| NTERPOLATI ON FI LTER SUPPORT FOR SUB- Pl XEL RESOLUTI ON

I N VI DEO CODI NG [0001] This application clains the
whemwefizd2of U. S. Provisional Application 61/ 04BCTORS2009/040263

filed on April 10, 2008, U.S. Provisional Application

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

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
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encodi ng and dec nore particul ar

filtering techni ques applled to generate predlctive

data used in the video encodi ng and decodi ng.
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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



ot her coded units. Mbdtion conpensation uses the notion
vectors to generate prediction video blocks fromthe
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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

tFRk Sh@aR06h &k &Ff WirbdpoRANPHRE AHIORE oPftwb @ intdladfab Qi kSded units.

Transform techni ques may conprise discrete cosine

Mptaers feimpasiop XSTemtes rmetoync egstaral Whickinglicate ﬂpﬁr d@é@g%ent of video
I [

l@!r)ckg tr(ﬂgtﬁvlettg c&resﬁ?&ﬁhiﬁre?{cﬁ&% Ifﬁa@’ﬁlgclgs B%gg %%?Jn% frames or

Phaeds] uaiss. aMmampmpcnsatlﬁeuse@fth@ imo@bn Wabtblﬁsto@eeerate prediction

converted. into transform coefficients,

ik Hgt AR AR g mBre {eﬁf‘éelvﬁféﬁm%?aqr&é%er <hdgchiis. After motion

dorRRERNGY, GBI NidlUBREEZ &1 BAnéS b?@ﬁtt‘r&@h% Prddi®ion video blocks

transform coefficients, and generally involves a

1bﬁ@8@@%@?@&?ﬂﬁ@ﬂ@@@émﬂmémﬁﬁhber of bits associated

[Yib(}_sg iy x%e‘éeéhc'b&&”rﬁﬁ fy m)cg)gf {r&ﬂs In, qgﬁt[zgﬁyn g{?(g thgopy coding
conprises one or roc es t at C ective
moxmpsreem ﬁartlseqmﬂan@&ledﬁt mwdasn@wrmtlwi;th cnmrmmmatlon of residual blocks.

R A

didrugdecdasts. alRrmadtell) M\Ie%ﬂ tﬁa@sm@ﬁﬂ aﬁ&gea@a@gfbm or other types of
vari able |l ength codin CAVLC) and context adapti ve

tHnpiRFYs gyt birtede Bodlilfgl eeBie)es qnovesiplea actsd o nifcdaglues are

&h%}{%dqﬁ% tlgﬁsff)ﬁlp E@e?ﬁm—::rﬁg \Q}{c}pﬁlggireﬁ)}és thEfRE ﬂtﬁ’ 1xel values in

t can be used to credte or a predi

tb¢ beqyenagndoraain e §Judutadatibh ocdppbéd thatha tnamfomawexfﬁcwﬁts and generally
i fferences b d an

R PO B Rek U BURES, Qb TSRHERY SR ) even o

effieldns eEh e yosddin@l cofpii€esndiei 0@ Aindre @fd@é@ei ﬂnat ccﬂreemtﬂi}eé’ompress a

to identify the predictive block ta.

waisen A é@@&gsm09?§e AR BYOTTR ) %Octeé 1?1@% ﬂ?giﬁ?ra%taqdh%uanﬂzed

PR tb¥@icRhRC K ahB Rk o‘f‘%ﬁt?oﬁﬂls&%ntg('{naﬁﬁiﬁebﬁt@?e ﬁ&slhgl‘t@ll to content
Thus, given a set of residual blocks and a set of
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wire upedetdi @ide viee obaitdaal. Thus, given 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
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coded unit used in notion estimation. Interpolation is

often perforned 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
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i nteger pixel positions that surroun sub-
host hgmsenit from thadésatiptstmdpédw.and gener at ing a
[Qﬁ@q Bﬁ&){g? nv]g]ill kthls adsscfjosurré p?(t)v1de(:"saasrtnet%ogr%or91{)ristirlﬂge obtaining a block of
pixels, wherein the block of pixels includes integer pixel values corresponding to integer
pixel positions within the block of pixels, computing 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 interpolation filter that defines a



[0010] In another exanple, this disclosure provides an
apparatus conprising a video coder that obtains a
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i nt eger pixel values corresponding to integer pixe

positions within the bl ock of pixels, conputes

sub- pi xel val ues for sub-pixel positions associ ated

with the block of pixels basefi on the integer pixel

val ues, wherein the video coder applies an

thBt(ﬁﬁlE‘ﬂglﬁial Oayf bt f1€r s j%}ﬁ;ﬁ Aigftione 2 oResh¥RAAIRNS §QRRkwelve or more

array of filter suppor ositions corresponding to a

iglsgero pixehpbsionsy th%r%ﬂpm(bq]@' spb-pixiel positionsoms af kaghial shape, and
e,

gzﬁéra&g Plle?l%tléﬁl Qlo@ﬁ gaes Iglg ?]1! 1%;!'15? Q(ts(ineijgf tﬁe Elﬁ) nﬂ&%l Xﬁ%{élgg t

[O1g Iﬁfandithﬁr cS(lainpka:I, thed divadsuesprof1dod ag alip’araal[mtohﬁjrlsmg a video coder

UG PP SR o B B OB e o RGP g8GT Pkl valucs

dBkegion@hg b XBlcSer! MGHUSIRTIh O ABSH R Kl@l:k Y)@'p%% comﬁutes sub-pixel
corresp ondlng to integer pixel positions withint
p

luse korstbpixeb pesitians aprociuted vednihabiasly of nixclsibeedd apahe éngeger pixel
A t t Lock

\%ﬁ{(e% 1 gfﬂb%gﬁé gfl c?eh E(?dr%? e%éﬁg .aﬁ ﬁigerfﬁ%tggl %@ﬁp tf?aq deq{nes a two-

dmalmorfablarrayomﬁlﬁliengupﬂwt p(hﬁhliqmlsmk‘remlndmg to caTpeti csfetWelve or more

ans .f a an in ol.ation. filter
e R B h A EPwihe St AtPRipeI P iopy B fgélaﬁﬁwe’ and generates
zﬂﬁ%dllt:ﬂlcﬁflﬁocﬂ@da"s&ﬁ(ﬁ@ﬁdéd@gsotr& oF tixeubYixdl weluye or nore
|nte% pi xel positions that surround the_ sub-pixel
i

[B%]s]ﬂ otothen axamale dhissdisgdesuraiovidung deytcegeqiapring gneans for
e t
R

(Iomesooddlslg [tosnteger rmvyal ipesitionpl enienttee bionk & pdwhr eycans for computing

suﬁ,&l Wﬁé/eliu%s %or ::?AE é)]uie Wg?sé{i 10 haggorcr:galft?ncatgiritg rﬁﬁé&leoglg %E;P'éx:?&t %aaed on the

ihRRg@nsxd rvamé!i Lewlir€if @s®as Sor &)ﬁcﬁnua@ th ﬂb@ﬁ@m KOES B6thprises means
application speC|f|c i nt z%rated circuit (ASIC, field
ot agtluRas| 1Btcipefasion filiey thatdeiiyes ppwerflgnanalonalj gy of filter support
ﬂ%@ﬁ%ﬁsc'@&fesﬁgﬁ%@ggog%t m%%fo‘% Iﬁd?@'intgg&? BHEESosttMBs that surround the
techniques nmay be initially stored in a
%bﬂwuieomm@adabH@h#@hmmnamhmwMQddeﬁﬁ@ﬁ@ngﬂ&t@h@@nm#wkb%edon
QF roce _%OO}%h Accordlngly, thi s disclosure
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comprising instructions that when executed by a processor cause the processor to 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 in



corresponding to a set of twelve or nore integer pixe
positions that surround the sub-pixel positions in a
w0 aevare9shape, and generate a prediction bl ockPGEHESH0D0H0263

at | east sonme of the sub-pixel values. [0014] The

details of one or nore aspects of the disclosure are

set forth in the acconpanyi ng drawi ngs and the

description below. COther featdres, objects, and

advant ages of the techni ques descrlbed inthis
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deo encoder that may performfiltering techniques

%%ﬁ%?%? Hf> with this disclosure. [0017] FIG 3 is a
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positions associated with prediction data, and
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| ﬁ E%r hﬁﬂesd&’és@riléédoig i { éﬁ%sure {Vﬁl %e aﬁtﬁ‘@h tﬁié a%r ﬁ%@lon and

atin er sup W th respec
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conceptual diagramillustrating a horizontal 6 pixe

filter support with respect three horizontal sub-pixe

| ocations, and BRIEFDESCREPPIORIOF DRASINGHPOrt wi th
respect three vertical sub-pixel |ocations. [0020]
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een’ Sub prxe i ONS W ng to
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three vertical sub-pixel locations.

[0020] FIG. 6 is a conceptual diagram illustrating a five pixel-by-five pixel filter support
for filtering an integer pixel location.

[0021] FIG. 7 is a conceptual diagram illustrating four integer pixel positions and fifteen
sub-pixel positions with shading to group pixel positions that may use pixel symmetry for
filter coefficients consistent with this disclosure.

[0022] FIG. 8 is a conceptual diagram illustrating six horizontal lincar pixel support

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



positions relative to a sub-pixel, wth shading that
shows coefficient symmetry. [0025] FIG 11 is a
w@omeapdel diagramillustrating six vertical PECTES2009/040263
pi xel support positions relative to a sub-pixel, wth
shadi ng that shows a | ack of any coefficient symetry.
[0026] FIG 12 is a conceptual diagramillustrating
twel ve two-di nensional pixel Support positions
relative to a sub-pixel, with shading that shows a
063 FaG. any Q%Eéépﬁia@rﬁlaﬁmtﬂtbﬁtmé Q@2 Abrikd a1 dedal %1)@1 support
conceptual diagramillustrating twelve two-di nmensional
m»swens selpiver to posibtpizels with ahdding that sshewib-apilack| of @it fgocticient
%} g that shows coefficient symmetry. [0028] FIG
I's’a conceptual diagramillustrating twel ve
[ﬂm] diigendi snal copcopehal sdippamt iljpssitinigosis veeli@d i lieat @ix@l support

i xel, with, sha t hat coef ci ent
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positions relative to a sub-pixel, wth shading that
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S% /M illustrating an exanple of a video decoder,

may decode a video sequence that is encoded in
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di i l.lustrat f i d ‘
BHAGREF ki R 1p8aTa R FVR Dt ol of hfopey cootiien
st ent with this discl osure [0032] FIG 18 is a

| ow di agramillustrating exanple operation of a video
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iohs bl Lk ? rg b fl Wrimk Sy 2
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symmetry consi stent w th t osure, .[ 0034] FlI G

SRR ey PR kg aeh b bR SRS SRR DBl o

[8024] crec &g esndep@nl dmgrhmzlﬁastfaaﬁg frivelive B o-giniaieionyl e support
pi xel metry consistent with thjs discglosure. [0035]

mw@on&re v fogd $4Povix i Wi ehidine b shaas W@ff&wréme ry.
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dem@gae‘rldfm seaqiicngathabis cooriisil ot bipmapneridesdribsd herein.
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[0033] FIG. 19 is a flow diagram illustrating example operation of a video encoder that

utilizes coefficient symmetry and pixel symmetry consistent with this disclosure.
[0034] FIG. 20 is a flow diagram illustrating example operation of a video decoder that
utilizes coefficient symmetry and pixel symmetry consistent with this disclosure.
[0035] FIG. 21 is a flow diagram illustrating example operation of a video encoder that
utilizes filtering of integer pixel locations to generate adjusted integer pixel values

consistent with this disclosure.



i nterpol ation for video coding based on a fixed filter

or an adaptive filter. [0038] FIG 24 is a flow
waele@gnzived | | ustrating a techni que for encodi ngPET/US2909/040263
coefficients using predictive coding. [0039] FIG 25

Is another flow diagramillustrating a technique for
encoding filter coefficients using predictive coding.

[0040] FIG 26 is a flow diagfamillustrating a

techni que for decoding filter coefficients using
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weffercats wmegectdicttve cotiing. di scl osure, including a usefu
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-pLxel filter support that for .
BTGP Fon o el RE ol X claunt fof SEei¥ flter coefficients
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dat a needed to be sent between an encoder a

nd a
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[8042] dil&eel9 isrdreitlpsitagive enamlihe§ en amay of inerget-psblnilou esctficients for
ﬁ%ﬁ%dﬁ Pfib?gphn deHgiI be pmnm%§p44] FIG 1is a
BHELRCHCHYT ST IO P ARG BR& S Epl ary vi deo
encodi ng and decodi ng system 10 that may be used to
i npl ement one or nore of the techniques of this

di scl osure. As showpinAhlEp DESEYFTAMNLO | ncl udes a
source device 12 that transmts encoded video toa
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tﬁ@[aﬁg}e le kRed Ik Mﬁrﬁaa‘[ﬁﬁ‘ﬁ ®echniques that use coefficient symmetry and pixel
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to configure the filter support for interpolation, and techniques for filtering data at integer
pixel locations in a manner that is similar to sub-pixel interpolation. These and other
techniques are described in detail below.

[0044] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may be used to implement one or more of the techniques of this disclosure.

As shown in FIG. 1, system 10 includes a source device 12 that transmits encoded video to



comuni cation channel 15 is wreless. The techni ques

of this disclosure, however, which concern filtering

waeaotibe®2gener ati on of predictive data during PCT/US2009/040263

predi ctive coding, are not necessarily limted to

wirel ess applications or settings. The techniques may

al so be useful in a wde rage of other settings and

devi ces, including devices thdt communicate via

physical wires, optical fibers or other physical or
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components. Hence, system 10 may support one-way or two-way video transmission
between video devices 12, 16, ec.g., for video streaming, video playback, video
broadcasting, or video telephony.

[0047] Video source 20 of source device 12 may include a video capture device, such as a

video camera, a video archive containing previously captured video, or a video feed from a
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conput er-generated video nay be encoded by video
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Bfer &N sﬁe%ﬂi?'z@c%dn%{lt&fdeWcE %Lr gﬁ;?arﬁﬂsdth\ﬁ ﬂe??orﬁ? %c@b encoding or video

decoding. The term “coder” generally refers to any video encoder, video decoder, or
combined encoder/decoder (codec). The term “coding” refers to encoding or decoding.
Display device 30 displays the decoded video data to a user, and may comprise any of a
variety of display devices such as a cathode ray tube (CRT), a liquid crystal display (LCD),
a plasma display, an organic light emitting diode (OLED) display, or another type of
display device.



Communi cation channel 15 may formpart of a
packet - based network, such as a |local area network, a
wor@eAzdea network, or a gl obal network such aBCT/Kg§2009/040263

I nternet. Conmuni cati on channel 15 generally

represents any suitable comunication nedium or

collection of different communi cation nedia, for

transnmitting video data fromYource device 12 to

destination device 16. Conmuni cati on channel 15 may
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[0053] A video sequence typically includes a series of video frames. Video encoder 22

operates on video blocks within individual video frames in order to encode the video data.

The video blocks may have fixed or varying sizes, and may differ in size according to a

specified coding standard. Each video frame includes a series of slices. Each slice may
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e recelved a accor Ing to an e tropy co
used to represent the coefficients. Following quantization, entropy codlng may be

performed according to an entropy coding methodology, such as context adaptive variable
length coding (CAVLC) or context adaptive binary arithmetic coding (CABAC). More
details of each step of the encoding process performed by video encoder 22 will be

described in more detail below in FIG. 2.
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WO posens@24guant i zati on (de-quanti zati on) and i NREF/ES2009/040263

transform functions to reconstruct the residual block

in the pixel domain. Video decoder 28 al so generates a

predi ction bl ock based on control infornmation or

syntax information (e.g., codi‘ng node, notion vectors,

syntax that defines filter coefficients and the |ike)
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Correspondl ng nore | nte

to a of i xel
W JACY @ré%bwaieh QBSITI?PSgarS%%?Pé‘?d Wishahg bigek @g/pv{ego@sfd on the

ihRcACHRENINGES, %ﬁé?elﬁn&inﬁﬁﬁmgstﬂ@%b ?xeﬁ Njafued c%'ﬁ{p‘?éw @pplying an
éeo encoder 22 and/or video decoder 28 may utilize
latgp@d:ettl@noﬁltgy Mtdqﬁnpfn wortgerdimensiopalueeray hef diflounuppfrt positions
S5 Rebs TSR0 Do B ERL S PSR AR i g o
mﬁmbnsl fred razﬁxefsﬁam et gemsae@Ia ipfedidiioe rjpedkaias@hon ¥ Be® some of the

Shorre e s MmFrTis SLaherT éwiq%tﬁl%gﬁgar{ff{YLéﬁe filter support positions

do%f’rﬂo‘n@ﬁig to W&k &irwtiNg o8idht ifet& MkelfdoskiBhs is explained in greater
coefficients are generated based on coefficient

deiairhslaw: and pi xel symmetry anong fifteen sub- pi xel

0551905000 M 5 £ 80500 et e i
deco el 28amuy hitilizchaspeampf syimcey ghhtordetts redukconige wndimt of data that
needs to be communicated between source device 12 and destination device 16 for
communication of filter coefficients used in interpolation. Video encoder 22 may
determine cight sets of filter coefficients for fifteen different sub-pixel locations, wherein

the cight sets of filter coefficients are generated based on coefficient symmetry and pixel

symmetry among fifteen sub-pixel locations, and output the cight sets of filter coefficients



aspects of pixel symetry and coefficients symretry
may define all of the filter coefficients for al
w0 pdovaezi2hal f - pel and quarter-pel pixel positiRPCEUS2009/040263

Mor eover, pixel symretry may exi st between different

ones of the fifteen sub-pixel locations in a vertical

di mension and in a horizontal dinension, but pixe

symmetry may not exist in a di*agonal dinension for at

| east sonme of the fifteen sets sub-pixel |ocations.

t& B SthbAGdiQf as Paie&lf a%yaﬁe@deaymﬂsﬁeatnhenm}@e%@thylelfgﬁﬂ@tso Rlong with

for at |east some of the fifteen |ocations ma npr ove
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generate interpolated predictive data for video

ey thradegpnehdipsasion fartee lepstispme of dwtfeftagn lggafiersymay improve

t ct ive data
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| Nprove conpression spec | ca ring | um nation

@har glwﬁftcsme:hﬁerbmtcﬁelmmsﬂ dncaflatd;earuhd@pdfrml}e oremongevidi ldecks base
an hd @ A ?8 tfrarre shar peni ng, and may hel p

" ? %po A¢ Brerﬂigc '0f “¥''ne obj ect movenent bet ween

[BOIGII] Gﬁ &bdb@danbd&lﬁthfahatﬁ%aspaﬂ of ¢hid @Eélysu\ﬂé] &ftes \eAt®RIf ¥2 bisd/or video

rrgosed on filter coefficients. 0061% The

4eﬁ?<ker B0 128Y; Witize W%IPPI@P%PWEIW%%WF@ {reBechfo ptgeppixel positions in

(ﬁ"@é‘ro@e er%?at@'ﬁg{kl%dvlhfégéf ?&Qlodﬁ 6528 SHEY 11'1t@1‘iololéqgn like filtering may
obt ai ning bl oc wherei n the bl ocks of

lmpmegonmmsudequcrﬁcegle dumalélnnmaltlgeshmcm egqme Hatlerigs pofade-outs,

inte pixe Shti.ons_ w h|nthe block i xel s
Thay [eH ove no S an&) ?atmehtaét? 1ma%(e amme ?haép njnig, i rgﬁy }ol?]ﬁ improve encoding

dfrﬂrﬁtg&jjecp hmémvlﬁlhd:&&eew stllSUeﬁBltfehﬁdbd Gakeobarficlels when symmetry is
gener at(g ﬁ ust e | nt eger pixel values, wherein the
%}fﬁ@ﬂts oR t%rgcé?F ‘ﬁief(‘@} val ues correspond to the

008 BUBK ifxkrp8latiPRbikt FiRBSne ROhiIERIST FdbdehBdB2dinlor 9ico decoder
bl ock based on the adjusted integer pixel val ues.

J80omap nclysledianigambakiiof hixghotheicinadpddecksfof phicks includes integer
qu(aQJang grré/sbgl%ﬂnge{bcﬁ%%gr &%el‘%n%ﬁp%’]ﬁ Pthe blocks of pixels, filtering

the integer pixel values based on other integer pixel values within the block of pixels to
generate adjusted integer pixel values, wherein the adjusted integer pixel values correspond
to the integer pixel positions, and generating a prediction block based on the adjusted
integer pixel values.

[0062] In accordance with another aspect of this disclosure video encoder 22 may generate

first interpolated predictive data for encoding of video data based on a first interpolation



first interpol ated predictive data for encodi ng of

vi deo data based on a first interpolationfilter,

w@emenzted second i nterpol ated predictive data POF/USI002040263

encodi ng of the video data based on a second

interpolation filter, select between the first

i nterpol at ed predlctlve data and the second

i nterpol ated predictive data Yased on a

rate-di stortion anal ysis, encode the video data based

k! A8l KCbh®hicPl@NFOHE YA Yot QdiNehBaing JMBe video data

selection. The first interpolation filter may conpri se

basdd sed seeond ipoipatarion filtet, select befigeontibe fest aerpolated predictive data
t

anﬁ tt@c{ geg (i Iing%pélat: ?Zored?%p(/{e %gﬁp[gas%de%rgF 6%% ;ﬁ%tt(?ry {§n al%alysw encode the

m@@emﬁbadegt ohi tht kedction, bibseodx aymies. infR6G3he sclection. The first
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interp ictive dat u r_of .
b Es BT SOk b S S b pRR s e B Bpassptine only
faBedn sk Sonid NhtefpR Rkt Belipi R datd bav&l slatvdd inferpti@tbntflters, but could be
identify which filter to select. [0064] In one
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Bhe4 ' ogt Pl ShaRSL Phy BaRELS detSehll §pRRRRE PR rrent versions
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indi cate the sel ecti on. Thi s di scl osure al so
f@@lrﬁ é?}ﬁqtglgégnotng (t,lllﬁﬂi’lali?@t}f Q)frdlgﬁggtd\fefﬁgomlq tpéqdlctlve data based on a rate

£96kibh %hﬁ%lsc' eng&ﬁn§?ﬁ@m& Jda¥l 98Q1 &NEE @@l’éct?o% B8 encoding syntax to
Identify a set of [ter coefficients for

lnﬁtﬁcﬁQBQEMMm»of predictive data in video encoding,
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cqfffleients 33300| ted with a flxed interp 0I$ ég

Rreqietare datioi) Ao eneedingtgeatrardotif] palrutarcisf theypeg of filter

QuttRithtst hRcdlWanbaesh el &xlidhual tealues Agr RakticiRhts 3Blative to filter

encoded bitstream [0066] Video decoder 28 may receive

qoeHicehut asyediaied with o ket mtbrndlationafilécst appfy fiantiggtion to the residual
figi ts

GRRL o8 Pme SENREE £lilf Sk A pdd draReafREH bIGIEI

[ﬂwﬁlé&daﬂdeéd(ﬂet en maﬁfréctemveerrfts&lualsymlueﬁiasdcmeﬂhwah fa xe@dof filter

olation filter,. and t he se
COBRRIPET Eriecs e pricr e coe B i WadigitealegeliEt psed on the sc
dfﬁ@gthﬁ%ﬂ IVRicl Q@ I1H cocfficients associated with a fixed interpolation filter, and
apply the set of filter coefficients to interpolate predictive data used for predictive decoding
of video blocks.



of video blocks.[0067] FIG 2 is a block diagram

illustrating an exanple of a video encoder 50 that nay

w@eeborared il teri ng techni ques consistent w th REI/ES2009/040263

di scl osure. Video encoder 50 is one exanple of a

speci al i zed vi deo conputer devi ce or apparatus

referred to herein as a "coder." Video encoder 50 may

correspond to video encoder 22 of device 20, or a

vi deo encoder of a different device. Video encoder 50

[08¢7) 86T o il katiagdid illiu@fing 89 bRnE oPhARAS Medddl B0 that may

video frames, although intra-coding conponents are not

nshovn fillherllng caechzuqua% cepgsdendfwith [this tdisgtosens. Videpaensodiirnyy is one
LE [ e
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‘feodare. Vhdﬁo&fnc&h:dlSﬂgnarye&drESpdmﬂ tb effporeatoder ediof et 2@ or a video

reduce .or . .renov ral re nc in video within .

g She ¢ STt VbR arug@ Reffo g gnd Tntr-coding of

HbckiRd@In MRYo Fehel, altRodoRenshaddid ¢ 6nt§ QR 8 SiEdvANin FIG. 2 for

node, and | nter-nodes such as a prediction (P-node) or

casbpt diupegiono natracaling deles paysprigdlarcdigfianhie redypsorrarmove spatial

c
RS GRS B TRIEE viorh B CRIL S BeBbl e Sprmpoal prediction
tb nedwecadicngvel rtemporslu clduadnnsy an ivadeopwelbincddj zmnntufr'amesabﬁ a video

not illystrat n FlLG 2 for sinplicidt d ease.o

Piicogs R0 shiefionaE wiih < Hibmafiintosdf GaBBERSuapde, and
[2Rrhedel vies @ Vpdertidl atkodb) b @bﬁdNécﬁSﬁhlf(Baﬁ@det) @nd¥erefer to the
encoded. In the exanple of FIG 2, video encoder 50

tPRBPaLbased ErEreonomodst t 139, te?ﬂ@%%9 Fthisydisglgese apgly during
1ﬁtef E@d}ﬁ’g O&r@' Hﬁketfoés’mtﬁl &)ld th&l { EL‘R:% Héq'sﬁatﬁp’pr&f]gloﬁnumt are not

ent ropy codi ng unit .
iHegtrsltin HE® .| 2for SImpélleroy md:@d@@f lﬂﬁstlahsm i ncl udes an

i rse uant 2 an invers tra

A5 INATh TG Rt todi? sa ksl Ry o D RSHRGH video frame
t8 vewAgod¥ay Ialkisocxampidel Rided, Vided ehdoder 41 ek dooa pebdicties unit 32,
to renove bl ockiness arti fact s fromreconstructed

