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CODI NG [ 0001] This application clainms the benefit of
WwWoR®Y/1RY0Vi si onal Application 61/044,020 fil edP@rUSO9/040250
10, 2008, U.S. Provisional Application 61/044, 023
filed on April 10, 2008, U.S. Provisional Application
61/ 044,240 filed on April 11, 2008, and U.S.
Provi si onal Application No. 61/057,373 filed on May
30, 2008, the entire contents of which are
i ncor por at eREDECEIONDECANEOSRSFORENTHEFOLRITFOR
[0002] This disclosureehpRs dobA@i tal video
encodi ng and decodi ng and, nore particularly,

filtering techniques applied tofgenerate predictive
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i Qjated Yo T atditaf /i doEGh &dirfg@Tahd 1decodi
ey Uit ondr sy DAV aXPr ShdaEahd heodng and. more
mirtgivtaally, Viltdene itevhoigped kpmicdop egaffaiec pedictiyc defadesed in the video

conpressi on t.echni ques may perform spatial prediction
f?ﬁ%¥%5m¥%%f%@3% prediction to reduce or renove

redundancy inherent in video sequences. [0004] Bl ock

based inter-coding is a very useful coding technique

that relies on tenporal liﬁ‘@ QYYD 0 reduce or renove

t enporal redundancy between video bl ocks of successive
[@ﬁﬁlgﬁﬁdt wided capapilifecs epaqbenaeorprarhied civthe@ Wilet sangayof devices,
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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

track the movement of corresponding video blocks of two or more adjacent coded units.



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

wor@®onzedmor e ref erence frames or other coded uPCT/ES2009/040250

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
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can e ac eve ini er-co
sicheraadipotsible soiat additional syntax), the decoder can reconstruct a video frame

that was originally encoded. Inter-coding based on motion estimation and motion
compensation can achieve very good compression because successive video frames or other
types of coded units are often very similar. An encoded video sequence may comprise

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



generated during notion conpensation, which is used to

code a video block, may be interpolated fromthe

w@erooelzeoof vi deo bl ocks of the video frane or BETER2009/040250

coded unit used in notion estimation. Interpolation is

often perfornmed to generate predictive half pixe

(hal fpel) values and predictive quarter pixe

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

are associ ated with sub-pixel locations. Fractiona
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sent between an encoder and a decoder to configure the
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residual val ues as part an encoded bitstream[001 '
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set of T rer eI el ent s generating the set of

[0009]@h one example, this disclosure describes a method comprising identifying a set of
filter coefficients for interpolation of predictive data in video encoding, generating residual
values associated with the set of filter coefficients based on predictive coding of the set of
filter coefficients relative to filter coefficients associated with a fixed interpolation filter,
applying quantization to the residual values, and entropy coding and outputting the

quantized residual values as part of an encoded bitstream.



coefficients using predictive decodi ng based on the

set of residual values and filter coefficients

wae®ose@ted with a fixed interpolation filter,P@EHRuS2009/040250

applying the set of filter coefficients to interpolate

predictive data used for predictive decodi ng of video

bl ocks. [0011] In another exanple, this disclosure

descri bes an apparatus conpri&ing a video encoder that

identifies a set of filter coefficients for
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generates residual values associated with the set of
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apparatus conprising a video decoder that receives
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ai%lgl(ﬂltg oceéf“ég?nﬁs:?sg%;ﬁlgte%g g gﬁr c é{% %J[l ?ﬁ&r da a%pleigs tﬁlg set of filter
doBffEEeﬁiCﬂ tatintepolatel ﬁr&ﬁctwﬁ‘&ﬁm&lséd}for praalcyive geddpdbatof Zafeb B cks.

to the residual val ues, means for entropy codi ng
[A0E3] d e pether fgamRles, q@anfilﬁc}%%arer deicHbe avaavisss C%prb%l%& means  for
18ént@ﬂn§ Q%Qtd&f-hl*%k E@etfﬁﬁé’tﬁs f({rqgtqzﬂﬂolaltlen BPPLNREvEARIR Fideo encoding,

di scl osure describes a device conprising neans

rﬁ@ﬂns fercgsinviafing resgiveluelucy alsasi)e@tedssldcthatsetjomﬁltdn cacfigtentgfbased on

;}re t 1evre ccocc)ieff fC fhenttetS of Fﬁgrncsoe c %tat I n al%errl%osf%meats associated
er coe ICI ents using IVG eco

wittea sietd diterpEsidhU@iter Vﬁédﬂl@&bﬁ@@lﬁﬁ@ dquantizoieh to ticeedidual values, and
associated with .a fixed interpolatiaon filter,

AR SO SR FYHiRg 2t ubukting the; ayaapizeds g idugl ?é%t“‘s* pppart of an
dnBb e mek@dag predi ctive data used for predictive

decodi ng of video bl ocks. [0015] The techni ques

(884 lp begthicn cxhingleditkis | dsalpsarardgschbes gplleasn cemprising means for

DRSNS PN S LTS A GRTRABR. L0, s
the sexd diltee (doetfﬁcmnte usihg nmfchctpneahe&ﬁmg bascd walthasctaf resldual values
arﬁidCéI%P rcgg 1§1%r?trs assoc al Idc\%lttlll grhxegelr(l:tlerpofatlon filter, and means for applying
the set of filter coefficients to interpolate predictive data used for predictive decoding of
video blocks.

[0015] The techniques described in this disclosure may be implemented in hardware,

software, firmware, or any combination thereof. If implemented in software, the software



integrated circuit (ASIC), field programmable gate

array (FPGA), or digital signal processor (DSP). The

waofwmzoel t hat executes the techni ques may be PEI/UB2009/§40250

stored in a conputer-readabl e nedi um and | oaded and

executed in the processor. [0016] Accordingly, this

di scl osure al so contenplates a conputer-readabl e

storage medi um conprising insfructions that when

executed by a processor cause the processor to
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[0019] FIG 1 is a_block diagra

‘iOFffl%f’PFSat? .Hﬁapalﬁae pé%léﬁmea%agf Use e pé@ﬁi&@aﬁ H@wémg ofstdsaplngks-

[@Uﬁ]eﬂﬂet B@tgulsm%}' 6r{5p|0{3rfﬁ&re 55%@&5”6’[“% ‘afscfogﬁré are set forth in the

di scl osure. [0020] 21s ablo di agram
acpcbmmnwmgldnzgmags mdath@ﬂ@cnptlcm hﬁulcmfaooénc tedrest hlatctmyd advantages
f filt t echni es.,con tent w.t
S% lct)eé:g]rd ques’ das ? E.‘\ (g Tosure \éfonia% a{)]&ar?nt (]Ih I'Hle descrlptlon and

drhdvmgi faad ﬁﬂglthmlagﬁ pi xel positions associ at ed with
predi ction data, and sub-pi xel positions associ ated
with interpolated prediction data. [0022] FIG 4 is a

concept ual di ag‘BﬁﬁE‘F'IbE@@Rﬁ‘Tﬁﬂ\I@)FlﬁRRWFNGﬁ' I ter
support with respect to nine sub-pixel

[ibmtf’len§ i O %%iﬁ dEa,Iggtm %11115§atﬂl&0 ?fnpfi(t;rr digag E%‘dln\%ﬂ anﬁ decoding

strating a horizonta support
system that may implement techniques of this dlsclosure

[0020] FIG. 2 is a block diagram illustrating an example of a video encoder that may
perform filtering techniques consistent with this disclosure.

[0021] FIG. 3 is a conceptual diagram illustrating integer-pixel positions associated with
prediction data, and sub-pixel positions associated with interpolated prediction data.

[0022] FIG. 4 is a conceptual diagram illustrating a 12 pixel filter support with respect to

nine sub-pixel locations.



respect three horizontal sub-pixel |ocations, and a
vertical 6 pixel filter support with respect three
W 000f12@11 sub- pi xel |ocations. [0024] FIG 6 iBCHEUS2009/040250
conceptual diagramillustrating a five pixel-by-f ve
pi xel filter support for filtering an integer pixe
| ocation. [0025] FIG 7 is a conceptual diagram
illustrating four integer pix& positions and fifteen
sub pi xel positions with shading to group pixe
03] tHIGNS if RabndBMial 8B g R RhusSHFTRL KotibRfal BIIJDE& rﬁlter support with

coe ficients conS|sten§ with this disclosure. [0026]
rEypeet threie Somzandi selprixal loghtimgs.and i vietiselrapixeldiltsr support with respect

I | i el support positions relative to
1ﬂ% %é%g&%thD&F?ﬁmghgd ing that shows coefficient
[QQIFITEEIGy6 i§ 8Q@2ddeprhldia@rahsillasteoing epfiviapixelHagfianpixel filter support
gléfstratlng Si X rlzontal I'i near pixel support
BONIIEHE REEAPING °t°'61°é1 sub- pi xel , with shadi ng that
B0BVF16. Fack Bhccptivl 8Refakd ﬁlhl@tﬁ{tlngyfﬂﬁieﬁlfe\éer piROZRsitloh$and fifteen
10 is a conceptual diagramillustrating six vertica
ubmétet ppiitiess witlhuedinggesraupanscl pesitiensigatmayause pixel symmetry for
D BlGl BLILSDAMN S bligbyrlions coef f1 ol en
symetry I'S a conceptual diagram
[ﬂﬂldlsﬂlﬁat& rsga siorcop@ral idiajrarh i iledratipg xs@l hetippwalt linear pixel support
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[827] F16. ©ORCERloHedptdl aleddih | illhdtetin@tsin %Oflﬂﬁitz\l €linear pixel support
t wo- di nensi onal pi xel supﬁgrt p03|t|ons relative to a

l@éﬁ%ﬁ xelptivepfe 1§ sibaRikelg WWikashagdisaghag shawk dofackngf any coefficient

g Ilgment symmetry. [0031] FIG 13 is a conceptua
lagramillustrating twelve two-dimensional pixe

[8038)d16. dOsist b omvmcepdhadt diggramoilmstsaiimgpsix evertical tlmear pixel support

LT O RS U PR BUPER, gk

[0z dilgensi Qnal combe@dlal sdipgoit ilesdtingosis vetial i luRat @ix@l support
sub-pi xel , with shadi ng that shows coefficient

@ﬁﬁﬁ%ﬁt refatiyen P33 S@rwellswhs shpdign b tsHawvs di é?gka?ﬁ any cocfficient
syhintsitr ating twel ve two-di mensional pixel support

positions relative to a sub-pixel, wth shading that
(901602 fis Ticermepsyindregrag. lllp@%ﬂrg twel@ tiGdingenaiobdlqukel support
SRR TR 2R, A RTRLRC g FbER, AEREELny cocttin
syhmxm@nner descri bed herein. [0035] FIG 17 is a flow

[gbfgﬁ g] #léstjg tc(r)nacte{)trl]lgl (ﬁéggrrr)ll 1ﬁusqtr%?1¥1§? tt\!vglge (t)vao alrr\lléngl%gal pixel support
positions relative to a sub-pixel, with shading that shows coefficient symmetry.

[0032] FIG. 14 is a conceptual diagram illustrating twelve two-dimensional pixel support
positions relative to a sub-pixel, with shading that shows coefficient symmetry.

[0033] FIG. 15 is a conceptual diagram illustrating twelve two-dimensional pixel support
positions relative to a sub-pixel, with shading that shows coefficient symmetry.

[0034] 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.

[0035] FIG. 17 is a flow diagram illustrating example operation of a video encoder that

utilizes a twelve pixel filter support consistent with this disclosure.



utilizes a twelve pixel filter support consistent wth
this disclosure.[0036] FIG 18 is a flow di agram

WO Roogaraoat i ng exanpl e operation of a video dechPdBEDS1002040250
utilizes a twelve pixel filter support consistent with
this disclosure. [0037] FIG 19 is a flow diagram
illustrating exanpl e operati on of a video encoder that
utilizes coefficient symetry’and pi xel symetry
consistent with this disclosure. [0038] FIG 20 is a
[0bsvy [Gagg am idobughgakd MAseARBREMERESREHBA ?fa Ad¥d d&Rder that
decoder that utilizes coefficient symmetry and pi xel
wiliApret Wl\@ml Siterguppért ponsistont Witk éhls)@lmlesurff 0039] FIG
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ilixed cokeficiink omemetoy geinexdtemadiry somsiktdnntvid eliis rhsa(lei;ure
hi s di scl os

consi stent with 004Q] FILG
BB Fpoel & &R G stiag SN WeBR 4 oG dgoder tht
WilidecdarRaesyrhaty sd Jikd 8pmhictrl 85dsi@n® fvith Mg aREloRIrX €l
| ocations to %h)ner ate ad]j@ust ed Inte pi xel val ues
t

(0BHITIGeRt iy vt fineraeh BeHpS e EXpOB PG of 23V gnooder tht
thhggg ﬂt@lqﬁ%?@f | 1ln eg%]{ ﬁ)ﬁ(tei rlgca?ioﬁse 9?%69&%‘[6 Qjusted, integer dPlxel values

rate- t1on ned 1nter i'on for video
doasietentonithathfsi dietbsfitel t er or an adaptlve filter. [0042]

is.a fJ ow.di agr illustratjng a.techniqye for
(R 527 17 SO B P SRt P 8 P Bl fFoder that
1[‘[@1@653]ﬁlt51|11§\g o25intcge@ potchabcakibAv6li RaEdid wdjlstsd riadtdtdpidel values
technique for encoding filter coefficients using

gepasfeWithethisghiscipguref 0044] FIG 26 is a flow diagram
[hbﬁ’l]gstIGabB ng 4 ﬁo%phl Jlﬁsrtrafiﬁ%?ﬁd't&gm[q%% 45{ rall:tie %.tortzlc%n defined

coefficients using p ictive ¢
iatecholBioarfer w@ammpjmlgéiaseglrcmmeldlﬂlms orr aant ddagti\fei flltcer

[ﬁﬁg} ngé 2y a IwI g]lggrggltb&l\l}gtra%ng r?,p{eghnég pr?r g}l?ocﬁ/ngo? E(l,r cocfficients

llsﬁigqg&ﬁctﬁile)ceﬂmgl Iter coefficients for \Nhl ch pr edi ction
techm%ues may be used for encodi ng

TRONS[ aiedher How sdiggragy &%F@l%egcwmguer ity gpgodige filter

Ctogﬁjg;gngqg q,q;wlétg,gcpgmgn encoder and a decoder during
pr edi Ctgl on stage of a video encodi nf%gand/or

[ﬁ%ﬁﬁlﬁg%m@ dow, diggremdidlwstrativech fechrtiguei fog deewsimg lierscocfficients
na encpa%nce thhe accuracy of predictive data used
u&hr%.pre

IVE ¢ d1 0
Frac al interpolation, and in sone cases,

[0045]iIFTBROY P apdi ediqt icmﬁ:eﬂ'@lhhgﬂfohé Nhuetgaingbfilet kecflicients that can be
pi Ci<e S

predictively coded.

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

which prediction techniques may be used for encoding.

DETAILED DESCRIPTION

[0047] This disclosure describes filtering techniques applied by an encoder and a decoder
during the prediction stage of a video encoding and/or decoding process. The described
filtering techniques may enhance the accuracy of predictive data used during fractional
interpolation, and in some cases, may improve predictive data of integer blocks of pixels.

There are several aspects to this disclosure, including a useful twelve-pixel filter support



There are several aspects to this disclosure,
i ncluding a useful twelve-pixel filter supportthat nay
wheoosszd1f or interpolation, techniques that usBCT/US2009/040250
coefficient symetry and pi xel symetry to reduce the
amount of data needed to be sent between an encoder
and a decoder to configure the filter support for
i nt erpol ati on, and technlquesgfor filtering data at
i nteger pixel locations in a manner that is simlar to
tﬁét’cbﬁl? %8l usk DS PRSI, té@ﬂﬁﬁlﬁesaﬂﬁt %J‘%efﬁ&@ﬁ’[néy%ﬁéry and pixel
are described in detail below. [0048] FIG 1 is a
Wimoekrydd sagiveeibe lameyntrdidptagieeted teke st bcrtyfem gegncoder and a decoder
[
tlg %%?@%mcg h%r}?l‘éeg gﬁgp%rtni%r g‘l{)ﬁlgﬂ%héchg ?échggx f%{ ﬁﬁgr(#né Sata at integer
dxd dbesione in Aanamowthal s kin(dar o sﬁb’-@txemnlﬁpbllaﬁd)md%eﬁ and other
Squrce devi ce 1 at. transmts encoded video to a
QUERTT SRS E@Vf@éﬂf%nﬁ”%ya conmuni cati on channel 15.
(6048 F8GAeVd £810bR daRshndl flsirittiol G A8WbREy H8edBicoding and decoding
conprise any of a w de range of devices. In sone
wetswsl0 thyyupdebadeseil ée Hmzlelami e ot Meag plothe drobnigaesid this disclosure.
rel c .
§OTRNLSE H LEn ORS00, FSHLEPE B ot video
a &diigttieh elphion &6 Vlaoa.r comryunmatleh eBaindelA. cesirdehdetvice d@ and destination

0 icate video in t|o r.a communi cation
R Rr I sOMISRATYE A £ AAE BRIV o 1 SR Teurpgdevice 12
I ®JsB%Sion T®idenN BbEpeT Q’frelteﬁd SorBinSRICAFIH BovidkOWEMA! as wireless
whi ch concern filtering and the generation of
hepdsstse so-velledagctluban o sefcphitemdeatslgrhopeiongny arieclesgrdevices that can
I [ el e t o]
FFARIAN Moce! PbpRuibs W o) CSPrARRLHER BRSNS, o gubich casc
qoaglmlmation hmnnslelﬁt is rvgselcam d TﬁeWChmgueﬂ afchig eﬂiisqg)swkeylhmer which

e via S|ca tica
iRy TRDRP B, Yo rRPY B SRitye Poe T Plscb bR, are not
1ROEOA N Pintited de mle@gaﬂmeﬁtmnq e Scthiiiys. athsacdhfiqapPhiagdisb e useful
a stand al one device that does not necessaril ] ]
B il EageertwPthE BiyNeSt HWr deyases c mcluding49qviqen t%izﬁecommumcate via

Iﬁﬁ/ﬁ@ﬂlv@r&f offtic& fibkrs ocicﬂt'l'iéf %h?sqc\/él %?W;igleggaﬁﬂedlﬁl CigRlithn, the encoding

deo source 20, video encoder
qm@lfw;béms rieclavipsl ram ralspnbfd @nphezls inndstancaatomict device2that does not

sthatlon devi ce i;ncl ude a receiver 26, nodem
essan com unicate Wl%ny ev1cq
% ascs ispllay device 30. In

[&04.9} rId a]ﬁK:e;(aMpﬂeh of RIG Idisswt® aema: 1% i@ An @ ind:odl @1de@ Eomf:e 20, video

sou c deV| be co red to appl y,K one
3% o %t%ri’q%ﬁ%r%ﬂyi@@rémoa BT 44 Bﬁ%ttnas?n device 16

ﬂ'iz!t}d ﬁféhﬁi@ COHRB P NOC BRIem I M Viddol YecolérdBP HaAcadfhy 28vied 30. In
destination device 16 may be configured to apply one

aseorgpice vath thiyeliscoswii ydesenspdar B of shused dnyiped 2amaypherqonfigured to

a?)F) usnt\é %90&9 G thgltgcgl 8fug§ S‘Is':t?& c{l%?o%me gﬁh%’f at\hc?eo encodlng process.

rate y éxenpl a
Sﬁimﬁaﬂﬁmldnmsddceﬁdrr%que&smﬁattohlcEvnte dél m&ube comfygubel to apply one or

Igc?rrefo?{hrﬁgchg}/quéasngf tﬁlrs] Cd(IJS((j:iOSl%‘e %se gélr% gf aE \I;ll co gecogl(r)lé tprsocess

[0050] Again, the illustrated system 10 of FIG. 1 is merely exemplary. The various
techniques of this disclosure may be performed by any encoding device that supports
block-based predictive encoding, or by any decoding device that supports block-based

predictive decoding. Source device 12 and destination device 16 are mercly examples of



bl ock- based predictive encoding, or by any decodi ng

devi ce that supports bl ock-based predictive decodi ng.

w@pazotevi ce 12 and destination device 16 arBCTESB®DNY040250

exanpl es of such codi ng devices in which source device

12 generates coded video data for transm ssion to

destination device 16. In sone cases, devices 12, 16

may operate in a substantially synmetrical manner such

that, each of devices 12, 16 include video encoding

sﬁmc&ﬁ@@évﬁ&s GOWRRA’KESe dé'\ﬁ‘&cﬁ oYt I A VIBY% BMPRE frhnsmission

one-way or two-way video transm ssion between video

t edgptenagion Aevied 16 e 1y, sonfeorases devesst Fadifi may op¢rdigoin a substantially
b Skl r

PhB Gt S b ERE D 02 YA TR TLRB D g apd dococing

@nipod@ns. C dfnue, esydewn ¢@ masusippas cmevwa:gem CWORBVag, video transmission

vi deo archive .contai |ng revi ou ca tured

K RRet oS Jagebcdit e prSH B Yidboq PRYBAEK, video

}ﬁ&&kmﬁhg&hkﬁkﬁaahMﬁmyVIdeo source 20 may generate
conput er graphi cs-based data as the source video, or a

[063i Vided wwrast20 gfseusgp device &2 elay vesdudg afeideo eamiiire device, such as a
\ﬁ&’égpééh%ga RS %&c%gvevdoq{%%m%&e%%ﬁﬁ CrERd Vﬁ(fei rdaexgdeo feed from a
source 20 is a video caner sour eV|ce an

dést ¢angetnk provdlevi de alfartheyalfeoranvs omdm)l doanbe@a)rma}a gafvone somputer

or .vi deo nes, In each case, the capt.ured . .

%S?Iéﬂ%gt}fﬁff %a %srth% %%iﬁ\gge 8{,]%ch{1]%18at{;)n é gw%g;le%,earchlved video, and
Eé@-@elmfatyd §RIRo €116 RIME ca%s thad@ngReR® (v isdeideo camera, source
ormation may then be nodui at ed by nodem 23

d@&@érlauaﬁ@ d%san%fl%lcﬂ%m|16atawéﬁrr%ﬁ<a?ﬂiléﬁaam@rag>hone§ P& Nidge phones. In

i sS

et LA LAY R uR A RSy R R B8 f Ry, b epepded by

déooi @eodd 2\21 aTIIermn@dﬁdtVa@ro lzmrmadommmvrmhnnda:t m@dulaihchhm @odem 23

15. Nbdg ¥ ne (yag ous n1xe A Itin]

LRYLnE; ©r % Orm% het 1080?1%% H5ht S8 uddt'y r?%ad"]d%r “élflé)ﬁa‘lnu 1ple access

(ODAMA b Sidthel camaihich@sn ddndaBy ahd ﬁjahﬂiﬁﬂttéd tocdbstidation deV1ce 16 via

deS|gned for transn1tt|ng data, including anplifier
FINPPELCE 24 A0 COREBECaHR & %@F]e}émaé/bd[e%%%}naﬁe‘&%m%?’arﬁs mixers,

fgferéj %&&)hﬂé}% 'OPchgle(\/dnﬁﬁ)na-l@s H@s?ﬁfe& ?o% sthaPﬁlGEﬁlh% OM&dsmitter 24 may
conmuni cat i on channel and nodem 27 denodul ates the

lndﬁdfr eresnitodesidnici éorttraaﬁsmutg d&ta, tludingoampldiers? §ltemsyand one or more

clude circuits designed for receiving data,
anten,

|ncPud|ng anplifiers, filters, and one or nore
[@0522 Ruasived D6 ddestimsibanizeRe Ior aiasintd irférn2dioa @O kommunication

receiver 26 y be incorporated within a single
hARAes d & %Pé m@ﬁbg% dFOQHEFS the SHTOREA9By F KNP 3g, receiver 26

iR Mt chbhitWdsioyed M}‘i‘é‘wlﬁzg B, ineRAdHECanY R fleRU Silters, and one or
mxers, filters, anplifiers or other conponent s

riersiagieatest dn semgrindtangenrnsmaitiend! andiorsisarivarmt mpe be incorporated
\ggrﬁﬁrﬁsmgé]e atEh‘i’lsgeYV U?éat)gﬁé lquge%t 189[88@ %Qlthsrefca(le Bﬁ& I%'flgﬂlﬁ] Q:lrcultry.

I on an
Modem 27 may include various mixers, filters, ampliﬁers or other components designed for

signal demodulation. In some instances, modems 23 and 27 may include components for
performing both modulation and demodulation.

[0053] Again, the video encoding process performed by video encoder 22 may implement
one or more of the techniques described herein during motion compensation. The video

decoding process performed by video decoder 28 may also perform such techniques during



[ 0053] Again, the video encodi ng process perforned by
vi deo encoder 22 nmay inplenent one or nore of the

W@ ewbnReues descri bed herein during notion PCT/US2009/040250
conpensati on. The video decodi ng process perforned by
vi deo decoder 28 may al so perform such techni ques
duringits notion conpensatlon stage of the decoding
process. The term"coder” is ¥sed herein to refer to a
speci al i zed conputer device or apparatus that performs
il HEDERERIh R 0P EtaYd Safe d8SaMoceddIETHAEM “&RGRTIS used herein to
generally refers to any vi deo encoder, video decoder,
rofer @ow@pwwzehmmrdbwd or apreodecihat Rhforme vifeo @odc}dm@ or video

di_ng. or I d

(%?é(%\ﬁ%ys RSO cc::g L gvlgegglgﬂ dé}% t?‘oa%g \aéeeor gﬁ’doﬁ% %Qdeo decoder, or
wattircdsacadey/defodar wadedt yThef teth S‘pbdiyg desfers s eﬁufdlrngaSr decoding.

at ho%ee\é(r:%%:(%t Ubﬁla ggr%iyogegl I' UI zi‘t gfugflﬁt %?Pﬁraprlse any of a
V@h@@'%f (d ﬁ )dedﬂc@soslu@h( as QEatHd;Hi’:trﬁﬁ Eub%X@RT}:Efa 1RufPrtal display (LCD),

devi ce. In the exanple of FIG 1, communication
acnhﬁm@ldlspewmy aenmt ligkt emiting disde OLED)vdiprday, or another type of
& Ry gation medium such as a radio frequency (RF)

e trumor one or nore physical transm ssion |lines,
[0054ﬂr1y tieoeraimpéet o fdGof, coimmelngsisom pithnnelr iSdnmecinaprise any wireless or

ni cat.i on ch neI f.or art a
R e AR SR, sk o ol TR e pestgr g ong or more
physiealar@ashigdiver hmesorora aekoia&hbmeﬁmr& SHiedlesS ahd€wired media.
| nternet, Communication channel generally

Q%ﬁ@@@éﬁtoﬁl channet I sl farng parrah i @agkcbhassd aptiierk. gich as a local arca
&%&rﬁcé l\x@&: Qrt%a gétWOﬁf %@ta 41969"1&%%?1& '519 ﬂé (I’nt%lfngtr Communication

transimtting video data Trom source devic
dhewtel Nat gowratlgvicpesdngs aifo wmitablac ad)mmlunxcamnneiedmﬁl rmaycollection of
dég?fe%t ng%{lr%tljlale%tlso’lﬁ,ame%% Iflor el%rar}%%?t ing g&(ﬁ iiafc’[% om asg rcg t({églrce 12 to
deetimioh cRticen ef r @ﬂﬂlﬁﬂﬁfcﬁt&)rﬂ ehvingel I]52nia9 ideladd PakdrONswitches, base
devi ce 16. <é0055 Vi deo encoder 22 and. vi deo decoder
BioRRPT BPE? HETCWBREPHIAGMEHPRUSFH &0 Tac e examppication from source

RiRRJaLHdesBHG DR VIEgs ! TU-T H 264 standard,
alternatively described as MPEG 4, Part 10, Advanced

[9W&d oV idediengpdeAVAZ) andr Wedqoedmdquég ofy tdperitaiaseirdisgrte, a video
cg)gn\é})?gns(selgg tsgarl]n gr:dgtsulgllr {Qﬁgughhgjo?nﬁéh%\%r’l %u? algf,l él%lﬁ_nd%Vely descrlbed as
MBpaet, Lartvi @evdancald¥ided Tl YAUEDR dte acehni@i8s W yhis dlsclosure,

each be integrated with a udi o e coder a d , )
hoNEVFRa e 1L ﬁlafa@ ddp a%a'fmlale & wgse Af;li le?'m&t shown in

Mar AW &nanshpsQf, tM@oCanch@er @%hevl%cd&b&g 2@f mBPELLh be integrated
audio and video in a conmon data stream or separate

g an sudie gnepden dndadnepder atpdenayMoxiuBERRDORIHLE Y HRPEMUX units, or
og?eﬂfhgfcﬁ)a? oa %ftlwﬂé E! }?a%& %L&dlt@r $oth de% Qn(do\ll eo%h a common data

pro oco S suct he us tagran1pro 0CcoO
strecam or separate data streams. If applicable, MUX-DEMUX units may conform to the

ITU H.223 multiplexer protocol, or other protocols such as the user datagram protocol
(UDP).

