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[0014] The techniques described in this disclosure may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in software, the software
may be executed in one or more processors, such as a microprocessor, application specific

integrated circuit (ASIC), field programmable gate array (FPGA), or digital signal
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[0021] FIG. 5 is a conceptual diagram illustrating a horizontal 6 pixel filter support with
respect three horizontal sub-pixel locations, and a vertical 6 pixel filter support with respect
three vertical sub-pixel locations.

[0022] FIG. 6 is a conceptual diagram illustrating a five pixel-by-five pixel filter support
for filtering an integer pixel location.

[0023] 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.
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utilizes a twelve pixel filter support consistent with this disclosure.

[0034] FIG. 18 is a flow diagram illustrating example operation of a video decoder that
utilizes a twelve pixel filter support consistent with this disclosure.

[0035] FIG. 19 is a flow diagram illustrating example operation of a video encoder that
utilizes coefficient symmetry and pixel symmetry consistent with this disclosure.

[0036] FIG. 20 is a flow diagram illustrating example operation of a video decoder that

utilizes coefficient symmetry and pixel symmetry consistent with this disclosure.
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i nteger pixel values consistent with this disclosure.
[0039] FIG 23 is a flowdiagramillustrating a
technique for rate-distortion defined interpolation
for video coding based on a fixed filter or an
adaptive filter. [0040] FIG 24 is a flow diagram
[0‘)37#%1(??@1 Ma FoheGRAUBuERIting N&BRAbRGOJetdtioof a video encoder that
coefficients using predictive coding. [0041] FIG 25
ytdizem dilthsrg faf otedpagranlpdations tatdengrate adotied duegdropixel values

' falt fficients using predictive coding.
c?g%%%\t@%f}gh&s c|10§81§. flow diagramillustrating a
[De:F)rHIGUR? fi0a fldecddgiam flliuktaing caemplecoperdtion usiangdeco decoder that

redictive cading. [004 FIGS. 27 and 28 are. :
i e a‘f)‘f?ge‘i ﬁﬁrX&ét %)%?’PPWQ 9 igefl%ﬁatecﬁgfl?t?‘gi”étﬁgfg pixel values
doRabtemaitP@isRiRMselcl vel y coded. [0044] FIG 29 is an
illustrative exanple of an array of integer-pixel

[P93% G gt it wiftont sligesmm \iHpsgtatipg exditeshpigne tfer igte-gipeastion defined
: : £ or ' TAlEP, LGN [ 0045]
lgﬁ%&)s? ?agllog ?ﬁgvéée%ecog@g%g%%g? afl:klgietéerl n%ll%t%gdc tﬁlgu@gr'appl i ed
094 Flen2dden flamddiagdeciblderatidgra reghititne for edeatingfilter coefficients
stage pof.a video encodi ng and/ or decodi ng process. The
%%gﬂ’?cgga’efcf’fh?%ri ng techni ques may enhance the
[a64yrRAGY 26f ispheAh&t Ive dagramusadireidg Agtcthagid @Makncoding filter
interpolation, and in sone cases, nmay inprove
edigicats wwgPagdcto cpditgger bl ocks of pixels. There are

r LSl u 1.NC L OOy f :
P RG R Py Bk o RS e Rl Sk, HRE Weicients
usmggrgbdtakicodingt echni ques that use coefficient

BT EHGE 20 %8 28 e BB e AR B TR R thac cam e

Hediegiety dode¢onfigure the filter support for
i nt erpal ation, _and t echnilﬂues for filtering data at )
[PM‘QdﬁG- pi ¥etn Hlgetative Eampic QT A ATEY o WiaeciRixeli ifar gpeffigients for

wikibs Picdlion RERTQRL Mdy¥3-usd s EnRRfheOt her techni ques
are described in detail bel ovv.[004§] FIG 1 is a block

diagramillustrating one exenplary video encodi ng and

decodi ng system 10 that may be used to inplenment one

or nore of the techMigleH.ED DESCGRIFTEONSuUre. As shown

in FIG 1, system 10 includes a source device 12 that
[0048)STTHid Sis@oGpsl eckcMbadefltckifg decliBighitN@plied b @y icGedéPand @& decoder

cg]éiglg :’ph’rpgg]}egﬁttigr? rs]ta(g:g] gp Q%ide]éséncgcﬁgé gr?d/gre zilflzc((:)(eiinézpr(?c%gs. 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
that may be used for interpolation, techniques that use coefficient symmetry and pixel
symmetry to reduce the amount of data needed to be sent between an encoder and a decoder
to configure the filter support for interpolation, and techniques for filtering data at integer

pixel locations in a manner that is similar to sub-pixel interpolation. These and other

techniques are described in detail below.



device 16 may conprise any of a w de range of devices.
I n sone cases, source device 12 and destination device
wag0eom9ns se wirel ess communi cati on devi ces, SRCHUS209/040254

wi rel ess handsets, so-called cellular or satellite

radi ot el ephones, or any wrel ess devices that can

communi cate video information over a conmmuni cation

channel 15, in which case confruni cati on channel 15 is

wi rel ess. The techniques of this disclosure, however,
(ﬂrFIGO'Pc@ﬁ Block Idt@Fdrh A RRSide\$heARBRP ALY %ﬂe@gncodlng and decoding

predictive data during predictive coding, are not

syetemsidahit mpay bariiseddo traplodnewticas o appt plcthe iteshsiqugs of this disclosure.

A?seéhokx}ﬁqg Fi[%hle, g&%ﬁql()qﬁlcefﬁde yo@cg 86\;}(?6 I H!rans dtg e%o(agd video to

rage of er settin evi ces, 1nc ud|n
d dhﬁtlnzﬁmmaiﬁﬂbcﬁ: a6 eiaw (ﬁ)n’pﬂl}&ﬁd:amah ciMnmels] 5. o$nu|r¢eadevfc|e he rasd dEStlnatlon

t her si cal . or MAFe|e S nedl ln aggltlon t he
ﬁ%&ﬁﬁ‘@;} YofOrHEseATNg! ¢ & 'aa%Fe% drtres Dhsamee sy pyCq fevice 12
Adsdanchirhoneidem esmphat wHeRS BOhmOSERTHANidks, such as wircless
comuni cate with any other device. [0047] In the

l@ﬂéﬁﬁ% cogfllqd| @llulpr og gefeliée mehiqtelephppesywy sy aYigadss alevices that can
u 2 ode

RS Mol MR, ABhehy ool oflappy L5 By which cae

Munmtmmnhaimvh Eeis Maralay. iThe Itawﬁmqaesrcﬁfcthumdmclozﬁrp, Inodear, which

27, vigdea dec r 28, .and .displa vi,ce 30. | .

Ghtss¥ dRRBaE TT AN rireruPlar uiBu Rt R b TSP coging. are o

R0tk &y GigMicd @0 hidrclBY afiBic &Rk iof beteihst OrhRPEIhYiRBEMAY also be useful

nore of the technlques of this disclosure as part of a

iy @t FREs i ingfhiyr erdidngs . and; dqviaer ipcludingedevirse dadr copgnigricate via

Ol lEM n

S e R oY e ‘3.”3‘1%%5@?%%8 , BPRlGHAN e encoding

cu:f dfacodllnget@cldm@wdlm@/ ptsocbcsgpplﬂ@lOItB]a Agal rlonthdevice that does not
strat ted s lG. 1 is nerely exenplary.

e G BB S BET HRi di ol osur e may be

[0e47] ah nedeRynpddyf BIG Cldlsﬂlgrcéiﬁwwfﬁll hﬁ@/ 1ﬁ¢l@cllt02[ whleo source 20, video

bl ock- based predictjve encodlng%I any decodi %

e &2 1 Hatuldaiaradylagr dprdermk a‘tﬁirtéadlﬁ@tqe\f/é“ d@@%ﬂﬂa g device 16

Mﬁ&%cﬂeé”r&:%lv%g 28nehodest Zﬁaxtléléanda:%ﬁérc% lc@ldaﬁ@plﬁﬁﬁ Ii8di¥e 30. In

exanpl es of such codi ng devices I n which source device

=m@ng@weNamébwcmmbﬁumrﬂé@>@aoéﬂﬂémf&maﬁsﬁnygﬂénnmwbeconﬁgwfdto

Il?gftcl)nrégotrrgoogre Ig)ﬁ Mllaﬁgu]ﬁ ues ?f tﬁ}s@sc?oasﬁrees S pac\é)if %ﬁ\g(ri] nee‘rnc%(g Ing process.

Slhl&ihnly,a&dﬁﬁ) dﬁ‘cod%ﬁ\/ZSCﬁSdelﬂnatibﬁ deﬂﬂ:k udemmy tdeooefiywesdi ©gapply one or

and coding co nent Hence ystem 10 may support

BREOhEY tehntanes 5@315\%5& BUTE PR RO IS Y g eAcRIER PaCERSo

[0638] X8l Zhe FBusti@ecd- sysfeR 181 Fe@IG I RaMcRSy eXérgﬁler The various

pl ayback, video broadcasting, or video telepho

ny.
tp@mml]es Wf diis disslpsees Day df pastaroed devanyecrrodingydevise | thajesupports
, fHLE HEWiS ¥l d f rts block-
R0, SR RUGE e DA 008 SO g i
mcdictteadckedidg.f Somca device 12 and destination device 16 are merely examples of
such coding devices in which source device 12 generates coded video data for transmission
to destination device 16. In some cases, devices 12, 16 may operate in a substantially

symmetrical manner such that, each of devices 12, 16 include video encoding and decoding

components. Hence, system 10 may support one-way or two-way video transmission



vi deo content provider. As a further alternative,
vi deo source 20 may generate conputer graphics-based
W@l200/12813 he source video, or a conbi nati on of PCT/U82009/040254
vi deo, archived video, and conputer-generated vi deo.
In sone cases, if video source 20 is a video canera,
source device 12 and destination device 16 may form
so-cal | ed canmera phones or video phones. In each case,
the captured, pre-captured or conputer-generated video
BoRYcRe vRIRG 088G RY 1¥1 dgo @chglefw&% sEE‘ﬁmﬁQCQﬁJ&@ YladB8Rk, video
i nformation nay then be nodul ated by nodem 2
IH@%bﬂﬂmEgﬂﬂmkatdgﬁﬁmMJcatlon standard, e.g., such as

80800 380 B LS 85CERe, A0 PUPLIST i o

vdéaoi @meﬂaﬁ awuc&otamm&mohtaMng’Zﬁremdslg oaptuitl wakeb 0ot actiasuntetd from a

Modem 23 ari qus xers filters
Véi‘i?l qofat BT, i‘ggt ﬁéra %aﬁﬁoq\i@ma&vaev e@’nsé’é}rcF&D EIRY ﬁ%ﬂerate computer
IR sk QNdatal 4sARS S0 urdBFid A o PRYo hBIRAA FEivE Glled Sarchived video, and
deS|gned for transmtting data, includin anpllflers
donipuEeF-genestied Fiskso.orln reime carseHniddeo m@@ 0 Retidgecapgra, source
e e
BT BhIB AN AT 1§l 366 Kl 95 ks Y Eldep phoncs. In
danﬁ (aasrcattheompturbdkelortmaptswdtdrenrorraxuter{gewatvéW1®6 wray be encoded by

cl ude, ci.c s de n receivi at a
i 098G nplterangr et A b i Ay R fptared by modem 23
a@&hﬂﬁl@aﬁ) al COnSRNECAIGT ANGREI, 4.8 ARG b Qfod@”dlﬁ@ﬂhoﬂhultlple access
recei ver 26 nmay be |ncorporated Wi thin a sing
DAk L a1 ysthes sppBwBisetiehendapd apd Eapdtifed &@qswt@ﬁ&ewce 16 via
tl'-a‘rngtﬂﬁf& t24 %H%Bhﬁﬂ%wa}\{&? ‘E‘HAH%ZI @y (Qféhlu9§ 1h8H§e various leGI‘S
m xers, filters iers or other conponents
fdesd, gm@ﬁﬁérs o1 stlhglncaimm)amid d¢sagricd hor sngnahmnéulammt diveresyitter 24 may
ud ents . f rfor
OO s AR TesRe feabhBit G SRRPE0kT iR PRE
ankcdh@gs. encodi ng process perforned by vi deo encoder 22
i mpl emrent one or nore of the technlques descri bed

nay |
(4B g Ay AP HRteD H5EiE A6 ERclvesh miQimpdign D @pRgunication

JRERHE TS, RRhQIHRSY Qé’méfdlﬂiﬁ& tﬂ@%ﬁ‘rﬁaﬂ%ﬁ Tale @&rﬁ&m@e@r2f40fe'&1ver 26
such techniques during its nmotion conpensation stage

rody tnigkidd @ugmtsr@smmod: éggieccitiag td@tramﬂChIer amplgicrs @cﬂters and one or

Ol’lg Oor morc

herel to refer t.o 8P C|aI|ze9 ut er. dewvi ¢ 8L ;
more an nas. stome 11n ance rans 1tter 4- I TCCCIVCT. may [¥] 1nc0rp0rated
app ara us t orns eo enco I hg of Vi

whietldo di mggleTthelscteesrdm compdﬁernt tlgzerﬁaclaﬂé Yothefeesise tabd afyismit circuitry.
vi deo_encoder, . vi deo decod nbi ne
@%la%? T3S Al VeRBRIKCTST ﬁ@erﬁ ea.rrm IEBAT QEfer panRAngnt gesigned for

sgg]ﬁpgérﬂ&lu@eftlogeq{@gblﬁg iftnBe2Yn Mk 08 aRd 26insR) @YIBdd B&mponents for
oded video data to a user, and may conprise any o

perfprmingbythgpodiilaiion apd devvpdidiatiosuch as a cat hode ray

[gb%’lg }{ %T;tll%e @Filada%lﬂzlgg g gc?cte@ nri)eq O?Iﬁ%di Oglgp f&o@ﬁfb?ﬁﬁ? implement
(d]leamlmqrp odrthaateoligues tdgpeibofl herein during motion compensation. The video
decoding process performed by video decoder 28 may also perform such techniques during
its motion compensation stage of the decoding process. The term “coder” is used herein to
refer to a specialized computer device or apparatus that performs video encoding or video

decoding. The term “coder” generally refers to any video encoder, video decoder, or

combined encoder/decoder (codec). The term “coding” refers to encoding or decoding.



di spl ay device. [0052] In the exanple of FIG 1

comruni cati on channel 15 nmay conprise any wirel ess or
wowreed2eoihmuni cati on medi um such as a radi o fPEQUVOY 040254

(RF) spectrum or one or nore physical transm ssion

i nes, or any conbination of wreless and wired nedi a.

Communi cati on channel 15 nmay forn1part of a

packet - based network, such as'’a | ocal area network, a

wi de-area network, or a global network such as the

RISy A6¥ice SOAPRYE del RRoEANAE) date t(ggrﬂ@éraﬁﬂdymay comprlse any of a
represents any suitabl e communication medi um

aoFtyed disphy o vides fueh ene catbedeuray siri(6RT medidaid <f1”12)ﬁ’fal display (LCD),
dé%?l% c%lstplla J }{qu 1@&?& EIBR r‘ﬁs gg{d?gn Cc?lse(ﬁi%rlé)? another type of
&nﬁﬁuﬁemeouters, smﬁtches base stations, or any other
| pent tha b useful t.0 facilitate

IR et s P B il cisnelol s pomprisggny wireless o
whead @&mﬁ@nc;{tfggﬁﬁ&dlﬁﬂldﬁﬁh%ﬁcaoﬁﬁfo #quaid WY epeAR&Pdbne or more
28 may operate according to a video conmpression

by sipdlatignsmsigsipn aknesheor) POy T opinpipatiant aefdayiggless and wired media.

@%ﬁﬁ&%@)‘l%@{?ﬁ@g Eﬂagﬁgrn?éalyp E Fekel ?e[s‘é% }191’w Iﬁg‘éﬁéhcgs a local arca

chnl bes o cl osure,
rieoveaiea wide-gemattworkyior @dzlotml aﬂtywom]asmhc&sl the Integbeo Communication

SRS AP0 enitocaly 145 S FBB bRt Smay " ecton of

cﬁﬂ@r’entb@orhﬂﬁhﬁ%tﬁileﬂlemt Porafardthtify 8AERMA@4ta fin d8GRE&Ievice 12 to
and may include appropriate MJX-DEMJX units, or other

deatinpiian slexisel 1§of Compeniceiernaliiand Enawyiingudt raygih switches, base
Sh? O?Qﬁjy Yth p[ﬁleiﬁ 9 b(g@steﬁll % fa@ﬁf@t@ Eorﬁr%ﬁﬁf:%o% from source

ata ‘st reans. app I ca units may
(bamﬁdﬁw)&BnnhemkﬁtkbuQZS nultlplexer protocol, or

r.,.Qr ot oco uch,as,th ata ram pr ot oc .
DR B s8et B g Ao fo33e, 28 DR LTTHRL B by 0 o video
@ﬁfpﬁ’esﬂi&ﬂ dendartp| saore nk edle aH[DmeH%4n§tﬁlﬁ1ard alternatlvely described as

m croprocessors, digital si nal‘grocessors ( DSP }
MBEGre dtarto H)- shdanssde Vidse e%ngrtge@‘\ £3-c dibe deqhaggues pt 'this disclosure,
}folvx%lvgr RO #TRALS aﬁ’}ab@m@ﬁlﬁla%ﬁe(( E(E(lﬁ?gsgtan(g&@cﬁﬁhﬁlgh not shown in
| ogi c, software, hardware, firmware or any

B6nthi matdnsnaspedierado. erEad:dn 28fandidday dasodatel8 122y qavdh be integrated
v\vlll‘[ﬁj &0 211(1j &S (e)r(ljceor er22§ éin@e%ocp Crlnalljyd?lgmg aﬁ[prg e VRTE-DEMUX units, or
encouers’ or dectders er ’o be
dthdrégrdstaedaraisofiatic, Q)fhaadké@ﬁbdd’l@doﬁimﬂealdﬁd’laid Pd@vindesmmon data
encodi ng and decodlng capahilities in a respective

SHSHTI08 Sgrete datagyisant i HetPpleahle MUK BENIES pnigs (rag gonform to the

198 ¥en3 AhltibRRed plotcbOQRUtheh proteRs SEAUENER d¥P 'thﬁ%ﬂaBﬁ protocol
i ncludes a series of video frames. Video encoder 2

&PdVat es on video bl ocks within individual video

ﬁ)ﬁ@ﬂe\ﬁd&{‘e&%g&rzf ﬁldevq&e%dc?ecg&? 2‘@6‘39{9 mQ§tb@'implemented as one or more

microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), ficld programmable gate arrays (FPGASs), discrete logic, software, hardware,
firmware or any combinations thercof. Each of video encoder 22 and video decoder 28
may be included in one or more encoders or decoders, cither of which may be integrated as
part of a combined codec that provides encoding and decoding capabilities in a respective

mobile device, subscriber device, broadcast device, server, or the like.



The video bl ocks may have fixed or varying sizes, and
may differ in size according to a specified coding

waetapdzods Each video frame i ncludes a series PET/US2009/040254

slices. Each slice may include a series of

macr obl ocks, which may be arranged into sub-bl ocks. As

an exanple, the ITU T H 264 standard supports intra

prediction in various bl ock silzes, such as 16 by 16, 8

by 8, or 4 by 4 for |luma conponents, and 8x8 for

(0659 R v RRIRONRAES typRAIWEAIURS ol RS op(/féi@b GahRE. WAdeo encoder 22

various bl ock sizés, such as 16 by 1 16 by 8, 8 by

operate opyvigeo ok Mthlmlqﬂ}m@;laéﬁmleq fl@yleﬂ 1rf oden t@rpacode the video data.
e 0 e S C

@%@g{]&eﬁl@ﬁ@% e‘a &d&r?gs@ %g%%sr ﬁgcz nﬁas/ dlifgrr inGY0 &%?rdmg to a

spadificd osdifd aalh’diircbf Ehdflﬁﬂlﬁf:@ friamt iincludo ef feried eﬁilﬁz,es eEgch slice may

owi ng a_tran mat.i.on process such as rete
eduieb e re E%E%)W%?h 0% GR GEPREFAI T WPy GG CAS an example,
thé ANSITON 184 L@kl QpPeSs inkiB PrRAUctioHB | 8louY bRER sBEOGIH as 16 by 16,
can provi de better resolution, and may be used for '
i be&t piohdy dffon lumajesmiongnte. andaitxsi fac thigma [t gRonenie s Wetl as inter
: |
LS S C R AL T R
aaddi by drior bm&ll domeponents bied cmrmpdﬁiﬁrgjscakadtsézea ferathir@sa ofmponents.

i,de ocks, such macr obl Qcks d/ or

B Bk by P ST G B B o RS L BB amRiSR ogfricients.

& delohaiime. tras folh@dn ﬁ@cy&s JuERNEB idch@ERB4iNE $rahBRYrP €DCT) or a

decodabl e units, or ot portions of a franme may be

CQBESPHEHY AENIHE SBRADIMELIQRPICSSSSThe t erm " coded uni t "

P (ﬁe $ndiR @1@¥0 BlB@%%H%%&%quﬁ%g(ﬁ (ﬁl Hﬂ*ltnayﬁ)e Qse\[i'fgtelgcatlons of
suc as an entire frane icé a franme, or

aavided &nmg rilgke pmﬂmténltigly ledfekwd"atbtael unigenctel, imecbackd pigt] thg various

5\1}8 é)i cE%r%%g :Pg %or\lﬁlcgeér}f tgﬁ) %gyk%) OPS gb n%(-)% 1l ?cgqneaa/ rbe considered to

benat @Ihesp bedided blobks, Gudhen eﬁ@t@l@kp a@@rblciuboolodldso@ach Midée@ay be an
oder 22 subtracts the prediction blocks fromth

laﬁiqp@P@ﬁ&rly veerslgbl usetiad atY}dwefrélﬁeod\é@ﬂxaavijénf&%séhemselves may be

Jeesd8lalnid] Qiker 1p-(l>- 169 of DEamE ShAUR de?llné’d? gssdc%[)@able units. The term
|nd|cat|ve of ferences betweén the bl ocks being

‘codhslounali deﬁemto phe md®p¢rxdnntb{ daskdabloinbof ®nidod érmp 3ueheas an entire

erfar ransformo %I cks. .t ener.at.e
it BaThod B S et Pl e Y e B R PR Gl o e
dodingtedhak@es weedi cti ve codi ng and transfornatlon

chni que i deo encoder. 22 perfqrns quanti zati.on.
l@ej%moz%w%%@ e Hocys-rearestodsr 32 pPelasantrdr Giinhprediction to
&aghfdl £hrRAtSiA bR RUaMIES 8fkdder PRSShRIY the tlo®locks from the
amount of data used to represent the coefficients.

qriginabridag bipgkinto l_zeamcgdﬁd tergeperply resvdliah QIOﬁhS/ ‘Bleus, the residual blocks
RE ALIHT o?%?f? cgg b%:tgve@ﬁ] tl?J‘Bl%glg’syPe%‘? 'cﬁ ht?lg %%% blocks.

such as cont ex aptive vari abl el engt 8)11

\ddec emtodxt 222 dap tpcvfernd iansamygfoami dri’lt]lietrésidttabdildags ((Cécﬁk@)e blocks of
trangf%rm cocfficients. Following intra- or inter-based predictive coding and
transformation techniques, video encoder 22 performs quantization. Quantization generally
refers to a process in which coefficients are quantized to possibly reduce the amount of data

used to represent the cocfficients. Following quantization, entropy coding may be

performed according to an entropy coding methodology, such as context adaptive variable



details of each step of the encoding process perforned

by video encoder 22 will be described in nore detai
whetoomedoms FI G 2. [0058] In destination devi cePABUS2009/040254

vi deo decoder 28 receives the encoded video dat a.