REAYY 34 0 HElet +&3 ranpfermapit deka arpnfizatic unikd(l apd an entropy coding

Jrﬂtph@al For fiakd %‘10&hl%c&i&rﬁé’tton()fw@c@d&{coéér 50 QR89ncludes an inverse
Prediction unit 32 may include a notion estimation

quivE) zati o 1unt3 32, anivarsastangorne onperis and an adder)51um tdeBigcking filter
(E&)tl S e%vn ma% 81%8 1ncrfu(le%iqg lil%l%r egl Gl Iar(i)eps tgm ! 0\7?’6 lﬂ%lness artifacts
one or un| t

ﬂ;mn trecaﬂsttlmteﬂezﬁdear f dfsﬁredi,abd: asbl eokingyr fﬂltemtvﬁmnxbiy@tcabyl filterk®e output
filtering as part of notion estinmation and/ or notion
d ation, according to this disclosure. Filter 37

[0869] ar"%diéﬁdn)’urﬁlem S8 NhclRdP b Uhetdnt dtirfatigh {80 &Rl 35, and a motion
filters to facilitate nunerous different types of

doptpenyebiPat V6N vaiid i rftilserpll mey bainojysied fin prediatiag uag 32 and may be
lg\%gﬁ% ‘tgfeg?eb%l; %Iolﬁln tofle- I;I\’g%iun%i}r ?ﬁiag{iilﬁﬁ HIHJ[ 5733 ﬂ%rﬁlnﬁlke%qation or
interpolation- hke filtering as part of motion estimation and/or motion compensation,
according to this disclosure. Filter 37 may actually represent a plurality of different filters
to facilitate numerous different types of interpolation and interpolation-type filtering as
described herein. Thus, prediction unit 32 may include a plurality of interpolation or

interpolation-like filters. During the encoding process, video encoder 50 receives a video

block to be coded (labeled “VIDEO BLOCK” in FIG. 2), and prediction unit 32 performs



interpolation-like filters. During the encoding
process, video encoder 50 receives a video block to be
w@omed2qok4abel ed "VI DEO BLOCK" in FIG 2), and PCT/US2009/040263

prediction unit 32 perfornsinter-prediction coding to
generate a prediction block (Iabeled "PRED. BLOCK" in

FIG 2). Specifically, ME unit 35 may perform notion
estimation to identify the pr¥diction block in nenory

34, and MC unit 37 may perform noti on conpensation to

iBRABFAlcEioh Q@dﬂ%% %ﬂg@ﬁeraa@ ar&fionl 10AO{1a¥RIdl “PRED. BLOCK” in FIG.
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[0072] To perform fractional pixel motion compensation, MC unit 37 may perform
interpolation (sometimes referred to as interpolation filtering) in order to gencrate data at

sub-pixel resolution (referred to herein as sub-pixel or fractional pixel values). MC unit 37

may invoke filter(s) 39 for this interpolation. Prediction unit 32 may perform the



sub-pi xel resolution (referred to herein as sub-pixe
or fractional pixel values). MC unit 37 nmay invoke

wo poovaeqeed 39 for this interpolation. PredictiPCI/URL009/040263
32 may performtheinterpolation (or interpolation-like
filtering of integer pixels) using the techniques
descri bed herein. [0073] Once the notion vector for
the video block to be coded i¥ selected by ME unit 35,
MC unit 37 generates the prediction video bl ock
AR R ¢t 1Wngl‘)lzttf&ﬁihk€@itlﬂeHﬁ% YEGEQér p&@s)lt@in% tiR/teB¥ques described
fetch the prediction block Tromnenory 34 based on the
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tsghmpt: oy ntode thead Waeuiddeo gereuait tlmfsubﬁpnstehmeﬂh&bn deedsrytbo indicated

be conveyed, rediction unit 32.h . ..
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10872130 R ol 0 iz T S S A M D01 O BGr redce
exanp| Bhe @ahtizpyn podessgnaynictiuekGtherbit dppihfaesromated with some or all of

the coefficients. Following quantization, entropy coding unit 46 entropy codes the
quantized transform coefficients. For example, entropy coding unit 46 may perform
CAVLC, CABAC, or another entropy coding methodology.

[0076] Entropy coding unit 46 may also code one or more prediction syntax clements

obtained from prediction unit 32 or other component of video encoder 50. The one or more



CAVLC, CABAC, or another entropy codi ng net hodol ogy.

[0076] Entropy coding unit 46 nay al so code one or
woreee/1pidedi cti on syntax el enents obtai ned fronPCT/US2009/040263
prediction unit 32 or other conmponent of video encoder

50. The one or noreprediction syntax el enents may

i nclude a codi ng node, one or nore notion vectors, an

i nterpol ati on techni que that Was use to generate t he

sub- pi xel data, a set or subset of filter

5 8RER dnClyaRkSoleRéntO A Nind1IMO4 @8&1}1@ MARRSOE &t RdrcMnbiord D&tors, an
generation of the prediction block Coef fi ci ent

ipteailagion dechatade thahmed pea focgenenaict thy sub- -pieigl dotae diset prvsaibsap of filter
cﬁrff%ge%tsggg ?}léf‘;lr}g(r)] a’tloﬁ as?ocglgédc&/ltﬁ e %gltegaél’oré Cotfgﬂ% ﬁrsetdﬁlngn block.
Chesidias pralictioal dndvquagtizatien enit mm pyaycplﬁdmgvetby cedolde @py quantize the

coding unit 46, the encqded video and synt ax eIe

(i)j bog‘ %YP%sﬁ%CPtaég?%c%%g‘ilﬁ‘E? agesring tBrSXD&F arregs Pt @F disclosure.
F(ﬂlto@/ﬁngt ﬂl@rb%ffbﬁys 'c@cﬁn% by re%frf)b}e\é@dmg LR 48] tHenMRH&R video and syntax
guantization unit i nverse transformunit 44

APPINgs inkyebs draguiaiffed ztat 4n@ﬂlearﬁ1§“|°ﬁ\ﬁér gehiyeda feff ytaratringpLssion or
&§§9§ct|vely, to reconstruct the residual block in the

pi xel domain, e.g., for later use as a reference

(6068 UnveTtre quettomBon uotited2r @sd dustrsd | tookfofinaleitedd apply inverse

PREGAL? OB B evErerahbitiopn P&l Tiate BRUSRER G regigel block in

th® pixéladtﬁﬁaﬂﬁ .ok 123& usd 1€ a rEBRASS BIVER. €thd RSbridtiattedt@fikal block
ffer fromthe residual block generated by summer

(lP@elééé‘Rﬁ@ql%s%E%P SEOLK” walllsed) BRytRRICHIAA L FLATUsted Version of
tﬁﬂgesﬁd?l\c’lfef)l%@k gk&%‘& dztgttfa EIfOP‘PQ{nﬁt {ON$he %&mﬁcéd 18488 block may

e reconstructed resi to not i on

dGepiees allleentspu@dﬂ@xﬂq gneibieddly omoaiy déchbyo }blse @i dethibaused by the
unig §2 to 4P a recon strqgted g deo 9¥ ﬁgr tructed
AP e RBRYS Sl SRR PhelRsT bRt ekl Bhgecomsnace
B8N udd ®10dE @6l tHaym P ddodipe ashtddnprediStZoralslo ek p@ﬂ@deangq)raiiacdﬁ unit 32
that, may be used to subse%uently code a block in a
tg @w@aﬁémwvﬁt@é@dm%ﬁé UK TeuBeagt BrncReed Jhierreconstructed video
‘t[l@éyﬁia A deschy Bedii@Ravenit BQ%' Qtrhf%fan@'btlocﬁzthﬂﬁﬁlay be used to
per f orn ot on estimation wth fractional pi xel (of
@b@qmrbﬂal cpdcpa blork inonsubyifgentpr dedi fmmecm subpficu@P cagdsd gnit.
GARA LR rBd GhoTD RS LR O ey PEEHIG! ol dimifon wih
nmay genera 8 dara ‘at reso ution (e.qg.
fedekipmat glixed r(of Bl&ﬁplb(éibl@ecmmel \M&lnulﬁﬁdlcmm ogit 32 uses fractional pixel
i nterpal at.ion o (Peratlons described  in this dlsclqsure
oS Al decigtio YnHe-Er B 8E1°EHC 8 AT RIS ClA R g 8., sub-
Pife] ©P TRk ShaV BixbIEELRE) RO Ink@RSatRf WREMANGest Ab&IGR M this disclosure.
pi xel positions. Sub-pixel positions |ocated half the

lgiogheamerdshide wernolnereerargions hrepsed toi compuieaiplugeat positions between

S PRt ob TRl B RAEHE -
tflg n% e?glxtep c!l?lgnSSuP &?é)ge Qﬁé sf18<fe e)d lga(ﬂs htg r%igsg oe tb\f/:\;[é)veen integer
mxellm)ﬁmgﬂfr mwxl&l reffosidt tocas laatipiaclhdlaff-pol) x@dlsitipas | subguixel positions
lgcaaXedbhealf the distance between an integer-pixel position and a half-pixel position may be
referred to as quarter-pixel (quarter-pel) positions, sub-pixel positions located half the

distance between an integer-pixel position (or half-pixel position) and a quarter-pixel

position are referred to as eighth-pixel (eighth-pel) positions, and the like.



referred to as quarter-pixel (quarter-pel) positions,

sub- pi xel positions |ocated half the distance between
w@eoovnee@ger - pi xel position (or hal f-pixel posikCDOP20891040263

a quarter-pixel position are referred to as

ei ght h-pi xel (eighth-pel) positions, and the

like.[0079] FIG 3 is a conceptual diagram

illustrating integer pixel (of full pixel) positions

associ ated with prediction data, and sub-pixel (or

(00 tHIGN3! 5 R ()kﬁllcé tﬁ’ﬂsdligrﬁ%ﬁsﬂlﬁ’s?tﬁgﬁ% A t8sbr Wikd? (or full pixel) positions

interpolated p J)ctlon dat a he concept ual

gspdctpsad wiith m@d@floer@ agd sulpixgl Gof éﬂ@tmnabmxdg posefine gesepiated with

&!eﬁo% at&@’ grea%ﬁorp E%Stgl ﬂl %e?éé&%nﬁt@rpllﬂﬁgﬁln%ﬁ g@l N ehtlhg Pl?fferent boxes

I'elhesdnope;sl ad hlbqrjkaldodammor psceproas &vithin afiageror i etk of a frame.

Ll il mal | | ette n the boxes wth
%ﬁ@aqﬁtﬁe& in tgi)i’@%@n‘f“ﬂf i ﬁ%@% FSREPSeRloRIFEPsREe! Jopations, while
BRIt kel ?ﬁ theRiox&d wlt® aedddanssAdpint Bl 'S@@-glx@lll'o%mns. In particular,
D1- D6, E6 and F1-F6 represent a 6- array of
nixl desarionsi A&1AG, 5 286, dhlst PHDY. EliEGamd FEFp ceprenenior Ady-6 array
oq{ﬁgtgge y&eﬁ QcéllJ Smlﬁlljb If %t élﬁ@%r oﬁer &Qireﬁ’ HQQ S ixel logations “a”
repr teen su |xel ocati ons associ a eB R
throbglg€p” pepr@entCﬁftefm glb -pibdt Mea&mns raswgfa‘redpwxlellnteger plxel C3, ecg.,

| ocat i.ons

el Ser iy BeradRe Gl b P T ity 2B Rl dagavigns may exisi
foheveey brtpiok @ixel @RatidONShe Aib- ﬁlﬁéIQti@a'ﬁlon@“ 2T @BRIUBE €O represent every
evgﬁi hal f - pel and quarter- pel%gwxel | ocati on

A %H‘ftﬁﬁ o Piyel geongissasfatedgvity @1@@@{1 p1r< #litielyer - pi xel
[gﬁﬁéﬂﬂéfﬁtggec‘r gﬂ%ﬁ 108HER 5}} & gsgoé%t[!: w'i‘thf% sgﬁ gt%%hv?/g% such as a

) as ap otodlode
rwotogiatalmhen gerwdtat &th WEMlgymlbmén@ded rrﬁi]e pledsdipde may measure an

AR ot Atk BRI T el R BB ipisgets value
Wit ﬂgeﬁteg)ér)iﬁiel |1(Qfa‘1ﬁ6ﬁ OAgaiAJ&Ich integpidenloR@dr PhX Bdve an associated
Iocatlon may an associ ated set of fifteen

st pt Eftg‘(eéq sqbdg)éql lgq?élol(lsoforwgglplwryorﬁbr ”erile nymben Qi erpigy locations

a%&&m@é@(\?ﬂth ln@é:g@f b&@ﬁlo@ﬁ%ﬁ@hﬁ& ¢d dé%eglﬁeﬂt Rp&SORE 4Rl precision. In the
| ocati ons epen dent Upon t he desired preci Sl on.

dxnmphellmtvélue FICE | 3y dterdesioa! prmlﬁoras @arteraxa @sdcrseah, in which case,

rec on.ls quarter,- |er i Si.0 |ch ase,
SEER! B"Pies® REKFsBL X BhRR Sl Pkl dhR SEPR positons
Wbietee éﬂvﬁlsﬁﬁ@rxenposaum@, ;ma>yeble apsiatddorish cadvbligegei-pixeication based

u - pi xel. posi.tions associ ated with each . :
& eV |%I‘Sl(?noc%°cr|hgﬁ p&&i BEECHIP™Y ﬁg ea@@mee%ﬁcgﬂl@eg% Piy5] location

IE&W BatdpoRi X@lth RhRE! §ibAxelf MsitRRMPIAR, afARR cxample, cach of the
I nt eger - pi xel | ocation may corresEond with three

igtgierptixdllogeBenst naherrcasondrivithektyeRismphlepixelidyitions fheighth-pixel
I;SrIQJI§9§r -E‘Bll:ﬁ( %lXCL‘PO%%é OHI%%% 1n(9 %[lg ?QISP({IIQ é)m LQalue ¢.g., onc or more

hree sub-pI xe I ons or el
lpmﬂmn&nmmchEmmhmmenehedocatlon may define one or nore

| xel val ues, . ,._one or re Lum nance and
BT i deprsen Bistingg et O e CF @i dseintehy g lifffesar values of
AR R aChreFRYMERRNESLObCE ¥RordiphéereRh phadll RSt H may actually
define three pixel values for a three-dimensional color space. The techniques of this

disclosure, however, may refer to prediction with respect to one dimension for purposes of



chrom nance of a three-di nensional YCbCr col or space.
Each pi xel location nmay actually define three pixel
WQo 2000836920r a t hree-di mensi onal col or space. TPEI/US2009/040263

techni ques of this disclosure, however, may refer to

prediction with respect to one di nension for purposes

ofsinplicity. To the extent that techniques are

described with respect to pix& values in one

di mension, simlar techniques my be extended to the

@ 1tyd'”['$etﬁ§ QRS thhAB8Rlqukd afcNR s G1RAM it Rbpckt {6 pidel values in one

pi xel |ocations associated with integer pixel "C3"

(hménSICM sisti fag taghinifregs r@ﬂydqeteétenéwdelthq)@tb@‘i dmepsionFhe

[Bbéf] leig @leel %émg ¢ Q?[JFIBOi SHIL) %r])?el fo%ﬁ s%s%gmwdt\plﬂpfn%(e%er &Eel “C3” are

111ustratedj fot' quidktet- plx&.], prec1m)n Thc ﬁftaﬁmihu'béplxel I}ibsitlom;fasid@elted with pixel

her f ctional ,l.ocations,, s,soc;,‘ ted with qther . -
f‘réd@ﬁ i%ef> | Gcafi offs §re% %ovvﬁ for & mpli @ty and

Ni8dthethd Sas: Mlﬁ’i%ﬁal%&%oﬁ@a@@&ﬁé@k@th%@erQﬁteﬁ@i‘ﬁﬁxe@ﬁoc‘éﬂ@ns are not
15 different fractional |ocations associated with

shpwelfor gemlician (ather than these brddeld gancrater enveor @ercadf the 15 different
1?21%#1@1}{%1 éo §#%1sgi§§iﬁ aa]‘ulr gll(?(@flggzgttolno%ég as, g%grlb%i m'ﬁ%ﬂilé{ﬂ Qetail below).
Slﬂ»e;amldaststlbra, “b, ™ th hnd dj” mdyehe'"refefred td' ap, Halfrixel ldclatltins ‘abd ‘Sub-pixel

and,, Q% 1By, he“ eferred ta as, ! uart re pi xel
IPGRES e 57 G081 pr bl €1 1 on tnt 0 3P o111 Jod Bnksdped to as

(ﬂﬁﬂane@@ﬁmme p| xel val ues for sub p| er | ocati ons
"Q" _using inter oI ation filtering by MC
[le P37d1°t(9c§1n‘§11"s§%ﬁf Vigiep teneadst pupay detorgung pixplxdlees foppub-pixel
? %ﬁ ” thick ‘38 A Qéhglfﬁk ﬁéldﬁaﬁlte‘?ﬁ%%g%@%nﬂ'??e'ca{@ls’réﬁﬁ'wuh the
or hal fpi xel | ocations using a I nterpol ation
HU-T ét.2 64sutapid amils foat ewrepie,rprédltttcmrumtl 32 mipedatasenagfix¢lvelues for half-

R'I')Igﬁ% ié"csg%ngstnl%gn:%d% ?-{tefq):ipfeiééoiaﬁ{oygﬁtg sugh ?ST_EE %Vlgrg)err; {er. 2]31 tLe gase of the
HP64 ahhdedighe ﬁltbledfoefﬁtﬁérfté fdr&liﬁ 6- tiﬁﬂiﬁtdﬂ@l&t&ﬁdﬁlter are typlcally [1, -5,
Predlctlon unit 32 may thelnterpoolatlonfllt

X0 £44-5; hl: @H%O%qu%ﬁ%ﬁﬁcwmsga%y RussAd Frefesiionpnity? may apply the

Mol fdh icf ﬁf‘s& inoﬂﬂe hBFizohg %1r¥&fo%aa-nd i iR vdliet® Wirection, or vice
positions "b" "h," each tap may correspond to an

Versee g hplfmel mostlpmso ”iandt“heé’ ¢ach |t‘cmomta:alc013i¢m01w®t0t grcateger pixel
p%ls{‘u%(:t ) A e,’ %Jr%%?tﬁggrl%d\é\gegg% ld?rﬁal%rélt If C%éc IV?I%/e 9h orlr(:lellsag f)(grdilalf-plxel
Iio@mGh “b¢21heC&ps 4, th€B-tap dileh . cotrbdpent] s, CT,0C2,ha@B f €pj X8l and Cé.
e 5\%@% °n3ha1@xe1[§>sft§§$g th%;‘ga%s gg{h%éx X fer cogfe;éq%% Ro'A3, B3, C3,
vl eeand 08, St -Rhmple, PRSI {'élﬁ’éisfor Ryb- ?&@1 p&ltl(ﬁ'BY‘bb%nd “h” may be
conmput ed usi ng equat ions (1) ((a *C2
ceppuieg using Ge@dions 9 @gd 2)Ce)  + 16) / 32 (1) h = ( (A3 -
5*B3 +20*C3 + 20*D3 - 5*E3 + F3) + 16)/32 (2) [0084]
For hal @CpiR&(C2pa8T¢3 vbR0*¢4 » Sthe+idps 16d/32he 6-tap (1)
filter correspond thenselves to

h = ((A3 — 5*B3 +20*C3 + 20*D3 — 5*E3 + F3) + 16)/32 )

[0084] For half-pixel position “j,” the taps of the 6-tap filter correspond themselves to
interpolated horizontally between positions C1-C6 and D1-D6, or vertically between
positions A3-F3 and A4-F4. Half-pixel location “j” may be computed with a 6-tap filter



i nterpol ated horizontally between positions Cl1-C6 and

D1- D6, or vertically between positions A3-F3 and
WaZ0BA269k48 | f - pi xel [ocation "j" may be conput eRCTHSI002040263

6-tap filterthat uses previously interpol ated pixe

val ues of the half-pixel positions, e.g., in
accordance with one of equations (3) or (4): j = ((aa
- 5*bb +20*b + 20*hh - 5*ii +ljj) + 16)/32 (3) j =
((cc - 5*dd +20*h + 20*ee - 5*ff + gg) + 16)/32 (4)

tWheke&s ﬂr@ﬁoﬂlél}b HedrpSihed pixal lel@s ﬁ}h&ﬁllﬁ[ﬁ%l%ﬁﬁﬂl‘ij&q ¢k ifBccordance
i nterpol ati on between A3 and A4, bb corresponds to an

With erqpdlequdtions Getoneen B3 and B4, b corresponds to an

i nterpol ati on between C3 and C4, hh corresponds to an
inteﬂﬁdhatﬁﬁhbbé@ﬂEéwﬁmbﬁﬁﬁﬁfin+ﬂﬁyﬁbrresponds to an(3)

i nterpol ati on between E3 and E4 and jj corresponds to

an i pedfopoel ¥t oR0Het Mien B3 ffange)P416)38 equati on 4, cc(4)
corresponds to an interpol ati on between d and D, dd

wlonre es phhntiatet on &G 1 )t aarqookgtondntobat weepol & ndredvddd , Ahand A4, bb

corresponds t.o anllnth olat$€n Eﬁ% en C3 and D3, ee lati
%HF%’&E%E‘H&“ tipterpglatigp B?Sffeat A e AOTERP tpyan pnferpolation
BBl &R IONISCS, %h@:@rrbsﬁ%ﬁdl@t@|aﬁt1ht@fi)oﬁﬁbﬁ\’@@tﬁfe§5D§rhﬂd@51 ﬁrb@rresponds
ag corresponds to an interpol ati on between C6 and

' GogBFreben deerren il andi e and Rearrepandaiogn | Fe@mqutoindwtween F3
Qi £4. 321nﬁ9¢ﬁa9&{ A n&él%gﬁs%hs %@'#eﬁn&golgw B&(Vegx xsl gnd DI, dd

ocati ons
come$pohds tcaani 1ﬂtefpoha$lpmg>etwd@nl Chead DXhtlecpodspondsriofanl trmerrpolatlon

RS bbb Meh B L EHaP BOB PR et EEARIRT Rgrresponds

tHRM lﬂeltperaﬁblm Bet®eph K8lan¥ B5Uedags@eicdionds wi iﬂn&bﬁlﬂzﬂio&&ietween C6
position "a" using pixel values of C3 and "b,"
% i ne a pi xel value associated with sub-pixe

t
[ﬂ@ﬁ] (fo?i@lsteﬁt] WHE gﬁ%lg?gﬁ %%a}p?falﬁ'? gfré(thgtfelﬁn 1:511;‘[ ngla%eteﬁﬂﬁll’\gﬁl values

an quarte@ -pixeb logaties 4.8 “trit'df pel at.édedat.a “lal “h h emé’ub” pik&d” using a

bllOC%} ﬁn SoliEdh Bﬁer anlaJ & %)1xtef)vaa S oq%hé/ gl,{rlr et g 1nt.e%er ind half-pixel
rren ations. As onée e, red |on uni

1ﬁ@yloﬂ§eFad apinple prmlatqmodnﬁit B:o hafyi detaiemma:ga pAkFyalu@sssociated with

scri bed  bel gw, define th |nt‘,p | at ed val ues.
S‘Pﬁéﬂ’i Pp%rﬂ%cfsméz e lps fdos ?h STHERG 2 PR 3fuc associated

\ﬂ?@l{@ﬂb‘lﬂ&& ﬁbﬁﬁo@@@%sﬁé%@l 'v£19esc(§fd‘bﬂ Qnd eLhne k}%ik%s t hat
er coding efficiency than H 264 and, in

[Q&&&] ﬂ&l@laatual Alter, thay) 1 applicdrby M4r gat &Bm aeetpad mtopelpted eta at the
sluB %Ieﬁ’? cﬁtﬂén% r}n{;) ﬂc? s%%‘L O USEA 'x@m%‘[ﬁ %ﬁ kﬁlﬁ@é‘w& arAds one example,

eCI a equences w reso U 1 on
I(rahglqn ﬂrﬁOBl maerust GOptive) intetpoladiok, ﬁltelﬂlﬁg I(AT®); poldederibed below, to

A T A
RLREES hAMbeB EQSlo@NEE@ng tERinS1d3R)s RBat to®fer higher coding efficiency than
H.264 and, in particular, AIF. AIF offers large coding gain over the interpolation filtering
used in the H.264 standard, especially on video sequences with high resolution (e.g., 720i/p
or 1080i/p). In AIF, the interpolation filter for cach sub-pixel position is analytically
calculated for each video frame by minimizing the prediction error energy. This helps to
address aliasing, quantization and motion estimation errors, camera noise or other artifact

contained in the original and reference video frames. The analytically derived adaptive



address aliasing, quantization and notion estinmation
errors, canera noise or other artifact contained in
w0 b@ardogd nal and reference video frames. The PCT/US2009/040263
anal ytically derived adaptivefilter coefficients for
each franme are then predicted, quantized, coded and
sent in the video bitstream Sone of the techniques of
this disclosure could work within an Al F schene, as
wel |l as many other interpolation schenmes. [0087] There

R cHENYichtk fhelaen rat¥ RESthed pRUfctRIC heMBSeL QQ@édSJn@@Ent in the video
with aspects of this disclosure. For exanple a first

hitshieame Peme of \;b@-t@nhmrqss ofrthis disstosursprapkibverk Ayithin an AIF scheme, as

arable AIF (S-AlF), and a
\%%Farsﬁ%% Oé&rirﬁ%% hésdc%relégfl onal filters (D-AF).
(a8 M dlgle e@cinamf dtffwasm tihds SCAHEIBcheume cdhdiftedtewith aspects of this

ol ation tec s and sup ort t hree
LhEHBS Pl XHTRIS i it g B mew%@Lg%%epﬁ@b@e%ﬁF\@S-AlF>
4 f8oifd kaaepsagé fAIF (@B F) ailb lird 8 aBAIFALREArREb W ilters (D-ATF).
usi ng non-separabl e AIF as an exanple. [0088] Assune a

Althopgls e@qlwfd aweidl oelpmen gpe difiseanaintepglpyqnetechivggnes and support, all
tﬁxf%gf@l'FCéfE Hla%@{ glnlgga%r taln%l ica) %r&@?shss?o hﬁl@\;e t?z)g rﬁlﬁ r Q& ticients,
wmc}Fis@xplamerelewtdsang rﬁnfséparzﬁée A!SF qumple positions,

[895%9] (ﬁﬁéi’éfﬁg |a(ﬁ~|§)f 6GWB)dlrngo&pk@cpn-wganeofﬂger hgsh goefficients h where

BT Ve 00 SHHEBIBI DS Qulbn | Satap SLBNIORB pAbppel) shovn in

FI&. 3. "Note tha€6 of b 15 sub-pif@lthositions, 36€ “h Db regsenseind “1,” are
that they are located in a hori zontal or vertical |ine

detdiwersianab (1R egbmiysl xasitignsi eidomscdiclio ouniaSSumayt et a 6-tap

AR R0nRie . P SLASTERIRL-posiS e

‘I ferpilRaeh thatanes thaf they wheltoeated jin & hOrizontal5or vEhiahl fis, bodveen two

1}[3;%%&8@}(6 ep(}/s?tlolé? ? félksggoals.ﬂlglev (Ijll}au eth%fprgggﬁ?osr’l %Q{glsval HﬁGmteger pixel
I;o@iﬁ%ﬁs tAe tush derQfin FRS. 3)TinaRe iBRni M EhPRliRtBd ph@l VA& of P,
P at sub-pixel position SP, SP e {a,...,0o\ , may be

mér@ bl -abeds, byhaplsedil ¢ike® theUlde o327 USI N\ t'ﬁ?esftﬁé Laud pOp, ..., F1
equation [0089] Let Sx y be the p| xel” value in the

talbs RO Valvb dep, f r arreanat%pt%éstthmalﬁé ¥ )P, . XTIic¥, the Mtéipotated value
FO y =y +[ nvy]j FO, vvhere(m/x mvy) is the notion

?E’ Gk Qib-pikEIMEskidn I—S?’ el ¢ i: S & NRal BE %Ql%ﬁlafég 'T?%&ﬂétlo‘ﬁfumt 32 using
he notion vector, 'and FOis the filter offset

thafallewlng equptich t he correspondi ng pi xel position in the
reference frames.. For exanple, in the case of 6-tap

filter, FO = @/2 5 ps. For each sub- pi xel pqgjtl on

SP t he predi Bti o; fér”energy s Jbetween t he act ual

pi xel value in the current frame and the interpol ated

088U d ct &, be thequxrivhlat edthbyupene didee iflemehpesition (x, ).