[0056] Video encoder 22 and video decoder 28 cach may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits

(ASICs), ficld programmable gate arrays (FPGASs), discrete logic, software, hardware,



(UDP). [0056] Video encoder 22 and video decoder 28
each may be inplenented as one or nore

worR@oapivocessors, digital signal processors (DSPEYS2009/040250
application specific integrated circuits (ASICs),
field programmabl e gate arrays (FPGAs), discrete
| ogi c, software, hardware,firmvare or any conbi nations
thereof. Each of video encodel 22 and video decoder 28
may be included in one or nore encoders or decoders,
BtBE 0P hny Vb ARinaEhs BFecrb it BRI IA @D BRbAcroR #d video decoder 28
conbi ned codec that provides encoding and decodin
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codi ng standard. Each video frame includes a series of

Bici deéep blpglshmay heve fvegd drierve sigess and awyddiffer in size according to a

SRR i  T , TRTAA Gy Bl
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Yidéd blackegmay wramdﬁm |0(ﬁ |11>1xpt ddess Houkk oéﬁamfsmaelbe cocfficients,
cosi t.ran nc ally sim.]|ar
CF R HER SR Brbaiel PR Bt Srab B Yo b ouflfamy ©C) or &
cz)a&:pmauylsdlaldaahﬁmsrntaesr@bwcmn, and may be used for
| ocations of a video franme that include high Ievels

of
[9838]Smaller,videnbloghs cappeads bstirisresaiakiqnn and gy Bgytsed for locations of

aSHQecberﬁlgsthmﬂcl% ﬁgﬁﬁﬁév@@o@%&aﬁ b c?‘éhqulo nRRBERks hid the various
addition, a slice nay be considere be a series of

subdéaski nox fos c01§u®hedatg beaideo ok sIngadditon, sslise blllayobcsconSIdered to

b%aagsr%:rl%l I bEG IR %0 an I nde crorfasocﬁ](t laXd/deC%q)Ef ke lﬁg slbce rr?ay be an
eo rama rna ely, ranes emse ves ma

16@@&&13{1? doeudiable unit dftahﬁﬂe(pﬁﬁﬁnb Olzrﬂteﬁfatlaelif rfiﬂﬁesﬁh@’m&&ves may be

as decodabl e un The ter ed uni
4% H&Saqxftb%@eﬁ@ﬁaeﬁ?@maéw&w[n nﬁfﬂﬁ ‘?6‘6 da&tlwatéo The term
b QMBS G B RS0 ARy BehErRcht,2IR 0dDIShhi€ 8 £ido FhRBBucHds an entire
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framg, helieveli hjamechghefbesingensadentlygisgidatils vap dlgtiecd dgeording to the
(%hﬁgqaghg@g§% oyideo encoder 22 perforns intra- or
I'n I'c

r-pr 'on to
[0059] To encode the video blocks, video encoder 22 performs intra- or inter-prediction to

generate a prediction block. Video encoder 22 subtracts the prediction blocks from the
original video blocks to be encoded to gencrate residual blocks. Thus, the residual blocks
are indicative of differences between the blocks being coded and the prediction blocks.
Video encoder 22 may perform a transform on the residual blocks to genecrate blocks of

transform coefficients. Following intra- or inter-based predictive coding and



generate a prediction block. Video encoder 22

subtracts the prediction blocks fromthe original

wor@en2ddibcks to be encoded to generate resi duBCT/US2009/040250

bl ocks. Thus, the residual blocks are indicative of

di fferences between the bl ocks being coded and the

predi ction bl ocks. Video encoder 22 may performa

transformon the residual blolks to generate bl ocks of

transform coefficients. Following intra- or

A BFmARPAELHAREL, Gido¥ @n &Rt PBp@RALE §RSHRAHBR | @Rintization generally

t echni ques, vi deo encoder 22 perforns quantization.

refesipiazaedesningeriel edeffjcienss ase quansized t@rm@%blsf rgduciicgimount of data
ffi n e S

88 e FhROD e SRR BB BBt le {fghy Sodine may be
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defeVLED) cRh GNbEXHe stdRigYSrobdsddeYfophdd BIBLiG 6RAUAY22 will be
(CABAC). More details of each step of the encoding

%ﬁ@&@ésn @éﬂ@f%ﬁé@lmmﬁ@e% encoder 22 will be
[ggé({i th Qigglna{] crv?cedl%t @1deo ggéo(a ifpr F!e %ﬁ t%e eL(%ng&) ]Vldeﬁ data. Video

i nation V|ce 16, eco recel ves
denoded X8 vﬂltmw di@bdes hlaedeoemlab emlko d%a& emntotr«hpg tdemndnﬁsopy coding

fﬁ%‘ﬁ%%’i%ﬁ%’g\é@? gﬁeggfat . %%A(otg Aaén t Coqlé 15?c£¥?eﬁﬁmenn[9. Video

dtoadek 28 e@pmaﬁtérgd §itnSizatdh @€ qeEiostRNn) 48d anplst @Sinsform functions
i nver se quantl zation de quantl zation and i nverse

to regeastEichtfeyiseidnad rbéo%nrﬂé‘?: pixek dareding Yadgoedgeadaal 28mlscgenerates a
ﬂr@dl ﬂfﬁ lﬁb&(keh'jlsg@ peeY &)ntrM AR dg6o gF E¥Iﬁ${oﬂf§1ﬂ1aggﬁ] %% Qt €3diflg mode,

pre |ct|on based on contro rmation
rsoytmnavcctom @yntax thahdf(fmeg ﬁltem@dfﬁcgenmami therbk¢)ancludmtt iorthg encoded

S f| I ter ffl ci ng t

o) Bl Voot Fsb B T 5 e PTG e L b e resiouan

lﬂ(bﬂkﬁtotﬂii@:lwé edehbtauetdd addo dbdkhfol AR pragc oMt deatledf each step of the

reS| .dual bl ock to produce a reconstructed. video blo

qgPdigg BISLE PONpNS &’é(tVé‘iiqosenﬁ?deé Zeriapegeysibehi @ﬁw&r%ldaelow in

meogess performed by video encoder 22 will be

described in nore detail belowin FIG 16. [0061]

[88@1d rAdicnrglingotottheterle s opfi dhas diﬁclpmrs vildeocsinoeder @2 apd diglgo decoder
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Iﬁmﬁﬁﬁmﬁa&t inoatcoldanqaawith Q)h:ll: aﬁpect of @dc drsdlame Wd&d’l eddder 22 and/or

a pe t his di sclosure, vi deo encoder 22 and/ or .
a%é a% ér}ayfg’t%%ﬁ DBk aF RXgISpY bR gfe ‘E)‘Pé%?@’lx%glﬁ@idﬁs integer

ﬂlf@ valies léo@ésp@ﬁdi@é 80 in'%:glef"gﬁ‘(%l ?&ﬁtﬁﬂ@ Ry ifhi X ﬁle M@ékuﬁs}%lxels compute

correspondi ng to 1 nteger pixe ositions within t

swhodiel ghlupi | syb- p@@hp&ftl@@%%l%t@i with|thee 8loflyof pixels based on the

AaPLE B0 R0 A o MDA RS HLEStBc avsins o
ioeipldtiongfiitére tistbdgingela wabdésercompl iaseg & billtgt rsgp@omt positions
corresponding to a sct of twelve or more integer pixel positions that surround the sub-pixel
positions in a radial shape, and genecrate a prediction block based on at least some of the
sub-pixel values. An example of the two-dimensional array of filter support positions

corresponding to a set of twelve or more integer pixel positions is explained in greater

detail below.



interpolation filter that defines a two-di nensiona
array of filter support positions corresponding to a

W@ 2G0902691el ve or nore integer pixel positionsPCTES2009/040250
surround the sub-pixel positions in a radial shape,
and generate a prediction block based on at |east sone
of the sub-pixel values. An exanple of the
two- di mensi onal array of filtEr support positions
corresponding to a set of twelve or nore integer pixe
(0062 1h QDS rdahc€¥Ph AhHBE: dsPed@boeafiedisdedhd vide A dePES 2l d/or video
I n accordance w th anot her aspect of this disclosure,
deiceitss 28 noad efilizzaspeddy of syhaeby dle@dhté to 28@lugayhauampynt ef data that
r%%c? e‘t:t E)g?éon’? @H?aité&’ bethegﬁ ds%{lrc% (tie ahg edemalﬂlla}l (‘f’ef\/lce 16 for
c@emmmamﬁanaﬁdﬁdeshoﬂﬁtmmn M£&|meuﬁﬁp&QMmﬂoﬁWuhooakbmn 22 may
cg%%@ge?éﬁ Cs?rtg{pff ! tlleg P%}ﬁ%ﬁég@? 6(:1{[] ﬁii g@grler?[lts; é)ilxechatlons wherein
6O 6fchi Lot BltdrUocfiictdnBente GbAdrREE®Bhscd WR-dLMRIent symmetry and pixel
| ocations, wherein the eight sets of filter
ety cinaredifisee syepebioetionased oywut tsfaight isetnpf filter cocfficients

e - .

?)gggf?%:lg %eg/%dang gtu(%:f aﬁtéﬂgﬁéedyb ﬂg?a!ﬁgsegﬂsfhtlf\%gy S[Hé; F:l%h’?(?elts, along with
wpefs ofi @rels syrmnamotdndr ccn;béﬂmcr&s assrrmmmy ofay adefercaltledt the filter

el B ol el Y BB aT bR P i imerygpeover. pixe

@ fhaecabt befech NBffErbhit Ries 60 eHef fifideR RUS-pfxel 10@htions in a vertical
|fteen half pel and quarter-pel pixel positions.
Wpersirretnd igisdearizeyigheimopsingybub Rt SRS ayinet e¥ignp a diagonal
ARERIB (48 LIS LERP tURe MkE LOGabLARP 1dcaualsve+rm% &k of pixel
i mension and 1n a horizontal di nension, but pixe
Sy ymrngtyriy thra@dagwal dxicssion forat Giastgomalof thenfeihesh dovafions gy improve

AR SR B bR e BGoniPES: ronsi on

[0063]ahdéoeasdod510ﬂ& offdebtireatibh fdeeed ll6omay ireqesverahy dighar mseof filter
i nt erpol ati ons and vi deo quallty in the video encodi

BRUcEEO’ BT TToTBSICoUrdedde b buRRM 8o eeRfEYE | tHEreR o%%ts Yo filter
&@mc%%ts]&n@%nﬂﬁg &) ‘ﬁ?ceéﬂqﬁff@ﬂeﬁhéubﬁﬁié 1Qfatibid 8285d on the eight sets of
coefficients as part of an encoded vi deo bitstream

filtve cg@fﬁelmttsgeﬁlclfateelewmtgi prdiciivg data fmedidqoc;ie@rﬁ@ based on one of
Eoﬁf‘[e SnD seps fgﬁtézlt o%ezf 1cle e%l%'re{nfl reelrrlltte S a? %chZlﬁt at éocr)rrgzgponds to
e e et ﬁftctdﬂtcﬁff@@htﬁdi@dm{dl ch:laﬁdiﬂsyal(ﬁ&cadé Otic ot Id&l@ video blocks base
decodi ng baéed on one of the fifteen sets of filter

Wes It PRIAEd Pt efi#at he i nt er pol ated predictive data

[0064] 98 ROt O WA @ndthert RBedt bf tHpeMsdbfubERVRRD cftREPEX8hd/or video
| ocati ons, and decode one or nore video bl ocks base on

depeder g8 é‘?aﬁdlt’éltzé dntppeldtien-livefitening. witlhosrgct Iminggebpigelnsitions in
%&ran d &%Fh‘?é g@'@lg‘%& tlnlg%er glggl %lﬁccsl O%H&? ’1nt¥11pgf?3801§-ﬂﬁg qﬁ{ering may

or Vi eco may ufti
impt@repohntdsginn Islbdceﬁcﬁlljf ﬂﬂamngil(jiumnlrtahon elsq:ugest stancifmteeigebr fade-outs,
I xel 03|t|oqf 0,
ay 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 imposed on filter coefficients.
[0065] The interpolation-like filtering techniques of video encoder 22 and/or video decoder

28 may include obtaining blocks of pixels, wherein the blocks of pixels includes integer



order to generate adjusted integer pixel values. Such

interpolation-like filtering may i nprove conpression
wap@eittdoenl |y during illum nation changes, sceP@&I/US2009/040250

fade-ins or fade-outs, may renove noise and facilitate

i mge frane sharpening, and may help inprove encoding

of fine object novenent between successive video

frames particularly when symm¥try is not inposed on

filter coefficients. [0065] The interpolation-I|ike

Jlkéltv%rulepgoﬁc%g&ml@yﬁﬁm@efge {)19!@1%&9&)9?%&@%@%&5 of pH&R, filtering
decoder 28 may i ncl ude obtai ni ng bl ocks of pixels,

th ertegen pisk vilbeckasedpn m‘tbe?élustegqn dixed egluph ety the sodck of pixels to
%eﬁérlz{%lsaggg{ed%?@%&% ){égvél ?’ilglgl%rth? ﬁcgﬁéte %%egte} [g Q8 x%uteg1 cg}respond

tu ahel éstedra geck] qrosioibhe rand ngeag@tingd |ax1&led1ma?dmb]s> ckl\/lbtaiﬁdnort te: adjusted
bl ock of i xel s to generate adjusted integer pixe
iigeerddxel XHEFRi n the adj usted integer pixel val ues

[0066] 98 REEIdne With ahSth&IRpcd® bk Blis MQTbdukOiTeo SM¥der 22 may generate
$enerat|ng a prediction block based on the adjusted
T

Bit @tpanolgpd eredictiv ¢ data fpogsr@}hng rofaiédesr digmbascdionp first interpolation

t
fﬁgegeg%%era?e? Iper%g{ld %t?léglaﬁeldgir&g!:t C;f(}r\cj\g&a)a?fc%?ﬁl? (?fzthg:n%?ydeo data
‘tamrbm agewhd \lmtelmpoladam ﬁiltblaseldctdnt\aeemths firsit lll’(tenppkatedtprcﬂlctlve data

rate second. inter ted i cl.ive
i rasel® BB PERT e R BSe it & BhEbi i B8k faeod the
viddoedpobalell on thé kél@dtlonsﬁﬂcﬁ@ﬁcob@%yiﬂﬁﬂtd M@ichtcrtBé sclection. The first
|nterpolated predictive data and the second
1p1ﬁfp@|laél@p diltsy Y SONPEIPG @ fixgel Antpipe lagiop Ailtsr, and the second interpolation
U8 5 S O SRR 50T 35l
IQEMkanmmeeﬂ%an&rst interpolatlon filter may conprise

terpo
g s, PP Bl BBk ARG SRR B appticd 1o generate
ddﬂitl@hﬂQh‘@fpomﬁe(f pl{eﬂleﬁve Mags, Hitls mdy aBb %wbﬁldﬁemﬁﬁtbe rate distortion
necessarily Ii 0.t hese exanpl es
Paveine hfhE, W%fé%j |ﬂ@q tsﬁgnqueﬁ P%‘rht?cﬂl%ﬂk?sﬁ’f? %ﬂ? P‘i’téF%lteﬁld? ggijegyging only
At MRRELRE 1ﬁt9rpg?a%r1ﬁ'5(ﬁctﬁ@cﬂa¥é &t@@d ol bl (ﬁ&tﬁ)‘ﬁ filters, but could be
predictive data, which may al so be considered in the
apatied i gangratd ey plvedliyys p§ int¢rpolated eredisivd glata based on any number of
1n§:|1gpo?at1;3uefﬁtegsal frrh‘éo%tagtltl}%d 2 Sc'éi%t(g))ﬁ%% nofé/sﬂs Io{lrt]e{pog'ltedo predictive data is
1pe@dhdhuﬂ¢wﬂ&h&ﬂﬁﬁ&ﬁﬂkﬁn t wo interpolatlon filters,

could be applie 0 generate any plur I|ty
B Y lpsrased Pﬁ @g?ci/@aﬂ ﬁ?‘ﬁp%sgsggaeraﬂngaﬁy g$ different versions

& RRL Aaia0Br EAdotiRE D d¥B Aatadidbddon &pluddiRy OF &itRfdnt Rferpolation
anal ysis interpolated predictive data is used to

filtpesa selpgtingrimeng fthq pleralipyoofabfferent vep0@B 8y pradicive data based on a rate
0 | efat| I

50RO TR GRTHEL 56 GEERLIIO R, BLALA R o

1omcMede$emammnbased on a plurality of different

[06%9?r tsclzlgg]ure also contemplates technique for encoding filter coefficients. For

example, video encoder 22 may identify a set of filter coefficients for interpolation of

predictive data in video encoding, generate residual values associated with the set of filter

coefficients based on predictive coding of the set of filter coefficients relative to filter



filters, selecting anong the plurality of different

versions of predictive data based on a rate distortion

W@e@bAt%9%1, encodi ng the video data based on t hBCT/US2009/040250

sel ection, and encoding syntax to indicate the

sel ection. [0069] This disclosure also contenpl ates

techni que for encoding filter coefficients. For

exanpl e, video encoder 22 maydidentify a set of filter
coefficients for interpolation of predictive data in

MBLARRNANGOSH NG Wi NEfiRldeintSRIIANAl iRl Mpdy 88aRCHAIEH the residual

with the set of filter coefficients based on

yotuseli ant iovwutibdiqnentieed rehidualatalugs af part afranspeddeil bitsrpam.

[b (@t\lfﬁ% tdgchle{; tg‘?rl%g}? fr]:eée(leee ?és%dugf Y2 satas,GS(gfi\Me?hwﬁh fa' é&dof filter
Interpolation filter; apply quantization to the

doefficitnal gamatatethe sarod fidiai @effididnes wpianpredietiver &sodln@based on the set

val ues as. part an coded bitstream [0070] Video

deeytwe vaera)d TuieE PodRASES o il S+ e e, and

%pﬁyeche &t of Filtéi&docREMEd t6 118BpSlatc IR BAED Llatdh B 8 &r pédictive decoding
Il'ter coefficients using predictive decodi ng based on

aftyedegdlocks. resi dual val ues and filter coefficients

[gg’g]ﬁ;f’lét gqs Wbﬁ%#%%%réﬁqllﬁs%ﬁlﬁ%o 91& @)tielngﬂ? fok thv%ebpe%?g(%eé 50 that may

the set ter coeffclent o Inter

perfedn dilievieg dadhmiquse dofiosterpreith chis \disctbooedi Ngdeof eneddbe 50 is one
bl ocks. .[0071],.FI.G.,2 is a blqck diagram.illustrati .
SHORESHH PGy ieS BBt 86e3 AP par Fubdd Mhrein as
debdidrer Midkot @6HdHr G0 eSayCRRkSdndnd Wdcbentdtes 20io$ ab@sAIP®. or a video
Vi deo encoder 50 is one exanple of a specialized video .
@erstrér dEvcredgiceappideaeiodeied® magpetform dite- png dntgr-coding of
" oM 0 ) > Vi .
L Sy YO R0 ARG SR IR GR CERRALH AR ) 9un in FIG.2 for
dsd berlestratey i loga-chilidg ocles codprtid predgtiqnetof redunci artremove spatial
airfd inter- Ccfdi n@l. of bl ocﬁ% ﬁl] t hi ?tvi dﬁo frﬁmes,t dicti
TSBUGH VR S0k Ry oL SE D HARE s et SiB (FRPRpIgrediction
td kdicee@senive itbthphlr addutduncy N Nadeo O|thG ddgdce@sfromes of a video
spatial prediction tq reduce or renove spati al )
PRt aney2-MRIGi(egdal BAY felar & ensnifitlebyispt gpmprossion mode, and
Thidt-SlodeOHicR%s raef)ﬂe§§ti&{] (It-ﬁfgﬁgﬁr @J a Bf-&igécﬁgﬁz@ QBFrro[e? %erefer to the
or renove tenporal redundancy in video w thin adjacent '
ttmpenak bafedaconuessiosenpadsc e The neelaiqnssleof  thismddelpsurayapply during
i{ltﬁe{-gcl)t@rt% datlensegh%g (t)rlggl lirgrbag(?ogigllgg olirfigs:]gl? I_%sg a]g%%gg’rpreg({ilgion unit are not
ihustetaddn FiG@.reafor §iBrpiivide Inderye sfifladtration.t he t enpor a

sed conpressigon nmpdes. The techpi ques, of this . .
[_33?;2& %ﬂsﬁlpgnag Eﬂfg- %}dﬂq?q?genpwiéé 5 O Ty vatia Hlersrefiyp @, video frame
th B feicSdRE] NG thexampRUSHTFIES 2SPbd BhcoREESH MbiuaBs 4 PiddicBbE unit 32,

not illustrated in FIG 2 for sinplicity and ease of ,
hehers t3datn ahiler 4D 1zhsingm gRG RS, 4 auaptigtion uniftfemdancotiepy coding

RISty DR R ! 505 IE LA i
quastizaders uait g2eeh atviesn ttansfbrid2nit 44, and an adder 51. A deblocking filter
(not shown) may also be included to filter block boundaries to remove blockiness artifacts
from reconstructed video. If desired, the deblocking filter would typically filter the output
of adder 51.

[0073] Prediction unit 32 may include a motion estimation (ME) unit 35, and a motion

compensation (MC) unit 37. Filter 37 may be included in prediction unit 32 and may be



menory 34, an adder 48, a transformunit 38, a

guanti zation unit 40, and an entropy codi ng unit 46.
WO-00941269¢D bl ock reconstruction, video encoderPGDUSI089040250

i ncludes an inverse quantization unit 42, an inverse

transformunit 44, and an adder 51. A debl ocking

filter (not shomn) may al so be included to filter

bl ock boundaries to renove bl®ckiness artifacts from

reconstructed video. If desired, the deblocking filter

nesked By Bhe @t i bF el Jnlf‘te353léh@LMC0{m@@d% pekforhORfRholation or

Predi ction unit 32 may include a notion estimation

iptveppelatientlikgsfiltering as merti ehmebepentmetion apdAy) mgiion @mpensation,

accér‘ﬂ%ré tg zhlgﬁ%clgélr%ﬂghtlg? ?ﬁ 8‘{ R a@tﬁﬁl%?ﬁﬁe%?nt%&h g%r’\?glﬁiffer?nt filters

t87fa¢1htapzemﬁ1ﬁdfrtms differqmo [tgick 1ﬁferpol1€tt1®hpmk1ahteq1a)-ldtioh&ype filtering as
I er| rt of. notion estinat i qg% Ig |
ﬁ%’ ‘i“bn ScBiFdicHeR B way ey uragy| ‘i? lrnteél?o ation or
1%}130@&%143!%}{11{6@ rBe@iY the cREJHIR hrbYesOfvidid ErRbERS0 receives a video
filters to facilitate numerous different types of

hloaketp g5l cadebtiabeled T\HDEGHBLACKonntKlge2k iand gradisgomgnit 32 performs
: i [ ' 2 [ e .
RES{uRA, ISURL R cdiith; aERLEH gt el R0 EOER n FIG,
i | Smnsﬁcalﬂgu rMEngth% ma@fthrfogfnpn@tmms&,timandemo edwdﬂetheaﬁediction
re e|ves a v deo Rhg " ? be co ed | abel ed Hg te th
MR e B éla‘?ycl?fir Yy ?TO%%’I?P&P?%IP 0 genetate the
Iﬁ&hakmﬂﬂ&ﬁictlon coding to generate a prediction block
hlabeled "PRED.. BLOCK" in FIG 2). Specifically,
19674 Melwtleév@%wﬁywllywnegﬁrpﬁﬁﬁ Bpcospof %f‘élﬁtafﬂfl% rrtOﬁlen vectors,
@l?%&ﬁﬁa‘?@n{% 9% lforI VddENBERS. 3 ’m(ﬁll%g VIXH'O{J %{1 Iprf@a¥na indicate the
erform notion conpensation to generaté t ed i on
d:h$pdﬂ;ckme{1t()cﬁ7a41]>rewbt1q)rohloe]§wnﬂ[m a predicsiot pp mfaiehgc frame (or other coded
qﬂ%pgigdgflee ﬁ%lat Veﬁgﬁﬁ%ﬁlso]ag Ijto v‘i? gcgc{e%t 1@121&8 o t;/ Fr%%g (or’other coded
ue.t Ohe rdf@enXadid @r pﬁﬂiy)nlolﬁ theCdrge)the Y &ﬁip@ﬁﬂﬁ&dsﬁate@fprlor to or
a prediction block within predjction or. referen

atich e Yigeo diemer (o SEEN ) tthe Véde@ framgg); toeyhiek the Py gideo block
B! Rekoh Qorgﬁengﬁﬁﬁqs Wptclally c$ri§ﬁiegédlrtﬁ@ﬂﬂocés§ PRt or generating

other coded unit). The reference frame (or portion of
théy erddr@ln‘e)blqrré;yfr@e menwr?aﬂl loy plossalely edtemomng too ocﬂrerwfsc egencrating
mﬂ?ed#)r? 1ct1\fercglpeb & OIP t%r nn Q/E:(b(t)rh(?ete\frln(ijnee S/rrr?o estlmatlon
e current “Vi'des b
[00TR)VIE ahitG8 stlscth YHel a@)ﬁfdpyla@ @ﬂitﬁiode/[eadr fold ehepridsatd sckab be coded by

fetching or g atl e prediction bl ock from
REWSHYE %1& Vld&P% ﬂwﬁﬂ%ﬁfwapr W@reorF‘Le&%ifrwnge(eg a previous

D8NE E@Jsb(ﬁﬂnﬂc ﬂrz!trﬁ@r ME Rhieds ﬁ{a&\fﬁrfgﬂ foRas 8dinfitiot R8th fractional pixel
notion vector determ ned by notion estimation. [0075]

IvECigipn. t SoBBtinet eefered e agpiscbgitel atel nisadtionalvieedt o stbgpixel motion
ebrl%a\(d deoA;’ gﬁ’c%k blﬁe t 1%5 &?gneﬁ &8”%51!1&%1 ﬁpQF aYllddsql% rRsxel motion

0 VI one nbre reterence fra
dsemgtign mapbemedusterchangeably. In fractional pixel motion estimation, ME unit 35

may sclect a motion vector that indicates displacement to a location other than an integer
pixel location. In this manner, fractional pixel motion estimation allows prediction unit 32
to track motion with higher precision than integer-pixel (or full-pixel) locations, thus
generate a more accurate prediction block. Fractional pixel motion estimation may have

half-pixel precision, quarter-pixel precision, eighth-pixel precision or any finer precision.



and/ or subsequent frame). ME unit 35 may perform
notion estimation with fractional pixel precision,
waovetzares referred to as fractional pixel, frecrusa040250

pel , or sub-pixel notion estimation. As such, the
terns fractional pixel, fractional pel, and sub-pi xel
notion estimati on nmay be used |nterchangeably In
fractional pixel notion estindHtion, ME unit 35 may
select a notion vector that indicates displacenent to
ME! @f@84 ahyoh DSk FRAN) 39 foRlaBP8kcRiare inte@RRkibAN dutllﬂg the motion
this manner, fractional pixel notion estimation allows
%ﬁ@@ﬁ@l@@ﬁﬁﬂnlt 32 to track notion with higher

I”l.‘c'o erf&?&ﬁl}racp gn geﬂl eqllkﬁgilon(% gAsatl 1€IIC) n1t 37 Inay perform

Herate a nore accurate ditcti’on

1b1leqml¥atloﬁr(annetmlreferrx@ ko Dtnlt@p]oletﬂtﬂ filiringh 111Ta13deha>V@nerate data at

|er uarter,- eci si on
bRt GrbERE RO ISR s P (BEECHEpBRL gy YC wnit 37
rﬁz@ RRYOkE NYIRKER) f39l F@T () im&pbRfio@NYPRECESS MM 32 may perform the
i nterpol ations during the notion estimation process.
1P@mp@ﬂtloméorp@iefmﬂqﬂoﬁrlié filteriag ofgntea¢r myxsls)awing the techniques described
onpensation, MC unit 37 may performinterpolation
h%sorheti mes referred to as interpolation filtering) in
[00T™ rO1tco tipemetiat ecattatfar te vedeo-pocketb beesddduisiselacted by ME unit 35,

G S b B RGBS s ) VB TR R yector. M

Unitt 87 RRdyafokdntheRsredit€dd BRCKMdm Ideridy PEBARH M R motion vector
|nterpol ation (or interpolation-like filterin

of
Jetrrmysd byiMe|wyt 3si lnghe Pﬁ@epééﬁmﬁt@aé@cf@é%th.fﬁégowé pEjchprecision,
t I
ltlgolgngt] %@ﬁgrs Sdgﬁefgag ﬁﬁn&&%;’tﬁllflt@?oﬁa@@ '\/%:IYclalgcﬁle Q s‘%l%l&m{é? resolution,
genervakeg ﬁlhm(sp) r3§d focrttlh(snpmszeo bl soke associhat mtbrpwlaﬂmn filtering

t hat

‘TR BROGIRER S sttty by Bmbl! BRI e gy be ndicacd

MRt OF mded ﬁfd@dlﬁﬂ)ntby/ni‘s@ ewﬁld'nts&5 entrépyt (lingaget 46 foa 1nc1u510n in the
nmoti on vector with fractional pixel precision,

@\?‘64 bifstrepia. &%ﬁead ﬁP’@ﬁP%ﬁEﬁﬂ?tl’?sﬂdlﬁéoﬁuﬁf{ SN Ahelse @é ﬁlxel Symmetry

éﬁ@%@eﬁi@wﬁt‘@nﬁ’ﬁe’f@l to F&RIBL thlaBRuntorIyntat ﬂl\épllféeﬁgtofﬂel JoBIdySd.
for th process. In sone cases, the |nterp0 at1on

[007&] édrich g)rftdectmmuqu 82dws eattdnfét: pmlsctm @@CKOVlgmwgmad@ 50 forms
a readuaH VICR:O)%?OCkp( a%dfeccit k%gll? ¥ ir? Eld‘r.riﬂlbc ast gtrac%ng ANE prediction
ter o ax ereénent s to entro

or nore |On syn
ok fﬂ@nuhlet brlgﬁalf\t)ded blotiubEing codedt hz&ddwdedeﬁrbie&tsrtﬁa%mponent or

| ndeed, spects of this disclosure concern the
QEBOBFIItH ﬁfel?er p PUPLRAPTLORSFAiOR; d NS ttr%& applies a transform,

SuBUe & UG RNDMME BinsR¥RL @Cigh&t a e8Py REnEAMYEYREM, to the
[0078] Once prediction unit 32 has generated the

rpvidiehl dlacknpioeding a vidge dledkcetiirisBg reudund transfern glegk cocfficients.
'lvrlargs%)rnpll ?|§8 (#%% elgl C]ﬁg}ghgg? %rtrirﬂ rllng':‘ su%ﬁ a? }rose defined by

trac ng’t e pr eorlg na
thé dedpdbdtockrdy eihigy @odetkepiidie sindiBir te PCESs eMasclbheansforms, integer

onent
trannBHnS sub %and transforms or other types of transforms could also be used. In any
case, transform unit 38 applies the transform to the residual block, producing a block of
residual transform coefficients. The transform may convert the residual information from a

pixel domain to a frequency domain.



conmponents that performthis subtraction operation.

Transformunit 38 applies a transform such as a

wale@enzel cosi ne transform (DCT) or a concept uedT/yS2009/040250

simlar transform to the residual block, producing a

vi deo bl ock conprising residual transform bl ock

coefficients. Transformunit 38, for exanple, nmay

performother transforns, sucK as those defined by the

H. 264 standard, which are conceptually simlar to DCT.

[ml§£antlfﬁeﬁfu9ftm »quaA R @l ians ft@hdBrm SHBRAM to further reduce

transforns or other types of transfornms could al so be

hisate. The quaytizatise pracessrsdioreduesrthe baglepthsisiosmtadhgith some or all of
Jgo Si I f

e SOSEIT NG EC Rt ol JOURL S 4B BRE0P codes the

qanvedt tranifrihesdciid@tnts. nf Ko neadainpie, fahaopya cpdimglumiomﬁlmay perform

donai n. 0079 ation unit 40
f&ﬁxﬂ?r é@%@@%&hﬁ&ﬁa‘ﬁ B eQ a.o%?a%?@a icients to
[0080d] @ﬁroﬁ?@@@ﬁg Ridit 41@0LRy émﬁ cSitabtd Ao pRIIREBR SsyAY clements
reduce the bit depth associated with sonme or all of
abtpanasldednp pesdistios umFé? Pooihecompenent phviden cncederr Woylhe one or more
p‘%&ﬁ itk e‘}é}g&ﬁ (3 %nﬁ&@e {)r %%%Qt b7 ﬁlo?e”rjlé%d%ctors an

coe |ents y coding unit
1pem‘odmumn @GAYhigne ﬂi&Bﬁ@ usy toggeotiaterthe nilr-ppyl daodiarsgt or subset of filter

EERERER, SBPnsh o iR A EPirpn TS pRdigton block

E dcomai it gflédidtiodrnd NtjubnBAtieh ubik BermH[0pRAIBENy ehcodt A8 quantize the
encoder 50. The one or nore prediction syntax el enents

nrediciicyats. sick saifigr pesdBcicshecenrdimgrie spipe jagtscty e it glisclosure.
i e r
mowmﬁ{hgféggkbyg?cgﬁg 298%#‘8%35 @gcﬁ%%@ﬁlt U ﬁe nQ?&E% @& and syntax
adoedns magnbs trapsmiticthep dnafher rtht/ucomraaslmwchtf@d lapdrt tartshngssion or
ener ation of the prediction block. Coefficient

‘% Xil ction and quantization unit 4 1 may predictive ly
[e08devand @uaihiiae die 40r @dd Clnva@se SydtsfXm Wit h4zaSapp1y inverse
filter. coefficients, according to sone aspects of th
@raigager rrd IVETSE SHRHGRH N FRSPISHY Sl oW TREPTSUE Hhe Ef‘ﬁyiual block in

tho gfxegddiﬁ‘dlﬁ AB, fob DReQREQMS %ﬂ%ﬁ@@bl@&l@' fﬂ@k%s%&g@ RlsRiual block

be transmitted to anot her device or archived for
(Iladvcled “RE&IEY RIis§10n BHOGIEt mi Blgal2) IlP@OYBHI}?SGIHhV eecogstructed version of

tﬂéj zIj'lernstlciua]fs%loc 4 yoryléedél't% t? ngfolrrplvu%gsﬁ t R %efcorrls A resé} ual block may

nverse quanti Pon and inverse transtoria
dlﬁ“sxpﬁe@h|tNeefey1duﬁla>1<5<$cgmsﬂafechy dubendr eSidlvad 1dsk o€ kietmm ctulmed by the
pi xel domain, e.g., for . later usea a ref

BrRBEetion iad  IBEGHs QPP BRTTONS bPBRERICY |3 Tpalds fhe reconstructed

reSRREPN oc RESHE: m&h@&mﬁeﬁsa@d@redz}tldfﬁmO&I@P'bﬁﬁﬂtby%redlctlon unit 32

reconstructed version of the residual bl ock ovi ded

tp praduanh s frespmtivgicd vaRo bigek fple@@rﬁgq museseryrds i lhgapcaptaedted video
f o} | I o

BI@(X( 4 ﬂ{a§ t‘tger %%1855‘7 %p@%le{tlg)?il Cg 8%6 %l(regﬁgﬁ% %tloecﬁi &Xt %WJ used to

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

[0082] As described above, prediction unit 32 may perform motion estimation with
fractional pixel (or sub-pixel) precision. When prediction unit 32 uses fractional pixel
motion estimation, prediction unit 32 may genecrate data at sub-pixel resolution (e.g., sub-
pixel or fractional pixel values) using interpolation operations described in this disclosure.

In other words, the interpolation operations arc used to compute values at positions between



quanti zati on and i nverse quantization operations.