Vi deo decoder 28 entropy decodes the received video

data according to an entropy codlng nmet hodol ogy, such

as CAVLC or CABAC, to obtain the quanti zed

coefficients. Video decoder 28 applies inverse

SRR chdiat |(@AVE 48 - UdRekZ Qda!ﬁﬁ{ﬂé bR hxﬁ‘tﬁﬁ‘kﬁ@ hAiARIERBNC). More
functionsS to reconstruct the residual | ock in the

cbit@tlelofd@ﬁ@hlsﬁep Vi dleso crod geproo@s anegf_errg@héy atidep encoder 22 will be

cqr?oeﬁiiﬂ rebde9ﬁl%ePo%§ﬁldFI%n2 Con.t rol informat lon or

et i 0 g., coding node, notion vectors,

[995&] du dtehmhn@leﬁevmsl@ widhe deadeif 28 oiceintssthardcddaé videk ehta. Video
(% W% dinth encogfd vi.dep d t%i Vi deo,decoder 28

6 elﬁr(@a. P8 BorkeNd MR b etsedipg dp gt citiopy coding
h&BbdHicy, Bh@Ck CAVRTOSIUCA BA (T, &6 Qibidif Ukd @Qan‘(ﬁé’c?@oéfﬁ@l@rlﬁs Video
for disp ﬁ More details of each ste? t he encodln%u
q@ﬁ@c@é% apehidsopreser @yantiration (derawindizatpm) wid [nvigese transform functions

I Lo Fl 6

t ?g%%k plﬁ;? tﬁenre%TIﬁ &%‘%h th&p Efxgl}lvd(%ﬂﬁug ?1%%& %egh?eg%] al%:? %enerates
mcrtictdmrbm(ﬂ( haseld \omd@mrd]emﬁdmati% omayntars sferinmtiomde.gr coding mode,

B 3 DL BRI B AR P e ot

1a8Re@dta. 0fvidddl & clil® DRoSMisEthe \prdd@iot NEQAEFitid aleafwmfructed residual
vi deo decoder 28 nmy obtain a bl ock of pixels,

hlork tBinsRducHR rfﬁosaétrtsctqdn\e@%égcli for dielay piMeE detaily, egeach step of the
lg&{lﬁff‘gw?@ %glifgﬁ’he'd &L R ﬁ@elr 2P Q1 ke Ql@sct:rw#a% Ff RofhBtail below in

ut e sub-pi xel val ues
1§0b1®|xel p03|t|ons associ at ed Mﬁth the bl ock of

B34, B e Y s B8 B B R B ens b 7l o decoder

A8 ey pelthd b orfhdrk etitcipbRitiosl ﬁftbﬂﬂ%Ste&lrﬁqMés duﬁi@lﬁlb@mbompensatlon
array of filter support positions correspondln
Tg grartiglar g %ﬁ@oréiﬁn%wéh ioRE @gset pf L ﬁe@wtrﬁ’owgeq ﬁ%&oder 22 and/or

VS RO DRSS WB R X BlocR 9?%& n\%hér&n"i‘hé lﬁgblgé)f pik@PRicludes integer
and generate a redi ction OCk based on at |'east sone

m$eltvla,bles g@r.rq@p ing/ &l udsger pne]enqsrtpjne vgfhin He block of pixels, compute
Iplxell r\na?lrl]lSI or}asI b%qxre?é?sq{l?ns assciecqatescfJ AR Bl%cl L If%?xsels bas?d on the
respon ve or nDre Inte
1ﬁﬁ§¢rt pasls valae@(\plhaelnecbmpmgg etht esubgetehilalizel @Wlpri[s&f)ﬁ@ﬂlymg an
ce Wwth another aspect of this disclosure,

In accord i
le‘iea@gaﬂeﬂcﬁﬁ%rr thed defirpre GWerdgnesisak poy %fgﬁtart iSHpRAst positions

c%ﬁ@%h&n?fto §¥€ﬂ"@tt\ﬁ1é'lvé Br RbREhteb & Figd PpositibReha®HBEnPhe sub-pixel
data that needs to be communi cated between source

Roeiione im rashd shenst hrhginsraelewraskctips tesk 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.

[0060] In accordance with another aspect of this disclosure, video encoder 22 and/or video
decoder 28 may utilize aspects of symmetry in order to reduce the amount of data that
needs to be communicated between source device 12 and destination device 16 for

communication of filter coefficients used in interpolation. Video encoder 22 may



communi cation of filter coefficients used in
i nterpol ation. Video encoder 22 maydeterm ne ei ght

waeea9/12915i | ter coefficients for fifteen diffeP@nUS2009/040254

sub- pi xel | ocations, wherein the eight sets of filter

coefficients are generated based on coefficient

symmetry and pi xel symretry anong fifteen sub-pixe

| ocations, and output the eight sets of filter

coefficients to anot her device as part of an encoded

RidrStdce@Me sk JrhHiRr Wedfficibhte & Bfken Bt SentduB Ik eMIdddtions, wherein

aspects of pixel symetry and coefficients synmetry

thayighesdtnel Altér copffickratsf 4rf gencratod based ioarposfifcimnt gymmetry and pixel
| f [

%&eﬁ@&n&% AT fpelgh s n_ﬁg?lul% %Pg)y ea)?ldsotﬁ{]%lgthﬁe oF té%:t??)i Pg%rt coefficients

tornasthodf ddVl[tﬁ: éslﬁatt&ﬁmnmbedﬂd)&&ﬂstrém ald thisswhy) the vight $ctalalong with

di nensi.on gnd in a horizo di nensi on, [

SYRFROO! yPINely SHBRCEX (. Fope m%ﬂ%@fﬁl&?@ & renstofier S of te filter
dofteniOr® Qf fihen flat Qe nndelsar@tPelPpXel pbfG&si OMBorcover, pixel
This lack of pixel symmetry in the diagonal dinension
syeymeay maastistdwieccafdifferentfdnes ek thel fftcan isobroixghlpcitinps dv e vertical

ol af : .
ARERABCAT har Bfl) bORAEH Tl ptiel SybAB KR RoP BATh Miagonal
cﬂmvmsu:cm {66 ardyast ec®ee \of thdneﬁﬂeerg ktts seb-pixef ldcatiérsr This lack of pixel

EEHEIE AN AN R OF T

1ﬁt‘éﬁfoﬂﬁﬂéﬁmﬂd1@dé&k alifytig et Widd @cedihg srbddebdigt. | ocations
based on the eight sets of filter coefficients,

[Q%ﬂér\éiti@ Fi‘?ﬂoé?rpg$ &f lgstiagan devige I&atnay fIEReiNg Hheoeight sets of filter
ﬁ%?én&gap?%%dofogh %H&)d@{l‘ \Il&:% f)ftgtlte lgeegéne?ette fﬁﬂe%ﬁr ets of filter

I cien wherei n the interpo afe redictive
cmoffrceeslpsmdssnoodmgeo ofte¢rhd fteicht @brpixﬁlﬂécstlmbasezdoorpthz @ight sets of

. bl ocks..b
URE PR mor A st En ol B R o BT R RRERIBT AT onc of
it fifte@netshdfilRs @(&iﬂﬁméﬁts twWHegeisel t}ﬁﬁht@t‘m[z@ad prediety eaheneefesponds to
22 and/ or video decoder 28 may

9nRt0d rﬂtf‘oﬁ%?qncﬁdff?lﬁktesuﬁﬂ”ﬁeé MCﬁ@O% fﬁrfi ﬁif‘é%%@%e Prgmprstdgserblocks base

d@nﬁ@im&gamteagf&%lanoeegtger to generate adjusted integer
pi xel values. Such interpolation-like filtering may

[ﬂﬂ@] dveceotmre vithenothpreaspédt @éthlydlskdpaum@ videp gntasist ?.2) nnd/or video
(&:c%({]e?aCIIlilayt nleze flr%elgola 101, Pf;e E erln I ey e Q

en }htespe f 1nte)g61h%1|xe posmons in
drﬂ&)rmvgerﬁmddjﬂlgted)flntfegﬁep@blj eﬂﬁesﬁD\‘BﬁOl’Eﬁﬁte@@IaVlﬁ@lhke ﬁlterlng may
successive video f fr par icularly when sy

1ﬁ1@foverfﬁg§)éq§51% SpeCt tc&ﬁea%réqgcll laminafign ctl'@(ggss]scepﬁ e 1ns or fade outs,
hilt RhROL Abls@And itk ih&id Mend 8k E{ﬂi‘nﬁl‘ge §nd3ﬂ£na§/ 'hglﬁ Qmprove encoding
encoder 22 and/or video decoder I ncl

thftr@u abil sy MsverRE befwash sefesssiviheded ﬁfamh%pmlé‘dkréy phen symmetry is

?g%%edgﬁhﬂ (%eﬁﬂFﬁ%er pi xel val ues corresponding to
pi xel positions within the bl ocks of pixels,

[0063] éﬂhengeltpbbltlbm-ﬂlkg ﬁtteqmg(tebhrm!@jesl efvides etboder 2tdndfor video decoder
i8nt g ?r{cthe o%talr\{l%!g ocks otf B{xglst 0 er%&not(fllé b?ockElo)f(%llxselst includes integer
pixel values corresponding to integer pixel positions within the blocks of pixels, filtering
the integer pixel values based on other integer pixel values within the block of pixels to

generate adjusted integer pixel values, wherein the adjusted integer pixel values correspond



generate adjusted integer pixel values, wherein the
adj usted i nteger pixel values correspondto the integer
WQErooel2qeesi ti ons, and generating a prediction PCDUE2009/040254

based on the adjusted integer pixel values. [0064] In
accordance with another aspect of this disclosure
vi deo encoder 22 nmay generate first interpolated
predi ctive data for encoding Bf video data based on a
first interpolation filter, generate second
tbNh& nﬁgge@tlﬁgel Rlo8bRS, 1 @ g&a&auﬁgva @8R BEeE IGO0 tRCadjusted
vi deo ta based on a second interpolation filter,
igsbeqixdetlesen the first interpol ated predictive dat a

t n d Q
[@6]?44 Ig% %o?c? Ae gﬁltgna{;tﬁ% a%{‘)gcq rc])P & Jh?(%\l&)s\ﬁ?e Qr 8&) g&?é&éﬁ Wl aﬁgenerate
forst ltnlftep(ﬂﬁladaptddmnve dntel fenem:@émgwftvaieot dntd bzd;led: ahen fiﬂSEmterpolatlon

e G P B PR T E B et 7 A gtating T he 3o dta

HaBd6:1P 8 ls&don@MntEipblaBbn M¥r, %Q@arﬁeﬁ)@eeﬁﬁh@ﬂ@s@ﬁﬂtyﬁola‘[ed predictive data
interpolation filter, but this disclosure is not

and dbes sespnd yltfrrp@ﬁa&eé@rqdecttvh dgie bagethp egatedobgBn analysis, encode the
\F &lgot &%{ B@s{%g onatﬂéj séléaﬁﬁl a ddq Héjls A.XOR) fn'dlc%lt%rtﬁe gagcti%hs Olhe first
generate’ a ditional interpo
1p1reaxgbilact1ton\fdted ataa co‘m]lrlsd'l arfexgd alhtsrp)ol:ateon: dﬁrhsr ched gt savondhenterpolation
te distortion
B g B aRatt SRR B BR R iseliureqs not necessarily
g3 thadgcmplesf i rst and second i nterpol at ed
redi ctive data based on two interpolation filters
[591651 Fouthermssc. apdsiiieng! tiptegpolidiont Bliamympy Wl pe yanpied to generate
ddﬁﬁﬁﬁBQFé}&%‘[&f ﬁlgﬁélev&tag %}ﬁc}pﬂﬁf QISQ be %GX51&E3563§1rth9 ]}ate distortion
I'nt er pol at'i on ters. Inportant a rat istortion
aaualalsiys irsothertveorgs Itlm tedmpquesi Dﬁthuswhscmwa: are nefdmaitaddo generating only
|Iter

i de
flérjs(t |58él0n\§hl}}§1{pﬁ (%ed r};geduétbv aebas%de% LG Iltlteépoéguc)'n f},ltelrs but could be

Hbligh S ganenite ¥Qr pliucitisy of mérp@lm@ﬂlpf&hd%aiafaobasem @@dmp Gumber of
of video data based on a pluralj of different

iptstnotasion dilicen Fonnarigpdy %@F%@?‘Pﬁtﬁ’naﬁ%%lstlﬁtérpﬁi"’tﬁdalPIiefhythe data is

REd B BERIe Ahickeligt RnRief predictive data based on a

rate distortion analysis, encoding the video data '

m&@ﬂdn@nech@mé@mgnﬁh@hHMﬁndmpn%umnﬂgnmymphwﬂmbOfmﬂ%mntWﬂﬁmm

ofgogflt‘(f; §1V|e éltagefof cgrltl: Sin t I o C{g?%gl%l:(l:bo osn 'g Ipf h%§ gf gift%lre%%) interpolation

fileed, fsd:lectt&llgtamongmlﬁe lﬁuﬁﬂm &, dlfﬂzléﬁtmeeﬂ’medﬁ rprélﬁ’cth’ayiata based on a rate
dentify a .set of filter coefficjents fo

4 ﬁ?%‘PB&P%lW% (rRetding Be; pytachaps! 9 seigtsiosn autipegding syntax to

HERRE alcqcleSddual val ues associated with the set of

filter coefficients based on predictive coding of the

[8€47] ofhis flis¢leyure glsp fooricamiasesr et queetor gn¢qdingefilter coefficients. For

e?&gnﬁafel Q/id%gt %c&?e?%%l Ah qldethhh ase%bf(%ﬂeﬂ dé QA‘[ tfé)roﬂlter%(&atlon of

appl Yy quant i zation to the resi ues
medlcrwte datBqu&udﬁmt dnzeding eghcal residubal eslu%asp@mﬁteabﬁvnhnhe set of filter
coe 96%95 gase togleparcreﬁlctlve coding of the set of filter coefficients relative to filter
coefficients associated with a fixed interpolation filter, apply quantization to the residual
values, and output the quantized residual values as part of an encoded bitstream.
[0068] Video decoder 28 may receive residual values associated with a set of filter

coefficients, gencrate the set of filter cocfficients using predictive decoding based on the set



[0068] Video decoder 28 may receive residual val ues

associated with a set of filter coefficients, generate

W b@Iga1df filter coefficients using predictiREI/US2009/040254

decodi ng based on the setof residual values and filter

coefficients associated wth a fixed interpolation

filter, and apply the set of filter coefficients to

|nterpolate predi ctive data uSed for predictive

decodi ng of video blocks. [0069] FIG 2 is a block

S BNVl el $hd FdeN B0 @NciBHATRoBiaRld \@1t1¥'adﬁ>£édelﬂfc9ﬂ§£tlo§oﬁlter and

that may performfiltering techniques consistent with

aphlysthelpa of G¥en wctfigiaptsgo enfepdlate 1Bodipteveotata wrd fyslnscdadtivg decoding

d vi deo conputer devi ce or apparatus

<§@§§P$g> ?o herein as a "coder." Video encoder 50 may

[0069] dd0G0Ads b blockdBapran dihohaati2? atxaeple 0€ a2dcoamcdder 50 that may
ncoder of a different. device. Video _epcoder 50

%§ B TS FEIBES SRR VL JRiH AECIRUBT QY EO SRR 50 s one

ékhl‘ﬁﬁl?: b @"?@mal@ﬂeﬁhﬂﬂﬁh cofpiter A83ENGr GEPRAENRER Al @ MEcin as a

shown in FIG for ease of illustration. Intra-coding

‘ceddrés V(lﬁfiosﬁ]@ﬁ@deélm prayceostcErandtie Vidsdsaeods 2¢ efrggwce 20, or a video

e%@@&e'r %k cﬁ %Q/ ceI n\/\fl&g glg?co\a"elI 9(5 ﬂla? ﬁ%k%ﬁﬂ éﬂﬂraq &84 1nter coding of
I'nter-coding relies on rediction

teds cethar videsrbemey, errhxmghlmtrzechﬂn@cmgmnnntv acbe®t ‘&h(tWIl nn FIG. 2 for

adj t fra €0 se ce. .l.ntra-npde .

N RE iy Rraieo faY S S P TBaUt BTt gfmove spatial
remﬂﬁan@nﬁ vidab e¥ithifDsl 8 S UklBo 88ma. Pit&ddodingaBlidsRmteddrabprediction
a bi-directional (B-node) may refer to the tenpora

DASCCUNISPO3S i tHRPITBEUNdmEY iR cftequiEkingidiachpisframes of a video
sgﬂt T SOLOSYHL. RRAL 3(1 {-Hdﬁé)n a§/ e 1§ %’ ﬁﬁtlala&ged Q%ﬁfe&’sﬁ@n mode, and

a-codi ng uni'ts such ‘as spatial prediction
Inwt moldlesu SlIChaaseadpneduchG(P zloﬂo)r ors hpllirestibyal dBemedes enayf refer to the

wep L ORI Pals BTk et oo dREoEE BESly durine
IeRECOsERY, dnd tHeefensanftaecodingFlkits BuchvhdepatRh aetidtiodOunit are not
i.ncludes _a prediction unjt 32 menory 34, an adder 48,

IHu%tWaéﬁ%PEF%%ﬁ?rfln@éwl%mﬂfaﬁwletlﬁt@HOIemut 40, and an

(00507 YsHeRATRFTIEN tyidd. enES’([er \50‘#@&1\}35 QG&Kdeo block within a video frame
reconstruction, video encoder 50 al so i ncludes an

tp H@e@ns@eQU antliczarinpte offIG. 22yidem ciaeder ¥einchidesd prediction unit 32,
S0 s AR 0 P Ly coums
unit 4@nNOb@E blldé)@ R)Ildkaﬁ:c@{struét&ﬁlt Sflddbomcbéﬂomtaﬁgdcmeﬂldes an inverse
vi deo,. |If de ired, the de Iockln ter

RGRTIPR i FRt Bt TRBS ST O ddaeh Wdffggéh]f% deblocking filter

(Estesqtb%) ﬁia% ldﬁbtbe?r@chﬁ@d th PHHBIBCIbARHIRAR 16 Feh&RL b18kiness artifacts
uni t and a notion conpensation (MJ) unit 37.

fmm tf@pngmch%éw@@ ilhd¢sirgédhe detdeckaiechiliaswaptd typgallyfilfer the output
§ i nvoked by one or both of ME unit 35 and MC

unlg } to performinterpolation or

[0071] 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
invoked by one or both of ME unit 35 and MC unit 37 to perform interpolation or
interpolation-like filtering as part of motion estimation and/or motion compensation,
according to this disclosure. Filter 37 may actually represent a plurality of different filters

to facilitate numerous different types of interpolation and interpolation-type filtering as



interpolation-like filtering as part of notion
estimation and/ or notion conpensation, according to

W@ biog/12hi9sx| osure. Filter 37 may actual ly repr eBERUS209/040254
plurality of different filters to facilitate nunerous
different types of interpolation and
interpolation-type filtering asdescribed herein. Thus,
prediction unit 32 may includ® a plurality of
interpolation or interpolation-like filters. During
JbGiRAARAINT TRCHRTicti¥h FER ﬁnﬁl‘QQQflclﬁ_’& ﬁgﬂﬁ‘al\ft‘?sofamter olation or
vi deo bl ock to be coded (I abel ed” " VI DEO %3
ipterpodgtignpike dilists dAuning the :mcq@elrg‘ PPesss.i idasr enspéadj trcetves a video

%ﬁ%‘%e "%d%f@% %de \épem E I%EC g)h I(at‘g g%ldrie}%?ﬁ Bﬁ# 92 performs

iper- bﬁ:ﬂfﬁlﬁmtcbdlﬂg @S benvadte @I’prédlctl(ﬁhelﬁb(tﬁ flatichee] ‘ARED BLOGK” in FIG.

| o and MC_ unit erfor tion . .
3o n%@ﬁ CiRRe TBW[%“H@%% F@?tyepem@nﬁ?%tbqncfﬁ%wﬁsv S Rdenfio ] rediction
YK RMm&SSHNBE bAD M uhlY BT GRdy YerfoPRSho@eebni R8s doR &6 $enerate the

of generating notion vectors, which estimate nDtlon
rredictianddeckbl ocks. A notion vector, for exanple,

t
3995 10 5PL 26PN g YRAIGLL OO GBSy %‘“*O‘ﬁoﬁ
wehigh gstehdte m)otibmlftat\rldtﬁ) blocksheA matiok viectoh doicedieghlayinidyi indicate the

curre ot her cod d unlt The referen
oo E oo Blop ey Bl i b P i (O Sier coded
Unc akedligy) irflhtifeotothe BlotRlo b1€odeddeithih HRNEBIRT frARE {drQher coded
of the video frane) to which the current video bl ock
U)o reft quc}“fﬁn&f‘o&m@ﬁ@l@pi% e Sarmg)inaabq (pmpetstly deseted prior to or
z{g‘{g ‘&9& Sfrai:Hce ¢o?tpgh 3% Othe gf?&%rﬂmﬁgtot \bﬁi]cﬁ’ rtﬁed b&dn®Rideo block
ron1nenD y or possi b I it er pol ating or
‘t@tdmgs V\M@éog errepatitiog if tylptceﬂﬁ dmsr@oﬁddhd: VEC@&DﬁfebéSr@jor(ganerating

he ion,vector deter ned
OB RE RS ST ER ST oL T iR Pie gencrting
M&Eé@redlwvddﬁt&t bas€lEén ik atkioh Ocdier deiifithel by Geutidarcktitgation.
vi deo. bl to video bl ocks of one or nore

[P%?iﬁ PdRaBits éﬁlégts the agpropgaig RRI10B S 3 e adiigstdekefitbe coded by

dohdaBde th'é@ldé@ itlocBR0 VYo PREEQIBNEBE i8R @&?én@@?ﬂaﬁ’i@s (’é"é hy previous
fractional pixel preci si on, sonetines referred

dndae tsmhmalenpﬁrm) ME auit Bonal ppebrm motigy bstlfmaklen Wﬁtﬂatﬁa@honal pixel

Sl IRt an f‘érre 1§ e fltra%{lns 5 AF L Q0 Bhal Pl

¢ ac?n ona etlmef ¢ sub- ?narlng)%xe &n actl n mil%e

ddsmdtiomt exc hl&ihg QMJ tarms | ﬂﬂacf[lbﬂait p1®ﬂﬁ|frabﬂ1()¢ﬁl pﬁDtandnsub pixel motion
estimation, ME unit 35 éect nDtlon vect or t hat
SSHRAEL @AY By Bﬁﬂé@@%mgef‘ J ah} %%]toln PUg gtiop jgefmagien, ME unit 35

thilt QUK aRhotRn VLR HaP hdidafestdNpbacBRBRED a 1@)52@1‘6‘1'0‘?}%%% an integer
pi'xel notion estimation allows prediction unit 32 t

nixa decation. blnthw IR4ROR, dilaeiong} BEFsnetipnt dtimation @W&mﬁdéémon unit 32

tg gtgal'?;(;\]trie)tlcgir g\g ]ingﬁ& Ille(glglén tw tg%qug)@%?&@Pﬂﬁ@??l&%ocatlons, thus

geathrat more myraktamedﬂaad)ﬂ bh»lcke IFrmlemlspucuh motion estlmation may have
i.xel precisi gp %lxel reci si on

}%ﬁaﬁ;&(e FPfr 451, cgﬁlarter -pixe prec151 elgh pixel precision or any ﬁn greclslon

ME unit 35 may invoke filter(s) 39 for any necessary interpolations during the motion

eof sub- yp%el motion

estimation process.
[0074] To perform fractional pixel motion compensation, MC unit 37 may perform

interpolation (sometimes referred to as interpolation filtering) in order to generate data at



ME unit 35 may invoke filter(s) 39 for any necessary
i nterpol ations during the notion estimtion process.