X =x+|mwx|-FO, 5 =y+|mwy|-FoO,
where (mvx,mvy) is the motion vector, (\_mvxj,\_mvyj) is the integer component of the
motion vector, and FO is the filter offset. The value(X, y)is the corresponding pixel

position in the reference frames. For example, in the case of 6-tap filter, FO=6/2-1=2.



32 for all pixels that have notion vector precision
correspondi ng to sub-pixel position SP. The prediction
weewon2@eergy \ ) may be cal cul ated by predi ct PORUS2909/040263
32 using the following equation: () 2Z2) S (6) [0090]
For each of the sub-pixel positions a through o, MC
unit 37 may set up an individual set of equations by
conputing the derivative of y?®) with respect to the
filter coeff|C|ents h . The nunber of equations, in

hi s case, ual t he nunmber of fildt
Repaneh wbaiited PSae Sr Me e KaiPPanr 5%%.(%5 bpgsrr fhyrpctual pixel

\{égl’e;,ln .'ﬁ%—’r Qﬂ?@g{]ﬁ&lﬁ? ?fﬂi ﬁ{FF}ﬁérBEl’a s d,(,\ﬁlla); cﬁ% Pq R%cﬁngu],agé’%fB}; Igrgﬁlictlon unit

J2r fednlt pixels thati Hav8 oty vager preéisiby cbrresppndiny to sub-pixel position SP.

interpolation filter ub- pi xel positions "e," "f,"
Thg, predictidn ‘ejrot' ehdegy (é‘?h nfay, Be asldulitod "byapredizfion nnit 2 using the
sense that they are not located in a vertical line or

fabewingseedtioni ne bet ween two i nt eger - pi xel positions.
In this case, a systemof thirty-six equations wth

thirty- S ca ved unit 87. The
r emai ni ‘;gjzl :D%&g&gy Xé’lfn)p &%E givcﬁ Y y+s:f" "d," (6
“h," and "1" ‘may only require\a IE)?ﬁ%erpoIat
filter (e.g., ID6-tap filter). In the case of a ID
BOQ(Hﬁotidatlero;f the sybpenel phsigpns eqhatuigbms M&nubie 3Somagdset up an
by MC unit 37. [0091] __ P1l (y 2- 2, c gl gl KT
1(1d1?§du@lnset of equatlon]s hy compping the derlvvllve\,tbf (ae ﬂp withRrespet tp the filter
' VLt {q;5} Filter(s) 39 may represent one
epﬁfftceqntSoh a Eleft n@flﬁﬁmffqaatf%r i@rihisfqape, éy squah g theepniher of filter
unit 37 to generate t he redlctlve , ,
Cd’ﬁfﬁéle[%o‘@?ji fohths, cueslﬁet eibapiptleropttionébs  ber grehi Worfmapidonal (2D)
S%B%Il%'l Banttha e’?‘* Ff,”f dgl-t er»s‘ Ry » hﬁlv’e“ﬁ ’hgnd “0,” prediction unit 32 may use

2 “f” (13 9% Cer 9% Lir 90 “k 2% < 2

g’ 1’ J’ 2 m’

“n,” and “o0,” are 2D in the sense that they are not located in a vertical line or horizontal line

a 6-by-6 tap 2D interpolation filter. Sub-pixel positions “c,

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 “I” may only require 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.

B aeSP
o
[0091] _ wp | )
I
_zz[ x,¥ zz th X+i y+]j X+k,y+1
vk, € {0;5}

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 predictive data.



foll owm ng steps, which can be perfornmed by prediction
unit 32: 1. Estimate notion vectors (nvx,nmy) for
we@oA20924leo bl ock to be coded. During notion PCT/US2009/040263
estimation, a fixed interpolation filter (e.g., the

i nterpol ati on process of H 264/ AVC) can be applied. 2.
Usi ng these notion vectors, accunul ate prediction

error energy for each subplxe¥'p05|t|on SP over the
current video frame. Then, calculate adaptive filter

(00K Firel et SexBmblcl BbcBa6h d&?@né)hﬂ‘@ﬁ é@ﬁﬁg tHcORIFSRlters may have the
|ndependently by minimzin pre tion error

fehewigg stess. iwhiethean baocpeeei |m¢dl@wgr@y 38guat i ons

mott on ELPEREBRT Pt B Pk BG5S iR ARk hBstogse. During

filter Sm%f?&pkkttﬁgatlbﬂ SHER AtdPaRR BARRI(E. gdtheq%’[eﬂg)lz{tﬁ% process of
adaptive interpolation filters, notion €stimation

errors, H@é&@e‘éﬁl};ﬂﬂ@l@ﬂﬁ@lﬂdg, camera noise, etc., are

ESSS B?Pg eﬂ%(%%]: OAIIOIE e ﬁgg&%‘gﬁateg dltuhlo% erro? egergy for each sub-
anal yt i piatl josdioeSEP asexgihvemrrabm/deo fibine. drlfeh;ecaﬂmﬂaes adaptive filter
between the different schemes nostly lie in the number

of uni qersflidienter, c bt ck sebrpixeliBesitionyiRt indepengiently by minimizing
interpolation filters are separabl e or. non-separabl e,

and t hethe PFadiqtion gppobyneraysisdn fhic two prodigtieg epcrgy g@jations above.

pOSI t3' Oﬁ§m'1’a~°t§qle€vorﬂoﬂgl? rVQQI.Joﬁt e Iﬁﬁln%%rcst nﬁtlpﬁre‘éfllggtld?fc process, the

the sub-pixel positions). In each“of these schenes
cert ai nadptiveeintgrpelotiet ﬁacmtcsmpnteﬂhe SAdpF2 fondyt b spmayl blésing the
i nposed_to.re |.ter. coeffic

t hat ne®&d P}l 5%[61@3{3{}3%3%%?% %tllﬂ:n eﬁmtlaﬁlé)nv?raog% causeci3 by aliasing,

bi t st r eauierf A8I&4 ktcEare MEucdll End bater 8%80Pbedichibh (nichic3o.
Qf prediction unit 32 nay |nterpola e, IDsubpl xe|
[Bg%qp |{Rigfgreent éIF- sehgmes - y--use& & sanpe ana @a--g@ce@g@hélvgn @ppve. The

ReetdRcek SRk RAl Akl @i@fef‘e'n{ ts@ﬁen(c%' l%Qstfyetlgrlheﬂietrﬁm%r &f unique filter
6-position filter as each tap corresponds wt

dop f@g:gts_lppé(,gth{()]@ythq mﬁf)rpolmmﬁltfrr@qm yeparable yor non-separable and the
ci.e Th gef ficie f

fﬁ?e? ts{éﬂportulgé% (1te 5 1|S‘h ?é:eli‘( ppl% &oglltl%;h eﬁlﬁe t(? %E%glap zRqe?'astil %ortlon of the

wmrpﬂxﬂs posgidons).t fin eih &ff thedeescherhag eme@m xahmpeg chmsttlﬁﬁlts on the AIF

%ﬁuﬁﬁ%ﬁé?&a&gd -'t:%%dug%ﬁg%@m Sl 1&%@?#@5@ ﬁ.%ﬁl to be encoded
&g%&ﬁﬂl@ﬂ}%v%wmmﬂ ng to the coefficients are d,
C2, C5 and C6 and for sub-pixel positions "d "

[09194] %Sa)ﬁ N%QIF' forreaamyple, Mt wied” ¢fi predictppogingti 33rimay 1nterpolate 1D sub-
T e I T
refered @0 as uppobsitionfiltthes cathetap aloatipondd whithes ir[tmg-ﬁjxel position),
\ﬁlagdltr%chllhrgg -Sgin c(t)e E c1err1I[E y i" et. g&? goe?ftlclen%sk 03?l %)e % posmon filters used to
interpolate the 1D sub-pixel each correspond with one of the integer-pixel positions
illustrated in FIG. 3. For example, for sub-pixel positions “a,” “b,” and “c,” the six
integer-pixel positions corresponding to the coefficients are C1, C2, C3, C4, C5 and C6 and
for sub-pixel positions “d,” “h,” and “I,” the six integer-pixel positions corresponding to the

coefficients are A3, B3, C3, D3, E3 and F3. These integer-pixel positions represent the
“filter support” of the interpolation filter.



"m" "n," and "0" using a 2D 6-by-6 interpolation

filter, which requires thirty-six filter coefficients.
wab@otibioe4 y- si x coefficients of the 2D 6x6 PCT/US2009/040263

interpolation filter used to interpolate the 2D

sub- pi xel each correspond wth integer-pixel positions

Al- A6, Bl1-B6, Cl-C6, DI - D6, E1-E6 and Fl1l-F6. These

i nt eger-pi xel positions repredent the "filter support"

of the interpolation filter. If no additiona

[069] rPr@dlétQ)'ﬂ Un$t 32RRSBEpRatf 2D s08-pEREPSiEd B RL, " OF » Bl X €] » «j » «k »

symetry, video encoder 50 may encode and transm

‘m.hEngetnd ‘E§>f uskrigr & ¥Dsé-Ry®owforpditent Bltdrowhicherequixes thirty-six filter

%gﬁ' c?eﬁl%(selTB@ %E&-s&;%leﬁﬁgeél?gt (|g<f C‘gtﬁe?ﬁ f69tf5 1n§é1{§ol§i@cﬁf 1%1 & élg%jt 3 interpolate

theoebfsubipetet Sacthme@on@ vathdinegeadpirng ﬁohlabnmamﬁe(r BdfB6, C1-C6, DI-

(5066 B T3 bl "GPP P /B Rkl 1 puppore” of the

ihidFPdlatioRCiIBRS af tlieadittonblefcBirQén & Oﬁb@ e_?g/ eho Qf)efﬁcuent or pixel
di stortion, which is undesirable. 0 reduce the

ymmesy ey idenencady ¥ mteencoda wdsr@ﬁ@mﬁ @mtewetSfOf fhiggy-six coefficients for
FOZBLAGHSN AL AR KB AR T R s, o
mﬂotﬂbef 360 canffigjerds.f Eh¢oe1mgca1ﬂfskhdihg ttag nohbdr of &ecffitﬁnﬂse'n the video

@éﬁ%ﬁé’% %Vg’ee{%%l?ts%éfpﬂ b Eﬁyerﬁ%ﬁm é}gg'% X’{hfﬁfioglg%’ RIS turn increase

tB¢ B at®for laFiveaNBicnatt di@brtiok wigikh syMaBdifaglcenf or ces the
sane set of filter coefficients égnd the mrrored

Hﬂp?q;l Pedrednes B bitorverhsad ssosiasdswigh selings e filfep coctficients, certain

g %&1‘1 %S H’Ilieéetle IE‘%%éetdl (9] IIPE Sfat1§1¥m}?rg“[3 r&ﬁ}{e %leber of
e re erre pI Xe ynne ry rnsorar as suc

iqel filey mﬁﬁmyntapipit inesl w‘ttersentetspﬂecdzdet 88t Ffevofuypctsecrf symmetry, i.c.,

coefficients,as t ed

Tt BhE) SR D e bR Bl SaBh g Rigkinaton. pixe

Fhinhgesfércl WHensanidt & pﬁlfatet Qeeﬂﬁlciehsr(aﬁ@ tiee msiy 6@t flipped and/or

in a certain direction hori zont al dlrectlon
rofad Yeayionsi afdlg shiog rdlf%%)su'? Bl pesitionsj Finel pymmghy may also be

reRRRE %S a@@lﬁi ﬁlké’lns%nfn?ét@t 1'n¥(ﬁ“a1t 2 Qltcﬁ' %‘fxei kﬁ/ﬁlﬁ%tri YPRARS tyith respect to

ﬁOSItIOﬂS or a given sub-pixel values to
ﬁtfémpmoaffetmbntq @Ssgm]ateﬁbl wih twmtmqrenw -thxcl ulsedtionp  Coefficient

n%eh%/ on %ﬂee bthief ﬁ? %In or tef(s)l Elglce\'/;% g’ﬂt olatlo fllﬂef ‘[0I bé S}'/A‘rrslmetrlc in a

set 0O Coe r su
Rasintdiebtion(cg. tﬁmmoﬁthlledlfeehorqfveftichlt difecaoebf b@th)i‘ﬂir Shef Wirious filter
position " ha ha, [

u i xel i
Sphst et &5 e 1 ﬁﬁﬂé%?%%l%%@?sﬂ&m e %IESFR %Hbrlg}xel values to be
ibdel gl That is, prediction pixel value p
sub- pi xel position "a" and prediction pixel value p c

(8997 hx i vermyBs indyo ke @sednﬁly N§eAé1%1| cBefreng @gpingto( &YG. 3, let
l?"n GE ,e +9 e thE Bt ¢ tff\{ter Xoe’%ﬁments for sCE1)' plxel p(():s%tlonh a, ’ather(;%he set of filter

cocfficients for sub-pixel position “c” is AJ,A;,....h, , 1.e., the same coefficient in reverse

(13 ,,

order or horizontally flipped. That is, prediction pixel value p“at sub-pixel position

(194

and prediction pixel value p° at sub-pixel position “c” may be calculated using (8) and (9),

respectively.



a-C+ha C6 (8) pc =hi -Cl+ A4 -C2+h -C3+h2 a -C4 +hg

a -C5+h0 a -C6 (9) Sub-pixel positions "d" and "1" may
wheoovne@epol at ed usi ng the sane set of i nterpoPEE/USW09/040263
filter coefficients as sub-pixel positions "a" and

"c," respectively. As such, sub-pixel positions "a"

and "c" may have pixel symmetry relative to sub-pixe
positions "d" and "1." [0098]%°Cne aspect of this

di sclose is to actually renmove pi xel symetry between

sub- pi xel positio ! a «elat i v SHb- pi xe
posi tions "dﬁ aﬁﬁ 1+JP ? Qgﬁé?t/%nb %ﬁ&gf+2§n§§try may (®)

be avoi ded f u ixe S ¢ & atj.ve to
sub- pi xel p |t?02194% b-P% é% ??o +h xéﬁjéyﬁfetry ®
may .be avoj ded for sub- plxel p03|t|on "k" relative_ to

%J@bp%q )&@pltlﬁ% €7 el ln may pe érg@ﬁoleggéésmgd‘ihsg;éwﬁset of 1interpolation

R TBL | AR &H%bb;ﬁxél%suﬁ%'“ﬂﬂ ahd “¢ netfegﬂegﬁﬁni OAs such, sub-pixel
ineffective to |n§ﬂ,e di agonal symmetry in these
(]

Ivaiiens “q4"R099¢” ey toiivet syawatny @1atWeto sglbfplxel stMons “dO and “1.”
[ﬁ??rkt] ’eOrrie'CaiS%ffc?PE Iélésn(thscl?se i$ to ?ua, %e?m%\ée Spl%(el sHm.mePr¥ hﬁ,\]veen sub-pixel
fokigioseta’ofand i‘lct etlataetd Isﬁlb @fXE:B pf)ﬂt‘lorﬂ;ogd T w@h “I'9" Th 2.dBBion, pixel
s(?/m?nelgrly rﬁay be ¢ axlfqollded for subhglxgl pSOSR%nQ ‘T relative tg sub-pixel position “i.” In
addition, pixel symmetry may be avoided for sub-pixel position “k” relative to sub-pixel
position “n.” 1In such cases, diagonal correlation may be low, making it inefficient or
ineffective to impose diagonal symmetry in these cases.

[0099] As another example, let /g, o higs,en s o, b5 1o, S 5 bE the set of 6-by-6 2D

(13 2

filter coefficients for sub-pixel position “c.” Then the set of filter coefficients for position

“@” 18 hg s hg g g g0 hs 5, IS 45 B o (horiZoOntally flipped version). Similarly, the set of

filter coefficients for sub-pixel position “m” is kg o, A3 s S 5o g o0 Hg 5o B s (Vertically

Il

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

hs 5o R 4o Py g oes By 501G 45enn By o (first horizontally flipped and then vertically flipped). As

(13 2% < 2 “ 2

such, sub-pixel positions “e,” “g, 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 cocfficients for sub-
pixel group “a,” “c,” “d” and “L,” a second set of filter coefficients for sub-pixel group “b”
and “h,” a third set of filter coefficients for sub-pixel group “e,” “g,” “m” and “o0,” a fourth
set of filter coefficients for group “f,” “i,” “k,” and “n,” and a fifth set of filter coefficients
for sub-pixel group “j.”

[00100] Furthermore, NS-AIF may impose coefficient symmetry restriction on some
of these filter sets, alone or in combination with the sub-pixel symmetry described above.

In some cases, diagonal coefficient symmetry may be purposely avoided, e.g., climinating

any diagonal coefficient symmetry constraints. In one instance, no coefficient symmetry is



O (horizontally flipped version). Simlarly, the set

of filter coefficients for sub-pixel position "m is
waobooo/ip®24 ,...,hl 5 ...,hl o,hl ,...,hl 5 (verP€T/Us2009040263

flipped version), and the set of filter coefficients

for sub-pixel position "0" is h5 e 5hl 4,...,h5 e

O,...,h0 e 5hl 4...,h0 e O gflrst horlzontally

flipped and then verticaIIy f4/i pped) . As such,

sub- pi xel positions "e," "g," "m and "0" have pixe

5%)8{@ b filteY THE Y fiRE LAGRRN o Whb- foélek)os‘?l%qut 'w‘?ﬁlﬁl 1R 1ud8Ndub-pixel

and between positions "f, " " " "n" are

lpentioneth.} fic.a &1 md Hr” ffh@rrivonﬂ@sﬁe@crrei mairpfe@@mlemsmons which
1?@%6{%&0%%&&% S‘l’é)c A ‘pﬂ ’ane?_ys ¥e Eoe\f?rg?rgssf)[ {1@’ it} Ig?go?datnce with

roups unique
dmﬁﬁmﬁﬂﬁ)lter coeff|C|ents for subpixel group '
"c," "d" and "1," a second set of filter coefficients
for sub-pixel gropps” b}l gnd ph,” a thlrd set of(ﬁgjter
coeffrcrents for sub- plxef group "org, ot

I:lgév.\nse. thdd rﬁP Glgtgt:s] é(())r.f. e!ql)otéaﬁ%nchf t Cltg ihlrélf ?(fuiﬂ% ér:dpﬁfth groups of

subgfisfel @bﬁﬂ@r& fVchhSﬂélucﬂH dlpigl Papitions “c.’ OOLOR] «i,” respectlvely, may
Furthernore, NS-AlF may. inpose coeffi cient Sy

hege eostieip sy BMCEy AR e inrasatiqns (f By (1ghpad (lér)dﬁ@eeﬁwehh

conmbi nation with the sub-pi xel symetry descri bed

above. In sonercades, fdi ageals.cogf ficient synmel by

may be purposely avoided, e.g., elininating any
di agonal coeffjcignt tr constralnts In o

i nstance, no c%ef Ici§gpn2yé¥etry i si nposed on R
for the first group of sub-pixel posrtlons whi ch

12ter

i ncl udes sub- pi/xelr/) oeaf i ﬁ;a 1G,=0. 2" and "1 "
However, the s 0022 group of subfo éel posi ti ond]3)
whi ch i ncl udescaéificient "b" and’ K, " may have

coefficient symmetry in accordance wi th equation (10).
[60101Fh4 , Kindshsuch@)xel symmetry and coefficient symmetry constraints described

above, the number of unique filter coefficients can be reduced from 360 (no symmetry
constraint) to 6 (@) + 3 (b) + 21 (e) + 18 (f) + 6 (j) = 54 cocfficients, 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 cocfficients 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.
Video encoder 50 may then predict, quantize, code (e.g, using signed Exp-Golomb code),
and send the coefficients in the bitstream. Additional details on the predictive coding of
filter coefficients is discussed in greater detail below. Coefficient prediction and
quantization unit 41 may be used for the predictive coding and quantization of filter
coefficients consistent with this disclosure.

[00102] In another AIF scheme, i.c., S-AIF, prediction unit 32 may use scparable

interpolation filters in the horizontal direction and in the vertical direction, instead of non-



Li kewi se, the coefficients for interpolation filters

for the third, fourth and fifth groups of sub-pixe
w@omptizees, which include sub-pixel positions PE/US2009/040263

and "j," respectively, may have coefficient symetry

as given in equations ( 11), (12) and (13),

respectively. he ] =h, for g .50 ] (11) =hf
5 , for U =0...5 (12) K KZ .iJ:O..2,for
(13) Ki=i [00101] Under such plxel symetry and

LHRIBIE CGheRolAWAMRIEY £O0&lr f Nsafescribafd aboyv@-pikfepositions,
nunmber of ‘unique filter coefficients can be reduced

Iredieiic®eonif g syemedleyunbidt p%prﬂd)ctlp@ B é?) 4ppligs bynly shorizontal
(ﬁre(ﬂﬁnal ﬁﬂtg %é %nly ?rﬁl@dl)dlrecéona? ﬁﬁérg l4& e%la}n% on. thg fub Sxel location. In

coefficien
qmeﬁthple tha, horiaomrole:irfdl mrmaﬂ girt@ionblh@ltags oompmsrecdi politigh (or 6-tap)
u - pi, X osi ti Go ffici s for grou o
iy o ﬁ@ﬂgwmbﬁiépplﬁa&ow% ect%?gﬁ%rﬁ fi v pgifons s
Whea@rQURithNelcPei R Pelitiphxe], @ogizt cancsf (%‘@ecﬁFIG 3) as filter
coefficients for the group |nclud|ng sub- plxe

sypRdrt fnshpppfics' Vem@é dirpqhiong-ffers foy peepixelrostiens 207 nay and “1” with
gfég&qgécqlrf)%51rtlh§snﬁg1 l§§ é fﬁy fE%ua(ndCI%e sfeé %i(? n%%s'fﬁt% %ﬂ)oﬁf For the

e case 'of 'no’symmetry cons ints
rdmsiniﬂgb&em-mmmsltlbhse ik, ftlney?_lt)(mb powéﬁobsmomsnps:drcayn lmeit 32 applies

Qe Bt o Rre By oGl of ShB0ing! Sifowea by

Hd)‘iﬂz&ﬂ:alsflgé}ﬁ@ EA@alﬁoﬂfénﬁlt&Q%@ﬁﬁcmﬂ&dus%@rfﬂr t€separable horizontal and
coefficients in the bltstrean1 Additional details on

VeREsap filgis cneX, de comPRigddn acperdatce cwidt prdatient(d) pkove. Without any
gmg%ﬁ%g %ﬁﬁ&rthg ﬁﬁlﬁbér &%logff‘fmeg@q{lit éda{e)tbe C fded and sent to

ion and quanti zation unit be used
eopifiewnttfione3@bdicgriand agisdnt ¢azat>f N& PdF wifhl foesymmetry.