Summer 5 1 adds the reconstructed residual block to

w0 b@otredibn conpensat ed prediction bl ock produR€ruRzn09/040250

prediction unit 32 to produce a reconstructed vi deo

bl ock for storage in nenory 34. The reconstructed

vi deo bl ock may be used by prediction unit 32 as a

reference block that may be u¥ed to subsequently code

a block in a subsequent video frame or subsequent

tﬁ@ﬁﬁé&e%‘ Bixel pdDRBR] S08-pHES pbdikGH 18LRMEhaIPIE Hikdrc® 'BelWé’eﬁ integer-
may performnotion estimation with fractional pixel

r(lml positiopd xal ) bepredatiodi toras hhlepixplr dlfael aresiitens, P-pipgd positions

loga@ &ﬁa?@?!g gg{aég% %ﬁ!@%é Se[hblgt?é%érg@;(élg)gsm&% glgd g Pél?glxléf%osn%% may be

Iﬁfdthﬁd xelasoquaﬁeamkelo(mhrtmpee)l pclsa[dme,séuwpkﬂgposnlons located half the

.nterpol ati on op, erations descri hi s. di scl osure.

IH{anse HRAW GRS ¢ ! Reers e a051&93t¢6§1a€§>& i.tnoalﬁlgn)aﬁlé GsBggirter-pixel
PoRitieR m%@rr\é@w@se@ﬁh PRSI ﬁ%ig%ﬂﬁpélf—‘ﬁd/ﬁﬁﬁ& hed it ipger

pi xel positions. 6(Elxe ositions |ocated hal f the

[&0&&]&11 3Uétav\@<élﬁemﬂﬁl aarpnxEpstisyBg dnteges ey (plefull pixel) positions

arséa c?a':[crde\g ik g eaﬁtlgﬁ"h;‘[a pa'né% b- é&gf ({0}{ Frgkt ongpél%iél?wgﬁ%ons associated with

ositrons ’l oca et ween
1a1rerpoitatﬁgpnedptme Idatpoén tthorompptua iHadtfatipn € IF1G 03, the @fferent boxes

e S quarter- lxel. uar.t er - pe
Bt el Sl Fa SO leR dSitiot s bl AR RS Block of a frame
@dpithﬁi&@qmbéi‘i (Rehe BOxdsW RIY8SLPTIN&) r&R&dchi ﬁhﬂegé@ﬁlxel locations, while
hal f - pi xel position) and a uarter Eﬁxel p03|t|on are

sefldpttcani(in Hiedoxes ﬁﬁ% HOtEﬁdxlkﬂe (ergtrnhths snh-piyskioeations, In particular,
ﬁﬁq l&gﬁmlls Xe. A6[ %981% L €6 ﬁ% Usi ?uclfmpl Xer?k %Jr@sgflm -by-6 array

ustrating I nteger pixel sitions
A Sstogir it laghatidns mrlémh @1fnarm, ﬁat ar othndcsiad upit x§11b -pixel locations “a”
r act i.onal
ioBEh 81 R e st S PRC R Bl dngpeer piver €3, e
Heb deatifi@gdrpixcdiocktiéns &, A4 ®3dinfi ey, E$hin1b@xﬁﬁp1kelﬂb%1©ﬁ§ may exist
Eixel and sub-glxel | ocati gns_ar positions within a
P QYREY HHegst BsE kocation Theapmb-Pigglgpeationy et theaughr g fgrkesent every

}{aﬁepeb %&a%ﬁ-ﬁbl%ﬁle! gcﬁtidﬁect%goc'fa%&f \%ﬁ?ﬁ%eg’e%&&@? pi xel
[ ocations, whilée snal ettersbéln the boxes with

[6034] _édtemrrmlse)l lcroap@@stem be preogatbd piithel phymdtsem@s element, such as a
1%%{0@&)0(1 el %%: F%?Cagsl & Slna iy r%enératggt %ﬁ%phojfcl)(ﬁ?deotpay measure an
ihmhﬁ@eo*f aplnghe hodre&atth@lm&amntdﬂthe @enﬁ(br&ﬂiﬁ assciabea pikelointrasity value
cod uni t . f#ggﬁlxel | ocations " ngugh " 0" :
e dBfgeTiF desntia b/ AgiiRegach s S LSRR MLl nppssociated

'eﬂBﬁﬂﬁéenOéu)b 1xe(1:30ca@ioﬂs (or%gé@ﬁgr}nér@f CgRE nﬁﬂnﬁ@tj of sub-pixel locations
| ocati ons , i mlar sub-pixe

gseneatqdofigh ma@}geémxglt logagiongipay Ye dencadentt upoidr desitsdtpresipion. In the
e&gﬁpﬁqﬁasfﬁ#a%%ﬁl lth%% 1ré’%1 ppré 5181&'% uaﬁ(fer 1}@& ?&%‘?&n, in which case,

eve q ua r er-
casls oﬁ theet md:gw pllXell lot&p@s cpnre@@bnc@&zvltlﬁ @ﬁt&dﬂ diffdrcmy aub-pixekpositions.

| ocati.ons . be associ at d W th senso .

PG ot S AL & BRG F Co deisn ‘CHL 0 AUBEaaDs! lpgion based
G the Bl Yor @R At R halfHhe] PRRIsR, efeximylcNBRE WitBad@pixel location
may correspond with three sub-pixel positions. As another example, each of the

integer-pixel locations may correspond with sixty-three sub-pixel positions for eighth-pixel



intensity of a light source at the |ocation of the
sensor and associate a pixel intensity value with the

WO pioegz9ipi xel | ocation. Again, each integer- pP&EUS2009/040250
| ocati on may have an associ ated set of fifteen
sub- pi xel | ocations (or possibly nore). The nunber of
sub- pi xel | ocations associated with integer-pixe
| ocati ons may be dependent up®n the desired precision.
In the exanple illustrated in FIG 3, the desired
REGGHS] Wach Dix@UMhEET Ria¥ ’lefiRE 86¢ Sk Hbre iphkRhIGEs, GBS €one or more
each of the integer pixel |ocations corresponds wth
lpinfrepemandichfasniaaice yalyepi xel positions. More or fewer
PUIEL Y O] R B8 O AP LRURE bbby RS i regs vatues of
dhermihad &k -of iaxteice fdira@is®inalny ChOr cadxrasppéee, Ebglixel location may actually
| nt eger - pi.xel | ocation may.correspond with three . .
C_L? B Sbrfam_v&iswalqe%ﬁg{ DAL IoTa R SrpY é?écsacﬂheofecmgues of this
difRaR! hHdk&et, hactd e predRYof MithgshHeRtdo Wht Bimension for purposes of
Si xty-three sub-pi xel positions for

senplirity- pioxtes prieet thatdachnimien ajsi desqriticd with isppasalp Riveliviglies in one
: , . um nance

05 B, SRR NS oty g R O TREE

[0081] Hatieesxasptt @I 1GNE, sGb-piey lacefioms sissociatodovith nfegeepikel “C3” are

val u f chrom nance .of t hree-di nensi onal YChCr o
R BB R REGiRh, Sn PRES Tl pRafiv tesd with pixe
@j‘ﬁl@ Qaﬁéle)@.QJS “H’a|“B’escc;ﬁ,oﬂ’”acet,hrf’ee ’d,l cm’eﬁs’iwoaﬁ]’aluk’c O‘LD rcm’” “n’” and “0‘”
space. The technigyes of this disclosure, however, ma

Mt thooothprelictiongriogitions psepitied Wiy Wb Teramidtd _rlxoqaa?r}/s are not
BHWR ggle§mﬁ5glg W%lircthgry thos@ ugcteleto_e eite %Iﬂ:a&r &8{3@'1511 AH8S different

are descri respect to pixel values in one
fdictremd il@mationsi assdcated et pixgulesatimayChes doscebdled futhar hletail below).

her .di mensi.ons. [ 0086] In the e lLe.of FIG .3 ,
e TS 5neR 02 C e B B R PG Ty apgsub-pixe
laggiohd Fasteated fgr “gruagt en > pkyxet], preCimdon.” nMfebe referred to as
fifteen sub-pixel positions associated with pixel C3
‘ﬁ?@mﬂﬁﬁéﬂﬁang§-"a," "b," "c," "d," "e," "f," "g," "h"

[I(I)087"] P"rJ:di(I:Itio"n_kurlllit 33 of vid& ‘encdler 4@'?921}/" @etérn{ﬁ@ébix@lf viIR& for sub-pixel
other fractional locations associated with other '
lbentiegeia’ghroath ‘otetinomécrpletiondfiltesing v ¥orungi 3pl Capisistent with the
han those used to generate.-,one or nore .of the
G s s L s R
ket @dcatiosaisingn &3ap atrgidsoni flled such fus Wieder dddeali In the case of the

bel . . Sub- pixel lqcations "b," "h" and."j" may be.
Iﬂ-gﬁfgvﬁ?ﬂ%%ﬁr@&h%@tﬁraw?%l%ﬁ f réla%ﬁt%glt%ﬂawa-ﬂﬁs@é? typically [1, -5,
do0oat 50mp aftRough dther colficien® may' bo used9 Predidtion unkt 32 méy apply the
"m" and "o" may be referred to as quarter-pixel ,
inisawldtion dilte] 608 thphediantal diteetinntand 2hasfin yhaestiesh dgersion, or vice
- 1 nj xel »val,ues, up- pi tio :
o AR DO B o WU RS P S PP L Fispb RER) yHReger il
poRition 37 theGomrizostakbmid vdrtidal tdivectiohUrcpddti@st. dh padruokly, hohalf-pixel

SRS e CrOR. YIS 3R T GENTTIOR @18 ¥ ¥8%una e
Likewise, for half-pixel position “h,” the taps of the 6-tap filter correspond to A3, B3, C3,
D3, E3 and F3. For example, pixel values for sub-pixel positions “b” and “h” may be

computed using equations (1) and (2):



| ocations using a 6-tap interpolation filter, such as
a Wener filter. In the case of the H 264 standard,

W@ b@ofizddster coefficients for the 6-tap interpoPEL/U82009/040250
filter are typically [1, -5, 20, 20, -5, 1], although
ot her coefficients may be used. Prediction unit 32 may
apply the interpolation filter first in the horizontal
direction and then in the vertlical direction, or vice
versa. For hal f-pixel positions "b" and "h," each tap
BRY(CAQr $€3pondch o RRrChnteger EsXxelqpRsition in thg
hori zontal and vertical direction, respectively. I'n
paytazcubags Jpe3hal B XSl 301 fg)/30D,  the tapgof
the 6-tap filter correspond to 'd, 'C2, C3, C4, and

: : £ arhalf - pi 1 et
s gof 3yl RLinDA Lo Rh B BORNE ol Pty cpgRopBPcfelves
iR@rpolkoed dranmpitaly pitwetn yabitiess £0rCe wbd pD k€16, posvdriighls between
Qo%uo%sn g\SKP?}. n?X@E&ﬁ%ﬁ%%dlgg%' ng"’egl%gﬁjé%%ilp%%i \K_?'_lﬂlda 6-tap filter
tAf)us&prévidudly mtdrpdated peBalded QT € 1200 ositidhd=3.gt iFddcordance
+ 16)/32 (2) [0088% For hal f-pixel position "j," the
wighheneg eyrtios tH9T#1 t er correspond t hensel ves to

i nterpol ated horizontally between positions Cl1-C6 and

D1- D6, or) Vépa i &8 2Bk wEhh pasiitHibnslA32F3 and 3)
Ad-F4. Hal f-pixel location "j" may be conputed with a

6-tap filitetcehatddis®EhprdVeoustsf g erlpyPat ed pi xel 4)
val ues of the half-pixel positions, e.g., in

valoeo fad alieserateidtin Féned)ofa corpasiondnty gn3integpolqtipn:befween (A% aand A4, bb

czc)frg%)%?ld% fogérkl) _&%taﬁ%fa?_igﬁ &pgée!eip %3* Jfa#‘-gl _'Bk4g éﬁﬁléﬁ%@éﬁ% 21jo (%:{1) interpolation
bebheder ((3aand €4, bk tcoatedndstofh@tePplatian deveers PArag D40 iiadrresponds

i nt erpol ation bet n nd, A4, bb corresponds tp an
PP PR H?Br?ewmna“é%‘gﬁ‘&i BAOTESPBd BeBoRlEPlgiog peveen F3
dnBt Bf POhatduanob el WeetreAas $4n MierpQhtisis BoRden (@ aRd D1, dd
i nterpol ati on between and D4, ii corresponds to an

dorregnopeds &t perintseolation tEgvesn dCE4ndAp.jlj cemsperdsandn ingerpolation
gl | ot Ea. . ,
B0y dN & B ﬁ%,'e@ Lo RELWEE B tu?’tg%olé{éi?n L&W%%féghg@ Blﬂj ffgcgrresponds

corresponds t’o an I nterpola ween

to anri@sipoladsn beawaen Chtaed pol aidi ggncobetpoadntoCa iatedpdDRjontbetween C6
cg&&gsponds to an interpolation between C3 and D3, ee
®Ortesponds to an interpol ati on between C4 and D4, ff

[0089) €SROREAt wAh ak HNbLLRANAY] RBdiBRIMNGEN3 Lhad r&l@te@ﬁin%gb@(el values
g corresponds to an interpolation between C6 _and
c

2% <¢ 2% ¢ (13 9% Cer 9% ¢ (13 1P

RS YT-Peshiicaianst ani eh “dhecH. b842st andar dl.” predincepdrp” using a
fih VAP HRE GNP hKE] vHAlURSh 1hgrinRbChnd half-pixel
S R AR e N R L e
18entions. nFompchnipde, pusdictgpnaunit 32 may determine a pixel value associated with

sub-pixel position “a” using pixel values of C3 and “b,” determine a pixel value associated
with sub-pixel position “c” using pixel values of “b” and C4, and the like.

[0090] The actual filter that is applied by MC unit 37 to generate interpolated data at the
sub-pixel locations may be subject to a wide variety of implementations. As one example,
prediction unit 32 may use adaptive interpolation filtering (AIF), as described below, to
define the interpolated values. The ITU-T SG16/Q.6/VCEG (Video Coding Expert Group)

committee has been exploring coding technologics that offer higher coding efficiency than

H.264 and, in particular, AIF. AIF offers large coding gain over the interpolation filtering



bilinear interpolation filter and the pixel val ues of
the surrounding i nteger- and hal f-pi xel |ocations. For
WE@2@apL@11 prediction unit 32 nmay determ ne a pPEEUS2009/040250

val ue associated with sub-pixel position "a" using

pi xel values of C3 and "b," determ ne a pixel value

associ ated with sub-pi xel position "c" using pixe

values of "b" and C4, and the*like. [0090] The actua

filter that is applied by MC unit 37 to generate

ds@& 8f RoteiRd Ak, &bedig SRR XGhedc@ERith A BRYutRE (c.g., 720i/p

ect to a wde’ variety of inplenentations. As one

H{%@V@) br é\dFCtheolntemglqtlongﬂm;y ogggzgclaglgpplp(vleposmon is analytically

c&ﬁ#x?a‘ie%oé %ﬁcl%nnvtléérol %‘?I{l Bg II(lA*nE élgg %ﬁ%gr%fi%{é#gﬁiorb&le%\y "f"hQS helps to

SEed Qlaﬁin‘g%ﬁntmﬁtdﬁmn@oﬁbtm eEMmeﬁdsn éﬂr@u,p:)anmmrmltd e&ecother artifact

has D elg 6]%)( ﬁgg@%ﬂp ?Fégp%f: HAgeo hr']fo % eﬁ]&f} Ql? 1ca ly derlved adaptive

ﬂﬂﬁ:’i Eb&ﬂl:l@ﬁts fé¥ dach Aafnic Afd BES plAlcBQl, GRMARGI, 984 RAYQEnttiRehe video
interpolation filteringused in t he H. 264 st andard,

hilspeasn.aPome ohthyiterbaiqyeyeichiselisoldstts denlghwerksothin peAIF scheme, as
4%§ gnﬂmgg)cg%ﬁ g&Q&%&% In AIF, the interpolation
I or

ter eac p1 xe p03|t|on is analytically
[O&?k} ulhatee aref man;edtfferemt dﬁp}:sfcvfaﬁﬁ bghemeniconhgsterg Whie aspects of this

d ction errq ner This hel.ps to address

Tefn g O STHPF 2 P ORI A POl Ry TR DTt Bl ALF (NS-ATP)
2@@6@{(1315 AGLSLalE AQF (SATRY, bhd aetirccionh pedtd dirdchénal ﬁlters (D-AIF).
original and reference video franes. The anal ytical |

Alghavgl gachicpf Shase & IF iseheates gerefifictsnt HEpelaionsigetiques frd Support all
A€ Aﬁe&ha{l&dfnﬁ#’ %go sim o?tahﬁlg;lcal &%Qe@%ﬂ d hth'e rﬁl{e? %oefﬁclents

video bitstrea nlques 0
whislt Isesplemed belbd vasmglnonistrrablaAldFansxhmple, as wel | as

ot her interpol ation, schenes. 09 here ar
ﬁ&% f%:ﬁsxﬂ%ﬁ 7Y~ 93}5@&%@%@ %%%%régleotﬁlﬁ @%ﬁ?efﬁﬁl%s h;; where
ct f this disclos r a fL he
e e PG ST P 5 P BIRE, PORER NG AUl Poown i

H@and\Idt§t}f&t sepaKald aubMikel(postibhy, i.carel” apthicrddi’s“i@nand “1,” are
AlF with directional f ters (D-AIF) ‘Al t hough each of

qngelmenyiqnak dh@}resg WSl dIOPRigRRNENG RESHGHON abRibP2 may use a 6-tap

15%%6 tﬂHqﬁte gﬁ)@ﬁg Such®ata, tEUE xé}lﬂgsﬁg fﬁes“ﬂmyc 2ISE» «p» and
ar ana ytlc processes to derive the filt

‘t5efd iDilenhssenphilahthicy aex picatict @ a thetipwata) sir rvgrtlcal hne between two

.non-separable AlF,as an exanple [00 Assu a . .
BBy TR B Rpns A BRar e Db dha e ot BRehay e integerpixc
pooRibhd €A EMrSudh NS €1G. 3) @ e ref‘éreﬁ&dfrsﬁﬁe iR BS ?Bgteﬁ Va8 of P,
of the 15 sub-pixel positions ("a" through " shown

Wieré G- 035, '%Iaelst h@ttak@(sj ao \Iahﬁ 01“5](’3%51@ P&&t@kesﬂﬁ@bﬂh@&ﬁ]’s o> --os F1
i.e. a, , ar e

(- VBINS o], (I Bhdmbrapésﬁﬁé vRIRS iofi @NS, TRAGthe interpolated value
predi ction unit 32 may use a 6-tap |nterpolat|on

LFPIaE &ib- f)lszell ;;Usﬁfoﬁglpats@ é{&ch oqiainay b§lé91‘cﬁ’l'a[1)‘?é§|by?ﬁ§d1&tio%ﬂﬁnt 32 using
ar e I n e sense

1hhﬁﬂbhhgyxmmmniocated in a horlzontal or vertical line
bet ween two

SP
_Opl.,jhl.,j. ©)

[0093] Let S, , be the pixel value in the current video frame at position (x, y).

X =x+|mwx|-FO, 5 =y+|mwy|-FoO,



I nt eger-pi xel positions. Al so, assune that the
predi ction pixels at the integer-pixel positions (Al
wo koo F6 in FIG 3) in the reference franme PERES1008040250
pi xel values of P where i,j = 0. ..5. That is, Al
takes the value of PO O, ..., A6 takes the val ue of
P50, ..., FlI takes the value of 50, ..., and F6
takes the value of 5 5 . Then® the interpol ated val ue
p sp at sub-pixel position SP, SP e {a,...,0} , may be
WRE L{Ln@} % ¥s ﬁfeeﬁbﬁ(;ﬂ 9&:‘[&”'(@ %yﬁ% glsttH@ 11Itgéelr QYMnBQnent of the
equation =S 2=0 J=0 - 00 SX Yy
bt vattrUgnd 7O h@t}féuﬁm&rﬂffsw dege fvﬁl@me;,ay)mﬁé Ed)@tﬂ,pondmg pixel
(x,y) . L1 1 I mvxj - FO y =y +[my]j FO where
rosaien my the refsrenbefraes. dror erotde,, in the cavx pt ¢-taprivier,) FOs=6/2-1=2.
the i nteger conponent of the notion vector, and FOis
Koneadh $uberixa fposiebn Sﬂ’h‘éle\pact(ﬁmio@)c,rroy)sh@gy r‘eg ) between the actual pixel
correspondlng pi xel position in the reference franes.
‘abie 1B iengarient frmg prd @sé@erapla@dtvablefcﬁm be pecuplatedghypprediction unit

3bTof atl phRIs tRAAVS WRitiBh XEltoPHSE kbR RorrE I'poﬁchﬁg %] ﬁﬁl)' ﬁ£é1%51t10n SP.

error energy \esp J between the actual pixel value in
THREpCUtEN orbf RBAME" YN GndyNEE bROhIFLE by ﬁeaﬁu&@rﬂmﬁesz using the
accumul ated by prediction dunit 32 for all pixels t
fhAwmeingetjidionyvect or preci si on corresponding to

sub- pi xel position SP. The prediction error energy (e

sp j may be cal culated by predigtion.unit 32 using the

f ol I owi ng(&quiaty 3nfs ( —3hf B gzi)g lD hl]qriﬂeaa\,h of (6)
t he sub-pi xel posjtlons’ t He O '37) may

set up an individual set of equatlons by computing the

[0694) 2% i ven Qff e Fhib. #xteh poSERRCH thRubhe, flt 8hit 37 may sct up an
coefficients hf F. The number of equations, in this

IB@S Rluall 2t BOMRatibR Byh@nHiRERhOderfibitest GOt fii REeSt to the filter
used for the current sub-pixel position SP . For each
do‘éﬁ“rciﬂnféeﬂg . OTad nfmdbYr FWauione! inp@isi dabQAs equal to the"nuntber of filter
", j,"’"k," "m" "n," and "o," prediction unit 32
daiaijﬁcuﬁe @sc6-by the dm@ni?@h—mkﬂrm)@itﬁhlﬂ?n Foil tah. two-dimensional (2D)

g pl ell Xel (Pn c$| I“fQ,rIS ” cg ’” “ ” tck I,I, 13 g>9 “ ”

and 0,” prediction unltn}2 may use

positi
a 6-by-6 tap 2D interpolation filter. Sub-pixel positions “e,” “f,” “g,” “i,” “},” “k,” “m,”
“n,” and “o0,” are 2D in the sense that they are not located in a vertical line or horizontal line

between two integer-pixel positions. In this case, a system of thirty-six equations with
thirty-six unknowns can be solved by MC unit 37. The remaining 1D sub-pixel positions
“a,” “b,” “c,” “d,” “h,” and “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.
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"n," and "o," are 2D in the sense that they are not
| ocated in a vertical line or horizontal |ine between

WO doiimoeper - pi xel positions. In this case, a BYBEUS2MWH40250
thirty-six equations with thirty-six unknowns can be
solved by MC unit 37. The remai ning |ID sub-pixe
positions "a," "b," "c," "d," "h," and "1" may only
require a ID interpolation fitter (e.g., ID 6-tap
filter). In the case of a ID 6-tap filter, a system of

Iﬁlté&&s?qg%{a'yQEb?e&ﬁﬂo&%@@bN@%t Bym%“y aamfe;enaﬁner& %91% be used by
y y c, yvygl ugl uhkKi1p+ +J Tl
@ymﬁ3ﬁkogﬂ$ﬂyeﬂwrﬂﬂhqﬂ@CbmfVWqu I\ "y - VI uvl u
[@?%__6] p]ihélF (& c e%gmﬁjé yﬁ4+$es§( og génr ving a df éptl}gélg glre{ngFng{ter% fnay have the
foewyindisfehe wehith dainlbe @Eﬁfortrﬂbatbyrmgmhe)numﬁdzby MC uni t 37
to generate t he predictive dat [ 0096]. . Thus,
exanpt e ﬁw&%%tlw VP \ﬂmﬁ@ W@mﬁ fog sy Vﬁ@g@%%ckptp rbe coded. During

filters t he I e
per f or nrélgP n es 1ma ré,tell g%edun cgiﬁc’o f‘ﬂ’?ﬁ%& Ladies e i ﬁegqo?aﬁlon process of
vecporsHQﬁuxymmy&mﬂﬁmpﬁkﬂry vi deo bl ock to be coded.

buri r}g Using these motion vectors, accumulate prediction error energy for each sub-

pixel position SP over the current video frame. Then, calculate adaptive filter

coefficients hff for each sub-pixel position SP independently by minimizing

the prediction error energy as in the two prediction energy equations above.

3. Estimate new motion vectors. During this motion estimation process, the
adaptive interpolation filters computed in step 2 may be applied. Using the
adaptive interpolation filters, motion estimation errors, caused by aliasing,
camera noise, etc., are reduced and better motion prediction is achieved.

[0097] Different AIF schemes may use the same analytical process as given above. The
differences between the different schemes mostly lie in the number of unique filter
coefficients used, whether the interpolation filters are separable or non-separable, and the
filter support used (i.c., integer pixel positions used to interpolate at least a portion of the
sub-pixel positions). In each of these schemes, certain symmetry constraints on the AIF
filters may be imposed to reduce the number of filter coefficients that need to be encoded
and sent in the video bitstream.

[0098] For NS-AIF, for example, MC unit 37 of prediction unit 32 may interpolate 1D sub-
pixel positions “a,” “b,” “c,” “d,” “h,” and “I” using a 1D 6-tap interpolation filter (also
referred to as a 6-position filter as each tap corresponds with a integer-pixel position),
which requires six coefficients. The six coefficients of the 6-position filters used to
interpolate the 1D sub-pixel cach 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



notion estimation, a fixed interpolation filter (e.g.,
the interpol ati on process of H 264/ AVC) can be

wappbizdil 2. Usi ng these notion vectors, accunRdCEHUS2009/040250
prediction error energy for each subpi xel position SP
over the current video frame. Then, cal cul ate adaptive
filter coefficients h F for each sub pi xel position SP
i ndependent |y by m nim zing the prediction error
energy as in the two prediction energy equations
R Rnts3are BSY IHBRICE, MBWERDLUGT . VERde ifiegdAPitdd Podifbs represent the
moti on estimati on process the adaptive interpol ation
ﬁﬂmt%msmﬁbWhh@é@ﬂpﬂmsméﬁﬁz may be applied. Using the
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bitstream [0098] For NS-AlF, for exanp MC unit 37
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tap inte o fation fifter (also referred to as a
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r-pixe on) ., which requires six.
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“filter support" of th interpolation filter. [0Q099]
Eedigicnti YEDe o heagt Fh@é?%o?né?rée% EYEn prtgigplation filter to be
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using a 2D 6-by-6 |nterpolat|on filter, which
unﬁ filéas Supriort esisions feldtive o etbext filfes isenmos poFikiens for a given sub-pixel
#ﬁq E&%eﬁﬁ% eafficients of the 2D 6x6 interpolation
use to I'nt er pol ate
[00101] Pixel symmetry may be used in NS-AIF. Referring again to FIG. 3, let

hy i ,.... e be the set of filter coefficients for sub-pixel position “a,” then the set of filter
coefficients for sub-pixel position “c” is A, Ay ,.... A, , i.c., the same coefficient in reverse

(13 ,,

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



t he 2D sub-pi xel each correspond with integer-pixe
positions Al-A6, Bl-B6, Cl-C6, DI - D6, El1-E6 and
WGO-200PB8269These i nt eger - pi xel positions represenkCT/Hg82009/040250

"filter support” of the interpolation filter. If no
additional restriction is inposed, e.g., no
coefficient or pixel synnetry vi deo encoder 50 nmay
encode and transmit nine sets®of thirty-six
coefficients for the 2D sub-pi xel positions and six
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associated Wwth two or nore sub-pixel 1ocations.
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certain ectio ori zon di rection,

[eerdsi cal d&s&ﬁi@thbﬂékaﬁfpld)@ét@fo,fhg)lr, me. Yar 1 /us., ki ldeahe set of 6-by-6
support positions relative to other filter support

v diltet oofiionts dogswepixslupestionete.’V allumsthe sebef filter coefficients for
i nt erpol at ed. 100101] Pi xel symetry nmay be used in
st F2” Refrer fing "agai s thea-F+ 5o Goripeatally fligped versiop):  Similarly,
be the set of filter coeff|C|ents for sub-pixe

tho s¢ttafditer goetlicigats fph@lbsmeldfosﬂuont“ ” léo’ei)fhs m GI'HES- fl@sh oo s
sub- pi xel position "c" is

(Ferfeal boBioped v @fion). ﬁndébf‘eﬁ% @f cﬂh@é FOQfﬁCII%tﬁ |f<2rthbaHl¥%1 posmon “o” i

kotprxi pasr bon™e s anbh PaBlE ity ey Serisely ivvea. as
sglh%%tig-}ogei(gésngoc "‘V:?‘ ? ‘?n” zg'Rl «“ b%ﬁ&@@%gﬂ %Erﬂ#etﬂls 539111{1%' between
sthixl p&Sitidma “Bbard)h, parel between(ﬁbs-ltlbm HC21,% “B” alBHii” 484 imposed in
a+g}lnilar 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.”

[00104] 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.



a -C +ha C6 (9) Sub-pixel positions "d" and "1" may be
i nterpol ated using the sane set of interpolation

wo piovareotpef fi ci ents as sub-pi xel positions "aPCHO2009/040250
"c," respectively. As such, sub-pixel positions "a"
and "c" may have pixel symmetry relative to sub-pixe
positions "d" and "1." [00102] One aspect of this
di sclose is to actually renov€ pixel symretry between
sub-pi xel positions "a" and "c" relative to sub-pixe
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ummm,m& e Oh5ei ,...,h5 e 5 be the set of 6 by- 6
D fllter coeff|C|ents for sub- pi xel position "e."

