en sé%cat i on

e coefficient
[ﬂgrim]et ry andid hie ;ﬁirft)eei S&ty rmast E()tredﬁfndnﬁ [ATES aalf@appmr fysarter-pel

i) Gsitor P it T RaE et U8 Rl DB igen st of

Bt B@efﬁ@iﬁ@ts afa (lérhézﬁ rdltﬁ&ﬁfofn' a8l 04 ﬁo%n&@ﬂﬁnéﬂgloﬁ%ut pixel symmetry
encoded video bitstream generate fifteen sets of

does tnet cxised jaciliagang] donensipofediatdeasy sping tafethe oﬁifﬁefeérS@ﬁt of filter
e

SRS ) SOPHATS oFARESrBTAANE, Bl SR £ e o o

tho fifteendes ﬁbeadndrlz@taﬂaﬁied sum)ortnmoodif thh eight §ctemny defiige thfce of the

| ter coefficien wher ei n. t.he | erp t ed .
fylosh eiione ABTETR SURBHEnd SO RS thi B M P dfine nine of th
fiftdeh efe@NForsy Rwlldk@bnsi RGRLHIRA SupRd  dBROER -@RRNSbNIDEBport may
vi deo bl ocks base on_the interpol ated predictive data.
({og(p]_lgq;]i ugaful] l2gresitiop fitep supppg S@ﬁr@ﬁ{dll’g@‘tlg@ PHo-wixglpepitions in a radial

ficients may have coefficient symmetry such that a
given set with coefficient synmetry conprises a subset
[00138he f i [Spedificadlef fHecinemiodated pedictive dataindy a)nﬁprist difteen half-pel

ppor.t i ven sub- ocat i.on assoc:|
PHORG b el aiEe SR BL i baehrB e RGEnBHES deh defines o
thlofdlﬁeﬂilslcﬁﬁI Srr@f of t\}vél% ﬁﬁ@leilfplpﬁﬂt gtisiokasad ﬁfovdnelﬁSEIG @&, that are
rt on pixel bet ween two or nore differe

@abedp'iomﬁn? 8@5@% %sﬁﬂ% halbpel andqugeer-prd yalyey ansige. &ag;llso shown in

Ig@in gl‘ %@hefalﬁﬁg ftlﬁef Iﬂ?ﬁ%gblét@& ?re‘afctlfvé ldg_l% é“}pﬁlfl’l]ilblcé(ﬁmr%e gﬁﬁl?glg linear
least in part on pixel symetry bétween two or

ldieméqt@ntflltsnﬁuhgl dcéhe b@@élmemlsnalaimaysoa%féktbratlpmfsposuwns for six of

a defined f gi ven set

B EhedthafiRLe BT < GRp R BICT et ry

[001RY] i Ses }H)rﬁuﬁsbkyrﬁﬁle@anﬂllh&@bf clagbhilciyeith&ry can be seen with

associ at ed th a filter support for a given sub-pixel o

Tethes P SHP-RIES 55’@@8 i A “Ehet yith BIpest{o subgwied ppsifiensi 1, and “k.

1hBisfdafd %ﬁmuﬁ B pIRY I‘pQQﬁ&%s‘Q@ neld b9 ameimhatit wRRlk ARGHzontal X

quarter-pel sub-pixel |ocation. Pixel symretry na

i Bet ey logs ﬁ@teqxéhﬂlooa esliagpnal aisfiprf theserpixads sucpfthat sub-pixel

« o Gl rt.cal &_» o
E%artﬁog% . ({‘jl lneaggglgtnéﬁ?)rﬁu?t}/lgi\&{eq s e%'t 'gc?g% %Qelapo%ltloﬁs and
resqicstiveiyn &rrdllaﬂg,csmmplm peNitsons 111’T zmrd ‘&t afmﬁtmesmrﬂomg a hbrézontal X

fifteen sets of filt
axlls ut symmetry does not ex1st along diagonal axis for these pixels such that sub-pixel

locations “f” and “n” are not symmetric with respect to sub-pixel positions “i”” and “k”
respectively.
[00140] The pixel symmetry means that a first set of coefficients with respect to the

first sub-pixel position are symmetric relative to a second set of coefficients with respect to



coefficients. As explained in greater detail bel ow,
two of the eight sets may define three of the fifteen
w@ea09/126928 a hori zontal filter support, two of PEEUSI0g9040267
sets may define three of the fifteen sets for a
vertical filter support, and four of the eight sets
may define nine of the fifteen sets for a
t wo- di mensional filter supporf. The two-di nensi onal
support may conprise a useful 12 position filter
thd! Q&%ﬁ& s§l§’-bfx@p{3&'1tﬁ91 N Reexai ?Iepb&%l 1RESA PN Ik symmetry with
radi al shape Specifically, the interpol ated
pspedi ot pived ldeatian gy’ @dmwmlslecaﬁuom“é Mahaixel perhmging with respect to
I l,, | rein -
p%y %é(}c%% Ig fl o\rl?ggreijﬁ)?atlo% dgf hahs s¥mmef %1th res \é% oi}xrely &tion “n
zmﬁ pﬁmldlzetldri ‘+t as S pomncposiith rosiRct t€ pgxel lc&bm\m“ld ’h Plxel location
Fl. 4, hat are applied to define nine, Qf the fift
ol S BBF @ﬁamat@arwe@ TepReFt t?amlaﬁslosm@ns e®g. Mafld Cho ¢ shading
showh! & FG. Cenphdhi®bed Mgis | pker Rehaked, RIEdivain BmeRha shading
may further conprise applying linear interpolation
qomeﬁp@ndmg tiapixeldpfationpihat f encGisayithacsregstogthet pixeklocations. In

HaPRero PPb T gbRp BLriofuiob Bopt by SER 1Tk i ppymmetey)
thigr ot @kffrymmefor allafiftteh gitel (bcﬁcatjbmasg ohadddstynuretithyn € given set of

G%Effﬁ:%?l?sw\é\%ﬁp &ur es&gﬁltlettltaolg%ggﬁ LSUF H%E?)}Plfyl on sqt?of é%goefﬁcients in
tflzlﬁ set dfRotflficRnE RS&s 16 YOcoiaBiektePiviR Ithdqﬁ@tr&ar@ns "a" and
are sg/rmetrl c along a horizontal X axis, but

L991fﬂiét ry dde ersedends fanBaiia crrodebideo ahatasbysgg on interpolated
pixel

ARG PP LSRR Pl OO 0L AR,

duattergped vabies,r wbgemt theeingerpdbatininl ﬁ}td:rydefm@b-aptw(cethmensmnal array of

ROl Sty Rty wele ATR0p <l BN & G HGRT hepet and

@P&ttér -pedKaltible SBenpiaxig thesredtet! I%tteo glefa-basodein 1h1@q3@lat@n&edlcuve data
“f" and "n" are not symmetric with respect

to
ah fihes| coppsine gl ine] incgh nteppolafig p@m Vet ydefipg ppgglfmensional
alaSs Df Fdr SWEMO@QF Sixbirade fﬁ“[efeh i tp§le$nd9ﬁ1arter -pel values.
coe ficients with respect to the first sub-pi xel
[961342ﬂ| on &l€. $pamenciptual éiagtanvélustmtlag%cdmaomglthr@ﬁr pixel support
p08 ffl ? eék{:gerlatléf)%a raessu epcl;)Eel ip?)glp g = Icgnlgn Sh.aaﬁlg shg})vs coefficient

mmﬁyr VinWhik haie@ﬁ@t&ﬁ&wﬂit@ymm@dy Ihﬁﬁl@tﬂhz@ ltbnlthhree&ﬂl%r [abefﬁblents are

l o "d" has_pi xel sy try with respect. to pix

neg ﬁ%ﬁl 1q2 anp3dp ofqse i g%ﬁle tﬁ@ CIHUE S‘ih(’;féPef@ﬁﬁﬁfétf?‘S/fe Iter support

Msftliani @?%Cth i% Hirhelrid RRIA6002 10symAREy Ritk @5 4rAa@ isQmmetric
N pi xel metry with respect to pi xel location

wilgh C4p| I(lg}s pld(ga icpgoe meh‘gsnepq‘i )t@|be symmmntoptodj astpart of an encoded

Jlﬁe%gaq%{ree{nﬁ i 51)8&1 tol'__c%gﬁé }}1%&2‘[ ofgs’l coe@imelﬁg geedgti'l to JIH%?polate sub-pixel

ng s 1rates
wyitioetby, e. g., wi th comon shadl ng

[00143] FIG. 9 is a conceptual diagram illustrating six horizontal linear pixel support
positions relative to a sub-pixel, with shading that shows a lack of any coefficient

symmetry. Thus, all six coefficients are needed in order to define the set of coefficients for

(13 2

filter support with respect to sub-pixel position “a.” As noted above, however, pixel

(194

symmetry means that these same coefficients with respect to sub-pixel position “a” can also



corresponding to pixel locations that are symmetric

W th respect to other pixel locations. In this case,
weombfizedpent s for eight pixel |ocations (togetPer/usion$040267

aspects of pixel symretry) nay define coefficients for

all fifteen pixel locations. In addition, within a

given set of coefficients, coefficient symetry may

exi st such that only a subset4lof the coefficients in

that set of coefficients needs to be comunicated with

BehRedtd &drlveam ﬁ[télosjagﬂdrt ¥r 480 pBRE PSR 2 G2 FIENEY. aTRus, only six

encoded vi deo data based on interpol ated predictive

agaffeeicnishiencdit bterv@mrmm@qa;ndl aﬁtmﬂt of ardpredoided vidge ditstream in order to

c&eﬁg?{ev:v(ﬁ glﬁqe nlt % e po a(%ef 01e ? ady %’e%?e:ﬁ%"gae‘ SI\fbap&glsposmon “a” and

‘eWWo- di mensi onal array of tmelve filter support

BRPben” b o @B ok ReET AR IE S rengine sppor

PRRIoBNAAABRY, w3 deD kAl pﬁ?e?%ﬁw@ Qo lBYHPR! 8t eQvith shading that shows
predlctlve dat'a may further conpri se appl yi ng | i near

qonff@rq@blsamn@mf i Int Byiss casgarcofBticrfesysmactey moasy drhlonly three filter
I'

PR AL EBTah PESH ARPS s P taffe S g or

fﬂteir$up\pc1r0pommnnsafk3 dlea,g(EanDBl Emsahdai‘& n@3sis xyhoratizomtithl F3, B3 is

slgi})gne E% gpckj ﬁg(ﬁ) mqesﬂy\;cltvﬁﬁlilagérfﬁgs y eJéﬂLI Veﬁgtgments need to be

d’éﬁﬁﬁlfﬂl&lte‘i‘lnis §é/rﬂ'f6|3tah)/encbdhdt Hidso GasianCREbIdeE t€@bfine the set of six
symmetry nmeans that only three filter coefficients are

Wéﬁ”@@@t%r@ﬁde@to intgrpalate seB-vixel pesitéan e’ define the entire
faspl coghdi i gt 1ididoBim SHRAKES, POSELEAN
Bl PG L Rkl Bl FHBRRGH GESb ey piag] suppor
@nitiol3 relatn&y et subepinglt hwit4 shafimgs thao n;lhyw!s hr &gk of any coefficient
coeff|C|ents need to be communi cated as part of an
HOS4&d video bitstreamin order to define the set of
HiuX gloefxf &&E@diérﬁs areatRded th bileetPdbRtethswat pf >é6éfﬁc1ents for filter
position "b." [00143] FIG 9is a conceptual di agra
%uPIPQI%WFtBtr?Sd?@CtéP RubriReLRnsttion idih ddrmofdadiove Jiopsy e pixcl symmetry
Iﬁ@ﬁ’lk @ ARsE §z{n§é b%@ﬁél&té"w%ﬁl?es%b&qg ’sulyvb;xgl ﬁ&ﬁmnngl”tcg@talso be used
shows a | ack of any coefficient symmetry. Thus,
tgi derivoetht i fiicenuspat doneepidel postiaer!t GeddflGnd)t hé‘htmtonly SiX
coe%f%?e%{ glile%gggltbslcfocr)nrmlfnlléa eﬁg Sue{)rtp %tr ;Ib\é\ﬁctogecL gmgvet}tsttre%m i order to
&yinweld Yifftpansctd badix thdbdemangdedaf ihiegpoart subspikbl position “d” and
respect to sub-pixel position "a" can al sobe used to
derive the filter support for sub-pixel position "c"
[06eR) FI G FlG. 1T lfkua?'aCOl@d@#}ﬁﬁafsH%gﬁﬁﬁflﬁlht@dtfﬁ@tﬁe%qafotcﬁ’mpl%lonal pixel
communi cated as part of an encoded video bitstreamin
supREt poitiest thitrelrlf@mr aixet @p%mrISSSélownoWHlsmplm detiariog earmtdsshadmg)
0 «Sub- L, [
PEBIEH S RubHEhBBLRLR 5 e e Tk By R UaBYYf fy cocticien
syimmongr tTihaslallltivaleakcoftixiehts atgp@eoddd in order to define the set of coefficients

(13 2

for filter support with respect to sub-pixel position “e.” As noted above, however, pixel

“ 2

symmetry means that these same coefficients with respect to sub-pixel position “e” can also

(13 2% <

be used to derive the filter support for sub-pixel positions “g,” “m,” and “0” (see FIG. 7).

(13 ,,

Therefore, 12 coefficients define the filter support sub-pixel position and these same



positions A3, B3, C3, D3, E3 and F3 relative to a
sub-pi xel "h," with shading that shows coefficient
W@ R0umRa998 I n this case, coefficient symretry PEHNS2009/040267

that only three filter coefficients are needed for A3,
B3 and C3 in order to define the entire set of
coefficients for filter support positions A3, B3, C3,
D3, E3 and F3. A3 is symretri® with F3, B3 is symmetry
with E3 and C3 is symetric with D3. Thus, only three
GREfcldn @RI MBS 1QiREnS QTHHNLERL R A IS Qﬁ)tﬁlxélfpﬂ"ﬁons “g.” “m,”
encoded video bitstreamin order to define the set of
agidxofoef fi ci ents needed to | nter pol at e sub- pi xel

j-tion 0 S tyal  di
[lﬁﬁf‘hit r at .PE% %iu % Ver%“’eBﬁ‘g1 fha éar “ﬁ?%‘g’l“%% hi3 ‘}”g A6 Bnal pixel
spplsdrt p&itions ethatrtyer pixebpsitlonp Ish@@\l'n. with bztpnsh&dem@) tréiaﬁve to a sub-

ack.of any coeffj.cient symetr Thus
rg%“scf bo&ff4’ iSeqding hatghgwy, e%ﬁéael?tﬁyw)éeéfa ?%Yha%ff%ﬁéor? lélegb%ymmetry
rﬁéan@ ant fHe%l@FE@efﬁ&Entg Tdrtfﬂfer %Qﬁ rp‘bm’t%ﬁsrBj §510e0l €8 aC4 and C5 can
" ed above, however, pi xel

sub- pi xel position .
W‘aﬁgtq @efm@ahﬁsﬁhﬁ@peﬁfﬁ@@@ fgaﬁﬁercs@emrr posétifng B th 2, D3, D4 and
s(ym&tﬂ?lx@th 2}, C4T fsu;smnmmuyws]n D4camif @5 csl s@mﬂnsetnye;em ]Dﬁ) Hihus only SiX

ni cat s part of an encoded video, bits eaml
SRR 38 Bl Oal S B0FR iR s R, fyorder to
degadedet @t 6t @KEI0L adoRfrRititdPin¥€led P RS iihtie@dlatdl suBptkel position “i.”
1%00146] FIG 12 is a conceptual diagramillustrating
%er@,v% TgleHehay @ al-PRFXRISItOnpHOMRY B RIKDM¥MMeRy With respect
tb r&gﬁ% §$ 5' tl“h&@ﬁ)res h[RéNQ EllfbsFtan §19 lcolaﬁjgeﬁ{s' (ng defme the
ng relative to’a sub - pi xel position )
@h&cﬂetsg)ftt‘heitve shows cfliclcatkionfubgnyel (posafldinsd fi'eatd ‘kyrmet r y

R " 1LY B S B e Bp SRR ey Baghbrbmiiape! pive

sh@ﬁcﬂﬁﬁdsﬁtdﬁs %tlhb nﬂd:géf:‘ leBDpTdsItioﬂﬁl shefwn' WﬂS cipptobdttatdy €elative to a sub-
pi xel neans that these sane

Ri’éf‘é f 8’“@ rhading 'thﬁt the% é%ftfﬁflsnfsswrp:ﬁtr%e IIn Bosgase.gRefligient symmetry

F8fs &lad heFBtck S&GriliCntd ﬁfr'f\{fc‘r gl{b%OIft 'pb§1§5nss(‘}tpmr B3f €% D3 and E3 can

sub- pi xel positions "g, (se G 7).

bT:hEc@tcnd@ne T ﬁb@fobcﬁc@ntssfodﬁmrrwppdmpcfsntiome |C55 DppB#1C4, D4 and

|er Sltl andth coefficients c.
B RO B PR B SS AERERSLL AR e, ca
@Hﬁne}ﬁiymlth oosb3 [scyyﬁlm@r,lc withnD4, andE3 &. syn{nﬂﬁ%rl’ﬂ th F4.Grhus3only six

conceptual diagramillustrating t
W@%Eﬁnmﬁ Cﬁ%““?ﬁ?ﬁp%?r?aﬁp%é?rt Flaﬁ?ﬁect ¥ilgo ibifptaggay in order to

&ﬁﬁ@lthgoﬁttéfoﬂﬁeﬁ@%fﬁM&ﬁ aaRictato netEltp%fa'té"Q)lb Blefltdo®ion “f”
to a subpixel "i," wth shading that shows coefficient

Fs’,l,vﬁhﬁmcrry as |nqtedibgve aglepixelopsfsition “Enmay avreikgl smmetry with respect

tE) Ilﬁ{) | ST SB%Jé,& PL Goi&éﬂe@cg n[@ s&n% l%%lett §F si¥ %Bgfyc}ents can define the

posi
entire sets of twelve filter coefficients for sub- plxel posmons “f” and “n.”