WO 0®94269TD perform fractional pixel notion PCT/US2009/040254
conpensation, MC unit 37 may performinterpol ation
(sometines referred to as interpolation filtering) in
order to generate data atsub-pixel resolution
(referred to herein as sub-piXel or fractional pixe
values). MC unit 37 may invoke filter(s) 39 for this
sSuBpBlP RlsaiiutiOnN (re RIS hdr8R a¥BiH-piRel JFBYcRST Bixal J*ah@es) MC unit 37
interpolation (or interpolation-like filterin
hat epeke plilias(ss )3%u&irntdis derpelehen. qulkisdigaet rwnttegz egyepprform the

%tg%c o%lé)g'(‘?rsln{gg;] ag%éé(ﬂg Yt?é&%gfl%l% t&‘%&% ugl%g lg%t%%uiu%s described

lgesier at es t he predlctlon video bl ock associated wth

tion vector it,37 he )
lbf’%ﬁ Qer i *&PBWW%%E ﬂ%ﬁ@&@g CBH f{ﬁéelﬁsteﬁi by ME unit 35,
MeCix 37d§én%fa|?€sr’[ﬁéj Rf%ﬁlcwgn Yich bRk alsé'bcialﬂﬁl WillP thaPtofion vector. MC
noti on vector with fractional pixel precision, MC unit

wiit 37 imayr Sichaths predistionehtocl Bm tracery e¥4p e eons thehmotion vector
(%Bktn?xn}ea %lcmnxt% rl‘ﬁ%ﬁé tsk Qf n?ot%n’vehﬁ}’%%cﬁb Al ?[xgﬁﬁreclslon,

process n Sone cases e interpola
Ml uretr 31 ljltere cdatau fijere namarpdd tb hatbrpmhaa;e umhcﬂata)togmbqnml gesolution,

t he.sub- pi xel prediction data i ndi cated as
G DB B GPERI St [riney PR el BIraHS C8 R bsgoloion fiering
tEEHALJUE o Riole 4fit fag udddad Usicene t subgixe0gRdichbi 84th @RANbe indicated
I ndeed, sone aspects of this disclosure concern the

45 98C GF MOFS(BFCTRYRHASY P tax iEMeH P icairemit cosinennit 46 fop inclusion in the
4{ ggd;%j%t 06, AREASRE a @lts%)fﬂﬂiI clS‘s%?éjc%n'i:&nQﬁBe &SQQ)\f'ﬁM(%psymmetry

ce predlctlo uni t as generated
god edéftiticoisybinotily, to védieothe mmdatrof Sonthothatneads ‘@Shedmaveyed

T R PR Ui e B s b i o {deoder 50 forms

Miegidoal Blideo bl ki (NBele@ HRESITANBIODCKS ifi NG €3 &tstibirdt@ing the prediction
conponent or. components that performthis subtraction

Rlprdr faem dhe orgiaplsyidgonblash peing cagrdt j addes 48 rapetegisiic sepgponent or
(%ﬁlp@ngitss'@lﬁ@ﬁe‘?foﬁﬁstﬁlg §uﬂtfa@ﬂ§if &ifemt&)m}an‘gfonﬁ UnfNg %Bf)llr’éél | tYansform,

simlar transform to the residual block, producing a
supldas sbilisoktcconpei tsintprmediadr 2 rcanesporty ok transform, to the

r651 08 f Ibfo.cEnit)]r%ductlrrlgzg Svfcfc)eg rglcl)JcrI]( éo 3§1smf orr s&ua?gg%lsefbrmn%%)ck cHefﬁcientS.
orm ot her r ornsg, SUC ose i ned the
’Hw&@&nﬁh@ﬂd&eremhm@a1awﬁpaﬁnﬁeahu@ﬁhyﬂﬁnm1mﬁhaﬁduEEHdhwdby

Wavel et transf i nteger_ transforns, sub-band
th KhAroHHRdaB vaeie CORERIBHY $imRE £Q Pt - c BV echirasfagms. integer

tH8Rrmd, RuBBYnE B8R forkds PR M MRIJF (RBsBRR R bRS be used In any
transformto the residual block, rodu0|d3 a bl ock
$

qeess itengfbroe uaii Somieobe fteasferm $o tRhissidpalrkeals quaymg a block of
rgama?irgnstfg}%l LSeth dpqéiﬁg Tﬁkﬁ?&h%?ﬂl%yf JoRUL AR Iré%?&uafjl%%arhﬁtlon from a

requency
pixel domain to a frequency domaln.

[0077] Quantization unit 40 quantizes the residual transform coefficients to further reduce
bit rate. The quantization process may reduce the bit depth associated with some or all of
the coefficients. Following quantization, entropy coding unit 46 entropy codes the
quantized transform coefficients. For example, entropy coding unit 46 may perform

CAVLC, CABAC, or another entropy coding methodology.



[0077] Quantization unit 40 quanti zes the residua
transform coefficients to further reduce bit rate. The
W@ Eat2®as | on process may reduce the bit dept hPCT/US2009/040254
associated with sone or all of the coefficients.

Fol | owi ng quanti zation, entropy coding unit 46 entropy
codes the quantized transform coefficients. For

exanpl e, entropy coding unit %6 may perform CAVLC

CABAC, or another entropy codi ng nmet hodol ogy. [ 0078]

[W?ﬂ GHrop P Q:ioﬂlgg URiitt 46! 6hafBrt s ALSR 6RA6r Bldge BFedi®ibR syntax elements
b

predi ction syntfax el enents obtained from prediction

abtyiined3porp pregictien unio Aponether emppned of Bideodraodgd0. T one or more

pqgcgct9orn sﬁ%%& &élﬁg{téz Haggnaé{&t ?)éoc?lllg q@o‘&%so&aé{r M&Pe' Ilﬂgﬁoﬂavectors, an

codi ng e, one or re nmotion vectors, an

ihtetpaitgpioh atdheigut dcinmiaguee tohgheragsthel Sub-piacigdune aateoit dubsct of filter

sup- pi xel data, set or subset. of filter,. .

C@Bﬁ’lrc%naa i OISR LNl BANELHEAISE &f D predicHan block.

CBedialtipai@font ha Rhethatbh QRit al - pre@iefi¥dlE efd¥de and quantize the

predi ction and quantization unit 4 1 may predictive |y

wedigiha sRlxgiightas féter peefiivieds. acrgAingypseme asngets odghis disclosure.
il ef fiCi . C [ . p of: [

"ok ln SRShEY FOUR LFRRBOR POube IRTR, BRRARLA AT hA syntax

adookintg magyi be 46Gpsmhited gpcaodédr diedieo andclsyett dir &ltenmemtssission or
na% qe transmitted to another device or archived for

FHREEH transmi ssion or retrieval. [0079] Inverse

[A0ANtThvadd QamBhtiot 2umdndi2i AMET Beerkd anak M Whitt 444apply inverse

apply inverse quantization and inverse transformtion, )

qugntizatien g ynverss trageraitiogetespistvelisiodgegnstng ke ragidupleblock in

' i €60 atar a ,
By B! SR g ShDtmerBE of B et e B Ot S0 EREGd rsidual block
(l4REIGONR ERES . REBDOBKOGKT” Fl IGG. 2) nmgyrepregme s eeronsgtructed version of

econst ted version of.the resjdual bl ock pr,ovi.de
DEFRRERL HEHE PrntRIe08 ket Golie R T e PddeRli gD plock may
iy fdorh ftied rebidoan Bk go@siattdey sahdedk 4ganernalsas obyetsilldumed by the
48 due to | oss of detail caused by the quantization
BARIFAHOR A8 YRITR [APARGZRHO BET AT s SUBvhey #ldg thgdgeonstructed

88l BERRIE FHGh&Ehn &%&E%kedﬁﬂr@&&é&rpblgaﬁpﬁgﬁéegﬂ)y prediction unit 32

conpensat ed prediction ock produce y predicCtion

tamradugRa rasopytodisd eideorbdasdrfet storepeth wenlewy 39 ddie reemstructed video
t orage 4 .n ry 3éd.. The . onstructed video,h] ock

G RS SRR ool o A A5 A BNERCIL R i veed

dub&tjuemly doée abRdk i Sibbspeueiddoyrabda sabdeljomk coded anit.

sequent video frame or subseqguent coded unit. . .
@%O‘}S fesc Egcgragg@d [gﬁcag,tg),n Bplé(ﬁ trr}aé/npq} I g@tlﬁﬁfstlmanon with
PREERN PixD(bOSuEFkENBdcRionM tWWhdhr @edit@ialiniPiz%alsed Bhactional pixel
sub- pi xel ) precision. Wen prediction unit 32 uses.
et gsgmatiopipkedictipptung i 2amey gencraip datp pe sitepixelresphition3®.g., sub-

o9 ?ﬁ?ﬁcﬁltale]f)&@lt @ah?eg) ﬁsllllp 3 Rlite]?ﬁ&hatFo%s e}‘httiiogpdés@riged’ in this disclosure.
subpi xel of Fractional pi xel P val ues) Uslng

Inntler potdat thomtepelativn oprsatthes arciuseditoi coniphicsyatlies et @sitives between
the integer pixel positions. Sub-pixel positions located half the distance between integer-
pixel positions may be referred to as half-pixel (half-pel) positions, sub-pixel positions
located half the distance between an integer-pixel position and a half-pixel position may be

referred to as quarter-pixel (quarter-pel) positions, sub-pixel positions located half the



In other words, the interpolation operations are used

to conpute val ues at positions between the integer
W@Ro0el124903i t i ons. Sub- pi xel positions | ocated Pel//S1008040254

di stance between integerpixel positions nmay be

referred to as hal f-pixel (half-pel) positions,

sub- pi xel positions |ocated half the distance between

an integer-pi xel position and®a hal f-pi xel position

may be referred to as quarter-pixel (quarter-pel)

RS RGeenS MR RSS! piRPSIokitiOR o} aALRE HRkition) and a quarter-pixel

t hedi stance betweén an integer-pixel position (or

maltrbn pioxdeferpd &i asj caghth-pixgl @i thPOSpﬂ(b@él angd ltkieon are

dﬁ[f{]}gdﬁ Eeaéct\lgé%ﬁhlhﬁ@ﬁéll&s%laggé gﬁ[c elr)pl ?%c)jtt Ao 1’xel) positions

asi;dcuﬁdd aith p@dictlble@z&a aatl xeb-pixer (ot ﬂ‘ad:thnab(pkél) pexsstiidnis (aMclated with

S i ction dat and su e
lflﬁﬁaf)@f%%aﬁedlﬁr% i daiihs G g JUParEan i - e different boxes
. ]?h%&'hpﬁixat 8 beqgkéltld)&ﬂoﬂa&@posltﬁng REhGONE@RTURIa block of a frame.
lustration of FIG 3, the different boxes represent

Cbap)@éhzeériatt% blnpthsz Bpxgsow i iselits lines) penspsenioméceni-pikFinlogations, while
|

;‘Laﬁqgtte% ﬁ‘tﬂ% bg& fth a?t:ie:‘(]igg%s) Q%Qéeeglgr}]le %:ﬁ‘% lé(gfeltrosa[tﬁ)ng th particular,

pixad dbdaoouss, A\]M‘Aﬁl Blslh@l@l Céet ey, BlrEG el Bokesepieseht a 6-by-6 array

B R ol E G AT AT bHC R o1 Eiodaf ey ST pielocatons

thiu® o Elkerbscandfibdr Sfb-pieglr Befdhs AsBehiedbwh idYg@fpixel C3, c.g.,
i nteger pixel locations within a frane, slice or other

hebresd IpGEST P, Epclg‘pg(rg C3, §4aDBomd D4y SlfIHl‘ab gléqqplxg} rlocations may exist
HEN &y %ﬁé% gF)Ee??d}aﬁcﬂp 'Ph%?db V\%Q@lﬁ%&a‘?ﬂaﬁs a@’stﬂpdu hed» \f\éptr&ent every

I nteger pix , e.d., en | nteger pixe
Hatferad amﬁwa@@; pmlxemcanm adpciaBidmitamtegabpipelXel.

R30S R R Ao HSE B  B b BER ueh a
i do @ften Iﬂ&] Vladbddamlﬁﬁi &igipely g@héﬁﬁﬂed| Paaph@sdiode may measure an
assqciated with integer pixel . [0082] Integer-p

iplsRHED; rislighhyouses %té%chatt%ofm ?Fnéorpe}Wsﬂﬁ%?a}ates%ﬂlgelrmtensny value

v%lt}?fﬁ%riﬁte SUkE1 dtaBoP RS &@ﬁ i phRE10ChEROMEARh A MRSassociated
orlglna y generated. The photo |ode may mneasure an

sehokfigeanysubtpisel llbgiions Gumoesibly mdre).| dbaniwhciodf subepixel locations
assse (244 @ nlgln eisg%fo gllxglt loca%ogl Xel ble Hcépeerrll clzntt¥1 4hléI %esued prec?s?on In the
eger” ac Peyer- el

dxamgtellmﬁsnrmyl imaue. 3@&6&&51&{& Iﬁéc&ﬁon‘: thuelfterfplidl @Ba’ctlslon in which case,

sub i xel |ocations ( possi bl y nunber o
gﬂa?emtqgsrcwsﬂolﬁga@g% sEr vz th ﬂ%%&&%rw 26 pixe] posicions

M@&Qﬁ'f&ﬂ@r stB 1)@13{)&%%@ AR\ e WRRRiatdatyideSich GHeRE-PHcBioRMion based

In the exanp lustrated in FIG 3, the desired

qir tee desisd piffzfrlstf.fu?a rlfmf thalfipied] pgacisding fosrexampleygrick fintegeswixel location

ns (0] (0] t

RF Roflkrgff LRLRARE Bioifikel) PERIGETS ASCM R BmH fhoh of the

1ﬁm@er[£p1xeéIloanSIhsthnsorrmp'oﬂdaVﬂSSmgﬂ-thtee dulwpixhl attons for elghth pixel

I nt.e |xel ation ba d on the deS|rE %recision.

R.f%CrISl | a&l} P gq‘ét&‘?nsfn&ﬁ cfigF OB% QAP PLXgE fyalues, e.g., one or more

luMiRE&S 2l kR mih@fatvhes. My correspond with three

sub-pi xel positions. As anot her exanple, each of the

[0083] Y may represent luminance, and Cb and Cr may represent two different values of

chrominance of a three-dimensional YCbCr color space. Each pixel location may actually

define three pixel values for a three-dimensional color space. The techniques of this



I nteger-pixel locations may correspond with
si xty-three sub-pi xel positions for eighth-pixel
wee@enziooh. Each pixel |ocation may defi ne oneP@F/UROL040254

pi xel values, e.g., one or nore |um nance and

chrom nance val ues. [0083] Y may represent |um nance,

and Cb and G may represent two different val ues of

chroni nance of a three-dinensi%nal YChCr col or space.

Each pixel |ocation may actually define three pixel

M ueR, hoWerr thiyerrd &J’Fﬁ%ﬁicﬁ@@k}vuﬁcﬂas‘%cﬁg RR€ dinlddSion for purposes of

technlques of thisdisclosure, however, may refer to

sonpleritt |T®rthq\mthntrtégt|dedtmqms aisedesirihsA syithnrefnset fouripdsiesies in one
T t re

FueiBalil o Bus e ¥t Thotd Bl GEY YRR

[6084} 18 itlagxamipha dfanIGt @cslumpqm $ochtgyhs taesoe»ateeln;dlddmtage]t hieel “C3” are

ther nmensi ons. . [ 0084 e ex l e of. . FIG

%rabﬁdffef qlr%fegmxshé‘e%@g% hs ﬁgte% SR SGUROHI SRagelatgggvith pixc
@ Srellddciitds ah edp ot ~gardeer<piogel «pprqei<grops «Them ” «n > and “o.”
fifteen sub-pixel positions associated with pixel C3
Mpst of élg;eq)thgr ggctlogal "locghions asgociated) with' céher intpger-pixgl focafjons are not
v n
shbﬁn fo% ll(K,l’t A g(ftﬁefr gg%ﬂhgﬁ% ﬂ%egs%c%&?% ﬁtt m8{\I &hl%e 15 different
fragtiegps rloqahml astaoCadd ortls pmeblomjtonﬂﬁo\am dés@nbeﬂ ll’(rﬂmtlmrtdytall below).

RSB B 2t Ohal TR ISES KOS RN s 4ad sub-pirc

Iptaxighs FoTat r’mal G?a » ag” deschiibed Y fhprthar<odehdl be referred to as
bel ow).. Sub pi xel locations "b," "h" and "]" may be
Qugrriisd le@tians- hal f - pi xel locations and sub-pixel
IR iogfnic 5 Bl vidlp sppigr 10 may dflerming pisel s or sub-pixl
lbotians Gaisthrou@l 86| usnguhitarpelatronuimidring by VICwindely . ebawnent with the

ﬁ‘gl.—'g?%% tt'cﬂld,aréln ?0r§%<§ét§ple¥&arl cr gtgqnfl%nt 03% IFa)F % é?rmﬁrlbeofé%lwénl%s for half-
piiﬁlﬂoc&ﬁons@fsﬂfgl S6-e4pt 1nt&tlidﬁatioh&ilieﬂ'lsluah I 260dicisdr dindar oh, thé @ﬁse of the
iction unit et erm ne plxel val ue

exanpl e re
H.gp4 ﬁ‘é’fl‘i%ﬁ? xtB‘F ﬁllterc%ﬁef%%@%gqrﬁbe ét@ DEEPe o G 8 t—mlcaﬂy [1, -5,
40, bbess, lf%ﬁﬂo%ﬁ (ﬁ‘heWc%E‘I%(:lefﬂsltﬁe%f be hdddt @e&éﬁ)‘ﬁ L91f1t §2h§1ay apply the
H’ 264 st andar Iter coéfficients for the 6-tap
lnﬁqmﬂ@@h diticofirst i ﬂle ﬂlomcmt‘ctl ylpp@avlnl ayld[tllen in 5he Raticap dlrec‘mn or vice
ot her. co f,,f | | nt

bt Sl AT PO ho o s 5 el B SP 5 pan o 1 ipyemer pixel
gositioh in thet eizbotai Zrﬁhtleﬁhczdi Id[réﬁidnpfbsﬁtﬁv&lpeﬂn Ipﬁrtichbr for half-pixel
VeftIC |rect| or vige versa. For al plxe
n9asieR | %ns thepytaps 9 they &ta%atﬁwr tcapehpd 68r¢] nd3t 5*ak> and C6.
1LiREGIGE MoPhatehix MOt Fh "hd BHs BPIHe20Mp @ihte@&;ireg nfdl t6 asls B3, C3,
di rect’i on, respectlvely. In particular, for pi xel

%sﬁi riesh F3 1 For tepamplgppixek valwes for sulypixel p@ﬂtlcm@r b @péna may be

d C6. Likew se, for half-pixel
&%eﬁgg%g eEi:é?at]to%ﬂt)aps, f the 6-tap filter correspond

to A3, B F OF 5 ¥A | xel
val ues fgl‘? g@t} pi xe%Eﬁzp(%ggt %Dnsd‘:1 anﬂekﬁtlﬁjégfbe (1)
h=((A3 - 5*B3 +20*C3 + 20*D3 — 5*E3 + F3) + 16)/32 )

[0086] For half-pixel position “j,” the taps of the 6-tap filter correspond themselves to
interpolated horizontally between positions C1-C6 and D1-D6, or vertically between
positions A3-F3 and A4-F4. Half-pixel location “j” may be computed with a 6-tap filter



conmput ed using equations (1) and (2): b = ((d - 5*C2

+20*C3 + 20*C4 - 5*C5 + C6) + 16)/32 (1) h = ((A3 -
WG2®9/12205 C3 + 20*D3 - 5*E3 + F3) + 16)/ 32 (2)P¢D08B)PI/040254

For hal f-pixel position "j," the taps of the 6-tap

filter correspond thenselves to interpolated

hori zontal ly between positions Cl-C6 and D1- D6, or

vertical |y between positions A3-F3 and A4- F4.