RS o RFERBE B bl od ks SLRRUET g BARR b e

smal)é dfske ﬁﬁ@pdslatbdreﬁltm elptikaticosubipitd ymmictty i &NS-AIF, with S-AlF,
horizontal direction and.in the vertical directiaon

the, Stteiagtsorseh &Tswparsh pesifignse rpant § oc NP] pEractHs lﬁséﬂ@ﬂzontaﬂy

ﬂlﬁpé&%eﬂl('):ns (E'%ﬁcﬂ Herl DnSLlr ﬁie)%%kfﬂ%%{stdffm@ﬁlté}rs%g'11%&1 1 sub-pixel
uni t MC unit 37 of prediction unit 32)

1@Mmﬁb%ﬂ%mmﬁﬁMMmMmW&Wﬁwmmwmmw,;md
vertical directional filters depending on the
&Rul- piXekespatiatlyoror tath 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”
and “n,” and cocfficients for sub-pixel positions “g” and “o” are vertically flipped versions
of cach other, respectively. For example, if the coefficients of the vertical filter for sub-

pixel position “d” is hd hld, ,hd , then the coecfficients of the vertical filter for sub-pixel
position “I”is A¢,h{,...,h¢. Thus, the sub-pixel symmetry used in S-AIF only has vertical

sub-pixel symmetry in one dimension. S-AIF does not, however, have horizontal sub-pixel
symmetry. The sub-pixel symmetry in S-AIF may reduce the number of coefficients that

need to be encoded and sent from 144 coefficients to 102 coefficients.



one exanple, the horizontal and vertical directional

filters conprise 6-position (or 6-tap) filters.
woe@diiatorpn unit 32 applies horizontal directiPCEUS2009/040263

filters for sub-pixel positions "a,” "b," and "c" with

I nteger-pi xel positions d, C2, C3, C4, C5, and C6

(see FIG 3) as filter support and applies verti cal

dlrectlonal filters for sub-pi’xel positions "d," "h,"

and "1" with integer-pixel positions A3, B3, C3, D3,

[B810and F3 s(age 1iké Rs-BIF, Aty fhish W coeRRA SymMmefry I @irther reduce the
remai ni ng sub-pi xel positions, i.e the 2D sub pi xel

mer iofreocfhigicatsi tet opedutsi be mc@q@m4néssmbeommca|encoder 50. The
0\95 rf{c?en't ?Sngﬁ-Fttrr)Z P%Cgflglgfgrwgl V\gg)e\{ﬁer %glfe?zsoll;rllltl\g F,netgccgﬂt that in S-AIF

thgalarg ortlje Df (Ihbltlmntact oeféiticale ﬁttSp fisedl fooththeosiepaera kalreeno 6-by-6
23?(;) @[ﬁ%rg 2?1@%—/@? ? fﬁ¥ e blgﬁl?alglﬁiet é%sﬁg)%o@EXP g\?@,?{ggfp, %gﬁ@e Ifili]ter coefficients
rﬁ L rs%gm@trﬁ%fm teg %gy(glgngﬁw{%?u mber of coefficients

at nee sen 0 144 coefficients
from 360 coefficient:s,,AS S the case of NS-AIF w
no symTetry?’O[O%i g i nﬁy further inpose one {)ﬂ)
nore synmetry rest_rlctlons on at |east some of the
[00t08] pol atlihorefdre, wigh SothUubipies] syremsin-apd xedflisignmenmyetry, S-AIF
{665 ma& é‘ere f‘:’iﬁet ! sgtrs]'s?‘)f [1:1h1qug?g é ltapefrlters f%{a 04 anlll%l are éymmetrlc filters

Su

thatecach havd Zlﬁ&t ahiqye fcbéffipeatsyv eTlsd ﬁzﬁi&nrﬁﬁg eﬁCfiltcﬁE hﬁfy cach have six
I nstead,. t he coeff|C| ents of é:@h% filter sets lésed for

We&pg@meﬁ@s' P 5, gasegvideq e 2 RAYqBRSsg predict, code, and send a

tbﬁﬂ@ﬂﬁf&dgﬁg ﬁrﬂq&ffllf%'ﬂ BoANALAE n @S vllco bikstream. - - AS and h.
, respectively. For each sub- p| xel

[B@h%ﬂ i on tlh amothfetsM\FéphméaD Ab: engshetiontung 3@utspi dedetional filters for
4 g NG-AL: F, “ Th t & Sy £ OE f| I»e

FYTDERRRAG Pt (AN AL Tt oSG S diccions

i tels maxe:lompﬁse sk oas ﬁltErs andl co&'fﬁCIeEt@e]fléfyl bdvendymnicoty so that only a

sub- sitjons ' and coefficients for

%lﬁ%?t |<>0 §‘ief1‘i56‘ﬁ§ds t@ be gagpmiged. aff\égwﬂ%cﬁ%r?ly i b@&ﬂ refers

Y Qﬁesbﬁkels St FonP IR EEfordRS BRGI UR! ¥ usEPIn BAFRAthhg thé sub-pixel

t he coef]?|0| ents of the vertical filter for subpixel

nesiions. oM C gt 3E gy campute subqpfxel pesifeanst Rearded Wi agtrpsition (or

f I
Q ap Hﬁg(\{nea[ H_Fﬁﬁ&latfl&{qﬁﬁé’r tEﬁ ha§‘gﬁ %} ﬁﬁ(gl ?&ﬁbotélé%ql rl?%SCIZ’A’I IEE E5 and
E:anisyﬁltmsuppertt |Rr<a11ctsmbmptl 3>tha3sgnm1‘ter ylbl-plxﬂﬂ mesidbmeTteSiand . “m” with
s no haorj zontal sup-

Sy eengl toRTIeE ey TE A ERS SR pOTHGR A85 o4 D3 B2

ol F MU TRIRE s@fpogoafitdisi@nist 3hahy Re@fut Qubpixensadshs and «i,” «j.”
sent from 144 coefficients to 102 coefficients. [00104

& AR Pt aNS-prgsition liggonplspternalation dtiier thabhas igigaeretixg) positions
Ap guEsheY dliﬁ*HC 6,18 AUpBeE> Qid FORMH {e%lg{g)gﬁ that need

bé encoded anhd 'sent by Video enco
[O@HW]‘] i ci eM-Adly mmytusy ths suing subSixdl Fndepefiieicnh eyrslantey as described

albgveN\%_itﬁlrcEspeS)%g %&I—Ah*h afn tlepmssc_)fAslu't:)-pixel symmetry, there are five unique sets

of filter coefficients for interpolating the fifteen sub-pixel positions with sub-pixel positions

(13

a,” “c,” “d” and “I” sharing the same filter coecfficients (c.g., mirrored, flipped and/or
(13 2 (13 2 (13 2

rotated versions), sub-pixel positions “e,” “g,” “m” and “o0” sharing the same filter

coefficients (e.g., mirrored, flipped and/or rotated versions), sub-pixel positions “b” and “h”



there are only ID (horizontal or vertical) 6-tap
filters. In other words, there are no 6-by-6 2D
wo piovae@24 I|n S-AlF, for each sub-pi xel positi oPCBPS208P040263
e {b, h, i, j ,k}, the filter coefficients my have
symmetry as indicated in equation (14). h =hf ,h? =hf
, hf =hf (14) [00105] Therefore, with both sub- p| xel
symTetry and coefficient symﬁ?t ry, SAIF filters nmay
have el even sets of unique ID 6-tap filters, five of
DRI EmE R Lhdhicibhds (@ spdidlah neasdhtdiai@: taﬁH € being a vertical
uni que coefficients. The remaining six filters may
fdteeh swaveckpositions g6ié “coekf ianil ént §har1n|g thiysame Aler, cogiffgaents (c.g.,
| d..,
e ireee Wor&ﬁ%?e&nvﬁ?ﬂon? F i Slo- SRR PR FA RS Pyt o itr
oocffe@enbi t St ream [00106] In anot her Al F schene, DAI F,
[8@@%@?;;? ggrlfr{slogzrfé) g?eng g}FrSr%tetlrgn terfcloli%f%ﬁe%ﬁsf f%p& the ﬁfﬁt sub-pixel
gr@up nﬁ:'llﬂhng:’ <3, Fhe dir ggd Hpnaked bl tRr6SpdBONCRART hangSkiX unique
filters, and coefficients nay have symetry so
qon iciepisl §f-ca tha FEeteram baveg soeffmpEat Silivesdeffieignior the second
shB%%géWg}otuﬁd‘b”%ﬁd d‘ﬁs %Eésbeng})e tﬂm Ifﬂltflnth%(/l YRR iq%le cocfficients,
ers t he prxel positi on erence rame
(i.hab is symus@dc), mnd athérdzot af filhg cbdffﬁcsuﬂs fpi sublrpi;md)gtctuipd‘nS’ “g,” “m”

“mt37ma - pi xel positions

ch abe o Be] s s b SR R R B P o bt set of
filtoh teREfrichats fé)@sgrd)l?i egeri, pi-kel andosi"t iens 1Atap Ber Gving 6 unique
D4, ES and F6 as filter support. Prediction unit 32
elficeatrpand s fifihpsskert Fbe pp%fﬁglentg fop rgfoumy“ i wihpying three unique
QAR Phed) AOAMNcr oﬁhﬁg‘g@%&cﬁa&ti I DA MLRBRS i 6 + 3(b) +
I nteger pixel positions , Bb5,
(&) t (h) sBtpoT 24 chrtedems.i i E)Thesn rﬁlter BQeffmynte cmaplheepredlcted quantized,
sybs pi xel . po M, "k and "n" with a
cfé%&%?ﬁ%ﬁl%? 5@8?1%““ nltner poI ation filter that has
[DOII(BQBE‘Y piM©|unﬁ(3&7I dfi pp&dictiin, unB232 £33y ukdond=S, mb@, of Al interpolation

@A, D3, and FI as filter support. [00107] D AlLF
tﬁﬁvl%@%d%ﬁ%@&%ﬂ% ihepieneq th 8ﬁ6°“é%%f°ff|“&tF@ﬁ tl@@ﬁ%@tbrlg%%{soosmons
Hare rthed tl?cbﬁﬁﬁbé{“otfhnt&%%ﬁlﬁ‘éﬁ fli@r Nl ibnts kit tn@&f'ﬁ) B encoded and
sub-pi xel symetry, there are five unique sets of
tfanbmated ¢ depdribeil ernggafreodetmhb@lpwois atupatyl tmb/efplxetl é“létnr support with a
r,a%gl ﬁlaae It SI ;‘t%.elolﬂséd }fw%tlrr}tes WPt n) X egllngolge&tt I Cus% §pd éfﬁc1ent’ symmetry
dné pixel syhmhEDy &)drsdlfdelt]m)zﬁﬂo@m df dH’ta ﬁcﬁ:ﬁ&l e;obe\eentshem&)l an encoder and
S b-HI xel PSI ti ong rg Oﬁl sharing the
s dereder trcoptigye hs lt@fnstugp‘( f‘§ mteﬁ? 2’rt’(S’f“eEFc Y %remo"mg Some
BPEAT s&&fr&‘i Fel¥¥cSto @BSentiSHHP tdheiGhesPARS tEélﬁ‘ﬁkﬁles Rr f@t@ﬁng data at
"sharin e sanme filter coefficients ("b" bein
insesrzptla Ocﬁflqulsellﬂ ArfeRnRr tlwéuﬁ@lraﬂareﬁw pubapixqlj ntespo atlon Offset
S

tgégﬁ%cﬂl ?11[ erscz)c%etesi; ?rﬂ:ﬁl 81% tagdl 101.1 teclﬁﬂn%lure?gc?res ﬂec?ﬁ?@&\wﬁ& hlli]eqrpolatlon
fetead, ond teotiraged fargrradictivs)y, enamﬂng tiberoxflciqnosirt alsmdésphbed

[93‘?10'] ts OWG.SZ? t1s ao(f:onfcclelltflaﬁ diagram illustrating a twelve pixel filter support with
respect to nine sub-pixel locations. In accordance with this disclosure, MC unit 37 may
compute sub-pixel values for sub-pixel positions “e,” “f,” “g,” “i,” “},” “k,” “m,” “n,” and
“0” based on the shaded integer pixel values. In this case, computing the sub-pixel values

comprises applying an interpolation filter that defines a two-dimensional array of filter



coefficients. [00108] In ternms of coefficient
symmetry, filter coefficients for the first sub-pixe

w@e@ap2dne! uding "a," "c," "d" and "1," uses aP@TIUS2009/040263
6-position filter having six unique coefficients
(i.e., the first group being non-symetric), filter

coefficients for the second sub-pi xel group "b" and

"h" uses a ID 6-position filtdr having three unique

coefficients, (i.e., bis symretric), and a third set

Pppdrt f)ctsﬁfon§ Q@Ifrésb&ﬁ(ﬁ % o Rf oSURNRI(SEosEbRURore mtegelgplxel positions
n? 0" uses a directional 6-position filte

th@twurrgu@i sbe whb-gurs! p@femmSc,as ekhwsérateA i &[@t 4 d&e ﬁcbtfer $uppp@ rpositions

fic for_ gr

fig?l{ Wit #x’ﬁ?%ﬁadl aa\llnl%nc 8 hzed lel:clté:hfé & P I’tléel %%Spéxég ﬁgé’iﬁgl%sa’%r? f%hown as

®ets wfth Hottddelines ard fd\mr eﬁHeSletfe@llhg gMCipnit B7 niwg\intagpotds pigels in this
ni coeff|C|e tal . nunber of uni

S R AR SRR SORYAY a+pr§§'16510&b@61é)based on

ifiteffolldtedtthd Gib- prxelzﬁal&@ efrhé ¢ @Blifon FTQSBpHdrt hla radial shape, and has

coefficients may Eredlcted quanti zed, coded, and

seraar frqqutslwef rvsp@e@ %ut &8¢ pasiio Blireopravisediin NS7ABT but with much

use one or nore of the
lﬁ%@%% n%ﬁ)gQUes descri bed herein to enhance
[ﬂthlallzhccur a?csycamf bé apmqaaﬂeditfrcmm HE. §uhhepsube1b1x¢osalmasomsy comprise

d/ ar . reduc the nunber, ter
e A R 68, R s e B ChBRTRS sk b difings the wwo-
dﬂ@i@ﬁ‘eﬁdrﬁﬁeriynofgﬂ%@ts@ﬁpoﬁq%@itﬂon@ﬁ|aﬁ}ﬂhécﬁto&ieﬂﬁ@ﬁﬂﬁlﬁ of the fifteen half-pel
twel ve-pi xel filter support with a radial shape that
%@yWH§“G§EHﬂW§ﬁBﬁ%ﬂ@?@df@t40n techniques that use
i cie :

L o st T RkEs B fhofl Ko MR Hah ANGERHEEL BE sub-pixc
ranitions dechoen with &’h@dlﬁlg gutéGt h,eanﬁl Iheuemcmdp pourtinfeger-pixel positions

PR B PR B5TBE e Bl R RY T iE RS i inoger

pieg pktiuas BBoB4f (Rt €x5) 1113 (ﬂﬁt &3aind P4 %gﬁéurﬂllﬂge{he four integer-pixel
| ocations in a manner is S|n1lar to sub-p

Rositigps oFaehiob e faker §%Rpoftél9ﬁlﬁ1%%’é‘§ - HTeES AR BFRY e%lﬁlter support

ﬂogltlﬁgéj bﬁd\xchnm tec i g uashid o ﬁﬁég@:?bix@g Ratons qaatlve to the sub-pixel
interpolation filters, and techniques for predictively
renigions. n§udhi filtesing guxef formiparitof reetwnadospedation bt a video encoding
I{r(())cp 11 Vllicziie((g' Fncfc') e()?(l:iﬁp gcgtdldghg %IV?(%; rgrcl(::(%dlltl%ggpsr%ge%g B}rfl %id®o decoder
EUPIEI D(Q] Du@ﬁigfﬂhd}ﬂﬁeo ¢toding @F(d:aﬂcpreﬂdctlhn tihit 82 forward a plurality of
di sc os% , MC unit 37 may conpute sub-pi xel val ues .

Set§y © lend| V%Bf‘él o g4 gop-yecodln-gf unit » 4& as pprt v nofu %e npregiction syntax
iéﬁlents As $odn"@"FleAsedhORett (t'fetvs%‘f'@:d&drﬂoﬂat ﬁﬁ@%’er Fﬁb@éﬂposmons that
values. In this case, conputing the sub-pixel val ues

seoaprd ﬁ@sﬁuhﬂme} |pﬁ§1t191’rlﬁ hast & paslert] ghinenarfd mpke compeige a set of spatially

|

c(?(% étniﬁ%ﬁé} ]<g:10r (15 gggﬁg :tcgn) (E}%t rgﬁ% Iilgl)f tpg ]@I{C% aea]%r;’-ﬂgg\?aﬁﬁes defined by the
1ptaq3)ilzbﬂoy ﬁrhter(e)g |ﬁitee(g)e39 piBt6l 2)posi tions that surround

[H)] ]re]@ilrjb_s E;%lgp?y égl ﬁrgﬁééa rsna3|/ lerllcbcl) te E[haet s%‘([js olf rc]:oclezflﬁszgllent4 v‘alJéQ eand output

the coefficient values of the interpolation filter as part of an encoded bitstream, which may
then be transmitted to another device. Each of the plurality of sets of coefficient values

defined with respect to each different sub-pixel location shown in FIG. 4 may define

different weightings for the twelve or more integer pixel positions. Pixel symmetry may



are shown wth shading and capitalized |lettering, and
t he sub-pi xel positions are shown as boxes wth dotted
WO 2oves2@et] | ower case |lettering. MC unit 37 nmaRCT/US2009/040263
interpolate pixels in this manner for every pixel of a
vi deo bl ock, and may generate a prediction bl ock based
on |nterpolated t he sub-pi xel values. The 12 position
filter support has a radial shape, and has sinilar
frequency response as the 36 position filter support
HEE QudhhNHIALE JPUbetfibicht VERER degRlURerréRher aohRsl %} the twelve or
conplexity. [00111] As can be appreciated fromF
mére istagerpiisebposiivnsewhatgin Momer N sec posithveenteperd fangd)éi is eﬂﬁ@ﬁter than
uaf. t r t
o i Shel R et Gn, g ARLPAT of e Pkef BEljons to rey on
Ipmﬁmmiﬂﬂ@ne$oﬁ@ﬁﬂﬂb@m@ﬂn@ﬁ&ﬁmemnpn@lm&mkheSéﬂﬁﬁe@ﬂﬁmmnsdonot

uar.t er val yes as sha
l% Oﬁiﬁcggogg ca‘rd?nsttb\%%@ée ]eﬂxe p@lefrﬁt\xeégqifl%lswé plxel locations.

[D@§141] i ons Fihat |u4 rc@H tdal Qliskin AlI¥RIatiROS hbi@bhtaAl &k -pixel filter
shown with shading i IG 4, and may include four

suppah athpiogeact Hoeg ﬁlpﬁz@tmubwel Dacagipes. pad surered ditxrgixel filter

s‘ilﬁ]? éggdptgll J)%g%efctp glg%:et I@«grﬂgﬁ %@Btpg[f] @%tl &u?% fﬁt% ﬁi@%ﬂt locations are

shddegluwitlo waydioh getteheg fadrthe stlegiact lpcatens pos - slmulsd vigdle fower case

of the filte up itions i he .t wo-.di “
isrind Sop i R R bl D aieb P b e e frdpetions “a
Wit et B aplyiag & NmpBirkelerd@sioh ifigsthhed ity LokdditieBsional array of
sub- pi xel positions. Such filtering may form part of

fittst isepPoEopgsetireatG loh0d Mpnlgnta%rraﬂé FlEnedaruig thsr vbarsel piplues for
YEABRs eﬂleo‘ﬂe’r dli]g légﬂc}ﬁ‘gpéﬁ} a (it rhgt oiﬁ'tlgl?cﬁlfé?‘ﬂ%q'd%ﬁnes a one-

process by Vi (FIG 1 During t
dindesgorehendi olgfilr cgamst, poplrtlenls A84F8n 1o |1i11$ vs@jz lfrman/\ratedpcaation filters

Q nt vaI .o
Bttt b e fieni B fl Qb FonbyRPRIFPIG. .
[@OEmgNt S. F/PG Sh@mohcﬂzpﬁiaﬁdlaérant hElslSﬁIngOEf fityvplxeéBbPifive pixel filter
nore inte pi xel p03|t|ons t hat surround the
SLATIREL e]aa& @? iEET RES! locptigl aln Eis3e %tgpn -like filtering may

%%Bflécﬁ@ltﬁ re%ﬁéct of 1n§e%@f %1@131' IMCEEIOQ§ ﬁﬁ&rdérqg %gl?erratg 'aEﬁ%Lted integer pixel
positions to he ni ne hal -pe and quarter-p val ues

dbfeh nbdFBy 6 ﬁ?@ cxaple potegei whelfvialueat pésatiqp C3 friay thefiltsied based on

3 ElG. 2 y
b Ririo Bl oR AP SRCTINER AP B fter suppons
0Okff bd defaretd fvsalnu@r dfitctihg ilmttleis Radeatif BIE fihit Beridasifip@natblock of

of an .encoded bitstre ich may then be transmtted
iplseSi i e aptd MRl th Pchpdirhed ¢ jivepydaeiy array shown
iR F9Ef 6CLEeBthey BlteSupd6ft) REgend filt&esPestod HiRGAIues. In this way,
di fferent sub-pixel |ocatron shown in ﬁfG. 4 ma

igefriotpsioilike diltering we distapnlied foolntegprepixeles| Whicky mapmerove encoding
LR RIS REBLEOIR e ML LTRSS v
m8i ghtovagsisé end fadeditdtevixhyg fdame sharpening, and may help improve encoding
of fine object movement between successive video frames particularly when symmetry is
not imposed on filter coefficients. Integer-pel filtering may also be extremely useful in
improving quality and/or compression for video sequences that have focus changes.

[00116] Thus, video encoder 22 and/or video decoder 28 may utilize interpolation-

like filtering with respect to integer pixel positions in order to generate adjusted integer



nore integer pixel positions, wherein Mand N are

positive integers and Nis greater than M In other
wWawrda269p4 xel symretry may al |l ow sone of the pP&EIUS2009/040263

| ocations to rely on mirrored, inverted or rotated

wei ghti ngs of other pixel |ocations so that

coefficients do not need to be coded for |ocations

that have pixel symmetry with>?other sub- pi xel

| ocations. [00114] FIG 5 is a conceptual diagram

pikd] Yakue@t WAGkoBerdBddr 20Nraid &) decBilckels by, UBF o0 dbtain blocks of

W th respect three horizontal sub-pixel |ocations, and

raxajerthicecan the blogkisxod [pixels nelbdesuipiseen plmlmluees@rée,spomm@@ integer

Hl)?erlg %3 glr)%ss\glplég lﬂﬁ:eoc]jo% o%ﬁ){gz?sns\?ld (!1 ?ncloe% :22£0r§{w%8% %Qderh28 may filter

thelntgrcx plxel odadsi lonad ai 6than ﬂﬁdfgadpckcl wltds Wﬂ\m nhecbise’ks of pixels to

égﬁ%rtaelr I n ggtagegtp;%fwlf %%Z%Pgﬁgl tﬂ (.tijus.tgd int ﬁ]aplx uvtagvts g(()errespond

tBRRE YihtBeELr Ebdcél NR_t ohd) taRH PRhadatiAn aflbrla&@tﬁont PRtk delddngs iR adjusted
one-di nensional array of filter support positions

lmrg@aolxmahm t Thy pmgiyctlan glf,)épcg(gqp Glhca henescd @%Bmogigpr decode a video
ug(?peflg h g h&ﬂér tli;éjll’)rocesg1 ls'Pae?fagn?dl urﬁ’l% eﬁ&ﬁﬂﬁg &%e@odlng

| néa ation ter t
[00Ed] nensilDthaltcchnigay 1merfoirmecbdum1gmxmtcoqhog iptdcesssvideo encoder 22

B s prosue! Bep Bl R LR Biphfihh o 9idBbiock being
ddadddesndpat pyalides HRRWNVideo Fkntoded 22[AS1 AR chitdde dhei et of filter
a conceptual di agram illustrating a_five pixel-by-five

qopttisientsinet epded wpp dertinteasr flicripgrar hgssay errodg o pi fete scts of filter
Jﬁgﬁﬁ&a’n&gxr Icheglmnﬁ ﬁ?ﬁl‘?egepflﬁé ﬁtdlt?é}eﬁt' lg&tlfofg fvﬁfn‘nr{ge coded unit.

pplie h respect I nt eger pixel l|ocations
Ihnthorfd(@mpteo ofydiher &t ¢hadiltas tsep;powtm fogehe pntegdr frigdringsmay ndefine a

X
& T R B Skl TR afh ket Tt Poloph aah PRy mmerry
Ady 99655‘[ bBvcBh at 1edst Cdme Eﬂefﬁﬁerﬁﬁldse&foﬁﬁe ﬁ&ﬂl@r suf:h kHa€bnly a subset of
supports could be defined for integer % I n
tb%5§ difteacat C?cffﬁw@ta Acgnegepd; tg dptermping &1l 25 Bp%fékleaﬁs Pirpe§er. Many

Rht RISy sids MO %ltlapgg mAPYe bt ﬁcc%ﬁﬁhc@\kfﬁﬁint%g§ 66 fﬁférlﬁg

five-by-five pixel array shown in r ot her
00118 r suéib(ﬂret )nttwrgelné}t@mr@ s ptréQdelmlrl@geér dp¢odertg process, the
cqmues In th

(%le mag/ A c? oprlset %%era'tlrrfé ire egcl)nas%mcggck cfég bflcl)cI er| ngmmafya residual

\&dﬁbdﬂbcrkgasadcutttdm&h Qfcurﬂehtumiéballilbﬂﬂbﬁﬁ@ﬂ@ﬁﬂecbﬁndsme Peediction block.
fade-ins or

elys catfo the st o e Friipiion Hages ey foceiv€ ond' St of filer
SBARAN NY codCurTBIbr Rk Ferl TRFAY CoreNHP fHichige o ok e sets of filter
obj ect novenent between successive Video franmes

qeakficicaty per legdadhist foy infeser Qlt?r@%tdlﬁfméwﬂgnﬁ Withinghe coded unit.
]§a% E& ﬁpltl’?‘léé)f L{U & lor Irl’l?(lre EétL fO{S Ht { gayﬁl%}lﬁg cQ&flments as well as

rene y us ininproving qua
wmrqﬁ rels-peldilteriag cvefﬁemnts,esqgleengbssetshhﬁt mhaviee Gs0d us gencrate all fifteen