[00149] FIG. 15 is a conceptual diagram illustrating twelve two-dimensional pixel
support positions (the integer pixel positions shown with capitol lettering) relative to a sub-
pixel “j,” with shading that shows coefficient symmetry. In this case, coefficient symmetry
means that only three filter cocfficients are needed for B3, C2 and C3 in order to define the
entire set of twelve coefficients for filter support positions B3, B4, C2, C3, C4, C5, D2, D3,



be used to define the filter coefficients for filter
support positions E3, E4, D2, D3, D4 and D5. B3 is

w@ e with E3, B4 is synmetry with E4, CZPCHUS2009/040267
symmetric with D2, C3 is symetry with D3, C4 is
symetric with D4, and C5 is symmetry with D5. Thus,

only six coeffici ents need to be comuni cated as part

of an encoded video bitstreamn order to define the

set of twelve coefficients needed to interpol ate

BSMDPipselndrosi £ GO syrhmetrlE%ﬂélp@ﬁ N3 nd B9, 00L€ erﬁ‘@@t\‘;?wnh D2, C5
sub-pi xel position ™ may have pi xel symetry wt

anddijeend B lwmrmtuemtbc% £8 ond DR. 'Thykcomsf hras, CO@ﬁ"@lemn“@ed to be
cg)%%u a efd a?s: I?(atﬁgr %1]; cLé Gl ?é;dlt 21%% gglft%rrealsn orge% t? r&l ne he setS of twelve
dbiefﬁc&md; nekded th 0drp8lhterslibapixb posstich chncept ual d| agr am

i trati - di men si onal pi xel ppo

[Bhisﬁ%ii ons F?‘ghfeg“em\%% "}Pélﬂ YAy a&r%a@HE\M% S4jidef decoder, which

rﬁé’}pld&%lde ae{/iﬁ% 's&ﬁJ)enJeeJth@f iV nco@e irS HRPIn¥iler "describdl tRrein.  Video

that shows coefficient symmetry. In this case,
d?é@‘ier ﬁgnfeme syt afye sheeikized adeotdeaphiicr dlgyice or apparatus referred to
fiCl »f n

o o T

deoedet il readigedf lotstrédnh tegersutpquantipaisiokffanstCnd thiSpreBétion syntax

e e B S e P B2l YR bt moton
vehtordDdn fofmARNMEE it fGin¥ dnhinffpolaidd tEchni fueSHBTIB tgeeretthe sub-pixel
E4. Thus, only six coefficients need to be

degmresifieisnts dorase mamtermlatm fdlireing eand(ar @ést Bifprgnatien gesogiated with
ol Q&{eratn%ngffh' @g %n%@(;c of twelve coefficients needed

to 1 nterpol at plxe position "f." Furthernore, as
[ABtdd aboVdg Iﬂadleqmm(ej/ntposlemeon 'efg., thﬁagoeﬁﬁaﬂ@tsplarelforwarded to

A Graba™s 1EPEIRESR el Ko eI uBBRIT e fspefiients of

fietlimer tdieeclfitd fotorkeinsthef, ct)&\ﬂﬂciéﬁt f)ﬂel:licﬁén ﬁl(itEfanEIféi: Qﬁzirﬁization unit
for sub- pi xel positions v %0149] 15

J3scag deendle dg tya aX&l%?geﬁlaﬁntpudFﬁ%@Féﬁquﬁlgm fspEs AISO & quantization is
dopRe FioBY %'f%l:a;grecﬂbt)ﬁﬁ} syﬁ’téﬂﬁ&{ cbridQR Po?édﬁ:@i%n Ghd ﬁw‘eﬁE %gaq{tlzatlon unit
prxel positions shown"w th capitol lTettering) relative
Hocaa a@abpmwed such quantizetiors Nk neeffitiants showsmpde nfaydicamedictively
S try. coef f.i ci ent nNeans. o
SUEE Font s L R RS Rt s o 3 IS el SOt Fiopprediction
40d iandlscCuantizadio@nittss daficnecd be vidtbi deeodeeto0ab providtively decode
coeffl cients for%_%l | ter support positions B3, B4, C2,

and deqggantizg su Q9. D5, E3 and E4. C3 is symetric
[mliélé P Bdnhit SR hay %éﬂ&?@é ﬁoYedW;tltoH (Q?a bised ad’l‘ldth%“predlctlon
and 3|ssrmetr|cvv|th . Thus, only

Whtas éle@@@fsmnduogn 5 meepreYigue de@dmh hloglsﬁ Télelt ae stegadtingemory 62,

SRSt 75, AL FHLESTY B 1 S OF R 32 o

i tcoder” $0." I[lQﬁ.’i:l‘.ﬁﬁll]aerfédlcﬂlGn |1m1ta55bltrm1ykpdﬂfoa1gr<am or more of the
illu trath ng an exa ? a Vi deg decoder, which

interpolation filtefing techniqucs o thls disclosure during motion’ compensation to generate
a prediction block with a particular precision, such as quarter-pixel precision. As such, one
or more of the techniques of this disclosure may be used by video decoder 60 in generating
a prediction block. Prediction unit 55 may include a motion compensation unit that

comprises filters used for interpolation and interpolation-like filtering techniques of this



may decode a video sequence that is encoded in the
manner descri bed herein. Video decoder 60 is one
wez@apreof a specialized video conputer devi CBCDUS2009/040267
apparatus referred to herein as a "coder." Video
decoder 60 includes an entropy decoding unit 52 that
entropy decodes the received bitstreamto generate
quanti zed coefficients and t he predi ction syntax
el enents. The prediction syntax elenments may include a
ERUNL. MmO RRE chpdRAD N BReM 8E Lo Shownth FIEBY b @& simplicity
i dentifying an |nterpolat|on techni que use to generate
andgasul ilpiskretiondat a, coefficients for use in

pol atjon filterin ndier. ot her [ on. :
@Qé%ilategﬂ%ﬁs nlzai:énerg |%§]8g% ém%&e g?%bﬁ%qummZ%’the
quanided JoOfFikEehis. Tmhe m@cheQUaﬁmasymtpaoce@ aaprdeSa peocgss, defined for

coefficients, forwarded to prediction_unit 55,

'%Eg‘bfi%“dﬁdlﬂgr ORVEIES H&%@gorfrbu%ég APRISS RPTSIeG BB, c.g 2 inverse
HEF afri 8cdpRuaB9efihil& @08Se AhnFordd ¥R b Ble, tr@Msform coefficients in
relative to one another, coefficient predlctlon and

qrésrde peodyoarsidpalt legks il meel damatte cotemertfid sstthg residual block
|
\sllalg%@tc%rgsg) g(iﬁfl('g gﬁ (?H?Oéla% oldg %16%81% edI Bif gjr“%e(gf%oﬁ gifri:l’t ﬂSf to form a

Isgdmsmm;te(bm‘ﬁlbn if Ethldi opgiaell blbck)nn@)lddd bmmédl@eencoder 50. If desired, a

on unit 53 ca | sq.renopve syc )
QHE S Hl Dt b 1R BPed 45 EE ™Y GseSdS ok invayiepdo remove
NEREHES Arvielcks. codedcanrd viea M d ke Breab&Ddtelicdth feferbdteFrame store 62,
disclosure, and in this case, coefficient prediction

wireh pravides actgteast Plosks B subtcauess npilensEIpSRGURY anq dlse produces
fes ?Q/’ide@ Q HHVEF%%%%}%](%VY&' (}s’ucﬂeag ngﬁc@f?of’ch;q gant i ze such

coe iclients Prediction unit 55 may generate
[00Ed] ct | oNSHAlAtcblas guabs mmaytdomppteqzdxedtvakuns ®y titeadD sub-pixel positions

Fh @i i bR fo Pegion it Suttefnd s i it iser supvoro.

SIASE 143 Epariblél Bt dtiet piabIoptRitivhi E]s ﬁﬁ&ﬂapﬁort for pite@blatidOflltering first
unit 32 of video encoder 50. particul ar, prediction
it thogzonigydigsstion rthato ik aowerﬁﬁ% edlmen%l% i RFpBicatd dyss complex

1f1felrﬂo@eftloﬂ%lfe?@&moﬁ{fﬁﬁngﬁhetﬁb Sudl bﬁ(@i 19&5%0%5 QI’rhrn' NQATPt RMD-ATF the
conpensation to géenerate a pre Iction block wt

Parsub-pintlarosipoas irsicomputsd ehing sin qutamb ktiop ifikted hqzym@cfrl‘éueom 6-postion

h hn f thi
e S8 o2 R 2 PonTTBh isflnd R BEPL I Se, %o T

[gerss] at | n@n2 diﬁ\ebﬁcktdfﬁﬁm@ the Kiaghiif dilet isoppoutnst inS>-ATBYis that the

include a notlon conpensati on n|t that conpri ses
ipteggrapigel Rastiopg uisg tl%rfﬁfél“a% i9h %lrnﬁlw% ‘@Fbéllleaf"tlréfﬁltlnoﬁlélon to be

15!6%@2&(’:(1" ga$ 8RANEOMES G tht RIS&: %6&19519&1%6 fﬁhﬁ‘?pdﬁ’c%dl QﬁH the positions
n‘pensat i on conponent is not shown in FIG

@uth@puXQMStWechﬁﬁdﬁléq§@pmﬁt incteasss r sailgmixdl @0115131]10r1 dﬁpefraS@ As such,

éjﬁ‘lﬁ% ?h t@rr&ub&ﬁ# us%@ i V&IIFSE legy@tgtl% T fofrn n accurate %rediction.

I zes e quan I zed coe ents. I nvers

[Qﬂlliﬂﬂ] I zat ilonrdur ac gssvida petoe mecpcmmessangipfmehe@htlﬁ tiigher correlation
with the position to be interpolated (that is, pixel positions that are closer by or a shorter
distance from the position to be interpolated), while maintaining the same low complexity
offered by D-AIF, the 12-position filter support shown in FIG. 4 may be used for
interpolation. The integer-pixel positions used in the 12-position filter support described in

this disclosure include the four integer-pixel positions surrounding the sub-pixel positions,



H. 264 decodi ng. Inverse transformunit 58 applies an

inverse transform e.g., an inverse DCT or

w@eoeaptdesl |y simlar inverse transform procesBCT/US20091¢40267

transformcoefficients in order to produce residua

bl ocks in the pixel domain. Sumrer 64 suns the

residual block with the correspondi ng prediction bl ock

generated by prediction unit 5 to forma

reconstructed version of the original block encoded by

i daR Q%QQ%OSmBnS Ich3, desiednd ®4deREAC Kad Dol ickdrRb BBY “comner”

al’so ée applied to filtér the decoded bl ocks in order
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di spl ay_devi ce (such as device 28 00154 .
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havi either a 6-postion filter support or a

of gh rW%%ﬁDHVQ@&mhméllter support. [00155] One
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ter at ed. di st nce. current ition
e RRLPRe! GRutS N7 o RE T oL Tt P pBE RS of e
suB gk o odlitidrt 8 be sma@oratedltm feasemdiasapeal pi xel
correlation decreases, As. such, the diagonal filte
[0L8br ¢ uderan pyerisr-Rixel pasitions er Hngriraggfusion aranbérlﬁtFﬂpglaéﬁﬁi based on

1%1%?&"@;«9 p%glﬁghscfo'cﬁgd wﬁtﬂf?llé%as{ RV(Pth@% b&epﬁ(%‘iﬁo%@ In this manner,

ter prelctlon usi ng IXESWI |g er correl ation
th¢ filert swppgro sichiiguestad thie dnsnloeurrp oratidsdbettchaterpgatiqui prediction using

i?%%ﬁlzrtf%lgeqs § 1St’|a: llna § gcl)rgza%lgonb)e(xlaglrolta% th olr‘uto%r t(1d|bset allrﬂerpolated, while

Iﬁnnmrmgwﬂhagarﬁdwbmmléx@wommalt@mwF of f er ed by D A| F

the 12-position filter support shown in FIG
B8R Tt or it @Fﬁ&eé@L%Y? %@XFW@@WW@% anﬁff§|tbff S et of file

dosfidnfR (hitethd 21iRERUL P& chliahti/BF rodtRPRsLiolESTaRd &%Cfof Agroup of one
this disclosure include the four integer-pixel

qyasdre sempixsupasionsli Hgingha aseltipdl pedcessosioh)agiatiin equation (5) may

ﬂbq}sgcgﬁ)rdep ﬁJtterBagﬂléﬂ RS cg&ﬁc%‘fs fpsallasrﬁg &B(Aé’l Bmtlo é@yflf‘[een sub-

cor ner
fliked\positiend DICht edsenedquattepixolr 151661310@1‘ Aﬂalg/sig Ebfsamhepnme Iamong the

1%%?{1 E%tgggm‘[%(g%g% é.}{f:? goc%fﬁfltggtg Irc?v%{agglrre Iﬁ‘gt )? ?t% correlatlon between
filter coefficients of sub-pixel positions (both 1D and 2D sub-pixel positions) in the same
dimension (e.g., vertical or horizontal dimension). To the contrary, correlation between
filter coefficients of the sub-pixel positions in different diagonal directions may be

noticeably weaker.



i medi atel y adj acent to the corner integer-pixe
positions may also be used in the filter support. The
WO nioega92pi xel positions i medi atel y adj acent POT/UR®09/040267
corner integer-pixel positions may include
I nteger-pi xel positions directly above (toward the top
or north) or directly below (toward the bottom or
south) the corner integer-pi x®l positions as well as
i nteger-pixel positions directly to the left (or west)

[@0166'] rect lpyy E)@anhh@ tﬁérg Iiﬁay(B?:ra ﬁ@[ﬂ:&rr&g‘u&rp@et&%nnﬁfer cocfficients for
i nteger-pi xel positions. "In the exanple illustrated in
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fof”s&ﬁ@ il Xati®RS lat ide@tsibed Redell, SridBNIRHding RAd fcbmbR%sion may be
support technlques of this disclosure provi de better
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thatrtplcmgltw\ gnélipeofexﬂlbbyxd])pmﬁons[ DaUE9E swlspﬁebmmmﬁw In particular
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poRitidhe i vk si’ C)fb‘Istalc set:&ﬁi &6tp hivakg @‘tﬁﬁl@@l@yﬁﬁne@@es%tplxel positions

Jmore sub-pi xel positions. Usjing an anal ytical proces

Suck asn{ ad “Phiuguaihicreres) hade gib- mzsﬁé&ym@e&ér Weplxel ‘positions

“fnﬁrﬁf 91®|f§1t1ﬁ Qﬁ)ufrt'hl %r@t{p }%QEF fSh 'p%t %ﬁﬁétr})alahd §i’bbp19él)f)%glt10ns “1” and

positions, e. t een-sub pi xel” positions in

“¢<a§@frrozﬁ fitih arquedlapmg elb-prelciysinmtty. Awdtpyssil posfions “b 7 “h ”and *j” do
lr}{a\che astgl g?x,rel éym%[esh?e{t/hlefgt ee0 o gﬁtu p?){/eélpr(])tsﬁf)ﬁ)so' %sl glpch sub-pixel

pfb@i’ubﬁsi ab.> o, betdvegnmby Ibe e«ne\wleﬁsf belbefihs t@ftheﬁlu bwpl g(&lllps a sixth,

positions (both ID and 2D sub- pi xel posi.tions)
SSUTHED 8 ﬁ]étpc%‘“{pe regpectiyglyt ikegh s hlch mia be subsets

(ﬂl‘enf%necdeﬁﬁ)ient TOmheyE Oy B¢ ¥omﬁﬁﬁfc§ﬂe§tdn‘€9 RELYESNNt, or possibly
filter coefficCientS of "the sub-pixel positions in

rulfiplertionss et agsdainitdf ditsrano el filseringos ide@asl fyr different arcas or
[e et I ' -

HEBSLs PRk, Sos PR 6 ils AR TR 8 M Hesng gpay ato be

spotsinice onsviml timedpcr codedvdmtch are both in the

[Ub’{dzfom aIIn ngeArR"I d I')ASAI?’n(s)ltlbhglxel symmetry exists between sub-pixel
positions in the same dimension, e.g., two sub-pixel positions in the vertical dimension or
two sub-pixel positions in the horizontal dimension. In some conventional NS-AIF and D-
AIF, symmetry also exists diagonally between sub-pixel positions in different dimensions.

(194

For example, sub-pixel symmetry exists between sub-pixel position “a” in the vertical



exanpl e, there may be a high correl ati on between
filter coefficients for sub-pixel positions "d" and
w0 2909/12d92gh are both in the vertical di nensi onPCT/US2009/040267
However, there may be little, if any, correlation
between filter coefficients for sub-pixel positions
"a," which is in the horizontal dinension, and
sub- pi xel position "d," which*is in the vertica
di mensi on. Based on these observations of the
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"n" forma fourth group havi ng sub- E?XGl symmetry,

and
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abbhefor sorbe mpx:sabf l}si&s%IF iaot H-ABRS hquamcuiauhhp pubepixel symmetry scheme

bel on .