Then the set of filter fieients _f,or position

is h 5 h 4, , "0, ﬁo % ﬁ i "

flipped ver3|on S|n1larly, the set of

fil
ldberise.dhe ﬁ?%ﬁ?lems Lepinfsrnadytiogdyfers fy thfhindg fwstheané fifth groups of
S b-’p‘lXCl pgétlﬁls which: il tu® Mb pixel- poglltlol'és (e el G & 7Y respectively, may
flipped version), and the set of filter coeff|C|ents
Hawe caafbeipitepmmetsias oan inotquitons §1 1), (1R),end (13)Kespegtively
,0 ( s horizontally flipped and then vertically
flipped) . As such, subppixel, gosilianss,ie,;" "g," "nf (11)
and "o0" have pi xel synnefry Symmetry bet ween

g

4,472 "hP O (horlzontally (10)

h,=hls  fori,j=0.5 (12)
h] _hl]5 7 _hSJ i,j _hSJ i,5-j for 19]202 (13)
by =, e

[00105] Under such pixel 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.



sub pi xel positions "b" and "h," and between positions
., "i," "k," and "n" are inposed in a simlar
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pi xel symmetry constraint, there remain only five
groups of unique filter sets a first set of filter
coefficients for subpixel group " '"c," "d" and "1,"
a second set of filter coeffl@lents for sub-pi xel
group "b" and "h," a third set of filter coefficients
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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 h(f ,hld,...,hsd , 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



sub-pi xel position "j." Thus, in NS-AlF, video encoder
22 may encode and transmts fiftyfour coefficients
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constraints. As described above, the fifty-four
coefficients may be analytically solved based on
equation (7) above. Video encoder 50 may then predict,
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dndq31 asgg{elr élgﬂbto?t D{‘C(ill)tll(glplﬁgt yf'*tﬁﬁié Q?@Pﬁg skt D(ep% C?n]? f,

I nst ea oefficients of ter s
%(ibapi‘Keith asli2tponen"ddgoasldntegolaioe fdier ihagbas integer plxel positions

quﬁp%gdﬁ tlllfy Fnggrl% %ﬂof)?eﬁ2 andkol ds fjlteir suppoA5 a and

[00111] D-AIF may use the same sub-pixel and coefficient symmetry as described
above with respect to NS-AIF. In terms of sub-pixel symmetry, there are five unique sets
of filter coefficients for interpolating the fifteen sub-pixel positions with sub-pixel positions

(13 2% < 2% <

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



h. ,hl ,...,h5 c , respectively. For each sub-pixe
position that has vertical novenent, the subpixe

we oLyl is simlar to NS-AIF. That is, coeffPCi/E81089/040250
for sub-pixel positions "d" and "1," coefficients for
sub-pi xel positions "e" and "m" coefficients for
sub- pi xel positions "f ' and "n," and coefficients for
sub- pi xel positions "g" and "¥" are vertically flipped
versions of each other, respectively. For exanple, if
%ﬁ%deg’@rglt)h%' e- §1X@f Bﬂﬁoﬂéer‘é ¥ 0%'” f‘fnl’ tgfd O BRI el same filter
posi tion ﬁ ..... then the coefficients
effickats(est, lrruapref:h flipped #r)dforwbteé iveiglonplogbt pigel poditionss™d” and “h”
ggr’hﬂl%:the Sflme fg%r \(/:(é : %fllgl’é g)e’b‘tfc' lllrp%(Q Ihéﬁ%on%éf IHH%I* 1¥d “ﬁ’eﬂlelhé‘ a vertical
filteme REH- prel foshldns ¢G2S, nOk,’ ahd\i\?ﬁ\/ eha,rmlgathe szhﬂd‘ IﬁZt@ﬂ’]&(&lfﬁClents (e.g.

sub- els The sub pi xel. s

L e RD L ORGP s D LB g fowh 2 of filter
Qberdad and sent from 144 coefficients to 102

coefficients. [001081 S-AIF, like NS-AIF, may al so use
[8BE2 i ci edr teypyradtqopificient gymmetry.r il coctfiseentsufopdire st sub-pixel

SOTLHLRE o Toarr el chy Sty - PR TR SR wniaue

doefﬂcimtss@me thfs first gNElpAlbd-l—-ng excephmttnal, filler Se&fikichiheoe the second

R, (hori.zont al ver ters
Dbl s Rl B I ED e B gtk Tt B aber jRigha cpéhriciens.
d.ero @ﬁ@ﬁhrﬁ&ﬂc)p hoxBh tHIRISIet bOfMltcPRoc BB cBts {fbh sub-pital groupkd,” “g,” “m”
the filter coefficients nmay have symmetry as indicated
anfl “equiaes dAirectional GppitoefilirhBrerHis unigue fogelnts. A fourth set of
y d«coef bi.cient I
bl iy 20 oot Bk ST BB i
(beﬁk&ms aifid \ae fifth Whuﬁhﬁaﬁecsqﬁuenmlﬁmfng®f£ thhnaibg etk unique

e .coe f|cient
PR PSS B b R RSt BBl S8k iy g 309 +
arase p(fy raEp =eE¥D G@iﬂﬁc@lﬁs N&Yesq UHRE cadficipiite Hagtbe fredleted, quantized,
and send a. tot of . fifty-one unique filter
@&t pn¢ phinsthe NldF?lélt%Hea’é‘o bi tstream [00110] In

[@@p1t3|]18r ANIC SaRSTE Ipécﬁltﬁm Rfiesh ﬁlﬁif @tk Htﬂa' & ﬁgremﬁe interpolation
directional filters for the 2D sub-pi xel E§S|t|ons

teghniques descﬂ@pd hetgin to eghatice the 'accumey of mpterpalation of Subfihirel positions
Coeecltdéllc% esrfnllnr%%/e%{%) ints liooFa%O rfllt%:re cc? Ifﬁmf:rﬁg t}}alt lnE:ee a?rgcoded and
tehsihhedc oetdrited emg&atraeécdsﬂ bﬂobes h ﬁl%fﬁlmtetveq;lxe'l\ﬁlter support with a
§$cr|be herein, filter support refers Fo t he f1xe

ipdal thapn Sraf Maen Rersed dereintspradationatrghnifugs thal wye &gelfipiont symmetry
AnftpBIP Ytk thg ot BBu S WRs Rtk 0POFd hd@BSto BdEcHibtwh af®Ycoder and
comput € sub-pi xel 803|t|ons "e" and "0" with a

%dméqrrttpmnﬁgﬂre éha BT wipagb el inferncdqtisn| teehuauei for gamoving some
S5y 0 S AT 08 . B R i
ioeppupiecls lsatiinseln Ppaosirnnkoist "ig simita tonfubapikdl interpolation. Offset

techniques are also described. In addition, techniques for selecting between interpolation
filters, and techniques for predictively encoding filter coefficients are also described.
[00114] FIG. 4 is a conceptual diagram illustrating a twelve pixel filter support with

respect to nine sub-pixel locations. In accordance with this disclosure, MC unit 37 may

2 “f 2% < 2 “ 9% C6g 90 “k 2% < 2% < 2

compute sub-pixel values for sub-pixel positions “c, 2, “1,” 9, m,” “n,” and



a 6-position diagonal interpolation filter that has
i nteger pixel positions A6, B5, C4, D3, E2 and FlI as

wo piovaredsupport. Prediction uni t 32 may conput BCT/US2009/040250
sub-pi xel positions "f,"™ "i," "j," "k" and "n" with a
12-position diagonal interpolation filter that has
i nteger pixel positions A, B2, C3, D4, E5, F6, A6,
B5, C4, D3, E2 and Fl as £iltdr support. [00111] D-AF
may use the sane sub-pixel and coefficient symetry as
‘depalddRpthaioved Yﬂtééér RePeMlcst On M AUsE; contpulifg MR @b-pixel values
sub- pi xel symetry, ere are five unique sets of
doiripriees awéNifg @ eme@Ofaélpn ifHtee rthed | definesga tie-dith¢nsmal array of filter

t.h
s,%lgﬁjorgf%@éﬁ fggétjﬁ%spg%hgn% oea Ss?ggrr@ i\/)é?érrlpc%é@fnq&%) 1n?e'§er p&el pOSlthl’lS
thet. syrroumd the cubgjxef bb@tﬁmﬂ aaliisantcdtiateéd. 4.eMae dilts) support positions
sub- pi xel . posi.tio ) g, " d "o" .shari.ng the
o Tt i 1 cqaeﬁ%lge% Frgring. o s %@-mﬁq |P|Bb‘Bg“S arc shown as

‘tﬁ‘ﬂ@s’ RIth UOkAL 1BRs ¥R BIvRPSdse 1StRmP! X8t uRPST trﬂa?ﬁﬁterﬂ%fat@ﬂﬁiels in this
"h" sharing the sane filter coefficients elng
TAgHICY St Akryf Pikeledf @fitdeo rblocseﬁwgmay \génﬁtrﬁféaﬂ prﬁductl@vf plock based on
12% oﬁ’éfﬂﬁe the ?9%%&:@?%%68 ane (IQ .pos.l‘flgnmﬁlrtégg]é%ﬂt l%e}%tllqrah ggshtaﬂ? and has
simdidrdrequatcgtreghousr Bitha13¢ poatch Blidy-spppoet uged s NSezNIF tput with much
h@S ng set of fglter coefficients. [00112] In

iR | @p%8%W$?%W§W? symmetry, filter coefficients for

[OOELS] i 1 st ASUEmPbX @bprgéigd® fidie IlIdi BY thedsub-pikel” valéks @B comprise
uses a I D 6-position filter having six un

@f&@;fhaéﬁ-@ﬁt@d(quager -pelhealygsy s hf@ rl@tgﬁ)obaélpﬁ gﬁlter thatqdeﬁnes the two-
d? @ns‘%cl)ﬂ)%ngrfreg/r&f)ﬁltefr sﬁﬁp%h &ﬁgﬁ%flé R ?Eﬁ&i t%QfgﬁB@ﬁmé S Mkifteen half-pel

oup use p03|t|on
ﬁﬂkmemmhmbvmgwtmsmnmumﬂﬂﬁe4coeff|C|ents (i.e., bis

@ﬁmf ;Ie|C)T'hF Sgt ?\geh/e o m.orect 1H$ef g rpijxe,l 61051%@’125%1%1 surergand tfhe sub-pixel

isitiend h@rsabwﬁ‘\ﬂﬂﬁﬂiadm@ 1f1 IHiGes, ahﬂ\lthdi}glrﬁlu&e dHurgfieger- plxel positions
coeff|C|ents set of filter coeff|C|ents fo
(é} (S:dl}?) Bfand Déﬁ surrouRdlng gﬁdlmfhhalf]geé agd ﬂgar{eé-@elf yalyes,and elght integer-

ﬂ??éf'ﬂ?)gltlgné" B'3qu @Qetfb" @28@58 E@ngldanf 'sﬁﬁr@urﬁlﬁ{g @1fe fold tn%ger pixel
coefficients for group "J" haV|ng t hree uni que

osibhs. cEashtod theThlter seprait nesitibes inghe tyrd-dinengioedl hirey ehfiler support

plé)?ItI;OQSe s}g)}ive‘li:lg el?lﬁ]CI dfe tv&gthlrgr \)é% éntef%(ef-%nxel 6((56‘4 S Cr?létﬁ‘%e to thg/ sub-pixel
pogitiohe dSwdhefilteripg andyl e, pactadetoticandnpendatiom difigy ¥ iville6 encoding
bitstrea [00113 upit 37 of edictjon unit 32
%F%é)é iOF b5 21%‘%0 8%@ Dies dluﬁfl%'r‘&deatdﬁeﬂﬁhl%gelaﬂfﬁsah%gldeo decoder
61 R d DIehEitRE 1 £ORBMRE ptdtessapeticaby ufit 32 forward a plurality of
er pol ati on of sub-pi xel positions and/or reduce tﬁ

Sﬁtﬁn%fePOQfﬁCIPIﬁt eyl @t PRrepyi ¢adgte BeiefHoi e et oft thatpredielgpn syntax
218?&91% egéoﬂl%gnalﬂdFﬁ atlr]StFé %ét (f*vt\x%?\?ecg pﬁgﬁ Iﬁ%g% %ﬁge??osmons that

lowis a usefu e- plxe support
seirbindatheatibalixes Ipagidotshids areadidd ehaypeshd may comprlse a set of spatially

WOI éart Il)lge pc}sﬁﬁ)rrlg] Itcg lileesmglg] Ellf—lf)%leando cellflafrtle? Ipeel values defined by the
interpolation filter (e.g., filter(s) 39 in FIG. 2).
[00117] Entropy coding unit 46 may encode the sets of coefficient values and 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



and pi xel symmetry to reduce the anount of data needed

to be sent between an encoder and a decoder to

w@owbigigne the filter support for interpol ati oPCT/US2009/040250

techni ques for renoving sone aspects of symretry

relative to conventional techniques, and techniques

for filtering data at integer pixel locations in a

manner that is sinmilar to sub¥pixel interpolation.

O fset techniques are al so described. In addition,

deBRANNGMER P RF 15 RhACHIfREPRUMBARI 16 P A ¥ FIG. 4 may define

filters, and techniques for predictively encodin

¢1ff¢1p@trwclebtﬁrfgs dprethegwalve oalnze deegsr ipbell pofiGUB] 4lixdt|sEnmetry may
LRt c%qggt%tsg Iof g %ﬂ[ﬂ%ﬁ@ \;ah%elé Sd%f“ @é Nn(gff Btv\gé él?t n%s )f(?lj the twelve or

T ter sup Wit respect to nine B

mmeahnegensmxdl moﬁfﬁmr daaee M drd Nl'areSpdi;lltS&I 1ﬁ’$gdfr@ andVlN wryréater than

S{TH{\)/% \r;p @s;e pg(l# B rrlu)égtlry \r/r?alyua wf gormqilcj)P t elrﬂ))(l.?;el Wcatlons to rely on
ArQl, uﬁ%ﬁ@(ﬂo%t&é@w&@ﬁt‘i’@ﬁ of %Hﬁg ﬁfxeploﬁﬁlony% HRS codfficients do not
this case, conputing the sub-pi xel values conprises
nepg o ey dech forr rcetigrs| thatihaye mikeltsemmickraovithethqsaab-aixel locations.

i mensi@nal . arr i 4 0
[E:)g\?l?ispon Iﬁg @t is c‘ré cgé%e%g!rﬁf td\}\%%\[/né Sitiﬁs‘?r%’ﬁh%‘ga E{ntlio?lﬂﬁ S)IX -pixel filter
suppey &lithpieX}&ict plos¢ hbonsital hab-pstet lowmndng, raedsauberpcadedlx -pixel filter

0Si S as IIustr d 4, Th iJter su
5@ SRR Qﬁ%we‘ﬁﬁ"ﬁ “b}?é’%?:‘ ﬁ%“aﬁ%‘“’ cib FJ‘:L‘F’f é%’oaploca“"ns are
s|h@dldde\lidtllil QapiedNtetichfg Sdhd-thé X€b-piReSIctatInS agd n-SIAGM WiSh lower case
boxes with dotted %lnes and Fomer case lettering

MC
lgftqringamd datjed ey Y ypis 3 pimay|cemphtetths @Jbrmﬁﬁevlalwsﬁﬁor locations “a,”
\f 1
S)F gz{ C‘?I gﬁ 5@?§1m a\ﬂggggn@h)%?aﬁpré ?igtg at A cj;gﬁﬁ&ga[ glllijee(_ilg}en51f)nal array of
g wapportThesitichs golsCoi AviCf udit é? n@um{im tormage gher aﬂbﬂakel values for
«and,has similar fre r.espo
18%3%-0{1% flhl’ i & dS lu plarma?pl%m% Néntﬂl%ﬁp ?%te{ﬁ a gﬁmes a one-
didhkiaml hﬂﬂi}eéﬂlﬂleatsu@i@rtq%mbﬁs}(AB Y3, [106Hid Shy Ascadintdsdlation filters
appreci ated. fr e sub-pi xel val ye

eS8 farispy Qeféhp ﬂfaffqn halafrpeb'ﬂui GaHFrRS YplEes %hawaé%¥IGrr§e

[06‘11@'] pol atP‘I@n6f1é htc%flcetphﬁt e fa'rrf‘ﬁﬁlsttri’[ﬁlgt 2\’\’9% %&ﬁb&ﬁ% pixel filter
array of filter support p03|t|ons I's appli define

supprat &t ﬁlweng |an tideger paict lqsetiorankh td:}uaqaﬁemlqnmlatm likesfiltgging may

B ha?a%ed vrx]lltflz respect 1[11th 1% ]ga}]x?l heatlsé)ﬁs:, }ngcarﬁfgv{? :%eneragt% a%?létgﬁl integer pixel

\@h&lst IIDF\E} al &)r%lﬁﬁmlevmntdgetslhﬁﬂlvﬁgleIaﬂpdy_sht@n @3 napderfit¢red based on
four integer-pixel posjtio

cl ud C3, and. D4
astiver Bt Rt #EYM e nBil B &il- ?TCPGQQrQPQIE%p%? D&&}%g@er supports
R0 6 dbinciNbe ARERE ¥BIcriRO S ITh t1RDTaB3 if B uﬁ}g 35Gaentifs a block of
D5, E3 and E4 surrounding the four inte - pi xe

ints&ertiiens MEasH grmahltaricaehepixghpnsest en p c1bb/d”wg nixel @fyay shown
d ' [

BGOSR oLt Pl KLk EUGPOREPIBANINS, i v

m‘eirm)ﬂatme-like filteeng utay ficxepblig@bwi ihicgarspix Gsiohhith htagrimpgve encoding

ag?%}g ﬁléluﬁl?rgattlog fchglt?ggsl grnscgr%r?genlsngtolr Pa?ie %Htrsl ?19 a(zfldit\llcl)ngl ?nqteger filtering
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 imposed on filter cocfficients. Integer-pel filtering may also be extremely useful in

improving quality and/or compression for video sequences that have focus changes.



process by video encoder 50 (FIG 2) or during a video
decodi ng process by video decoder 60 (FIG 16). During
W0 b@stzadeb encodi ng process, prediction unit 32CT/UR2089/040250

a plurality of sets of coefficient values to entropy

coding unit 46 as part of the prediction syntax

el ements. As shown in FIG 4, the set of twelve or

more integer pixel positions Yhat surround the

sub- pi xel positions has a radial shape and may

[@@m? i se ghagtvidlo §Raddrab! Mhdor AFRBLdcbstcP a8 mA Kflze interpolation-

positions to ‘the nine hal f-pel and quarter-pél val ues

lekef filipeiig byith FRSPéCh i@ ipedea thiixsh PPsitiensr in(adey. to depprater gdgysted integer
] 0 n Y

p:%)?el \glue% G’Vl(?e)ot esnkgé)e% ?ée Q?aeroe%%éoc\?/egl%gelga aryart eé&don%a obhaln blocks of

mmsf fwleramthevidb ks o f pixclshidcludésein ik e nvafuck tefrespsndidg to integer

Hl@laﬂ%ﬁﬁéfd@a@??ﬁoqléﬁ%ﬁm t‘ﬁ‘Eeop?%Pétrr ;Praf(fegégéorgam may filter

6O @ftédcp ipBRl viadsuRsEehh baEr Widddr pREPEALest WitIBARGK: blocks of pixels to
di fferent sub-pixel |ocation shown in FIG 4 may

graeratgadpistet antegar pivsl gHu¢sngerthe h@u?ctvsblnmebplxebfrables correspond

t%) ﬁg? gr@F% eltﬁsi%l &91‘?10{1 g El)éﬁniz% ég&gﬁ% ot e ?#eﬁt o Hﬁehadjusted

coe | Cl e t va erent
imegghtikdgslucor Thherddwtion dlak crprtken bt egerto pnooelb or decode a video

wher ej nd N are sitjye.integers d N
g geridpe SRS it b fEime ity g fine
b1y soner o tédngiqRé Xs%erfo@rﬁ@d U@y dn0crcBdig ProcBis! VidE®Bacoder 22
inverted or rotated MBIEhtI s of other pixe

NP &FICH 2 Sepidushyidee dfac 1fergaconbrtwesed cyrgenp ¢ideg ddepk being
éélggdeld%ﬁtth? %?ed‘ié?i%h m@c}(égomcfé? enéymwﬁ{a}whfsg eﬁ&hﬁc‘r é]le set of filter

pi xel cations. 118] FIG IS a conceptu
wedgreat nick bedstuatt ifmgn@gﬂdﬂtemog,tcalpossubly pnoodh t\m blt @pre sets of filter

ﬁ%ggg?ern g rp\gr tcg%e:geuzl?tefé:, {nt’[e(rjg%fe Elt?r‘i)nrgpa )g{' ﬁﬂ‘er?ntsl? an[18 t%irntthe coded unit.
vl the ¢xampRCHf HIGE®, \tiey mlt@ﬁ|su@d)bts pﬂol( Qhe |1ﬁ16@drl ﬁllﬂ@rmgTﬁlay define a
filter sup Port Iocatlons are sh

tverdi@enyRyal Hier e6e 2aBL-pifikier With eéftSffto ﬁélrta?reﬂoa% cg?fgla@at symmetry

Ay Kidt QWEFeck §151@as|t Ssrh&EddrGeigndudatitede hlt&%?g suMetHAR bﬁly 3 Gubset of

may conpute the sub-pixel values for locations "a,

they25 didfeeent cocthgicatp pieyicadpdao [detemaine ah 28 cpdfigichis forfthe figer. Many
at..def.i nes one-di mensional array of .filter ort

otﬁl ﬁtltero Higes éfd &apema%n Pseg.}n accord;jl Sé(/) ng% nte CeL p%l LS ¢ B

[90I12-2|])| xel 1 aheu@sedespell fitaingons perﬁqrmed fdurlngnzd dédodiy process, the

ing a linear interpolation filte tha defi nes a
tBQ%é‘&luFréﬂ@i EHAPTISE $RGTAPRE £ ‘lef(é“rStr%‘E}ffL %‘ﬁ‘t gSopgum of a residual
Adeorockd s dMisd Wtk a dutR8idddbISEORiAS H&Bdéd biideths pFRittion block.
be used for six of the fifteen half-pel

T uilis cave, sl dogedingedevaeroling i destimagpn :éewffob@)lrgay rpaye gng set of filter
c%effﬁ?b%fsipl{a t&’%'odé%f Qe A I;neééﬁh ?ﬂl}% ”& i a;{] bGP E o ?ﬁlor% K4S of filter

pI'X€ er support i nt éger pi xe
doeffmieintl;rper kodddhinst foasgegenfibenngy Eﬂtdlﬁﬁﬂ‘eﬂltl lkentibnd W&hllnnge coded unit.

ﬁaﬁ% GPE@?IP X g)ghgflﬁ;{]ngrogs (gg{s%tta%f h]?%gg F;ﬁig)é(ls!g coe 1§1te}1tgnass well as
sets of sub-pel filtering cocfficients, ¢.g., cight sets that may be used to generate all fifteen
sets for half-pel and quarter-pel positions.

[00123] Again, interpolation-like filtering of integer pixel values may improve

compression specifically during illumination changes, scene fade-ins or fade-outs, may



values. In FIG 6, for exanple, integer pixel value at
position C3 nay be filtered based on a five-by-five
w@erooel2@ir ay Al- A5, Bl-B5, Cl1-C5, D1-D5 and E1PEBUS2009/040250
O her filter supports could be defined for integer
filtering. In this case, if ME unit 35 identifies a
bl ock of integer pixels, MCunit 37 may filter each
pi xel based on a five-by-five*pixel array shown in
FIG 6 (or other filter support) to generate filtered
reRbEIREiIsP ke kac‘ﬂﬁiltUQ&agé Ha&@'sﬁar?@ﬂmg,'a%ﬁetﬁﬁph@f) i@ProlvE Kfcoding of
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erove nol se and’ fa ate 'l
@mﬁmpbnun@ﬂ a@g nnwnnehpcmﬁmmﬂmenent@ﬂklgxmﬁmkbmehm have focus
ect novenent between successive video franes
%%ﬁ$?cularly when synmetry is not inposed on filter
[00ES4] i Ci etlodvedtBhABL ntaBblafidd-liRS fiRGinTBY nétl R&oREed for integer-pixel
extrenel useful in inproving quality and/or
nosiippedsilbn Inveadythgserrewquding exdegeratxchropdionge the reference frame is
q £QQ12 :
R aEe S NP i ¥ AR FRAE e BOR P EMLARRY bo used for
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Mﬁﬁ@ mggggggg &%yﬁ@&ﬂfl|ter the integer pixe
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resu%w,heV|deo bl ferenc me urre

mayal I}(’[e% IplxeP% Sitfdr "tal |I1) ¢ ﬂ)emaieef? Cls, sugl?asbﬁaccie i anr&tfade out.

nco di’ction
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1ﬁ@$érfﬁ1§éleﬂit§r @,eqmm@l&dtﬁémrﬁeg;p{mxemf@@fermafy hEBr baﬁﬁur@t fine object
ferent locations within the coded unit. In the
rexeemsne segh gsjobjecmovdrecnt that ismos o pditnle of @lartepix¢ln thagpdly, integer

Ig%éblgﬁt'éﬁ?%gﬂgg%{lsgm %E; H&q}?laﬁ tnf‘f))rogl g%ﬁﬁlipﬁ%@e)r’l B% {/_Jlgﬁ; Segﬁ ?S whien focus
chymgyebegurmay exi st between at | east sone coefficients

for the filtering.such that. onl subset of the
WBFRI £ or dhcomb T RERO RS P toN LR ¢ NP heoskits may be
&RperRef fipoal @Btich {@fork.han foklet &ForddVBINY unit 37 of prediction unit 32 may
adaptively apply the interpolation filtering based on the motion vector identified by ME
unit 35. For instance, interpolation filtering of integer-pixel positions may be performed

when the motion vector points to an integer-pixel position. The interpolation filtering may



other filter sizes and shapes may be used in
accordance with integer-pel filtering. [00122] If the

wo paoegzoipel filtering is perfornmed during a deCcotb20g9/040250
process, the technique may conprise generating a
reconstructed video block as a sumof a residual video
bl ock associated with a current video bl ock being
decoded and the prediction bldck. In this case, the
decodi ng device (e.g., destination device 16) may
&teinVs Anet&epixef Vafh',lé IR th& AREet-pixeNSsitRAT AR dnd!Hotion vector
for integéer filtering, or may receive two or nore sets
nofnt§ it pesubgued friositient 8o fidtering @€ dntagdrtpifed popitipesger performed with

reéﬁ)e% etroéﬂcg Hﬁ%,%: 2 dJeF(fﬁpés Ib&tcﬁlttérﬂl% g B‘? h%g:tg? éng&?rgglg‘?on of the sub-

pixdl eghkics. pél thid mheer mgtegaeﬁlf;d:ldil&nhg magsboneinkidasd adigivefbased on
sub-pel filtering coefficients, e.g., eight sets that
HeRPHEci98%ed to generate all fifteen sets for half- pe
O 7guar t ¢br RReg Rl | RRRIond, 0D B2R]-5 AdRipdlation filter in the form of
i nterpol ati on- Ilke fllterlng of integer pixel values
qaEytidnrpPovey bodsived giog theperme pnaluiisay Prpgess mged to derive the sub-pixel
ﬂodﬁ%ﬂ%ﬂ%&'on changes, scene fade-ins or fade-outs,

mayrenove noi se and facilitate i mage franme sharpenlng,
and may, hﬁiﬁ;& gpveﬂencodlng of fine object nnvzngnt
bet wen s et ¢i deo frames particularly whehld
symetry i$"hot |nposed on filter coefficients.
Wwibié PETiTRceSiltdrad ﬁﬂ@%r 9&[31 \tdhllet @[l ifehel 1§te§4:r5[§ixél%ﬁ1‘é ak Qoﬁﬁ‘on @, ),
extrenely useful, Y g&ﬁr Que conpressi on,
hu idisohe epefEpienistor ﬂ?ﬁ%ltlﬁa@ej)f 8 dharfdies offﬁf@oiM?me instances, the

, il -

R b Rl ok ind O TR AR fy it EHPR AR (R g =00

cttlm it es gerfdien gffa;em b%’g&a’y— picxay of)zoﬂ;mmbem of teahmitees.

Qe RaRR B e RAEt R e TP nefiipn, Sy i Bt offers

th&f bd AUFREE For Rhotadublpdtdbb@tish dhdwa iBETRES. Adbdier bSfset may be defined
simlar to |nterpolat|ons Interpolatlon filterin

fph ifgesT-nhicke| bripgaie thsniotal snynalen mefc affssys 4o rﬁ%?f‘anerﬂg %Féldmg and

[ S|t|ons
%E?Ié(?ﬂ% %\sllgﬁ@!i '{'Je% I]?a:ct nk %ﬁﬁg@c&loﬁ Sl)éﬁ%:ﬂelggr - g!)egiﬁt@fjgﬁré:zewwz ct
dls anéfeatlé@bl “O@FﬁET&AQT aSiJB-ﬂPﬂXEbO]REﬂDbHTI@Né bepttinge doekgf number

ter o L
O%r%? g&r viz) wawefqecg ony % e‘rng (% %)éfase flpé)élc%til%?eland which is
ﬁiairp@ﬁted [lﬁﬂﬂ-ﬁ@}/ refekdnise, plﬁflﬁépﬁiaﬁylaﬂﬂltiﬁ)hilt ®ftdiRDrf e use of many
sub- pi xel . posi.tions, wher e t he goal is to obtain the
q#@ﬁtSé% diffgrrnt Rjxl gad SYbhPIKHdosaipRsy ence frame, pixel s at

[Uﬁliﬁgler p‘ﬁ"&rﬂé}nﬁ) ké’ﬂu&h %her %tlﬁ'b@tn 6F ffl{eﬁ%e@{cfeﬁ%d% be transmitted,
exi s Yet, applying filtering on the integer-pixe

q@gﬁﬁqqnbmnmﬁryt dvan cqfagion Alfe nfiayheemppded og tl@ intpgbrepixdffilter.
benefits. For  gxa e, whe ;nt er -.pi positions
contain an ofﬁ@eTﬂp%r1@eV| F>@f he/ i eger-plxel (16)

(Rt%er olrr(r)lgl 3 coe\fﬁclentos\ylfvmtr)ne t[rtyerrrlayca Be use% Whether coefficient symmetry is
imposed may be decided by the encoder and signaled to the decoder. If the symmetry 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.

[00129] 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



il lum nation changes between franmes. Additionally,
filtering on the integer-pixel positions nmay allow the
WO pioega9ipi xel positions to capture special efP&rUS2009/040250

such as fade-in and fade-out. Filtering on the

i nteger-pi xel positions may also renpve certain signa
noi ses (such as canera noi se) and/or perforns
sharpening, if needed. Furthetnore, if no symetry on
the integer-pixel filter is inposed, the integer-pixe

doikd &ifrer@My NEleRne 8Bt 158t hiyBe ORic8 %Em?‘é’l‘gﬁé@éﬁponéﬂﬁh%ﬁ)mb code.
obj ect novenent that is not a nulti f

Ierandieg 0p|t1x¢etnagmmda|0|fyhe untegerg@fifsep|thfefra¢t10m@1ecrffsq@ maybe quantized
l. LoV

(?tfgrgrétgg éhs%ﬁm}%y 1ntF e uOgRC aiﬁglgesf Pl ljrC%glisglglfg%‘]s %thlzatlon may be

apdeE(hlﬁ akg fnantﬁ@fapoff&tta; avhehidnt Brtdgag offfeti hak eagmrgqonmghltude After

05|t|ons endent, upqn noti gn vectors
BE Rt Qb aeTt A RS Paoerfod I RSHFEE! %EO%y As an example,
tBél aoli§) ﬁ/seﬁdllp!:dﬁet 10§t RAPRIA b ighRn fiaetigifal BEs P A9 heRBded using
the notion vector entified by ME unit 35. For

Jiferertrfeed lengthegodes %ﬁﬁn@du bgsiefl pa thengtessr affsetegdie- pi xel
pos'ﬁxﬁ?ﬁaﬁﬁ%rﬁ? %&I&ﬁ&?d when the notion vector
points to an in -pi Xel position. The interpolation
f|Itdmwnﬁym&b¢ﬁsdkmnmmlaﬁ&mdjusted pi xel value for the

i nt eger - pi xel. posj tion. t he, notion poi nt s

o aletphs R htdi SRR o R ger bl xel

posi tlic@niss(d) e ey o061 aWctdfiar espect to the integer

pi xel val ues, but filtering may be used for
|nterpolaﬂﬂ@ﬁ‘ﬁﬁegheokubplxel val ues. In this manner,

i nteger - pi xel {il&egilsng; my be consi dered adaptive

based on notion vectors. [00127] For integer-pixe

posi t i ons clsa iffabisgofBeti)t 8r pol ation filter in the form

of equation (15§?qﬁ%tbe deri ved using the sane

anal ytical prof8sei¥ed*to derive the sub- pixe

posi tion fiskifdts(ofRetB #S S as) 2=0 J=O where pFP is

the filtered inte pi xel value, P1J is the integer

pi xel val ue at o 8%F1Pon 2(i, j), hFP | is the
coefficieRjfor position (|, j), and oFP is a filter

offset. In sone instances, the interpolation filter

for integer-pi gé&bethtsit®ons may not have a filter

[gﬁﬁ)i: gl rlr%yfhbss eca%:gg/wd onae%:%ozc? e%(g] 21%1%? glgsﬁncoel%ﬁ c1ent predlctlon and
@bﬁﬁﬁmemhnmﬂﬂsﬁﬁébmamhbﬁtMﬁéﬁﬁfdﬂﬁﬁ;m@@ﬁbaéﬂhInmﬂﬁfofbnsnaan
Jposition, ;teen different offsets

integer portion of a gi’Ven offset value and assigns a second number of bits to a fractional
portion of the given offset value, wherein the first and second numbers of bits are
determined based on a magnitude of the integer portion. In this case, the quantized
versions of the offset values may be forwarded from prediction unit 32 as prediction syntax
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.