3n flfléoﬂfé 6% Vi deo encoder 22 and/or video

8‘8‘?{7 - JUAGET-P§ QQSIFIH‘? er pol ationli ke

[00119] Again, interpolation-like filtering of integer pixel values may improve
compression specifically during illumination changes, scene fade-ins or fade-outs, may
remove noise and facilitate image frame sharpening, and may help improve encoding of

fine object movement between successive video frames particularly when symmetry is not



filtering with respect to integer pixel positions in
order to generate adjusted integerpixel values. Video
wepwodzo2L2 or video decoder 28 may, for exanpP@&l/US2009/040263

obt ai n bl ocks of pixels, wherein the bl ocks of pixels

i ncl udes i nteger pixel values corresponding to integer

pi xel positions within the bl ock of pixels. Video

encoder 22 or video decoder 28 may filter the integer

pi xel val ues based on other integer pixel val ues

Wipbfdnok MRcP| BEMRicAEs. PFYRhSMbR, ARREEAE AiHSti€iso found to be

i nteger pixel values, wherein the adj ust ed i nteger

@irgablyy afofids ceor tOesrpm@@ie teompigssiont eyetdepi segpences that have focus

&gﬁgglons and generating a prediction block based on
adjusted i nt eger pixel values. The prediction

[0 ROk can (oneentideallys @derbolatinrs bktefilringas oetepeafonhelifor integer-pixel

bl ock, . depe d|n pon whet her .the process.i s perfornmed
Hﬂ’é‘ﬂoﬂbl og’fl%a ﬁ*eéf@%stﬂ’ioﬂ ng ["é‘?ﬁfﬁgixef os{tiog g heHRicEfRES frame is

difiplpaktordrad> dyskadr,an 8Rr@McO 9/ilIRIG YR losiik 0L A1ENEAHABE used for
22 may generate a resi dual video block as a difference

lb@gmﬁq docatippseinta Wpphes theit doxmblas ng@mﬁ@@s ahferpplation filtering
- Vi
ds?lgfi?lgégglt-fﬁllgﬁt Ip(lsﬁﬁ)lﬁs fl% l[egﬁlﬂcaqp cP g{ﬁgno% e,?ythél 1 %Ql%gsd &t Rl@eeger pixel

er coefticlents per €O i nt eg
p‘oisitibesr alrngdy 0x1stp 3w bhtyﬁh!ﬂmgcbzf mtmg)erqnxeﬂrpomlmtls raﬁéreed to herein as
fficients per coded unit. f
GO R R G ] GESIETGaS SR AT G dugecr-pirel values
toRbderath ﬁe\bla@]uﬁté@ kevaiesFI G 6, the filter supports
for the |nte iltering may define a t wo- di nensi ona

PO1%14, el@ﬂ e antgtp@lpllgn Hicripg fQf sub-rixgl qepitions, where the goal is to
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doRAta@iC an I FRBG eﬁlmfh@ cbfhthegl@fegaelblxéll bds&[dn@ gna}[ Qﬂd\iz&}etﬂef capture of
the inte filtering is. performed dur

ideBpdtionC %ﬁng@é&%we@ﬁéar@eéc midiftp@atia filicgRp PP i inicger-pixel positions
rgz?}nﬁfo%t ﬂh@ %t%e? %%Fﬁ&s‘ft%@ ?djca\Shﬁig %e@apgf{fec?sssu@h suuQtn @hd fade-out.

resid bl ock associated with a current vide
Fblt@rmg @elthwglrxﬂmon@dl aqrﬁdthrhemw eldp crt?mcme brerark sighal ncm»e:s (such as

case, gcodlp deV|ce ation . eV|ce
cf cra n01se 3Pm$ sh eede crmore, if o ¥mmetry on the
35 ecerVeTone” 85t er coe I'cient's pe

1ﬁﬁ@ﬁQnuﬂlﬁh&om Mﬁ@ﬁg@rﬂklhﬁﬁﬁtpgﬁl@ﬂmﬂaymﬁhe@IV@ﬁmﬁDﬁm:OMea
nore sets filter coeff|C|egE§%qer coded uqlt f?

fP‘P]‘Fé‘&@F SPE 48 ieﬁbma‘(e“&‘inf fhef et Rlofkaurterpixel (fanally, integer

fedetcHid nay ERE Be 6Q480n %ﬁbﬂov?i?)éoﬂl@i/e‘é‘s@@ 6f AtlcdRigBer8d When focus

of integer-pel filtering coefficients, as well as sets
chengegbepel filtering coefficients, e.g., eight sets

[&Rﬁl] nmay ffﬁ% 5’1’?&@ qlnstta%cegsere]lﬁ&%{)ﬁtl Iﬁltt:llllg% gﬁ%i%?i glx];péosnlons may be

quarter- osItlons
deptreiemohlmm 1o0Hér keetdrs.| thetieg wakdd, MEgeit 37 odéj)remahmeamt 32 may

e co ressi o ecifically durj g
i Gonguaerail phdheomorauccar denifigg by ME
unit 35. For 1nstance, 1nterpolat10n filtering of integer-pixel positions may be performed
when the motion vector points to an integer-pixel position. The interpolation filtering may
result in an adjusted pixel value for the integer-pixel position. When the motion vector

points to a sub-pixel position, no filtering of integer-pixel positions is performed with



renove noi se and facilitate inmage franme sharpening,

and may hel p i nprove encodi ng of fine object novenent

wheiwazi2successi ve video franes particul arly REBHS2009/040263

symetry is notinposed on filter coefficients.

Furthernore, integer-pel filtering is also found to be

extrenely useful, e.g., to in%rove conpression, in

vi deo sequences that have foclls changes. [00120]

Conventional ly, interpolation-like filtering is not

BIeE Ol B iftQer L IRLeLbYEFiItdRRS hiyPBS uicd BF FterbHSti&RES the sub-

the correspondi ng |nteger-p|xel position in the

medl epligs e Iif thanmmaneer.siniegerypiye ditetiag may, be ¢qnwdorsd adipiive based on

‘ﬁ&%g{ ?Bge with this disclosure, a filter may be used
egér-pi xel locations in a manner that is

[801A3] ar t Got rihtegqraliad i RBiond, nd Sriped ahteqn)laftioht Bltdrng o form of

inte |xe ositians .is tech i ca onger,

AHER okl $5be BERsH uiTRE disSpmp Ry et 16 ity S sub-pixel

ﬁ%h@hﬁh&ﬂus the filtering of integer-pixel positions

is refereed to hereln as interpolation-like filtering,

and may berwvi ainslnpiy filtering the (15)

|nteger-ppxeT 0uleslfto génerate new adj usted pi xe

val ues. [00121] “Unlike interpolation filtering for

hive pixie Ithepﬁ)]$dréd oner pirelr enlid)@; jgodle inegtropinditvalue at ppesition (i, j),

RE |st ues .i.n th erence..fra i xel s .at

Pt ot ST ORE PRrtOh G Debel SrandHah ooty RagmE inttances, the
if¥tpoladion YRier fcﬂﬂﬂ’tleg’érlf'iﬁxeﬂ ipbdi@6rsNBayoRbtthBee b MIteOSEseP(i%elo™F = 0). In
positions in the re ence franme offers a nunber of

il distanges, therfilisx affyst é " e iany eferupbor of tesbuiedsons

19%}6% Beredds B §9b%tdeﬁ£%d fof relaa}gsu%fp&éi%oklﬁgﬁ gee%_i ﬁftée%l dlfferent offsets
positions may" al etter capture o

mzkpabfgckﬁnb@fmecrh sub-gpiver$ poshidieti shownan FIG. 3 i Artoglreir n&seﬂ mnatyﬁe defined

bbaFER RIS gt TRt M Pelcb B0 B B L ppnding ana

o@ﬁﬂn&ﬂﬁ ssipinbd UES.| Hadnkt P@pReatioh @etlmltre@er - pl xel fiRASof KeRScwicz ct
| so renpbve certain si Nnol ses as canera

%euasﬁé)enaﬂ%ﬁ oPFpeETdrad Sh3 %é%ﬁLn%ES%U E@Hed)earmg docket number
d%‘f?édi?z’ PRiER wak f0d DURELhMe Qﬁtyt z{%ethle %@sgﬁtr aﬁil?égtllon and which is
filter is 1nposed, the Integer-pixel [ter hel p
igeppparred fhicreen bj retrenpvpneidts ey mdé&‘looﬁj @(catllsrmwéweme of many
that Js.pot a.multiple u rter pi xel . Finally,

AR g b Pl AP o8 Uoet ul 1

[001249Vi NQ 16 WK re®S k@l cdfthe/ nd@berS 6f| UBRE @SefflaRAtsl ACYS transmitted,
changes occur. [.00122] |In sone instances

GORHIFHHNAPER 451p cayating (4p rlilﬁr}(tb@g@m%#)@@ﬂheplaaqg?ﬁ e fiisy

be depeneentr upgr nDiA0ON or In ot her words,

uni t 3?EDfQ%TEd?%WIO% ﬂﬂi(ﬁg ngy adaptively appIyH%%e

L S A AT 1 WL HSEIAy o
ifnpbis@drrna”}/gb@odemdnd by e gricadslr apdsigndlah thagedoderpdf ﬂl@rsmadletry as in
(16) is used on the integer-pixel filter, then 9 filter coefficients and 1 offset may need to be
sent to the decoder.

[00125] Coding of the offsets may be done by first coding an integer offset and then
coding cach fractional offset. In this case, the integer offset and the fractional offsets are

coded differently. The integer offset may be coded using signed exponential-Golomb code.



when the notion vector points to an integer-pixe

position. The interpolation filtering may result in an
w@ejoaseaek pi xel value for the integer-pixel poRCT/USI09/040263

When the notion vector points to a sub-pixel position,

no filtering of integer-pixel positions is perforned

W t hrespect to the integer pixel values, but filtering

may be used for interpolation’®of the subpixel val ues.

In this manner, integer-pixel filtering may be

Iﬁcﬂ)‘éﬁdiﬁg bRGhAFARTiINME oPAREHRR MRt AR HEGToRAISofdcRUAABbe quantized

For integer-pixel positions, a 5-by-5 interpolation
differertty thantthe iftegan dfscleqlien pxampld Pparyety leyels dérqugetezation may be

SH0504 e AR AL Sy RIS HAEH U2 Py e
quiftidasiof,hbe fradtioasledisttatneyetic doddaebsivgatitel Ikt codest A8 an example,

[n er. pixel vaJue at position (i, j), hFP.J is the

OBTR R st et lﬁlaﬁraﬁ hoy f,ggvgﬂé*as?—wf affigt maﬁb&coded using
RS Rt fixch MerzB® dbNGIRABE BSscd bRehd iRfeéRAat Vo, fi l ter

for integer-pixel positions may not have a filter

of f sdet pifscsl be themtegepyffset n ot her instances, the filter

of f sqt.; OB N8O Ofr g nunber of techni ques.
D'ffefegtﬁggﬁgegs ﬁay Eg defined for each sub- pi xe

posi tlieooffseef gts be fthef nupaer df hifsarsedito phhtsetdtsotlly be

defined for each sub-pixel .position shown in FIG 3.

Anot ?M§EP§Q?MW§§&B§"EFfﬁEd for integer-pixels,

bringi ng tfighstsPtsadl) Aorber of offsets to sixteen.

Co- pendi ng and commopnl y assigned U. S. Patent

Appl i cation SePffsdtFgs. =5 filed for Karczewicz et al.

and entitl.ed:+GE AJy SUB- PI XEL RESOLUTI ON' bear i ng
docket nuﬁge#(05§§§§§2, %hich was filed on the sane

day as the pres8nmitFlappt4 cation, and which is

i ncor por at d.ﬁ r el ef erence, provides nmany
additionaﬁgaé %F&gggiyf e use of many offsets for

di fferent pixebffafaBbigub2 pi xel |ocations. [00124] In

order to reduce the nunber of filter coefficients to

be transnictfed, coeffi cient symetry as in equation

(16) may be inpgseehiR-dhe integer-pixel filter. < =K
==4, for U =0-4 (16) Oher forms of coefficient
[89126bt ry haythal seschevideedncatfret fermapedsti epadhiciont prediction and
G ) TRASEE o SOGL 950 M 4 S O o
inegeh pintidrhel 4 piveg effsgivikk ahd labsidns ot ftenOndnibet ©F bits to a fractional
p%?t?cfnf Io‘f? Itl?emglsvegngffs]ét %fa{u%,e twhrerrae)l/n I’t]heee(‘%tlrstt oandesecond 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
clements after quantization of the offset values is performed consistent with the pseudo-
code above. In any case, video encoder 50 may encode the first number of bits differently
than the second number of bits.

[00127] FIG. 7 is a conceptual diagram illustrating four integer pixel positions and
fifteen sub-pixel positions with shading to group pixel positions that may use pixel
symmetry for filter coefficients consistent with this disclosure. In particular, FIG. 7

illustrates sub-pixel positions “a” through “o0” corresponding to integer pixel position C3.



sent to the decoder. [00125] Coding of the offsets may

be done by first coding an integer offset and then
wa@owongpdeach fractional offset. In this case, BEEUS2009/040263

i nteger offset and the fractional offsets are coded

differently. The integer offset may be coded using

si gned exponenti al - Gol onb code. Dependi ng on the

magni t ude of the integer offs¥t, the fractional

of fsets may be quanti zed dlfferently than the integer

Tefs88inted® hix@KATRIRs sERA BTG BY&ESpAd GURRE LERIGP and 5. That
may be applied on the fractional Psets en an

ip.ntubguxel dpgasiens has “&7| ‘& gél. milgnileu den,” Anf’egnd “0” may have values
.0 1 ti.0 fs hq
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‘bseardio“«Coded sy piktll lasdtioas €dJiol, aagi \/16 nmby &etd adiads determlned by
of f set be co ed u5| di f t fixed | ength codes
RSP SEEH PR W@O% &&ln%f¢s£t val ue. Let offsetl
pe1she i ntgasts bhapt gl ShimatF e bbambbaat LiRAhat the filter

offset Let offseth|£§ be the nunmber of bits used to
cgedistanisefop bixsbioratien “gh¢ aympetry hathatgseacttoethy filige cegffigients for

ﬂl%e%algt?%tl%ﬁaf ch’: : gSHéul%gy, Cﬁ Se%}é&‘lh%tér md g% ziglposed such that the filter

dotf{fmlzm(sofof pextel Jocatiof) “difdrs eyririnetrs wAtlR raspee tofhieSdtcklob¢ficients for
0128].. hIS ase vi .deo encod

B Mernrod bRebm et dR b TR el B B AEYecthfyisgys for pixe

1f>@uhoﬁ=a@’har@tsyﬁlﬁetrfafvtlﬁﬁfespeai 4@ A& IceeSicRnts ifsSixd1Udtagbns “g,” “m”

of bits to an integer portion of a given offset val ue

WA d oas iR ClasYSRBY R M3y Hseimpefedfuch th%i the ffHige cpFhgients for plxel

1B&fibh O ££ S}; tgl'c\(xelﬁ 2 e§letB @i g’com%feﬁ{ Tot &ell1bRibns “k,” and
and urmb d ‘Balad

second ers of s are det erm ne on a
mmj symogey 01f1ayt lbﬁelrmmxsegmch plat ttho Alter] quetflvientscims pixet eation “f” are

uanti.zed.versi o al ue be. .
VB S ke o PR D Rotlih 5 B EF ARG <P only
&é}ﬂ RERbBcRfficdnt ulasd haphdedno 6¢ céhRunibite@hs yaad dfenSwd'i@ bitstream in
perfornmed consistent with the pseudo cqde abov
%{ﬁv te gagble 3 ilraderdp genratte S@nhlﬁg? sgfn obaeetti¢i entfval*@f figs aM@een pixel

18£atiBhd. Squjt}fefrrﬁ&%pfolrﬁny given sct 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.
[00129] 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
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 this manner, the cight sets of
coefficients used to generate all fifteen sets of coefficients may be a larger set than some
conventional techniques insofar as symmetry is avoided in the diagonal dimension for some

of the pixel locations. In some cases, diagonal pixel symmetry and diagonal coefficient

symmetry may be eliminated or avoided to allow for variance in the vertical dimensions.



than the second nunber of bits. [00127] FIG 7 is a

conceptual diagramillustrating four integer pixe
w@omotizens and fifteen sub-pixel positions w tPCEOS2009101#0263

to group pixel positions that nay use pixel symretry

for filter coefficients consistent wwth this

di scl osure. In particular, FIG 7 illustrates

sub- pi xel positions "a" throuﬁh "0o" corresponding to

i nteger pixel position C3.The sub-integer pixel

[96’1330‘] i ons R%ﬁa%ﬁ‘g aPaiff tGFIG £0ViES BRRAcT £2 hﬁ?scfeté?ﬁuﬂ%' %at sets of
and 5. That sub- pi xel | ocations "e,"
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coefficients for pixel location "a" are symmetry with
lﬁ@S%@@ﬁmﬁ@Hﬂhﬁﬂﬁﬂm¥@¥Oé@é@¢ﬂcménts for pixel location

Sim Harl I b 0 .
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SRR g RESbPRuats Torsabhy G BP0 s R s0F gl REfon. Video

de€odea 8 0B Ne¥HRAtIdnGeWict M6 hﬁw&ﬁvete@gm B&s f)f file@cocfficients as part of an
coefficients for pixel |ocations " and "o," and
ot vadaqrhiteirgantgpnrateifijses sds gﬁﬁhertq@aﬁﬁcwﬁ@ qome%p@rldmg to fifteen

(ﬁﬁ@lfeflﬂ glh‘t? LS fl(Q:r ti Xgllseho tth@rlel Ht B Sf S Jeffﬁ:lé’ﬂtst hgenerate
fhe ¥'s

respect ITter coefficien or pixel Tocations
lhﬂcrpblemdjplpdbcew dgtarfelt r/iyleomiycddmg bgsod ed cmacnh? thd afte¢rhects of filter

ineBbr A folunfel ARlea fhy Vusperd] Brone ppye ineen
cﬁfﬁﬁeht dubgatel M&Stlorﬁ, andIees&f @eer nnd yided glotksiRks o@the interpolated
coefficjent values nmay need to be comuni cated as part
raedigtivgid3o bitstreamin order to enable a decoder to

[gerefate CAQQPAS?%@HI@ %T%hé’f:léﬁpgt; be FRAL copidgRs hRY BNE cocfficient

fifteen pixel |ocations urthernmore, for any given
%mme@t\/ svolefifal eigerensset wokfchéfGicient sygym’reft ¢cynpm9s abuyhyey of the filter

a subse heqeoef {46 gt value
coe c dg3ocla eed? W(I:tém ﬁleeﬁ esy%qort op @ %Venﬁ plxel kf%ca’?i?n adsociated with

th@ gfvfen csete NThusalides dé@fder&2€g imag rgepa:rmelthd: tﬁﬁa&n QemS bﬁﬁ&et cRfficients
t he s%bset and cqefficient synnetr [ 001

]
basgskatdeast inmartondiixe pyametry ?We%tvmapq jore ?f@ntsz? -pixel locations.

Mbre8er SYFRAdY R ORWRE b B btreRh X BfrediQeis bif Ailter co%fﬁc?é?l@s baSed at least
relative to sub-pixel positions "d* and "1."

lamﬁtOincmxel pym@letrs VRESER chalymb@ diffeicaebfpixel é@p@tlpmsX and based at
lg%g H Fﬁp on rgloc;(f{g ?ﬂeﬁllté \‘rﬁ‘flétﬁr éé‘fﬁle ére!l gR/g t:t sglrgh éﬁab the ypn set with
qoeﬁicianByﬂiinétry ebmpnsee a subset of the fllter coefﬁc1ents assoc1ated with a filter
support for a given sub-pixel location associated with the given set.

[00133] Again, the fifteen sets may correspond to every half-pel and quarter-pel
sub-pixel location. Pixel symmetry may exist 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



to sub-pixel position "n." In such cases, diagona
correlation may be low, making it inefficient or
W0 p@bfizxoed ve to i npose di agonal symetry. |n tPECEUS2009/040263

manner, the eight sets of coefficients used to

generate all fifteen sets of coefficients may be a

| arger set than sone conventional techniques insofar

as symmetry is avoided in the*di agonal dinension for
some of the pixel locations. In sone cases, diagona
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and pixel location “i” has pixel symmetry with respect to pixel location “k.” Pixel location
“c” has pixel symmetry with respect to pixel locations “g,” “m,” and “o0.” The shading
shown in FIG. 7 demonstrates this pixel symmetry, e.g., with common shading

corresponding to pixel locations that are symmetric with respect to other pixel locations. In



| east in part on coefficient symmetry defined for a

gi ven set such that the given set with coefficient

W@ 2000826994 conpri ses a subset of the filter coePd¢T/UFMNY640263
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coefficients need to be communicated as part of an encoded video bitstream in order to
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define two different sets of six coefficients needed to interpolate sub-pixel position “a” and

“c‘,,
[00140] FIG. 10 is a conceptual diagram illustrating six vertical linear pixel support
positions A3, B3, C3, D3, E3 and F3 relative to a sub-pixel “h,” with shading that shows

coefficient symmetry. In this case, coefficient symmetry means that only three filter



first sub-pixel position are symetric relative to a

second set of coefficients with respect to the second
waawpeeeed position. For exanple, pixel | ocatiBer/Us2009/040263

has pixel symmretry with respect to pixel location "c,"

and pi xel location "d" has pixel symmetry with respect

to pixel location "1." Pixel |ocation "f" has pixe

symetry with respect to pi xel! 1 ocation "n," and pixe

location "i" has pixel symmetry with respect to pixel
doBfRtdnRMNire Keededfor @3, BIGAY 08Mn ofler Q%ﬁﬁé ﬁl%lenﬁﬂé@@FJfrc}éefﬁments for
W th respect to i xel locations " " and "o0." The

fdtea divprprs hesions A 183, @3 d@?mﬁ%tanétFés Aﬁu i§ symgedtric with F3, B3 is
r |
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coefficients, coefficient symetry ¥ exi st such that
e

noRitipns, relatheeto 6f sybhrixeloafith @liwéimgs thah WE asdackopf any coefficient
S&gﬁaﬁft cients needs to be comruni cated with the

Itstream [00137] Video encoder 22 can generate
Erms,odédixvt@ﬁﬁxidm archasdel dmofdet ¢o dofiat tdd ot eﬂiccd:fﬁvients for filter

dat a er ei | nt ol at redictive )
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t wo- di mensi onal arrgy of twelve filter su
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qinterpolation filters that define one-di nensi ona
érrays of filter support positions for six of the
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8 is a concept ual dlagramlllustratlng si X harizont al
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coefficient 'symmetry. In this caseé, coefficient
ssymastyr Vhrs algwelvacodfitignts hrcgweddd in @rder teeddfing itleates ofagostticients
fnor fﬂ sufé)greIF 19&{1%1' reels,RecP EOO fﬂlgciloro(sjlslérb ég;’?gglonglet |a£’ﬁ‘§ee tolwre\e/er pixel
s@&m%r.y dank shastheweadate @owificienSayithG2spest 16 W omixelposition “€Scan also
and I,S. Sy ric Wlt G4, Th only three
Regspd | %fi%meégngfé?f BPYE %Hh@ﬁ%eﬁa?%%onasgpam 8pd g (see FIG. 7).
EREIGR 1 Y c6anciBh Hefif@ el Mt sffort QibdfkdMRsitibe “§’eﬁncpfhese same
six coefficients needed to interpolate sub-pixel
esiciantreantbe uspd 01 d9]verhGsctpficgetiicispidepsubarixelinagitiam “g
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pixel “i,” with shading that shows coefficient symmetry. In this case, coefficient symmetry

“ 2 “ 2

means that the filter coefficients for filter support positions B3, B4, C2, C3, C4 and C5 can
be used to define the filter coefficients for filter support positions E3, E4, D2, D3, D4 and
D5. B3 is symmetric with E3, B4 is symmetry with E4, C2 is symmetric with D2, C3 is



filter support with respect to sub-pixel position "a."
As not ed above, however, pixel symetry neans that

W@ bwga2@adre coefficients with respect to sub- pPXEIDS2009/040263
position "a" can al so be used to derive the filter
support for sub-pixel position "c" (see FIG 7). Thus,
only six coefficients need to be communi cated as part
of an encoded video bitstreamt’in order to define two
different sets of six coefficients needed to
SE 1?%1% B3 St sRy @l tRO®{th DANand's & ?mnﬁz/try[vggllﬂgl Thus, only six
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moaff,7 pithshalimethdedhotve coefﬁelemlyame:ngu br giixelse, posfficieconsymmetry
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®yiirentsynage do detdoatminiesd sapeet cloaf ﬁm@dahtvslew‘tmtbtream in order to
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conmruni cat ed as of an encoded video bitstreamin
8 SR Xeh PARFPThen t V\Eh%}FfOF"ertE%tsaf%‘eﬁ%bS@f ofs$ix copidicrents @htdsfine the
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[00142] is a conceptual diagramillustrating '
00V e t v@l@l hﬁeurﬁs& saadeppink diaggopiblostratipgsivelverigofdimensional pixel
sluﬁ]f)]oe %os at ons ftlhe eI}Q%,Jtetr &Qf%osn%\ﬁ@ Bﬁ’g\x%ng\élﬁﬁ@all tlt(())! lekteertu&é rrql;lg e eto a sub-
]ﬁhﬂdjﬁgmhhﬂ&h@$@m&mawha@ﬁﬁa&n&@mnﬁﬂ@fﬁmdhﬁﬂkeﬁyﬁﬂkkhygmnan/
Thus,. all. twel coefficients r need rder to

eAnS Hhat pry ﬂ%ré‘f% fr OGHEICfINE VRS F fori}3, 53@113 Eﬁﬁapfd%q gefine the

dnBRPRELT dwRlve B ik %Bls ROBlkdris@FbortSositibis BRI cabevec4, C5, D2, D3,
however, pixel symmetry neans that t hese same

Ro P, i3 andt et wlB hs peepeieic with ShDpaxéD4p6siis hpmetey with D2, CS
aglgrb}‘mghxcplﬁ? % s?ﬁ}qﬁletﬁ@ wﬁjtﬁrBMV E3 taﬁg ﬂS' l"Lth%E %ép{?l?e{gtc&g% ents need to be

communicated as part of an encoded Vldeo bltstream in order to define the set of twelve
coefficients needed to interpolate sub-pixel position “j.”