Hal f - pi xel location "j" may be conputed with a 6-tap

thith k&Y frB@bude BSerPsI8MH IR Yarh R IR B S el o¥iBibng/ BloU @1§ accordance

of the half-pixel positions, e.g., in accordance w t

witteousfofequationpi of 8): or (4): | = ((aa - 5*pbb +20*b +

20*hh - 5*ii + jj) + 16)/32 (3) j = ((cc - 5*dd +20*h

+ 20*ee -j5Hhd- 5*@@11)20%1%62)0"‘13@ 4 "iher )as 3)

illustrated in FIG 3) aa corresponds to an

i nt er pol at+ @pc betdeeW*A3 2Axfde Ad*ffbtpes orlo@dponds to an €))

i nterpol ati on between B3 and B4, b corresponds to an

windre (g dllaxtdaed ib E1GeBrnaCdrasydndto dnhineopal@mpdrdscchcAand A4, bb

i nterpol ati on bet enDBan orresponds to an
OREGIBe & P EElEon tea B Eand ik T CuERPaRESaa® folation
Revdntey aRl @t |hﬁ'&oﬁ€§p‘6ﬁ‘@§‘to Fad idBkhoffion bBwRey BBiaa0 [, 11Q:6rresponds
corresponds to an inter pol ati on between G and D, dd

te gRriBlsHOHdESn thetvesn Bt avddét and bﬁofi@%mé@nto@ iirapabgtiontbetween F3
QI E£s %n%@ah& an c'cnéo${eg[go|na£ 't9na &Qnogb@tﬂgelp% ?d D1, dd

corresponds to an Inter ation b
©oESpesHo ird 8n tiptegolatinn érepzcdeat(ilbrancbdﬁv,véenotﬁﬁpmds tD5anamdierpolation

e AR s oo R S Bl Reee S padPY, iigrresponds

tdRh tintdo EY¥n dat»eermcs ang Dgednd\@l do@isind Eftedit 1Qfer;w12tﬁ>|n between C6
| ocations "a," "c¢c," "d," "e," "f," "g," "i," "k," "1,"
angDO. " nvand "o" usi ng a bilinear interpolation filter

[00%7] td&sﬂ@feﬁledmmem@p&a&dlafd ﬁfé‘&ifc%ﬁ‘ ghip 92 bRy 99@fmmég&e1 values
hal f-pi xel |ocations. For exanple, prediction unit

atrayartteipeiehion@tlcms pake,” Vel lie” &8st &t etk “lt”h“rrs’l]t‘n mn)deb using a
‘tgloselé}r {I’rrll erllr%olgtlonlufilte gnc? 1 Xellxglsl\zalg{léff%zcif ?ﬁ surrf)Hn(i:I %m’teg)%r- and half-pixel

lp@ﬁﬂohs Ofor'c&AmplS) mgdlmonaimt\eal rﬂ@sddﬁffrmu’& a BiRel V%,e a@d@dlafeﬁewth
0088] . The actual filt that is applied
%hmexeév%ﬂbongéln@?lag @lxleﬁ‘fﬂé S Eéélad Bt éefafmlpﬁép% V%ﬁl&@ﬁocmed

ﬂ?ﬁPoLﬁQe‘l pBBHoPE MR gFLel VRS am“geaﬁ/@m ehY 1flike.
[ﬂg&]emsnt ations. As oOne exanpl e, pre i Ctl on unit

ude asthapfilterethptns epplestdayi W& wnit 3@ aepefant Micrpelgted data at the
SR A 1 LS LS e o,
memmdnt @t hasndyael el verintegpotadh ngteriag (ADFOgS dssctibat below, to
(P ]cfi];lg Ehe n rpoliate Vah{]eg %Elf hc[lj e[ngélé/B%DVCEG (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
used in the H.264 standard, especially on video sequences with high resolution (e.g., 720i/p
or 1080i/p). In AIF, the interpolation filter for cach sub-pixel position is analytically
calculated for each video frame by minimizing the prediction error energy. This helps to
address aliasing, quantization and motion estimation errors, camera noise or other artifact

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



H. 264 and, in particular, AIF. AIF offers |arge coding

gain over the interpolation filtering used in the
woR@e42@1andar d, especially on video sequencesP@i/UR2009/040254

hi gh resolution (e.g., 720i/p or 1080i/p). In AIF, the

interpolation filter for each sub-pixel position is

anal ytically calcul ated for each video franme by

m ni m zing the prediction errdr energy. This helps to

address aliasing, quantization and notion estimation

Rk @b Sici AT RS PeabiP Fiafic Afe LN BFedRidd] fRmkiz&PRORINGE skt in the video
the original and reference video franes. The

tawtapap.i eerng pf therteahaiuedefpthisvdifcidstrsrcoglgled drk ovitnn gn AdF scheme, as
h ed, quantized, coded and
\gée}fr:]{l Iﬁin%m?he% lﬁd@ E‘E I?‘gsct%rg%lggm Sonme of the techni ques of
[008% me&chmsma@ ddfereht wopds offi A sclemedlcbndsabeneith aspects of this
ot.her. i nterpol ati on.schene

o o e D i SR 3 P B ERGT poshaPavblg AT (s-AIP),

MckbbhPS @%@ﬁa?ramé AP S ADFP @h@g iRt is RATAIEXAMPYiR cBofdl Ti%tkrs (D-AIF).
schene is a -di nensi onal non- separable Al F

f(xllt\lsuglll Fych of ﬂs@é fsials sclz@rrafs §é%éliffﬁtﬂnélnm@1€tw¢)mqlﬁﬁ éndgsupport, all

t% rh%llljl eacﬁln Vt\fts% Sim] g\%&&lg&%{g Jce%stgg Ii(g fi?lﬁeﬂg@ﬁlter cocfficients,

Whnt}ersrmblatnled)helbwaismgqloesepm@blsmﬂ)mm examblet hr ee Al F

enes may use sim]jar anal ytical Erocesses to_derive,
[Pﬁ%’lff%ﬂswa? aéo@f pitepeinensiopgl %w jeparaRls| flich bas b%qf%wents hy; where

.uUsi png _non- arabl e Al n_exa 009Q] , Assu upE, a
ig “b@ & PSR R o orB! S &pbap nf%OSft q[ﬂﬁgra fiagugh “o”) shown in
1EeRf iNdt& taf 6 RIRET Lsilb-pixcl sitioRs, 3RG “SP “bepPleseNt $,0Rg “1.” arc
of the 15 sub- glxel positions ("a" through "0") shown

qng- dnn@swslal r(lbD subaixc pebitions a8l PraslighionetnipFdi Magnyse a 6-tap

1hte 0 Cfmoﬁ filter R)' te(;fdﬂ) te s&lqb datJ] ?&ggxel%ﬂosnl@ﬁs&‘a ”“b,” “c,” “d,” “h” and
I Mensi ona oslI t'1 ons

ﬂ),r’eade tDiionhawsunke Bdt rhey arhsh)catediirt aﬂnorlmmlpmlvattlcahhne between two

1I’.1tlglgére[£ubgl opc!sn}o%g poA.?sto.? r?.ss’suu%}d%mtia[he i):irlgdl IB)§1|e|HlXF zéltts g%gglteger pixel

fol@tbnd LY t}ﬁrf)@gﬂ peat 851 D) @ HOTdZRAA afE tMRIthe GMel VhIO& of P,
between two integer-pixel positions. Also, assunme that

Wige Predi of it Rl X¢liske@thetAgicl cﬂrtzeger N m&@kesﬁﬁébém@&sao, ..., Fl
(Al through F6 in FIG 3) in the Teference frane take’

thiRg thé X¥Bhe balpies. ofank PANEK&R the ivafte @f P, - SFheAh@b ihtSipoRhed value
takes the val 0& of P00 , . . A6 takés the val ue of

5)Qtt sub-pixel posﬁontﬁk%‘i’é@e \b?l Hﬁ D)8 cﬁ@l@lated ' I‘@CHSJCICF Gunit 32 using
akes t%e val ue of P55, Tthen, t¥1e |nterpol ate value p

tEPfalowsigoeqoitiel  position SP, SP e {a,...,0\ , may be
cal cul ated by prediction unit 32 u5| ng the fol I owi ng
equation [0091] Let Sx y dae_g; value in the (5)
current video frane at posit Ck,'y X =X +[nvxj -

y =y +{mvyj - FO where (nvx, rrvy) is the notion
[O%It] dret S( [ v jiledpite? velpd jn the coent wrdee@@me@opqwﬂmn(tx .
t he

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

where (mvx,mvy) is the motion vector, (\_mvxj,\_mvyj) is the integer component of the
motion vector, and FO is the filter offset. The value(X, y)is the corresponding pixel

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

For ecach sub-pixel position SP, the prediction error energy (eSP )2 between the actual pixel



notion vector, and FOis the filter offset. The val ue
(x, y)is the correspondi ng pi xel position in the
wo edoenzisce frames. For exanple, in the case of PGFUSIH09/040254

filter, FO=6/2 - 1= 2 . For each sub-pixel position

SP, the prediction error energy [e SP J between the

actual pixelvalue in the current frame and the

i nterpol ated val ue can be acctinul ated by prediction

unit 32 for all pixels that have notion vector

RIRGh SORIr @A frSRE OB thtérBoRkA VRIS &hn BOSEdufihtcdby Jbiction unit

prediction error energy \eSF ) may be cal cul at ed by

Priedld pixsh thetitavg mogen ygetphere¢ision coiresgordjugmtd sp-pixel position SP.

7%9092] For each of gﬁ e\sub-pi xel positions a through
nedighen eg9r gagres de L)p gy b dilgwlaigd | byspiedigtion unit 32 using the

f@uatlons bg conputing the derivative of \eSF J with
PELHPE LI %Phe filter coefficients hf F. The nunber of

equations, in this case, is equal to the nunber of

filter co used, for cur ub- pi

position “51 Eﬁﬁié&@hé&j T §hon§fgzﬁ% xauéyplxel (6)
position "e," "f,” "g," "i,"x"r," "k m " "n,” and

"0," prediction unlt 32 may use 6- by- 6 tap 2D

[ﬂﬁfi?elr éleat:h oh th@ |St1b1plxelslp951ﬂpla<sep tbﬁ%lghl%nMC" anit 37 may set up an
% [ I ¢ "'n, @fs 2D in th

ig ﬁ@@altﬁ%Pf poeonsr by ‘P%@Pqtléééltee@?rwﬁt“éﬁ fetet i)c avithy reﬂ@%ﬁo the filter

zont j line between two |nte |xel Sitions.
qOﬁfthcrﬁngﬂ asel Qf‘an@yé%re%eaflatm?’rw 5% f‘equfagﬁ&m lﬁﬁnber of filter

ﬁf{g %\ nléseii %nrs Wc&?r)ggag]uﬁ)ggﬁ IOQS)\é %mg’}g NEBum two dalawnsmnal (2D)

-.plxe@ﬁgsm&l"“e”a‘if O yipeguike <g )t 8y 7 Eﬁﬁfop%@ﬂllcﬁ’éh unit 32 may use
fllter (e.g., ID6-tap filter). In the case of a ID
BOPEY BP |2Pemteraolgty§1t ﬁlﬁﬁrofsllbrmxeéméﬁlpw‘é&’éaﬁi’ be” skl viedk,” “m,”
B?hd}{? “?_,n’;/a%_e 3 in HAESRe %a’['th(wtaresndt hochRAFBL veibal Yin¥ br 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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Filter(s) 39 may represent one filter or a set of many different filters that may be used by
MC unit 37 to generate the predictive data.
[0094] Thus, one example process of deriving and applying the AIF filters may have the

following steps, which can be performed by prediction unit 32:
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filters that may be used by MC unit 37 to generate the
predictive data. [0094] Thus, one exanpl e process of
deriving and applying the AIF filters may have the
fol |l owi ng steps, which can be*performed by prediction
unit 32:1. Estimate notion vectors (nvx,mvy) for every

V! decl. bt&ﬁllfaté fhog_@n 99&&?(7%@:’,%\19)3 f&%‘if%}lgq{i@e%tﬂlg@gtb%’coaed. During
fixed interpolation filter (e qg., t i nterpol ation
pr ocessmofiorttkesdbtibVG ficahinkepdafni fiickr (2g., Usl ingrideRa process of

noti on vectors, accunul ate prediction error energy for
each suﬁﬁﬁg’s}v%ﬁ 3APIsE over the current video

frame. THaR th&ahttoat’cRAARLINRLE Ipt&hictA% ok €h&8Y FoNeach sub-
for each sub-pixel position SP independently b

m ni mi zbing rosgioprEioze the cerensvidendragie. aBhenncaldvdate winptive filter
ot | on VELIGRE: Mgl ANSPRBE Poriss Pl oIS s ginimizing
(he e o SR S0 L0 SRRl R v
filteyrsEstimdte pRwesbtibMtvieOdrser Mkihg GAUSRHDYes@mb@si Pcess, 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.
[0095] 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.
[0096] 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 “l,” the six integer-pixel positions corresponding to the
coefficients are A3, B3, C3, D3, E3 and F3. These integer-pixel positions represent the
“filter support” of the interpolation filter.
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and “0” using a 2D 6-by-6 interpolation filter, which requires thirty-six filter

[0097] Prediction unit 32 may interpolate 2D sub-pixel positions “e,

m’ n’

coefficients. The thirty-six coefficients of the 2D 6x6 interpolation filter used to interpolate
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28. Two types of symetry, i.e., pixel symetry and
coefficient symmetry may be inposed, alone or in
conbi nation. Pixel symetry enforces the sane set of
filter coefficients (and the #firrored, flipped and/or
rotated versions of the set) for different sub-pixe
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I nter I on er coefficients as su - pI xef
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sub-pi xel positions "a" and "c" may have pixe
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5518%%21)%%5 aEiﬁ‘{@ga%%%h%%glgggs ‘lf,s’ “tl,Q “l‘rél,("’tarlil(?l l‘rll’ are imposed in
a similar fashion as the examples given above. Under such a pixel symmetry constraint,
there remain only five groups of unique filter sets, a first set of filter cocfficients for sub-
pixel group “a,” “c,” “d” and “1,” 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.”

[00102] Furthermore, NS-AIF may impose coefficient symmetry restriction on some
of these filter sets, alone or in combination with the sub-pixel symmetry described above.
In some cases, diagonal coefficient symmetry may be purposely avoided, e.g., climinating
any diagonal coefficient symmetry constraints. In one instance, no coefficient symmetry is

imposed on filter for the first group of sub-pixel positions, which includes sub-pixel

locations “a,” “c,” “d” and “1.” However, the second group of sub-pixel positions, which



sub-pi xel positions "a" and "c" relative to sub-pixe
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sub- pi xel position "i." In addition, pixel symetry
may be avoi ded for sub-pixel position "k" relative to
sub- pi xel position "n." In such cases, diagona
correlation may be low, making it inefficient or
ineffective to inpose diagonal symetry in these
HABER: cc{em&]“wsarﬁnq{h%aye}i@&répl;@efﬁél@ﬂt Hmmdtly in accordance with

. be the set of 6-by-6 2D
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symmetry. Symetry betmeen sub pi xel positions "b" and
“h," and between positipns p’f, "for'j j=0.k " and "n" are (12)
imposed in a sinmlar fashlo’Sﬁs t hie exanpl es gi ven
above. Under such a plxel symetry constraint, there
remain only five groups QFJMmJﬁ@§UFT%LeL ety,= @ Zirst

set of filter coefficiepts for subpixel group /' (13)
"c," "d" and "1," a second Set of filter coef |C|ents

for sub-pixel group "b"

[00103] 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.

[00104] In another AIF scheme, i.c., S-AIF, prediction unit 32 may use scparable
interpolation filters in the horizontal direction and in the vertical direction, instead of non-
separable interpolation filters as used in NS-AIF. For the 1D sub-pixel positions,
prediction unit 32 (e.g., MC unit 37 of prediction unit 32) applies only horizontal
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positions “a” and “c” are derived independently of one another as #;,%’,....,h{ and

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

pixel symmetry is similar to NS-AIF. That is, coefficients for sub-pixel positions “d” and
“1,” 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
symmetry. The sub-pixel symmetry in S-AIF may reduce the number of coefficients that
need to be encoded and sent from 144 coefficients to 102 coefficients.

[00106] S-AIF, like NS-AIF, may also use coefficient symmetry to further reduce the

number of cocfficients that need to be encoded and sent by video encoder 50. The

cocfficient symmetry used in S-AIF may be the same as in NS-AIF, except that in S-AIF
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sharing the same filter coefficients (“b” being a horizontal filter and “h” being a vertical

filter), sub-pixel positions “f,” “i,” “k,” and “n” sharing the same filter coefficients (e.g.,



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

wWe0aLaYys is simlar to NS-AlF. That is, coeffPCi/E81089/040254
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
hitRr&Oafdpk8 h@&ﬁoatedtdéﬁslaﬁy tah@ a!lb Iﬁlkatp%gmag F HAPRE ¥&h set of filter
p03|t|on "d" , , then the coefficients
@ﬁﬁkhéﬁwertlcal fllter for sub plxel position "1" is h

- pi.xel S i -

g0 i bt e ltend SRR, 6 TOEICnkCRE it sub-pixel
gibllmﬂlﬁ:ﬂmhng SaAI ‘fe,"dodEs ambt],” hewwewelD dposaionofiit@omdvadg six unique

try The .sub- pi xel sy try

&cfeé‘ﬁ?u b i ek e T oHBeim® dop e sccond
S@B%@?%r(ﬁ@d‘bs eRl “hr aBesIA 4D CRBSsktidhl B0t halBg kRe unique coefficients,
coefficients. [00106] S-AIF, like NS-AF, may al so use
(6oeb iy Dinumetriely Ardbe fhirdisst olLilEd spciiigignis don sub-nitakiseupse.” “g.” “m”

effi . v
S PLED o CRBich P nERAC R I TRE oot F*“f‘&%h sctof
fder tdoeffeant fs grouM’Af E, “keXczmdt “i” hm ] n2$apAlﬁlH’emha\eng 6 unique

Gefisihlmped o 0fr ETHarY stSt By b af o) PRTRE jpied unique

doefficRash 9ol ﬁqﬁhbeﬁaesuﬁlqwco%mm&i?s & thdD- RIF tcheine ikd(a) + 3(b) +
the filter coefficients may have symmetry as indicated

G(e) B§(fati BN T Ahyocthciens. Theseffflter gocThgients ey Geopaditpd, quantized,
c;:ggg ?Il@gézﬁt in¥ht bld@@%ﬁst&%ﬂﬂ pi xel symetry and

Icient symmetry, S-AIF filters may have el even
[f8td] of uMQGueit|3D @- nrabctfqnl unetr 32, mﬁy vee ofc evhingife cfithe interpolation

BT S R RS DY

ﬁ%‘aﬂ? g Sf(‘s}lrefom(}f éI}% ﬂ%go%gf ?,'u 1xel positions

didor Wedugt! eheCAehBdr Gif elﬁttzfpolahﬁn tﬂhﬂeﬁ c&‘e@fﬁ@enty It}dae (ﬁeﬁhﬁﬁlﬁiﬂﬁéncoded and
22 nay guant i ze, predic send a tot
tranipifledn Deseibg e én giepick ﬁet@b E@Pw 8 Hf%full fyeheing! élétsr support with a

19&11515§hr ?@mat L9 1H8sed FordiRRl R4t Al {:ecﬁlﬁﬁ‘@éé‘Qhat l?1's@|cgefﬁclent ssmmetry

prediction unit 32 uses directional filters for th
@dkpmml sognmg@stqrpdnpg tHesarount of da'tagne'equl td'be'gent 'betkgen a'nn:pCoder and

déco%ie%ntf) conﬁguregﬁ H %res%tgiag (l)r 1nJ[e§poE tlon %}ﬁq%%lég) rflof3 ?emovmg some

ers,~and coe
dsbalts aMypneetrs wblsede tefcoﬁ\lfeansmfe‘chmqmt snd‘tedﬁiﬁqu‘eg) fdi:e‘ﬂtermg data at
transn1tt?d As described herein,. filter support

ipleger RixXlo [acpions; et IEFT {5hdS FSHBIAT ReSUbanidt eliarlatign,  Offsct

tbdhdtque$ aldsBS ddciivdierReldation Setiigquy kforpdel%%{mg39§twteérpﬁﬁerpolatlon
MC unit 37 may conpute sub-plxel positions "e" and "

filfers aed Gelpvayes ferpredietivelyt engpdiag ﬁggrralefﬁcrﬁl@rq@mla@ ii@nrlbed
[EgiltZErs ;E?Ghﬂ?% d Qotn%gpetﬁal Ql'lﬁé‘?im ﬂﬁl%{r&]in%nast\ﬁlw ﬁgel fﬁ‘}%r support with

respect to nine sub-pixel locations. In accordance with this disclosure, MC unit 37 may
compute sub-pixel values for sub-pixel positions “e,” “f,” “g,” “i,” “j,” “k,” “m,” “n,” and
“0” based on the shaded integer pixel values. In this case, computing the sub-pixel values
comprises applying an interpolation filter that defines a two-dimensional array of filter
support positions corresponding to a set of twelve (or possibly more) integer pixel positions

that surround the sub-pixel positions as illustrated in FIG. 4. The filter support positions



F6 as filter support. Prediction unit 32 nmay conpute
sub- pi xel positions "g" and "nf with a 6-position
waelr@gor@ls i nterpol ation filter that has i nt egePCPUSMNI/040254
positions A6, B5, C4, D3, E2 and Fl as filter support.
Prediction unit 32 may conpute sub-pixel positions
.ttt "y, "k" and "nt Mﬁth a 12-position diagona
|nterpolat|on filter that has’linteger pixel positions
A, B2, C3, D4, E5, F6, A6, B5, QA D3, E2 and FI as
& lsﬁo%xrn wHPR @l@efd‘ing dAQhPRA1 B Hﬁ%mﬂ?)ﬁnﬂ 316 $ufBSHiRA@WBsitions are shown as
sub-pi xel and coefficient symetry as described above
me@shwrtb dpleask lines angGloayer casereticsings MSF usitB7 piayehterpolate pixels in this
y t

(F R gbCRRE, & Eyide Bt PR eindttes o ki plgek bascd on

1p‘(eqjoﬂatcﬂj’11$e \wirli- leSU\bi-thX @he ﬂ)@$)b§1t1mnﬁltera;uppor'0has a Iddlahsﬂﬂpe and has
the same filJter .cogfficients

S.lﬁli'l%g] %5}'619 ITFPSRSF ke Jép?%m 166R§3P@%W§§ in &%AE g jwith much

BAFkd iREPolaon contplexit m and "0" sharing the sane
filter coefficients .g., mrrored, flipped and/or