[00131] 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



may be defined for each sub-pixel position shown in
FIG 3. Another offset nmay be defined for

WO pioegzoipi xel s, bringing the total nunber of PET/ES1089/040250
to sixteen. Co-pending and commonly assigned U.S.
Patent Application Serial No. , filed for Karczew cz
et al., and entitled "OFFSETS AT SUB- Pl XEL RESOLUTI ON"
bearing docket nunber 081399U2, which was filed on the
same day as the present application, and which is

1llﬁ‘§iﬁfd§%ﬁﬁ-lfp§§@l P@Srll‘?drﬁ QY Hr8h Bl W%rreﬁfo%&in ]S iABELY plxel position C3.
addi tion ails on the use of nmany fsets fo

THiefsblerirtpger pixebposgivds shiywipindd(. TQ@aqsp@rdsto ﬂP@@DQE]GSI ¢ and 5. That

r «§ henunber. .of. .f i ter cagtf] nent
%eglt% pall%és?r%l %?1%%? %’:’oe Ti gbenlf §ymre’l£t ry asgi nA gqu t%o)%w%ave values
c(eileﬁmmﬂwytaetwqumeﬂi sappoith’ showe JeFKpidx ethefehd §ubrpixd lecations “a,”

“?y” ‘f‘ 0,[ % gléelb]@((/%g)ga% Qr@t f%{d 021;1133? Sg,]{la hce%néetermlned by

&ylmmrayldmearmgq)peaysmmdﬁ@meﬁ by the encoder and
signaled to the decoder. If the symetry as in (16) is

[08ER1on t He thist wgeariopi pixg! fyimmesry mayehe gmppyedesuch that the filter

SEOLIR APIBSEAECE S TOYSPE RSP 18, S0 o

p‘uced slbcam)dl 1‘rg” alSlmmrggemxdf iwmhet@ndnayhbm impdiedgswehcthat the filter

RE R Rr 2Rl B tlt S iR ql® MRS el Fhegrcients for

ikdl egtatiodfI s Bixe B ynn@ryGRElest Mfpohdl ssitlgttaththe filter cocfficients for pixel
exponentl al - Gol onb code. Dependi ng on the magnitude of

lpgrsion ng e pyBmEgistvith sgpert tachg Bitraicoeffipisate dorpiyel fecations “g
a‘ﬁﬂa%“ ZRd &lelfg %}g ¥1 g ”ngZ&?ed QR AREe I ffﬁt%t codfAki ents Cfor pixel
exanpl e, oar Ser of antization may be app I e

logntioh é‘l”farasztrnmﬁallc vofhf regtest totilenfiber Cionffﬁegaats fof pisetlodrtisna’k,” and

l.arge ni tu Afte ,
7 SEpBRRR S b RN G gl b BE bRl Regpion - are
s@mra&luemﬁqhesﬁeeﬂ 100t Fﬁltep%@ﬂﬁ@reﬁt@d@r Ry 1dchtitgisrat eThawfore, only
qlglgl ven fractional offset rraggbe coded u3| ng different

8¢fS PEFRSEIF g aldeBry hed (A edmPHnicHed pPTRBGRIR Bigeditream in
df@érl@ end-b‘fct a @ffcfoécqttl) g@@er&t@ @oﬂlﬂkﬁg;@trs 09E$§ﬁ&eﬂt%h@£ fo?%tll:ﬁfteen pixel
be the fractional fset Le fsetFbits be the nunbe
logatipns. sFluﬁ@dnoI@, fmany given sftf SepEfficentsapesflagicrssymhstry may allow
}Z % l cl‘e‘a'tf %%besc(ooﬁme%{ :\éll(legb[ %gfsén ea%nld)the decZ)dec%fcfag géniépa{té the c ‘complete

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

(13 kN9 ,,

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

addition, pixel symmetry may be avoided for sub-pixel position “f” relative to sub-pixel
position “i.” In addition, pixel symmetry may be avoided for sub-pixel position “k” relative
to sub-pixel position “n.” In such cases, diagonal corrclation may be low, making it
inefficient or ineffective to impose diagonal symmetry. In this manner, the cight sets of
cocfficients 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



offsetFbits = 4 else if(abs(offsetl) < 7) offsetFbits
= 2 else offsetFbits = 0 [00130] In this case, video
weawodz9160 may use coefficient prediction andPCT/US2009/040250
quanti zation unit 4 1 that for each of the offset
val ues assigns a first nunber of bits to an integer
portion of a given offset value and assigns a second
number of bits to a fractional® portion of the given
of fset value, wherein the first and second nunbers of
d1iths pAkrIAgiGLkMInadmbassd, &Qgéha 01 A8 ahd@iagonal cocfficient
i nteger portion. In this case, e quanti zZed versions
symmatey rofyf kel inyadteder gyaide éo ¢lbwﬁ>r dedante orthprertirad wimensions.

32 a t e
[gg%gn | S at I‘cligﬁerrrg?é %%Au? N grt ?\%?%Oegi?%%gérpgjr %‘ga& rr(!1:)fzéerm1nf: cight sets of
filenso&Tieiohts \wnd sd t}fe qm@&ueh@ of didter adadfi@entd o gengracasle fifteen sets of

|deo ncoder 50 first.n er of bits !
fieF pos Eﬂm CPHSROTGAE dht}fﬁ%rsu‘bplxsf'@batwp@%ﬁipn cocfficient
sﬂn@iet@ dnd it QNARRLY adnddiuﬁﬂl’f & digit st ol BYcdePfidients as part of an

inte pi xel positions and fifteen sub-pixe
gpeed it@tﬁgeamt Fighhadts agfitter ageBisgeng m@Y b?)@ﬁ‘iptli ngversigoded unit of

tHEYhHa&d ﬁ'ts)fr%ltmsé/rrﬁqggstlﬁ%lsgxpﬁqos c!:ﬁr?e[h é &g}%@éé of "g tg coefficients

consi stent ure. n art| ular
iyl baatpa fesdiKerbatpiroeslof posdadivnits " a" thr ough "o"

| it . Th :
RS A gdiepir BheReToRE SR AP IE e 4 hpisgghatt-pixe
lf)@htfb?%@WﬁilnFﬂfI@"S 3 fan@nlfﬁs EZ:IvllghTrb@lfs |t}§3, c&df?m?ﬂtxgzlrr}lmetry and the pixel
ocatl ons 'e

g, J s and
sygmeiig\efiag Blteramprastsfer aier bng gndayagisr-pd spb-peel location. Video
c}%U&cR:?QE oﬁéesﬁﬁgfm de{)lcg Ilgs‘mag' ’rem y@f 'te?f%t)efﬁclents as part of an

ocatlions "a, pIX | ocati ons
¢hdoded"vindcd tatsaledhd, gEnwraty ﬂfavle sczabﬁﬁherd:@tﬁicrmtsemnbgpondmg to fifteen

| h
(F %%rlféo]rslltﬁi PIIX?]h cljoca{lgtgsﬁé?ﬁzgxe bi tl)sl(eg lpep rt:ﬁsﬁsf P?Vﬂter %og%fe 1en§s generate

ihpeseel jSﬂédi&tl{lé’ldﬁtatfhﬁVfdbd) Tdeéodﬁr@elf)zfsb@ Ioﬁ‘rtiné d‘the ﬁﬁx&i sets of filter
| ocation "a" W th respect to the f
Oty éﬂxegen? 61?6 tﬂt%éplaie JAEGigfkyer éata CRITRIPPAYY {P, O‘Eﬁ feéﬂhe fifteen

SRR B pTRY IOQ%ldIﬂpﬁﬁle(ﬁ:c@dé%eto@ Aord PRef blobB base on the interpolated

coefficients for pixel location "d" are symmetric wth
mredigiectdatap the filter coeff|C|ents for pixel location

odiacy Pi xel tr MO such ot hat the
[}Dﬁ'l[3t6ér co étﬁ%%?‘é IPX Egre ellg og g%ter cocefl 1q.16nts nay have coefficient

ssfmﬂfmtyrsueh at b gheapecith @oéfﬁeleﬁﬂ dyh&ﬁetQIO&frﬂprseﬁmEﬂasémf the filter
el location "o " and pixel synﬂe

8ot ar%fﬁ%aé?ﬁs m}gﬁl félﬁ‘étsul?n?ét folr i ireneB BTG leien prspeiated with
tRé )gﬁ‘vlen set. Thus, video decoder 28 may generate the fifteen sets of filter coefficients

based at least in part on pixel symmetry between two or more different sub-pixel locations.
Moreover, video decoder 28 may generate the fifteen sets of filter coefficients based at least
in part on pixel symmetry between two or more different sub-pixel locations, and based at
least in part on coefficient symmetry defined for a given set such that the given set with
coefficient symmetry comprises a subset of the filter coefficients associated with a filter
support for a given sub-pixel location associated with the given set.

[00137] 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



| ocation "i" are symmetric wth respect to the filter
coefficients for pixel locations "k," and pixe
W@ 09269yl may be i nposed such that the filter PCT/US2009/040250
coefficients for pixel location "f" are symetric with
respect to the filter coefficients for pixel |ocations
"n." Therefore, only eight sets of coefficient val ues
may need to be conmunicated a¥ part of a video
bitstreamin order to enable a decoder to generate
RARTREti8icREiSa OfrticA Al rhdziocthd Yieh HESzoh dRhdnsibhf e ?&el symmetry
(Eﬁxel | ocations. Furthernmore, for any given set o

efopf @K@mﬂs a ¢iagdngl ehr@msw@yfmeﬁ rigastrgma| dfothe dftggn asets of filter

of f.

c%é@%?é}s CAa X gla?neﬁ IE égetaﬁp het&?'b%ﬂg\?e 0? glgoesfefmga}le %:t%ne three of
thakifteen deor foa a dioviesntyli flet sﬂl@@ﬁt t\moﬂms eghosetd ey defireethree of the

d coefficient symretry. [00133] e aspect of this .
B RS €01 € EQCHc TR PO LHB) SOy B KEN St dgfine nine of the
fRlcHeRR $34ba RivSRIimPRSdHal ‘mt%r Isﬁppo@tnd THe' tv&(ﬁhlﬁ{ehyi@nil Gsupport may

sub- pi xel positions "d" 1." In addition, pixe
aoprpiiee # yisarelyl Zheosiipaifiied swp@prt suisoysiding] nipogibt et pofitions in a radial
&g ative to sub-pixel position "i." In addition, pixel

nnetry may be avoi ded for sub-pixel position "
[0e138i ve tS(pecsﬁmllm Hel 1npqsxla:te(bpredr¢tlk>e ﬂatasnn;hccnm'fss,ﬁfteen half-pel

SRR TR 2 ORI PP PR R Sy o

B MRERsidrAL ah @ Bt 1$&V S filkr 51%@61&'1{@)B1@16ﬁ§ cUsehots@ in FIG. 4, that arc
generate all fifteen sets of coefficients may be a

Jppkigrbte defipe ping et dsritftesd holdmel YWaquattercah Waly@%aqdngéf, glso shown in
i
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[00139] deo Qﬂﬁﬁdﬁtﬁl Zﬁnﬂﬁatyy dlaﬂ €la¢k Be deagghztl Sairfet8f chd Ibkedeen with
coefficients and. use ght sets of filter 5 g S
IEREE P SPsRixs! RSItipah et étné 1 PV itR resByt ieyub-nirel ppyitis “i” and *k
IﬁC{Hif fc'a§é %ﬁls %t@%& ﬁo%pgggﬁé}g 40 Jhiif¢ean Q)niﬁcl&ﬁ@ rz“ong a horizontal X
sub- pi xél cations based on coefficient symetry and
Jyisx bt Wymcéltyr@oes aetcxottlong atdirgord] ghts fertheseafixdl§ $uchrthat sub-pixel

ffici LNt S.@s, part of an.en oded |tstrea g o
IGGFEM P 2 B PE pim s TP RGeeblt SUEFRT pER o and
regadetlelyni $inotfarly rsabqﬁvce@ﬁmindmt“ﬁt andata’ atr syﬂﬁfi@mbhlyng a horlzontal X

several occurrences aof the eight set filt
R e TIURRY FRey PBE Y EHNRE qe%gona% %&1%?0@%655@8%?@ Yeh ghat sub-pixel

16&.%145 b dnd E&Oalf’e%%bt Iﬁﬁmr:ﬂnttﬁlﬁme% 48 6 QM- &ep?&islﬁ&ls “” and “k”
every hal f-pel and quarter-pel - pi xel [ocation

rgtisovelbh FI G 3, and the ei ght sets the coefficient

t
AR Y, 0 00 ily SIS 1 AR LAy SRR
\fstchmb-pibet pMon’Zz&e oy mohesicirolativoto akevorclescl 6 qvafficiaacsewilerespect to

ight sets of filte : .
tﬁe gecong sub- p&el posrtgonr lgcg)regxfa}n% ee ?)}x%l ?ocatli)oanr 1;a”ogas ap?xel symmetry with

“ 2

respect to pixel location and pixel location “d” has pixel symmetry with respect to

pixel location “l.” Pixel location “f” has pixel symmetry with respect to pixel location “n,”
and pixel location “i” has pixel symmetry with respect to pixel location “k.” Pixel location

“e” has pixel symmetry with respect to pixel locations “g,” “m,” and “0.” The shading



encoded video bitstream generate fifteen sets of

filter coefficients corresponding to fifteen different
waawopeeeel | ocati ons based on the eight sets oPCT/UE1089/040250

coefficients, generate interpolated predictive data

for video decodi ng based on one of the fifteen sets of

filter coefficients, wherein the interpolated

predictive data corresponds t® one of the fifteen

di fferent sub-pixel |ocations, and decode one or nore

hbHROIPIFQEk S Qﬁ:%%n@tﬁltésh%lk nfn%lp@%] Pre Qﬁl’thv%oﬁilﬁ{o% shading

[00136] At |least sone of the eight se ilter

eoesronding i Bixpllycdtiapethebat fymmetic V@ﬁlmchytosmeﬁ pighlocations. In
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s PR BER L b BT LG TR A58 B BERT Shrmmerry)
mawpﬁrﬁe doofficiengd foemnllsfificccpipradl 1bcadads. o atdstumi, atitach wigiven set of

iven Thus, video decode ener
fﬁcg@eﬁ g%ecsfﬁmsrt mniedy f&%verrlrt&uglhf@t palae et éa]gfi cqufe cients in
tHﬁ%&xﬁQo&f%ﬁhBﬁ&&ﬂQ&Byc@ﬁ&ﬂﬁﬁﬂe&Wﬂh@&ﬂﬂ@ﬁ@nﬂ'fferent
sub-Eler | ocati ons. Moreover, video decoder 28 ma

(88K at e tMideof propdens eans gaferdts preded gkep | dafaebrsed IpagBgrpolated
SRS uRAEh, O Sl SHTILEY: DELGR O e MRt nd
cplamr -joerh waheﬁfwheleimt theymroepalsticdefilteredefinos aatvgd- dmnsrenal array of
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cftr&ﬁél%oﬂ“vﬁdes\/\ﬂ Gdherrtihig kHe%rac&déﬂ Rdch dh@mbagedBnvigfRrplicdbrddittive data
ocation associated with the given set. [00137] Again,

e frrﬂrer SORDEEE SPPRPSCBGeR dsalation sy ﬂr?ér qreflpsronaﬁemenswnal
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5 Pl SRS ) SR S PRTER Rs
[00142[] ter Ed)@f §i 1sca c@ntepuiah dagnaer tllustadting isnemsizomtaldigai mixel support

B fO TR BEBAR ebrbiet P ¥ ST g X getriciens

dyhdnie@@n 1aahis cafe, todfficientagaintdngi Bens thaﬁ%n@xiﬁfoalﬂl%d cbdfﬁc1ents are
greater detail bel.ow, two of the e ght sets_nmay

defi
FRigfopf 1t hé apd f9dn ﬁrdseér% drfare ﬂae %FF sehpf &Pefﬁme{ﬂé rfor filter support
p%gfﬁB% E1-devac pfs s&ﬁﬁne@t’l(gatth @2 Yy eV &ith WSeﬁldcé3 fsRemmetric

fteen sets for a vertical filter support, and four
W)rrfh tHe Biwghenlgehise rmyfﬁd@flis rmterh it &e @t)rrmhlendateﬂta@mrts@ft an encoded

\Ii&)ero bgts{r\é\apm (ijﬂ gl%?ls ocﬂe%ne EhleI ste{s of SlX Q(Pe?ﬁments need f Eerpolate sub-pixel
two-di'mensi onal sup rrse a USG

mesioh bR filter support surroundlng ni ne sub- prxa

tions | radi al sh pe [ 00138] Specifi
lﬁﬁf‘@.l pol et %rseaoqoemr@ SRRl Xs@rrprt?lelgrrar pind suppor
pRitbnPebladnd tfluatiepixfe |W1Mﬁ|sl§’e@1§1g €ha®)-show 1 AMck NofFhis cocfficient
7, wherein the interpolation filter defines a

swmedﬁyné“ﬂilyr aHaix epcffEgjenss are wedded if pideieto dsfippthetset of coefficients for
«f hat
1@%? %}9&? Wlt%OI%S]%eﬁ’? I?(% \QIF'? gfe%ﬁf:h%’nflcﬁi % aA aﬁo%ec?ggo\)ee (ﬁp&lgver pixel

ni ne quarter pe
syaimeey raduds that dhese ﬁh&&osﬂﬁiowntslmth respect to sub-pixel position “a” can also

be used to derive the filter support for sub-pixel position “c” (see FIG. 7). Thus, only six

coefficients need to be communicated as part of an encoded video bitstream in order to

(13 ,,

define two different sets of six coefficients needed to interpolate sub-pixel position “a” and

(13 2

C.



FIG 4. Generating the interpolated predictive data
may further conprise applying |inear interpolation

WO 2dovae@®1t hat defi ne one-di mensional arrays of PET/US209/040250
support positions for six of the fifteen half-pel and
quarter-pel values, e.g., as shown in FIG 5. [00139]
Hori zontal symetry and Iack of diagonal symetry can
be seen with respect to sub-ptlxel positions "a" and

“c" or with respect to sub-pixel positions "i" and
[|05144] In tHE. fRRS condbhridMdRYeim Rivsehti  LE0BR hn@ar AR support
are symmetric along a horizont al axi s,

mwmm Ay, Boe63.ndl, Wxinsk Farabwiyedo disdboral “ak Wethf scbmdmg that shows
th uc u

coe%?enf 21%&11%‘0? ﬂl {hlfkaS%egoﬁtlflg% Oé urﬁ%tb{) X SS (ghsa??)gl ilhree filter

coafficamnc arcﬁ:neeﬂ@&ﬁ)@@fﬁl B8 layd C$I1ﬂi‘rb1idaf loydefiseithephelset of coefﬁc1ents for

05|t|ons "i." an ri ¢ alqng a horizon
BTy DOt 5 fobeD e il 4t aPang WG P 13. B3 is
syﬁnenfy%tﬁ BeaRd PBXELmSbed wiltab3 S FRoRiokB/ thtc@eatfifieRfts need to be
"n" are not symmetric wth respect to

C@ka)mpil@@éqd goBirt g encodegnadeq bltq*t@wem pider Yo dpfpee1dg)set of six
iqst set of
cegge%c&n%éﬁlgﬁ?s Wi t%%()lg%asggtpﬁ}%gﬁ?sﬁ |hr st sub- pi xel
[0019451]| on &i@. Byrsmectdnlccptuaéldaigrare 1ltustrat1rgeimndtlszdthnmir pixel support
fflClents Wit h resp ect..to the se d sub-
b SN0 10" HEEREL o PR TOS LBk gy cocffiient
ry wwth respect to pixel location "c," and plxe
Iocatlon "d" has pi xel g{ﬂ’metr W th respect to xel
Thysqell sk eo_pfﬁcmqtg(é{e nesded jrpardef to Hg@nep‘[hgeqet §§ 1p13<7nts for filter
RGO sk 38k n AL CALLP
Wb AR B R P st F o AP aE fh b Grmmenry
héans tHeit )tlalse Ismacoe(ﬁﬁniéreé whthgegpestab ssly-prret positiwint‘td” can also be used
téﬁcgcp Sgt oflp Ir Xsﬁp?;(irg‘cfar % ﬁlgp?%?(g’ls “{’ﬁ sge pfﬁgelﬁ.heThus, only six
@yfﬁm&hfsyneee t6.be adhinkunGeraa0a Isdﬂﬁdﬂ" mgelmﬂéd':‘srﬁl@@dﬁtﬁlgeahoin order to
(gfx el locations that are symetr W th respect to s
IRe FvQiikisrent taefh %eoefﬁﬂelitw%ede%@emt%%%tf Se-pigelgopigion “d” and
«¢bght pixel |ocations (together with aspects of pixe
symmetry) nay define coefficients for all fifteen '
(893461 | oc&lGohs is & worwtdivel dingram tlvitrtmgdivelyn tetdimensional pixel
sglﬁ]?g | 85'1 ngZ’the %n?{ggilr %éxgee]pf)l %{cl)nesn hé)%llnrnrv%%ﬁﬁe)“l?ol 13 ef(flrrllgtah% shading)
Iekaefzé itaC aesmb—weeqﬁslub@ “p8 d@m@hmﬂmgtﬂ@d s\hb‘tvkl at llaek of any coefficient
bitstream 0141] Vi deo encoder gener .
YRESEd T\hila@ﬁ e %%fgeantaﬁrqw BIO Heatp %&e& ey coefficients

fdatiter WPBH® iwitht REpNicesudgliadl §dsiBbR et et i Goftatdove, however, pixel
conprises fifteen hal f-pel and quarter-pel val ues,

syivesrasiyrmeans thahthesqromatcpefiicients et rgerfepiie sulrpixel position “e” can also
up r’ “ 2
BRI A Pl LIS RAAFD SUPRR" by s G,
THefetfaenlhabéfﬁpehts aieﬂneqtlmrﬂilmr spglorvaibyescl p@emen &t gl these same
encode vi d at a Eased on fl nt er oI a
fg'léc eél{sl ({;t@ g5 to erive the set of coeffl

and “ 2

“ 2

(13 2 “ 2

c1ents or sutb pixel positions “g,” “m,

[00147] FIG. 13 is a conceptual diagram illustrating twelve two-dimensional pixel
support positions (the integer pixel positions shown with capitol lettering) relative to a sub-

pixel “i,” with shading that shows coefficient symmetry. In this case, coefficient symmetry



may further conprise applying linear interpolation

filters that define one-dinensional arrays of filter
wappard1positions for six of the fifteen hal f PEEUS20L040250

quarter-pel values. [00142] FIG 8 is a conceptual

diagramillustrating six horizontal Iinear pixel

support positions Cl-C6 relative to a sub-pixel

position "b," with shading th& shows coefficient

symretry. In this case, coefficient symmetry neans

haRk R0t fikE eserfiéibie forcm@f gﬂp%bﬁ Db SitiekseB I @ﬁld@i €9rcLhnd C5 can
C2 and C3 in order to define the entire set of

keawtd tcddimesha Blterfaoptfistents fppblier spopirt posieoneE3CE4, 0, P% D4 and
t. ' h [
ST B LR SHITRXACER Sl on oo
stymrﬂmrymrmnﬁu Catsegmas:tiawith Dﬂ anl €hn (s(l;(}‘iﬁﬁhevdydﬁm D5. Thus, only six
itstreamin order to.define the.set o

BRICIINE; R L0 /v6 ABYMYRECAT Gt B ST O & gl&fwdﬁff Ko o bysT bR order to
deﬁne thO0Jef 34t k& LoefickentOREERHUS 1ﬁiﬂeﬁﬁl’a@ém sub-pixel position “i.”
illustrating six horizontal |inear pixel support
Fp@%lmtnilczmsas mefedtabgee, seb-pixshippspiorell”, may hﬁVesméQilSW@meﬁatWIth respect

fq an
GROURLE) pRAlaf I DmERRIL LR Sihe SUARELS My oPBiop don gofine the
antlrerxeefcff iteeleafiberfooefticidntseor subppodl tosikions ‘0 émoléﬂ;t” to

YRRy REARLY i o frmed G A TCU B R B el R by ReAonal pixe

SuBSREFdsitioRs $UB iMEgee bixpPSdsttiods shodwvn WAl cali®Plcherinty @lafi to a sub-
derive the filter support for sub-pixel position "c"

nixd ef. Fpath shgdingrhgisshopp cgeflpigntegamgetiy; dmthds %@dO?@C@@t symmetry
t r

(GO B2 (AL BBtk Rl A SROGAPOMMATY, B B] DA hd E3 can

h%tssd@d) dadine mllleeﬁkwlcatféics:ms fpr fkedr sppsirt porticha'CSabkd, B4, C4, D4 and

0144] FEI.G concept ual agrLam L .
1 ey StmgrE G 2y SRR P D B [ hgpperic win B4, €3 i
spamidiyonish @ZB,,DBJ?S syfametiBwitiED4amel Eﬁlsfﬁhﬁhidtrwawﬁ}oEa Thus, only six
sub- pl xel "h," with shading that shows coefficient

Q¢ FSyneefiﬁO 1R coMppHRcated B 1Pt CREPARB IO Mifsligm in order to

&ehﬁ& &1@' gt L1 @8l | dRfricRORT hbGlcAntss idepolRedablohar @iition £~
and C3 in order to define the entire set of

ﬁm@tm@c,@amteﬁ@bovq, elepixsluppiion “fowiy havesping syBBictrg3yith respect

t@%%PR'%%f?n%SdE “Ag gﬁ%ne fg ISa(.:I{l(%,]\A sltﬁget':%jmg ?E:olef?‘ e}é{mean Jfine the

andef detsaifentlse fi&ad:o%ﬁictmtscfonmbrplmqoeﬁna& m’aaﬂd ‘tmf” an

§6ﬁ&ded Vi d&o bi.tstream IG order .to define the set of

[@P3d% ot f TP eht & poeERvELdipEREY Pyrtatine i Vﬁ.%rdlmenmnal pixel

slﬁ?;l% ft)&bﬁlong' (the EIQ%%]X@F}L(@HIO%; slﬁ&rﬁwﬁl@ @zﬁﬁ‘t@l k':?flernﬂg) L& to a sub-
ustrating six vertical |inear pixel support

podi'tT vith Sh%lnm thoteshpyys gooffigiepsi syaimetini ﬂsfh%aﬁ: regeffigipnt symmetry

Iﬁ&%@%a@oh?q}’ﬁeg Eltanc%eﬁﬁ?efnts a% Fe ¥J}@5t, 3 and C3 in order to define the
entire set of twelve coefficients for filter support positions B3, B4, C2, C3, C4, 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 symmetric with B4, E3 and D5. Thus, only three coefficients need to be

communicated as part of an encoded video bitstream in order to define the set of twelve

(1341

coefficients needed to interpolate sub-pixel position 9.



Thus, all six coefficients are needed in order to
define the set of coefficients for filter support with
WO e@paatdlt o sub- pi xel position "d." As noted abOIES2009/040250

however, pixel symetry nmeans that these sane

coefficients wth respect to sub-pixel position "d"

can al so be used to derive the filter support for

sub- pi xel position "1" (see FPG 7). Thus, only six

coefficients need to be comuni cated as part of an

[B0eRfed Virgor ok b dcRam grd ANEBAtidend&hmPR dfWideo decoder, which

different sets of six coefficients needed to

it deqodk at widey lsecmen@l thgbes ercoded: gt thenealieo tegyibrd dereirp  Video

({6%0(%1‘ anC grpet &% p rs%g&afléeldsvtlde%tco u{e%%\ylﬁe or. apparatus referred to
-di mensi ona p xe positrons |ﬁPeger

lﬁ:rene hs p&sader. On‘s’u&h mlmbdm 601 utcamces ah chtedpyedccodjn@ngit 52 that entropy

%?E%) reI |ve to a sub-pi xel. 05|%1 on "e." The . .
RSB 14 BRIt iy SN ddeicgion syntax
eTé}h'e%ts atle prvibicd aek bl@lcanttayahtludes dsdind MoBE FBE of Rore motion
define the set of coefficients for filter support wth
‘feé@rﬁe cnformatipnbidpntifising gosinterradetion, techagqugtse do aigperate the sub-pixel
I

BB ciol X8 e T B e B e B vtion gasociated with
thagmahﬁmnbﬁﬂmsmﬂmnmnékmkve the filter support for

i xel _positi.ons " "m" and "o (see.Fl 7
IR oo TROPrelieih st snspfing g ibe R, g forwarded to
FedictiRin@lit PO picalttioR is B6E td EHRIS ehSRIFE GRS ielatil € Bt Soctdfients of a
be used to derive the set of coefficients for

fg@@ fﬂ‘;e;(,é]r rﬁ]é‘g‘yq tootE an@ther Wfﬁcgﬁapreé{cmor[ @@hmrsqzzg@ntlfgtlon unit
él tax%',le%g{n N IdehikkS e %Eﬂuglgzokﬂﬁ}e\[lﬁ Also if %uantlzatlon is
|nen3|o I Xe t he

support positions I nt'e
empk@:l topmslotf nlwrwe@htmnswwatchccrcﬁnictrm Iprddmtiloe rangh gﬂ)verse Iqaimtkzetlon unit
ows coefficient. .
SARaRIBRST v quteblont JOR% PR DROKRGIE A e aicivery
doh&l fuhd hﬁﬁnt@&ﬁﬁcfcbﬁ‘dl@ foSthﬁSDdlscflbduE@ rang Up pleik tcageQ 8d)dfﬁQBl$t prediction
B3,. B4, C2, can_be used to define th
andl| lfl\é?rsec@@flwaélpé r‘ﬂP§ 5r3oqanfhe| ysed bx opserdecosts io0ite rl%ed@lvely decode

datdel antg@,su(gpw@ﬂglég@. B3 is symmetric with E3, B4 is
symetry with E4, C is symetric with D2, C3 is

891t ry \Birttdnctm und4 5§ gnayy eenstaté erogiation Dhita haﬁdd@@ ths prediction

D5. Thus, onl ent s pee
%Xtaé g%n%:ﬁw Caél? onc gg mFg)){rjler rey M %%cr%ig de%)c tljat arg S1o1g rlg 6rlnemory 62,

ih imahd@é sirbe &kaf«la@eietditﬁ)eﬁeﬁ detﬁﬂ tabevev@ith @ésfpfacttctb @jﬂécﬁctlon unit 32 of

‘nf! %eoded t.0 '6‘ ter p0| acé1§a Zg%gg‘,ltl)é]g hﬁ%&sgl(tgiag%%qr}noﬂle 1 I More of the

1%)1)0'[‘&3\63 fﬂ’t‘eﬁﬁé te%b(rﬂa@ers oY thid BRcIbRSP8&Ing RotfdicoRipéRiation to generate
position "k." Therefore, the sane subset of siX

acyedittia kipekswith A paicilaepepisioaruch as guarter-pikek edivien. As such, one

({Iln!l(},rg 6@1%3%‘{1%@:11%1&3[2& Qlliscﬁ)lsl@re% 2 uaf% g# kﬂ%@g dedodelafﬂ)dm generating

i's a conc P
d bfeld&tlbmtblm t\RdeVcElohvatdlSﬁmmfl orbldepd )ne:itloﬁl,km.’xqrehsatlon unit that

%g%&%%ﬁgﬁgé Iu@% #?S;Hel 1&90 Hl()gglln gr?tzh)té)hyg }%F %ri\rll\/ig t‘[flzr]chniques of this
disclosure. The motion compensation component is not shown in FIG. 16 for simplicity
and case of illustration.

[00153] Inverse quantization unit 56 inverse quantizes, i.c., de-quantizes, the

quantized coefficients. The inverse quantization process may be a process defined for



"f," wth shading that shows coefficient symetry. In

this case, coefficient symmetry neans that the filter

weowbfizeients for filter support positions C2,PCRUSBHBI/040250

C3, D3 and E3 can be used to define the filter

coefficients for filter support positions C5 D5, B4,

4, D4 and E4. C2 is symetric with C5, D2 is syrrmetry

with D5, B3 is symetric with*B4, C3 is symetry with

C4, D3 is symmetric with D4, and E3 is symetry with

1464 JB8RingONinYer8d ¥a®@shi Lisit ggtaﬁplfb%eaq ih@er@transform, c.g,, an inverse

conmuni cated as part of an encoded vi deo bitstreamin

e Bear copcapgfallfiesimiter iwuersofrapsieiny prasewf fd Hiceimnsfonmegpstficients in
t rther

iy DD ERO. PR o BHE In R0 g, syl A resilat block

wiyinmied regrredpbhding gppedittidno bk - glfinmtedpbysil:trechmonnumt 55 to form a

Ther ef or t he subse f eff ci ent
raehPRetech eraifh (of dh g %melfﬁlp%eﬁ dpd PY eridRogiepics; Bht & dosired, a
deBlocRiMP-Rick 8hayP QI8 teOdpplicd to Mr tHY dec[o@&ﬂ-‘ﬂ)ﬁ)]ckf ifSordkP to remove

is a conceptual diagramillustrating twelve

blogkingbhitificen aihesiesaded gifdsp dtackp arsith¢roviered imeefarercs desme store 62,
> 1 ! ¢ .