[00146] FIG. 16 is a block diagram illustrating an example of a video decoder, which
may decode a video sequence that is encoded in the manner described herein. Video
decoder 60 is one example of a specialized video computer device or apparatus referred to

herein as a “coder.” Video decoder 60 includes an entropy decoding unit 52 that entropy



Therefore, 12 coefficients define the filter support
sub- pi xel position "e" and these sane coefficients can

wheoonszxd24 o derive the set of coefficients forPCT/US2009/040263

sub-pi xel positions "g," "m" and "o." [00143] FIG 13

is a conceptual diagramillustrating twelve

t wo- di nensi onal pixel support positions (the integer

pi xel positions shown with capitol lettering) relative

to a subpixel "i," with shading that shows coefficient
RUAB i Yrecdied BlistcfRIEgeroRRd §idntiSi o MPREEY dhdREPR diction syntax
that the filter coefficients for filter support

qhesmdntsy. bl 1B lictiR, syaRx e@len@zrn@hmd@@e ¢ aedipgemade @ne @r more motion

\%gﬂé)lrgt??%fhs aé% 1& ’t1 Ef ey)tlil Oggquclgge&se%%‘%ﬁg te. the sub-pixel

dMai; bodEB¢ici34 foruss ylﬂiﬁﬁitjsglamnt fitdedhg, €62/dr otiwy mafetntiation Wsioblated with

2, C3.iss try w , C4 is symetric with D4,
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dJisglogueeonblegpmation eerapanasHon] qomnon@ntuﬁ gott smwen FIG. 16 for simplicity

R ToPY (g%ﬂﬁF%QQJ pi xel support positions (the integer
plr Xel” positions showmn with capital lettering) relative

[ﬂ@l@]subpilm@lrse janéntizatidn shadbmgintdrad qmhatiess,c 0ef fdeequantizes, the
qSu)a/mtlz r%effJ cpen“éshl g ?r?veersecc?uggtflzlagllor? I})trocse smrﬂ% r‘t}/e a process defined for
H.264 decoding. Inverse transform unit 58 applies an inverse transform, ¢.g., an inverse
DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Summer 64 sums the residual block

with the corresponding prediction block generated by prediction unit 55 to form a



means that only three filter coefficients are needed
for B3, C2 and C3 in order to define the entire set of
wao abazsoeoef ficients for filter support positiRPCEUBRN040263

B4, C2, C3, 4, C5, D2, D3, D4, D5, E3 and E4. C3 is
symmetric with C4, D3 and D4, C2 is symmetry with D2,

C5 and E4, and B3 is synnetrlc with B4, E3 and Db5.

Thus, only three coefficients*need to be communicated

as part of an encoded video bitstreamin order to

Befkgtdd eersieh R2fhd WREYS Glo&f Eh&)‘d@dﬂﬁo Vn@e%dﬁfiogé? 50. If desired, a
I nter pol ate sub-pixel "position "j. 6] FIG 16 is
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encoded 1 n franner - descri be de Soder

volich provvites &Kf&fﬁﬁb@bb)ﬁ:kﬁf(ﬁ? pabdcghdnz em:btmndmmpempum end also produces

evjce.or a ar tys referred to herein "coder."
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oHthd pixels Goef 4d ﬁlltf&mhplﬁtfredlbféme@ nspaﬁﬂ puEBI Qbﬁfelatlon decreases. As such,
quanti zatj on can al.so renove
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di sclosure, and in this case, coefficient prediction
ittt/ therneeitisn te) bamtmpakatedr(thathm pBRI pesitidre thaeuk Plpsaribew a shorter
) ode, _and de- ntj.ze,such
S55RS HorD e FB 4, & ik Rf S AP iR AL LREI Elmpteity
qifeesdi o i DM Idatie baq;egitlom fillte guppdt Ghovom is YFIGX4 may be used for
.ele nts a d.one or re. preV|Qust decodeggbloc

ipfgE0 aélpe B BT RIXeRsHipng 35ed; 1R the \2rpasHiondLiss syppgrtgescribed in

tHRcIRed ihdludiethaitburakeys- é%ketl :bo&ﬁ@&%hoﬁﬂmﬁg 81disabipBR positions,
unit 32 of video encoder n particul ar, prediction
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immediately adjacent to the corner integer-pixel positions may also be used in the filter
support. The integer-pixel positions immediately adjacent to the corner integer-pixel
positions may include integer-pixel positions directly above (toward the top or north) or
directly below (toward the bottom or south) the corner integer-pixel positions as well as

integer-pixel positions directly to the left (or west) or directly to the right (or east) of the



or nore of the techniques of this disclosure my be

used by video decoder 60 in generating a prediction
Wh@ek269% edi ction unit 55 may include a noti oPCT/US2009/040263
conpensation unit that conprises filters used for

interpol ation and interpolation-like filtering

techni ques of this disclosure. The nption conpensation
conponent is not shown in FIG 16 for sinplicity and

ease of illustration. [00149] Inverse quantization
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interpolation filter for cqonputing the 2D sub-

el
D584 TOSHTEIVE HAFPRRLIoN BiercpcTpelapis fed S?bpé’i?bp?ﬁlws €8, fifteen sub-
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having either a ostion filter support or a
fifgep et of mtﬁrmlatgmfgter fpéffieients mfmg@ls @ relp@@lbdtfongrerrclation between

@{eﬁf gle{?‘{%a SsI %nglxef]]t)oesqleornggbogféllbl and D 81%52 %crelt S 10n£5 in the same
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nésiechbBswédkkt. er support increases, spatial pixel
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preditcti on- usi ng pi Xel's W er correlati
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é l‘lo’nwhlcﬂ are both in't Ihe vertica dlmensmn owever, there may be little, if any,
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correlation between filter coefficients for sub-pixel positions “a,” which is in the horizontal
dimension, and sub-pixel position “d,” which is in the vertical dimension. Based on these
observations of the correlations, sub-pixel symmetry may be designed such that sub-pixel

symmetry for filter coefficients of sub-pixel positions in diagonal dimensions is not



di stance fromthe position to be interpolated), while

mai ntai ning the sane | ow conplexity offered by D AlF,

WO b@AZpbsi tion filter support shown in FI G BECTH§2008040263

used for interpolation. The integer-pixel positions

used in the 12-position filter support described in

this disclosure include the four integer-pixe

posi ti ons surroundi ng the sub*pixel positions, i.e.,

i nteger-pi xel positions C3, C4, D3 and D4, which may
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t are | ocated near the corners of the 2D sub- pi xel
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frathiss of e Qt“P’cSn lcwetﬁ At iBFoge el dcipaletion-gke fﬂﬁ?réﬂ@é?ay also be

RhtSlee BPSIVEL PR R Rb&M uiet hi n at | east two
i nteger-pixel positions. In this manner, the filter
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i nterpol ation ter
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case of quarter-pixel precision. Analysis of
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[00159] For some types of S-AIF, on the other hand, sub-pixel symmetry exists

between sub-pixel positions in the vertical direction (or dimension), but not sub-pixel
positions in the horizontal dimension. In other words, sub-pixel symmetry does not always

exist for sub-pixel positions in the same dimension. Sub-pixel symmetry also does not



fifteen sets of interpolation filter coefficients
reveals a relatively strong correlation between filter
w@owbfizeweent s of sub-pi xel positions (both | D BEEUID09/040263

sub- pi xel positions) in the sane dinension (e.g.,

vertical or horizontal dinmension). To the contrary,

correlation between filter coefficients of the

sub-pi xel positions in differ¥nt diagonal directions

may be noticeably weaker. [00156] For exanple, there
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Note that for sub-pixel positions “f,” “i,” and “j,” some filter coefficients, i.c.,

hoo = o = by = by are equal to zero in instances in which the 12-position filter described



sent once or several tinmes per coded unit. [00158] In
NS- Al F and D- Al F sub-pi xel symmetry exists between
waemopreoed positions in the same di mension, e.BCT/US2009/040263
sub- pi xel positions in the vertical dinension or two
sub-pi xel positions in the horizontal dinension. In
sone conventional NS-AIF and DAIF, symmetry al so
exi sts di agonal |y between sub4p|xel positions in
di fferent di nensions. For exanple, sub-pixel synmetry
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el even uni que sets of interpolation coefficients,
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Unét. 82 ,obtdinst heblbr b2 (pfktem frdir geiiosN 3@rthhihﬁlc11ﬁét1hﬁegbr pixel values
di rection), . but do not i npose_sub-

COFRENOPLIRE by inigEer HIXBId%Oﬁ“@P?r@ﬂé? ofiger(s, 33 COH’(H’PégSBH mewalues based
({nOQ ol sB¥poRtOthal BRAHIBY to41D: B #&dre %%HH@M Yhaf Qrround the sub-pixel

sub-pi xel "positions diagonally, the weak correlation
fvettineed 72 hehd axpaipdlingicotsr fléthil eboveobt fvdienestiamidtar kepport may

sub |er posi tians eren nsi
| n egr Ot %e era n1 eh%f Iihﬁet g f;teeéll g%ssnole S Plﬁouml‘lerprcl)s‘)larltéonss’etWhﬂe linear

}Q)frlzbrﬂhlee[rﬂdhr&hﬂ Oeﬁtlfm éflfetiag entySbenmyd e geregie s f(the Gifteen possible
L lnstead of five), the resulting interpol ated
) @HF%F?%HOHQFE may be nore accurate. Diagona

[00Rd4l) 1 Ci enliC et thn ¢S pRAIAYRIbURE Haled on the computed sub-
eI|n1nated in much t same way. [00162] Prediction

nixdl tvaBs kid)al I@doarWeNLCo@fnﬁﬁ& BpY genaitetang ogeput an interpolated
pqgcﬁ&fdnbﬁgck comprising interpolated sub-pixel values. Adder 48 can then encode a

current video block based on the interpolated prediction block (174), e.g., by subtracting
the interpolated prediction block from the video block being encoded to generate a residual
block. The residual block may then be transformed and quantized by transform unit 38 and
quantization unit 40, respectively. Following entropy coding by entropy coding unit 46,
video encoder 50 can output an encoded video bitstream and filter information (175). The

filter information, as described herein, may comprise cight sets of coefficients used for



above. In particular, coefficient symmetry is inposed

for filter coefficients in one dinension (e.g., the
whorovaive4el or vertical direction), but not foPCDHUS1909/040263

di mensions in a diagonal manner. For exanple, the

filter coefficients for sub-pixel position "e" are not

forced to be diagonally symmetric as in the NS-AlF

schene descri bed above and réﬁresented in equation ( 1

1). The coefficient symetry is sumrari zed bel ow in
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[0ares] equalF1G.ol &ieradldw diapsiraillastgating ewdrhpla opb@tion of a video decoder

téqt 1 12235:1%0%6%3' ﬁ%g@l%ﬁg&%g&%hgﬁggg\%@ Bﬁl&épclgﬁr eHSHé e"fltlust 816 process

SFEESf | € hRPtbeHANBEEY (BB EHIREIdcBdih ipfoctisSte [tRS BE@ d@Yprocess of
be used in conlunctlon wWith or separately fromthe

KIG 1&r Fiaplsovtll pedemiribeseBomvifie reigaestive af gisksp WaeadephO of FIG. 16

AT e SRR P iy SRS By B 16 video
decﬁielr )60+lr6365)ve$ta:ﬂ,geu§nc{1q%1uieidﬁ<2 d)‘cllddtkg [ aeblgt Elééfr:)mtfdrmaﬁm (181). Entropy
e SR RS0l g S T Rep B T8 e N teBof ek gdictigp unit 53
eedrid $edrpfl@Sict hibn’ @mpedsa€iof hbdoedigf tstctiiqich @ f eHiOWRclosure. In

i ncl udi ng _sub-pi xel position "b," 6 coefficients for
Raﬁ[@ubqr,dgfﬂlptm qpéq ﬁégotgzugs_ szljgélf 0%@@@1{; g mgmory=2 that include integer

Iﬁ?é?f\fahféé %H{;&pﬁ%néc o8 @é&yglﬁeﬂﬁkaﬁéﬂ%%‘é plleﬁf% 10? uau 55 may use

position icients for the group iIncluding
rsedvadi metionpasiard ndet@nlinbhaoef pérGirmningrfodationhd3agedop the motion
\!egt%lrsu %re‘&%tfg}lj kl)lhRiS)§eclan 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 generate 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.

[00166] 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
technique of FIG. 19 will be described from the perspective of video encoder 50 of FIG. 2
although other devices may perform similar techniques. As shown, in FIG. 19, prediction
unit 32 of video encoder 50 defines eight sets of filter coefficients for fifteen sub-pixel
positions based on coefficient symmetry and pixel symmetry, as described herein (201). In
particular, prediction unit 32 may use pixel symmetry to reduce the sets of coefficients from

fifteen to cight, and may further reduce the number of coefficients for some or all of the

cight sets based on coefficient symmetry between coefficients of given sets. Prediction unit



position "f," 6 coefficients for the group including

sub- pi xel position "i," and 3 coefficients for the
w@e@ap2dorc| udi ng sub-pi xel position "j." [00168]T/B51809/040263

17 is a flow diagramillustrati ng exanpl e operati on of

a video encoder that utilizes a twelve pixel filter

support consistent with this disclosure. The techni que

of FIG 17 will be described ¥romthe perspective of

vi deo encoder 50 of FIG 2 although other devices nay
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video bitstreamand filter information (175). The
$$¢W@Pk$hﬁb?%$¥P$ﬂ' as described herein, nay conprise
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JOM/dIa ram.illustrating exa t|on of a vid
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values corresponding to integer pixel locations (211). Filter(s) 39 of prediction unit 32
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generate adjusted integer pixel values (212). Prediction unit 32 generates a prediction
block based on the adjusted integer pixel values (213), and video encoder 50 encodes a

video block based on the prediction block (214), e.g., invoking adder 48 to subtract the



decoder 60 receives an encoded video bl ocks and filter

information (181). Entropy decoding unit 52 may
wepipopg24ecode this received i nformation. PreRCTUB2909/040263

unit 55 perfornms interpolative notion conpensation

according to techniques of this disclosure. In

particul ar, prediction unit 55 obtains a bl ock of

pi xel s from nenory 62 that intlude integer pixe

val ues corresponding to integer pixel positions (182).

preReidnt bRRK URbh Pe WBY WRRK' BGRE CatLd¥Bt 100BeteRt AF Sesidal block.

determ ne how to performinterpol ati on. Based on the

Fredlowvang, \f/r@n&f@lrr@tlowedhq@mt@ntlmb thg gesedial bloelo by dransform unit 38 an

xel ha n p
(ﬁlléllgtllé\%lgmg run?mf(g 8 fo?o&/ ?rﬁro?oyscﬁ):a?ngun d%%ﬁmé&ﬁ? sunt 46, video
dqno&dek 50 atpliksS&BY endolded hidso Wagk apd @tteicinformation (2155 AS a&th sub-pel

interpolation.to nerate th redi ction blo

ﬂﬁe@%ﬁleaa et THy e eBuctido ey gl edici gioy imvolve

tHé 1@k mBni AMOKb MBIt RGBS Fm AN toRcAHE bl B} F3skiBIY several
| ock to the residual block (185). The vari ous aspects

ttmes| prreeqledl amitolt differsni pisas B eefasicd |yl ussi didfcrane typse of integer

iﬁfega%lz&?é’ﬁ e Residion filter support that surrounds the

sub-pi xel positi®dns in a radial shape, may inprove

00 U enc&ﬂﬁd@ibwfhwodmgmngﬂhsnﬁmgequaﬂbmpmmnmeobmwabedamdm

S PuGPRT T el RO Bk RUH e bl values

déhﬂ@t@nt&ﬂﬁl@@ﬁi disbidturtlt iPkddeBnaRaf 3 6 €to SHIFTBL 6(Y rerBifles encoded
try consistent with this disclosure.

pi xel The
‘tléf@hhloﬁ%% wf Hp recegvey filterpinformation ed. fansenRehecoded unit) (221).
c d f
Igtg%t?tp(ﬁl 21&/1?’ §5e g)fb%%/s % ger%g %%qg’igerlné ?roﬁ’l manh@m g%l zlléatt hoyeh integer pixel
wheweorrespordiag td Siteger edqebmmpnls r(1222)32’rod1cmrdmot ehoodkes a filter
@O qFfi?es ei t set s of fi er R { g based th
]Il?tf% 83’H aﬁ Barﬁ- O 188800{11#381'1?8 1 %Soeﬁ 1n egfér ]?IX% €S bascd on other
istepIrRiixyl vands pf ¥l blssknaralixdls toagendmdidjﬁmﬁﬂ iﬂ&fgeﬂ ﬂxel Values (223).
é?Ol In particular, prediction uni use el
GHHFRAN YAIE o BegtAtes ¢ Aredichipw bloek &a@ﬁfqncﬁh% ﬁfiglstfeﬂ él?%?ger ‘pixel values

(&Qi)t 8Ghcd @ec@ﬂ&mo’ caﬁ%n@oé@\?ﬁé@ﬁloél@d&g@d e %%H?&fon(glock eg.,

coefficients for sone or all of the eight sets based
lovpl@@ﬁddecl@nto s%ﬁ@tplydlb‘ewvb@nk aotefpolatéde hy prasfictginvemt 55 to a

sets. e n then encode vi deo data
%%d%ﬂVﬁﬁ gkc% |6ﬁoé%ﬁ?é§s (such as filter(s) 39) and
[00E71¢| ght F$@tX3 1@fa fiow ﬂﬁgraﬁoﬁmétrmng mttsdﬁl&ﬁha)for Mieddigtortion defined

.encoder 50 may out put coded vi deo nd the eight
igternolagion o1 yidgo eqglurer "‘é“r’ R BVq 9t ca'ﬂ% ats.f fRes- dplis s?se MC unit

Frogfdrédéntuiit Mh&N@eRieREPsIaH RITOEREE off BrddR@ive data, one set

bitstream may be sent with each coded unit (e.g.
hasedhort tharfisstoet ef qapdiylats dnteipatatian didters dind gnetber ssbbasagh opdhe second

sep %Eﬁ a?é 11&%%]]21 M %'itm%oeVd’ ﬁg?p?scaﬁlo 91’?%55 9 rate distortion based

|nter ati on ernat ive eren groups of
adblyhit isetrderab selef Whehantegpobmmipn Hdtee nmljobedd ahel bse rrbsults from the
wth eacgfcod unit tao enable differ

RERPEFHSI4 315 AR distogians dp dhie WagddEG s valoc ﬁ%@( %?nﬂders which set of

predictive data will yield the best results (i.c., the least distortion), but will also factor in the
fact that one set of candidate filters may require less bit overhead in order to convey its

filter coefficients to the decoder.



coded unit. [00167] FIG 20 is a flow diagram

illustrating exanple operation of a video decoder that
W@R000i126924 coef fi ci ent symmetry and pi xel synmmeRECT/US2009/040263

consistent with this disclosure. In this case,

prediction unit 55 of video decoder 60 receives eight

sets of filter coefficients (191), and generates the

fifteen sets of filter coeffid ents based on the ei ght

sets, coefficient symmetry and pi xel symretry.

B’oﬁiq Cti onUolwnb ERR A3NICPEROBAMr §rSdibiire hippl3at géﬁ@ra‘[es first

fllters and apply such interpolation filters in order

intsrpptadpsepicdicendatafe einmcbnm sideql dpte ddbagh grve figd tirferpolation filter

% @3)Thevlr?ﬁglteg?oq%?og{tﬁlgeg e??%a@eggrggrls%é ?‘%\%8@ !usir)][gl}f)&atlon filter

cddgronbihg tt® a didtdr defince by amaﬁdjuta‘r ivideo d:athag istahédrpduah eda filter that

etk Croaba] Ha o ER e SoradGimheion in some cases,the

fidell UgfeFRldtiaE fRKkRMRyecRREpEI @nanoﬁtmvnct%@ i8RGRURHN HRE without
utilizes filtering of integer pixel locations to

igereedagte ravaling od dalf-wixslerlugsithatjare/aped esganerisd @agtptpiglivglucs. In
I S digsc

th%tcé?e tl? a%i?%ﬁ]l%r{%&ﬁ%&l ftilZerrﬁJﬁ%p ?%%ga?afﬁgg &eﬁ@alues and rlnay upwardly

rbond suchr\fgahieaiformlsposbs.lbf ohoapolatddn @ethe lhaltffpusu b%sollutlelge However, to

LR R T —

rélstdnaMt ERiheT mhPE@Eeonvidlbes Vtel‘hfr’dns D feHahikdI & alues and use the
orlglnal i nteger value. [00169] FIG 2 1 wl| be

agenidsddversien ©ohehpdratipazeli vaduest foyi ewo idpweladpn 50 gyarter-pixel
rgéo tic. aldohﬁ’éﬁgnlgogﬁlﬁrcoﬂﬁl\éhﬁle%s dﬁ/‘%rsaﬁfa?@ng; AJflf'E}ﬁtlon Serial No.

ni ques in FI'G
pr edl ct ifidedl Emi Kar8Zvobit af mk, amblemdlcdo‘fAIDVAélQEE MYPERPOLATION

I A\ OERMBESOR AL JRHEDpING" earin doc

rEtlrﬂHeEO$ 189989, whicpmeadifitdd anthtRirhe 32 44 tht @fesérhapplmaag@ rand which
pi xel values based qgn ot her integer pixel val ues

lf HecapeseiRd drerehn x| sferencge RETVALCE laa}yUé%Honaﬁtd@&é? 0&. ipggrpolation

Mﬁ:lrlﬁgswfﬂ%ﬁlg)mtegﬁ&gdt@trbﬁ{&ﬂ%‘ lob MR- RN RIESh& arc used to generate

prediction block based on t1he adjusted I nt eger pixe

m@ﬁmHSXﬂzﬁﬁws and vi deo encoder 50 encodes a video

bas redi ction bl ock. (

OEEE: ng SiabrMisa Sl st e Pnefifie it Busmel sesend igggpotated

IﬁthMmdﬁﬂlﬁﬁ®ﬁk0Qﬁuﬁmnﬁﬂﬁmd®ﬁkb@a@ﬂﬁ@ﬂhﬁ@aammﬁémﬁm@bhnmnﬁhm
transformation and _quanti zati on of

(?#%3 r elglF o f%\)/(\/lﬁ?l Ek t}Ef‘y s?qogﬁs q%ﬂ’ﬂnt 8r APy comprise an adaptive

19%%‘12{‘[1%9@1@9 wRidis 48ke, aitdisical Lo gpRRt R 1R REC BYit 37 may
entrop codlng unit 46, video encoder 50 out puts the

@ﬁ@@ d@cﬁltﬁr desTipjeate ko bmnusefli [l partipwlpro MHRERIOAT (r@wyecuﬂ%an adaptive
la%{cﬂg éﬁ(?éeﬁjﬁlltﬁﬁl@l? luﬁft] 137 s@at[ﬁrvv 911 @Iel s%rﬁitér c%efﬁmentsy generates

respect to I nteger ocations
prei\mﬂnm@' prédctonetdatit aahidieie adlj'nmmlf:&fﬂleomecﬁiﬁmént!; tredn adaptive process so

tilaﬂfsgghnplttér%gef%g&:gts%eﬁnecr(r)lgreeddelsjl?Ibtle pre (IilctrlJ e altabl y several

[00174] Once the MC unit 37 of prediction unit 32 has generated both the first and
the second interpolated predictive data, MC unit 37 can select between the first interpolated
predictive data and the second interpolated predictive data based on a rate-distortion

analysis (233). In this way, MC unit 37 not only considers which set of predictive data will



times per coded unit if different areas of a coded
unit use different types of integer interpolation-Ilike
WO dovaedory. [00170] FIG 22 is a flow di agram PCT/US2009/040263

illustrating exanpl e operation of a video decoder that

utilizes filtering of integer pixel locations to

generate adjusted integer pixel values consistent with

this disclosure. Prediction ulit 55 of video decoder

60 receives encoded video bl ocks, and al so receives

Yiblh HRY bdsD QI E Ofhe(18asd distoPi, REMC QHRA7Wot thetbR2 khe different

Prediction unit 55 obtains a bl ock of pi xel s from

qmmtSyofgigtat (hat therdifferget hihtagage thapwikbe wesuired for the first interpolation
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fg t{?\? (I;]t(rg] tg%l E%ng(g rl}%t%%g]ﬁtlgﬂ ﬁﬁ% ﬁ?@%ﬁ %ng?heséééinlytegoé)latlon filter is

1;@&1 (e @f ambit ifest istompénisatiiler), tided chdoder $(m?vdgﬁ<|5t ekd & encode filter
es hased .on othe i nt.ege i xel. vaI t he

P BEIERTID oiUeHD: eserdl B adinibe deein 8@%? iltgy; iR gped (c.g., as the

séadrde mtdrgAdtion A Giﬂé@'?:né’(meff 500 wRIENREALE SerRode filter coefficients.
5 redi ction bl ock based on the adjusted integer pixe|

trbegly, Z,hﬂ)rate*diSéFéaom eedifey c@Ddeaminn iicetsd@é piddirsiye data will

}g%}ger %&%@It?égags d@ i Ez% 192{5? t %1 sﬁ’)pn(& (9)%{2 l’?y cht)uﬂtplg %ﬁ% fact that the

Ive I'nterpo
I{BB elihetfixed intoipblaBbn ﬁheraddeesoﬁu@qmlra/adzﬂﬁmnb] latkintoodeb o convey filter
ﬁo % %H@% 400171] FIG 23 is a flow diagram
e “4°%&chni que for rate-distortion defined
0017 POl atM&B speRificailfeelcead B’éﬁw&ﬂ&l@eﬂﬁ@ﬂmﬁdﬂﬁbl@c@d gre@ictive data and
candidate filters. In this case, MC unit 37 of

the sesoe; BreRMited Ipedighycqdivebatcd o Bic-thsiogian prabysisn{233) may
c% §1s&?f;al@ﬁl§tﬂ1§c§ ﬁ}’s? rﬁ@tdgto R cRE sspa%g vxq{lll ﬁl@ %ufeh &k if the video

candi dat e I nterpol ation ters and another set
daaﬂednmdecﬂ he teefiohohtsedlatod prcdwdw@léztte qahvtlbtlp@h atdood rate-distortion

rtion ..
oot Vi 2 o, BT RaE e i ot s gprerpotaca
predittere dad, lany b&ddding fbet\nkb%ﬁfthd ﬁ@uinité&pcflﬁt@diﬂpfdd&:tlve data and the second
ers?ectlve of rate and distortion. |n this

ipiernolated predictiyn datackised eneths Ty ppdhscsand gfe- @ﬁfeﬁr@twé

[d@i'?%] wi || i ghd (ﬁﬁ@rtlgﬁ%gstra‘gscdékatteﬁi &vith &ho Vltdg@ dﬁt@‘fﬁme video data is
distortion), but wll also factor in the fact that one

@@@kﬁﬁn@énﬂﬁdQUQGPDMEéngmhawen@qumwbcpmgsﬁbaﬁhﬁvbﬁh@m@Indnc

i n order to conve |Iter coefficients .
5 B S BE g ot ik SO B sty FMRo bR Rence (sAD) of
Iﬁifﬂdflahltei; ofn suiioff s@\ihr@ﬁ&léﬂeﬂineﬁ (SSD)séf pixdl erapuel aidichtive of differences
i ve, da n odi ng of vi dat a based

'%@;V?%IP t&‘ﬁt"éqeﬁcff 7 f I lis‘b}nt(zrgglﬂe p(%%gctfvler a, plus a?jgstavalue that

@@ﬁﬁd@%@@ héasmﬁﬂeh tv&ifh cthdd d 3 Eo FERRIFRA R ffi AR 115 @i %ase if the first
I xed interpolation filter corresp ondlngﬁto afilter

la@mollﬁé@n Bijten ispa fixgdointeapolati caddtes. obie digst el deat duariifich casy may be
ter at S

AP S5t SHAFHEERADLaE ATy LEOy soppric o son

diffsesce hiveid iixdichtivot eff diffeat¢ricon Hetheerthn’awdt:@ rdaes pod dthe second

to an | TUT H 264 | r at i ter wthout

1nterpoli]ated pre;{lctlve ata (1{)ItSE ggb or é)gb) plus a second va lIlue that quantifies cost
associated with encoding of filter coefficients. In the case where the second interpolation
filter is an adaptive interpolation filter, the second value that quantifies cost associated with

encoding of filter coefficients may comprise the number of bits (r) needed to encode



i ntermedi ate roundi ng of hal f-pixel values that are

used to generate quarter-pixel values. In this case,

wo b@ofizeoet i nterpolation filter may generate hBCTURIRB40263
val ues and may upwardly round such val ues for purposes

of interpolation to the half-pixel resolution.