PR ARSI w g Eih S Bk S diterion or
B¢ @uicalr gisfeeei), wel Yocsbagt Hn@bauiubofixdaghimdaiyesinsltinddu g in both
may be subsets due to coefficient symmetry) may be
%%ﬁﬁ%%ﬁé%geéméﬂﬁgyber coded unit, or possibly nmultiple
h‘)f@%? per W%ﬂ&'ﬂ dufb- ngécl %ﬁfgﬁy Y P&B- Iﬁ’{el fpbélﬁ@l{s' d’f%onally, the
is definedfor dlfferent areas or features of a co
Wktcorr@@mﬂ basiveert the finterpo latien éittepadefiionngy pol the &dnplbmllq@smons n

al so b sent .0 of . Sey er al

cflf %rtglgt” n n510 béslgﬁ 1 F]grﬁ‘[gd APEC%I’? dm&% 105{1LIb Al{ﬁ%gglp more sets of
1ﬁl}éfﬁmt1roy wefﬁ?dlesqtbeﬁayeea Bgliredi fgd., pizhi tingdad oM fivBe the resulting
sane %fensjon %mo sub- |er oosltlong?ln t he

iptsrRolated PEivEAR ideatﬁ Y PuBIosy Bccb‘if%t"el Diegonel; eefiGight spgmetry may
QI icZRBidRl oAbITERSE @M nlulh BREBmEXAYENt i onal NS- Al F and

DAIF, symmetry also exists diagonaily between

[Qﬁnbit?ﬂn xel Pp@h,qttonowst ISR WkY fadsoempase meaEiceams symgietry as described

t
ag)égértp lglnpa?'rH;?ulglj )%% ffﬁ}/emms&ﬁlﬁ &{7 n%ns %ﬁédgﬁﬁn fi sﬁtglP 5?%(%&?1%‘[5 in one

dimsndiérole.g.d'thei hlorizbEtah or ivzonrtlatirgtitioe); thuomot forslen® dimensions in a

onvent i onal Al F
(i: agonal manner. For example, the filter coefficients for sub-pixel position “¢” are not

forced to be diagonally symmetric as in the NS-AIF scheme described above and
represented in equation (11). The coefficient symmetry is summarized below in equations
(17)—21).

hy = hS. = kb = b (17)



and D-AIF. Wth sub-pixel symretry in horizontal,

vertical and diagonal dinensions, as few as five
wanioguss9set s of interpolation filter coeffici ePCHUNAYI/040267

be used for quarter-pixel precision. [00163] For sone

types of S-AIF, on the other hand, sub-pixel symetry

exi sts between sub-pixel positions in the vertica

di rection (or dinension), but*not sub-pixel positions

in the horizontal dinension. In other words, sub-pixe

symetry does,not: rexiist for sub- plxel posi tions

in the same d|%9n§%bwqyéz %lxel symetry al so does (18)

not exist in ¢giagpnal ipons. The symretry of sone
S-AlF schemasg”t hﬁgf’frg%q’g‘s?z 3(F)mre sets of (19)

|nterpolatlonhpoggflq;ents If particul ar, for (20)
quarter - pi xel @reévsion sone S-AlF schenes require

el even uni que get - |nt pola |on cpefficients. 71
[00164] The slib- §cel' Syf py Leheimelddscri bed in 21
this disclosure, and illustrated in FIG 7, may result
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et ween t e |nterpo C|ents
@umwmoxﬁicleptssfpt tlmsmsubmlmlfpbstlemﬁ thain rmedscv baiserit $o ﬂmtdecoder ie., 6

in r at nto the .interpplati Al t.hough

cSPRAnE: Bo e kb OB kel 2enat oo elRtigng Bicthe eroup

1ﬁ¢lﬁ&1hg isiishradp@ition ‘W) 6 cbéTEckss lﬂ)lt 1ho @rdnfpt ﬁl’:llil@ingtsﬁﬂ-plxel position
rediction data nmay be npre accurate. Dia

al
Moot erefighps sf9h%t%r9umﬁlyluélr§osubé>v§wpﬂw A" 12 coefficients for the
ﬁbﬂlﬂnﬂ%ﬁfdﬁ% sdbnplgéi%sftl{aﬁ %a’”@ cY)\@fﬁme[lQOst@rle Elroﬁg'lﬁélﬁcﬁﬂg sub-pixel

uni't 32 may al'so inpose coeffici ent symet
heigion ‘b catfﬁvents Ifor thagtoup uuhcéudlng:@é)mlmlpemw@ ﬁimldr%/coefﬁcwnts

osed t.er fflc;ents i n one di nension
%che quﬁncqgﬁngsub ?lpoaﬁver%l cal direction), but not

[Dor67h oth di@ENTSisarfow Biagraéi Algetraing RRANEE opE@tioresBIPides encoder
hhe filter oefflgﬁents for sub-pixe

O t On n II

Rt HiBrcR Yy BECldilig SRRty couyiviRt Vit s dHore. e Repmiaue of

ﬁ@h%ﬂﬁﬁes&‘ersblﬂ%q RPOMR p@ﬁ?e&i@@ beSRBS Skolidt RWFAGNalthodigh other
. The coefficient sx ry i s sunmmari zed bel ow in

@q@g&t meyipeifarp) sipplay techniques. As shown, in FIG. 17, MC unit 37 of prediction
unit 32 obtains a block of pixels from memory 34 that include integer pixel values
corresponding to integer pixel positions (171). Filter(s) 39 compute sub-pixel values based
on a filter support that comprises twelve or more positions that surround the sub-pixel
positions (172). As explained in greater detail above, the twelve-position filter support may
be used to gencrate nine of the fifteen possible sub-pixel interpolations, while linear
horizontal and linear vertical filtering may be used to generate six of the fifteen possible
sub-pixel interpolations.

[00168] MC unit 37 then generates a prediction block based on the computed sub-
pixel values (173). In particular, MC unit 37 may generate and output an interpolated



hb =hb, hb =hb, hb =hb (17)=5 =L =3 (18) h h , for
i,j =0..3(219) J =hl for iJ =0..3 (20) KJ =hj =h =,

WO 2009/126928-0. . . 3 (21) Note that for sub-pixel pPGT/UBIING040267
“f," "i," and "j," sone filter coefficients, i.e., KF
= KF=- 0=1, are equal to zero in instances in
which the 12-position filter described in detail wth
respect to FIG 4 may be used® As such, the sub-pixe
and coefficient synmretry described in this disclosure
rRvicdRe msad cé)rﬁp&‘?ﬁ%’] HAGHHIBRA Wb RixRl vRIBRAr AUl Y4 EQMKEN@ncode a
filter support techniques. Wen used in conjunction
apieht Yideo bipclpbesetioonthe intepplatedppedicticelloek 0ldd).iae. FhyGsubtracting
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tﬁé gj%flzrﬁolg_teg &fedgcglgé bbor(f}% gru(%n fglg ngc?e%) é);foé:ir%]t(bg}n{g oernccfcfgl:g)st’% genegatz); a residual
dodi: i etsiguas biotlomay theatbe n@adointedam ds@aitiz:d by lr@nsform unit 38 and

decoder, i.e., 6 coefficjents for the group incl udi :
WHBIZFIL i 39 ERTU ey ?@ﬁe\‘;@@fqn&ﬁoewgg% ?9;%301& G unit 46.
Vil didb g 584hn Bl arPGRbAdOAdeDbitstrBark ABA FiltGi B Mafi@f (175). The
t he group including sub-pixel position "d," 3 '
ﬁ;lt;:@.fmﬁ.ogn@mns a$ descrihed fergup mayceomairiyg csahb-spfis sod| coefficients used for
: "k " .G 0. | ' :

BRI B 12 OSSR OL R B, 15 o
mac baiditpgt sude-yeic Xxededpwsi, tor possilly "se@rd aehdsi wdr entlal fuar if different

t he group ,i ncl udi.. sub-pi xel . position i," and 3

B eF b eP B i e R pR R PaGetis: o

BOEG9y i on 'HIG" 1§ QQAYRA dfabfam Hbstking ckhBple Bpa@fiGdf a video decoder
|IIustrat|23 exanpl e operation of a video encoder that

thatiytilizessa by alvRerivel fPiok s¥prprt qoayistsrfppd thicdrdessirenthus the process
(gmléi. Ii’%r}g&%%%ﬁsigé}@@ el fogyledegg)diﬁé grocg:s?s t\é\”t%é cre gging fprocess of

escr fromthe perspective of video encode
HGG 7.2 Falit Fowghbotltreribadkirbmetbe pengpqané of midsod nlictaler 60 of FIG. 16

chni gues., As shown, in Fl 17,, MC uni 7 of . )
RS, FHhEh deiFes B8 Gttt Sintisg e Gl APl R} I 18, video
d¥esd Yo03fectivad ahN&lcbidtd idbedsckpial fiNé! eSmation (181). Entropy
correspondi ng to integer pixel positions (171). o ]
decoding (Ualt B TeaynpRitapy sdasods K roeivrdsinfaetoyn Brediction unit 55

Jehiofrﬁ‘g in%éﬂﬂcﬂ%xte hb@in &9{5}}35&%@1% at‘:d’(‘ﬁé_ﬁﬂg tcpfecm%u?es RPgi! HRSsure. In
that surround the sub-pixel positions (172). As

rextplubdrmeedictrongmetetSeebtadet abloclabbpissls filee mevebryeb? that include integer
B Ly L SR L
rabdived hotivdavectodd iozduidralineaiidy kd padsrmviateipatalonf iBdsed bimghe motion

may be used to. generate siXx of-tpe fifte%p possibI% )
vecfors, prediction unit™>5 can compute sub-pixel based on a filter support that comprises

twelve or more positions that surround the sub-pixel positions (183). In this way,
prediction unit 55 uses interpolation to gencrate the prediction block (184). The prediction
block may be used to decode a residual video block by invoking adder 64 to add the
prediction block to the residual block (185). The various aspects of interpolation described
herein, including the use of a twelve position filter support that surrounds the sub-pixel
positions in a radial shape, may improve video encoding by providing better quality
interpolate data than conventional techniques.

[00170] FIG. 19 is a flow diagram illustrating example operation of a video encoder

that utilizes coefficient symmetry and pixel symmetry consistent with this disclosure. The



sub- pi xel interpolations. [00168] MC unit 37 then
generates a prediction bl ock based on the conputed

WG mpitxeks val ues (173). In particular, MC unitPGIUSEYI/ 040267
generate and out put an interpol atedprediction bl ock
conprising interpol ated sub-pi xel val ues. Adder 48 can
then encode a current video bl ock based on the
i nterpol ated prediction block(174), e.g., by
subtracting the interpol ated prediction block fromthe
t¥élﬁﬁﬁ1 cRIr @6k, 0§ N0 ENSOGRE fidin %&E@%&lﬁ Jr83ddUakoder 50 of FIG. 2
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r informatio as descri bed herei

ilt co
g%far%? i Yo, WREBLSEMEIEY ogEher 415 555 ChF petfiEiens rom

fiadeh Q@@lgﬁ?taﬁd% Pﬁﬁ%@ﬂ RUgRt e hombéd §it @8MicRil R€kome or all of the
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et setpbesgd an |C@efﬁ@1pnw§gnemy;be§feﬁveé ca¢fligicne of peen sxbelelyediction unit

ﬁnéaé S‘Eflé; eql'cf){)ee\ﬂﬁ‘%l)t ?}{ gsﬁﬁp%ﬁifgi 01§t90q1[ %lae;égg%: Iﬁ?sgiﬁéfg) §§)e£hd the cight

%tsmf/ fﬂueagaseefﬁclerhtk (lZﬂQD.aNlid@g caxa@lep bé nowengiut oncoded aldeo (detra and the

decoder at u e Iv ixel filter s
EBharsebhiegorineinfa2ads g elime o R soehiaifs, EEESLE geoded and
dukfat inlthe MRYirddeh, GRHedentegith E&hrceaédoar@p@lg d:@@lpﬂhrﬁ@ or slice) so that
process to the encodi ng process of FIG 17. FIG 18

aidpqodpe dadesr Fede fm@mn@ of gbe dise cpeficisnts\fodess for interpolation.
6 .

%lgérf?%fs/%ys Ierfnf%FenF %%ug%m q LP&&gng &tegﬁ\zﬁnen?sﬁ%%f é? e@ﬁeg iag(é Sent with

wlett oddad 1610t wemmbleehffannteuyp@d@“dmtﬁmtémldnb at Kgfeamd |ddatiomesr within a

[ ﬁfcfr tion (181). Entropy decoding unit 52 nay

@nt BHE decode this received infornation. Prediction

[0011’,{1] 55 penGaons ai fiyvedagtaat ilM@trzﬁiﬂgieQﬂnﬁlewpaﬁﬁ@I bPRNvideo decoder

according to .techniques of .this disclosure.

tb%frlftihé%ﬁ %efﬁ%¢%dV@meaﬁ 3} iDiXeh SYBHEHY §eNsistet dY}Fb @fs disclosure. In

tﬁfs)@ges fréd?moﬁq{mr% @@V&i@@tdeéo'a&l W%c'ef%@gi%ﬁt E@(Sf ﬁlterzcioefﬁcwnts

val ues correspon ing to |nteger pi xel positions (18

(PP Bt gcmnratm ithe Bscomayts 0f flteecsfiiceatnimsedon thecight scts,gocfficient
sdxrgltme AL ng é) gmm?t%élflgrfag] ig ﬁ(pnh 1%{1{) &55 al Ictg%n %rgg,%lg{jltsolrﬂtetrg] fation filters
adpplyxeth 1b€t$1ﬁﬂatm)lﬁ ftefs ih oder EdJ}ﬁlﬁpet’rIy geharhteﬁﬂﬁﬁfollaﬁcﬁﬁpredlctlve data
twel ve. or nore 03|t t hat, surrou t ub pi. X

(5%5; t Vishe deepgey ¢ 8 3R thﬂ ces, Vidgn Fl@ﬁi ‘ﬁp %‘i £ ps@m&léfegata (194),
d. T%t Ravea dg'ﬂlﬁddél?‘ 64 & ﬂfe‘i"h%f@&t%réd?@avlérd%ﬂ' ik R Wﬁre&ﬂ:ﬁ‘&) umt 55t0a

ction block may be used to decode a resid
$ld{@ébb>lcbt<kb%@ﬁcp<iﬂdokl ng adder 64 to add the predi ctl on

[B*) E §. J1ER'a ' QJ/ dggﬁg#hlgl;@a%)ng eI!l}SPl\é %&)&%H?Ihgfszg gﬁi%g encoder

terpo atlon escri erein, I nc
thdt 1allizwe Fiterigost tnteyer pidet dscasappor gentifast adgwta%bmﬂ@r tphel values
cso%gllstgnt w&th this disclosure. This is discussed above as interpolation-like filtering
insofar as it is similar to interpolations, but does not generate sub-integer values. Rather,
this process gencrates new integer values that are filtered based on the original integer

value and other integer values that surround the original integer value.



positions in a radial shape, may inprove video
encodi ng by providing better quality interpolate data
wao baw/1209e8/ent i onal techni ques. [00170] FI G 19PC'HUS2009/040267

flow diagramillustrating exanpl e operation of a video
encoder that utilizes coefficient symtmmetry and pi xe

symmetry consistent with this disclosure. Thetechni que

of FIG 19 will be described ¥romthe perspective of

vi deo encoder 50 of FIG 2 although other devices nay

[BE1A3Pr M SIFRE] Al w18 GHRE frofSthe BEMPbctivBofifko dRoder 50 of FIG. 2
prediction unit 32 of video encoder 50 defines eight

althpeghodthdrideviees waepérfaimenmgarf toghniques.e A sk, pi RKF 21, MC unit 37
y%e(flgtlon’%lnp[a}%egast%rrlsl % %Ié)?l ?{Efs (%mﬁ%%{o#r gg qla‘? (l:nl,(l: éires integer pixel

yatedicofresponding tto I@egenypixed doqating (23 Yymetley(sk 89 weé @recléction unit 32
he sets of coefficients fromfjifteen to eight, an .

ftHﬁxy thenfaser PlF‘%‘d‘@i‘@ AR RT IBeetigaRe Velueﬁgg the o &Q@MS to

herdfel a@ﬁstédhﬁteegbgbtxeﬁ%lﬁeéo@aeﬂ PR GQRIT it 8D o cRIBRE LI Prediction
etween coefficients of given sets. Predlctlon unit 32

Wlegk baseh orrievadusipdisvcaganielisilnes {248k rapd|vadaoomepdar t5@rancodes a
as ter % ) h ; ] Ol
coef@PC|g%?g ?ﬁﬁg}ge?Iggggg%a%ég*%g%1§g§§%%%%%%4%q5subumnthe

reciached bloickl efbord atha adeb lblt&kebeg'm cpeddedofo ferdetade a residual block.

RS EEHED HAGOGUEPHET Phreiteurd SRkl ERegmeni 38 an

qRAizavibh Rinfas)) fmadRUowHgt erlt®pg- codRC By feh@Ey @6dlﬁé &) 46, video
so that a decodlng devi ce can be inforned of t

anedes PO egtpLts the epgoded yidge blockang fHiter lﬁ&r@@n@thS)e As with sub-pel
1@!!6 ?zﬁli%hl ih Ulat%’nflfk%rfﬁfghggmggspgét t§ ngmggeﬁ %S{%Fﬁ%n a;e anay involve

I cl ent be 'encodéd and sent eac
then Dmtputcand mamlrremd:aﬁéreoiéﬁﬂter tiyfpersatioh onet pergolat unansr pdssibly several

dlfferent l,ocati.o wi thin a.coded, uni.t FIG ..

s SrECed il HGP R Plsth PLETRERL i BRI it imeser

1ﬁmmkMﬁ©ndﬁe@meﬁnghat utilizes coeff|C|ent synnetry and
symmet r conS|stent wWith this disclosure.

[Bm%:'l case Fl@r2@ds atfiayn diggiam Blyststingcyapplg opgighen efba video decoder

thCRIIMES flﬁblglhgt o§ ﬁ{tecgepfplgel |1(‘}c§f101fsot%f gén‘éﬂa%”!@uété@ IlegeRBkel values

generates the fifteen sets of filtéer coefficients
doagetdntomith khas élsglhsursetPsedlqt@eﬂﬁmtciSemﬁ vidgardestordgr @hebeeives encoded

i, X nnetr Pr edi ct n then pro
LD TRR e S DR gty ERe R B B8 gy 20

HreditegnSunin SO robesinst ® bpick pﬂrﬂuyelg ﬁ’ﬁﬁf ﬂl%motyﬂtil? i liddledt integer pixel
predictive data (193).. Video. decoder 60 can then
VHBEDAETOPRENS oo kit eh RPN AT B e dTTEdF D Yt &5 invokes a filter

(6dO4own§ a8 part bR iRJfioR 9:0@1?@1%%‘[1&4 td RIt@did e pigst Value% 5‘based on other
(0]

predictive data inter ated by prediction unit
lateg@rsmml aklugs eﬁﬂlettdoqkeofde&ﬁ@dgenm@l@qlstﬂ @teger nixglsvagues (223).

L) 301 STV KRB, AR AL 4l 950 e
(CobatVidesddcodgeifaratieenadticodt Wded bibegdrasqi orethe paddi@®n block ¢.g.,
invoking adder 64 to add the predictive block interpolated by prediction unit 55 to a
residual video block to be decoded (225).