0Bt ed versséannky ap}grggatpd Xedm gdgi Bi @rﬁssuhaplx%inwluqfi may comprise
[ ef [

r%{lzl%%%ﬁ%j%fn }*tfml J%%e{aﬁ R fl"hg 11%@ e}atglog af 1&? tpgc asﬁnes the two-
dEmbagiinek hrrpodi filteo sgppoft, posituoné is ahopliedamdieﬁmé nimbaf thedfiftders half-pel
sa flltfr coef fi ci ent G(g.g.,nirrored, flipped
BHGPFIemot e HEHSTHRYY dind sub- pi xel posi tion "
[0eBI4)ts ovmeSsetofdlvelive bi BlbrCiagkti sik@positioh OBl rohmy the sub-pixel
terns of coefficient synnetr% filter coefficients for
Ropidions prgtshqyp V}fﬁhx%had@g an rgIGn 1 3ndi HY mﬁlude fourinteger-pixg positions
C31 Ca, B3EHID4 Qrt@uf?&iﬁ% Eﬁeq?néc hdif gerl aH@ gklxvaliﬁ%'s QM cight integer-
coefficients (i.e irst roup e|n
mmi-wymmm BBC)34 £l Cér Dio@‘St |Ec3| amit E4 fsorourtigngs the dadlr integer-pixel
R U‘F‘Pgsr Xﬁ é:\}/l%)rjq 8116? %lteé 8u1mgl)lgt d”l?ém% £ eC‘I[weo nihme%ilgn% alora% of ﬁlter support
ByeRd Sho®n, inalfIg:. & drh Ivsﬁﬂ’anﬁizo thegfet-bixer pésitesnk Ir61hteﬂi ® tflé) Kkub-pixel
sub- pi xel group " "0" uses
RISIHEBY | DA ﬁleerwésm%y %’ﬁmeaFtt%crm?‘Fé% %@1@%@“% ria%g a video encoding

r0&k$ bf{/ﬁ@& §ncoﬁelf 52}’(“13'1@ %q;r dﬁflné h MRb d@&ﬁiﬁr@fﬁb@é@g By VR0 decoder

group use a 12-ta
Gﬁ)a(ﬂ@glﬁe @’qug éhec‘oéw ¢m;pé1ng prazass, Bfeﬂlclelh uslé82 birwaid a plurality of

ef LCIf for. g ! avin ree uni gu
ctf)ge ﬁlc%ei eht rﬁ a%ﬁees { afopkuc er o%'tuni qu coogf [ 3ree(}1lft§0n syntax
dlémdnine B—sﬁdhﬁw&&lﬁem i45 the 89t of Bcle or ip.) intedef fp)xet positions that
3(j) =.24 coefficients, These filter coefficients may
PEOPb B PBPIXY paNTIPTeles & s, Sil%ﬁ’?da‘%de‘il?f‘y CRTPHE §istledf spatially

skt ihRadn pik@0JekikionMeo Hid ﬁm@ﬁal@fpepﬁrﬁfjh&cﬁ’ﬂeﬁ-ﬁelu\mlﬁes 3Rfined by the

may use one or nore of the interpolation techniques
igeretdtiva diltheted. filtcgskithadde. 2he accuracy of

[Hg{rgl pol at‘énﬁr?%f lﬁ’lﬂﬁ{ 35?8 ll-n]a? %ﬁéotdE se?srbqlc%fﬁc #’&aﬁueetes gﬁd output

r of i I on er coefficients t
th@ C(bﬁﬁﬁﬂﬁo/dhlds afl‘dhe tinteups atibt Etter SSgmetrdfbednéailedbasteem, which may

| lgarkl)s%lugg\(/i ![osanaotﬁ'g edfexl/'lllce t \]A:g!:ﬁ/ 8f Hle p?urafltlyl gfe ets lip ogff}cient values
deﬁned with respect to each different sub-pixel location shown in FIG. 4 may define
different weightings for the twelve or more integer pixel positions. Pixel symmetry may
exist such that M sets of coefficient values define N different weightings for the twelve or

more integer pixel positions, wherein M and N are positive integers and N is greater than



radi al shape that may be used for interpolation,

techni ques that use coefficient symmetry and pi xe

W@ 200a8269y5 t 0 reduce the anount of data needed PEI/D82009/040254
sent between an encoder and a decoder to configure the
filter support for interpolation, techniques for

renovi ng sone aspects of synnetry relative to

conventional techniques, and %echnlques for filtering

data at integer pixel locations in a manner that is

Mi Mol 8thert QoRKMPpREX GmhEthe ?l Ao SomObf SRL pikEICRBAEME S0 rely on
are al so described.” I'n addifion, techni ques for

nyistossst, invgrtpbommotated veighipus af ioder pixel kepationg el that coefficients do not

ASEITBITE L9 B6SL LY RGRTLIR L i pieogions
[00Hisg pt ualFldi agisamdohdapatat alidghgn allnsmhng g haetontal | siepixel filter

SORBE ikl BB Sl Dbt Bl B9 bRt pixt e
s%?ﬁﬂi’ﬂt\ﬁthsﬂégbe@t Hite V@fhelﬁssuﬁq;ﬁx& w&agibﬁgel Tﬁ@gﬁlﬂef @L'i]g)ortelocatlons are
n, ase
bdsdsyid @@pltohﬂ@tg@ﬁg panﬁethe velt-es! lopqumage @%rgl@aded with lower case
t b (e
RS Sp RO U3y DR SR RARLK i
‘@r'tan “of by ialblﬂﬁng s Uppaorittepositivn dittsr thetr de@spmmdmm@nteoamal array of

B BonkE Pt S0 PBamC Sl Bl il oinet vatues o

lbédtidgs Fared i pdk 1Gb>4 piiigg fa lih@F 1§t@1méﬁthbn Dt th@NRARS a one-
shown with shadln dpca Italized lettering, and the

dposienab proef filfes ﬁ%ppaﬁé)%lﬁl@%Aé§ 3pdR &Y Wiay Hingat isgpolation filters
I 7

D R AR BT MahE TV BB i 1G5

[0otgd bIodﬁG énﬁanayﬁ@ambdagemaﬂbwmdugniﬁnebb@bkyﬁasedelﬁhm

S]UP]P(FP i‘ 6 8g 1an h%gfeé%?xea Poglatl Uha 61 tﬂls cﬁlae PLeL erp021 t?ﬁ lél§e ﬁ’ltermg may

B‘era@gu@myh FRBED IftSElt@‘ér birel 13&1t1©ﬁ§int draer tb lghﬂic@ﬁte atjaped integer pixel

used in_NS-AlF but with nuch reduced |nter$olat|o

@b 8xFiY, 6, f@@ii@ﬂ’leﬁ@t%%%@ VaPisreb epsaiadCy pgwnbe fidiered based on

4 -5y Ev@b?&@i ary@J AES STRY-EPRMLES D - bfsta%armh@é forgl f&Bdsupports
quar ter val ues. The interpol’ation filter that

ukd bﬁeéefp Ih:é foneger Hdicungl Ilarﬂnlay:a@ﬁ if MR enit §6 ppantifies a block of
ﬁt%s(%r p1>961n u%R%|7I ed ﬁ ?rqe elnb NE& 01{ atf'r\]/g by Vt&ep%%l array shown

uarte 6 4SS n
1hGQGléMbﬂb&mBﬁhmOﬁquﬁjMﬁg@%ﬂﬁ@ﬁ&ﬂbmhﬁg@ﬂIﬂmﬂehhms In this way,

sition t surro nd t he sub- pi xel positions are

Hwﬁﬁ {thfe Eﬁfga% gay PP iedjto laWaernlﬂg%e CreHigh@ay dgprove encoding
dt RhRYST HIRXRkioR @Bt OHSs & faldins B fRBDURA 118 KA O3] ‘?ﬂt@r filtering
t he nine halfﬁg el and quarter-pel values, and eight

et gevpingist apdEicilitepimes, frmae shemenasg, ambmapielpE@peaye encoding
nt% Eef%il ﬁ%’v&%eﬁtrb%niei%ﬂ rsu&Jé%sfoe%de 4G e??%&@?ﬁ whER Shmetry is

er support positions In t nsi ona
IE)it fiayosod ohifiltee rcosfﬁpqenﬂst posdet-peinSltsnguwnay mlsd?—lb@ex#eraelg useful in
MWthin t I nt I xel positions relative to ﬁ
RIS ity and/o com ression for video sequences that have focus changes.
[00118] Thus, video encoder 22 and/or video decoder 28 may utilize interpolation-
like filtering with respect to integer pixel positions in order to generate adjusted integer
pixel values. Video encoder 22 or video decoder 28 may, for example, obtain blocks of

pixels, wherein the blocks of pixels includes integer pixel values corresponding to integer



positions. Such filtering may form part of notion

conpensation during a video encodi ng process by video

wepwodz9150 (FIG 2) or during a video decodi nBCPUSNE%S640254

by video decoder 60 (FIG 16). During the video

encodi ng process, prediction unit 32 forward a

plurality of sets of coefficient values to entropy

coding unit 46 as part of t he’3predi ction syntax

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

PR BodiRbRAGENIR e8] 10 RATF iR SViHEAn B YO WS ideB /ecoder 28 may filter

sub- pi xel positions has a radial shape and may

tho ipedes pixg! vdvesofasghen Pl integenpist valwsegighin pshl@(bllocks of pixels to
I

%8?113}6 ﬂ%teﬁ?ﬁc‘é&g P S?S%F%f };vgér)]r%k tﬁ? gﬁiﬁ%@& }n‘teergeff }((fl%!dé? gorrespond

t3%he mntEgeﬁSLpliZe)l poﬁﬁﬁﬂﬂﬁnd@ﬁlémmyg @qdbdhgtldmblocléﬁi)aMyon the adjusted

encode the sets of coeffi nt val ues and out put the

BGEne Rty peer iR &ichrap SBnabs id A PRAC g5 dpchde a video

96 ckaBeRNGIAL oW h&h&reRProvddl Fsrbe%ﬁn&f@ﬁm bentddapsdidet &fng.

to anot her devi ce. Each of the pluralltX of sets of

[8BEK i ci edf the d¢aliaiiue ésf parkoamod ti‘i*flfrge@b@@t) ing peagets, video encoder 22
t

] PESAE » TR Yoo HRER b HGHORHE b3 ofrffXideo ook being

dnn@@@mdﬁhx@kedpx@&ntblmks VRlexednce@cnﬁtétmgly Ay cexddstonsueh of filter

M sets of coeff val ues define i fferent
SheRsivtiae oG RGP el o S KR TGP ORe Ses of fiter
deefficidn@Nser cW@NiithFoMnddpdr Nitai®y AQASfrtMmeodafibRIRTBInaRE ced unit.
is greater thanM In other words, pixel symetry

may
la| thevexaminls of He Opithefilep supnosinsior ghe émygf‘énfﬂﬁermgoméﬁ define a
tbvlavcﬁlrngl%qjorﬁ[ fifltQt @%erSVﬂ I@Lﬁflﬂef‘%h g%fs@lt hekth % coefﬁc1eat sa/mmetry

l'ocations so thal ents do not nee be co
thagr eXig datvicom st ltitsasorhtavc@ﬂmlmds usyrforethe gﬁltwutgwsmh et only a subset of

Y 2 Pl POIEY ST By e RamP Do 8128 Py BRRRR AR mer. any
Shep Pt sivdstafd Kieppethy bbuad il a¢doZdantalvitls iHicgat-yell fllterlng

| ocations, and a vertical  six-pixel filter suppor

001201 r espdEthe iregerpel fitering &y Befnrmed Jusingtd éiﬁgodl% grocess, the

tEéHnﬁcfc‘lE miP 9&5&1460&%@2@5@ aairegorﬁﬁ‘@(g@(g videb Ih1&RPAt Olum of a residual

lettering, and sub-pi xel |ocations are un-shaded,
qurblbds\msocmagbmtbtatoelmemtgwéfmdblddt baak Hé¢aaded andthe metdlcs@n block.

conpute th s f.or. I ations..'a, "
Iggl\{ls case Hna dﬁc cF n Hevupe ¢: (]}/Catllnﬁlglgrrl d|eVn1 € @ I}l% recelv b{l? seert of filter
dohﬁ‘icldﬂesfpdﬂ esdai mﬁefdﬂumfegw fiteaihg adrr ayy ca‘celﬁze It\t/& ror PP ett of filter

@a 1cEﬁ|n§s2HSer \ngéqie%@ltf'\%]: 1q|:[]el*cg%5? ﬁgﬁg a;t(jf orel;:{olgpaglggs \tvﬂfhlnﬁye coded unit.
BRRAIYAurf hbPBA dndtRMRAE adtk BNirddet-BE1 fH1Rhe ¢6EMHPRSEts Bas well as
onedi nensional array of filter support positions

sa@-of3ub-pel filteriag westiicicntieng.. pightesefsd %Itmfbhbef ised é¢ gengegye all fifteen

hal f - pel and
Sgﬁ&?f@?f‘%)e?rfnég‘f‘%l‘fggp&ﬁjg“%{‘%eglna % Fgoﬁlg] FIG 6 is

[@0 20 cept vadaindi iagrmibatiohtlikst fildringgofh ifitegee pixalelalbys- fiayeimprove
$|xel filter. qS grt fi or fllterh]? an int%%fr gix&l ¢
OBWELFiGR. SPFGifi Lase P’PFL‘IE’PB‘E)I £T85h- 1R [4GCTipR T dggle-outs, may
I@¥ve 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. Furthermore, integer-pel filtering is also found to be



be applied with respect to integer pixel locations in

order to generate adjusted integer pixel values. In
wWO-2@@9/18691F or exanpl e, integer pixel value at pPSI/UB29A9/040254

C3 may be filtered based on a five-by-five pixel array

Al- A5, Bl-B5, Cl1-C5, D1-D5 and E1-E5. O her filter

supports could be defined for integer filtering. In

this case, if ME unit 35 identtifies a block of integer

pi xel s, MCunit 37 may filter each pixel based on a

dxtr¥@eY nddfne ol X&) ifplodY ShpRsibh  Gide §eﬂﬁe&%§7%at have focus

filtef support) to generate filtered integer pixel

apangees. In this way, interpolation-like filtering may

[gﬁ%zggp' I egjtoﬁltgeﬂtfggﬁg/eﬁr}t%‘lpﬁlgnh%n 1l¥%1ﬁﬁe}wgq¥ré%t@§¥f8¥1§ed for integer-pixel

foaidiend msAm lhaetel; thlﬂtcSrredpndidgl lrtt¢genp1x|eh15cegﬁm ifi tHetreferamge frame is

Sérﬁé]ly ir:? \I‘[f’g 1? ol g\ﬁ%{]eg Hfgﬁlgclz({r at étlhgﬁig &tﬁc[eaursf a fijtergmay be used for
il &Cﬂlxm&%ﬁs&t inREMWRRR IS ‘Escﬁﬁﬂlatv 8 MictRatfdh@MBSerpolation filtering
part|cularly when sy nnetry is not inposed on filter
QrofarPisnl Bositions éyteehpedllyf ¢ misomeg fﬁ'ratile alxsh vplaes of integer-pixel
ul
p%)élttloﬁggléei)éoﬁ %}?@t Thlug, é%ggfé&zﬂ o élgtgg%q a{)tly% ggg{l 1s refereed to herein as
mteemga@lm likoailtk8hg, Tdmdsnayvbajmewecm eosiemly2 ﬂltantgj txhe 1Megbeq>ixel values
decod%r 28 5%% 3 t i |nterpolat|onllke filtering
RiStHHELPE ARG PRELGEI S pi xel positions in order to
[ge1D3 at e Qﬂih!ltéhﬁt@rpb[hh@ﬁl&ﬂteﬁh%(%r Ml MRS . poVitides VeSO RN goal is to
22 or video decoder 28 mm or exanpl e, obtain bl ocks
Qhtaipithe pen-cxipfertey huasHa the é@ﬁ%@eneﬁf frsmfeep@eh rié1ibiged positions in the
rERLEAC TR S S BOL SRR AR b [RYAGEE NS positions in the
referanicelél@ndectf&aiea rm&bnayf bedetier Fdneeﬁanm@e‘rhepumger-pixel positions
val ues values thin.the
bl 3n SREF  AeRl o GEE m B Sosite R R A, Gl Baprure of
1Mﬂﬂnhﬁﬁon \ﬂi’h@g@ (1 7255 Mljldsls tamitiont g elltefihg 6h thealhtd:g&-plxel positions

correspond to the integer pixel positjons,

geh ot ha drtescHpEd! RIS RS %?@er%&eéal %ﬁﬁec{srﬁéwlaaﬁ fgd¢-&gand fade-out.
HiREReEn R e %ﬁb&@ﬁposﬁf@s %d'aﬁg)'r@fﬂope Q&Jﬁau? @%’{nﬁlhﬁd'lsége(such as
used to encode or decode a vi'deo bl ock, dependi ng upon
catnstahaise) ed/pr prrtogims slsarmmlfganﬁmdd@h rlfuﬁ@lemg,df ng spnmetry on the
1gt%§eorﬁplcg : frll qug'ségrll osedt ee}on e%é:ep IB%g tﬁr F%r?a{yf %&%‘é?a %gre Iaﬁllge object
mesinttug |suoh aiexbj dot mern&Slt ehadisfroe s enteplbet yuewdr-pixlurRieily, integer

Vi%g@:block belgg CQded and t he redlc% gn bl ock.

CERRBAEAlse 5 14p &gprexing gamprrssien ot ygeq saapences when focus
Q@&%bgaﬁnts per coded unit for integer filtering, or

possi bly encode two or nore sets of filter

(BB i ci edr soperinstadesd inipipplafion filtariegyef intdger- errxrehgosatons may be

t
Sy EREy! AR 0% T LORgEOARE L of skl gy 32 o
ddaptivety agplyrehye ohefpaigtion filveoingdi ueets oo miad mbiidit &dfC,tOI‘ELdgnUﬁCd by ME

5-by-5 filter with of fse Furt hernore, .coefficien
et FY M naerog) et ebhernng §foRlecdke TOoLPR Braegeorformed

WIRBCGhE BlotibM @cdtér Joits RbarStAEet FiRI fBik¥n A THY RE@polafion filtering may
result in an adjusted pixel value for the integer-pixel position. When the motion vector
points to a sub-pixel position, no filtering of integer-pixel positions is performed with

respect to the integer pixel values, but filtering may be used for interpolation of the sub-



the 25 different coefficients are needed to determ ne
all 25 coefficients for the filter. Many other filter
waeewed2@ntl shapes nay be used in accordance w BEI/US2009/040254
integer-pel filtering. [00120] If the integer-pe
filtering is perforned during a decoding process, the
techni que may conprise generating a reconstructed
video bl ock as a sum of a rest’dual video bl ock
associated with a current video bl ock bei ng decoded
g vhhes. p[rﬁﬂilscﬁl'aﬁﬁkr JOhReknpikdl fiRkife @@S%be dIASidSLE AT ¢ based on
device (e.g., destination device %6 may receive one
mefiongfector. t er coeffici ent s per coded unit for |nteger
rlng, : b f e

ODASFT 2ol BB BTt Riobt Py B0P BRIt il il fom of
dudticar(@ft mhpbfaﬁdrmeé uvihg fHersainb enﬂptﬁi&tﬂpltd)leﬁs us&@ hieﬁ@tdﬁd sub-pixel
unj t have one or nore sets of integer-pe

t?%?&ﬁ@ coefficients, as well as sets of sub-pe
filtering coefficients, e.g., eight sets that may be
used to genera{e—é£§:f1ﬂtpew sets for hal f-pel and (15)
quarter-pel positions. [00121] Agaln
\Jvﬁgrg Pp’ L%e;ﬁgeééd hl?%ref %%(glylaglge ?{J i$ the 1g%gelpﬂ1§eqlva}{1%laltl %§smon @, j),
hFH wnﬂlaab¢fﬁnlenmﬁ>n@estlors clej)eafﬁdadl“@-m; afﬂtar off@cde-ln)lsbmc imaances, the

e. nqi,.se.and facilitate i mage frane r in
LR 1 AT iSh aRoS TBY 1948 by Lt CHRe et = 0) I
JIR WRRIh &Y B Sl Rt Mﬁsét’ btaRayf iise AR o PaRthEd bBfdeMnigian
Sy nnetr&ﬁﬁs not ngosed on filter coefficients.

Ipffierent pifentemay he slgenedolr cpeh subrnixg) Hositian.sog.f Gliern different offsets
P S HHE f 0 r C

vi‘de o&es e qulJ Zorrl % %gl %&h & Dget% gosmcinosél Sg;gc E}r% e3g %{ 386? 2 gf*]éet ) be defined

fGo nvtegripivedd, | hringingt drepaitalt monberi dde offsdtt e |sngee|ns r@mtpendmg and

erformed. fo 0 i.tions in AlF ad, .
PR G Pissth il T T ABaP SR SIS ti-on -+ n Fifd of Rifezewicz o
d1 efaad emneifed FOFESESS SATHYB PSEHL 'RESOBUTIGNWSéEfing dBcket number
accordance with this di sclosure, a filter be used

488 P99 eyaieh praz diled gaathe GABC| daY 2snidA rfé@se%ampﬂcgﬂon and which is
1ﬁ&d}b$r§{edt}fgré1§%gr1@%&ké oﬂ%wdk@hﬁﬁ?%{%ﬁﬁﬂoﬁﬂ (ie'tz{lfse(frf i L%@ of many

I nt eger-pi xel positions is techn l'y a m snoner,
dffvets porxbifergatl pred and suhaple@éocappml positions alr eady

ist. Thuys, the, fil terln xgl .
L of odi withise bohE I nibp BT Hor B fRT b bf fmemicea.
cdbfficieay sydematiyeed cqgatidh (1Y) yndyl Betidibbded ohhi integer-pixel ﬁlter
i nteger-pi xel values to generate new adj usted pixe

val ues. [00128]; {hﬂykduhmFémeJébﬁom‘ﬂ]Vkerlng for (16)
sub- §&XG| positions, where the goal is to obtain the )
Qe toxns o pectieipeymnity Haay dpebertsd. fWhsher qoictfigient symmetry is

h@%?@@%ay&%f(?& ggg iBSy/ :ﬂ%g&lP&}eE %E@&gﬂeﬁ@d {o" AR Bl e ngﬁe Sypmetry as in

Ists ter he I nteger-p
(hoXsis usaihne tha intbgerpefekfikerc theh Pditer obdfBeisnta aml hbf—fset ofay need to be
Egﬁzgﬂw(%cmfor exanpl e, when integer-pixel positions
[00127] Coding of the offsets may be done by first coding an integer offset and then
coding each fractional offset. In this case, the integer offset and the fractional offsets are
coded differently. The integer offset may be coded using signed exponential-Golomb code.
Depending on the magnitude of the integer offset, the fractional offsets may be quantized

differently than the integer offset. For example, coarser levels of quantization may be



contain an offset, filtering of the integer-pixe

positions may allow better capture of illum nation
webanga®ibet ween franes. Additionally, filteriPgr/osopdet0254

i nteger-pi xel positions may allow the integer-pixe

positions to capture special effects such as fade-in

and fade-out. Filtering on the integer-pixel positions

may al so renpve certain signal® noi ses (such as canera

noi se) and/or perfornms sharpening, if needed.

a;:prl&h 8h B¢ Fractidnal S FEEATWRICh YanOlhtdoRE ot 8R8 e Rirke lnagmtude After
Ilter is inposed, the |ntegergﬁlxel filter

a;lalptmrlen,fthm&a@@p@mffsmmyémcod engxaslipeath cvgweﬁémn example,
tlhpfoélogl?ngpﬁ?seu?o P&i 1ﬁu8£ateqﬁlo%f El%{VCBIf%lge ar ﬁ%l ln}/ay be coded using
diffpeoixed lmgrtpcroelssde:frmeﬁbawd dechcsieguandist when focus

chan C 00124] I n some instances,
inte%ﬁ%Pgigﬁ”@¥‘¥%$f bf integer-pixel positions nmay
be dqRepdent ba PR TRl dapsrrect ors. I n ot her words, MC
unit 37 of ﬁmedlctlon unit 32 may adaptlvel¥ apply t he

i nt erlpbpHEiatigntstoe thearinthgr b%@@dlsﬁfhtotqvén%tqf@ etfvect or
|denﬁﬁgm%@l$¥ﬂ%ﬁmg&h&‘§ﬁm(ggr i nstance, interpolation
filterin 3 i nteger-pi xel positions may be perforned
when t he nigdhsGrifsed)ct Oy p0|nts to an integer-pixe
position. The i Ia ion filtering may result in an
adj ust ed plxe|06%§ﬁ§ % the integer-pixel position.
When t he @Q&h@mm&ﬂg§@y<pplnts to a sub- plxel position,
no filtering of integer-pixel positions is perforned
with respect t8 ffpqilgbi st tger pixel val ues, but
filtering ¥ i nterpol ati on of the

subpi xel Sgg%gﬁg«Hﬁggklzfnanner I nt eger - pi xel
filtering may bé&sabmnsidzr ed adaptlve based on notion
vect ors. L90125] For integer-pixel positions, a 5-by-5
|nterpolat|8n filter in the formof equation (15) may
be derived usi agsdthigtssaoe anal yti cal process used to
derive the sub-pixel position filters.