AREbSRRBL LS DR, e SR o PSR BLTL o

ck:yardveltvn@ep té drivdhdisplaypdeyiced oehfas deard 2&yfiRTet ty neans

P NG bS8 ERSPL A BEHSED L osions

L@ﬁgfafnl igtcqptl ioh aTltck lhh‘hﬁ‘g 36%@ﬁﬁihtﬁl&@§hﬁpo@tr($e B3.20B6k6 flor support)
¢4, C5, D2, D3, D5, E3

. i s Sy mretric
SmAiﬂﬁ ugs SeipgRbih tqser plezl D%lt@}?ﬁﬁseﬁlﬁ‘if SHPRAAL @2 mtesolahep fEkering first
ﬁnag hBAzd lsa'ﬁ]&ﬁt)ﬁ 'tﬁaﬁmlﬁ Ql 5‘&11&&%1%95195 » uQRl Y les]§ complex
hree coefficients need be conmuni cat e as par

lamrp@mtmd é"dtev ifcteniputisg ﬂeaiﬂ |snb-pmdleposutmnsl elﬁannTéS{PHE §etD AIF the

28% gl%btv-\ﬁ% 051 J%tl%'@r%ggjq}pﬁﬁeg%slfg an 1nt8rp8 g8€ ?L{ znur%belgler a 6-postion
filtehr Bgipoatolr agzqﬂsm@ﬂng@mﬁlt& swpﬂ&o decoder vvhl ch rray
decode a vi dep sequence that is encgod man

BB | bed Grsrdinbadti ol dingde digord s éﬂé’oétx%?n*ﬁl TG AJF iy that the

iAREGL ﬁkélzﬁgltl\éhg%e&mﬂ{eﬁﬁg da?é’ 'f&ea\gﬁ FRARIY H§rrent position to be
referred herein as a "coder. eo decoder 60

inteeriolrdek zéﬁ dishneolpyweacibdichigeny rmosltl@th braintaspalatedhynd the positions

oq”%ﬁo{j&glsturs]e e]:Q % Vsed ok% }nSEeEee% ng tap al 1)(6:?r atrglat ua(riléclr Zeeds As such,

coef Picrents an H%p T oS ax el enen The

the édp@tai fihersyppaaxused errbmm iSrEeys smteblu der farmiagdian gcdmdepredlctlon.
nor e t|on ve i nformati.on [dentjf

[Bﬂ]cséﬂ pol atl} (S’ﬁ o dg H’r’i?Y:} Eltéf‘é HYBJ 15 e PsiRg%e PR ?ﬁ%x‘ﬁﬁqﬁ&correlaﬂon

Wil the foQRibAIt6 b8 MtsrpbRIcdUBRL i plxdE ﬁa;smir@tthz@ Ard Elb§® By a shorter

and/ or other information associated with the

dgaee dram thegfositine tp e diterpplgigdh vdilk mgimemB] thygeme low complexity
i y I t t ffici ,

AL B B Ut S Fo BN Brer Buflpor sy U ICE LM be wsed for

inegoldtionc CF ﬁe 1ﬁtdfger-pbief pasttionn usedrie ttat I2vpositonddef fuppognriescribed in

tglfs d?sclosure include the four integer-pixel positions surrounding the sub-pixel positions,
i.c., integer-pixel positions C3, C4, D3 and D4, which may be referred to as “corner”
integer-pixel positions as they are located near the corners of the 2D sub-pixel positions. In
addition to the corner integer-pixel positions, one or more integer-pixel positions

immediately adjacent to the corner integer-pixel positions may also be used in the filter



fixed filter, or relative to one another, coefficient
predi ction and i nverse quantization unit 53 can decode
w0 b@gyistax el ements to define the actual coef PCTUSD%040250
Al so, if quantization is applied to any of the
predi ction syntax, coefficient prediction and inverse
guanti zation unit 53 can al so renove such
quantization. Filer coefficiehts, for exanple, may be
predi ctively coded and quanti zed according to this
SApsdit. 0StcCint@RApixBl biiBorkaREinc Rl f ARt tPHRAEGhEOhicger-pixel
and inverse quantization unit 53 can be used by video
npeitiode mag Oneledpinsagiecpixglepapitpas deectynebode (tpwand iheetop we morth) or
Len r | ON . -al e
SR bEb S et BaBEtrb e L B8 BBt SO RO s well s
ielegerepitd pasidomndiratly norte Ipftevi ous) yr diewdded tHel oght Sor cast) of the

that .are stored.i.n 62, in much th a as. .

CUELE BRI T GEVLFTS: 2B W LEREY 18 515 LdhedpRsition filer
suppdrt By hclvdcdBR OO 6ca80ns BR BRI, eyl au, chr i B3, D5, E3
unit 55 may performone or nore of the interpolation -

g | e r A gf thesh Hitepgedixef paskioss @reslerdedimvehigumiongtegertiivg positions
o“f‘?ﬁ&%‘amﬂél‘?&béﬁh igLate a prediction block with a
particular precision, such as quarter-pixel precision.
[B81¥ich, dllercuppot én @écordmnct exdthnihgueshniquet hif sthis disclosure may,

di scl osure .be used by video. decoder 60 i

R Ta Tl A OHOGR P oG T RCoPE e g the Skepagpport may
ih€16ddI Becg@r-PRET RBaTRARRRASAS |RAtcd Withid Bijée HRIGRF-hRESpositions of the
filters used for interpolation and interpolation-1like

bipixst porgtiande baiinjerpslatst thahifarmp gidjabshape.  The noti on

nsat i QRe i S s
[gl n’pﬁi ci tyEQ] grﬁg eag Ség% pc%sﬁogg%rr g??\g%.d‘#%@]bjeﬁrﬁ%@??gd based on
igiegert pizd tposiionmlotatd® wiithinestd east| tran tritzges pixiel pesjtions. In this manner,

e~quanti z t.he nti.zed coefficients. The inverse. .
IR R S AR B O BB M ot RE G Rn wsine
idegadiings Wiy eliigkert cadhtnmwdti tth&8aapiohi s tan inteyperasd, while
transform e an i nverse DCT or conceptually

Ta3IRfa|n&Re ﬁhﬁ\?aé’i‘%é’“t GoRHeHY fisrdwdE Ao the transform

(00899 | Ci en{Sqck &Rl A8bvd QUIRpREUSEhES! MR knBERGKS sdnfk set of filter
the pixel domain. Summer 64 suns the residual block
ancffivionhedabihe evporedi ingerppdadiliot icrcdyagkngeriks wedr dgroup of one
TSI BE LR Sh Ry T B S VBT Bl s
ased ®dlerige dedrpaakomltdricbéféitien® Yoradllsoblpéxchppditicad, 4., fifteen sub-
filter the decoded bl ocks in order to renpve .
IS ARPHERS Tl | Pafc? s AUaTiREP e aeH 01 d*éﬂa%ﬁwoc_tfk@rralﬂeon among the
fihen s&b of Bebrpdlataf @@ REGTI Lk AT BVhIQ h 8clBRve WMt correlation between
fﬁr ovi des reference bl ocks for subsequent notion ,
temseefSiaicns v f ankt Pk posprons tlewk l@e@@g?ébl syi-pigel Rositgnshia the same

R AT T Sy, RG] e
i tel - icKelienpo oF tthokeb-pixel positions in different diagonal directions may be
noticeably weaker.

[00160] For example, there may be a high correlation between filter coefficients for
sub-pixel positions “a” and “c,” which are both in the horizontal dimension. As another

example, there may be a high correlation between filter coefficients for sub-pixel positions

“d” and “1,” which are both in the vertical dimension. However, there may be little, if any,



using an interpolation filter having 36-postion filter

support (i.e., a 2D 6x6 filter support). S-AlF uses
waepanzddie i nteger pixel positions as filter SREPUS1009/040250

for interpolation filtering first in a horizontal

direction than in a vertical dinmension. D-AF uses a

| ess conplex interpolation filter for conputing the 2D

sub- pi xel positions than NS-AF. In DAIF the 2D

sub- pi xel positions are conputed using an

doRkREBO balveanfiftdr! doBfficRaK BYsuBLiRE Ho@tisPaSTwIBh sl ih ¥&S horizontal
support or a 12-position diagonal filter support.

{00158y avheutupiaskpioioor disiingh e wgberKlindnisiopr Based on these
03%%9%:{0%1% g% a}geec l?eﬁtltl]pn t gl{) ? el %nl?m tg’ f99be foe%ﬁgllle sﬁlgh that sub-pixel
synmntcenyt foqpoSiitdri arffiderde of rshbermll qioeldonsAsn diigbagic @imensions is not

between_th urrent posi.ti to be jnterpol at ed and
IR0 SRS fﬂ@ﬁégtﬁ.oiigﬁp IgjSy %ée?qrﬁﬁiﬁerg%ﬁv&f@ may be more
seRGRRARBE0d BPHhAdonRéntRhalGRbdglat BQthiiﬁI?aﬁlﬁ%-@ﬁl?onﬁ%lxel symmetry
such, the diagonal filter support used in DAIFis

for seme pichincelionsy as deseriRed Aerchc dideat ecpdiagliagd jcompression may be
1h$9%@§] In order to provide better prediction using

xel's" with higher correlation with the position to be

[[)thl&ir] pol atAedin| Fi@Et 7 slmwspplxélpopmlsnst withshd aute ﬂ]aémgd; s dratchings)

a shorter distance osition to

tlt’)%ttbé Oﬁélt%tae%?“p 9%“1%' ’fFEipﬂ% P th@tetla?{ & Subrpel Wi’metry In particular,
seB Rl pbliblof Taeraad @y f&nAh Hirstt d¥6upl Bava@s kib-piRelf dyhin@diry, sub-pixel
support shown in FIG may be used for interpolation.
pPRiBiophtEgd-hi feam 'cwsmq %rﬁgp badee pub-pine sYPUsEYi $ubapixel positions
il 481 « ot i, > c

LSRR AW b AUBELESE R L i
€U mdp X ébrnpa &iurth@neyp havang, subpixehemmeétre Iancpwlmxcd nvssmians “1” and

=

raon FRR e sl PR e DS PSS R PR RGP e and 57 do
orhaes subbidchey@Resybyiti ¥8y Jiasisubens! poitiaaidi tAs0 sudho sub-pixel
t he corner_integer-pixel positions, one or nore

notigger bpi Kel a‘tfg tmEhdei e ay Bplgngipg 4e dbair pynigraups; a sixth,
s‘é(;’én@l? hind Elgﬁtﬁeg%l% 1&bedi9siyt IFapS gﬂﬁ}5 Rlsaribenid$®Hich 'ﬁlaty% subsets

tersjpport he I ntegeér-pi xél positions | nmed até

daudj tacenstlidient tshimnstw h erayi hﬁt sgemupicaiel! qmsupter endednayit, or pOSSIbly
I%nrrl,:l%ép]tj glmes pteﬁg?c{ezﬁ)puln)ogtr k 83 reéec yg)}o@is)efl hfteerCt olééi? énetdefm( 1(1}1\[’\’a en%j areas or

fodtuso of in}codehemﬂoCbeﬂﬁcieﬁtse“glemte@elxpdl npﬁ@blhhanﬁk@ﬁltw&igl may also be
as integer-p er p03|4|ons directly to the left (or
\rRiqnye B?SeHFrla té‘lesypetrﬁo Mgt ght (or east) of the corner

[o0ig2ger - PiixeNSRAsi bh®@NS-AIFNsiFixeX aPMhRiry | &USE rdh@eknl Rub-pixel
FIG 4, the 12-position filter support may include

Honitiene i the seme Hirepsioansg B8Yo Bib-pigel, pogiionin, thewertiogl dimension or

t% suﬁ%ixe osit %Focgl[ %érlztﬁﬁ% d%l?ﬁsli]o SeIP sg&gggﬁveﬁil&ﬁh NS-AIF and D-

posi ons” are WO I nteger-p
AIFS syrhmonsy ofso tkists slidgopalkebett eenbxambipited ppotiatsed. dlﬂf@ait&'ﬂ'ﬁ}lensmns
ilter support jn accordance with the tqchnl%uqs
R LGP L PEEHRE ﬁ;ﬁg}metry exists between sub-pixel position in the vertical
dimension and sub-pixel position “d” in the horizontal direction in some conventional NS-
AIF and D-AIF. With sub-pixel symmetry in horizontal, vertical and diagonal dimensions,
as few as five unique sets of interpolation filter coefficients may be used for quarter-pixel

precision.



however, include additional integer-pixel |ocations.
For exanple, the filter support may include
WO poegzoipi xel | ocations that are | ocated w t hPET/UR208%040250
i nt eger - pi xel positions of the sub-pixel position to
be interpolated that forma radial shape. [00158] Even
guarter-pi xel positions or flner resol ution may be
i nt erpol ated based on integer*’pi xel positions |ocated
mnthln at | east two integer-pixel positions. In this
? t er kbt &Jp S WIPOUAIF! 68 MR GHeS hefd, b Sixel symmetry exists
dISC osure provide better |nterpolat|on predlctlon
hetvavg Jubtnaxgd rpogitives $n \ﬁhet Memp@h@rec@@m el dinteapion), thiwt tnige sub-pixel

ﬂ%&%oh# Rl\l;lcvh{:: gOJPﬁ%éljg(a? 1%{691 1]per glg"%%rif Eﬁb ?B{%H%’ﬁﬁ@h&es not always

ke don MGblm:lqmel,tloﬁyhr memmewnWasry Saly-pexnf @ymmemryl @lso does not

same of filter c fflClents and t rro
THY &t ’éﬂ"f&i 87“69‘15%08"& a %I SYPBPSTY ﬁ§ e b r@%s%bﬁm?so ?h“é require more
S OMPInREp ANRBNOoc RS U BhrtihlaR a8 bl RR8pixeh bREisAR, some S-AIF
anal ytical process, such as that in equation (5) may
ssberpeseenUits clRven veiqiascst fgnigeriokion cpefBeiceidef f i ci ent s

Il s e
[ggfs T Onsbtlkﬂr@l B{nﬁ glxepsﬁﬁnk&#twq%g?@% rg(ﬁ:slcc):lrlyﬁ:ciK ﬁletﬁgccﬁ%po%h% Llnd illustrated
iAdGy 8 mapfesobirin ehoat Iaoa‘ur?amprfglidtibe thanf the snb-gede]s syofimetry described

interpol ation filter coefficients reveals relativel

LPVEE S0t RPset 5 e CRBORAT | PaprisbE b b Soi5y iR schome
SFHIGPT Kﬁ;ﬁos@ﬁibtp&é] %}Il{lbﬁfr? il EheadifherdidiS @ b @ horizontal direction or
tEosulons in the sane dinension (e.qg., vertical or

DVFIoHL difccipie Ryl 8p8. notgMpRYE sbntixelrymmacypr Emattansqusly in both
<Y bl 4ebos@ef ficients of the sub-pixel positions
?ngﬁ§§¥ergﬁ? g?ag%%al di rections nmay be noticeably
Ve EaSer . [ @I)flrﬁﬁ]imﬁmnmmé symiretrg fwagubbm@ phsigéns diagonally, the

viseali( corr81t J[l gg\%tg\?,]% rfltlzllrp&ﬁa[u(g %g%rf (I:Q%‘gfe nénl%%,]afu{%Ltgg lsjl%-giixéleﬂositions in
dif¥E e t0 BinddnsidhdTBN Sib O Mntehdtc@ naion e  BXapalhteon. t bﬁﬁﬂﬁugfﬁyncbe sets of

a high correl ati on between fllter coeff|C|ents fo
lgﬁamgﬂtsea cosdisigntomey ge rggyrods (o2 wiigh inytedpek Fi”lVF)m thp gesulting
ﬁiﬁ‘:ﬁ;o'lzﬁ&i fétﬁ'&ﬁ&% ey - mzi_}bw@ﬁﬁﬁe a&!ﬂ%ce Wgoﬁ@l édefﬁélé:ﬁt sylfnmetry may
any, correlatlon between filter coefficients for
=é$ﬁxmwﬂ@kdpbénmm®n@lhauwhWWN@meM9YIn the horlzontal
LSRRG AR e R g SR R
aovd. el at ps:rﬁsulalswaeﬁicmt ssmimvay i stk f@ieﬁlltgmedefﬁmehts in one
[ symmetry for filter c fflClents of

hat _sub-
é@gnﬁ&ugq 3 ??rbzﬁgtaf AT dFﬁ’ﬁ%%’Fec&P%g’élF GRS fqrsbafpdimensions in a

d1£§%9§leﬂanﬁ€?| SFollr erglaplb ot IR csefrisichfs oPSHY- h&lﬁleﬁﬁs%lona‘se are not
descri bed herein, ich may be nore sets than needed

fprsed sf@nrbe m@m onamepcogessethe By-AdFi pahamei ¢rgeribed above and
1%&% %a%onfg.}’ iigig Yool gpgﬁng%téﬁls sh&%h&é’d‘ﬁelo&?n equations

SCI‘I erel O enco conpr essi on
& 2pr oved
hy =hS.h =l by =k (17)
hy =hl b =h! bl = (18)
B, =h!s , fori,j=0.3 (19)
h;=hs,,, fori,j=0.3 (20)



[00161] Again, FIG 7 shows pixel positions with the

sane shadi ngs (or hatchings) that belong to a group of
waawopeeeel positions that have sub-pixel synmer€HUS1009/040250

particul ar, sub-pixel positions "a" and "c" forma

first group having sub- pi xel symmetry, sub-pixe

positions "d" and "1" forma second group haV|ng

sub- pi xel symmetry, sub-pixel®positions "e," "g," "m"

and "o" forma third group haV|ng sub plxel symretry,

sub- pi xel p03|t|qps " ang ?ourth group 1)

havi ng sub- plxél $ymet ty, did’ sub pi X6l positions "i"

and "k" forma fifth group having sub-pi xel synnetjya '

N5uib - ﬂjqa;(efpr w§1pgxe@)n]gos1-t@ns iy FLangd J“j‘,” d@mf:otﬁl'ﬁ:gv@ef cients, i.c.,

BBk YR L 0 L R BR b v
IX'(EY\ﬁd anl%‘sedg?g%t Eﬁbt@ nllag'ei)é’ o Ak OHE)E) tll%f? ﬁt) é&)@l and fcoefﬁc1ent

sevent h gr oup, respectlv
syoeictiyadesdribed (imk}ils: linsartagurcb mag b Sl@fdelndld)ﬁj uinctiaoefth ot B@latately from

%gge % (¥ nlcaaed once r,@ogef uni.t, Pf

E "~§ L ]P‘Bﬂ%es Sl o) I GRRCt] fihgyf 3-pesitgn filter support
deyhreRd oh Fid! 4 Qhér@gtré §(a§i¢f3(%d O+ dih eI BRBf + J({ase6@y + 3(]) = 45
features of a coded unit ficients for intege
unirugropefiigicntsrior theee fubtnivel ipagitipesythall resd e be st t%%@élemder ie., 6

c%_@ﬁf__e%gsu%)ir ke éfb%é 1899? q% %ﬂb lxe[ g&@&] “!l R 3{}'%56’31{1(56&?@?& the group

- pl X sts between s
ipdsdihg euis-pixal pch;alcmdﬂlé dicnﬁﬁsnemtﬂ [forethg.grovpwoclsding pubepixel position

ons. in vertical .di nensi.o - pi L
BOSS b Jhgient) o eregbin, Bl gritionaog Belffient for e
GOy alRtudaipadubNyix Al fosmiod Ol 6 .coSHERBE I isr #eSBrod ilﬁdl‘&dlng sub-pixel

di agonal | y between sub- plxel p03|t|ons in dif

RIBHERAS oﬁ§0€fﬁ6¥€n"é>f‘arrfb? groug jjml yglingsyub, slgiﬁ%i@pwy%xlb s%né 3 coefficients
wad in the verti cal

%l %H@uﬁh%ﬁ%)% é%bgggltlon "d" in the horizonta

[ﬂﬂlﬁé’ctt [ on H@ Koie fhondeptanowabtrdi8alekampld operatiéh ofl video encoder
Ln hori zont.a

GBS e ETE el sURorl R e M i fisc 8B gpe tochniaue of

HIGE BT Rl 8 doseriticd |t theqeishtdtive Bt sido@yndogertsdad HIGr2 although other
quarter-pixel precision.[00163] For, sone types of
@Vs&r«meab ReHorEn mlar tqﬁ%waueSsuﬁsf %81 insflfnd-r\f Capitsisof prediction

HEt YL B3P RIS opgﬁdeis' 805 hﬁm‘bﬁﬁ 3M%Et' ﬁﬁludg' 15%%&‘ Bfxel values
(or dinension), but not sub-pixel” positions in

qwleaspp@dmalto ditegensixolmositionof IFa). Euttcnﬂ@ 39xebppicxsgb-pixel values based
Lr oes, not al XSt f or SU (S 0S| b
ony d Jhter ¥%lp o?t that com%rlseQI % Ve Or drore )}3051 ?195 ) * S rrodmd tge Sub-pixel

m)@itloﬁs(ﬂgﬂ) 1A% cdap&gwdah gdaawe ﬂaalcb Blsove Tithe txsc;lmmityomlt@ Qufhort may
S-AlF schenes, thus eﬂglre nor,

sets. of . ) o
tien‘ﬂ%ﬁlp'f& 2ECREE apss of theefliteen P??S‘&E' ﬁliﬁb'wglr intgrgglations, while lincar

HRORE A aridll PiRhr %rﬁé‘—allfﬂl@ﬂn SRSl o SEREABSix" FAHE Fifteen possible
el even uni que sets of %erpolatlon coefficients.
sub-pixel interpolations.

[00168] MC unit 37 then generates a prediction block based on the computed sub-
pixel values (173). In particular, MC unit 37 may generate and output an interpolated
prediction block 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



[00164] The sub-pi xel symmetry schene described in

this disclosure, and illustrated in FIG 7, may result

WO poopoe@1nccur ate predi ction than the sub-pi xePCT/US2009/040250
symetry descri bed above for sonme types of NS-AlF and
D-AlF. In particular, the sub-pixel symetry scheme of
FIG 7 inposes sub-pixel symmetry in one dinension

(e.g., in the horizontal direttion or the vertica
direction), but does not inpose sub-pixel symetry

bR ITHRREQHR YlobinmRP inWe TRASHARS! dn@-@antiAdl %9 QAR unit 38 and
[00165] By not inposing sub-pixel symetry fo

®iaptizetige in 39 taspassively. adioHawing entiepy wedRe @quntrpm cerhng unit 46,
\Qg o84 E%@ caﬁl%&r szlnaéﬁcgﬁl?df%héoel%lts geﬁnfah& k‘ﬁ@lt J%fo%&gl‘%l&pﬁ 75). The
SJ%-DIX& p03|t|8ns | A diTferent drmensi ons 1's no

filter égfioah&tbni At dedchibed htreinp magt ¢omprisdlcighoygh ofaoeffiehs used for
of inter atlon oeffi.ci ent requi.red (e..g.,. .
ErgRtng #bf ﬁ%?& G F‘?Fé%“’le‘%thgo T %11% Pﬂstl%‘?nﬁong? Gifer information

MEEHE Ghip@Noktdt Rr WY dOghifIRE §oReBIY setal thhagRRabded unit if different
coefficient symmetry may al so be avoi ded or

as¢as of paeded unitryseriidiereanhie Pessafes vyl infea®1®®). Predi cti on
g@i@ 32 mﬁ a1|859 'ﬂm@ 81 &Rle{llfukt?zltﬁgteg%é‘@@%h%r&ﬂ&% of a Vldeo decoder

esc i bed ove I'n icu
that utlﬂlrp«‘:sszedva‘lmplfwll ﬁlm smﬁfqonmaaﬂltswﬂntm@sdomsﬂmm the process

. the . h nt al t t
181 g R ine Lol i paife RREES Bpe SiodtRprocess of

e 11,1 IFi@riscaef bé aeRAb&l froh thelPeRpoctive BOFIdeb @acoder 6@I0€ FIG. 16
not forced to be diagonally symmetric as in the NS-AlF

adlbpugie otes SpYipRsdmah GyEom dirpidpr ledrquss 4 st ibAI@ 48, video
(i]clzode-lrr@) Pé%%fVE% %%1 %0&&6”%&5 %fl(l)c‘i‘ts Sa?m&% Zﬁl@orﬁfé T (!lg]l) Entropy

equati ons
dzcodlng 203tK52) nmayf mtn:@;ySde(c@df) tllt\lb)trecell\l’edt 1n1fQ:rmasQ|tb p]i’m‘élctlon unit 55
"N ' coeffl

1? fgrms 161terp01£tive m%ﬁOélr onga(%lrjl%ll‘tlo% a%colr%mgr teﬁ Iques of ?hl%glsglbsure In
pakti hur tgredidtdonpest 35 ¢btaihd 4 blREk dﬁﬁlﬁélls lﬁ@dl mEmest 6 thatihéltide integer

respect to FIG 4 may be used. As t he sub- pi xe

Fd VéBJ@f crEssparding to Integer pixel posmons (182) Prediction unit 55 may use
received motion vectors to determine how to perform interpolation. Based on the motion
vectors, prediction unit 55 can compute sub-pixel based on a filter support that comprises
twelve or more positions that surround the sub-pixel positions (183). In this way,
prediction unit 55 uses interpolation to 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.

[00170] FIG. 19 is a flow diagram illustrating example operation of a video encoder
that utilizes coefficient symmetry and pixel symmetry consistent with this disclosure. The
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



symretry described in this disclosure may be used in
conjunction with or separately fromthe filter support

W@ ewbneues. \Wen used in conjunction wth thePCT/US2009/040250
12-position filter support described in FIG 4, there
are 6(a) + 3(b) + 6(d) + 3(h) + 12(e) + 6(f) + 6(i) +
306 45 uni que coefficients for these sub-pixe
p05|t|ons that need to be sen to the decoder, i.e., 6
coefficients for the group including sub-pixe
RO%iohd BRed 8n cocdfi&Bffs gfnﬁ{eﬁﬁ}taﬁd Bl {REm a0 H@dés@ﬁﬂ)éélqieﬁﬂgn (201). In
sub-pi xel position ' coefficients for the
Taptedu mgdlgtum lmntﬁélmwd@ﬁmmhsyr@met%toag@f@ ithesi sefstod ¢ @Ecwnts from

u t

830 B RE S BRLSRIREL o Bebisnigfor some or al of the
@@ﬂmﬂsbmwdencoﬁﬁC@ﬁﬁ%Mﬁmﬁmﬂﬁhﬁmhcbﬂﬁc@ﬁ@bﬁgWﬁmhﬂﬁiM@dwnonunn

ub- pj xel Si. ) ffIC ent for
Prich aﬁlﬁ chdhpviprade b%%g tﬁt%ﬂﬁavon (sgely %ﬁ?ﬁreﬁéﬁl nd the cight
ste@roftfﬂl%r g5 QHA A @iOQ‘}“ Keles WhcdicX 8D i ?Sduﬁiu@ Bncdded video data and the

[00167] FIG 17 is flow diagramillustrating exanple
BP ets péﬁlt@fcoaffwe@@d2@ﬁc62!@rel aets of ¢qeffpaaents whyghl aye encoded and

PR Gl ERORI IR so M Dot (B P BREHE S so o

Ppdedegt dcwazceo‘cam/ bcanfoencd dérthSailiof chéfBeiets aot tlE@u@)ln interpolation.

@l&e&%lve Idl'%_){e @n?%};)’ugfg gilrg S m $oeﬁc2%|?sn?1]g¥)ﬁe GH?Otde% fnd sent with

Abit Abdrd whitloosisbief difdbrsed ‘@pésr SMinteRpRtionS4t HiFRkcrt N6datieh® within a
i nteger pixel values corresponding to integer pixe

‘ﬁé@i@ﬁbns (171). Fllter(s) 39 conpute sub- plxel val ues
[G@Pﬂﬁj on @lé i()t £ Wﬁfa tglﬁgtﬁa‘fﬁnggﬁrﬁ g o %181?095 video decoder

mor e posi tions that sur oun posi tions
thatARNizesAsoelixqrispacheiry agd eatet syrdeety ICOME ,Wwithheis disclosure. In

wel ve - ition filter s be us
t%lg nc§§eatpé§dcﬁ)(ﬁ1ﬁ)8 uél,'r;]t ﬁq%% Yld?(f ég(%(aﬁr g %:Flvess ulgﬁg]sexs Pf filter coefficients
(i1 pt)esmbicatia@R She ifidcneclsiofl €ifer dVRFfi ot Rlscdbsltheicii@@tets, coefficient
vertical filtering %Fq%pused to generate six of the

PRSI NA HEST @fr@ngf% on mlwbangbq:rbwggram@gefp%mn filters
éﬁ@'abpl?guém%férﬁﬁﬁ%"ﬂlﬁ% ift OFHe?@U 191’5%)&@ Lhosik 191%%@1‘[%&&1&1% data

I xel val ues n particular,
(393)rmy1dg@ |decr0dtle60am thert gdmpdemdcmbledﬁdiaattde@n e @ehdaxttlwg |data (194),

AR A R A R BBl VG s o
redithed] plkRtekt qucedbdct i on bl ock (174), e.g., by

tracting the in ol ated prediction block fromthe
l@f"ﬁé& bl odROa: fi% e Hlugfeatiar sxample opeiapem phi $idgo encoder
thfreut 188 ﬁﬁ@{lln?bf)ﬁheg‘@){)&ehmaﬁ&lst% EQIERGuA integer tplxel values

quanti zed by transformunit 38 and quanti zation uni

Qosistertspebit vedlwlow | dhing exeuseqsly albydi avgintsypeafiqrolpe filtering
1ﬁs% Arnag, 1{J stlmﬂaﬁr 110 gﬁ)?l Fi06o %‘ﬁ{ c?eg n%"l.ﬁl 9%%%%@];} ﬂl?agﬁpgﬁgc%d Rather,

eo bi strean1an Trer |n ornat
tﬁ]sllirecress gérrared hon intager debes |thmdardnéirlteted bar@ly o ol orisieal integer
eh%ht s%}s of coefficients dfo
valug and other integer values that surroun t e orlglnal integer value.
[00173] FIG. 21 will be described from the perspective of video encoder 50 of FIG. 2
although other devices may perform similar techniques. As shown, in FIG. 21, MC unit 37
of prediction unit 32 obtains a block of pixels from memory 34 that includes integer pixel

values corresponding to integer pixel locations (211). Filter(s) 39 of prediction unit 32



generating all fifteen sets of coefficients for

fifteen sub-pel positions. The filter information nmay
wheoooueqout once per coded unit, or possibly seR€r/Eb2009/040250

times per coded unit if different areas of a coded

unit use different types of sub-pel interpolation.

[00169] FIG 18 is a flow diagramillustrating exanple

operation of a video decoder t'hat utilizes a twelve

pi xel filter support consistent with this disclosure.

Y She HRGPHREEEFuRbadciGn JiBer MBI CARILE 6L eIk of pixels to

reci procal decodi ng process to tﬁe encodi ng process of

gepepate1 jugridgntepgr wixel vplgesded@r.i Paedi¢trommutihd2 generates a prediction

ﬁ?{%{sl?a%cg% OM qhem;d Métch 9nt$g%9 %&%f Vgﬁes 215 2k %Hd ]&de%l 8&9 %O encodes a

mdeoHIﬂG:k Ib&;ed \dndhe pﬁl@lmxde rbl&k étr |e\ge,3ma¢klmg1 ad)diae @l8vtb d;abtract the

SRS, B, b i, P BB 20 oy OB SO0 0B

FNB i iR foihdtior An @ UARIZABod St @E REidtal ‘%R)cm‘fy't%sform unit 38 an
conpensation according to techniques of th

apBieage riait 4G q@ér follewingr entpapE dgodinizohy @mrp%somg ainfis46, video
e%cg(l %b oggpugl tﬁg 1§cofd[::c9 Wgﬁ? ‘SR)'E:D( agg f Etgtaltnfdr& e(iﬂfj ?tgg With sub- pel

plxe val ues corresponding to I nteger pix

ifttgd)atioRy iettrmilaton- llklelfﬂteﬁﬁg Wmljn respectrte am«:gce ﬂlmblolcmmns may involve
ectors to deter erforn1|nter ation. .

R ”*awl 6#%?0 IR0t BH caﬁffiu%fs%%%ﬂbly several

tEAEPPdrecctdd it Bl difasedaRls af fal LdRE wiPRQY HiffeRsdt types of integer
conprises_twelve or nore positions that surround the

iggopitiveilikp ddtetingns (183). In this way, prediction

55 u r
[EP]%%II]( (18?15?é 212213%5?8%?%?1%2#1@? 1{1(1@ Qgﬁ%ﬁa %geﬂ%g&%f?& VB0 decoder
tljacujdiees fittersigd o integed @oxeb l@akonyytoi gvnoltatmgijmﬂwe mt@4r poxel values

Gy B o PR B R AT BL R BB PRy encodea
vidl ldlli)lcm ztnheals@&e@ﬁve@ fileee| Meorp@sod I(@Q fdn|cé &fer Sd@&ﬂ&Druihlt) (221).
t hat .surr.ounds the sub-pixel pqsitions in_a radi

TERapion wail, o9 mStaRred Plogk ot ditdufing: BymeRo+ alil%gn%%et @feger pixel

ARk 'cBMeégBﬁcﬁﬁg% _ﬁIt@geP'?%l bE\@ors QY BN P 0N &iort GHENBS %%ﬁes a filter
[00170] FIG 19 is a flow diagramillustrati ng exanple

(opfethatindps ofirt af wiadieo cgmp@@@hort hafiltert mtegzrelslxclo@ﬂlfes diaggdt on other
1St¥;mmt L Hlesl_ﬁf % bl S(X( oggeé{ers & (mlﬁ\{\% 161teg8re]%1xel. Yjaéuaes (223).