[00175] FIG. 23 is a flow diagram illustrating a technique for rate-distortion defined
interpolation for video coding based on two sets of candidate filters. In this case, MC unit

37 of prediction unit 32 may generate two or more different sets of predictive data, one set



consistent with this disclosure. This is discussed

above as interpolation-like filtering insofar as it is
w@RwPh2928 0 i nterpol ati ons, but does not generBCEUS2009/040267

sub-integer values. Rather, this process generates new

i nteger values that are filtered based on the origina

i nteger value and ot her integer values that surround

the original integer value.[00173] FIG 2 1 will be

descri bed fromthe perspective of video encoder 50 of

Habda orfth@rirfiauabe &h@l@ﬁte QI%&?%%O%Y‘EGJB%BB QhothSd Bé‘k@d on the second

techni ques. As shown, MC unit 37 of

ot eﬁllcertdl(&aﬁe iferpolaom fittaisnsME bhisR o tfhclxeus@s af natgrdistortion based

a%g alys esrf) gf)?r]'d L qgtsteiegt%v# Sintlento?ag%r lfgtegsxllg\é?elggﬁi best results from the

ﬂérdpéﬁrV(eS))f ra3® an)d dlpfoﬁdinctlhmlﬁls tmy tMB2uriti 37 1@t ohl'yezolnﬁltlag &rhich set of

i xel val ues based on other. in i xel Iue
rpdicipicglle R YF@& BN Y & ot 1B Eea?tdéﬁt%omn ﬁ a%ﬂi%qtor in the
M@ tHRSore AL Hf cfrfdﬁgtecﬁl'té?y i kg BENEIE 8V &ReaA in order to convey its
yredlctlon bl ock based on the adjusted integer pixe
Wter gecdTigiontglo thaderodpideo encoder 50 encodes a vi deo

bas ,
BOORE, oo 389040 BT 37 it g neres o
1ﬁ%gﬂdﬂh®p&dﬂ&ﬂ:&hmﬁMf@womggeﬁaﬂd@dmhmagdnﬁraﬁatmnmpOMﬁmnﬁhm

i Fol | owi n transformati on a ) )
G5Bt TR RSeotfis M ene SRBER. By & e lpplation filier
RBePInGMaNG b Zadet TindBIbY a4Riticang videb|coWnp gtaBidrl Of¥h as a filter that

ding unit 46, video encoder 50

coding by entro é%ﬁg
@tresends fora 18R Aipgans lasion dikich nkprradfedapres inppyriae e pases, the
t rpol a
f.{’%tag%“ﬁﬂﬁ%% o1 Py |n%gtevént fre JsRast iptsmolarion filier withou
ipiekred:dizito canidmgf haly-pixel odlves thattereom,st:qu gaaachte quarter-pixel values. In
onnun ca f filter, informati
R B L ity e g R B Y b BEa TR may upwardly
Iduﬁ(f aicBntaluak easpwposds 60M&Apsltidn teSe Ublffpeice RisoluyPES Hofvever, to
nteger interpolation-like filtering. ef[00174 FIG 22
th% exfeny B tHohdredrrixal vakier 2l mipoebeatisH dob Besaplptan tor quprter-pixel
r\ééo‘#lﬁﬁ)ndmﬁiﬁf 33 Hl§§' stobd ﬁdnzl%ﬁndédlxxe?sﬁdrﬁ Qf @He Haﬁtlﬁgﬁ vaRkX&ld use the
l'ocations to generate adjusted integer pixel val Ues
ImmﬂswskénVﬂmpmmehhs leilfspkd svrlecs ﬁnedncmmgmounpm‘ESthWPpKd
dqo de er .60 receives encoded  vi %eq,p 99§
el o & v%end%ngl e °Prﬁlfn8Pr‘r’a€‘SSo%%’ei‘ o fonce i e:ondéaﬂal No.
unit) (2 forFKadZdWltZ)lét dnj hncﬁ5nt¢tlbt1&‘l‘AllSVﬁNﬂEE KNTERPOLATION
,ﬁ%fels from ne f 2 that include integer E}xel”
oS Pl SRTOSC oMY sV B8ET (DS 2pgne docker
M@} 6813090W N hAickvak MYQKESHE shihé H%’ as(t'ﬂ@tpre%m%ﬁh(ﬁﬁon and which
part of nmoti on conpensation to filter inte pi xel
lvan@ésorbfaéé@rm byt pederenagt epwidopi many pddities d%tanlhe)n interpolation
1%% \91% g)gﬁt!e%? %??@%ﬁ%ﬁq ?(ygg‘sptugeg e\}raa e§ gtﬁgt Qljexfsed to generate
(pmﬂdmmkﬂdnhbiock based on the adjusted |nteger pi xe

S (224). Video. d 0.can t n decode vi dea
FLHRS badbht.oNCE RE ot Gurdiicd dik g, generaies sscond dnterpolaed
predictive data for video encoding of the video data based on a second interpolation filter
(232). In onec example, the second interpolation filter may comprise an adaptive
interpolation filter. In this case, consistent with adaptive interpolation, MC unit 37 may

define the filter coefficients to be used. In particular, MC unit 37 may execute an adaptive



i nvoki ng adder 64 to add the predictive bl ock
i nterpol ated by prediction unit 55 to a residual video
whb@ek2d9e8 be decoded (225). [00175] FIG 23 i sP@r/iikm0s/040267

diagramillustrating a technique for rate-distortion

defined interpolation for video coding based on two

sets of candidate filters. In this case, MC unit 37 of

prediction unit 32 may generate two or nore different

sets of predictive data, one setbased on the first set

ifforoRAdh 3R&Rsd MUBRIBRIME AR 371 ddRNSinAPd-RNREAS 0 cARients, gencrates

based on the second set of candidate interpolation

Hrelimiepsy, pradictive datg andctian adiesis thsdilr eanflicieits tnomt ddepfive process so
S I 0 c nt er pol ati on

tpﬁ ?gl A& ¥(§flf1§16r1ta d?{'1 8léetde?lg%)$ ére 1}9‘[1&6 da, ah

D&I’ZSHJeCt [ ‘[Blcefther WiiCeurdngl7 df piedictionnit BR htuh p&nevimyd bdcthe first and

tggfegog\; }q?e%qlgtg%%{eﬁg;g%% Qta,slgé!h nft§7(c|an &cle ect g%tgv%kégﬁ/ferst interpolated

@RIt 1AR)and bME s\%ddd A Ho15RE tREdiIbtR et B fb%%d bhat rAA8istortion

set of candidate filters may require | ess bit overhead

qoalysis @&313)+ b Téltmvfé’yMQ wnif 37 pefrongspeompiders eviieh sepof predictive data will
}gffqg gl?eel§est le919?s7@ 13 3@1% lézgp\ﬁﬂ 0I 0 I‘bcl';it hgé’u %FEJ tfa%erq}tl the different

I on uni enera 1rst
goeadisatfidata (@at ﬂlefdafferemdndramg) Ofat wnldb@radlatred e skedfishingerpolation

e S T B Rb bbb GRS s, Eifehhegdgempotaion fier i
sk o | 5 BE IRt 3hieRyolatioh trder)C OIdE & SRAEH NYwAIPnet ekl t€Encode filter
def i ned by a particul ar video codi ng standard, such as

cqefficiongrin theabitsisnn oxbsoersdf the ageptiveuntyrpplagig filter is used (.g., as the
e Rl%rﬁ&lal?l nghje{)e{-/l'de(;: %F-‘c&fég% R’Hl?"ﬂe%él Q8 ercBdeS Hiler éoefﬁments.

cases I'nterpolation filter may correspon
AgoahngdliTUhT ritc-A6boriion engdpdiatamdetéiniine whwiht feowf predictive data will

(R EOL B PR Ry RyResY HESohITE ol fect it

dsbef fHexedd iimt@bRabatiltenddes hbefeqiityaddananibies ilakder b &lvey filter
val ues and nay upwardly round such val ues for purposes
@efficknisrtpdreglerglitt o the hal - pi xel resol uti on.

b@iﬁ@‘ref tNPork Qﬁecﬁ?@aﬁ? tseleBdto %%&nqﬁé firsPinte@holed Hl%ﬁlctlve data and

al so be used for interpolation to quarter-pixel
th@§g¢qmti| ioterpalted) piredi @i e ndapa sbtamdeorn enratodincetbny @meéym(#%) may
c\((;%n Eg’iirs]ee gllllgtnfghxﬁﬁaﬁ?e g}s’)??éﬁa (pn %ﬁsu :SSSE)(PIE’[P@ %vqth ok deeg data if the video
dand i€ ep@ldad tlﬁﬁhd firselnddrp&ite@ picdictivedah, L&llcﬁﬁtln@ s@Adrdi@ distortion

qaqgtdasgooc[lnz;[r{g qq g}es\f{g c%éqllj\j glze ‘glgg(g{i]atlta 'IASE%IO%@:\:’I? ﬂ@csfs%g(;n% interpolated

pr&ﬁ)MMQﬁa LT SRR T)Eg\éeﬂ- Wsm@%p(ﬁ%d ic@‘e data and the second
COVPENSATI ON I'N VI NG' bearing docket nunber

10189p0®@@11predlm\iecd@tmed o1} @d ﬁm’q anthgccgathataldiytorpntciaets.
[Qﬁﬁﬁbim aRRL 1GR90 oﬁ‘%gst"ﬁgéo%gy dédtswitﬁ](f J Y E@H%@ 1Pﬁ{ee¢18‘eo data is
y ference provi des nan I ona e

dnobdedpod atid fint frtdrpelnicd g)rtWh(tth/@ Uiatd mig rcnmq’}n@d e firo u;hffd:rﬂgce metric,
eogf &%Lg ] I{a)r(eedl er\rloarI (%/?SSE)t ohfalgixgrvealu%g eog s{n(r)l a %(r)l%te difference (SAD) of
pixel values or sum of squared difference (SSD) of pixel values indicative of differences
between the video data and the first interpolated predictive data, plus a first value that
quantifies cost associated with encoding of filter coefficients. In this case, if the first

interpolation filter is a fixed interpolation filter, the first value that quantifies cost may be



quarter-pixel values. [00177] Next, MC unit 37 of
prediction unit 32 generates second interpol ated
w@e@dilaops/e data for video encodi ng of the vi deOT/US1089/040267

based on a second interpolation filter (232). In one

exanpl e, the second interpolation filter may conprise

an adaptive interpolation filter. In this case,

consi stent with adaptive |ntéﬂpolat|on MC unit 37 nmay

define the filter coefficients to be used. In

REREd QY Ao, MsinHRHY, 3 TBnEX@RWiGoRn cost may comprise a second

adaptlvelnterpolatlon process in which MC uni't 37

d&iffencnes wictiie prdicatiee 6ff Idiféarensoefbeivedcanths, videmedatst @gd the second

igtreﬁ}lolla%d’] }% 1}5:8 e&*at% gl{/[g% ggb o) Sgty) gﬂlgn s%%n%%a%uettﬁgt quantifies cost
i'Tter coefticien I'n” an ada process so that

ssehutdd Witk en@ﬂefgfofdilemcs(efﬁeléntﬁe Imreheecaske sher@hhesecond interpolation

redi ctive.dat a. 0017 e the
‘ﬁreéeﬁ 2 4d3ptivriperPe Uﬁaé“ ﬂg@%ﬁgf%nﬂi éhi/f Hﬁ%trﬂ@a?tffWO%ﬁasocmted with
etnb@d1§§ P MHtct RbEMRRhAL ﬁgy RoRFHES theemHRed: ofMitsU thediéd to encode
can select between the first interpolated predictive

adaptiy catiderpelatioge &idfad cpeffieicpiol ar agspbledihist nyabetatrh nydtelied by a
tion analysis (233). In this way, M

ﬁ% f@ggg ?ﬁﬁ& considers whi ch set of predictive

[00183] W | | Afteekeledting Hoosten nlesfitst stdrpoleted ptdaéctivedsta and the second

distortjon but uni,t 37 alsa factors,in )

gie gaﬁ%fiwﬂ”re)gif&uﬁtdﬁw%’asﬁﬂt% Eurajbe ‘gStPﬂ’Qnd?“fa%yé}Se{?EngC unit 37 of
prédi@son unied2 sMcbdieshBe Videw it Bade@lontthesdidckish (234), and encodes syntax
interpolation filter relative to the second

tp Apdigaio thatselgetian (28 2k . Thqoiyakynay gommisc piogedit flag or a multi-bit flag
t I

tlhﬁ C%?ig% \Zl%éltlgé% tlﬁé f i€ térﬁoly%)glgﬁlgeeﬁ cc:)g c s@éodltdhﬁﬁ Fﬂo’la%lton rf]iétgr should be

used bpcodeoflérl t Eire pnoeefsslotf ot §3 inmayt llmerdpmtsd f@agach of a plurality of

\él\‘g gie??ocga?rﬁ ef%g 8%cglncgclde§tu8+t qfl%{,] Isef%lrdf:{clglr%)elrcﬂ 8%% wshegler the first
ieRERMURION 5@teﬂ\bﬂ the peead Irﬁer@&ﬁt@dﬁﬁﬁdﬂsh@ﬂd soafdlivyiadttsder for each of
Accordi ngly, rate-distortion anaIyS|s can

thePrahtnal wbrlaﬁelé%tatlews prhsciuBiXed laggtiansinay coppraisg fiftgen possible
s*ﬂﬁ%tlxe'l a3t (donﬁstentt t\W'thl olﬁ@(‘ir{e 4 (flfapt&t HiRA 9é§§fu}10n or may
by "accounting for the fact that the use of the fixe
mmnmmpakhﬁmﬁmImmmpepfdﬁemXﬂdpmn@qulIbeBEMc$uﬁﬁaG b3n9yabobe
rf]aﬁjl gte 1n‘[ero nr\e/ g&]@{ llolg%t}eorn oef I C: ng Ibtetfo av Eg(% %eglﬁgrgzr% t? indicate
Wit @lﬁﬂ ﬁfSEdlt(ﬁf)Gldlldﬂ fiker cdaha scﬁ:ﬁdd tilierpsademdilter should be used by a
$3 %;gflated predi ctive data based on a
ré@b@Fﬁﬁhp%ﬂdP?@Pg (233) may conprise

eyl at i mghcd videbStheb @t Sodirst 0fyt 1'1£ neQRH AS %Rféb Qfaﬁldbased on the
wth the video data if the video data i s encoded vi a

seleetidn (334)i andrepetdad ednjsxedi endiopts thet sglectian @B ak imedean 23 and
di-s
t%%?l%ﬂf% E?ngGvi) dr{‘n%r %a?lﬂat% %ﬁ& trgf? F fh@%&% Eﬁ u'(]ieg Hﬁg \cllh(gﬁl% syntax to

als enc O
dentireripodetied] priadhectdsy evhdatthg ﬁasn dltfﬁﬁ(bletﬂ:dn ﬁllger efiseleimd the second

the first_inter olated redlc ve dat a an t he cond
IPWfp@fla&aPaf{ﬂ&ea lﬁr"‘aﬁﬁt’é’ﬁ frass %‘Q% TS PRl qrr@ﬁf'f?fhwts when the

SBGRNHdicAtE 1k ShOKEdoaN 1ﬁt‘é§io¥ated predictive data was used to generate the
encoded video data, but may transmit no filter coefficients when the syntax indicates that
the first interpolated predictive data was used to generate the encoded video data. In this

way, when the first interpolation filter is fixed and the second interpolation filter is



[00180] The rate distortion cost associated with the

video data if the video data is encoded via the first

w0 paoenpoksat ed predictive data may conprise a fPEEUS2009/040267

di fference netric, e.g., nean squared error (MSE) of

pi xel values or sum of absolute difference (SAD) of

pi xel values or sum of squared difference (SSD) of

pi xel val ues indicative of diPferences between the

video data and the first interpol ated predictive data,

é@lh%t?veaﬁftélr Sefi@dndart Rty QHARhS éy‘?§axclﬁ§1'i:at@§ BAELALAG interpolation
encoding of filter coeffici'ents. In this case, if

filipeing iwastuspdhtand plod dedissen wvhther o motgo fupx edpptive mterpolatlon filtering

i nt. at| f|| t ug t |f|

Cé)gél? rggot (b e)g pre %VB VZ(E:S 8ualg? bu}lgl ﬁle bq%éteg\%fla h IS dffelted by the

gr@steﬁewasﬂlm bwfﬁclems in e yragoniped Bﬁsn&ame ((30) ndledeiahqﬂ@nb@wever, the

tric indicative of. differences b tween the

fggftagdéﬁ@na H&e@e@swaﬁw g}ﬂwpa%t@o% i R 5’ fgpklwsg

[B0N339T SSBhe REMSqRs SECHM NVRldderct hal suaphidii gs n{%t‘ﬁ§t scenarios,

associated with encoding of filter coefficients.

in¢ladipg secnaties avhen dhase @on sora thanpwioatdtoaf filtes dreings sc-‘éwted by the

r I
FRERY: IF S SIS, b0l i 01 bIUSRARAF B HRRIA to goncrat
a&ldﬁifoﬁalanmrnoi;atﬂhyremonm dge whieh mayblp bofcolmidesed im)the rate distortion

needed t o encod aptive interpol] ation filter

DGR O e Wi JE DA it Rbisaap SEpSrati alfrgigand second
iRrRdeaD hrRA A datl bdsed o8l twlol Interpd1LEBHijterf @ could be applied to
sel ecting between the first interpolated predictive

geacerateany Plality of drerpplated mpeslidive dlatsr agsdeen w @m@r phgépolation
fARr& to?targ[l 592[‘[% gg%rﬁ&ﬁéﬁﬁﬁk 1&1% ated Predt 19fusedhto identify

pred| on unit encodes 't e VI eo data ase
wlatledtlteomo (@8d) , Inapgt exapgdesa M@Xexwutﬁ@d]ycaﬂﬁ) eheder 50 may

sel ection (235). The syntax ma 0 on

g oSt 1 oy A Bt Sl PRCa BRgRHEY Timgor encoding of
vidldoS Hath rHagédooh af pmalfty | dfedifforfent heerpelaasd filltsersplettadg Bfong the
filter should be used by a decoder. The process of

nhyrelityoof giffer Yeapeny eb prfzsirlctléfscqlﬁ%fba%?dpplaraarat? yliggprtion analysis,

bR %Rl vidRes a&a‘tao R3scliOfn BRCB16RHRd abDiche Rlingd s%iteg@ ® indicate the

sequence to I ndicate whether the first interpolation
sclecti@r. or the second |nterpolat|on filter should be
by a,de er for,each of. Iur
AR 1f SERHER 4o YerRASL B, I AllieBlgy o rve disorion