P98 2=0 Jachitheres: prfcq senf‘i’f@rth@i"}édJSFn?%“é@ﬁ“e% Resdiction and

ciﬁ@ht'rheatloﬁg hdit 49 tﬁeﬁ?oﬂ @Jcﬁg)?rtheobff@t vYREUSsRhs Q%@ttﬂuﬁﬂ)eﬁ bf bits to an
hFP j is the coefficient for position (i, j),

lotlé@erl rorigorf off 4 give dffsatvaluk and esmegrismstcagrseimich of bits to a fractlonal

?ttloenlzg\g l tlg?V%PI Iegrfseg R fsug,[ W, g}e%g%he Eig)%ealmg, g)esclf)rtl %tﬂsé)ersyof bits are
depsinaiedetsised be 4 inlageitudef ESiS&ie m‘r%gemymuﬁe Rinthiotasd, the quantized
nunber _of t?chnl gues.

versions of the offset valucs 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.

[00129] 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

(1P

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

The sub-integer pixel positions shown in FIG. 7 correspond to those of FIGS. 4 and 5. That

(13 2 “f” (13 9% GCr 9% Glr 9 “k 2 LC 2 LC 2

is, sub-pixel locations “e, g, “,” ], ;7 “m,” “n,” and “0” may have values



Different offsets may be defined for each sub-pixe

position, e.g., fifteen different offsets nmay be
waeledfoonzd1s or each sub-pi xel position shown in FTASR09/040254

Anot her of fset nay be defined for integer-pixels,

bringing the total nunber of offsets to sixteen.

Co- pendi ng and commonly assigned U. S. Patent

Application Serial No. , filed for Karczewicz et al,

and entitled "OFFSETS AT SUB- Pl XEL RESOLUTI ON' beari ng

&%ﬁkd%ﬁ%ﬂ\@%&? WportMRisRHwNRSFIG {/ﬁ%h@l@eﬁ f®-5iTBocations “a,”

as t resent appllcatlon and
v o anedisytepiaopyionst a eiceamdpilgvinge dayrpglucs determined by

| ff f
}g)glgélgthloalﬁ? hngaﬁ ?)!ell g‘u&)%r(;rt%ﬁl% (fg CgaT?Pg ng ?St()?. 5 6]0 ' In

[OOIMI] to rledhxsesd'ehz&mmmairsmhnétr}l ety boambpowidesich that the filter
coeffi.cient symmet.

)cr ans Fg‘i)ﬁeeﬂ,&ggté(al dh 4 éyrinﬁ]le% éngt%qeﬁ%qct £9 ﬁlg;l’qter coefficients for
If}xel foedtiol «P. s,uﬂﬂérgﬁ)plglhgrmrﬁawﬁna@zf b&ashbical QR that the filter

synmmetry may al so used. "Whet her coefficient
cogfieiantsyfor @mehb@gtecdl rf’ayaf@) sym@eirigetithyespass tehediier cagfficients for

pSIJ(eq d&aﬁc% L6 f’&gl ﬁﬁt?pl Xe?)J l% %g?e%ys[ﬁgf {}{agth?%ltjepco(e%f@&eﬂtssfor pixel

used on the 1nteger
locmrbﬁl“c’i ansmnmlclwldfrfes;ebtmulyeﬁlmatotfﬁcteetsfmmxeﬂd)odahms “g,” “m”

cpde 00127 d|n of the My,

o vk f) ﬁ‘]L‘P%)yeB]é {8t rtrde Eis O S eﬁao it for pixel
1b&amich piad sﬁﬁﬁl@t@ﬁ: withred ek Sto GRS Bitert B efficthB&IBF piRéifis@ktions “k,” and
and the fractional offsets are coded differently., The

Hqﬁﬁl SYBMCHY fapt W%@ sush dbnt thg ﬁ@ersqogff@épnts for pixel location “f” are
O re P{Sbthg &r LERERMS G f ib%atq@ﬁm t“@ﬁergifore, only
f "be

e I nteger set, e fractional sets may
qulamts zﬁ@bedicﬁéne welntd lylast tmd to he ccpmmegieatecb&a‘]mt of aRadeo bitstream in

u zat i . eappl | .
SRRl B Srcds CmR %t i e REER pl Fheen pinc
Ib&itigts. lTB@ﬂiehtidt% foP\fahy‘:‘ Givehl agt dfzatffiofents! Et&fﬁdlaﬁtsymﬁ@try may allow
of fsets may using fixed | ength cod

Whatrphect Otf ﬁ%@ qosfﬁceﬁm Hupde bascttomd thf‘a@@CPﬂqr&g@ g%ﬁe@t%mcomplete

s@t of %@é'fﬁ&%ﬁc@zﬂﬁ’égai}or Qf %ﬁ&{ pBRY 1R GLHRAd Wai g sdbdct %ﬁ@ IEBefﬁment
fixed I ength codes defined based on the integer of

syalmegry. Let of fsetl be the integer offset Let offsetF
B, 28 R RS 3 PRI S Iy R G
b8 Uud-piadl qbesmfmﬁ“a f {ralb's” atfatied ko sub- ﬂl)ielolﬁcfsﬂﬁ)ﬁlEbd’f and “l.” In
a%dition, pixel symmetry may be avoided for sub-pixel position “f” relative to sub-pixel
position “i.” In addition, pixel symmetry may be avoided for sub-pixel position “k” relative
to sub-pixel position “n.” In such cases, diagonal correlation may be low, making it
inefficient or ineffective to impose diagonal symmetry. In this manner, the eight sets of
coefficients used to generate all fifteen sets of coefficients may be a larger set than some
conventional techniques insofar as symmetry is avoided in the diagonal dimension for some
of the pixel locations. In some cases, diagonal pixel symmetry and diagonal coefficient
symmetry may be eliminated or avoided to allow for variance in the vertical dimensions.

[00132] Referring again to FIG. 1, video encoder 22 may determine cight sets of

filter coefficients and use the eight sets of filter coefficients to generate all fifteen sets of



el se if(abs(offsetl) < 3) offsetFbits = 4 el se
i f(abs(offsetl) < 7) offsetFbits = 2 else offsetFbits
WE2@9f10128] In this case, video encoder 50 nmapCUES2009/040254

coefficient prediction and quantization unit 4 1 that
for each of the offset values assigns a first nunber

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

and assigns a second nunber off bits to a fractiona

portion of the given offset value, wherein the first
AR cSaRORks BMIRBERIIRS tobiftn A r8RLEE-PIRERDARRE gas‘%ﬂ oft coefficient
magni tude of the integer portion. In this case, the
squmaﬁllyza@d pa/@fl syromstrpfand patnyf fheetighi skt e ﬁrltalycqyéﬁcwnts as part of an

r

?&Y& b?tgga %JB g% ISFZ g %oc%@ 0¢01e?1%e1%§ B Eﬂpﬁ{ o %Véc'r% %%3@%1 unit of

tbe Eﬂdodmabitmem; @atpertibiyist¥eril e cpsauao felodeaglaibor ef filtar coefficients

case, o encoder. 50 encode the first nunber
‘Pﬁ%pla.f?rfcg ﬁleweatsﬁém%ga%écond number of bits.

[b@ﬁﬂ.#g] FiiGe flftded @tCehe&Pbtalo dvagr BMF-béll Mt hﬁiﬂte@%el sub-pixel
four integer pixel positions and fifteen sub-pixel
1[9@?§,I|Otlls<1jﬁ‘é’nv0ﬁt Qsh?aoﬁnﬁgthﬁ Fight oe- mwwefﬁ@gmt fygnsetphard the pixel
ﬁﬁggr
¢onsi ted gﬁ%l é‘%t%rss}’l I'S féér % olg#r]ge%?& art ?él%P%f?,lerO&mO'P' Video
dekddes P8 af éstisationpicxiet lﬁ)mtre@n& clgit sd:thof)ﬁﬂgehl céc‘fﬁcients as part of an
cor to |nte X
ST Bl RueR inshh SShebffinsortie® B fmongiange fifieen
(ltlﬂe&ﬂtinﬁa ﬁlﬁcell:!ll@?orﬁk ?%5150(1 -EH@te_lg}ﬁ, seﬁsu Bf Hﬁl&@' coefﬁcwnts generate
ocat i ons ! "tk "mt "

and
inigrpofpigA Hréd’étlveaﬁ@é§@l’”et’lé1ﬁ?ndﬁ‘élﬂillkgyb9ée‘@ Wa|ape Oéu%lﬁfteen sets of filter
ﬁ%gﬁﬁ%ﬁﬁs %ewmbﬁﬂ?erg&gedépre ot C? HHesgoﬁfsloto onc of the fifteen

ocat i ons p|x cations
different’sup*pisgh tbcatlons, aralydebedeconealr nese d@t@bh’ckﬁe@sbyn the interpolated
h%guzoqffl and |linear pixel supports shown in FIG 5.
FH01361° this scenario, pixel symetry nmay be
[oo1Baged Sl)ﬁheish abmé |’d>€ tlﬁé kilgBt st ef filted edtiiciémy nﬁliym%llve coefficient
| ocation "a" y with respect to the fi
S@@@?@Frycﬁuéh]f@t ficg#veau%wth GE%fleISW sye:nmetls* FATMDEISES/2 Slﬁasszfefrf the filter

(§)¥ﬁﬁ%fsyas§@;}'at&15‘witmoﬁl%q sﬁl%‘ol?t fohatgitdiesubl ﬂlie@ Mocation associated with
coefficients for pixel l[ocation S d" are symmetric wth

th@sp'@n tsett oThurseVlde tdegodenaf ma&@mrgteftbcr fiffiesreety ot atterogpefticients

t%ag'? aetrl?elta)é{g lélf | %}%e\f S Xleg tlr\;'v% ocg cs)rur(r:lgrct érertlt s%b pixel locations.

Myiroedr] videonddchderes @ﬁz@tgetllératehbe ﬁftédneiéts(bﬁ ﬁitéﬂ cﬁbleﬁh‘hﬁitﬂ‘ 2Ked at least
1?1 Ip)a(lretlonlp%?e tS}Ilr(r)lr%%try %etween 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.

[00135] Again, the fifteen sets may correspond to every half-pel and quarter-pel
sub-pixel location. Pixel symmetry may exist between different ones of the fifteen sets of
filter coefficients in a vertical dimension and in a horizontal dimension, but pixel symmetry
does not exist in a diagonal dimension for at lecast some of the fifteen sets of filter

coefficients. As explained in greater detail below, two of the eight sets may define three of

the fifteen sets for a horizontal filter support, two of the eight sets may define three of the



and "o," and pixel symretry may be inposed such that
the filter coefficients for pixel location "i" are
W@ 0eRLaMIT with respect to the filter coeffi ciRCI/EST009/040254
pi xel locations "k," and pixel symetry nay be inposed
such that the filter coefficients for pixel |ocation
"f" are symmetric with respect to the filter
coefficients for pixel locatiths "n." Therefore, only
ei ght sets of coefficient values may need to be
SRR 98 £4cRRalPRkd: sBppdt, uhdeQurRIfitRd ERAMdNMAY d6find Rine of the
enabl e a decoder to generate conplete sets of ~
feftren fictsi &nt a abremersgamahlfiltef ispproeh  phibeetwd-diomnsionad, support may
F h ,1~f.OF: i ef.-fi ci,e , .. . .
Y PR TR R PR Yoo Shr Sl RS lind Sk pogigns n o radi
sheyef fi ci ent values to be sent, and the decoder can

erate the conplete set of coefficient values.f a
lﬁﬁ} pi xéﬂ”e‘flﬁﬁaglg/ i gﬁ lﬁﬁ%éat%p‘teﬁlé?“% A maypgpmprise Tificen half-pel
éfl@e(fufah@ﬂ-l%ﬁtvaﬁl)ém%[ Yhol DL BIG. nehasinast i@brpbhtidn filter defines a
disclose is to actually renove any pixel symretr

> : Iy
tyetdimenrsiaab apik ef typdee filtensuppart pepdons e g ethapinvig klg. 4, that are

_ . | t . "wogn ' " n I 3 H H p el .
AeCb S rmayms e BboTtie Pl g R TP b ko shown i
Flel 4t i Genetating tilig- piexpdlatpd piadictive ‘data"mdynfuattichi ¢dngprise ppplging linear

S tr e oi ded ,f or suh- pi xel sition "Kk'. .
BTl (TR BRe P dRr B sy £ RES chpisaiions for six of
tBé Agedalal O bRl @lar@RpdBNIUBE clgOWs shdkd MEFIGE 51 nef fici ent
or ineffective to inpose diagonal symetry. In this )
[BORTr , t Alorigpyfpk swamstryfand dagk of jditgogalysaygnetey can be seen with
R, SeHS. 0 - WP PP
B B o b RE TP EL RS TR pRGifhe, 1" and i
lashss yoawe tsnly-intsgeapoict edsifionst ‘A8 adil &gorad sydimeris iamgfaohorizontal X

SO of the pjixel |ocations..ln sone cases, .di.agonal .
BB SRR O L LA AAR s R IR PET R Y ey sub-pixel
lb&atidhd ni'natded” alic avoiyaadettio vatd @spdcoto Wigh-piabiCpositidonk & and “c”
vertj cal dinensions3ﬁg00132]“BpfenyLng again.to FIG |
IgSPeGiiEe YAEGHErSUDPIXEhPORRS ' HE &I gRtsyEmIrigtlong p pejizontal X
éi%?foflt' é%/'nﬁﬁ@trcy ad g6 @Xi&thﬁor% &%Qnﬁﬁﬁﬁs &r thdsk tp%fe_ls such that sub-pixel
coefficients to generate all Tifteen sets offilter

log¢ibhg i eands”nC care egp emalingigic tvoitlf rdspesg o dil-pckepesitions “i” and “k”

éy%éﬂ&%el | ocati ons based on coefficient symmetry and
plpxe %mTetry, and output the eight sets of filter

[00EX8] i Ci ermhs pacl pahmetdf n@ansethatad@dt kit bs tsefhdientEwgthtrespect to the
ets of filter coefficients may be output_ fofr. every.
firétosélla'%’fﬁl posiion He S@ﬁ%@l@delmwes%rae%mndoﬁet %fo@gfﬁﬂlfg?ts with respect to

tRE V&R sQEHHET BEGEM. OF ort é?(‘ﬁm?leg BixcB Qfcatid «di hak §fixel symmetry with
coefficients nmay be output for different areas of a

resngeldtoupikel, logapion 337" andepik¢lflpessian sl hag prxvck syomelry avith respect to
ST oS PG LA B X AL Mg i
ayl pived. fogatdond it has kol sy mewetrpstithyrechett thgixel ldcetionstkip dixted location
L% EYBLY syt Vi ool BT S8 BEions % PR ahPS8M Me shading
shown in FIG. 7 demonstrates this pixel symmetry, e.g., with common shading
corresponding to pixel locations that are symmetric with respect to other pixel locations. In
this case, coefficients for cight pixel locations (together with aspects of pixel symmetry)

may define coefficients for all fifteen pixel locations. In addition, within a given set of



decoder 28 of destination device 16 may receive eight
sets of filter coefficients as part of an encoded
wap@en2d9s stream generate fifteen sets of filRPE&F/US2009/040254
coefficients corresponding to fifteen different
sub- pi xel |ocations based on the eight sets of filter
coefficients, generate interpol ated predictive data
for video decodlng based on offe of the fifteen sets of
filter coefficients, wherein the interpolated
REAGE Yoeriaba s@ﬁfrﬁe@@gﬁg&d@xlgt%u%ﬁla@’t)nltyrhes%hétto?% coefficients in
di fferent sub-pi xel 1ocations, and decdode one or nore
thatgelooflspfEikisnts asedsdp be h@minnmeattpfbwahél@ tptséeﬁr@t i ve data.

4] A a f
C@@%ﬁl oi etr}{llsi’eeo rrg&coaé)rcgz g%ne I%E:al%e %llt?éodg'c? tv%dteg da ucahsg@ on 1nt§rpolated
Igﬁuanms@ﬁamwhmemoméﬁhmﬁmhtabyﬂﬂmhvydmmmnmmﬁs&;ﬁﬂsmbhﬂﬁpd;nm

of the fi oeff|C|ents asso wth afilter
WapgoRe el E?Y\fi@n the, iyt 351?%1%}01% Gt fTinch.ge b dimssigpal ey of

R c dillee @uﬁ@tn okitibhs tNdt 8o apifads rdeﬁﬁe M SFeMe ideBn hi®-pel and
fifteen sets o? filter coefficients based at | east in

quarter-eh velisce | Gapreftag the e@@tdﬁééfrdep\ﬁl@ta&aswmnen@mdaé@demﬁdlctwe data

I
T L e
atay$ efflter |supmamosmnnspfox gilx of yirerfefteey hhiéq)wsmd qtlumerqyel naus.

j rent b pi xel cati ons, . and bas
T on e 52675 B Rpeabif b et a5 oo Roatiinel suppon
fouidnd DatCd heatBten suBlpivdl tdsitoet . GlieNthadlngniit shows cocfficient
conprises a subset of the filter coefficients

e atledhipicass, aoerfflwt:@rsymarwdrme%rt 3 oginilreediltsr gpsfErients are
1eQGAL fo? (1385 Q64 2584 oviel Hé}ﬁleq Y ERirS §lt-of [cggﬁi?éhts /fglaﬁl@er support
the fifteen sets may correspon to every an

mpadiohef] $8l. Sub-spimeitrid woehiGooh2 IPsy(mhetS}ywnhtG'SyanldE@3 is symmetrlc

exi st ffe re e ifteen sets

ik E BT Pt e SRR PO aR e o P GRS R 3R R om encoded
H@dol iR tah nﬁbtfd&ﬂﬁl define Hatscpodedt csffitiaits veadoe o iﬁt’tﬁpolate sub-pixel
exj st jn a diagonal dinmension for at |east sonme of the
HoPHiCBeh sets of filter coefficients. As explained in

[Gﬁﬁﬁ‘] er d@l@' é 1sbae(!09¥\éptﬁa‘lvﬁl gfani h%st?itﬁgtslxslﬁ)trﬁoﬂ@]}’h&%f 15198 support
three of the fifteen sets for a horizontal fil

ositiony trelatuwo tofa su’oepleqzlg htiths ehaslinga yhat shpwe a HﬂC§eofoﬁny coefficient

thefift ts ertical filter,. s oLt, A .
ronar}etlgf e? gllsm’lﬁoegﬁctlen s’are ngee Id r11ne orﬁilern té) (foéflget‘ {lllee S?tl (ﬁ%:geefglments for

fHes Ssuf)lﬁtfrt &Vlﬂh\l\&slﬁhcﬂm’lsulﬂpﬁlel poditi@r “suppor hoted labove however, pixel
y conprise a usef ul

t wo- di nensi support
By SRy ﬁ%ﬂlemﬂaﬂwef? fePisOH fﬁ@eﬁ‘itﬁé“‘%%ebli’%é on "a” can also
RAgES 'tcpﬂb?mefih@ﬁft@déu?boﬁ RAREL- p[prﬂo"JsﬁdonSQe%efelfq@ by, ThiR€only six
I nterpol ated predictive data may conprise fifteen

q@afffclep@sl negd do é@ammuwedv@l Rpeisof en gnecodedhgiggo ibifstRja@ in order to
eﬁn J gllff%retllbg té O §1 %’éfﬁé P%/ééiké ?({ ]tner%dkp[g §u‘t§a{)1xel position “a” and

wo- di mensi onal array suppor
‘@dsitions, e.g., shomn in FIG 4, that are

[00142] FIG. 10 is a conceptual diagram illustrating six vertical linear pixel support
positions A3, B3, C3, D3, E3 and F3 relative to a sub-pixel “h,” with shading that shows
coefficient symmetry. In this case, coefficient symmetry means that only three filter
coefficients are needed for A3, B3 and C3 in order to define the entire set of coefficients for

filter support positions A3, B3, C3, D3, E3 and F3. A3 is symmetric with F3, B3 is



applied to define nine of the fifteen half-pel and
guarter-pel values and, e.g., also shown in FIG 4.
w@Rmenzwisg the i nterpol ated predictive data negI/US2009/040254
further conprise applying linear interpolation filters
that define one-dinmensional arrays of filter support
positions for six of the fifteen half-pel and

quarter-pel values, e.g., as ¥hown in FIG 5. [00137]

Hori zontal symmetry and | ack of diagonal symetry can
s?ﬁm%%%nwﬂfﬁ ED ah®8B8¢ byhiBeidReill 88! TRAS ohiyMRe BeffidRfts need to be
c" of with respect to sub-pixel positidons "i" and '
coprttunigatadhiss parh 9 ansumgodadt eider bpstscem mogider ¢mdefing' thgnygt of six
cogffichnf n%é&%’ﬁ% riﬂt%rp@l'a%%%b%'&?é&s%t?o t‘%l.” X axis, but

synnePry 0es Not Yexi st along a

i agonal axis for

BB e ST R Syl HERBSE i 5 RRRR S BB L Socthicien
fgdduyons "i" and "k" are symetric along a horizontal
axi §, but symmetry does not exist along di agona