However, to the extent that such hal f-pixel values

will also be used for i nt erpol*ation to quarter- pi xe
resolution, MC unit 37 may store non-rounded versions

éagpﬁ\réen}?éi)(tlatﬁ’drf( @lltcy @btBSicART oHSRsNG MANAKABIRIAES multiplicd by a
versions of the hal f-pixel values for any

E%H%@ﬁ@m@ﬂﬂ@ﬁﬂﬁﬁ quarter-pi xel resolution. Co- pendlng
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an adaptive interpolation filter. In this case,

sebmics t lesrtions tqensiviamst MIE IMierBIRIRLY GHAtRIDigRl fesalptipgy or may
Aefy Q& atdlf't?erraﬂtlﬂzuﬁ{bep Qﬁglfb! k&%éan%ﬁs b?hé"gﬁgesslcﬁ* FIG. 23 may also be
particul ar, unit execut e an adaptive

repa@dgof ﬁtllmnrgar-przeblscatwnvﬁn civh vXadnirtit F witler sesjuevice o indicate

\gk} Zlbe %%e I'lrg @a?rg&a%%{jhﬁl enttg% js%: grn?%%g]faﬁ{n%e lgitgri 330 be used by a

doadct fgitenihegtpiadl lachdiphi ve process so that such
filter coefficients define nore desirable predicti

Q91781 [ 00Prsy vesreeneerer v (Pt 2)3es sncqsied dhe vidsa gt psed on the
SRS ( Qﬁ?eﬁﬁi %%(Qfahhsy'hﬂ& {o 'frﬁﬁca?cnqlet E@eéﬁﬁo@%) modem 23 and

i nt er pol a redictive data, MC unit 37 can sel ect

ttﬁ@tsmé@n 24 G 1)rrs@y npdéate @nétr@mﬁrrpt ddicotdded vidae datapnd thoeyntax to
RS0 B P BE SR PP oSS0 st e sson
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willy, gld t he best aults i

ANk g ey thap e MRSOOR Hptepp aé‘fdsﬁrefl’é%‘t’%rdétal Wa% Heed to generate the

Gddansiio RMD WAL maPlirad@hi@ nbifii@r codth@ettt Wik @t sytak indicates that
rates) that will be required for the first

they fiest ry@jpr@p}atgd mredietvie dagd way yssdito geprsate dieogngoded video data. In this
\kléﬁ; %lpegl Iﬁlgt fn:llt}al{pgfatloMIQP 1xefi a{nlaethtz %}8&*{1 inteirpolation filter is
t | eftirs

erpola ion er 1's used , as t
ddaptérep Giltat doofficidnlts @t onlyvdcded tbﬁnsmw inBi0ated that adiptine ékerpolation

0 encode f%ltgr eff|0|ﬁ bs in the bitstream il
Sipg desiysed. pad Abe Aegi MREBFLY Mt AS pfapLye I“&elﬁgléﬁon iltering

doBsiflers néSolie predictive video quality, but also the bit rate, which is affected by the
presence of filter coefficients in the transmitted bitstream. In other examples, however, the

first and second interpolation filters may both be fixed, or may both be adaptive.



second interpolation filter) video encoder 50 w ||

need to encode filter coefficients. Accordingly, the

WO 2000426924 ort i on anal ysi s can determ ne whi ch BEL/USF009/040263

predictive data will yield the best results (i.e., the

| east rate distortion cost), by accounting for the

fact that the use of the fixed interpolation filter

does not require additional b*s in order to convey

filter coefficients to the decoder. [00175] Mre

[80e0) f i calhy, t8ili@rt | S tREINRRRukNBaY | BS laphilde P Al e enarios,

predictive data and the second interpol ated predictive
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redi ctive data .CO se a fiorst differe
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sum_ of squared difference (SSD) of pixel val ues
Hl’ﬂfdll@at)f %effeﬁnt dYFfiehse AL dEcdidivgedii treedy Py eo rdatdstertign analysis,
I e d

S TR 1 P P o PURL AL, 20, et sty 18 niate the

%lelcttlcm coefficients. In th| S case i f the f| rst

polatlo fllter iS.a terp ion filter
ISR PP <t Ao vl e BErbe Bl B b lsggivortion
321&]3/@15 dvdndchadtiyg syl B dfditgc Hat Ricdiisd, (M(Clu(ﬁﬂ 3C7Ct§ﬂpré'ﬂixyt10n unit 32
nprise a second difference netric.indicative

I e Epieist b e K 6 AT B VA e Té’elé'@ﬂ%f pixel filtering,
WiRte IISD&J ?atn?éa iRrede Qitefa‘i’leabg@é ar ﬁ@gwul%pl@ rum%%ﬁ))of p?édi'cctloﬁ unit 32

second va ue that quantifies cost associated wt
repcgaicrite ofo ¢1 horsrdidereftfsctsi dmprelictive datagfor m@emgcblopﬁ@ns c.g.
OSn%CVVolﬁld Itentre rlpioll F Irlcr)ln afnI Iotng rwﬂhgu nteadra &Ilv erin d. may conduct a
I 'nterpo &1 OACTiTLer, ghe second1 var th % %aﬁ]tlnfll es
Iamsdlstalsls@canatyeld Wilth he@BﬁOtﬂ)l fagsoftwd |d1ffﬁéntcshes‘ flm Ordintt® determine
may cQnpris nunber of bits (r) ed. to . .
%h%bfaé%a%ﬁﬁmlv@%ﬁ%% t?o‘lieé{r?‘bnAF?qr% Blve SiF fintdrpf gredigtion unit 32
?é&ka\fe b tBer Wy ARRT cldrhdnt Wdiddi ¢H h @ske RVstéHibAARANG @s&omated with
lier (1) [00177] After selecting between the
thrdsﬁfeerttseﬁs pbInesstipististivedatyte igdicatc satheniategercrike filtering should
Berhﬁagﬁ%ﬁlo Ohr%t%f)g%ﬁgiﬁtgltwl)}%ﬁ%% d%é%g%@%f}% ?Iﬁe% gt/edlcglve data is non-filtered
qndeackleoctndcsnt efitht ind&cepeddase dheisildeal. datthis bageitic docisibe whether

tg %lor? ; ![ gl?eggrz gé?:l ﬁltae?iglg ?r?a%/%%ebase onnt riao)% only the quality of video coding, but

also the possible bit overhead associated with integer pixel filtering, particularly when
integer pixel filtering would involve the encoding and sending of integer pixel filter
cocfficients used to perform such integer pixel filtering. Integer filtering may also consider

N integer filters (e.g., where N is any positive and plural integer. Consistent with the use of



to indicate the selection (235). The syntax may

conprise a one-bit flag or a nulti-bit flag that
waledfoonz®2ahet her the first interpolation filtePCDUS1008040263

second interpolation filter should be used by a

decoder. The process of FIG 23 may be repeated for

each of a plurality of sub-pixel |ocations for each

coded unit of a video sequenc¥® to indicate whether the

first interpolation filter or the second interpolation
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auxds&ﬁbsdmdeﬁﬁ60|ents when t he syntax indicates t hat

|rst pol at redi ct. used ta . .
bRl o n EhARE AR BB LT B MRS Tt Rnsoipe i
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ALRESTRL AL R Edﬁﬁr%sidﬁ%ﬂ@ﬁﬁlﬂé%effﬁ:%tst 418 sERCIsSIaBNof an encoded
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and then the filter coefficients are adjusted so that the predictive data is made to be more
similar to the video data being coded. The adjusted filter coefficients, then, define the filter

coefficients that are used and encoded into the bitstream.



i nterpol ated predictive data based on two

interpolation filters, but could be applied to
w@emenzted any plurality of interpol ated predi cRCT/ESIHAYRI0263

based on any nunber of interpolation filters.

I mportantly, a rate-distortion analysis interpol ated

predictive data is used to identify which filter to

select. In one exanple, a netHod executed by video

encoder 50 may conprise generating a plurality of

[@oidagr ent 1y ef Rt @NéncBlc Meatlics thiBcidak 8o iRk sGICOMNGeMhicnts may

vi deo data based on a plurality of different
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théte @88brekdibt B bé Geteved VBR8N ddt At 45084y EMRpRREde the residual
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§ any enever | nterpol atl
mmmtdmrenémmwﬁuemksmaméﬂm@huﬁkﬂyuﬁnmnd@d4mnd sent from

YR R BB St B s o
that can be predictively coded. In this case, filter cocfficients O, O,, O3 and O4 may define
filter coefficients associated with a fixed interpolation filter. Filter coefficients X;, X;, X3
and X4 may define the desired filter coefficients, which may be fairly similar to those of the

fixed interpolation filter. Accordingly, filter coefficients X;, X,, X5 and X4 may be



codi ng such interpolation filter coefficients. The

descri bed encoding for filter coefficients can inprove
wa@l2009/12692pr essi on. I n particular, this discl oseeBEUS2009/040263

contenpl ates prediction techniques for filter

coefficients, e.g., relative to fixed filter

coefficients. In addition, this disclosure

contenpl ates prediction techm®ques for a second set of

filter coefficients relative to first set of filter

eattd 6h Rl filled bEESRNNRYS O,] OPEES 66 tespYIRBL! Mn particular, a first

between different filter coe?f|0|ents may be exploited

regidull Imaw bedprnekst as tb@drrfﬁfeeemt? betweemXaded Oi.ofinitpriyhe seeged residual
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QetrRidn, &@rebiﬂ?ﬁﬁncﬁﬁl@%lﬁia%oﬁﬁorésﬁb§ di scl osure. [00182]
FIG 24 is a flow dia gramillustrating a technique for
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further, i a co on.when filter. .
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thioueh plod asd oh symineey.i mfmwﬁé@ andnXt hm ghig asmple MZampict may be

eter,m ne, t he t cpef f.i ci,ent,s a
PRI Rt i 8wl e tinGP Rl MCUEUR B2 on kaown
@effiont @rmhar;p@@a icedffivientd &, an@ Xs aft editthelyf ddcb&sd.
coefficients identified in_.the adaptive interpolati
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Jobfffc%{sngmn@%r@d‘i&ln@ B&fnd N O et Q:raséjeﬁ(ﬁ\belvethet%' rffe%gt types of

uni t may~ perform a two-pass approach in which
mc@ducmtarvesedam shewg emEKa 28 dMbaweB ool raedictadurfif 32 ideqtifies a set

foi |t effi.cients a d sted
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FminE iy BN dnterme ey THlistes Prepy ¢ 4 Flé‘érﬁafe@d\i§4‘]‘mt 37 may

deﬂarl‘ﬁ[ﬂéethe k& aneIRdotineichis! g theCRBhivCinfMltat®® filk@ihg process and
such filter coefficients may be transmtted as part of

gengiiates the eppadliciese flath diasest oprtbelifdter sacfinignijuidantificdt inothe adaptive

ik (R ISR LSOl BLAGPURECARC L I b o
Co-mgs afproded is exthidf prédhbﬂl\e:r datosfgeh@bedbssedenat fixed fileer, and then
tIle fi tgrrco% flgnltscallrg ra]lajuste a‘fa!éheedpre 1(t:tpveadaf[21| 1>§ rr(ljade to be more similar to
the video data being coded. The adjusted filter coefficients, then, define the filter
coefficients that are used and encoded into the bitstream.

[00189] In order to encode the filter coefficients so that such filter coefficients may

be transmitted as part of a bitstream, coefficient prediction and quantization unit 41 may



interpolation filter (242). In particular, coefficient
predi ction and quantization unit 4 1 may subtract the

wo pdovazeoepef fici ents determined in the adapti VRCT/US2009/040263
interpolation filtering process from correspondi ng

filter coefficients associated with a fixed filter,

such as an ITU-T H. 264 |nterpolat|on filter, or an

| TU-T H. 264 interpolation fil¥er without i nt er medi at e
roundi ng of hal f-pixel values. By encodi ng and
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encoded bitstream(244). [00186] F 27

®gfft§eept peedicgipaphd nuarmlg@trcmt migdls tm’eoth Iplrfcdscttwabfl oooée fandl quantize the
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Birtgeary ( %.%{) d8EP e h UHSE BT PSR SOFY PEPEREL, With the filter
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Entropy coding unit 46 may entropy code the residual values by assigning a prefix code,
assigning a suffix code and assigning a sign value for the residual values following
quantization of the residual values. Video encoder 50 can then output the residual values as

part of the encoded bitstream (255).



di fference between X 3 and O3, and a fourth residua

may be forned as the difference between X4 and O4. The

WO e®od@kes may conprise | ess data than the oriRBETEE2009/040263

filter coefficients, thereby pronoting data

conpression. [00187] In some cases, the set of filter

coefficients conprises a first set of filter

coefficients that define only®a portion of an entire

set of filter coefficients associated with an adaptive
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predictive data in video encoding (251). As with the
peBcias Qfangiz 24, in FIG 25, MC unit 37 may
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iﬁvcfrécx(ﬁgntization unit 53 to de-quantize the residual values (262), which are then sent to

prediction unit 55.  Prediction unit 56 generates the set of filter coefficients using

predictive decoding of the residual values (263).



interpolation filter (252). In particular, coefficient

predi ction and quantization unit 4 1 may subtract the

wo poogtizeet of filter coefficients from correspReitiUszg09/040263

filter coefficients associated with a fixed filter,

such as an ITU-T H 264 interpolation filter, or an

ITUT H 264 interpolation filter without internedi ate

roundi ng of hal f-pixel val ues®’ Next, coefficient

predi ction and quantization unit 4 1 may generate a

[BemaPd set, ofa i@l dpaddictdh UGSt 38SRal ai&drawd ik 3n&@CRA T filter

set of the filter coefficients based on predictive
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of the encoded bitstream (254
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[00197] In some cases, fixed interpolation filters based on H.264/AVC filters may be
used to predict the 1-D filters (which may include filters for the sub-pixel positions a, b, d,



that can be predictively coded consistent with the

process of FIG 25. In this case, filter coefficients
w@eooanzho®d may define filter coefficients assocPEr/Es2009/040263
with a fixed interpolation filter. Filter coefficients

Xi and X may define a first set of the desired filter
coefficients, which may be fairly simlar to those of

the fixed |nterpolat|on filte® Accordingly, filter
coefficients Xi and X may be predicted based on filter

I QRhnl RiFEKSS @ 1@%&?1? r gspaRctd. Eef{ili/ers lhi @k iu@é i@Ees Br the sub-
first residual may be forned as the difference between

kel aneditions cahd, an@ecfdiﬁﬂnrlesm@@aluné%/ be apdrfreanasf theefollowing
p%({lfzt s@ﬁcﬁng%a eeqls%:(% and Q2. The resi gjual S may

an the original filter
CO@Tﬁkﬁ?@ﬂkﬁmrbﬂ%ﬁﬂﬁMpRMQﬂBh)Qﬂhﬁak® csplLegsi gn. The
residual s are then quanti zed by oef fi ci ent prediction
ang. queani fi-zedtfilen ptﬁaﬁdhoﬂ- shclad tienive@py fitedethddyd 6Vt hafyning set,
coding unit 46._ X land X 2may refer to nodified filter
coef ficei A9 t hat. St elqd ﬁeI}aMéldreb/g/, ; aid dhangy rtheilter coefficient in the
dequanti zed residuals to the prediction filter
coef faveliaghiikerdpr ampixp poqlm@g] Next, a second set of

fiht f%mﬁ 2 t
cogeg&gggggI Eb&ﬂﬁé€ rst Hgéﬁ g %ﬁ%& ?%?gh?§k§ﬁ%§n afready coded

X2, @o@ﬁpwspe@pkdmaﬂkymﬁmomg@o@fﬁmnments X land X 2

r d on ef ficgi nts
e B i R RT 867 BRaRR A ottty o BEShafiee.
[dquSQEY enC@“ob@Ed&ﬁﬁlﬁnZFI@r@ pro¥idednfl exahpldr dfhan’ aﬁdydblﬁinteger pixel
formed as the difference between Z2 and X 2
filtearfeeﬁ’@czenﬁa@r phigh pecdigtion| tgehnigieymayn je zsed fﬁ%rnemaodlaad In this
e%mﬁf&d it RRY ed‘eoﬁﬁumpcy iR 1 130snrhe®NSs Ansdsd Rinefik Cﬁlfegﬁl pixel filter.

encode Zi and Z2 further data conpreSS|on may

(Erre(ﬁﬁimréﬂ (hG@o(93Y), @), ¢d.l)s(ha.0p) @&ldl(h(g?-)arﬁhl 2) and (h2,2) may be
B )
@esxr(hbeylahd p,0)heaypbe speiciol prediof thmtd@ﬁghitemﬁﬁﬁerﬁ@(mm) (h1,3),

decoder_ 60
Gl 4 CBPh o (i D MOEGeang opBH RSBt 1 el aeients (10.0).
(ﬁ@@jl)(ho‘sz d(%@ 39%&@&1}9«115@) rtm/ 1?%11 pr(h@l%w% éhh@) are qus quantlzed and

| ues via ent rop decod I ng unit

qord@cb Rleeyoln@f b¢ Birthar ugsddel qulc@ theglppdtormbyadt efethg lﬁlémlt wéﬁiqlmﬁs (h3,0),

I ti e

’ilgﬁgarﬁ?ﬂ@n s (lf‘go)p B’Z‘d{)tf‘{f‘gji’ {J ?133 Egih‘& ggliction of other
filteir t:o&ﬁmgﬁl;] atagtbeslohd i s@iilef fafhibi. eForcaemhplicctoe ItlteSsul:i-?plu{eg position
bre |ct t he reS|duaI val ues
Coaa7] 081405 T -pRPED TR B aticci R o 28y the top-ish
@EARIALemh Bc QfhhtiRISRH @led ifikdtehindCBRA fuséd @NpRdR@IRIbottom-left
on the residual values and filter coefficients

wslsinit ed with a fixed interpolation filter, e.g., as

[gg‘;yéipt uallllﬁyarfyl l é[&%,t @ttepq)rédqctﬁ)lnebf 2tﬁe ad%gffﬁﬁje%se%égg by coefficient

Int
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
“uneven quantization” may be used. In this case, the quantization precision applied by
coefficient prediction and quantization unit 41 may depend on the coefficient location. It

has been found that for coefficients with smaller magnitude (which are typically



context of encoding. In sonme cases, a first set of

filter coefficients nmay be generated based on the

W0 e®ode@k4 val ues and filter coefficients assocP@r/Es2009/040263
with a fixed interpolation filter, and a second set of
filter coefficients may be generated based on

symmetry. In other cases, a first set of filter

coefficients may be generated®based on the residua

values and filter coefficients associated with a fixed
doBERIAR Bih@RwhY FOBY the Qe rARCANY), BElcrPheclsidd @Ay be desirable. In
coefficients may be generated based on additiona

qoatr st e ficidntrewith fatgernpagnitnde (wlagh afe typicaldy coefficients closer to the

b 8.0, :aS. tually illustrated in
<%ﬁ%g5g@é§ﬁ%§gg§ é%gﬁ g%%%éggﬁgﬁﬁé cont ext of
[@020pdli Ng. ThB ﬁﬂ‘])éw‘fi%s@natﬁée@gi tDi,QﬁD,lQ’TPt, 2By Ofhc \ﬂséﬁfcby coefficient

decoder 60 applies the set of filter coefficients to
predietrqmadndtomaprzetdorc iy é1 tasscids a8 uentiqatien poisioa for coefficients in

ecodi.ng of, video bl ocks (264). l.n particul ar
(i daf £ g Rt RS bbb By Ftpivly. Note that the
duiitR s batk @il e fire thic GlhdtN & s GadyantlBdN D bit fecRbadine tsigneIfYhe respective
decoded filter coefficients so that video bl ocks can
Weffgcdbded based on such interpol ated predictive data.