DOIPIK] 8@ dehfrbfNsp0sSto ihdicatl Hrepiieleehoﬂ od@tun@rsy of prediction unit 32
consistent with interpolation to quarter-piXxe
PEs BIFACPHRICt B S relgihigEian anady%l% &lt@rﬁﬂsm&%elpteg?r pixel filtering,

wibn B é%%llalﬁe‘élclﬁtrh&@%etair%o% 065t Aflar-Me v 378y Iﬁé(ﬁ&lon unit 32
be repeated for the interger-piXxel | ocation for each

m@dwewﬁﬁ twWoofr moxg| (Hﬁf@relstéqtﬁeﬁdﬁéedl@vﬁ nidfactar etegerphiek logdwns, c.g.,
V? & E‘}%gﬁ ? gglgltilltegﬂé C?lng {ho{ltglg‘%eég 019 Q?‘ l{éﬁrlﬁé,pa%ld%é}p fonduct a

€ us e CcoO
rlairet d&gertiopi analysis owali Iresm)ect[ f&)OﬂlﬁQf] tv&m akffeteate ete me @adar to0determine

Vghether 1r%t)ege|;apslxe? I}?tegr?gd 1st cli]esue gcoq 1tng y?ﬁ/?(/e unit I}7 ol} prediction unit 32
may generate another syntax clement based on a rate-distortion analysis associated with
two different sets of integer predictive data to indicate whether integer pixel filtering should
be applied for the coded unit, wherein a first set of the integer predictive data is non-filtered

and a second set of the integer predictive data is filtered. In this way, the decision whether



sel ection (234), and encoded syntax to indicate the
sel ection (235), nodem 23 and transmtter 24 (FIG 1)
woreoporroded at e and transmt the encoded vi deo dBECHUS2909/040267
the syntax to destination device 17. In the case where
the first interpolation filter is fixed and the second
interpolation filter is adaptive, transmtter 24 may
transmit filter coefficients ¥hen the syntax i ndi cates
that the second interpol ated predictive data was used
th Qo&ﬁf&?fn@ég@r hikg fﬁfé@l‘ﬁ? ichy A0 AR ot oRNL thEBYallty éfk%m:& codlng, but
filter coefficients when the syntax indicates
atlfh)ethm rossibienbit oporheadeesspriated @\tlthv@tqgat am@)aﬁltg@m nadlcularly when
ner d.v 0 t
g 1&@1 gpg% %v%g% %nVPﬁ'% th? En Odl %{“ﬁ@ Soef Clg‘%éer p&el filter
dolfferem;l wBbd tmnpefrfolrmench asdapiikal eiltefmg t Entegeoﬁrtérmgl rﬁm &so consider
re on [ syntax .i ndi c te t hat apt
H%t%%%értsrﬁ ok I Frﬁ 1538y RAYUFsEY, plugakinteRer &2%‘? Kiepwith the use of
N‘hﬁ&é@ Iiltefs, thelexhiBpld 280 RORBEIH CErréPbRS R)ot‘hé“i:hs‘érklﬁe'ré Nel§ W@ and one
considers not only the predictive video quality, but
o tofilfdnedesis mot appdy, anyfiltshngs af f ect ed by the presence
@612{5 |1 er V&l?e%f {'ér%’ltg %isatlbrqﬁ tgr oteffgﬂe atré (guem e%%&cfﬁ%a%d sent from
exa omev th and secon
slomtce rdpxlecaﬂi mdésnh:ttemsden'my lbplhh; dmclcﬁslumea:lso amtameplatbotehhniques for

adapt 01 The techniques of .this,. discl.osure
iR B i pe b e e Bty T RerB o R AR oS ricients
dohemprhiRr Batdr BnipdsSioh ham FMcﬁil@ﬁ sthif difdbdud SoMemPRites prediction
sel ected by the encoder. In other words, additiona

teghneuss Foatfilish cpffigients, %yreéartgzg toEixed ﬁltf:re@eff@leg]éh elngddition, this
cﬁ%%s{l O&)ﬁ erﬂ gsrlﬁgéhéﬁ dthge}{n? egtfdél aeseg&fdas’et X\pﬁl‘f cg@ﬁﬁmentrs] relative

e considered In stortion analysrs
totﬂm setvdrider cdzdﬁﬁcmm hbdthess wayls ihipaife@ dymoege betvatn dgferent filter

rst caond |nt at ed red| . dat
SR B PRIEERST b B RRICEREChE R FidiEbThe use of suen
Iﬁ&ﬂbti@&eﬂﬁn@%@%ﬁh&qﬁﬂ@tm@ fﬂfemcb&fﬁc@fltsl iisedipabsut€also pr0V1des for

predi ctive data based on any mber _ of |nter olatio
LfSFITui grantizationdeehaifuey : andaeqir&@é °€I‘ih§€ Sf fntgRolatien %ffrscoefﬁcwnts based

(%cn fyféﬁ?oin@ts%?ﬁ@(:@(qhgt Mg Qabdin Sdlkl:%@goﬁ ?rdﬁ(ﬁ:@tﬂl&lé d’t‘f'fﬂll‘@ Fon these

ter to select n one exanp e, hod executed by
agpatesoofeme dgelosEO. may conprlse generatlng aplurality

i ffer rsions pr edi ve dat or e codln
[@{)18% deo gﬁ]{:aygased on’ glaﬁfalﬂr}é tra?%% d?efcpnlfl% 61" Ehéling filter

dobffeicpal ’irggiedittiteaodings ah eleit tig, ﬁtllmmgeﬁﬁhenglusécaby tideo encoder
of different., versions o redéctlve data bas

d
Yamay bf Srehidtively aredefsriative e Bl eticent o Rl e Hlter, which may

RABE AoV RS B8 G Eds R WRRIARACQA ML nEY A &%ntt R part of an encoded
indicate the selection. [00184] In addition to

histream.i ng the interpolation filter based on a

[56‘%89@ g{ :t ?}féh%@v gg?{%‘]ﬁbf %@r\%ltg?ﬁgf @ged{&ggg%m 3% 18%1#%5 a set of
fager nmfﬁalest@ fcfromtﬂqmtauan Sf pﬂeﬂﬂﬁvd’ Mt@rrﬂuld;docn‘nhochﬂg W&).yﬁm&xample,
M"C umt 3370 err(l:aty E(ﬁ:ntlg’t set 0 efllltefr | (!oteﬁ{ciier;lgs’ by performing an adaptive
interpolation filtering process. In this case, MC unit 37 may determine the set of filter
cocfficients via the adaptive interpolation filtering process and generate the predictive data

based on the filter coefficients identified in the adaptive interpolation filtering process. In

adaptive interpolation filtering, as explained in greater detail herein, MC unit 37 may



which is explained in nore detail above. In
particular, MC unit 37 of prediction unit 32 nay

w@esenzes two or nore different sets of predi cRCTESIHAYE0267
for integer pixel locations, e.g., one with integer
pi xel filtering and one w thout integer pixe
filtering, and may conduct a rate-distortion analysis
with respect to these two dif¥erent sets in order to
determ ne whether integer pixel filtering is desired.
A A RBLpass Mprdidh tin %lﬁuﬂifprpd‘l@cWeC&akéjﬁ Rdrhted Bad®Yon a fixed filter,
generate another syntax elenent based on a
andttkendths tidticr pentficients pesi aliustedooi thatebe wiedistivewatdii§ frede et be more
s%nel %r tg frtheI ngi(eé)?c?a# IF rg%q (I:O%Ed Vﬁ %&Dtdoﬁlker co&ﬁ%n? E%ng Qfine the filter
db@ffﬁd:ntsl’thztt arandived encherﬁzoﬂd:d iato tﬁebltsmfeamhe i nt eger

ctlv ata is non-filtered_and a secon
BAER n egd? Hfﬁéaq AP T cEE TR P g R M o cfgljicients may
Heneangﬁqﬁteal R goaNtﬁ‘tJ@lEstt@arﬁo&%ﬂﬁ&eﬂt rﬂr@@aronpanaeduaﬁﬂdahgﬁ WA 41 may
be based on not only the quality of video coding,
gyu@raﬁl rsgjdedl rapiss spsoriatedi witlo ther tee afl fitiss ersifagients W on predictive
r I
ég?ﬁlg%)?fﬂlleio %% r%!f rf]" fltell EO%F%H&H% o%}é}eﬁ é{&élln ééoo#jcgghté Q%gcggtre(cij w1th a fixed
intferﬂoﬂﬁ:tiegé"ﬂtep(%é) ]‘nJ pattmularp@ﬁefﬁcqnneptedlcusednd quqnezeftmnmmt 41 may

such i nt eger | filterin er fi.lterj )

S5 B EGF5od e deie T el dp oy BTive PPy dige process
ROS b&ﬂrél’s@orﬂﬁﬁ’g ﬁitéﬂc@&fﬁ'cféh@gt@ioma@dﬂﬁlthsi BRdd Wik Jsutings 4SEU-T H.264
of Ninteger filters, the exagﬁye above woul d

igisFnokdionidict. o eh & dasH 2pmh dnterpriatian filfer witepupicrardiatsgrounding of
S r [

S IRE S 3o A Ky 1 S} B0 i

tha detwelnfiltér orffsoents gshaemooet d2ddte cdmstunateidon txtie\hlsmeam can be

1 hi s d|sclo ur.e so _cont enpl at e chni,ques_ f or
tiseito S SRR B G510t A PP PTERRBET {4 BRGNS Mippg?in which th
1ﬁ&§e&ﬁhaangaﬁqﬂmﬂgdfor filter coefficients can |nprove

ta conpression. In particular, this disclos
l8%1f§9énp| atVadeanseres o FHYHRA .cert‘féglemd?reéwtrqn&nd ‘quantization unit 41
16 ARk | bfédﬁ:@ tafid algtlz’e t'h? lr@stldh}ﬁ? cb&Ffitie€datd L:ﬁt?(fpy coding unit 46 may
coefficients. 1n addition, this disclosure
atnpeaplcdheguaptiedi resideats €d8hn Midrosentader 80 set g osiatlt the residual
bl ef FEECL' 1 S0 RREhRLYS Rl Tk, Rl Fiunt vt
dheicneanyit fitditentockfidiéey map ﬁfvﬁlv@lqaﬁﬁtﬁznfg&he %1dﬁxlp¢|aﬁle‘s &therein at

to al low for d npr essi o dition to the use
lgtst s OBF@dqe@avﬁrvaﬁ@% ﬁ?ﬁ(’&’ﬁ@g i dl?%fﬁ‘élr Fratqedlicients prerassigned

GRSk 16V RS Squahttiafiofl] BChASKHE cRBARPUIIHRS afn@ lquikiBhtdn unit 41
quanti zation techni ques and entropy codi ng of

hast eppel anerenqyantigasionc treflfrei esstdiabaselficisntspragdli magmagsign less

(glg%t{%a o QSI T r-gglguafl o(!oeﬁwl ﬂ‘l S{)?%Q Stjoo&hPengvi ?lg%aaggﬁ Balance of

S on ese aspects scl osure.
dJohfdizaldn bsd acduta@w cWBcgr mma dldausztanahlmgsea treahddtg) ikeclfroihated but

encoding filter coefficients usin ctive coding .
PP CHB SRR F BHE e EPIae R IBR Oy, iegy codeth residua
WRNROBEhissigning a prefix code, assigning a suffix code and assigning a sign value for the

t—P

D

residual values following quantization of the residual values. Video encoder 50 can then

output the residual values as part of the encoded bitstream (244).



50 may be predictively encoded relative to filter
coefficients of a fixed filter, which may further

WO ppone2giat a conpressi on when filter coefficiBCI/ESANE040267
sent as part of an encoded bitstream [00187] As shown

in FIG 24, MCunit 37 of prediction unit 32

identifies a set of filter coefficients for

interpolation of predictive d&ta in video encodi ng

(241). For exanple, MC unit 37 nmay identify the set of
[Db1dog" CO&iEi £1 R SnBYPrRELfPh M rinllﬁgraﬁ‘rfgt ﬁﬂ{’boﬂlhé’tleatlve filter cocfficients
interpolation filtering process his case, MC unit

tBat camye detlstinglneoddde I diis gfse.fiilier evctiaertts Oci@ns and @4 may define
ﬁl%ﬁé:?a iteI %%ssloglta&dgflh\a}gélﬁ a(% Inlt lréqgt:]pn 119 fe% ?ﬁgﬂments X1, Xz, X3
amdehfma:y d&ifiins theCtEBhfrecf filed coettitiosts adapl i trMﬁ be fitigy pialifat toofhose of the

|Iter|n . In ti e i nt

%erit léf%rwgat Oasﬁﬁ%m Actiugh ng@/ f@atce?f%aé a%% her ek angyXy may be
PH8dittcd BastB YRS P! %H&fﬁci‘éﬂ\@ma@ @Pﬁ’l{(p@ﬂ; pesbébtﬂo@l'}/c hn partlcular a first
predictive data is generated based on a fi xed [te
rgsiduad ey beternidd asehe didlstonee betieen Xr andadj - u§tr@éﬁr1§oa W?@tld residual
Ihﬂﬁbeofog%c? Bébtélg r(}iﬁ?etr&l&eé %ﬁﬁ gng % h?rd%{asqaldaﬂnagz ®e tfgr%led as the
diffethdecb@nwte, Xi I'aﬁd ,Ogehil naefctulnth Ifemkiuzé rmay &€ ffonaengssthe difference

P25 B30, 0, TEE, 0 A 55 ol 00 vt e

®ERidnts| theFeb¢ PRIt dtik BfaoMPYesibnt ransm tted as part of
a bitstream coefficient predi ction and quanti zation

[Qﬁ19c11 4 1 dayogerrercat gerstiof diter vagflieisnty conprisgsedl figittsgt of filter
C

Bl b dotind Shn SRR LA e REb PG Ssaciarcd with

a‘nl ddamrveamefp‘olaa:lpe fidtsr, asﬁhsmm ra!seedndmdt hf Bltdricrefficients can be determmed

i nt [ ef fi

L F R Eh ah it Rl & T PRl R ) cosfRRaL ipBly.  For
dxampRl fiteedddiffidian X, dal exznmm;eae ipfedidtiecigdapbdadebased on O; and O,
|nterpolat|on fllterlng rocess from correspondi ng

efnestae Bto]é‘fthiséia%?nthgwﬁ 1 3tdes WY fhe Yty With P%rand X, and the
(ﬁfk‘&(ﬂ:r élﬁaﬁBe pk ra_mfﬁeg6£6 Hﬂatweﬂﬁplsﬁ’éﬂ Mdbbde 8¢ qm{%se@n Accordlngly,
H"264 i nterpolation filter wthout” i nterned
th@ughjlth@ ugf ofayhmpirx.etocifzdienss X3 ByldeKc@lmtlng samele example may be
r ae}rrll% s tl n%lel E rrga(l;rrgle:?nfdﬁl He e ca d ap unet d%cfoa%r atlstecli no% known

cbefmwnt gaﬁrﬁ@try dhck heefﬁbﬁhtﬁ eamh@a(a atbq)récﬁduegddecbcﬂedt h| s
ase, the decoder g ogranped t.o know t he manner
[Pﬂlm ch fhe 1 1Staé‘PthE‘b PY'i t3ep <l uratinn & deraiaus fry1eggpding filter

MeFRANBNGAHE 'praflctiRY cddiv@kercagf fdagd afwaREedinet Hﬁ’ﬁreﬁ'ﬂ dfypes of
quantization unit 4 1 to both predi¢t and quantize t

nredigtehuaire vesdf fAscihewn $n FEKAdS eMiCrapty3 cofdiradjction unig® uﬁlalgﬁlﬁes a set
SHiR Qgefﬁglgl%s tf& ﬁ%ﬁ%ng{tloﬁ ptr&ﬁd%tl(w Qfa 19%/4(?90 enyé)cﬂg (251? As with

encoder can t e residual values a
thé pitoless el E06ledd, i FIST. Qéamﬂﬁﬂw man aleqtirhe gabl ﬁhetafoefflcwnts by
per%lrrr(illlfllglan aéaptlve interpolation filtering process. In this case, MC unit 37 may
determine the set of filter coefficients via the adaptive interpolation filtering process and
generate the predictive data based on the filter coefficients identified in the adaptive
interpolation filtering process. In adaptive interpolation filtering, MC unit 37 may perform

a two-pass approach in which predictive data is generated based on a fixed filter, and then



associated with the filter coefficients may involve
guanti zing the residual values, wherein at |east sone
wo@Roowhssoeesi dual val ues associ ated with di fferBr/US2009/040267

filter coefficients are assigned different |evels of
quanti zation. In this way, coefficient prediction and
quantization unit 4 1 may assj gn nore quantization to

| arger residual coefficients,”and may assign |ess

quanti zation to finer resi dual coefficients in order

thO RGN RIR i tIGs alRRLE sO @t BeSr&fictidantd ZRiddeRo 8B¢hore similar to
accuracy. \Wien nore quanti zation is used, nore data is

tbt ividavati®ad Using wodad. cdipr abitain firay coeffipichis ethed, defin the filter
coeffr C%BYS tﬁ C{%Irenlgsehl & encgdém¥toetﬂ(%: %13321}/6 I%Ode the residual

assi assigning a suffix
[001DS] and aﬁsro‘g:n tmgqoadest}@rﬁltealcuﬁﬁélents tsb ehat @sdhdfliledr coefficients may
val ues . faol | owi ng. quanti zat of the residual val.ues
by ERISMEIRE G RIED &R HeHBNC fo%mt neglictioging Aypntzgfip gnit 41 may

Rach@r 4 ik sther 1%5‘1@9&1%1&5 tadot R WrHH4) firkOQL PkheHfifer éfficients

I's a conceptual graph illustrating sonme illustrative
tfapgdk e pergtidtivei egshing trplativedp  Blepceefificicntjepspoeiaigddwithna fixed

1 h| r I .Q . .
kLR et |SaE PR AN AR prcip gl Fn P Yl 41 may
subtrat plad fitst en off ifiltee cocfhtibite froonedrfds porelntestii, coXficicXB associated

adX define the ilter coeff.icients,

enitel e P s BT P S G FSe ety 1TU-T M6
1hﬁ§1ﬁ)ﬂd@i@h&ﬂ’[e@@v1’fﬂohﬁ ﬁﬁerm@@l@térl‘éhﬁkﬁhg’ of hilfipdlel ¢ORES. | BeRNcBefficient
X1, X, X3 and %/ be predicted based on filter