Bwissalf ek ededisacnty res| seeded i psigr tasdpfing the| scf o€ gp¢tHpignts ffor filter
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Jefaatyoiffepent seéqq@tp Y cstfi¢ignts pecgdgd tocpnteﬁ@gatf, pybapixel position “d” and
gymretry with respect to pixel location "1." Pixe

[ ocation "f" has pixel symretry with respect to pixe

0OLHE] i on 'FAG! 1 2mda poxebtubbdiagiaonillusttatingswplvegivo-dimensional pixel
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YRARATHg 1o redpeiaragicsnpricaccistiarrende dete st of coefficionts
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this case, coefficients for eight pixel |ocations
sy mogpatyesansihahthaspeoresoofficishisevithspsmeet toy byl pieftioné'e” can also
coefficients, f all fiftee i xel .l ocat i-anss | N« .
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of n that set of. coefficients needs .
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fLaegeer 22 can generate encoded video data based on
I nt er pol at ed Eredictive data, wherein the interpolated
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Bxgdgor tvithebiadingothst shhat cafBeiamplyinadktityo Taéfid cese, mioofficht symmetry
r%g]a%s {‘;ﬂa{‘; I[heeefﬂtelp gcl)efff glgrllts ?or}qﬂter support positions B3, B4, C2, C3, C4 and C5 can
be used to define the filter coefficients for filter support positions E3, E4, D2, D3, D4 and
D5. B3 is symmetric with E3, B4 is symmetry with E4, C2 is symmetric with D2, C3 is
symmetry with D3, C4 is symmetric with D4, and CS5 is symmetry with D5. Thus, only six

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



quarter-pel values. Generating the encoded video data
based on interpol ated predictive data may further
w@opn2ees appl yi ng linear interpolation filterBCT/H81009/040254
defi ne one-di nensional arrays of filter support
positions for six of the fifteen half-pel and
quarter-pel values. [00140] FIG 8 is a conceptua
diagramillustrating six hori%ontal |inear pi xe
support positions Cl-C6 relative to a sub-pixe
RO[E LhONset Dot tWILE SRATING hi&cdS RPWRRRRIS 16l position “i.”
symmetry. In this case, coefficient symetry nmeans
Futerneme.yas tnigted etbpyd, seb-pisokdsitionékt @ayai;@verméfd egmfgtry @ith respect
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t t f f ts.
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six vertical |inear pixel support positions A

[&1%3 EFTGnéS £32 cansepivpbdipgrag diypiragingdpvelvg, twovﬂlmﬁnmnal pixel
1t§o|ﬁ§t(th§ RAvR: pRef ﬁdsﬁio‘ﬁ?ghm Edpitol féttEIhrﬁgﬁ r&&$¥e to a sub-
coeff|C|ent symmetry neans that only three filter
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@Mfﬁﬁet off tWeWetcheﬂﬁ&enB%ﬂ Blsey RuEortyp ovitivhs B3, B%n(dZ2CG3J 64 C5,D2, D3,
Thus,. only three coefficients need

Q%%t%gﬁﬁvﬁ‘f c%}? SHRmEEe VigE C ChoDS fed B Cofriggmmetty with D2, C3

DU BRAB3 isyHii8Fic (vh@ef EDend 8. Sdlus anlysihi‘ee coefficients need to be
coefficients needed to |nterpolate sub- pi xel P03|t|on
1

copmuni@EH4s] pap) an]_qpcpéedawém]b]ésmeg@ 1ndqrd@rtgn&,e ne the set of twelve
SRR SicHohl) e g eel supocrt

[6ObI8s a | &ik. OF is abyookakedgram lllh]Stratlng an example of a video decoder, which
may decode a video sequence that is encoded in the manner described herein. Video
decoder 60 is one example of a specialized video computer device or apparatus referred to
herein as a “coder.” Video decoder 60 includes an entropy decoding unit 52 that entropy

decodes the received bitstream to generate quantized coefficients and the prediction syntax

elements. The prediction syntax elements may include a coding mode, one or more motion



symetry. Thus, all six coefficients are needed in
order to define the set of coefficients for filter
WG apPpordI1i t h respect to sub-pixel position "dPCT/BS2009/040254

not ed above, however, pixel symetry nmeans that these

same coefficients with respect to sub-pixel position

"d" can also 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

RoeRdetkoMhARA AT e AW nltrRIARh bhndlRki € thWRnerate the sub-pixel

différent sets of six coefficients needed to

date, epqsbitiante fayutse i sédrpgagint fileoming dandg @thep dufauatipn @ssogiated with
I illustrating twelve

4¢§%§ﬁﬁﬂﬁﬁ%Ph%2¥ﬂﬂh%gPﬁgkpport positions (the integer

poml] pOSITIhb oprsdistieinay st Ialem:ptst elg.| gttt @rcffivgenas)chre forwarded to
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f‘E&aSﬁlteal dr tMBl Y sReinbineh, @Bt SicRhEpRERHSH ahiRELE Guiization unit
define the set of coefficients for filter support with

5r3e@pé1§@0d@ dhassytagickaspengds idefipmthe actualgocliisicats. aesséf quantization is
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I°clént s respect’ to su posi t

Bannalssachevaseh quantuatidn §1teh eoe‘fﬁbltms fsup»pmpie fnmy be predictively

syb- pi xel posjtion ee FIG . .
T Bih PR3] fesBrve. Reiss Radesthe spilan £ Care: Sugsfliee prodiction
#mdAnRirsceduaR@Sitibh QRit"B"cad i dsBESS veRIRICOR: I ab PddsctRAR decode
be used to derive_ the set of coefficients for
agd epsiugnize sedy oelisientsy, - " and "o." [00145] FIG 13
[h&l@&ponc?’%dﬁiondﬁrﬂg 9%2{ %&%I‘E&@Eké&%tl%%ay based on the prediction
t wo- di nensi ona plxe I'tions e | nteger
Pitee IelepmstSta'ndmme shoere wetnhuii:aplectocdbd bb)t:k%ﬂlatrfgy sttoeddanlmmnory 62,
iéstw?%ttyg Fs)éuﬁ% Waﬁlag dé:%crli)ed é%g?t]al &b Wltﬁ E%\é??t%g %féefdﬁc%on unit 32 of
Vit eddagerf 50 t Gh Iﬁlﬁ@fuﬂdrcp&ﬂtcﬁofﬁ Qi’mtf 55 h&ly SfPAr dne or more of the
positions and C5 can be used to

laf@moll?éwtl ﬁ%te\‘mg teéhm%‘émf this @ﬁ‘flgS%ﬁurmgl PRIFONSiRFRERYRtion to generate
a%%élﬂ:ﬁ&ﬁb%ﬁ@mﬂ?ﬂ ’pa@%ula%m%n %@h @quaﬁ%r-b&eﬁ%%gﬁ ' Qs such, one

3, B4 is symmetry wth IS symmetric W th
cmznorejgf ths teopmmees of thAStdIrscmuremyl b; L@?fhhﬁt’ldﬁ@ dedodpr @vin generating

S ry. W th Thus
A Breefd%o oh (X(mT% élY(;[tlon unltD§5 1ric% 8 z}/ nfotion con%pensatlon unit that

Clents need 10 be conmur as part
eRpoidedfidre @sedofor Shicsaintion add dﬁn‘eqiomleﬁmﬂte filfeeing eéchﬁfques of this
(%% l ve coefflClents needed to interpol ate sub-

feon i Moty PRI, CoTPORGY dulPakgem BsCph §dpr simplicity

29Shdel FMstratidRY have pi xel synnetry\Mtr1respect to
sub-pi xel position "k." Therefore, the sane subset of

[80161¢ oef f ilyeayst QUARAERST UnB B einkqrsd rauarties é)ﬁ tdgequgpatizes, the

(IUI%M'Z%F O%%&Hén&' e'ﬂl% ilgv%Fse (iuﬁn{?ia)ﬁg{a ﬁﬁ(?c%%st hl?l?soe pro%@s% defined for

IS a concep
H.Rb4dtcodingnginteved wensfovor dnitré &plﬁirt‘alanpn\)(@d;e transform, e.g., an inverse

DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Summer 64 sums the residual block
with the corresponding prediction block generated by prediction unit 55 to form a
reconstructed version of the original block encoded by video encoder 50. If desired, a

deblocking filter may also be applied to filter the decoded blocks in order to remove



support positions (the integer pixel positions shown

wWth capitol lettering) relative to a subpixel "f,"

wowRaok/134983li ng t hat shows coefficient symetry. PCRUSIN0%040254

case, coefficient symmetry neans that the filter

coefficients for filter support positions C2, D2, B3,

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

coefficients for filter suppott positions C5 D5, B4,

C4, D4 and E4. C2 is symmetric with C5, D2 is symetry
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C2 and C3 in order to define the entlre set of twelve
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[00134el ve 116; Q)@defrltGIIﬁMﬁe begtgdediotidnntiginig plx@tsew bl brighek @brrelation
position "j 8] FIG 16 is a block diagram
Wh ﬁ@tﬂoé‘ttlioﬁ 4 &f 1@%@&%&@ (@Rt &, pPgbBosténs dbat arinflotas by @ shorter

&iﬁ&rﬁ;@ %rofih Mie%‘glti%ﬁ‘ 468 %exbb@kd} WHERGRERG Y h @arﬁ@WEomplexny
descri bed herein. Video decoder 60 is one exanple of

csffﬁeﬁm byllie%let@edw@ﬂrpgm efrltedesuppce"t ohowpparB&Gust may be used for
1n%g:]olia 100. t[J%e 1n%et‘gre leeg%osngms used in th%]% It)(i‘? {onqqfer sudoyort described in

es an en
tiR clidesuicHaclu&cht fad 1bﬂegﬁt1ﬁﬂI@SbilﬁOl@esmﬁbﬁlﬁcﬁnQﬂﬁmhb-@Bél positions,

coeffici ents and t ediction sy nmen The
ifsr- G Te8ETRINCI RATHIQRS g% rds ﬁ%fi? oL nc‘f‘f m&Y dlie%«f‘gfeﬁdaeas ‘corner”

19'@% er%lxér%f)ﬁtlmtds ANYREE REsted hédr @A tHEMDIshY RG] Aitions. In
erpol ati on techni que use to generate the sub-pi xel

aéldtt@n toodhd jcormsnt igtoRerpigele PPHLIPNH edSoPatMEA fritdgeepixaly positions

1ﬁfﬁge/d9ac[eilf taﬁea &—‘fnlt Q% %é%gé}g?%ggrorg%(gi@glt%%%jghﬁs.f) be used in the filter

genera the pre

sopett. ctT}mnlrﬁqgﬁt-pmelebeﬂnmisunmec@atelyt fifaceoefd e esrhar, integer-pixel
are. forwar. dﬁ

positions may inc ude 1nteger-p1xel positions directly above (toward the top or north) or
directly below (toward the bottom or south) the corner integer-pixel positions as well as
integer-pixel positions directly to the left (or west) or directly to the right (or east) of the
corner integer-pixel positions. In the example illustrated in FIG. 4, the 12-position filter

support may include integer-pixel locations B3, B4, C2, C3, C4, C5, D2, D3, D4, D5, E3



prediction unit 55. |If prediction is used to code the
coefficients relative to coefficients of a fixed
wo 2000a2691Dr rel ative to one anot her, coeffi ci ePET/US2009/040254
predi ction and i nverse quantization unit 53 can decode
the syntax elenments to define the actual coefficients.
Al so, if quantization is applied to any of the
predi cti on syntax, coefficient prediction and inverse
quantization unit 53 can also remove such
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dimarrsdrotorg. cowfi¢dl oir dwrigorital Cbmdemort)o By deucater's |celtmdlatlon between
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r nstruct ed verS|on of the or gi nal . bl ock en oded

loftes h Gt

b encdQerFxaggple. therg gy e i B8 Brgwesn il o Yients for
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”dh'aﬁﬁ‘ <Pr O AGR: t§ ‘?ﬁ BPGERN A En fio%r 31%9‘31%1 bk %e, if any,

y

conmpensati on and al so produces deco Vi deo rrve

wisjtiay bﬁwemﬁltc{moeﬂic'watscfewmn@l% poﬁltlElisGa, ’1\)/h1ch is in the horizontal
dimension, and sub-pixel position “d,” which is in the vertical dimension. Based on these
observations of the correlations, sub-pixel symmetry may be designed such that sub-pixel
symmetry for filter coefficients of sub-pixel positions in diagonal dimensions is not

imposed. This leads to cight sets of coefficients, as described herein, which may be more

sets than needed for some conventional processes. By eliminating diagonal pixel symmetry
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6x6 filter support). S-AlF uses separable integer
pi xel positions as filter support for interpolation
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CO f e errnetp I )e(leer 1513 (flelfg%pla I rgtrv%%eglas:m xe"il gi:) grpstlntdo ffererﬁ dimensions.
Hdﬂt@gmp}ep |smeb1prsyrhmem>s edisfselcdt\bvyenamWﬁxcﬂt lﬁlwafod taleintt@p vertical
r north) directly b (toward. the bottom or
fglaa%gn *ﬂﬁiesugalwé PO%lmrb Efi%crmﬁa@ | iresHien 45 sqfRq gonygntional NS-
AI £A95-ADF XSV itPQSLik D @%ﬂﬁliefr?% hé/rlztoﬁtal Rertlc8f dnd(@dgo@dithensions,
or directly to the ri or east) of the corner
Fsriewge fivpurisiue pess of ir@molamn filter @ﬁﬁwmn@ iy b pyedtferiqyater-pixel
Ifé9§ 4, the 12-position filter support may include

eger pi xel locations B3, B4, C2, C3, 4, C5, D2,
[[IIB161ID4 DFor EGandyed. of ABHATBS ot hies _etHeﬂﬂl&lqErS{lb-iplo&ll symmetry exists

ositio s are |ocated wthi.n t i.nt
l%&ié,‘?% PIXH Rogikions, &ilf‘xg?m{% %gecp?ﬂ rpgﬂn%tnélan) but not sub-pixel

positions in the horizontal dimension. In other words, sub-pixel symmetry does not always

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

exist in diagonal dimensions. The symmetry of some S-AIF schemes, thus, require more



[00155] Filter support in accordance with the

techni ques of this disclosure may, however, include
wa@eadwonzemnal i nt eger-pixel l[ocations. For exanpP@l/Usivgd/040254

filter support may include integer-pixel |ocations

that are located within three integer-pixel positions

of the sub-pixel position to be interpolated that form

a radi al shape. [00156] Even Yuarter-pixel positions

or finer resolution may be interpol ated based on

SRt SORIerRIRh RREIddANS I ?%Eﬁgr Wit aﬁd}teﬁblxe?ﬁ%hsfo\ﬁn some S-AIF

I nt eger - pi xel positions. his manner, the fil

sshpporequigehyyey veiguosets ¢f lgtemOé@élpnswfémpm@vu de bet t er

pol a [ e
[prg(ﬁir CotrIlrhg :ggl%) P&g %rﬁé}%%ﬁlg%% |d?5|tcg§&{ gﬂgfe‘é dlsgc':lo%rte, and illustrated
ihriler pomay echultvihinke@e meduritaipridigion hitanshoBub-pinel symmetry described

%B%Jé”% Y%fF;&r ﬁgﬁ%@?@l A [Igrﬁﬂgﬁ‘éafﬂhge b essgfnn&rry scheme

JriFIGeT ik RRES dubl ikl SyhaRdy tilhgnerﬂlfn%ﬁ’ﬁ&g(e d. rlMQl'iet 1Rfizemdl @fcction or

rotated versions of the set) for a grou one or

the vertisglpdipicken), pas degsoms . 1ml19§$en§1bamx rﬁé{nqutlzyaqsquy}tw@gsiy in both
a atlon (5) may be used to derive

@%@%?%%ﬁéglgﬁgﬂFﬁgér coefficients for all sub-pixel

[00G3] i ons Byenog Jmpds'siir[g aﬂarpim] kspﬁnmtry pasiubipoxed pbsitiersediagonally, the

f t |
ok ok n bR D e e RO RS B SRRsR e puly pisg! positions in

diffbiegy dp@ebibhe ienbs ikt isin® Rl Atdry@htonSt rANGugh more sets of
correlation between filter coefficients of sub-

iBEENl4tioR sCAEHEIENty Man e ZBNWIRE- (i Sce Fighbdnsisagnal) ﬁ?’ﬁ) tthe resulting
h

R TR (s thay KERHE Bcuflic MDA Aleffiient symmetry may

dl0l teeavorcloe bif ¢1i1hiaa1t:¢ lmtnuchdlessume piayel positions in

rent di agonal ectlo nmay be ngti ceabl :
[@2{;{2@ [ (5)6 onF%I} 2 a%q/ & s 08¢ rf:é)eﬁ%:éeng stXH:try as described
abovd.el at pmiclbat vw%efﬁcfdnt tsgmnﬁeang fsi ﬁmﬁi@&cs f&o IﬁltSIU boaﬁxlehts in one
£03|t|ons "a" are bot

BERSISN S men%%aoaﬁl OAsvelawalt ﬁlé‘fCtléR)ar%‘F éwt tfq{el?Oéh ag)esions in a

(ﬁa SPmEReE e lFat 'e%}nﬂ@t We Qﬂte‘} 'cb@f?ﬁzleﬁ@%f L@ E&Els%(fsﬁfon “¢” are not
plxeldf03|t|ons *d" which are

fvmed i toabe diizgensliyo ﬁymmm @$ lntilhe r¥SHey kehemict ddseribadf above and
%sengngleel lgas | rﬂl ﬁetﬂ'lee c,oefffl clen gyrr(l:rgeetlftyf {SCI g}%%l?lizézcg%c%l v in equations

@VPENSIOH and sub plxel p03|t|on “d," whichis in the

vertical dinmension. Based on these observations of the

correl ati ons, hsahs @i <dli-/syhretry may be desi gned such (17)

t hat sub- plxel symetry for filter coefficients of

sub- pi xel posfit Féndi Frisdbagnal di mensions is not (18)

i nposed. This Ieaqs to elght sets of coefficients, as

descri bed her &, /whifenime0-be more sets than needed (19)

for some conventional processes. By elimnating

di agonal pi xel: ;sybmetfoyf.d=&ehe pi xel |ocations, as (20)
descri bed herein, video encoding and conpression may
be B zh/3 G=h, =k, . fori, j=0.3 (21)

(1341

Note that for sub-pixel positions “f,” “i,” and “j,” some filter coefficients, i.c.,
hoo = by = by = by are equal to zero in instances in which the 12-position filter described

in detail with respect to FIG. 4 may be used. As such, the sub-pixel and coefficient



I mproved. [00159] Again, FIG 7 shows pixel positions
Wi th the sane shadi ngs (or hatchings) that belong to a
wW@e@ap26is sub- pi xel positions that have sub- pi R&/US2009/040254
symretry. In particular, sub-pixel positions "a" and
"c" forma first group having sub-pixel symmetry,
sub- pi xel positions "d" and "1" forma second group
haV|ng sub- pi xel symetry, suby-pixel positions "e,"
' and "o" forma third group having sub-pixe
s?}ﬂ?ﬂ@r%'rdéscrﬁié@ P hEHisB8rd AP De uhed 1n363>9hun9t10ﬂ‘ Wt oRseparately from
ourth group having sub-pixel symetry, and sub-pixe
tho lter scblnsor‘t rechzigaes: RWhdnogsad &0 edrfuristion wb thfaiﬂ n@smon filter support

q%k'& b%h% é%ﬁ;‘\}gér&ﬁ &%2 ﬁ(%ﬁnﬂg@ﬂ% ”512(?)(/+ 61(1{2 + 6@ 3G) = 45

Lﬁmtb}emoxﬁicwptssfbt tlﬁﬁtSsubAﬁch pokitiossuthatoneeé to po Sérit It@ﬂﬁ deboder, ic., 6

be viewed as bel angi to t
@Fiﬁs&gm “orlsps Eer B S&h@”‘é’rﬁﬂilﬁgbpgu coetlicients for the group

ih@sMas kit glx¥l pdsafoh ‘@ 08 Ro&ticeRe b fhh edup ﬁl@ﬂﬂﬂfﬁ@ SUBYiRE position
subsefs due to coefficient synmet r

“dondnapeiéiaicetd fonthe gieur %hﬂéwgmbtpm%rpom% bl y 2ragetficgngs for the
%trgﬁlgg}cﬁﬁfng %ﬁ%elq)éé’l otsmofl %"’fé %Bgfﬁ%leb% RGP tﬁ%f glfo}g tu%lﬁcgg% sub-pixel

I ne erent areas or teatures~o
noRition “f;’o éfcbefticients Sorf tbe gromp exgpdudipedubimz@ ppsitian i‘ighandi kepefficients

ilLteri sent once or several tines per
b U T BN FOREYALE. and DAl F sub- pi xel
[BYTEFEL 'Y €XGSH7Sis hedome i geubi R oding RSPl @PSratith bhzemdeo encoder
sanme di mensi on, H% two sub-pixel positions in
thairutiligey 2 BYhenRixefiler Stllvwrts%su@ﬁemewtlb&grﬁ flisglagyre. nTb% éechmque of

fﬁ@r | ZR0f & dég&ﬁ%ﬁsffo%pthelp@rsg&g%e %@OM?{ %/ﬁc%ﬁéj soNFGR Qﬂgugh other

Al F, symmetry al so exi st i agona bet ween
@Mb’éfpmﬂ}}) Ipepomi sinolas tachnigudsf exseshbwdi meirisi d)hd\/ICﬁomt 37 of prediction

| e .sub-pi xel
ETE i e R bt SR PSR B Bsopinet value

doassgonding t6lintdgdr piRel preitioa®©(7a). Filte€HtI9WInipitcSABPixel Values based
conventional NSAIF and D-AIF. Wth sub-pi xel symet
902 HBET SHMOH) thal, eqpiesss tHEYC 9 &8R é’IOSIHPI??eﬁ’élF 6‘H§Oun9§he sub-pixel

Jo@ﬂ’foﬁss 1f72)/ %Mp%ﬁad%ﬁ%ﬁea@t At %(Wél @t kpavd- bé)stlt%n filter support may
coeff|C|ents may be used for quarter-pixel precision.