[ 00195 Agai h t predictively decoded filter

coef f cfé@?s?%a% goﬁ%rﬂg a first set of filter
coeffici enfs 1tOhdi0 defiine only a portion of an entire

set of filfgergcogffipci ents associated with an adaptive
inter@dlation filter.| In this case, coefficient
predictioﬂoan% i AvePse quanti zation unit 53 of video
decoder 600nAyY genepate a second set of filter

coefficients based on e first set of filter
coefficieﬂﬁslgnj?cégfﬁﬁ ient symetry, and apply the

first andldedobnd0sédbsl1of filter coefficients to

interge{gqq tige pregi gi| ve data. [00196] In anot her

case, the set of predictively decoded filter

coef fici ertls IRay}Ocdhplises a first set of filter
coefficientisithat definme only a portion of an entire

set of filter coefficients associated with an adaptive
[0020d] pol atGoefficidnk tpeedictlon drhii guandis@ionvirded] degodede 8@ quantized

may. recei ve .addi ti onal. resi.dual val ues, associ ated w t )
FRificleR Pretuh Sisph At SRR ot SRS bRRERR bR Prrk coding
sPR@AL, CEik®Nth@B¢hainfly RIS € o Fthd MdgARdd cT thipredicBo@Yor is divided into N

generate a second set of filter coefficients using '
e direxipmpledéeb dif iy baswic vngaddhe nogaitudeas {@uad” —1], where g is
values. and the first set of filter coefficients, and :

(BT SRR BFﬁCtS}%f%tﬁe Yy LA R QR (%lg%aﬁoﬁpgféﬁ%d in the
itribdslab6ic) SRG\hEIEhIRRL 3=,0. V-1t GhPYad iR folEwResLt: ve

data. [00197] In sone cases, fixed interpolation
fiItdw;nbgghdﬂanHW264/AY nEidters may be used to

predict the 1:Diiltetrs, (Wi may include filters for

t he ﬁﬁﬂﬁ?&%Tﬂ%%sif?ons)a,nﬁﬁhd,h shown in FIGS. 8, 9
[b@l(ﬁz]‘d 11 tfiQ€ast NBe B, =L eNE7, tWiHEdh thP SlpuPRabilild®hSbelongs,
for the subpixel positions e, f, 1, and J shown in

FYGS; cotlgd ugigg a wdaryg peefiks:ode ehig takesed f lobitsowil hep, the remainder of the

may be coded using fixed length suffix code of (¢ — N +b—1)bits.

magnitude, m—b

start

Finally, the sign of the prediction error is coded using 1 bit.



predi ction schemes may be used: 1. Set prediction to

zero (no prediction), p(hfF) =0, SP <{e,f,i,j} 2.
woi@oade«ed filter prediction, such as the avRCHYS2009/040263

filter gathered over a training set, i.e., p(hij ) =

It j , SPe{ef,i,j} , where his the (ij)-th filter

coefficient in the average filter for sub-pixel

position SP. 3. Exploit the pYssible synretry in the

coefficients and use the already coded coefficients to

[POFW] Ct T ke, BRI HOhE QEdiEd LeBMidt L 11D81td; Pbits precision may

filters, any of these three prediction net hods may

bgl used be cg@fﬁplp@tcprecﬂlgmpgzgﬂd entizgfier ‘ug]fc Bdrio qmnGze gg prediction error,

pr,lo%jl | @es fa\?rnl% gﬁ(%nﬁ)ks mg% 5 V&}s% & ugn izk hEGRE: %ﬁxr? Lude If the error

er ‘coeffrcien Iction

fBhith& MG HhERT FARGAEHIRN the 41t}{1b1’hhi eS BXaMMihErefdré, tﬁ@lynab}epreﬁx code
assumed that no symetry is inposed on the

1|11Ungermw xe¢ fngaded . t@oé”fdﬂqatq e s 4thObw) a(lq’qqthe) remainder  of
0).oLh h2, h2
héjs ) 97( é%e% gn cpgd egl %fieg,odlélal%fl o %)ge h%n ht ﬁlgfﬁx code of

@) guanti z
r oded.t e tc0e h
?)h ﬁ@%y 1 ?@ 6+grpc} (E 2b18% fifn'a :gphge‘g ?gp)gsegpﬁeh%tﬁ elndlcate the
ii)rvéb]ght Coeffl cients (hq 3) (h|, 3) (h2, 3)

nce the to al f
[é?gq‘%e i |Tth§ rte%alélflfﬁ %ﬁ( t@mdgsc(l%@feoyay Pﬁ éfnpl)%meletﬁ(éq ipy y Wide variety of
(febﬂ:eg’%r) Afparafises, (tludi Ag a v (xhllelelsg har{dg'ét’ arf) 1nte§ﬂllted3c)1rcﬁﬁ QIC) or a set of

are quantize coded, they nay further
1Gs dide .t o clpp ek cﬁnvmnmonqrmnnmmes of utuitﬁehsfvmbteelr described provided to

e%rﬁo fa%lfec Iﬁ?rﬂ: 01ile§l P%{%’ls §c|{] ?(’1()%5) hg§ Qg’de(%s) H& ‘u1r2: Fgrezgelga r}g)x different

latdvadrbenitst i | t er coeffl cients may be done in a SI m | ar

hi on r exa for the posi ti "
lf’ﬁ (s£0@r@ ’z)t {5 AR e%&f@w ‘frlylplemented in

}Q&(ﬁ@ﬁ’@ alokiward FEmivaR; bt ahY c686hhid @R M8 infemented in hardware,
quantized and coded first, and then used to predict

anhi dedteres daveililesidras densitfes.cyndin o8 corpm:tgi@]malyrbeamy cawyted together in an
iﬁ"‘.feg% edp[ 9:' %Evugcn 09fse%§§te ﬁ; fdls% &3y 11“?%1% erta'f))l% ]fglc devices. If

nt predi ctl d quan I'zat1on uni
imphmemtddan softivire3 B, tegimdqlics tmaynbeercnlizedl @reasgimapdri Bgd computer-
coef fi.ci ent redl ﬁ”ﬁlfo and u ntizati on uni

%aﬁagle'&ge lg{llcplﬁlglaSlg%w ct g)BS . 66 n a proccssor, perrorms onc

gt oz ﬁfe'rﬂéihodi&hés@ﬂ)e@)%@&e [ThetdBnpuer SR dabl® thedium may comprise a
quanti zati on precision applied by coefficient

q@rrmteéﬁaéﬁblarff@r@g@amﬁhzw jnsnmgyiferny part pdye epapiEel RFASHAeproduct,

cog Iﬁl@fudé \(Xf‘:‘aﬁags 1|-+{er1£‘l§5 ﬂ?eegca{iﬁyadre&%ﬂe gtgfage medium may

| ents magni t u
doyfmrls@ Irdindomedidcessi mpmsryf €RAMe rsueway sywcbmnbhe dg@miie rraigfom access

BV LT ANT FrURBRY ST TRThr PRYTM b Gian; SR memory
@NVRAVY] eladttiyallgoghdabll pRokEnEhDKE Feati@ntynehemory (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.



center of the filter), less precision is nore

desirable. [00200] The following matrices, Qw , QD

WO QP 1269ey be used by coefficient prediction BEHUS2009/040263

quantization unit 4 1 to specify the quantization

precision for coefficients in the IDfilters, the 2D

filters, and the |nteger-p|xel filter, respectlvely

Note that the nunbers of bit s given in the matrices

may include 1 bit to encode the sign of the respective

[Qﬂ’ﬁf@j i Ci e%@ co@"inay bk 2xdehicd b3 chb o}gﬂorg pljt)Qe%Qrs su]eg a@ oge or more
= 10 10010100 171 1

@Lgltai@lgnaljpr@es&ora (3SHY, @engE! purpose mlcmarmsms @nppmhc@tlmn specific

r n -

1%te%ra dZ ét&lu%sn(]%ifhleg)zg%kl %gJaIIln? IbFeFl%%B a%%k%: @ZngAs%, (gr other equivalent

1ﬁteg1fafdd0cbrech§cr¢‘lé &dglctclr(‘mtrgr rAITcSrdm@y thé Inﬁrrﬁi‘.{ﬁf)cfeism'r,é nds used herein

resid refix codin

al s, base
TRy er%érttﬁe APy m}Z’? rfa agel ngf Stﬁﬁ@rﬁa@rm%d%tg%rf Sfrwure suitable  for

1%%&6%21!‘[1@!@ (ﬁrth@rtedh%lcﬁilbé/ qd@eibbdtherehh. DiTRSaddftoh, axasme %spects the
If the dynam c range of the 4&n|tude is [O,...,
Vi

ﬁlllqtlonakmedeécrdaedsherf%@ mba ke i ratiderh vithar dediepied @‘Pft\t’ﬁé modules or
.t p e

A0 SRR S5y BRSPS gl e combin

withe dodbd.owlsog theangmsques Goutfl ¢ fully Bnplement®d irf orkst¢ramobre circuits or

11endll ~\. ) [00202] In this case, the bin b,

BEHCCMENRE | “to which the input magnitude m bel ongs,

[0B07pe codediols hfigcd dfMBE WiRIoRhlcXha&0dRe \WBcEiBed. ak®8se and other

b+\ bits). Then, the renalnder of the magnitude, m -

J5BYCHT A Wlthﬁyh%écoe@afe@le fllovgng ¢l | engt h suffix code

of ( - + -1) bits.



Finally, the sign of the prediction error is coded
using 1 bit.[00203] For exanple, for the center
w@owbfizeweent in the IDfilter, 9 bits precisi oPCTEH§200%040263
used by coefficient predlctlon and quantization unit 4
1 to quantize the prediction error, i.e., q =9, of
which 8 bits may be used to quantlze the error
magni tude. |f the error magni%®ude is 97, then it falls
within the 4th bin, i.e., b =4 . Therefore, the unary
®r.&Ivs. code " 11110" may be encoded to indicate the
4th bin, and the remai nder of m bstan = 97 - 64 = 33
may be encoded using a fixed length suffix code of ( -
+ -1). = 6 bits. Finally, a bit "0" can
%e encogﬁgd rA}Sdll%'ate the positive sign. [00204] The
t echnibgiiresg a)blobh bBpidels,oblastin enertdyckhe pixwpl iectedisectegar paxel values

wi de variety of devices or cluding a
GRIFEI08ES glﬁ%&‘é@é‘f plxﬁlmsﬁtlﬁ?se‘@%%ﬁ@be% ﬁﬁ%(‘tfpt‘xe?sl C) or a set
of | Gmblitif: subdpifdivRlusElo} suboﬁ)(elgﬁﬁﬁﬁ@ﬁ‘seﬁ'é&ﬂaté@ﬁﬁh A% tdck of

units have been descri bed provi d to enphasi ze
Hixdebasedhen thgdpregar §l><&htﬂal@%e‘e’h¢¥©m q@@@é@%ﬂlﬁ syb-piEglialues comprises

akg%':ﬂlgzdﬁtlhﬁgaol?a)fﬁg Iflfltfe g{ﬁef tﬂ@sr é:%@or &iIIT%H%BIE g1l alrQ)Q gigf%ler Slé‘pport

e tec ques descr erel
ponmloesrmteepbndmghaadvmf ewelsc)blt ma]reentegermm:hpmmm tlaam yurround the
E ?atLPn theggpﬁ [ Ienented i n hardware, any
YRt BYYES ¢ 81§§m units or conponents may

be i nehanmy £6tcdiogai hietk Mgeca@n hntROSoMESE thOGIbCHi e Yhkes.
or separately as discrete but interoperable |logic

devices. If inplenmented in software, the techniques

f'ay %ern?e@lllddzcﬁ(%lﬁrh 1I %&telrf tHe R ]%lﬁgxlaﬁl Wﬁ QM{sgrffff%@lgﬁzgf ﬁel and

medi um conpri sing instructions en executed In
@uapierese ssloes, whercinghermtopeaen falpar ¢had flefitee thegtvioalimensional array of

6% SirgE e BB edM RS R Bid SN G TR (i MbPiyer-pet
valileBd part of a conputer progran1product, whi ch may

i ncl ude packagi ng materials. The conputer-readabl e
storage nedi um may conprise random access nenory ( RAM

$Uch B8 SHRLIYRNGHS. d¥ERM & R(g@wﬂggme%ﬁﬁ -Prkel \m@a ¥rther comprises
(SDRAM), read-only nenory non-vol atil e random

aamlyel%hmmteyquWMers tb#lteﬂeﬁm oz dlyleefrla@ébltr@'s of filter support
ﬂoosﬁ’l% H;'mlx of tl{eefafgeeoﬂ%lg -pUrafd au!téE The FLASH nenory,

Vi
I'cor o Jla and the |ike.
The technlques addltlonally, or alternatlvely, may be

eaI| ea art ut er - r eadabl e,
al?%# ﬁ@aatr FPFiE t@%ﬁ% By QroneHs Aiteset Bieleagitions
thﬁ"[ shﬁ@utfd(}fl@hﬂ)f-plkél%&%@ﬁsi 088 s@lof dakiallp oyt Mfe%@r BRE positions to
that can be accessed, read, and/or executed %ﬂ
e or

thompe helf-ppoodosirtertrs] wders defiyeddey g esepelatiaryfi

nore processors, such as one or nore

5. The method of claim 4, wherein the set of twelve or more integer pixel positions
that surround the sub-pixel positions include four integer-pixel positions surrounding the
ning half-pel and quarter-pel values defined by the interpolation filter and eight integer-

pixel positions surrounding the four integer-pixel positions.



digital signal processors (DSPs), general purpose
m croprocessors, an application specific integrated
W@ Reoom2aog4 (ASI Cs), field progranmabl e | ogi c arPElES2009/040263

(FPGAs), or other equivalent integrated or discrete

logic circuitry. Accordingly, the term"processor," as

used herein nmay refer to any of the foregoing

structure or any other structre suitable for

i npl enentation of the techni ques described herein. In

@ddi t11RMcthdd STRIEMAS RBEf cab 61 the! ARL QPAbrt ?é/sitﬂ% ¢ inped

herein may be provi ded within dedi cated software

trocHimensienal sraaydviditer srpdont eesiderfargwiteid tive integeepekichpositions
rporated in a conbined video

I%% S%Sq%?&%%m¥ﬁém}ﬂgﬁnlques could be fully inplenented

in one or nore circuits or logic elenents. [00207]

Vari Qus as ects. of th | os have been descri bed.

Trhesd Mt 14E ezévsgreglrt eweﬁwﬁrﬁomﬁ@agegﬁéﬂ cpgpgmg process
(frgldl({wdago(glll%bggesg‘{LAl M5: 1. A nethod conprising:

obt ai ning a ock of pixels, wherein the bl ock of

pi xel s includes integer pixel values corresponding to

d. nt SN étﬁ(o f%?a%ﬂltll Wﬂ rem til?lﬂgthtoﬁ%lglsjﬁh o?fav é%hcc‘ddmg process,
conputi ng su I xel”’ ues for sub 03| I ons
m@sm&mdﬁmmmmmﬂmmmmgblock of pixels based on the

val ueseBh Pl By RS SO R aRIS P B S P R i gna

def i RRSsMitliOthe bserRsit@Nalucabf @Y iérpdlatidLfiltd 4P P& bf an encoded
pOSI tions correspondl ng to a set ? twel ve or nore

mﬁF@ﬁ%r pi xel positions that surround the sub-pixel
positions in a radial shape; and generating a

predi ction block based on at |east sone of the

95, u b plihcehethaal afesuim3B, whbeinnetln otithe plucdlay of skfs offveefdicignt values

- pel d
T BB B 5P S S bR sBRL b B e
that defi nes the two-di nensional array of filter
suppaort positions is applied to define nine of

10: 1 t g g %éiauar?dwaeranwel SENMGHY Gigts sach ﬂFFFéVIﬁ%t? Rbd

&Effﬁ:ke‘m A1des dé'hﬁ‘é R ﬂf&@%@lgm& {he tl%%l%leR)e)S? ImoY@in%%%r pixel
further conprises applying |irear interpolation

Hositiony, svhictvant Mofdih ercareitivl¢ mtggsisomd N mgreajes theh M | t er

support positions for six of the fifteen half-pel and
quarter-pel values. 4. The nethod of claim2, wherein
tihe sﬁiq@ﬁmhmebm@nahgawkhoba&ﬁgmn pi xel positions t hat

Spat iy cpdudrbiot egBR by BIoch Gbr kAo AE s integerpinelvalues
corresponding to integer pixel positions within the block of pixels;

computes sub-pixel values for sub-pixel positions associated with the block of
pixels based on the integer pixel values, wherein the video coder applies an interpolation
filter that defines a two-dimensional array of filter support positions corresponding to a sct
of twelve or more integer pixel positions that surround the sub-pixel positions in a radial
shape; and

generates a prediction block based on at least some of the sub-pixel values.



the nine half-pel and quarter-pel values defined by

the interpolation filter. 5. The nethod of claim4,
wab@pard24 he set of twelve or nore integer pi XeCT/US2009/040263

posi tions that surround the sub-pixel positions

i nclude four integer-pixel positions surrounding the

ni ne hal f-pel and quarter-pel values defined by the

interpolation filter and ei gh® integerpixel positions

surroundi ng the four integer-pixel positions.6. The

et hoghcbpdrh@l BT daimMiE K@i e@RE ButRpixtNaldel ko@priURRRA half-pel

positions in the two-dinensional array of filter

and patar-nsbedledsovbergingheuntanpalationdilicn thagdafings sheltwo-dimensional

I ti-Qns ' t br Bl xel it
BT R BBl orl e R he P BERS O b Fo G quarter
pel deoesencodi ng process or a video decodi ng process. 8.
The nethod of claim1, wherein the nethod forns part
of a video encodi ng process, the nmethod further
BONPITHRiaPRirat@ N6 0AhiA01 8 wikiidht §3ec8 Lo &@bSpIRE lincar interpolation
coefficient values of the interpolation filter; and
filleantba defing gna-tiancagendl jaerhysrf filter sipporgpogitiens for six of the fifteen
[ .an fi as part of an encoded bitstream
%ﬁﬁﬁ%g&%@%ﬁggp%ﬁ&%?%in18, wherei n each of the
plurality of sets of coefficient val ues define

i fferent weightings, for the. twel r nore i.nteger ..
B xer BaurRuRG! SRE 1 ArREeialt 4% oF CefTas oo Ve g fel posiions
tRASEHr oM bubypiRANipdLifioi 8 a bR sPAHSRY SloSdst M@t piéIgBtitions to
val ues define N different weightings for the_twelve or
thorige half-pglend giusiéar-nsbeilpgs sl Encd fyethe inerpplaien Ntar e

positive integers and Nis greater than M 11. An

apparatus conprising a video coder that: obtains a

Bl ocK hefappirxte$ sf clairelde whetehrethb kg ok twdlvpioxedrs intngdr poespositions
ROt Pl PR SR BB R Col S8 FhoPlitnaig e
18 akoh -t lan ¥ QiR B péloaluss Be flicd &l tioigtckpodiionaH®oaiddigt integer-
with the block of pixels based on the integer pixel

Rl pedtiongraravnling e fouy s¥cgesdse! BysHlangs an

interpolation filter that defines a two-di nensiona

array of filter support positions corresponding to a

I¥et dfhcrappdretes of claoy Bl iwhersgegachiokdic fifes$uppor gosiherts in the

SSRGS Pl PR R Qg A8 oo
slatiee ©fthé fid-skdl-ppsiKehs. val ues. 12. The appar at us of
claim1l, wherein the sub-pixel values conprise

fifteen half-pel and quarter-pel values, wherein the

it ermelaphd-s bf d1higf 11t Rdkrcetiethi RRRo bh&r b¥Ruitk AR RL A& ding

process or a video decoding process.

18. The apparatus of claim 1, wherein the apparatus further comprises a transmitter,

wherein:

the video coder encodes a plurality of sets of coefficient values of the interpolation

filter; and

the transmitter transmits the coefficient values of the interpolation filter as part of an

encoded bitstream.



array of filter support positions is applied to define
nine of the fifteen half-pel and quarterpel val ues.
wWan09Ie@24appar at us of claim 12, wherein the viBEDUSHIEO40263

applies linear interpolation filters that define

one-di nensi onal arrays of filter support positions for

six of the fifteen half-pel and quarter-pel val ues.

14. The apparatus of claim 12’ wherein the set of

twel ve or nore integer pixel positions that surround

the sub-pixel positions are a set of spatially closest

i nteger pixel positions to the nine half-pel and

Quar tlde-appiratyap{ddaimgey, ivhergitbgach héthic plusalip lo&sdtoef cocfficient values
[ t he set
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surround the sub- pi xel positions i ncl ude four

nte |er itions surroun n t he nine half-
d chhseberatyebl g, Chadrimasds BY Kb Espe Be§ RS of
d‘obfﬂcfé‘ht adlﬁ’esQleﬂHé NI d"itf&gﬁfvpélgqﬁin Qﬂﬁltﬁé QRS DY B MegBPpixel
the four inte i xel osltlons 16. The apparatus of
R?ﬁlalpﬁﬁamer%@? ﬁ\? é@dﬂQSl@f’e toegersiangd &Y is gigefrs thanp\dsi t i ons
in the two-di nensional array of filter support
positions are within two integer-pixel positions
Xlel atTiheappayatubhef dailbr i, wékrepothe tvidon sodet ¢omilifies ap pacgitod circuit.
of claim 11, wherein the video coder executes a video
encodi ng process or a video decodi ng process. 18. The
appargeuspLhtus badlimli 1, Whereai the iliRo apRALahpSsch WitibB®processor.
conprises a transmtter, wherein: the video coder
encodes a plurality of sets of coefficient val ues of
43he i It
PranomeRPEREt Ly L Bherfle SR ERITEET wEPSt on
doiminfuevicagisn Pewri¢e thht ladu@scﬂmmadecpmdsm ream 19. The
apparatus of claim 18, wherein each of the plurality
of sets of coefficient values define different
Mei ght dagse doatprising: twel ve or nore integer pixe
positions_ 20. The apparatus of claim 19, wherei
pi xelmePrfasopipinasg & plocl plopix¢lh athepgin %ﬁsbl%k of B@ﬁb.ll&ql@}?ﬁ integer
PR Y8R e & ieBsonindith ﬁrﬁég%pblx@chgnfohglg'ﬁhﬁlQEe ﬁl@@k &f’iﬁ'l{é{@ or
nore integer pixel positions, wherein M and are
posi theags qntcelgeutmgaﬂub -piskell salgcrsefat gb- nlh@lmomwlzo‘lassorltvéed with the
bqg&arf%lxe S base o1 6!tlhe i) plngvall hléeée\:/llnd%%nsc I%r com utlng t]Fe sub-
Nprirses an i n e ra Crrcui ap ara
mkcalvﬁhu@conmswméms tier appbyefg amoderpodmmp i ltﬁeﬂila‘edeﬁnes a two-
Cropr pcessor.,
ensmna array of filter support positions corresponding to a set of twelve or more
integer pixel positions that surround the sub-pixel positions in a radial shape; and
means for generating a prediction block based on at least some of the sub-pixel

values.

25.  The device of claim 24, wherein the sub-pixel values comprise fifteen half-pel and
quarter-pel values, wherein the interpolation filter that defines the two-dimensional array of
filter support positions is applied to define nine of the fifteen half-pel and quarter-pel

values.



23. The apparatus of claim11l, wherein the apparatus
conprises a wreless communi cati on device that

W0 p@boi®e4 t he vi deo coder. 24. A devi ce conpriBECTES2009/040263
means for obtaining a block of pixels, wherein the
bl ock of pixels includes integer pixel values
corresponding to integer pixel positions within the
bl ock of pixels; neans for coffputi ng sub-pi xel val ues
for sub-pixel positions associated with the bl ock of
. xel 1 RRSi186 0 P18, WHeRUCH oM IS coRBIUHRS the WIS Blelvalues further
means for conputing the subpixel values conprises
qeEwniscsiragana pplappliimed mepminternobitian ifidarsfthat defing ¢gngtdimensional arrays
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theiaine &alipel and gugrses-pelyrdvasidefingdebyi the eyvtgraelatiorofltdr | t er
t hat defines the two-dinensional array of filter
support positions is applied to define nine of the
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f clai 5, wher.ei n_.nmeans, for conputing the sub-pixel
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dind 1 PR ahd Qirfet-béi8RaRict Beincd & iteinfRsdionen&l enBdight integer-
arrays of filter support positions for six of the
rixql pegtonsarrowulingthe foy ditegsr-ppel Perifiomes. 27. The
device of claim25, wherein the set of twelve or nore
i nteger pixel positions that surround the sub-pixe
Posi tlihenlsviae ef daigel4, othespatdch bof the diltessppoit poegers ipiheel

0sj.tions to th i ne hal f-pel and quarter-pel values.
R gy T P et pafGonsArey B 6Bkl 88 gjons
relagiidnoifc subhsik&ipositibs. set of twel ve or nore integer

pi xel positions that surround the sub-pixel positions

i ncl ude four integer-pixel positions surrounding the

3. ne haldkvieebr amith At 3kt Pelievad desuded {/i'agéjeﬂ?%_dfn@ ®rocess or a
interpolation filter and eight integerpixel positions

Wdgordsadingprocese. f our i nt eger - pi xel positions. 29. The
device of claim24, wherein each of the filter support
positions in the two-di nensional array of filter
Huppdti dpoist bf daign 2, &vhakeihiha devioe exet@ges videx @lcoding process, the
ositigns relative to the sub-pixel positions. 30. The
¥ieF EUthST CUPRASS 4, wherein the device executes a

Vi deqn@R¢ 8 icR& dMOLRERI1IBY ofRets of coefficient values of the interpolation
filter; and
means for transmitting the coefficient values of the interpolation filter as part of an

encoded bitstream.

32. The device of claim 31, wherein each of the plurality of sets of coefficient values

define different weightings for the twelve or more integer pixel positions.



vi deo decodi ng process. 31. The device of claim 24,
wherein the device executes a video encodi ng process,
W@ b@odassece further conprising: neans for encoRCTYSW09/040263

plurality of sets of coefficient values of the
interpolation filter; and neans for transmtting the
coefficient val ues of the interpolation filter as part
of an encoded bitstream 32. "the device of claim 31,
wherein each of the plurality of sets of coefficient
nal ueseGedihdieo fdidih 8h eRher Wi gy ;‘Q&et“rﬁ Exibth SudhWedt WE s Q8 of
more i nteger pixel positions. The” met hod of claim
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and N are positive |ntegers and N |s greater than M
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the bl ock of pixels includes int i xel val ues
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35. TBugcreto r:rpmd@crtroméﬂmama@dstnmt &get somdiod theohib-pixal val@es,
wherei n the sub-pi xel values conprise fifteen half-pe
and quarter-pel values, wherein the interpolation
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filter support posjtions is applied.to define ni
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in computing the subpixel val ues, the instructions

leHtpsbandquapeopdgsloes.t o apply |inear interpolation

filters that define one-dinensional arrays of filter
support positions for six of the fifteen half-pel and

Ipuar tihecpbutémlaadsble storage medium of claim 35, wherein in computing the sub-

pixel values, the instructions cause the processor to apply linear interpolation filters that
define one-dimensional arrays of filter support positions for six of the fifteen half-pel and

quarter-pel values.

37.  The computer-readable storage medium of claim 35, wherein the set of twelve or
more integer pixel positions that surround the sub-pixel positions are a set of spatially
closest integer pixel positions to the nine half-pel and quarter-pel values defined by the

interpolation filter.



37. The conputer-readabl e storage nedi um of cl ai m 35,

wherein the set of twelve or nore integer pixe
weomotreens that surround the sub-pixel positi oPGI/HS0#040263

set of spatially closest integer pixel positions to

the nine hal f-pel and quarter-pel values defined by

the interpolation filter.38. The conputer-readabl e

storage nmedi um of claim37, wherein the set of twelve

or nore integer pixel positions that surround the
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support positions in the two-di nmensional array of

filter support positions are within two integer-pixe
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conput er -r eadabl e storage nmedi um of claim 34, wherein

supeort pesttrone 1 B sve-dimmansigaltargy obfiligrduppashiastiongare within two
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wherein the instructions forns part of a video

Pod et tBadyfl 8 EEhele & Gt o brfe ipEons forms
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out put the coefficient values of the interpolation
filter as part of an encoded bitstream 42. The

ﬁonpbigl?rc?ﬁgﬁtgﬁwaﬁ?b% QbA @nﬁﬁﬂ%&c‘ﬁfim‘%ﬁ?{vﬁ%r@ﬂﬂh gtrr&jtlrdns forms

each urality of sets of coefficient val ues
mefdf neidbofeheyderg sofiiaghproggs, vbereinhtbe {ngeiict®necauspthe processor to:
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different weightings for the twelve or nore integer

SYEIM-posi ti ons, wherein Mand N are positive integers
and Nis greater than M

42. The computer-readable storage medium of claim 41, wherein each of the plurality
of sets of coefficient values define different weightings for the twelve or more integer pixel

positions.

43.  The computer-readable storage medium of claim 41, wherein pixel symmetry exists
such that M sets of coefficient values define N different weightings for the twelve or more

integer pixel positions, wherein M and N are positive integers and N is greater than M.