;g@fhftfqncqnérwgnt@tlo@m #Rmay gerate @§§@@fi|s¢,‘ré]fyes@qqll values associated
\gff]i% L&Uh@Let oftHel 1R} ccge?ﬁ&l%%{?{)as Xrﬁ‘?re R/E"égdl retlzh%e to the first set
a. y, a s

erence between Xi con
qf eﬁslted wadzfﬁmyts H@53)or meghrasuldrh eoafﬁélérarmcdnetidmmeanmmnXQation unit 41

A 3B Bt LieE B AN cal YOS 1ot IRF R o Hted vugs of the firs

eyt &%ﬂﬁ@érﬂ@i‘dTﬁﬁs tirefiflt §dt f @befficRels wee Predittiadlgd ccMed Bdied on the
resi dual s, may nprise |less data than the ori

qopfftcglnts(’(gétfﬁgeélfg‘rﬁ{ g'md tt}':%ﬁe%yi 56‘5- W@en&p&%rgpreglcgsély coded based
SHOMPEESSEO8F cdo ARG, BY g%Qéi@cnﬂgax%ﬁﬁual tv'ﬁ?ae§ ?ith&fthzfd hdif¥Y the actual

coefficients conprises a first set of fil
fotrefdoricamtss thdhamouaf oin éat@ rdoynnaurpetadi tmth@rf blatmeaentcam e reduced.
?uﬁ&%gr?r%oorf Iall%ylt lgs:%n C ff XF& 0 eprg 18&[%12%1@% Sét?cog#ﬁc*en an:dvtﬁen using

thofifst ket bemefﬁ@élﬁs tb@rétﬁtt&hﬂdd&ﬁﬂ &y o fcddeiaey, filraredat® Bompression
theflrst eff cients ficient

CPgﬁvei@ﬁatlggg{%F%%?qc pldf l%m ?fb‘i%%%'f‘ [terand X2

[0@1/9411’6 pr edi Gih wRl po&Reefets based ran. £, vand e%oder 50 may invoke
re ectively. In this case, however, X 3 and X4 may be

¢ peedigtion and quandizaonawnit ¢heo bsh oekskictivaly dgde and quantize the
%:1@%1# g{;gr% )91{1‘[9 ( O%W%oﬁlﬁgﬁhf %’é%%tt&p;l’ éoclag glfef antelznetd residuals
(X3)andVidéo iencdder S0s¢anpihen exguplie, regiyalbealwdsi axi peat efl the encoded
%%@%RS%@;Z%%gﬁm&}ﬁgaﬁan@Xuon ofC ?f!sﬁfillala a?l(ljlesatasstomated with the filter
cocfficients may involve quantizing the residual values, wherein at least some of the
residual values associated with different filter coefficients are assigned different levels of
quantization. In this way, coefficient prediction and quantization unit 41 may assign more

quantization to larger residual coefficients, and may assign less quantization to finer



coefficient synmetry once coefficients Xi and X2 are

predictively decoded. [00192] FIG 25 is another flow
wale@gnzayes | | ustrating a techni que for encodi ngPET/USEN9/040267

coefficients using predictive coding. In this case,

however, two different types of prediction are used.

As shown in FIG 25, MCunit 37 of prediction unit 32
identifies a set of filter co¥ficients for

i nterpol ation of predictive data in video encodi ng

k@l codBicithds Bn LRR: Y QG883 Lleslhi bglﬁnce' 8t dthafizadon aﬁ/(‘i:accuracy
unit 37 may identify the set of filter coefficients

rgropp reailing vaii 4edamt Fuvieopyriode ol tsiden vialues &y iasggning a preﬁx code,
[ s. la thi S un| [

RUBTER % s, haS R %ﬁ“eg s v v.siag h%hq‘g ap ﬁj VB8 $les following

quahtedapioh af the restdubl edlueng Viddeo cassica fdl czgﬁha’f attﬁuttt]il@readual values as

re ictive ta bas on the filter coefficients
4 eorcﬁllﬂ?ef‘inéﬁdq%ﬁm?‘ﬁ@nhgs} ive interpolation filtering
BOPBESS. IFGaseRtal dcdpiletRBh Qﬂdsﬁﬂtlﬁg QY il 10@ratiVERMBI doefficients

37 may performa two-pass approach in which predictive

thaftcanibs nyedetfvgheepdsd seasivent avith sbédﬂ@qeﬁq efr FIGaAd. tlhdkis tsase, filter
C e S

Joe% &?en I@ eg%ia?é%& deﬁgg f’?tg} g é:tﬁ?r(gfrngé) g%s?na% aIrl I@&t‘ﬁth 3 ﬁlxed interpolation

ﬁ/lteﬂieﬁlltd:abaefﬁﬁemtg Xi(}ndédiz ndedeohe usfiredset of therdesired filter coefficients,

fficients , |ne he.fil.ter eff cie

i LBl SR b Bastot et BT [ G igirely. filter
do@ff@[e(ﬁ%ert MASOCAGEDLS Predikicl thefedoneifck Gd)fﬁ”ﬁ&@n‘@ 0, Taﬂ&ibz respectively.
such filter coefficients may be transmtted as part oF

Ta msrtiestar.enfyst éeedup] eiaw e fpméfai @Stﬁhéﬁhfé@f@incgdﬁﬁf(@efa?ﬁ gl O1, and a
[ t Y
Sggdsntgcﬂ%%gm %q%/[\nygt%nﬁ)@l&?gt@ﬂ%e({lﬁ% ct%hbee @\& ﬁlht er coeff ?%? g‘%ldsl,l als may
doafpeisle tms qlntaat]lantthewelgmmd fifter croeffa:uantsetltembsflplrctmotlng data compression.
ci.ent s associ a inter

Rl Gy Sas) 185 AP S T nt i R TR Bl i, unic 41 and
n s c S
SR 1BGL T AT, bt LSO LS, sl it e
officlanti Bat S assPatdbeAdding headdqui@iked irdsidials 8 UBhp@diction filter
an | TU-T H 264 interpolation filter, or an ITU-T H 264
oRtErPEI Qg i | ter without inter medi ate rounding of
h@i%&] pi xelNeyalugsondNexds filkP eb i /O, RRE ), fhi/ ‘BE‘ p?c'aﬁ:tlvely coded
quantization unit 4 1 may generate a second Set
Haesl slude firad deesf asshcbat &4 anll DO, a.gsepaificafietfrond c&iéfﬁmentsX and
filter coefficients based on predictive coding
X@Nﬁilbh/@fetd@ﬁhé'&bafsd:d o c&tticiadts Xi; lah@ X, Cc depirtichient shird residual may
(253). In particular, coefficient prediction and
WgUrantddzatthodi fuhée Betdedie®; sadbX | aal atthetsesiond nsetbedbrmed as the
filter coefficients frommrrored or rotated val ues of
diffechdertgtwaatz, ahd C’Dzef X Q'inﬂnX;‘» maYVbdSnort bnifar k8L, &RtZ.ahan O; and
coefficients are pred|ct|vely coded based on the
©@pehd ilaireBics bofustngf XX eond i X jtorpredioghdhensrle adamer, dlirther data
coefficients are predictively coded based on the first
éﬂﬂ%$w@@@W¢ﬁ@ﬁ@wﬁ§1 By generating residual val ues
u Qe t - -

OFEDET L1013 00 4IRS T af SEILLERECLS, g0
doefficad. using predictive coding. FIG. 26 will be described from the perspective of

video decoder 60 of FIG. 16. As shown video decoder 60 receives residual values
associated with a set of filter coefficients (261). Video decoder 60 may entropy decode the

residual values via entropy decoding unit 52, and may invoke coefficient prediction and



Furthernore, by using the fixed filter to predict the

first set of coefficients and then using the first set

wW@R00eos8 ci ents to predict the second set of PCT/US2009/040267

coefficients, further data conpression may be achieved

relative to prediction that relies only on the fixed

filter. [00194] As with the process of FIG 24, in

FIG 25, video encoder 50 may®li nvoke coefficient

predi ction and quantization unit 4 1 to both

& flah¥2ki¥n 6RHS3 8NGk-GuRAREL &8 rEdRial €8LAYL2), which are then sent to

coefficients, and entropy coding unit 46 may entropy

IE@h@Kmh@quéntlEédumesumm35@£$2@ﬂ$stV?dQOOQﬁwodépe gients using
en.o U ues as part of the

SRRt RRURENRUEaatR E8 Guanti zaci on of

[0&1598q1ua| V@l pagtsouds s q)ﬁadamed \\Mlt |’56t hay f gdne@re the entire set of filter

ficient ma i nv uant resi dual
8 fseats Bied onnihgrey! ya smn%? lteﬁeoe? gﬁﬂaéﬁswtfiﬁiegmh a fixed
iARARMRh e M L), £l éd‘n@é&wny luhgn%fedclﬁqfl@ o ahd §d&és%ed above in the
assigned different |evels of quanti zation. In th

qmssext doareding.ehtsopreadsast 4 Brst sgaf &h@rrﬂor%ﬁfmqn&rm%hbq gfme@ted based
?e%ﬁfuglr]\/aﬁ%rs %n(g H?EQII éo%ﬁ{cle%]s {sgocllﬁ&g\%ft{l Qﬁclte&i lﬂﬁl: olation filter, and
COE? agn I zatl on IPO

cients uan
& sonexd es o Gidtbr m&’idierms may be |gana'nattekﬂa basted oackhimmetrya In other cases,

eS|ra | e bal ance of qu tlzat ur ac

B i it eelE Rl me B ABReteah D af sl agups and fitier
Abaffleemtstis RESORNIHING fire PIBEpofatiAdBicr, A58 bk g8dond sé oF it doefficients
code and assigning a sign value for the residua

%}1 bregenerstgdovapergoadditianzhicsighalofluch ang hsifiefaet Q/faflﬂ&?é@oefﬁcwnts
S5 PR, ALLEA0 1 PRR M BUSG 65 S YA Eer ncine

Iﬁ&ny Saw, pwldccapn uait 5@ rodipided|deuster &0 iapgjics aheset of filter coefficients to

dllu trat il,ter c fici cane be

b i, el Bt iR, LB HeEaT aflee Ypoks @60, I
paBticuldn, prBdistiGasEt 56 |ﬁ|lt51@ rdamfgehé?ﬂa%ﬁh&r@latﬁﬁﬂre@cffw data using the
define filter coefficients associated with a fixed

nrefighishl drepdsd ﬁh’fqrtce?fﬁ01fp15tse rthat yégep; pckpcan ke degededkbyrgg on such

lg@Eﬁﬂ§%§b£a£§§e&ﬁg of the desired filter coefficients,

be fairly simlar to those of the fixed
[Dﬁl'ﬂ?ﬂ poI atAgeim, fhelstiesf, praxigionelyi degdded filicr tanfflig s fiag cemprse a first
sé og rflgeroﬁcgr?%%l%rg% ?llg \?/g eﬁ}l elg)nlk})/aag ?’fqli“g’& ({aflra{nt eenrtlfre ggtf (f)fl f fteernco%fﬁments
Sesidkdalvitiay fRpfiar nﬁipasudmﬁlteh f fretenedchedafBaent rediction and
and Ol, and. a secaond residual may be forned as the
iBY 9o ANEEAtine: Wek A3 xS WHEP éecod%éo By geagrye rfwfcond set of filter

QOIMRIdnESDk &S BRtiRslsBasY fihe c@éfﬁgl'eﬁ‘t@lané tédBEient symmetry, and apply
coefficients, thereby pronoting data conpression. ]K

the§isterd @cmdesetswéiﬁﬂtqwfﬁczw toyntemefatd the erpdictiveditet i on

uant i a :
@%Oﬂg unll§ aa&g%@&%l] h éﬁ&l‘g Q@prﬁe@#cé?@% (?e%gc? (21 Bﬁe (Sf{fﬁgxms may
abﬁ@frlﬁd:scd Bint st bh atteradoe ffgpamer thhtedtfiny oalgdi pitgtldjﬂ’lef an entire set of filter
C@S *cfaqrr]lis: Zg(g:ée{t%s gﬁal 3 tp(t)lV‘é I?neteﬁ)[)lgtqcl)rg %11‘[on ILItfns case, video decoder 60
may receive additional residual values associated with the entire set of filter coefficients.

Coecfficient prediction and inverse quantization unit 53 may gencrate a second sct of filter

coefficients using predictive decoding based on additional residual values and the first set



[00196] Next, a second set of filter coefficients Zi

and Z2 may be predictively coded based on the first
waedvntesevefficients Xi and X2, e.g., specifi cetT/ysionomoz67

coefficients X land X 2 which are defined based on

coefficients Xi and X2. In particular, a third

residual nmay be forned as the dlfference bet ween Zi

and X 1, and a fourth residuat® nay be forned as the

difference between Z2 and X 2 . X 1 and X 2 may be

JTOfIRr $hofkbRRts! ﬁhdzbreé"agorzgm'{ @gr}nQ afM tfLriRNEnd second sets of filter

therefore, by using X 1 2t0 predictively encode

PettgreatsAo lﬁtwoh@rth@a@élcummfes& on rray be pronot ed.

[E)Qﬂﬁi’n FIIGsorr?Te6 casgs Fixl A%Wr? lﬁ% éasgcﬁ ﬁahl ﬂigf/ﬁVC filters may be

techni que T oruetsui fiiter co Terents s ng

peedi mtdiviethe adb figrers EbvﬁichRﬁayvmblhdéDﬁltcdefc&rthéJﬁﬂ) lﬁmﬂrpotslhens a,b,d,

{aaB BebSe. S0/t o of teiaparsparinid il HgSor e sub

Mketl hhoRitissd cOf, {f iahd §rsheRefifii GENS. (2614 andi1geondes @detollowing
may entropy "decode the residual val ues via entropy

M@h@mnrﬁgh@nﬁSthe wed may i nvoke coefficient

PSP L PG R 5%3?1 a3 e et dabe ¢ hen

sent P, | on uni t edl ction,uni
gegerl% esfrl)%e%efcﬁsee tpred ct1]p| 1 s[uglrl aC‘(;) K fafverage?%ter %élllerr]ed over a training set,

predijet i p/(%s‘tbeﬁlaﬁ’l nep efe, riyesr %hf}u@@ Nahdg$)- ﬂl%ﬁ%} coefficient in the
[ 00198] “parttcul ar, prediction Unit 56 nmay generate

t he eanéﬂag@ﬁﬁﬁtfomubfplien96511@@@&?| cients based on the
resi dual values and filter coefficients associ ated

wi Bh Explaity ghe pgﬁs&l% SYRICHER 1j ‘[hleegoe fé:l‘@lts agd usc the already coded
conc %Eﬁ'ﬁleh% th He‘dﬁ fh%tr&galhfﬂg %B@ﬁc%&s and addressed

above I n the context of encoding. In sone cases, a
Har thet 1-Bdfilters, afy dfithesctlret picdicton methags mey glembe aprdigd.

8381, o ST B0 BT a0 b e
et aadifisehtsofor fwhitie prakafohi ©tiaiduss Mgy be vgahésraérdding. In this
based on synmetry An ot her cases, a first set of

Frpplsy lfc@éyfhec%%wg (R 19 STUREFA it 4PRES @noet ileer-pixel filter.

@&?ﬁ&é&ﬁé (Medues, BNehifa)! tarncaeld)) &Qﬁl}lgﬁo @)S%ﬁnct%ﬁid&hz,zg may be
a fixed infer olat lon filter, and a second o]

waamn@d and edodp ¢ ifissit sTlmmy tlktealg@dércaﬂ@cbtdpals%opogfﬁcwnts (h0,0), (hO0,1),
# (hPTZl 1%({ ‘(elild%urggy ég lugegiﬁté) ?dlg efté)lf;; ?g}étf’?og f n]!c‘[sI htO,GSr), (h1,3),
(EP. S, (R&4nninl a)d dﬁ@ﬂﬁ@@ ammteonce tlﬁd’]&)pdﬁlﬂcﬁXhe difter coefﬁments (h0,0),

ERIEAbP I F o RLORGEEAf b1 ondig Thy £ & gupmized ang

dotERRS Iﬁﬁ}eb@ ﬁﬁﬂiﬂepﬁéeﬁeo %kiﬂn ltl§3‘5‘|5i)‘rtfoiE’hV hdM &6 tiltéEcocfTicients (h3,0),
decodi ngb deo bl oc ( particul ar,

(343 rﬁhiﬁfﬂ (h36). (4, Q)e (b, Ha%b& &)o(hgle%) andiled.4). Prediction of other
A0 AT AP AR LGt o
‘b filecoded Pﬂ@s dd),omwhghcinay ftage pohat ednpetedididgoudlyd atha. top-right
coefficients may be quantized and coded first, and then used to predict the bottom-left
coefficients.

[00203] In any case, after prediction of the coefficients (c.g., by coefficient
prediction and quantization unit 41 of prediction unit 32), prediction errors are quantized

(e.g., by coefficient prediction and quantization unit 41). As outlined above, so-called



[00199] Again, the set of predictively decoded filter

coefficients may conprise a first set of filter
weombfizedpent s t hat define only a portion of anP@nUE2089/040267

set of filter coefficients associated with an adaptive

interpolation filter. In this case, coefficient

predi ction and inverse quantization unit 53 of video

decoder 60 may generate a sec®nd set of filter

coefficients based on the first set of filter

‘GRS GilaRiMaBioRNFhaG AR fsb ! QR tthiS WATR kY quaﬁﬁﬁgatﬁﬁ%ré(cﬁl&? applied by

first and second sets of filter coefficients to

donfferapd bretlistipm eng eatitizationeingat lamay derodion|the aerdtigient location. Tt

hglg: nz: Poglﬁ E{hfarg ff01p %Qflf%ltézlél‘}ésea dgm?ﬁj {Ilfal%ll%l u?l:él {vghrich are typically

wofficidnGi feinlics aWbﬁfrodﬁthe bentardf yheafilpoy, betsr padeision Iﬁﬁlﬁ be &suable In

set of filter coefficients 0(:| ated with an
GORtraY p%ﬂefftc.l% Fith dasgsr et g are, fy pige) g ers ?IP tpgloser to the

Jd¥Rdr BﬁtﬁéﬁM@r)qgﬁ,'ptréc‘Ps”@d ishest dudhplgal ues associated with

the entire set of filter coeffici ents Coef fi ci ent

(0924 ct i oThantbliomirey seattjerant 07a0f b0 lini map3baraged by coefficient
generate a second set of filter coefficients, using

pedigfi andelugizgtompnibak &usnsaifa i questivation aescigipg) for coefficients in

tH@llTﬂe%lt@ﬂgdtﬂeh?Df flltfe% st ek 1&1{6%%19151)(80%&&' ¢d ﬁ&;ﬁlelyanglote that the
prediction unit 55 may apply first and second sets

ryinbets| afébiits goeh fini thieemttsces andyrindngrol bit ¢o ¢ivedprhedigntdfvlee respective
aff%len{ 00201] In sonme cases, fixed interpolation

PEES based on H 264/AVCf|Iters may be used to

predi g® t[e h Dy figl tigr g2 whi ch may include filters for

t he sub- pj xel p05|t| ns a, b, d, h showmn in FIGS. 8,

9, 10 and 91) HOr Phe 2- Dfllters whi ch i ncl ude

filter%fqrome gulipi|xel positions e, f, i, and j
showi = 13, 1% 14 and 15, one of the follow ng
predicti o enes y be used: 1. Set prediction to

zero (no pﬁedﬂcﬂﬂon@ p(hfF) =0, SP <{e, f,i,j} 2.