CIosUre Cri
Ifrédmmdrh@n’pﬁﬂ g@eeettd:sVzEpﬁﬁlc\‘/lbld e ckmagdam tho adfustEﬂ Gategbr pixel values

h h f chn
(%i)s ﬁYujaﬁp (?écngflééec\QT %e%ﬁ%@e&%{igpﬁél&:ﬁs{b@g@a Ut t a@léc%onsblock c.g.,

BRARHEhd RO ddefo nep iRl SlicaR! Bloek ifidetdoblic L 8RS é(ﬁétf{‘)‘ﬂt it 55 to a
for fifteen sub-pi xel positions based on coefficient

reyidipd vidgo Alegk fi haedecadadtB2ty, as described herein

. In r I .ni '
[g)§ try tPgérég dlg %e t\)% dﬁéﬁﬁ{ ﬁltu t?z[t]mg?ftg%hﬁle En%gr dlp&)%l%h defined
1ﬁﬁefﬁo®elrontf6r adgh¢adirgnichserhyn fvur et quadidate fﬂﬂaa rinl mtbe casof MC unit
c7oeffpre ients. f%r sone or all of

ction unit 32 may generate tWo or more I'ghfferent sets of predictive data, one set
based on the first set of candidate interpolation filters and another set based on the second
set of candidate interpolation filters. MC unit 37 can then use a rate-distortion based

analysis in order to select which interpolation filter will yield the best results from the

perspective of rate and distortion. In this way, MC unit 37 not only considers which set of



ei ght sets based on coefficient synmetry between

coefficients of given sets. Prediction unit 32 can

W@ b@o/1z9¢bde vi deo data using interpol ati on fiPCEDS2009/040250

(such as filter(s) 39) and the eight sets of filter

coefficients (202). Video encoder 50 may out put

encoded vi deo data and the eis%ht sets of filter

coefficients (203). The ei ght’*sets of coefficients,

whi ch are encoded and output in the bitstream may be

pr60ktWM dabh WRGHC1§ atdsUBllts (. She 18AGILtd BN LRwiRlal S G)ctor in the

so that a decodi ng device can be inforned of the

fhetl thatronsoiet pf edndittats filtern smyfroquitenlessy ibPaerhend. in order to convey its
f.erent groups of eight sets of

@%&?éé}@%g&? Oyﬂleﬂé{)éiggncoded and sent with each coded

[0 6]t O e[ZIEb!;}Em(ﬂll ff BIG@ 13, tM@emntOB7 iafteedioticat ioinS2agencrates first

different | ocations W thi it

infgmoltei] Prediiee st dp PePdiSe P ARG ﬂ%tﬁ?mﬁqd (Eno?) Fhtmgmolgion fiter

@3 Wi deR FAeCRESpolhthat filkd] il &ﬁ%xﬁﬁﬁfef b&hSites 8RB LAtYp8R€on filter

pi xel sy rmetlrty consistent wWith this disclosure. In

qoHespopdiag to piidgr definga bymi nartBglasividep ¢eding stapdrad. sgoh as a filter that

i fEiGi ):
SERGES TP Soathchlohdh 108 £ olihghlin sAcoces, he
fb@dedteqmlzttioe fdteg mhays etreespandetof ancITEMT H)Zﬁﬁﬁtltlegpoimldn filter without

.pi xel net.r dic n it 60 n then

RedRod PR nbioshFPPELQles B oy Beah®k: BhBET B gatues. o
this|dagd, Shd fix& BerpdIid BREIhYy geRe@h8fpXKeErA0tsedR0may upwardly
pr edi ctive dat a (193). Video decoder 60 can then
rgechehehvialiss foy BERaseh o e rppat petoghe Aplépingl rgalugion. However, to

i

e S8, Bueugh 1IN TRARPCSIL G &, 860 B LRSRRliory o guarterpixel
rasoﬂlﬁsmdw uipt dthay stobenaemondd. vefsidt Z)f}heﬁiatﬁrplﬂellfaluss and usc the

noH Cr8%4egg{ﬁegéporlﬁﬁl | FISthlr gﬁa;lfn Iﬁ%(eqxvaﬂgése ffo(%p%%ygtgllét?rrf)B%ig? t\éi guea?ter-pixel
re@t@ion0NCo-pendiigendt @omejoust egiugnraﬂ elg@r HMt@hﬂAMﬂkhlﬁﬁl Serial No.
consistent with this discl]osure. i.s discusse

abwraé bt RuraTEn el Aleat] FREng b HaNHD IR TERPOLATION
Su i g%UES’ FOR SIPA0A CONBPENYA TRIEINNADEIE BOITANG” bearing docket

eger values. Rather, this process generates new
riunthsy @$13\93Ume\shlph atas dilasl dni the earee dipassetdic presert @ppiltqagomailnd which
%r}}lceogeorrat\égl | %?ﬁilr% 1O reerer}g:e/rgl e{'lgtroev?%(%ln\é%yue délmﬁl fiseya,ﬂF Folillglnterpolatlon
fﬁﬁlﬁgl\bﬁh‘buf n@mﬁd@i@t@&b&nﬁ@gﬁ io¥ ehalffpindl detuce ntbadee &Adab generate
FI G 2% ou h other devices may performsimlar
QUAELFR YT & “e%s shown, in FIG 21, MC unit 37 of

PO e Ct i omedni M BAnR bj"/a'oﬂ rédiiRC kniPf32P b XRkSesf 5QBhd interpolated
menory 34 that includes integer pixel values

Rf@fhicté@p@tﬁdf% gldeg cnerdéeget tbrz y&leo|dgtechaseshen g 39eppd interpolation filter
(Eki)gt erlgs% % IQ,r ?}Qal %E fﬁwﬁéolg’[?ofl Iﬁﬁt&r 1111251 cblﬂ S&e an adaptive
el les on al'u

va eger pi xel
1hieq>olhalti«m Kilef. o xled; sa%pc@smmnammudlppmeeldterpw&@er Mﬁ xeit 37 may
%?gaf téléﬁ%géfﬁggrﬁg Itocﬁé gsrc]edu r|1 %)ar%gulgr,eﬂ/% falrtlite§7 fanay execute an adaptive
interpolation process in which MC unit 37 starts with pre-set filter coefficients, generates

preliminary predictive data, and then adjusts the filter coefficients in an adaptive process so

that such filter coefficients define more desirable predictive data.



bl ock based on the adjusted integer pixel val ues

(213), and video encoder 50 encodes a video bl ock
whawed2emn t he prediction block (214), e.g., i nRORUSZP09/040250

adder 48 to subtract the prediction block fromthe

vi deo bl ock bei ng encoded to generate a residua

bl ock. Follow ng, transformati on and quanti zati on of

the residual block by transfoPmunit 38 an

quanti zation unit 40, and follow ng entropy codi ng by

[B0178PPY  CeSHcB hUict utB37 Y¥F FRAICAHE ARieB2 Bls Qéﬂe%&ﬁb&tﬂ%e first and

encoded video block and filter information (215).

t sagordiintqyptlaticd pesrlistv atatarCiunital/ sah aeléds betwere the ﬁrst interpolated

I L& t e L
Jré(ilgtﬁ{/e@%%gngu ust%gogl% dlng g‘%(}‘}‘%t%& g)?%dup[ Ve {\iatj? Qq%%:d 9% MR distortion
analfysis (Z283) o t(hmO\anpMC mﬂdwn(umnly cdmsldmsﬂnd:ﬂ §et Smedhaﬂlve data will

er c [ diffe eas
T BT e o Phetlotsh Rispiqin i OFC AR a7 P AERGR i fhgadifferent
dnduhBrdMBta (.00ImeAlifrEible biletdsp that (ilPYe g@FERMr the first interpolation
i llustrating exanpl e operation of a video decoder that

filter Ir¢lgtinee tojthe agciony 1r6¢rpplﬁt1@gé}terp|bkéﬁblv,dé #hei foresl intgrpolation filter is
jlst:

FRTEG) & PUALRLGLLBATNSH Yoly VRLASESCANERSEDN s e

doffrrensi ivdls Brcodedwhdrcsof ﬂnle(adimil,ve amcirpalagion figcreis \ueezi (e.g. as the

filter |nfornat 0 per... cod uni t

erat ErorBASten 188 S SioneShe SO GREGg et S eoetricients.
ABRBRLY1P 2hE hat-distatiod end i€ ear d@bahe Waldhegt of predictive data will
correspond|n% to integer pixel positions (222).

yoeld dhchasbres ¢-c 5 8he Ipaph ks digtoptign @St)(%@ccewam)foezhe fact that the

abk th%ff X tnlg&%oﬁlﬂgiﬁ ﬁﬁ&%deg’ Rof R ﬁtulré %cﬁﬁtldnglt ﬁ&qP op(Le%( % convey filter
va ues based on ot her i nteger glxe val ues of the
dokhckentfto hexdeksder.o generate adj ust ed i nt eger pi xel

IFLATE | onthr ofse isalia et e T 60 B0 hedure preisive du and
th@lse@md (idddpolathd qﬁ@dldﬁzeo&@i bﬁ&dcan at md@e@taﬁleamlﬁ@o (233) may
bl ocks hased on _the prediction bloc i nyoki n

coaEse ercyly gy fifsh éatirfiemrfm cst 6%56%1%611 Pi‘tlTélrtB% Ve dlafgyif the video

(Et'faelg 'eﬁ&dd@@vférihé ﬁl@?lnkéi’ﬁ)@}attegc‘ﬁfeq}éﬁjve Yo %Qlcgiagﬁgats&:og@ rate-distortion
decoded (225). IS a di agr am
q0lstl agstoided Wy alet\edmacqzuef theyideadaa o @tcgdetdl o thgestcanddnterpolated
pCr%l ﬁcg}rv(%aci L O(F' Pgelf?cgm\él d & Fgﬁjlcg Igte m %qat%crf lp'r:e\:gl.?:t etd%ta%fnd the second
ipteadilad¢d @adivtiv e daB2baded/orghe €iFa thed sewncbfatdmgtertdjnfcbaﬁ ent
s of predictiye data, one set ed o
@@is%f c arldF e &lortign 5Bt as K th@ 60 'ﬁatlﬁ@@ \ddgo data is

PasRd 1A thdErsb ﬁﬁ&gé’la@@tpréﬁlct%%ﬁdﬁ%ﬁ cbbBEPL IRt Rfference metric,
filters. MCunit 37 can then use a rate-distortion

s Bigam pdtayest erqrMoYlert nivelseluse tor whincdf dbselatepdiffatcnem (SAD) of

Jﬂ(éltvgfue ol Lurx fo?l gtzatréhe d zi%%sis{ g&s#%)t?:f 1;1 e‘i%hfé? 1nd1cat1vmf differences

perspective o e an
heniden3He video odaltay amb riwi Gier mtwba_;lai&dq&tdlcrﬁ@rc&nh qﬂms\le folatvalue that

ﬁallgtltl bq\élt qeolaﬂjlstsgfe}at? V\WIF}{ g%%lg%fgf %tjcjﬁlger'qofqﬁtecﬁelél?sasﬁn this case, if the first

interpolation filter is a fixed interpolation filter, the first value that quantifies cost may be
defined as zero. Similarly, the second rate-distortion cost may comprise a second
difference metric indicative of differences between the video data and the second

interpolated predictive data (MSE, SAD or SSD), plus a second value that quantifies cost



fact that one set of candidate filters may require

| ess bit overhead in order to convey its filter
w@owbfizeients to the decoder. [00176] As shownPCTUSI0@/040250

23, MC unit 37 of prediction unit 32 generates first

i nterpol ated predictive data for encodi ng of video

data based on a first interpolation filter (231). The

first interpolation filter, i1 one exanple, conprises

a fixed interpolation filter corresponding to a filter

G KRRLW Y Rt d ot ko MtiEeRs C Bel] 'tH?:gca§é @/ﬁ% iRl s@BEdir&polation

a filter that corresponds to an ITU-T H

filter ér gpoidaptiverinterriofasion fir, tme@ldpfaé@| tbﬁltcmantifws sogt@ssociated with

e | ati r
G et PGyl aBO PP, e T, FELET TR o encoce
adﬁlbt&rer‘rﬁnhrﬁdiletldrﬂtﬁiﬂtdﬂ rocftiticha) br poxwbly vihlsuasmbdrafr) anétiplicd by a

used to nerate quarter-pixel values. In this case,
Iﬁgéang}a}gélglﬁﬁlﬁfeépgo| ation filter may generate half-pi xel

[delg1gs anch iR Yelbawa sdtwech AN Hrsb Hedpyadcl ??edﬁdi’i"ve AU R €% second
of interpolation to the half-pixel resolution

ipiswolnied predictie deset Banedtag wiscHstheion. plakisis (PapLidC unit 37 of
ﬁ%dl!:t o%l Ui ﬁe?\l}%&?eq tfl@gl.glécphﬁg BQgeatolncfﬂe ge?ecﬁgl‘ff‘?c?g?/ a%h)éﬁéodes syntax

reso uti1 on tore non-round er st ons
tofindidute thalstlepione23 ¥l Tle&yamd npyeconipeisa e vne-burfthgdr a multi-bit flag

fot | | f
R R it 6 R PG B s Piimetng agian At should be
264 b ANURBHN. aBlf Brloesks Yf FIGPas ey K RIpe&ad ifQcadl lof @l plurality of
No. filed for Karczewicz et al., and entitled

SHJAMN@E@IMT@RP&AW@MWE@% Q@Essqq@ﬁlqvmumcate whether the first

9%63 Eﬂgﬁyltg\}ﬁtl thlﬁye!cggp RAhAHd g@ﬁé‘eﬂ g%’“’tﬁge&[er for each of
| | on the sane day a
the pieadity appibiadlilorafiomndl Iwmut)’fplxeé locanerIM}ad:csnbrtse figicen possible

by
AR S ERERS, PR Ry Tanlaoitor, A matiBLRber sy or mov

@mphisd & -dpfiforedt noalbee st ﬁdbaﬁlxélrlsmﬂls&ﬁ The gﬁ)ﬂ&fs&ifEFIG 23 may also be
guarter-pi xel values. [00177] xt, MC unit 37 of
rﬁl?f‘@aﬁ dder By 1nfsiger- B%ebleﬁ%wétfege@é ©od! Pt rdpyides gguence to indicate

\Qﬁe%i:'r Ghd ¥Rt Qﬁ‘érﬁolfat%n ﬁltge& Hwocdha gntélfpoltahgn ‘ﬁ;tgteglog@t@: used by a

based on a second interpolation filter
deredep e the integsepiseldodativer pol ation fil ter may conprise

[@6‘ ﬁ?apt ! Yjancl n};' e%p%lca& 0. (fﬁk(l}té as erﬁcct)({c]eds &I e%) dgt? based on the

consi st ent” W t' Ve in ation, uni
s@ktiisie (2349, tnd teﬁfodedeifyhtaﬁl enimlidae e BESﬁﬂhonl(IBS) modem 23 and

particul ar unit 37 may, execut
tr%%ﬂ&a?‘gﬁl@w%ﬁ?@e@g ulpts %ff&l??%%a ﬁP‘iO 9 V@F%E?@ apg thg syntax to
RE@1a58h dbvitd &F 19098S {456 WaBicShe HRPBREHEIRHIH BlkdrM HRIDYand the second
predictive data, and then adjusts the filter

iggeroldtion diftes i @d@mwadletsrm@erp%@@ystrésﬂémthﬁlﬁers@@ﬁicwnts when the
S5 SgEHEL LTS R R PEALE B
dnasded evidoadagd boomhay tifaesrhit mstfil@ndocfficients when the syntax indicates that
the first interpolated predictive data was used to generate the encoded video data. In this
way, when the first interpolation filter is fixed and the second interpolation filter is
adaptive, filter cocfficients are only sent if the syntax indicates that adaptive interpolation
filtering was used, and the decision whether or not to use adaptive interpolation filtering

considers not only the predictive video quality, but also the bit rate, which is affected by the



the second interpolated predictive data, MC unit 37
can select between the first interpolated predictive
wa@l2109/1z6981 t he second i nterpol ated predictive dBEHURNSBM0250
on a rate-distortion analysis (233). In this way, M
unit 37 not only considers which set of predictive
data will yield the best results (i.e., the | east
distortion), but MC unit 37 al’so factors in the
di fferent amounts of data (i.e., the different bit
B8RS o ftIRE c¥itlibic® i B8 Wah&&ittE@bitdtR8mf iTh Sther examples, however, the
interpolation filter relative to the second
firpit and podoad iigerpplatiowr filterNotag hoth, bej fixet g hdyxsth be adaptive.
pol a n [ t .1
ORI Dol rtnBrieb O o G ekRuS meP Sy Wl Bt mamygpoenrios.
1t1duding: Gdenafibs twc'hien Cthxﬁé fare in@id shanntwioheetDbf Siltewabving selected by the
eas if the i.ve |nter olatjon filter is u
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zﬁﬁﬁféﬁﬁrm‘éﬁ)o‘fﬁtéd pre@ievd Q£ RARELmhY his6be cORJiddréd BNhS rate distortion
Accor di ng %ﬁ the rate-distortion analysis can
anakyais miIn o thi words ehe ofethndeldinot ilipated 4o 2epgrpting prly dirgthand second
) t S .
BERAEE R ot bAOF oh RS nfAbRaCHRGS O SRR by applied 1o
genttetepmbf ajﬂur@lnty foif lirttenpo kil wd previittivie elgtal rasedaakdartyi immalier lof fngerpolation

t g, convey. ter oefflc nt t he, decod
s popornl® S peetiutiot yrehSE bR Gubebi i Ristup identity
wiitie ret & eflcqr e 6id v@ngﬂ& % @ithddhexce @8O video encoder 50 may
i nterpol ated predictive data based on_a
oEPEsdigstEHingon Pardity s Jifforen) varsgne ehpiciseive data for encoding of
C t fj t 0

o R ol BT Bkl SRl Mo BASE ARROGLALEHE amons the
Iﬂtmelittyi & diffanerer podionse df praiiitori dete dased, ocal caut aﬁstmgioa analysis,

seco r at e- di st 00|at d with th
FEERRE S BRG] B0 bisiTor 8L s R385 S8 Sl Wi 16 Hicate he
dentespol at ed predictive dat a, and selectlng betmeen

the first interpolated predictive data_and the se
[PB18 po atl%dldéuneautt%t%e%t%fh& Bisddaton tikg ?%S?%pna?naate distortion

a%gﬁlg’l@ darfdaéeﬁel‘gh@ Wn&dxote 1ﬁ&l§§t§ the[sgf&:t%&] MO8&nfat7ef prediction unit 32
di stortion cost associated with the video data if the

maydelso denduci & semibo deatd-distertipm @néﬂymstfvlthntmeptoﬂoan@eer plxel filtering,

\thelg Imcéxlp alne%altnam(qg %ef:aqrg%r | 5€; %arh ]fprenrt 3h¢c preqiction unit 32
Sq uare err val ues

rﬁz[y §diﬁ’ra®a° tvﬁb@tﬂhdﬁe&hﬂd:rfalﬁt@éamf@)rf(d&%ﬁ): d@fa fiot Kﬁégekljaixlﬂbl@cﬂ'fons e.g.,

sunygg.squared i fference (SSD), .of |xelaﬁalues

Ry iERtfaEe BiRClifriag R o8c he te‘ﬁtegﬁepli?? t5rigat dgpy conduct a

hidediftbitioh dndlyek PRItRtEGcar BdiHeld o ARffdentPsddS iR okddrSth determine
val ue that quantifies cost associated wth encodi ng of

whathes rintégﬁéfpflxeé |ﬁétﬁt1@g iy destred. s Agepgéinglyf MGyanit 3¢ xf prediction unit 32

IJF{}; § IR:?J‘[ y#atﬁrelénﬁen? ba c)éle(% 5 rIIL ?rdﬁ)s%rﬂ%ﬁ tha %1 cigted with

|rs at quantl I es COos
twe r(hfferﬁntmaﬂs af in]cget jmedsewdmia toahdicde sﬁlenhtn mn:gerqskel Ifﬂlytring should

conpr.i second ference netpjc.indicative :

Pl Ee B SEARNBUN IR Giob al 4 e REdielSp it is non-ftered
and a second set of the integer predictive data is filtered. In this way, the decision whether
to conduct integer pixel filtering may be based on not 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



i nterpol ated predictive data (MSE, SAD or SSD), plus a
second val ue that quantifies costassociated with

wepwodrdagl of filter coefficients. In the case RMIBEUS2009@40250
second interpolation filter is an adaptive
interpolation filter, the second value that quantifies
cost associated with encoding of filter coefficients
may conprise the number of bi¥s (r) needed to encode
adaptive interpolation filter coefficients, or
d%@ﬁﬁie}ﬁt%sg@’[ospe@fé%%ﬁc}{1meggﬂ-’ﬂ1§(él AlifcBA. bﬂltc%ef—ﬁgérﬁfg%z‘}'}nalso consider
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coded uni,t gft a C?Ai deor se@ﬁ (?10 i ndi cat e, whet h 1 th
PSR MRS 808w £ 1r“gt %"“&%%%R&OV“}?F elP%r8| 6%318 P HHese
dspdctedf thibdistidsire. used by a decoder for the
i nt e?er pi xel | ocati on. 00182]1 Once vi deo encaoder

50
[PH&ET 2) ELS 2hcddedlophdiagram dlletielng 4s shiAug fer encoding filter

&@ffﬁ‘:%{sq{él %ﬁé"&wh@%dﬁl@c Qe el S¥RT fer c@efﬁ@féh@"ﬂs@d b h@ldeo encoder
sel ection 35), nodem23 and transnitter 24 Cz

SWapayrbe @realucéiv cenepdedsmiative trefibercaodBttionisdefon ﬂmdaﬁbfrrdwhlch may
f%lﬂgerfl%{lnt | a 9oerrsltrle r%?c%llnv?lﬁe f féerr (‘iogflfj |1e)?egarte r%gnt;:a%Zpealrt\/\'l']fean encoded
biRtrempol at i on f| Iter is adaptive, transmtter 24 may

nsmt filter coeffl e s when hes nt ax ndlcates
lﬁ’ﬁ Tt he $¥cHRYMiiAt éﬁp édm&r% PftcPlieélé %P‘é\lt\%s‘ gdifigs a set of

f10r 9SSIREBLE f3NBcHREDER AT m%ﬂegf%ﬁvéj@ett@m Hdo éﬁ%b/dlﬁ% @Zﬁfn For example,
no filter coefficients ntax indic

¥heuit r &t mayt edeptifvathed sgr eflifdter \ﬁ@eﬂ”meaatwg p@@rymmg an adaptive
d y t t
HERSIALE ARAERFASES M) BEPCRE! fC bl 3P oy BheratEfhel R of fiter

donffeiqnol ai tlmradﬁpti\teentermlaaldami_inemg pifoictss @nd goefrdte dicgntdictive data
liaalr%qede(?rg%ll% gﬁ‘i%ghoefficérnse 1(?6}4{1]%1&{( inI tﬂ &a%ttlgg 1r}tg]rfa)glat1dap fterlng process. In
adaptive interpolation filtering, as explained in greater detail herein, MC unit 37 may

perform a two-pass approach in which predictive data is generated based on a fixed filter,

and then the filter coefficients are adjusted so that the predictive data is made to be more



filtering was used, and the decision whether or not to
use adaptive interpolation filtering considers not
wo@009/12d9¢1 predi ctive video quality, but al so tPe&r/b51009/040250

rate, which is affected by thepresence of filter
coefficients in the transmtted bitstream |n other
exanpl es, however, the first and second interpolation
filters may both be fixed, or’’may both be adapti ve.
[00183] The techniques of this disclosure nmay be
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rE&ﬁc%d d'Ir?hf?iEz{sQ Wré'aéé&déf ﬁangg %9&& L& VidEMedAlfer in which the

based on the selection ncodi ng syntax to
filrdcodtigentheresatatctli on. [00184] In additi on to

ting.t.he int | ati base
PEIET G or TR TRy Sy o R BT RGP qupngaston wnic 1
tb ruditic @fﬁldt had sghedic e resh/@alu Rbéffidiénaf amt el(iit(qiyl wahngnuﬁlt 46 may

32 may al so conduct a simlar rate-distortion analy
SRETOPY ?%5%%9@8@%@@6%15 ikl Vidaore@redsy S0 w bn Pgtput (the residual

iRb alsngde 1R D re'ﬁc&féﬁaﬂ)lkst@QQVQM)I N PR LhoHyAon MCrdliuhl values

37 of prediction unit 32 nay generate two or nore

adpdfctaggdapith ‘életfétebcoeﬁﬁcemtx:mw elvabzlealuﬁrurzmgﬁhega@lduph wables, wherein at

leasg g(t)rlnef‘o ﬁ% ’t}%e Iie% téal e ue\sMagﬁr(])cl {éfitevgifhr %ﬁferen gfltell E:oeerﬁllcq%ité’jl nl% a551gned
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different sets in order to deter et her i teger
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SEBL DPIESs MOLGRT U gl 1 gt B g
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f the_.inte

rt%ﬁ ml)l/les f(}lllgw(lll%C I?BB?FI\R/H é)lf ﬁléq, r651dual Value t\}edeo encoger 50 can then

output the residual values as part of the encoded bitstream (244).
[00190] FIG. 27 is a conceptual graph illustrating some illustrative filter coefficients
that can be predictively coded. In this case, filter coefficients O;, O,, O3 and O4 may define

filter coefficients associated with a fixed interpolation filter. Filter coefficients X;, X;, X3



to conduct integer pixel filtering may be based on not
only the quality of video coding, but also the
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filtering, particularly when integer pixel filtering
woul d i nvol ve the encodi ng and sendi ng of integer

pi xel filtercoefficients used to perform such integer

pi xel filtering. Integer flltgrlng may al so consider N
integer filters (e.g., where Nis any positive and
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interpolation ring process.I E]n adaptive interpolation filtering, MC unit 37 may perform
a two-pass approach in which predictive data is generated based on a fixed filter, and then
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.



adaptive interpolation filtering, as explained in

greater detail herein, MCunit 37 may performa
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generated based on a fixed filter, and then the filter

coefficients are adjusted so that the predictive data

is made to be noresimlar to the video data being

coded. The adjusted filter co¥fficients, then, define

the filter coefficients that are used and encoded into

(063 t St iL3Mer kPOLIE tHerﬁler deerritien@ R Bl shdherifkdr ! cB@frﬁments may

coefficients so that such filter coefficients may be
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can then output the residual val ues as part
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of 'quantization and accuracy. Wien nore quantization

hitstrepse d254or Agdiat dhd quasitizationadiedesisivel wplbes evappied swigh the filter
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y assigning a prefix co
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aSitiar Dahied Solbigepbigiospaufiaann onit 4 ay assign more
quantization to larger residual coefficients, and may assign less quantization to finer
residual coefficients in order to achieve a desirable balance of quantization and accuracy.
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



out put the residual values as part of the encoded
bitstream (244). [00190] FIG 27 is a conceptual graph

WO Rooggeaoat i ng sone illustrative filter coeffi cPENUS2009/040250
that can be predictively coded. In this case, filter
coefficients G, O, O and 4 may define filter
coefficients aSSOCIated with a fixed interpolation
filter. Filter coefficients X, X, X3and X4 may
define the desired filter coeff|C|ents whi ch may be
c¥ \@htida¥o® bMht &sidudl $Mese videotdgodel 3@ 6har tﬁ&@BlﬁﬁﬁtQﬁé &Qldual values as

ilter. Accordingly, filter coefficients Xi,
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é%@ffﬁymgltl acre \QE fdtarh b?%gdl%% tl?éqﬁjer%ﬁrlglﬁlzgg ‘f&@(ﬁ{als%xggﬁrediction filter

progr anmed now t hat su try i s 1npose
@mﬁhﬁmwﬁ@hmﬂ(hhrough t he use of synnetry, coefficients

d X4 t hi
[ﬁﬁ%ﬁ? the DI egl; a eslg?c’ﬂn%i 5 dofefll yer (éant[SJ é cg Zé{na?‘;lgg pre%lctlvely coded
@&pgﬂhe%éte&t OF c KWES 9@%&@{ % {9{@& A1y @oefﬁclentsX and
coef I'v d

cients Xi and X2 are pre ecto

KOQIA& ol drinéPods&d &p%éfﬁ&eﬁtL KW &gr %%érltllnﬂ%t 5%1&({1&51ﬂual may

téchnlque for encoding filter coefficients usi ng

B Gt ds Ve &ﬁgﬂeﬁge bcjt\k}eénri Sinfage anld QWQ{ ves&lﬁ\ﬁ may be formed as the
different types of prediction are used. As shown in

& ffgenc%%etvb@n%'ahd 3¢, ofx pmadk CEﬂa?'BeLﬂﬁBrE 51%1?112& g(?@# Addl £%héh O; and

set of filter coefficiénts for interpolation o

®J e %e‘réf@red%%%sﬁl% v deqy ebag r@&cﬁ%@lkncdﬁ% 2 541 YhQurther data

process of in FIG?2 MC unit 37 may
dogtpndskiby ntalgde pedmatd.fi | t er coefficients by perform ng

apti er pol ati on f||t rin rocess. In this . .
B \ﬁ?f B3 Raglotte By satube Gy dpr deoding filtr
&@ﬁfcte’nﬁs‘ &t pl\éH@tltf@@ocﬁﬂgptﬂGe% Wll@'b@Qie@érib@H' ffdnh QY igé’i&bective of
process and generate the predictive data based on the

viddor decoderep i afi Bt sl 6 dé\ﬁt shomwadvideo tdeeodge )t Togeives residual values
associated with a set of filter coefficients (261). Video decoder 60 may entropy decode the

residual values via entropy decoding unit 52, and may invoke coefficient prediction and
inverse quantization 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 filtering process. In adaptive
interpolation filtering, MC unit 37 may performa
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generated based on a fixed filter, and then the filter
coefficients are adjusted so that the predictive data

is made to be nore simlar to the video data being

coded. The adjusted filter co®fficients, then, define

the filter coefficients that are used and encoded into
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based on the first set of coefficients. generating
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[00201] 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,



resi dual values associated with different filter
coefficients are assigned different |evels of

wQeaat@ati on. In this way, coefficient predi ce¢DOSHNY040250
quantization unit 4 1 may assign nore quantization to
| arger residual coefficients, and may assign |ess
guanti zation to finer residual coefficients in order
to achi eve a desirabl e bal anc® of quantization and
accuracy. Entropy coding unit 46 may entropy code the
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c 50 can then output the residua
a ﬁgguggh&%q?%n?qg % encoded bitstream (255). [00195]
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[002021, amdr pr&iRgAdFTIESIdp@NlideRyin k&ahplnEthnagrdyhef integer-pixel
di fference between X2 and 2. The residual s

itsrordisionis or deliih pRehiction elcimaHcR P Pe figgd for encoding. Tn this
&Qﬁf)fe' Gd ﬁf% Se LRELEPYLAR r&”@rﬂnﬁ&r}d% InpREP rRShik qgtega_ﬂﬁxel filter.

residuals are then quantized by coefficient prediGtion

Gordifiqerdn th0it (ltﬁ)rﬂ)ufhltO)A(h]l lén@ﬁéhi thagy (hQ)%I)edhbi}') ant (hd gy may be
Corgtingrflzl anlaI %odef ﬁlét )ile AR 86(1 éoéy lnR 0ﬁff%16nts {hb%ﬁ (h0,1),

clen are genera
@equant il zead (re2s0)duayt e tugedt ﬂ@epredhetdthettbp}ngﬁﬂ ¢de€ficients (h0,3), (h1,3),