Use a fiqu fil ygr @r@ ction, such as the average

filter gathered over raining set, i.e., p{hfP )=E]

, SP e {ef, il0jyo0 1 éﬂ his the (ij)-th filter
coefo@ﬁﬁnn ilp tdelgverage filter for sub-pixe

position |SP. 3. oLt | the possible symmetry in the
coefficieﬁgslgndgﬁgé 9% al ready coded coefficients to
predict tHé démdinihgllcpefficients. For the 1-D

filters, any of these three prediction nethods may

(892051 pe apsefisient roobap e dyndgiton wht 4E1mpy gode the quantized

" :éfﬁ;éﬁ;@?greﬂ iok @Hptlsq eOf‘[he‘Sl e?ﬁ({jé”ﬁf r&flddaﬁt Gael OH'axs@tlnBle S‘preﬁx coding

| cients for rediction techni
sebgmdy eFitrs glie fpranencogde n@the lmagnhﬂu@ atlanpidictiont erays Bigided into N

t hat d t
assg@&xarﬁpgé‘{ n(? I ]nglgarngynamlc rsalnlgen(?fo tﬁee ma(g)gitu({gels [0,...,27" —1], where ¢ is

the quantization precision for the given coefficient position, (such as specified in the
matrices above) then each bin #, n=0,... N-1, may span the following ranges:

o) =102 n=0

[Py 1) <[220 >0
[00206] In this case, the bin b, b=0,...,N-1, to which the input magnitude m belongs,
may be coded using a unary prefix code (which takes 5+1 bits). Then, the remainder of the



Coefficients (hGQ O, (hqg,l), (hl,0), (hl,1), (h2,0),

(h2,1) (hqg,2), (hi, 2) and (h2,2) may be quantized and
w@owed2does st . Then, the al ready coded top-| ef t PCT/US2009/040267

coefficients (hQ O, (hqg,l), (hl,0), (hl,lI) and (h2,0)

may be used to predict the top-right coefficients

(hq,3), (hi, 3), (h2,3), (hqg,4), (hi, 4), and (h2,4).

Next, once t he top hal f of th¥ filter coefficients

(h0 O, (hg, |) (ha,2), (hq,3) (ha,4), (hl,0), (hl,

Iﬁﬂimm&) (S 2% {kd us&g%x%d%h%ﬁ{ I%]lﬁﬁg 093909?2 ?t’o? 1) bits.

ey nmay be“Turt used to predi ct ottomh

Hikalyf tHels®h Faf frbdib@t rot ooddd udihs1 bl)t (h3, 2)

h3 3), (h3,4), (h4,0), (hd ) (ha, 2@:5)2 and
@mu) PreBFEamdn for thecpripr goclficignt ekl ﬁiéfm 2 bifppropision may

I

aggd !bg fi’ef;is)il(:)lgflnjt Ifl‘écﬁr:wéngqiutagl?{a 1§1)é( ZIHE 4%‘[0 %gegntltzgv]\ﬁ}e ﬁe(}%g‘[)l/on erTor,
ikave —§QIIEF wlyinhrest lm;s o donakbd yo qtliilﬂlzt ahe errglhtnagnitude If the error
coefficients may uanti zed and coded first, and

magHudsis @7 Hepit é%ﬂsd’t’l i Eheridh bian ek £ 4c dbprefass.dhg wnary prefix code
499 3]m£l}n BOY cf@REd At glédf}(ﬁfe dfhgt L4 f t Iaﬁd the ;| remainder of

coefficients (e.g by c ficient predi¢tion and

mu&g},,I—Z%Jr@’l:BBWI tmaaﬂz beofenpodedi akingn aunfited343ngth suffix code of
rediction errors are quantized (e.g., by coefficient
-elitdti1om (Anb+dudheidzbits. oRinghy,ta hlI)“O” Agn batdnperisd to indicate the

above,. so-cal | ed"uneven quantization" nay be used. In

RORYIYC 8igBe |t he quanti zation precision applied by

[00FSS] | Ci enthe REBHiqaEd ShANHsAWsaR rhé}aBé ah lHﬂﬁbﬁtecﬂlrila KBYe variety of
depend on the coefficient |ocation. % been found

deﬁmas PoRPPEHETES, dcdyrting puntitglossrbdridast, ﬁ@glmegw@@ qinshiit ) or a set of
é sz l:l?lsl htz ?ﬁ%&t eh%o&%lttss II{O%,{IIGQ ot uﬁ’l\f@l)favfe rb%%h&%nbed provided to

tter precisi
arhqmamdalﬁmcnbmlcasp‘tatsaand doeehbi m:c&sﬂaﬂlwvlrdqlmrh acgemtion by different
nquitudg (which are typically coefficients closer to
Ror VWIS "of the filter), |ess precision is nore
[dex9) abl e. ALRRERAY, Tﬁbetefcﬁﬁlh@w A&cABEd heRs Yy b&FBplemented in
, QFP , may be used by coefficient prediction and
@%Wr@ 2aftvare. dinmyvare. T @py spbinpon hercgliaht implemeed in hardware,

a?quzltlijeé:)@est:lgl;edcdg %Jdlllféls i oir }Fﬁ@lﬂ@ Iﬁalylﬁeq len{eﬁ%d%&ether in an

I'ters the |nteger-p|xe ter, ‘resp ctlve
iNogetadhbigid kdeviow mbescparatclybis slisgrore ui nntt:twenahlter Iog&:s devices. If
respective

1816)£eftrfen eldul?}te bl t tﬁeo %méﬁu%g n%j@ Sli‘fgfj?zegfaigga%bmop%gglj ag:omputer-
ré&laBictn&didd c8m9r1§1{3g 1nstruct10ns that, when executed in a processor, performs one
or more of the methods described above. The computer-readable medium may comprise a
computer-readable storage medium and may form part of a computer program product,
which may include packaging materials. The computer-readable storage medium may
comprise random access memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile random access memory
(NVRAM), clectrically erasable programmable read-only memory (EEPROM), FLASH
memory, magnetic or optical data storage media, and the like. The techniques additionally,
or alternatively, may be realized at least in part by a computer-readable communication
medium that carries or communicates code in the form of instructions or data structures and

that can be accessed, read, and/or executed by a computer.
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1 may code the quantized coefficient prediction errors

i.e., the coefficient residuals, based on a sinple

prefix coding schene. First, the dynam c range of the

magni tude of the prediction ePror is divided into N

bins, for exanple N=6. If the dynam c range of the

[ﬁ@ﬂl@»{] tude 1ipg b may b€ exdduted W &r@ndrs pfdeBssors, such as one or more
quanti zation precision for the given coeffici ent

ol sigoal, pr@@ﬁ&@dﬁs 3SRy egdntiabguippsc necromoscses aalsppkgation specific

i%te rate%%?rcu {Aﬁ(ﬂn)g Tgld) pro%ram’ma%f%lo%%rra% hEFCg(f%sa (er(quﬁr equivalent

1h1lag&tdda@edlsdréte 1bdie chcuibhg0,Accordiddly,, the derhi@bedséoe,”i a@.pu;&d herein

ude m bel be coded using a, unar
B ée{emo AR atle Qg%ipreg%flg) SIFUPFER Oty HBY r e AUSUISE Suible for
i RIRE R bH A thE tochR @i tdescn{f@d/ h@l%lrf-:oqﬁdadﬁﬁioﬁ if 'sé‘rﬁéj aspects the
| ength suffix code o - % bits. Finally,

fgn@wnditymécrmeédheé@n cmaselbﬁ cnm"flde ddden dedieied S%ﬁtware modules or
}{ %R%Q% 1[110%8[6 ?I?@rgdr ec%éf%dqn gﬁdqggcodﬁlggg{) n%@gltta édglntea!;?ombmed

de@diodte.oAlan meqadmﬁqlmabmdm but rfulﬂy ttnﬁlementqcu anbneze mbve circuits or
1Ered ctlon error, i.e., g =9, of which 8 bits may be
g64'M%6 §uanti ze the error magnitude. If the error

[Umfll] t ude Viasiofly asgeB@ofl the fddlelosutel Kbk bebh @edtiBedi Mhese and other
b =4 . Therefore, the unary prefix code " 11110"

%ﬁ‘iﬁt%e sitbisdbelsqope phite é@i@vl@&@awh bin, and the

remai nder of m bstart 97 - 64 = 33 may be encoded

using a fixed length suffix code of (<?- + 6-1) = (9-6

+ 4-1) =6 bits. Finally, a bit "0" can be encoded to

indicate the positive sign. [00208] The techni ques of

this disclosure may be inplenented in a wi de variety

of devices or apparatuses, including a wreless

handset, and integrated circuit (1C) or a set of ICs

(i.e., achip set). Any conponents, nodules or units

have been descri bed provided to enphasi ze functi ona

aspects and does not necessarily require realization

by different hardware units.



[ 00209] Accordingly, the techni ques described herein

may be inplenented in hardware, software, firmwvare, or
w@eopoazieks nati on thereof. If inplenmented i n haPdES®N9/040267

any features described as nodul es, units or conponents

may be inplenented together in an integrated |ogic

devi ce or separately as discrete but interoperable

| ogi ¢ devices. |If inplenented® n software, the

techni ques may be realized at least in part by a

CGPRPYker readabl e medi um conprising instructions that,

when executed in a processor, perforns one or nore of

t he net hods descri bed above. The conputer-readabl e

nedl .j.se a conputer-readabl e storage nedi um

%nd nay@?%d%8ﬁ§n% of a conmput er program product, which

may  ireiwiteecipickagif figjemmk #icialtssas phhef e spetiat videsbiabtan;

storage nedi ri se_random access neppry
such %80T8 Wcﬁff%ﬁa%% gﬁﬁ%oefﬂrf&ﬁﬁ&mrs%?ea 8¢ %ﬁﬁ?ﬂg}df?@ oAt sub-

HiRPRAMi onsTRAL thY ei fsxbfﬁﬁﬁ@\@oefﬁw&-tsvol atile random
access nenory ( NVRA el ectricall é erasabl e

pr ogrgﬁmfa@geinteé@datmrydlﬁ’evm&ava {oEF COd}I!gABWdW)Pf the
ﬁﬁegﬁ'?éé[k ﬁf ﬁl‘iedggéfg g%hsid‘gfrl]égf F@l?er %r%?%q’f%g(; ﬁ‘e%h vy &J?z?cdrfeglgcinds to one
dﬂmﬁﬁﬁ@ﬂdaﬁnhﬂaabpbmlbaﬂmnmwnd conputer-readable

comuni cation nmedium th ries . or. co [ .es code
S R e e e R

that can be accessed, read, and/or executed by a

conputer [002101 The code may be executed by one or

desslasintelaim e yharsingH dcatrsoms ob thi ight afts of Gleicoefficients
I
BSERTAEES BT M, BUCEORE SRR S oL
mbmt df the Gigreraenetiiriantd apep otatet waly 8 fi{tFiP@AB)rf fawr ghtdnanb-pixel location

%4 |nte q;ed or discrete logic circuitry.
%&86 ‘ﬁ@f@egpﬁ t'erm "processor,” as used herein may
refer to any of the foregO|ng structure or any ot her
structure sujtable for inplenmentation of th

¥ echnlib§ueshesaf claip e Whesielt the coahficiertisymaistry .eﬁw%% horizontal
ARPRSSSandt N rd NG ARG bﬁtyd0g§§(§t ckREM aﬁﬁﬁﬁ)’ngl dﬂ¥ns}?&h for at least

provided w thin dedicated software nodules or hardware

oo wif g sobyet pOthe &tief weffemmtsdi ng and decodi ng, or

i ncorporated in a conbined video codec. Also, the

techni ques could be fully inplenmented in one or nore

4:i r cUiheSnddliod cf@iaimal &iei Sompr3thglcbherVeud thel ﬁﬂaapmstcsf fiver

dlsclosur have been, descri bed. These and oth ?g

%@Wé b2pedl afilganf 1A PRIR AN BEGHY TRCLRHRS LY B i op grore different sub-

ﬁk@q&ﬁh&kAINB 1. A nethod conprising: receiving eight

sets of filter coefficients as part of an encoded

vi deo bitstream

5. The method of claim 1, further comprising generating the fifteen sets of filter
coefficients based at least in part on pixel symmetry between two or more different sub-
pixel locations, and based at least in part on coefficient symmetry defined for a given set
such that the given set with coefficient symmetry comprise a subset of the filter coefficients

associated with a filter support for a given sub-pixel location associated with the given set.



generating fifteen sets of filter coefficients

corresponding to fifteen different subpixel |ocations
whawed2oes t he ei ght sets of filter coefficientBCT/US2009/040267

generating interpolated predictive data for video

decodi ng based on one of the fifteen sets of filter

coefficients, wherein the interpol ated predictive data

corresponds to one of the fif%een different sub-pixel

| ocati ons; and decodi ng one or nore video bl ocks base

@n t ﬁ%e'nﬁgﬂ?(fd)(ﬁ{cﬁﬁﬁq Rh&QinCtht HedALR: cofrespbl€ td@emlpﬁel and

claim1, wherein at |east some of the eight sets of

duifterepc] sdepikldpeatios. have coeffici ent synmetry such

that a given set with coefficient symmetry conprise a

subset of the filter coefficients associated with a

1.0 1 t erheswypial df clanh 1awherné@ipisdlRypieal ekior detwann different ones of the

soci at t he given The net hod of
teepner of ﬁ“‘{rl‘feef@&éflfﬁ%&ﬁ(‘-Sﬁ‘flcgl;fiﬁ%‘ts%%? gt oyizonial Ginienon, but

ﬂi%l kARl dsisTRNS AN 8AthgBnl AlrhdrRRh O ARNS s‘%ﬁleb)‘ftthe‘iﬁ?e%n sets

not exist in a diagonal §|nen5|on for at |east sone of

afidtesedssleaionss. the filter coefficients. 4. The nethod

of claim1, further conprising generating the fifteen

sets of filter coefficients based at | east in part on

i xelTheymtisidrof chétvie heteimotworof ml’mrcn*gld isétﬁ defertthsalbpihedifteen sets

tions The tho urt
fl%?mﬁ rﬂ@mﬁ‘bﬁggﬁgr% b1 ieht Shvcbug s by flgen seos fora
waehf fikdraiporDasebunbf theadght ok RANE nBB oPthElfteSl SAELOF Y
between two or nore different subpixel |ocations, and
tpasbucryonabbler suppQsart on coefficient symetry def i ned
for a given set such that the given set with
coefficient synmetry conprise a subset of the filter
T oef flim:in&mh@i csfsc@jmiéﬁawhdrem thhtvm ﬂinidneipnailmmxrttcotrmrisa 12 filter

§‘ IEP # g l,ocat i on, ass q ted with the given
BROTBPOSTIRE FPEW&SméF“%ﬁSEPWf WhEY8in the fifteen sets
correspond to every hal f-pel and quarter-pel sub-pixe
| ocation. 7. The nmethod of claim1l, wherein pixe

/et Pgthedicempritiegween different ones of the fifteen

S et S d@fimfn% ol se@soﬁf fﬁfe? E&MiGehtd £ fifREd élﬁ)a;glxg'p@ﬂ§ﬁso&tsed on

in a horizontal dinension, but pixel symetry does
(W@ﬁksmtSmnnﬁnemmMngﬂﬁﬁmnnﬁﬁBnS|on for at |east sone of
the fifte of fll oef The t hod
of ot B VR it it R iy s By R TR e
obffichets hid een sets for a horlzontal filter support,
two of the e ght sets gﬁflneg; ree of the fifte n sets
1C1

for @URNftned frelghq setsrof IRESLioT 8 cRagdeEpieam.
sets define nine of the flfteen sets for a

11. The method of claim 10, further comprising outputting the cight sets of filter

coefficients for every coded unit of the encoded bitstream.

12. The method of claim 10, wherein the fifteen sub-pixel positions correspond to every
half-pel and quarter-pel sub-pixel location, and the eight sets, the coefficient symmetry and
the pixel symmetry define filter supports for every half-pel and quarter-pel sub-pixel

location.



two-di nensional filter support. 9. The nethod of claim
8, wherein the two-dinensional support conprises 12

WO Rdovar69stIpport posi tions surroundi ng ni ne sSubP@EI/K81009/040267
positions. 10. A method conprising: defining eight
sets of filter coefficients for fifteen sub-pixe
positions based on coefficient symmetry and pi xe
symmetry; encodi ng video dat a®using interpolation
filters and the eight sets of filter coefficients; and
BUt PUL dparahR&oBipBlihg 891 R0 Abcddbt thek coefficients as
part of ‘an encoded brtstream 11. The nmethod of claim
10, freseiveecigbbyeprafdiligycasiipents ampprt dfeneneded suieg bigftream;
filter coefficientsfar ev od uni,t of ~the ..
encodsaet SR rsMe YRR Mel 1508, ittt o>
pike 1§cafidredascidn-tht xight Jeaif filtencctfitieneaspond to every
hal f - pel and quarter-pel. syb-pi xe| |ocation, and the
ei ghteCBEHE IHE%B‘?I&%EPW%EP&%#&% SPyleatiing precppee of the fifteen
SUOTBL kY codafdidd®s, hkichf the %&Qél‘aﬁd%@édi&ﬁ(z@ ti¥ta R&éspBEds 188k of the
quarter-pel sub-pixel [ocation.13. An apparatus
fefenep dif&ireny seb-pixddecaieesd@ad t hat: receives eight sets
of fi j.Cl i deo
oi 1 o1 oS S b SRUP RRLEREL of PR RF e e
coefficients corresponding to fifteen different
subpixel |ocatipons based on the eight sets of fi r
oot Mg PERPE HeTRrarE SRt ool gsitcefioos oty
doeffickntianve esdmliing spasrey eichaRg 20fivdnh@t With te&FAcis@ts§meetry
filter coefficients, wherein the 1nterpol ated

qerwapet Puhsctpdthe fEler ceeffeinets agsecigisd vath a fler purpogdpr a given sub-
Ldi&s S04 6k logadd @ps; and decodes one or nore
]%%éeo gﬁ%%%s base on t gﬁﬁ%terpolated predictive data.
14. The apparatus of claim 13, wherein at |east sone
f t ei ght sets .of. filter coeffjcients have . . .
lgo of £ giag%flatgilﬂﬁé?lpyl 4S &Vi)ﬁrefthtg? c%efg %ﬁyglg{e?%efiﬁts in a horizontal
dimehdidrcannt v estyoANBide)si6® B dosEna esidbimet digfonhinBmbhdidrefor at least
coefficients assqciated. wth a filter support for a
sgme o theypiek ef the Sligt osHickoci ated with the given set.
15. The aparaatus of claim 14, wherein the coefficient
symretry exists in a horizontal dinmension and a
Mer t iThalapphiratensi dainbld, whews thotvides dstodemngcacica gorfdieen sets of
fﬂ#e??cgeffh%nrét]fs B?rlsglg téltn llteags?%r} pa%p&e pi%l sglrrrll?ne’?& l%%tev&eer? {wcg (r)]remore different
sub-pixel locations.

17.  The apparatus of claim 13, wherein the video decoder generates the fifteen sets of
filter coefficients based at least in part on pixel symmetry between two or more different
sub-pixel locations, and based at least in part on coefficient symmetry defined for a given
set such that the given set with coefficient symmetry comprise a subset of the filter
cocfficients associated with a filter support for a given sub-pixel location associated with

the given set.

18. The apparatus of claim 13, wherein the fifteen sets correspond to every half-pel and

quarter-pel sub-pixel location.



16. The apparatus of claim 13, wherein the video
decoder generates the fifteen sets of filter

weombfizedpent s based at |east in part on pixel BYNIE1009/040267
between two or nore different sub-pixel [ocations. 17.
The apparatus of claim 13, wherein the video decoder
generates the fifteen sets of filter coefficients
based at least in part on pix& symretry between two
or nore different sub-pixel |ocations, and based at
| east in part on coefficient symmetry defined for a
gi ven set such that the given set with coefficient
¥y meltheyppayatps pEdaim Ky bdeteirppixelsgmirichry existsdefwden iddfarent ones of
tﬁ% @ﬁ%engstﬁ%gg \gg‘ér co%fff d:len'i aﬁyﬁgtﬂzgf (\E}renﬁgsgof nc-ﬁl %%ﬁ%ontﬁ dt nelensmn
tap pae bdyusndify dbleancme&&t 1thhBﬁ§inal divendiod foe enleset@ne of the fifteen
corr pondg;o every hal f-pel and quarter-pel sub-pixe
$@é§?i@ﬁ¥f ICIefffe apparat us of claim 13, wherein pixe
symetry exi sts between different ones of the fifteen
sets of filter coefficients in a vertical dinmension

Znd iTheappsptoy oielaim . mberinivo dule pelkekts slohmrsthrop of edifteen
t ' [ {0 I
R lzgh e BARE y SIS B AR Gy SRR Shes for
apat fittersupforic had foud 8f thehighteders defoe ofne bithedifight saefos a
def ne thr of the fifteen sets for a horizontal
for %%n%%ﬁgﬁv?sum%ﬁtof the eight sets define three of
the fifteen sets for a vertical filter support, and
four of the eight sets define nine of the fifteen sets
Hor él" hewerd e aksleirad 0. miberegy thg @b?,-é}n@ensgg}al syport comprises 12 filter

sﬁ sHl%anur&!lﬁhm% %g}e Jbs Zﬁ)@l bt wo- di mensi onal

po t conprises r support positions
surroundlng ni ne sub- plxel positions. 22. The

ppar.at us of o_deco

onpri S SBPUHYF ﬂ’?%@‘%&e&v\ﬁgfe}%ﬁet“‘{g%ew%ﬁ °°§B’615F %‘Ugteé‘?ated
dilcaitm 13, wherein the video decoder conprises a

m croprocessor. 24. The apparatus of claim 13, wherein
t he apparatus conprises a w reless conmuni cati on

Aevi GﬁletaBﬁérat'uQ Gf é‘lg%lj %e%hgt‘ﬁ@ vARE QL& der &)ﬁlprﬁ& a MiCroprocessor.

apparat us conprising a video encoder that: defines
ei ght sets of filter coefficients for fifteen

B xer T RRBRT b SR, BE SRRl E AR Ly R TR EEs o
d‘otﬂrmeﬁ@uamdexh&aheu igtltdselisviodo ddcbder coef f| cients;

25.  An apparatus comprising a video encoder that:

defines eight sets of filter coefficients for fifteen sub-pixel positions based on
coefficient symmetry and pixel symmetry;

encodes video data using interpolation filters and the cight sets of filter cocfficients;
and

outputs the eight sets of filter cocfficients as part of an encoded bitstream.

26.  The apparatus of claim 25, wherein the apparatus outputs the eight sets of filter

coefficients for every coded unit of the encoded bitstream.



and outputs the eight sets of filter coefficients as

part of an encoded bitstream 26. The apparatus of
wW@bk@pmee@28 wherein the apparatus out puts the eP@hUSHeY610267

of filter coefficients for every coded unit of the

encoded bitstream 27. The apparatus of claim 25,

wherein the fifteen sub-pi xel positions correspond to

every hal f-pel and quarter-pel® sub-pi xel |ocation, and

the eight sets, the coefficient symmetry and the pixe

symmetry define filter supports for every half-pel and

guarter-pel sub-pixel |ocation. 28. The apparatus of
2 ai rhheBppaskios ef dlaitthds, whdesen b Eidider subanpilipgegormreorrespond to
eixglé/e}%ifﬁgef %ncf: c{l}lraggrl-f)él sgt?-' ix-gh%caﬁgﬁaa{n%ttﬁes ei ft s%!sat'h@cg‘e%ﬁcient

rei e Vi deo encoder conprises a m croprocessor.
sythmetiyend phirgriadl ygmoktre defime 2y swpperte for cbére halipal @aidugiarter-pel
conprises.a wreless conmuni cati on device that
$ldﬁﬁ%§§aWﬁb vi deo encoder. 31. A device conprising:
means for receiving eight sets of filter coefficients
as part of an encoded video bitstream neans for
Tenerldeianppratos pleemmsdy, svhereirs the wisleo gaeofdpr eoimises an integrated
carfiesponding to fifteen different sub-pixel |ocations
Dased on the ei ght sets of filter coefficients; means
for generating interpolated predictive data for video

ecodi ng based one of the fifiteen sets of. filter
ngeff'hég‘BWcr%t}lS &ﬁ“g?lg} ’t“iji‘érei‘%hSP’H{‘iP SR L prEW T /B aArTEeessor
corresponds to one of the fifteen different sub-pixe

| ocati ons; and neans for decodi ng one or nore video

I ocKegaraalgn of feim 4t shgisimathe dPRFEE: cmRrECHaYESles?,
<£HEﬁE&%h8§d8pﬁﬁkﬁhﬁa§&$tw@ga&;gmg& | east some of the
el g T f

t sets o t'er coefflcients have coefficient
symmetry such that a given set with coefficient
ymetr,y .conprise a subset of the filter coefficients
SSOé}g%g ‘&Fﬁﬁwggfilter support for a given sub-pi xel

| ocathis &ssaeivatgedgist® of HRerGo¥ERictBtas Part ol iterd6NddCEdeo
of claim32, wherein the coefficient symmetry exists
Rit§treekor i zont al  di mensi on and a vertical di nension but

does ok ﬁ%igéﬁerétﬁlg%ﬁgeﬁlgéfy Qf il %%Eféﬂtsfcgﬁes?gndiggﬁ)tﬁfteen
sonme of the subset” of the filter coefficients. 34. The
dffuicnteubpie] bicati@s basedon ey cigigspis 0§ filigr aveliingentsor
generrr?etalngl %rtggr?erafltﬁnfgtigt%ppoﬁ%ds prgcﬁictive data for video decoding based on one
of the fifteen sets of filter coefficients, wherein the interpolated predictive data corresponds
to one of the fifteen different sub-pixel locations; and
means for decoding one or more video blocks base on the interpolated predictive

data.

32.  The device of claim 31, wherein at least some of the cight sets of filter coefficients
have coefficient symmetry such that a given set with coefficient symmetry comprise a
subset of the filter cocefficients associated with a filter support for a given sub-pixel location

associated with the given set.



filter coefficients based at least in part on pixe
symmetry between two or nore different sub-pixe

wo omatizeess. 35. The device of claim 31, furthePCT/US2009/040267
conprising nmeans for generating the fifteen sets of
filter coefficients based at |least in part on pixe
symmetry between two or nore different sub-pixe
| ocations, and based at |east’lin part on coefficient
symmetry defined for a given set such that the given
Bet WihieGieebf dishEM whAREHE ¥o GAPRAL s?ﬁu&tr?%‘%&%tin Qfhofiffital
filter coefficients associated with a filfer support
dimensonyngdarvestidsl gimeasion betatororotasisbini aadiegpnal dipensdien for at least
s%i Veo@ths’ees‘ilb e?gfth-er?iﬁerdceo\égfc'en sf claim 31, wherein the

ITeen Seéts correspon 0 évery hal f-pel and

guarter-pel sub-pixel |ocation. 37. The device of
claim 31, wherein pixel symmetry exists between
St e Bnatom PhTHher {aBhrela SOk o1 a2pgung the fiften sets of
meetddratient Saded afle¥R it }% n Stk OROSHREy BBEveeA tvo or more different
hori zontal di nensi on, but pixel symetry does not
sekipstel Jogationdi agonal di nension for at | east some of the
fifteen sets of filter coefficients. 38. The device of
claim 31, wherein two of the eight sets define three
Bf t Nehefdeticeefclsiet 31, fiotheachroprisighedns ffod geeeragugpho fiftcen sets of

of ..t.he eight sets define three of the fifteen se
b7 oG iris Bt R Spones HREeRBGENGP PHbSgng eren
suB1p$x cfl Rfchtidhs NindaQdd dt NQstlih bhie B8R coFtiSicht@ymehetry defined for a given
two- di nensi onal filter support. 39. The device of

et sichiizgtheygheenspivitheo of et sy S b ARInPEsgipybset of the filter
GeffRicnR Ssotfardd Wil fiffRARGd RO 1heA R0 SHE BUREH A% B RA with
sub- 40. or

pl xel positions. evi c€ conprising: nmeans
tlegivon sy ei ght sets of filter coefficients for fifteen
sub- pi xel positions based on coefficient symetry and
pi xel symmetry; neans for encodi ng video data using

Jont ermeldaticoof dlaihi B, svhafth thb €iflebrgdets @eitespodll td everehalf-pel and
coefficients; and nmeans for outputting the eight sets
et el geb-pigefle¢adipBnt s as part of an encoded bitstream
41. The device of claim40, further conprising neans

for outputting the eight sets of filter coefficients

¥lor &herdgvicodbdaiomd lt, whkrcihexdnyodety lskiststbetyeaen ddffrerfloaes of

tgeg é#tge?los%{c’s ogl(t)i;ﬁlgrren%oé"%}ﬁi]evt\]{t]sgﬁlglilvgepécglediinlegstigr? h ilrjlka)fh[c))lri)z(c?rltal dimension,
but pixel symmetry does not exist in a diagonal dimension for at least some of the fifteen

sets of filter coefficients.

38.  The device of claim 31, wherein two of the eight sets define three of the fifteen sets
for a horizontal filter support, two of the cight sets define three of the fifteen sets for a
vertical filter support, and four of the cight sets define nine of the fifteen sets for a

two-dimensional filter support.

39.  The device of claim 38, wherein the two-dimensional support comprises 12 filter

support positions surrounding nine sub-pixel positions.



hal f - pel and quarter-pel sub-pixel location, and the

ei ght sets, the coefficient symmetry and the pixe
w@yreeays define filter supports for every hal PepEb2009040267

quarter-pel sub-pixel location. 43. A

conput er -r eadabl e storage nmedi um conpri si ng

i nstructions that when executed by a processor cause

the processor to: upon receiving eight sets of filter

coefficients as part of an encoded vi deo bitstream

gener&ild fohfeRingets of filter coefficients

corresponding to fifteen different sub-pixel |ocations

basednans fd éeﬁmlga tightets afffilter ¢aedlicigefor figicemsub:pixel positions

ner at nt data for video
%ﬁ%ﬁ (%f é?g %ﬁ%“ﬁPg% g&FI§Yeen sets of filter
coef fm@neﬁtrencdﬂn@rxeden) daleeusiinyt ietcpilatoadilprseat chid sightdat af filter

ond to one of the fifteen different sub-pixe

9°6 QFWE and decode one or nore video bl ocks base on
the i8¢ Rﬁloﬁfp%ﬂm@ R gitti sV ofl alté- co@ﬂ'meﬁﬁeas art of an encoded
conput er -readabl e storage nedi um of claim wher ei n
tastreasyst some of the eight sets of filter coeff|C|ents
have coefficient symmetry such that a given set with
coefficient synmmetry conprise a subset of the filter
Hoef flikeidents oﬁ;ﬂsiﬁm(mﬁ&dwmmrnpm'asiﬂg' it feuppontngftbe cight sets of

i ven sub- |er | ocatjo 00|a th the given
Bl SR R Seneerd Sl RSBt m of 1 ai m
43, wherein the |nstruct|ons cause the processor to

enerate the fifteen sets of filter coefficients based

- | ddstdeyige phglpimo]). piheesin g fiisen Spbpuxcidesitipnseonesnepd & cvery

n

}g'lllff eS %rgdp(!jllragtgp%ﬁ s 46 Eltngr)lggzgio%b Id Jﬁn@%l tjc:é%tgl tr}%]e ﬁ%efﬁs\ﬁnt sgmmetry and
‘mhpmﬁhshmmmWKbﬁaeﬁhm$epmhsfpwmmeswm#pdan@emmmapésuh@mcl
Jlfteen sets of filter coefficients based at least in
sz on pixel synmetry between two or nore different
sub- pi xel | ocations, and based at |east in part on
coeff|C|ent synmetry defined for a given set such t

e dt sURPWETTCHabls SsegFPedieRCORPHIIRE FpUBdions r@&wlaen Sceuted
1§Mﬂﬁs&$gﬁcgmgtﬁéﬁ£§£ygqgff|C|ents associated with a

ter support for a given sub-pixel |ocation
assoaipat eq;tewngl'mghﬁ ecty pielter se¢lficigits ai‘pgt of an encoded video bitstream,
conmputer-r di.um of c
oy xRS & A PEREER S RrPep Gl s ORI P suo-pixe
16¢étﬁ>ﬁsal§assceblsth@felgfht bdresf fleetddffitiemt;s in a ver tical

di mensi on and i ho |zontal on, pi xe
symmgtepvafaé%tgrpﬁ@fe dxsdgtivieslaty fay \&g%n%w%m ?’§§f18H opgpf the fifteen

slef%aﬁ 18 00R fRfie k) §htdcfd &€ ﬂlté?@lﬁtegfprécd'ldt&@ Qata Q@lfrés'p&'l(fs% %ne of the
The conputer-readab e storage nediumof claim4

ﬁvﬁrﬁén differenisulppixelecasiogtitand et s

decode one or more video blocks base on the interpolated predictive data.

44, The computer-readable storage medium of claim 43, wherein at least some of the
cight sets of filter coefficients have coefficient symmetry such that a given set with
coefficient symmetry comprise a subset of the filter coefficients associated with a filter

support for a given sub-pixel location associated with the given set.



define three of the fifteen sets for a horizontal
filter support, two of the eight sets define three of

wao bmofizdoegeen sets for a vertical filter supporBCT/ESZH09/040267
four of the eight sets define nine of the fifteen sets
for a two-dinensional filter support. 49. The
conput er -readabl e storage nedi um of claim48, wherein
t he two-di nensi onal support c@nprlses 12 filter
support positions surrounding nine sub-pixe

A30S1 1RRSmMpRQr-rAdANTRULEE r8RAANH i Slar REGMBAL Rructions cause
conpri si ng |nstruct|ons that when executed by a

the poessorto ganpsae thedifisen sets siofiltar goctliefeniy dasidghtcagén parppn pixel
Ll lng grybegggel;ll b pltn%{e cﬁfferfeﬁtfsﬁlg%lxe Po%atrial Xel positions

ased-”on coefficien symetry;
encode vi deo data u3|ng |nterpolat|on fllters and the

R T (L D TR C—
tﬁ@ﬁl%g@sgmbfb LSAdr&8Me fifteen sets of filter cocfficients based at least in part on pixel
symmetry between two or more different sub-pixel locations, and based at least in part on
coefficient symmetry defined for a given set such that the given set with coefficient
symmetry comprise a subset of the filter coefficients associated with a filter support for a

given sub-pixel location associated with the given set.

47. The computer-readable storage medium of claim 43, wherein pixel symmetry exists
between different ones of the fifteen sets of filter coefficients in a vertical dimension and in
a horizontal dimension, but pixel symmetry does not exist in a diagonal dimension for at

least some of the fifteen sets of filter coefficients.

48. The computer-readable storage medium of claim 43, wherein two of the eight sets
define three of the fifteen sets for a horizontal filter support, two of the eight sets define
three of the fifteen sets for a vertical filter support, and four of the cight sets define nine of

the fifteen sets for a two-dimensional filter support.

49. The computer-readable storage medium of claim 48, wherein the two-dimensional

support comprises 12 filter support positions surrounding nine sub-pixel positions.

50. A computer-readable storage medium comprising instructions that when executed
by a processor cause the processor to:

define cight sets of filter coefficients for fifteen sub-pixel positions based on
coefficient symmetry and pixel symmetry;

encode video data using interpolation filters and the eight sets of filter coefficients;
and

output the cight sets of filter coefficients as part of an encoded bitstream