FESLE Lo AT poradlR B ivd g CpeHrddh LNt Tieents (H0.0),
(ﬁ@‘#—“*hb@? e@o 3 (B('f‘@) f(hf §} (ﬁf:‘tl) C(ill e | '3? aﬁﬂ‘t(ﬁl 39 ar%n%dantlzed and

om coeffici en

ec
qnﬁ¢<b I’qhqyrreawlgfr ﬁﬁ@l@r b@éé@l pmdl%@i@quﬂ@rrehﬂléof}@he éi.htgr xeffigignts (h3,0),
(Q?Zfli ﬁybgéh%g)f &Qj {L? gf@hgﬂﬁ)lm% 814f3$gurt 5 eg]ihr d1c‘i10n of other

fitey cheffitionteacyds doheindi fiménefastdo eFwaesamg2, fontheXuB-pixeKposition
and Z2 than

Jd.,and X 2 e simlar to Zi nd .
& Wi @ﬁ%ﬁ%foﬁg) "BhRhsriy Rva ne wianetp bt R oy toprigh
RBERURtsZnaphd (%1 AntiAdtA codad FrFOMRS 8981 RA] FRYrddRt the bottom-left
pronoted. [001 FIG 26 is a fIOM/dlagram

qﬁﬁ@§ﬁﬁat|ng a technlque for decoding filter
RORH 1 C1 b St LR, BEAIGLGMEC B RO coltrBient® Wh! | by Goctricient

|bed perspective o
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

coefficients farther away from the center of the filter), better precision may be desirable. In



vi deo decoder 60 of FIG 16. As shown video decoder 60
recei ves residual values associated with a set of

wo pdovazeotoef fici ents (261). Video decoder 60 nBEI/US2009/040250
entropy decode the residual values via entropy
decodi ng unit 52, and may i nvoke coefficient
predi ction and i nverse quantization unit 53 to
de-quanti ze the residual val U¥s (262), which are then
sent to prediction unit 55. Prediction unit 56
QRa% aloefididi® whb 185l hidhac agfith Qfe%fﬁ%alwsb&gﬁcients closer to the
predictive decoding of the residual ues
268yt thobitag) lessmresanien is uae desprrlldi ction unit 56 nmay

BRSSO S80S P89 i
ﬁé(ﬁ&?dnaa‘;n% u%ﬁ%g i6h {11111)[(21j gl}regf'gf %le agtrﬂza{ blll hgz:crsm% r coctficients in

concept ual ustrate 7 and esse
thbd@e fillterst Iﬁe ébnfﬁl@m ofd élnciowlgmgpixctlnﬁh;@neewamfsly aNote that the

t of filter oefficie r at ed
Sty i Alvep o AR [P eLneliERe Rlefcifthe respective
Rs8REGhat ed with a flxed interpolation filter, and a
second sef of filter coefficients may be generated
based?6rr gy mirkt Py 9 1lh d2her cases, a first set of
filter coepfig gt sopmay be generated based on the
resi dual ypalues and flilter coefficients associated
with gfixédd Pnt2rgfilation filter, and a second set of
filt cogfof i ¢i e;t 30mMay be generated based on
addi ti onal re%iq%alo alues and the first set of filter
coefficients, 'e.g., as conceptually illustrated in
FIG 28 ahd dddriésdédlapove in the context of
encodi ng n@nyncage, (prediction unit 56 of video
decoder, 661 16 XO %6 11:et of filter coefficients to
i nt er@ol alé ﬂped?cﬂpvéljata used for predictive
decodi ng (af qodeg bboqk (264). In particular,
predictioqruq gG { Lfers data to generate
i nterpol a ed é data using the predictively
&ﬂgﬂed fi Y
@e codedk%ggegﬁg%&%uc I nt @%%P%%gd&%fgdﬁégfggéggﬂ:qumnmed
do00T&a] pﬁgamm etrtme 1$ettha)¢oe;ﬁﬁced1t ctsidualsy baked odedsuhplletpea:ﬁx coding

ef fi afirs t of f
ST BrErIhe oS BB AR At B Thoomodiliom Skarcs figided into N
Bl f@fexhnpic@V= §offftl§é @n@ﬂﬁ@raﬁé@%@%@nﬂfd&hs a1 @aptl] Mfhere g is
interpolation filter.” In this case, Coefficient
th¢ eahmttization @mdlsldnv&ﬁstee Qunast ecedfidian poRitiond>Buolh avispedfied in the

decode erate _a cond set, of filter
RYEETS; %P\sﬁaﬁlgﬁnﬁa n&nnfﬂe N8R wip g oflpyngranges:
coeff%0|ept ﬁff|0|ent(§ynnetry, and apply the
flrst %ﬁd’%ec ndlfe S oflfllter coefficients to

i nt erlpg),at.g) t & "pr edfi Tf) venddt a. [00200] In anot her

case, the set of pre |ct|vely decoded filter )
1002061 i ci et Dingape ctbwgn g A\ £ dish thy inof pagnitude m belongs,

rﬁ%ﬁlgef éo‘ﬁh@{ﬁﬁg L gt ??efﬂxrb%dg N/Pﬁc}@taﬁ&r Z;-Holﬁt ?f TR, %trhﬁlglnder of the
sét of [ter coefficients associ ated an ad apt ive

mfrgnanflml raHbgan frialy ther codedh usihg ixeddengthy su:fﬁ@ cdde otlég —A0+ b —1) bits.

Finally, the sign of the prediction error is coded using 1 bit.
[00207] For example, for the center coefficient in the 1D filter, 9 bits precision may

be used by coefficient prediction and quantization unit 41 to quantize the prediction error,



may receive additional residual values associated wth
the entire set of filter coefficients. Coefficient
w@e@diiz®dion and i nverse quantization unit 53 nBGT/US2009/040250
generate a second set of filter coefficients using
predi ctive decodi ng based on additional residua
values and the first set of filter coefficients, and
prediction unit 55 may apply ®he first and second sets
of filter coefficients to interpolate the predictive
1@5“? o, QfF20dikn snbiRORBY FRSRSA tf li&dizk the El%’tl Alab@fhide. If the error
fi'lters based on H 264/AVC filters may be used to
pagnitudd isOethdn D fillslvietis t}(ewlth bil, rm,yb EAc Mhcefdre Ithcem&r}f plreﬁx code

the sub-pixel positions a, shown.in Fl
187U gy BoPreadel o il st‘hem“ﬂthb n.ac@ﬁ%lesfﬁ Ciegpinder of

or, t | ROSIel el
A7 e ), B o o, £ U i e o

@F-edtigt-ign (schenes) MBybhipe Eﬁlamy albltsﬁt’ Bk %@le‘ﬁtzd)d%ﬂ tBQndlcate the
zero (no prediction), p(hfF) , SP <{e,f,i,j} 2
ndswivasighxed filter prediction, such as the average

PO SEETER N AP0 RS b RERI oy vy o
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1%05' tion SP ploit the possi bl e, s};l/rmet ry

5&K4-i £ PRiRseY aﬁ\alylf%lppﬁf‘éﬁsmnr%ia&ﬁ ot Yaiuh Vs deet é‘i’séﬂl?%d prgvided to

6%15}’1%1% fiRGoh s né%{)&ﬁté’]gn& ek hei ﬁELIe§sanEDEeqhH€ r@al@a‘uon by different
I'ters, any of these three prediction nethods may
larwrbémﬁppl | ed. [00202] For pr edl ction, FI G 29
des | e,of an.arra nt eqger

POV 5 o e FERER, rf o BRI, ooy PSS ZBIRFY
hamedw e, dosedrd @ﬁme/rafeodr ragy cd)rﬂbltnhnh(ﬁl el &f 1rm1iletﬁﬁ3ted)&1 hardware,
assumsd hat. no sy i s inposed on the
i eups {S?Sﬁrébedras rposu! ey B 1 ETBRATSE HEYOF, lmp}?alepsed together in an
1(1'!% pafBls 10@14 dE\)lce (0P ZePAratelyn8s |discbddd béd intk erag])e R)%Q: devices. If
(h2, 2) quanti zed and coded first.
lmpie@mgﬁdclecﬁ@ﬁwwpiheemhm@@ﬁ iay wteghr(eﬁ@td))ast (nhnqart by a computer-

r%%ﬁgbfr%?né%cﬁﬁﬂé géﬁpﬁ%ﬁ% nrpa‘u%L Eg’ié %ﬁﬂs&ﬁgsutte% ﬁ 2‘1%%)0%%50& I'b%rforms one

drimaprd pf thehhethelds, desunibed hBové) . Thlexmputne@dstie ntedprhaby comprise a

cg);ﬂﬁ)tu%?-r fahla‘tt)lg)rs o%%g%lf o 1Iur%?$ﬂsd 1g1f ?)m pSIé l% fﬂng@?erah)){agram product,

Whith nfby RERJE YRt ﬁl%dmaféﬁal@()d'ﬂ% c&hmemydalafé fiofabO@ficdium may

used to predict the bottomhalf of the filter

EWFS¢ e3slatsaqeps, OymopyhRAN) spefB ap pynchipmony dygagge 4yndom access
d C
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dtUudtnafieddy angy 6odedizéd bsleastan hatthigna se@uicPrdatgdé ¢bmmunication

the bottom| eft
medium that carries or communicates code in the form of instructions or data structures and

ge 1 glemented in

that can be accessed, read, and/or executed by a computer.

[00210] The code may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent

2

integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein



coefficients. [00203] In any case, after prediction of

the coefficients (e.g., by coefficient prediction and

wQematzédat i on unit 4 1 of prediction unit 32),PCT/US2009/040250

prediction errors are quantized (e.g., by coefficient

predi ction and quantization unit 41). As outlined

above, so-called "uneven quantization" may be used. In

this case, the quantization pPecision applied by

coefficient prediction and quantization unit 4 1 may

HEPeBE: o bR Goeld if6ic8fihg | QaRNIOMor lahy N@Beb&BRcthiRUBGtable for

that for coefficients Mﬁt% smal | er magni tude (which

impeemoppsition| dfythe dedhhiquiee deseribed thesin. avayadflitiom trheome aspects, the
.. of fii ) t - ISt 0

R R o e e g S b uff BLBYP Brec Bgfoware modutes or

haedyniré udheulewhbefiguacde fdryopt@khd ynd dablling] eninsorpbmssdrintaocombined

the center of the filter), |ess precision is nore "

A 9086t Ao B8 aaFeES iy S6ilHY HARIPREHEd Treps orgpee circuts or

lo§ERlemcABY be used by coefficient prediction and
uantization unit 4 1 to specify the quantization

(802Ul si on Mapioug sareets cifethe slisclpserisehayp begn deseaibed. hd'hgg and other
Llte . ' I: |Jter, respectively.

%&%%Sfggwﬂtqgégﬁﬁégﬁgggll ftéL%%%%n in the matrices

may include 1 bit to encode the sign of the respective

coefficients. Qv =[1211991112] 010 10 0 10 9 9
10Q=109910010100111111212111110
101011 Q@ =1110910111110101021 1111
1111111700205 Coefficient prediction and

guanti zation unit 4 1 may code the quantized

coefficient prediction errors i.e., the coefficient
residual s, based on a sinple prefix coding schene.

First, the dynam c range of the nmagni tude of the

prediction error is divided into N bins, for exanple

N=6. If the dynami c range of the magnitude is [O0,...,2

-1]1 , where g is



the quantization precision for the given coefficient
position, (such as specified in the nmatrices above)

wo b@o/1z@eh bin n, n=0,...N 1|, may span the f ol PCWUSZP09/040250
ranges: k ,O0=[0, ..,2 ) n =0 if 1start lend I ~\. )
[00206] In this case, the bin b, b=0, ...,NI, to
whi ch the input magni tude m bel ongs, nay be coded
using a unary prefix code (whi®ch takes b+\ bits).
Then, the renmai nder of the magnitude, m- bstart , may
@@quged using fixed length suffix code of (g - N
Fb-X) hits. Finally, the sign of the prediction error
i s coded using 1 bit. [00207] For exanple, for the
cent e f.f inthe IDfilter, 9 bits precision
%a 5%“%2@ g&bggé%f|0|ent predlctlon and quanti zati on
uni t identiftting aqsmm)f fizer dobfficpmedbcint@pol@ionarf predictive datadn yideo
of ich 8 bits may be used to quantize the error
WEYri*¢ude. 1f the error magnitude is 97, then it falls

Wi t NigRndri@n el il Ralubs Bsocidleddith thERST &ffHe codt@eMOBENKd on
prefix code " 11110" may be encoded to _indicate the

redicthicrsodiag @f theectaffdicnensffiiaentyclasiye nfikergpetficgnts aswgiated

O e R T P2 LTS Fimall v, bit "0 can

be enwpueg(nmnﬁmwmmawmenﬁemﬂo&hmsvmd5|gn [ 00208] The

i do DAPTEE st By imaBedh Gip e P B gl Sooded
bistr@lness handset, and |ntegrated circuit (1C or a set

of 1Cs (i.e., a chip set). Any conponents, nodul es or
units have been descri bed provided to enphasi ze

F unctj Qﬁéth&]ﬁ&%%ﬁl? fla(;vﬂelg elﬁe ffgm BeSetH ﬂl%e)é 8%6%%?4%1{‘[? includes

reallzatlon eren units.
Pacioonidig g Iagfaptltvh elt¢reclhmrqﬁ|mmgemnessbte dicteenek thesayofifdter

tware, firmmvare, or any
c@%ﬁjﬁleﬁﬁtangﬁe?eﬁ% g‘ofpreci ?ﬂver%¥ %mented in hardware, any
features described as nodul es, units or conponents nay
be igg%enented together in an integrated |l ogic devic

br sepsrmadofelng;ls wheem hepet |Oﬁﬁ1§?f&6€?ﬁ£tﬂn@ qogifiges a Hirst set of

ey b&&ﬁmeﬁt@ tﬁaﬂ@éfﬁfé%m drilosOf Jn"@'h?e set berilts ‘ES’&H&@% associated
may be realized at |éast in part by a conputerreadabl e

wigllanuedapoyepnicspatagiondbter. ydierams seckhad setwhéheraxelfigtcats dan be
teprtlinne‘é%sor eccpd%r {) % %%r?[ sre{_rcgr)fg fg gaB?etfP c1en andp (Q)%fﬁment

escri OV e. e r(ll 0]

Sy oifEtiySe a conputer-readable st or age nedlun1and nay
formpart of a conputer program product,
4. The method of claim 1, wherein the set of filter coefficients comprises a first set of
filter coefficients that define only a portion of an entire set of filter coefficients associated
with an adaptive interpolation filter, the method further comprising:

generating additional residual values associated with the entire set of filter
coefficients based on predictive coding of the second set of filter coefficients relative to the
first set of filter coefficients;

applying quantization to the additional residual values; and

entropy coding and outputting the quantized additional residual values as part of the

encoded bitstream.



whi ch may include packagi ng materials. The

conput er -readabl e storage nedi um may conprise random
waecwedsomenory (RAM such as synchronous dynanPCT/Daaedoem0250

access nenory (SDRAM, read-only nmenory (ROV),

non-vol atil e random access nenory (NVRAM,

el ectrically erasabl e progranmabl e read-only nenory

(EEPROV), FLASH merory, magnetic or optical data

storage nedia, and the |ike. The techniques

additional Iy, or alternatively, may be realized at

| east in part by a conputer-readabl e communi cation

Jredi dhemipihodcefictaimd , whersoratlgasicameof ghedesiflynl vilaes assqpiated with
r t I n be

(ﬁ%fgﬂg@?@%?gééefgg’%ntgar %@&&ee?edg d r%rg I%ISEH}%uEIH %1‘[1&19 [00210]

The code may be executed by one or nore processors,

uch on r re_di gital nal cessors ( DSPs

6Sener The tﬁﬁﬁg%mmé aqﬂ%%%%%s SO%%EWS@&%H Vgfpes with'smaller

BaeHuad & 'agb‘iﬁﬂﬂ #n8yuahfifMbh Snd AREBIomd df®hFhresidual values with

programmabl e | ogi c arrays (FPGAs), or other equival ent

lpigeegpetiede aie agiiged spars¢roypriizefionui try. Accordingly,

the term"processor,"” as used hereinmay refer to any

of the foregoing structure or any other structure

7S ui t dihleendtiord dfmﬁﬂimrﬁe fitrthet mmmfsirtgl'mtrbmcmdirtgjhs quantized residual

crlbed h In additio in so as

SRS prigr oyt RS Ky RRerBirasR oo dHs e
cﬁﬁﬂﬁ&d&@@d@ﬁﬂﬁ@k@mﬁﬂ%ﬂ'a@ﬁgrﬁﬁg !aglreﬁwat)@e megﬁh@sel suffix code and
configured for encodi and decodi i ncor por at ed

ng
PSHLHNE A fign valwe Jordboawdfierd regfa ValpﬁSefOU@\YWﬁuqaawaE%mhe
@ﬁd&#gbﬁagnplenented in one or nore circuits or logic
enments. [00211] Various aspects of the disclosure
have been described. These and other aspects are
thgg gl sco e.of the following clains. CLAIMS: 1. A
t hot™¢ ﬁs ﬁ%n identifying a set of filter
coef fre@ivend ﬁzsﬂ‘doaﬂ vialileespodiatd amthafscufattice tdcficictas;a i n
vi deo encodi ng; generating.residual val ues associ ated
wi t h EeREad e fetdf Higrcosdriafaagmedidive dogming basEd o the set of

r@§1§t@dl Qﬁlhé’sean‘aqmef"goe@lflm&r{@as%&ﬁat@cfl whth tr&ked %&Bgl'aﬁér?ﬁlttér and
relative to [ter coefficients associated wt

fi xedlpplbrtr@rtb@mpf Berfeotifieients ap pitgrbelgte gozsingtive dtaﬁaolﬁect for

S V, e nd entropy codi ng and out putting
I%r'ﬁéacuve de £%0$Vé§?0 IOCI% val ues as part of an encoded

bltstrean1 2. The nethod of claim1, wherein
| dent’llhfe);rller‘glgodt ol} claslrgté% \())therfe}nl tilee get% Ttgrl c%lefefj(]:‘l;e%tsl c%gp%geessa first set of
filter coefficients that define only a portion of an entire set of filter coefficients associated
with an adaptive interpolation filter, the method further comprising:

generating a second set of filter coefficients based on the first set of filter
coefficients and coefficient symmetry; and

applying the first and second sets of filter coefficients to interpolate the predictive

data.



perform ng an adaptive interpolation filtering process

to determne the set of filter coefficients and
w@emenztel t he predictive data. 3. The net hod oPCTUS1009/040250

1, wherein 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 iHterpolation filter,

wherein a second set of filter coefficients can be

et ermreREGh RYo R ILEROABERARE L QP ﬁttaecogfffc%ts%%hi)ﬁges a first set of

filter coefficients and coefficient symetry
fiktsr h@ﬁfﬁ@ﬁnt@ that define ophyer ririon pleanseatirepfet ¢ filtes poefﬁclents assoc1ated
f [
OSBRI IR B e PhoP by enei e
set of:ceimhg additbomef febidue whmemmatal @tth thct dntisrscaclafpitdarve
'nﬁerpolatlon filter, the nethod further conprising:
EHEIAES ng addi tional residual val ues associated with

t he eRhdrb@heSLiccOfd det bt lker cO&T f:ﬂeﬁt's Qkhs Q@ﬁ:ﬁde @&toding based on
predictive coding of the second set oP I ter

addeionplapeditad velagsamnid viee first sehef filfar §@ef§@1@nféfanﬂ| | ter

coef f t .

[ esi Bgl:yﬁ{% t eu fg@PQAdy (glr(]i?srlé%%tf hlzt@lt ddo%ﬁic‘ie%t tg Srtlt@l%g a&é tﬂ@ ?ﬁglctlve
dateant i zed addi ti onal reS|duaI values as part of the
encoded bitstream 5. The nethod of claim1l, wherein at

| east sone of the residual val ues associated with

di f f ememicthdd drelaie@efidrinet &ihﬁ}ﬁrlsﬁfg%nﬁ@%* anedingdiahd 8¢-Mntizing the
| evel s of quantlzatlon 6. The nethod of claim5

rﬁﬁf‘é‘feéilrﬁsuéﬂa VelBestprion frescaerating theast of fidier %&rfﬁré@,ntw&drﬁpplymg the set
L] 8)erBBO t ude are assigned finer quantization and
east some of the residual values with |arger

nagnltude are aSS|gned coarser quantization. 7. The

thod of cl ng entropy codi ng
Bre. eiiuftirShl Pusrigir V05 BB 8t Do out pot t i ng ¢ he
quantideh@ifies £8dt dﬂﬁlteﬂbakﬂf@&nts\/ﬂhﬁm&lrpblﬁmqro@medmde dgatiheideo
guanti zed residual val ues conprises assigning a prefix
@ERMENSassi gning a suffix code and assigning a sign

val ugchQhtet F&@ldﬁéﬂaﬂw& edotigsh didlmyat H@ﬁltécr Qbéfﬁ\%eﬂt@ based on
quantl zation of the residual values. 8.

wohginicgiofigg of theectvafidter egsifiguerits m&twe@ ﬁk@@@ﬁ@p@wsm&omated

0 fficients; generating the set of
WHW%EXﬂ%%% ‘%%F%ﬁqg ’usi ng predlctlve decodi ng based on

the spplisfquassatoado thafesidsalanthef;iantier coefficients
associ at ed th a flxe%>|nter | ation [llter %nd
entropy codes and outputs the quantized residual values as part of an encoded

bitstream.

13. The apparatus of claim 12, wherein in identifying the set of filter cocfficients, the
video encoder performs an adaptive interpolation filtering process to determine the set of

filter coefficients and gencrate the predictive data.

14. The apparatus of claim 12, wherein the set of filter coefficients comprises a first set
of filter coefficients that define only a portion of an entire set of filter coefficients

associated with an adaptive interpolation filter, wherein a second set of filter coefficients



applying the set of filter coefficients to interpolate

predictive data used for predictive decodi ng of video
Whh@eks910. The nethod of claim8, wherein thePGEUSHNI/040250

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

interpolation filter, the metfod further conprising:

generating a second set of filter coefficients based

@R bt Betefrhinsd bysﬁaec%ﬁerfﬂag&?(fn 0O ffk 5G o€ Nits @Bfficients and coefficient

coefficient symetry; and applying the first and

ssaeetiy- sets of filter coefficients to interpolate the

predictive data.10. The nethod of claim8, wherein the

set of filter coefficients conprises a first set of

1f5. 1 t @he@ppﬁrﬁtﬁ@ bfxidim Ihathecaf thaectoif Iflj/te]acopfﬁcﬁdnm’boﬁfpr'ﬁdfs a first set

ter coefficients aSSOC|€F d wt

an
033%{ 747 ‘i“?ﬂt%ﬁh Rt BRLYF nopén otaR ENESAigY TFIGF Fprdiicients

B[RRI SHMIan alid%tﬁﬁ{/e\/ﬁqfé@pcﬁ&iﬂintﬂl&ﬁ alhck &S tHUAdco Bt URS
associated with the entire set of filter coefficients;
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decodnfigpyadtsdicdl@rdbimiitd tic GGarithed sRERINMP@sid e ivallad as part of the
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weederlibibEsns  and applying the set of filter

coefficients. 12. An apparatus conprising a video

encoder that: identifies a set of filter coefficients

foor iTceppoitas dhrlaiof 1 o mbdicot itterstming dfthoicsidoal Values associated
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quantlzed resi du val ues as part of an encoded
with ktgeeayagnitude are assigned coarser quantization.

18.  The apparatus of claim 16, wherein the video encoder entropy encodes the
quantized residual values prior to outputting the quantized residual values, wherein entropy
encoding the quantized residual values comprises assigning a prefix code, assigning a
suffix code and assigning a sign value for the quantized residual values following

quantization of the residual values.

19. The apparatus of claim 12, wherein the video encoder comprises an integrated

circuit.

20.  The apparatus of claim 12, wherein the video encoder comprises a microprocessor.



13. The apparatus of claim 12, wherein in identifying
the set of filter coefficients, the video encoder
w@erharasl an adaptive interpolation filtering PCDUS289/040250
to determne the set of filter coefficients and
generate the predictive data. 14. The apparatus of
claim 12, wherein the set of filter coefficients
conprises a first set of filt® coefficients that
define only a portion of an entire set of filter
noef f’[*h"é'a?\ﬁaﬁr&u@§§&£ihﬁf2e A8l tha BpReaid EohsprisB SRt | on
filter, erein a second set of filter coefficientscan
domnglsicatiph desdedihataneledas dies videpsangodm- t he first set of
filter coefficients and coefficient symmetry. 15. The
apparatus of claim12, wherein the set of filter
Xoef fArcappatasusconmprisiag g valeb idesidesthnt: of filter

coefficients t define only. a on of .an entire
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deoedifg of wddoshlodppl i es quanti zation to the addltlonm

resi dual val ues; and entropy codes and outputs the

quanti zed additional residual values as part of the

Bncoded aBpdrstus MM, whbrihp 8§t tiftei0doc i cddnfd cbdiprises a first set
wherein at | east sone of the residual val ues
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the video encoder entropy encodes the quantized

3i dual val ues prior to outputting the quantized

resi dual val ues, wherein entropy encoding the

quanti zed residual values conprises assigning a prefix
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ugtﬁecge f:lCIéonESe to gy c? 1té1|e ?)rg Ia&oﬁzﬁlodn\ljoalaae 1r%%§t cff%1 eT coerﬂgcrl%
asioci‘dt@i Wit 2y adapeiveinterpdigioni filee, vereda eic viduwpictels an

i ntegrated r.cuit 0. The apparatus of clJaim
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conpr ises a wrel ess
generates a second set of filter coefficients using predictive decoding based on

additional residual values and the first set of filter coefficients; and
applies the first and second sets of filter coefficients to interpolate the predictive

data.

25.  The apparatus of claim 22, wherein the video decoder entropy decodes and de-
quantizes the received residual values prior to generating the set of filter coefficients and

applying the set of filter cocfficients.



conmuni cati on device that includes the video encoder.
22. An apparatus conprising a video decoder that:

WO eweiw®s$l r esi dual val ues associated with a sePCD1S2009/040250
filter coefficients; generates the set of filter
coefficients using predictive decodi ng based on the
set of residual values and filter coefficients
associated with a fixed interPolation filter; and
applies the set of filter coefficients to interpol ate
predictive data used for predictive decodi ng of video
bl ocks. 23. The apparatus of claim 22, wherein the set
¥t fiTheapparetes pf diiantZs wherepr ths eleg de¢odst cosmrisesf anfiptegeaged
&&ﬁﬁficients that define only a portion of an entire
set of filter coefficients associated with an adaptive
interpolation filter, wherein the video decoder:

enerates a sec qd Sft f fi*}er coefficients based on

he flifc&praias ghclaim ¢2 whergiy e ¥jdsh deCodRiroRRames LmEseprocessor.
symretry; and applies the first and second sets of
filter coefficients to inter%plate the predictive
¥at a.Thegpparpfes abpaimaddu svhereincthg jappapaius ¢iverrsen wHelesset

[ J: b Ci: LS first set of filter
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dnRd At @dnci rcuit. 27. The apparatus of claim 22,
wherein the video decoder conprises a m Croprocessor.

28. The apparatus of claim 22, wherein the apparatus
SO PR GRviZe ¢ crla%lmeﬁs, wherein means for identifying the set of filter coefficients

includes means for performing an adaptive interpolation filtering process to determine the

set of filter coefficients and generate the predictive data.

31.  The device of claim 29, wherein the set of filter coefficients comprises a first set of
filter coefficients that define only a portion of an entire set of filter coefficients associated
with an adaptive interpolation filter, wherein a second set of filter coefficients can be
determined by a decoder based on the first set of filter coefficients and coefficient

symmetry.



conmuni cati on device that includes the video decoder.

29. A device conprising: neans for identifying a set
w@Roobiieaoer coefficients for interpolation of pPEHUS100v@40250

data in video encodi ng; nmeans for generating residua

val ues associated with the set of filter coefficients

based on predictive coding of the set of filter

coefficients relative to filt®r coefficients

associated with a fixed interpolation filter; neans
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filter coefficients and coefficient symmetry. 32. The

device of claim?29, wherein the set of filter

poef fingidenits o CARMRT 256 dhertid atl&dst le Ffthd debiti@dl values associated with

coefficients that define only a portion of an entire

dierepffilier poedhcienfe prei assiginddlifiasydevelsedf awprtivatien- adapt i ve

interpolation filter, the device further conprising:

means for generating additional residual values
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leef hhgiimoé sie asB@nrd cbatcrapphtydatin.quanti zation to the

addi tional residual values; and neans for entropy

codi ng and outputting the quantized additiona
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values following quantization of the residual values.

36. A device comprising:

means for receiving residual values associated with a set of filter cocfficients;

means for generating the set of filter coefficients using predictive decoding based on
the set of residual values and filter cocfficients associated with a fixed interpolation filter;
and

means for applying the set of filter coefficients to interpolate predictive data used

for predictive decoding of video blocks.



magni t ude are assigned finer quantization and at | east

sone of the residual values with |arger nmagni tude are
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33, further conprising neans for entropy coding the

quanti zed residual values prior to outputting the

guanti zed residual val ues, wherein neans for entropy

codi ng the quantized residual ’val ues conprises neans

for assigning a prefix code, neans for assigning a
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i nterpol ate predictive data used for predictive

edigiicrgtaof vi deo bl ocks. 37. The device of clai m 36,

wherein the set of filter coefficients conprises a

first set of filter coefficients that define only a
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3ata. §8. The device of claim 36, wherein the set of
filt encappéfrfigemirgmzgs: complrscsadiler foafBticgensing pieilicties decoding
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predigitical®d with the entire set of filter coefficients;

means for generating a second set of filter

coefficients using predictive decodi ng based on
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40. A computer-readable storage medium comprising instructions that when executed
by a processor cause the processor to:

identify a set of filter coefficients for interpolation of predictive data in video
encoding;

generate residual values associated with the set of filter coefficients based on
predictive coding of the set of filter coefficients relative to filter coefficients associated
with a fixed interpolation filter;

apply quantization to the residual values; and



39. The device of claim36, further conprising neans

for entropy decoding the received residual values and
wore@ng2door de- quanti zing the recei ved resi dual PURUSZ89/040250

prior to generating the set of filter coefficients and

applying the set of filter coefficients. 40. A

conput er -readabl e st orage nedi um conpri si ng

i nstructions that when execut®d by a processor cause

the processor to: identify a set of filter
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biistrepmhe set of filter coefficients based on
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of cl ai m 40, m%ereln inidentifying the set of filter

redietiicddaint s, the instructions cause the processor to

perform an adaptive interpolation filtering process to

determine the set of filter coefficients and generate
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the first set o coefficients and coefficient
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apply quantization to the additional residual values; and

output the quantized additional residual values as part of the encoded bitstream.

44, The computer-readable storage medium of claim 40, wherein at least some of the
residual values associated with different filter coefficients are assigned different levels of

quantization.

45. The computer-readable storage medium of claim 44, wherein at least some of the
residual values with smaller magnitude are assigned finer quantization and at least some of

the residual values with larger magnitude are assigned coarser quantization.



out put the quantized additional residual values as
part of the encoded bitstream 44. The
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at |l east sone of the residual values associated with
different filter coefficients are assigned different
| evel s of quantization. 45. The conputer-readable
storage medi um of claim44, wherein at |east sone of
the residual values with smaller magnitude are
assigned finer quantization and at |east sone of the
residual values with |arger magnitude are assigned
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filter, wherein the
49, The computer-readable storage medium of claim 47, wherein the set of filter
coefficients comprises a first set of filter coefficients that define only a portion of an entire
set of filter coefficients associated with an adaptive interpolation filter, wherein the
instructions upon execution cause the processor to:
receive additional residual values associated with the entire set of filter coefficients;
generate a second set of filter coefficients using predictive decoding based on

additional residual values and the first set of filter coefficients; and



i nstructions upon execution cause the processor to:

recei ve additional residual values associated with the
wenionzset of filter coefficients; generate aPGEUSH09/040250

set of filter coefficients using predictive decodi ng

based on additional residual values and the first set

of filter coefficients; andapply the first and second

sets of filter coefficients tQ interpolate the

predictive data. 50. The conputer-readabl e storage

medi YphRith&Hidl MdkleoddWbl e FiltEOMRI R nfGo limtsipb Mt th@PRdictive data.

t hat upon execution cause the processor to entropy

decode and de-quantize the received residual val ues
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that upon execution cause the processor to entropy decode and de-quantize the received

residual values prior to generating the set of filter coefficients and applying the set of filter

coefficients.