HeOOskd 1 E@muera%nmet 9ipths Gftec- posFiblapult- hléelotriﬁmfpolhfacmd while linear
hsolrjl%) elxa\.e}lléi Ie(a:lra é%{arl g)é{e‘rgi}lgsl n?ag/trbvc\eeesﬁ%ﬁsgerp a%% le oqsth% If P& possible
ssibdpinel ¥edrpgatsardsi ons i n the hori zont al dlnen3|on In

sub-pi xel symetry does ys_exi st

lﬁ@ﬂ%é uﬁ%ﬁl\i% [UnHoki PR BENFHCY 8“@:%‘@“ &Pﬂﬁ% n the computed sub-

pokd-\RIpee (178 Mt ISaYtlcﬁlllacroMto |fit B9tm S')( SherdtB aﬁﬂ Qﬁ%@lan interpolated
di mensi ons. The symmetry of sone IF schenes, thus,

mredietioneblaely eeraprésingf mtﬁp@lmélsabmwl vojues | Addart4s camnthen encode a
(RI%H \%H«Loagloclg Bhsc YA hE" ntpﬂp{}ﬁ{ed%rgcﬁbt%noﬁ()cks E’ﬁﬁ),%g“f,' lEy subtracting

the interpolated prediction block from the video block being encoded to generate a residual
block. The residual block may then be transformed and quantized by transform unit 38 and
quantization unit 40, respectively. Following entropy coding by entropy coding unit 46,
video encoder 50 can output an encoded video bitstream and filter information (175). The
filter information, as described herein, may comprise cight sets of coefficients used for

generating all fifteen sets of coefficients for fifteen sub-pel positions. The filter information



schenes require el even unique sets of interpolation

coefficients. [00162] The sub-pixel symetry schene
waele®enzdsexl in this disclosure, and ill ustratedPCHUSI0@/040254

7, may result in nore accurate prediction than the

sub- pi xel symmetry descri bed above for sone types of

NS-AlF and D-AIF. In particular, the sub-pixe

symmetry scheme of FIG 7 |npﬁ%es sub- pi xel synmetry

in one dinension (e.g., in the horizontal direction or

thi\ebd 8LipLChcedick @64dd0Mis, P PosTNE NPl i HROSS c%u&r BhiX & different

symmetry sinmultaneously in both di mensions (e.g.
a(ﬂq‘:aa@éﬁabclleyl)umt[ue@i@f@]ensypmf sibrpelsintegpodaitonpi xel

[ﬁy try fP?é l%ullg apﬂ 1aB l'r:ﬁ 1tlllugt 1n? eﬁ%ﬂglolpgratl&bgf X\@l%eo decoder

| ati on bet ween erpo
thﬂeftlﬂllzm emvtdvemgeltifier Slu;iportl ooed;lstpmsmtth thixsdibdlosdird. f Elfgnthe process
iyensi ons i s naQ grated jinto. the |nterp | ati
%‘{fﬁoﬁ% rangieoggtae e ThBi5) die e GBsPT o1 Bn e ieop process of
HE. 1RAFIGER &8l Be deRiiBht frbRSthe Perspdctibé VEVideb MBcoder 60 of FIG. 16
resulting interpolated prediction data may be nore

dibewghapdcr Bpvesnary CeEPI cireilr Syimidicsy Magharsé BHEC. 18, video
C%X&(if? ;%S)| ger&]:elﬁ/%;]é {l]lg%tcg&jed bflaeénb‘f&k‘é rh%dsﬂ Wma{lglp J(@é‘l]) Entropy

SO I npose coefficlen
dyodmg rupitas? ceyc entlopd dttcodffe thil; rreq:m'!\rddl m[ﬁdrmatlon Prediction unit 55
co fficient s ry is i filter C
BB R TG ST SREGR Stsarne (4 RETHiger o5Hisisgpsure. In
paeidul £ re EHRCINI ) obtdikk a Bl@t:k Bp,?]lx&@ﬁlanﬂﬂn&ﬁaﬁﬂ' @2NHati iRclade integer
di agonal manner. For exanp e filter coefficients

mE valiss spseespopding €9 eﬂﬁegeé'pm@ gonibenst @ PedPredichen unit 55 may use
rg%e@\g:g%!)tla&ﬁ V%Y:{Hi]?{or ﬂé’fe ﬁﬁné ﬁbv& H? ?\I 1%‘[6?&#&&9 q@a%&[ blp% motion
repres d Pon

ove an ented i n equat
\ccowfé ipoadestipn smiTietaay cpmpsth rm’a-plmbtiaSbé loow fiilter eyt thatscomprises

l 63 r( %’b’r Igogllt']lo%rgllg’t ’s’urrouI{g Jthef S?b leel( po%tl%ls gl%t ﬂn this way,
ﬂr&ﬁ&tl(fn(lfmtsﬂébzsm ih@drpdil@t‘ﬁdritb@éﬁeraﬁe the pﬂedl'c':tlc&ﬂbioi‘lli (184)3@11& predlctlon
filter coefficients,

gk, BRs orseihds alfedls 4 ﬁesmlcﬁld%@lo_r)z tpfogwplﬂaﬁ iy o % add the
ﬁ?@cﬁ&fdnbcﬁgckl 0 tﬁjf,elte@'d{lal\M(;cﬁl (ﬁ@ﬁp%E vhQousla§pects df@ly‘[elk%%latlon described

used such, the sub-pixel and coefficientsymretry
I@e@mrlndedlmg rth¢ hiesofl $wtlve positiomyiltoesupped that surrounds the sub-pixel

H(:%)(S)lrt] HO (frflj ggpad%enap%geseyp‘?nrl artgxﬁcjla )L(I/h(%:r ?egoplﬁ%%%%f Iylt tﬁreorwdS rlljéo rBetter quality
1ﬂ.‘r2rm><]m¢ tatothah icbiventiGiap pohdiques.

[00168] FIG. 19 is a flow diagram illustrating example operation of a video encoder
that utilizes coefficient symmetry and pixel symmetry consistent with this disclosure. The
technique of FIG. 19 will be described from the perspective of video encoder 50 of FIG. 2
although other devices may perform similar techniques. As shown, in FIG. 19, prediction
unit 32 of video encoder 50 defines eight sets of filter coefficients for fifteen sub-pixel
positions based on coefficient symmetry and pixel symmetry, as described herein (201). In
particular, prediction unit 32 may use pixel symmetry to reduce the sets of coefficients from
fifteen to cight, and may further reduce the number of coefficients for some or all of the

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

32 can then encode video data using interpolation filters (such as filter(s) 39) and the cight



described in FIG 4, there are 6(a) + 3(b) + 6(d) +

3(h) + 12(e) + 6(f) + 6(i) + 3G = 45 unique
weowbfizeients for these sub-pixel positions the€T/nsd9/ 040254

to be sent to the decoder, i.e., 6 coefficients for

t he group including sub-pixel position "a," 3

coefficients for the group including sub-pixe

position "b," 6 coefficients Yor the group including

sub-pi xel position "d," 3 coefficients for the group

seRArYtcPBoFHB RS XB)2) PORIchic@fodeP 50 mbe (ﬁlﬂﬁlft feh&id@dﬂbﬁie& @hta and the
the group including sub-pixel position "

atguiets of éh@rsccrﬁﬁiclemeﬂgi)o Ulheicrahit sets n@ccmﬂiﬁlffznts( @fhich are encoded and
| r up

091?@‘[ Sﬂ 81@ blt];ti‘e n%ag/en s’eﬁtJ \gﬂééagﬁggcé%ﬁ CI %{,Sea }gﬁutﬂg 8P glce) so that

agdmoﬂmgndévum nzgl bl bnmmed offaké¢ tfilten cbg’:ffi'c':ie{l@%%@e folr Gnterpolatlon

7 is.a fl di agr am stratin X per atj
Alidiuenbus S of peht oL %Pgsp % 3P Shitdedfind Sent with
SBIPROIdd GRS SHaBIRtdiMbbh @Eéssofdin&%&awng at AFRrdne tbWatisewithin a
of FIG 17 will be described fromthe perspective of
opfletbniencoder 50 of FIG 2 al though other devices may
[B&fdb rmsi lﬁ)r S aeﬂ:(m"Hﬁ t lél?‘g‘toagqg\@%m%l@ E CJEEO%gf a Vﬁeo decoder

unit 37 o Iction
thatxailiges ccmﬁﬁmamsymrrféttytahdtpiﬁeh sj/mnhetry rabmgmnt pvlthetlhis disclosure. In

a: cllége? & ge;) lé’égp‘g‘%ﬁ]gf ‘é‘ago g :r%?glléfeg b Segﬁ,] 0%% l]fer goefﬁments

({191)t @id SRR tthd fifddenGORTIF melscdewaﬁeh@s 1§dscdTBH fhe Q@gﬂt bétORSefficient
t hat surround the sub-pi xel paositions (172).

YRpcay ed Pivel girenetey Riedigiion whbikcanthen PiRefapets mterpolatlon filters
I‘

SHSFL R DAL SRR oY R O RSIEIA e

(We3)l eVidendegodhint(l zorthed deandb Vldcreblpclxséwasfvd:@i the lptetdmtuvn gata (194),

may. be .use engrate six t 0SSl
Tmn S0t & BERE bR Pt bl IR LR G wnie 55 04
@ﬁﬂ@ﬂakﬁstéb@&ﬁdd&nlon bl ock based on the conputed

i xel values (173)..1In particular, MC unit may

sub

[3@1@.1 ate amd duf &Lﬂ%ﬁlagmvlﬁwwww}l@a.0@?%?111 Bf %)&éeo encoder
tﬁarmmzég ﬁgeﬂlﬁg f RRLAL §keP tu&aﬁaageﬂo %e%w%sadj&@@rmég%r SBRI values
t hen encode a current video ased on the

qomlstr:lpowah etlj15pd1@cdq)s¢1tq o hid @cﬂls@mwﬁ) abayegpas, inggrpolation-like filtering
1nso atlrraasof nﬁ%m g‘retolln Lat %glt Hcgeesdnlo?t é:r%rr]atc? Isu C{( ‘[ef rro \r/ralll{lpse Rather,

eo bl 6c ei ng & co ed " t°0 generarée a fesi | dual
tbiscpz-kcessT Igendfz&ss dwlmtbg@a}amayhatt hea fiercdrianss on niedodgidal integer
anti zed tra sfo munit 38 and quantization unit

e%neg Etfﬁ %@Wﬂuqsé %tawr%ldébﬁwb%g}ﬁe%ﬁ%aﬁ@ ent r opy

[0@1#1']‘9 UNIFIGAA, witll IBRRs &N @ @R n A0 pEapecBvd Qﬂl&ld&ﬁerﬁeg&%dﬁ FIG. 2
video bitstreamand filter information (175).

Athpegy otherfdswigat inan perfgymasmd arj togthiqves.eAp shavay lrcEIﬁa 2il sC unit 37
A FARL0h B95LL) SR HORT PpRC R T s o s
yabes tcooepondi hg td Iuitt@r pilx‘eﬂ dodaEbdnsO(RiRY _EﬂteC(SI)i ﬁﬂjtof prcléction unit 32
@% t‘[lg:qol;%llee%[arlf'I ]%Illéitale ues as %I ol Xthesrel\r{teeéearl pi)tiéqugﬁleg) g% th%%qoec?( of pixels to

generate adjusted integer pixel values (212). Prediction unit 32 generates a prediction
block based on the adjusted integer pixel values (213), and video encoder 50 encodes a

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

prediction block from the video block being encoded to generate a residual block.



areas of a coded unit use different types of sub-pe

interpolation. [00167] FIG 18 is a flow di agram

WO R009a26983 | Nng exanpl e operation of a video dechPdBEDS1002040254
utilizes a twelve pixel filter support consistent with

this disclosure. Thus, the process of FIG 18 may be

consi dered the reC|procaI decodi ng process to the

encodi ng process of FIG 17. FIG 18 will be described

fromthe perspective of video decoder 60 of FIG 16

Rk *ﬂra%f@&ﬁaﬂ@ﬁ\éh& QB8alTBY (i REST Bt M3l bRk 1bgGRALBHE Tmit 38 an

As shown in 8, video decoder 60 receives an

@Ridton \ninae@ tﬂndcfoélo‘amg ¢ntropgr codiizobyreeniropy ¢adng unit 46, video
n |

r% gé:({eeg gé é)ﬂ&)%&dthg d %Iaﬁ& Vlgr%% o< I%lg(ﬁh E”?[Q],y ltn‘fl(g%gg(?n &TSE,EAS with sub-pel

ihtetpaitgpioh aihtevie lativhiltie fienpe mtres(plctaﬁ tocgt pg;et Bcations may involve

echni u s of this di Ios art|cul
b Gl PR oD PRt R S BT 5B Ivt P R i, grpossibly several

tIRAOpS &2l Nkt irngitreds: bRrhEBeTa BId¢8! un¥ilidéeifferent types of integer
correspondlnﬁpto i nteger pixel positions (182).

ipicaplasiopdike filfeins5 nay use recei ved notion vectors to
ﬁ&fﬁlm ne P@@Vbt R oA ﬁfaggahpﬁlﬁgtpa(?lggtek%ple %ﬁ‘pﬁgorp Brd 01%60 decoder
nmotion vectors, pre on uni

th&tb&tﬂlzﬁ& Iflltba@df Urne@r fidet ércasauppor genthgt adjosiqat lrﬂ;@r plxel values

twel ve or re. positigns,.that su t ub-
SSESHER R [ GisEioRt PSR urfy P ieh il et encoded
Viddoe bRekAtindNalk® re@Mek afileert MeorRbeeh G&.5onnbt gk c(oal&ﬂ)umt) (221).
The predlctlon bl ock nmay be used to decode a resid

Rredielépmopye RS wptainsy klasly oA dusls §am pemgey 9%@%rl@av®t m&ﬁger pixel
J%id%g Kol B &n ?(?‘ ingescppégpg&lt((;n§§222)Trﬁ dﬁ@tﬁdnoﬁjlﬁ%% RROkS a filter

of Inter herein. i nclud I ng the use
(obt ﬂlotwvblaweatpcoé intation Cbrﬂptlﬁilatl@l,ltlpﬁhtr infeger m&elr@duedsbamﬂeon other

.Sub- pi.x Q

OO RTaBRR b b ek ko dPRE TRk BRLRKR) s 229)
Radiatidnh@iit 9 pyRAdtEson pfedioﬁ@ﬂil Biogk ®ssed[ dHOth6 &]ijuEﬂeéﬁlnt&Q:r ip$xel values
a flow diagramillustrating exanpl e gperation of

(v e o' st drderiertafaaen dhan deseds e lPlP%lisé%‘?eds?}h’f?ﬁtPF‘iﬂlfgWB block c.g.,
19‘{/31@111 BB AL LT &Mﬁiesﬁx%@lktlw block hht%rﬁ%la%&i 9?%&}1ctf[)iﬁeumt 55 to a

technlque of FIG be described fromth
lp%dwﬁﬁmkonCbﬂbhi@@g¢§ﬂéﬁﬁer 50 of FIG 2 aIthough

[@@Jg?\%i dev'ﬂiﬁé3 lié ARy f %[igrry{nSl lrlglstlraqr t gﬁcl'hn]gq%u%bg rafa‘sdlstoﬁloln defined

I on uni e0 enco
15ﬁrpd>ﬁi‘tlloﬂ é6r ‘ﬁd@modﬁ%’t lﬁasﬂf of tWd @&its (ﬁﬁlﬁfl&ﬁldﬁlb gifless. fI@Mthis case, MC unit
posi ti ons based coeffi

f ift eed,?g}lsogﬁﬁl%:oﬁé%@?y %W W oruorg G’FFIB S ﬁ)g %ﬂ},ﬁ:tive data, one set

‘tfag&ilén thb irRakt biCdah@iate RfE&o fekibR Rilttii dhd 3R tABYscHBR e loX @he second
symetry to reduce the sets of coefficients from

st pf eanlidage el‘itghﬁlatl@lfh(ﬁﬂtﬁﬁy MG phié37r erguiben e anfagiebdistorsion based
a%gﬁfglfs ﬁ fo?&]etrsto lectR) hq[ﬁngt an%fl ﬁlﬂ:?f\ﬁllgnélds‘[ﬁé %Fskfargselﬁjts from the

coefficlent sym1e ween coe
mﬁpSCtlvlé’roédatehn(bmslomdn In this way, MC unit 37 not only c0n51ders which set of

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

[00174] As shown in FIG. 23, MC unit 37 of prediction unit 32 generates first

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



32 can then encode video data using interpolation
filters (such as filter(s) 39) and the eightsets of
wo piovareotdef fici ents (202). Video encoder 50 nBGT/U820p040254
encoded video data and the eight sets of filter
coefficients (203). The eight sets of coefficients,
whi ch are encoded and output in the bitstream nay be
sent with each coded unit (e.Y., each frame or slice)
so that a decodi ng device can be infornmed of the
b3t ernccef fnkGhaMh ﬁl@ér,uﬁ%nfe%&arhﬁfe?ﬁcﬂ%@'éé QMfixed interpolation filter
Al ternatively, different groups of eight sets of
euesronding e 8 fitgy dfmed by adwdicatad videatcoding litapdarh, welyesla filter that

AP, EOBAE: AL RGTL 0 SHBRLELLBEn B o e

f2diistegpol dtiow filtcagigynrdricspraidr @t annir@TaHioé inegioddtionrfilet without

.a video decqder t.utilizes coefficient symmetry. and
IBﬁ%ﬁfd?«E@ Freting Oé%g'_?-aogie Y&lu%t?% Fhsgd i ELPBHLLHETCT el Values. In
thii BsC AREfixQ RrFS1hh HrtmBP oQferatd H8IQ pHRE 0818Es £ may upwardly
recei ves eight sets of filter coefficients (191), and

rgeirtbsueh agluch orf purpasen ok et pdptian fotthe haldefxel edselytign. However, to
0 ' . fficle .
tgi@‘%gt?nt al ﬂﬁh?{aﬁ%ﬁ@% Shafires GAR afléo Hstedsfxpﬂﬁérf)%lﬁgcg?g)mquarter-plxel

syrmet r Iction unit 0 can then
regodutiont BGhotind7 may fiokd mmsroandbdappiigns stidte Hatftxgohles anl use the

filters in arder .t roperly generate interppl.ated .
oA, Kerelagss Of 188 hen elo NS0 far 480 MEWO LR 1© quarter-pixel
rdet@dR. Vicegendlneclisd Rase@nBN adsidc@r e Hakdne AlgifliRation Serial No.
(194), e.g., invoking adder 64 to add correct

predict Y&l HatBharerdrpsl at-etndbgniieddiAy o INSERPHLATION
ﬁ%ﬁﬁg@@ﬁé P@l@M@ﬁ@I\b@mﬁqdl\@%m})Eﬁ Eo éa”'b%glg%g docket

iagram i | lustrating exanple operation of a vi
rented 88 1 39RET , which wae $ildd drt e ismye déy asthe gaserpiagplication, and which

SRR GRS, PSR PRA T RSB sl ot
fiatemg WBhduntigtepadddtt Qbuddite of ihatfgyitdhgvalues ahar ar@asudell tbSgenerate
simlar to interpolations, but does not generate
daBer¥dgalieyal ues. Rather, this process generates new

[bﬁliﬁﬁier v le'ﬂﬁ SMU; @hit ﬁf?e ofiﬂr&ﬁétﬁﬁ Qll"ﬁ%e}é gEheH?@s Q&8 gﬁtlerpolated

i nteger value and other integer values That surround
nrédctore dgtantr video egerdingadiltbe vjde0 Hat] basedn 2 sqeondl limterpelation filter
(2%0” ged fregalin tlgetlg)eersg 0%8t1inYee oqafltio\ﬁi ?’1 1o errrllacogzg ! rslsoe %Il adaptive
' aP?ehougIHp Ot her “devr ces rIﬁnay performsi M1 ar P
iheglohitigu &lter Adn siowike, tdhsfstet w2th, adMiEiwenintergdlatioh, MC unit 37 may
redicttj_onu't. 32 optains._a block of pixels from .
‘E%"H‘E)F}V gigre b“?‘ﬁé [prelse ntl%ﬁ%‘?““ﬂ?rxyc v Séglay exccute an adaptive
IRRFJERRANIRE 1OwhiBh RUCTnRIY&kartsQFiat hROSt fifdr 1doctTicients, gencrates
Filter(s) 39 of prediction unit 32 filter the integer

p¢liceinarygiredietivsalstag anshthen hépsts Areddisr cqufftepnty il aneaslapive process so
ni xel 0 . j:ust ed. | nt eger pixel

ARuL S SRR et op IR AR

[POEWI ct i oDrot dekMGased3 Dof pilediceiol usit 82 hhnpegeatedobotklthe first and

tﬁg lselil:gr?d Sl%e]fggléteg Br%d}{:itigee gatg,%gql%gt 3%9:213 gglgcq %gtwaeen the first interpolated
predictive data and the second interpolated predictive data based on a rate-distortion
analysis (233). In this way, MC unit 37 not only considers which set of predictive data will
yield the best results (i.c., the least distortion), but MC unit 37 also factors in the different

amounts of data (i.c., the different bit rates) that will be required for the first interpolation



vi deo bl ock based on the prediction block (214), e.g.,
i nvoki ng adder 48 to subtract the prediction block

WO e@mi12d9es vi deo bl ock bei ng encoded to gener at BCEHUS2009/040254
resi dual bl ock. Follow ng, transformati on and
quanti zati on of the residual block by transform unit
38 an quantization unit 40, and follow ng entropy
codi ng by entropy codi ng un|t$46 vi deo encoder 50
out puts the encoded video block and filter information
18} PdlativRStoWhd BecB P iM&hola REECHRA! a4dtMly, if the fixed interpolation filter is
interpolation-like filtering with respect to integer
Wk 6421 arcthe ifissigntemplatip dilign, video g]@qoggn SGwil not need to encode filter
c%gmlﬁl[sogttﬁeoﬁtsgrlem{l S\!s/%egéagllp {hgr @t Ve Qntg%gﬁtg&? Eilt? Olg ilged (e.g., as the
ﬁccfrfderrmerrpolam(eaﬁltef) adeodacbdeni0 msle mdtd fter@nbddd yirlxes cotfficients.

nte er interpolation-like f|| erin 172] .F 22 :

it e BT ARF S PHpOSeEm @Ihzfg 50 iV data will

}MélQ@l@é BRERIRls (.BatheUbast ka%@§1sfohrtlldne<fdsﬁ,gby0£ccbﬁﬁtﬁ1%%r PleX8dt that the
| ocations to generate adj usted inte pi xel val ues

wensthstfeed intetpplatipn §lte @#@F @%ﬁe@ulr@c%@i%lﬂi ity lnider cqpvey filter
Fg%%ngqgg%ekcggﬁrece!ves encoded video bl ocks, and

SO receives ter information (e.g., once per coded
[00177]) ( 22DMore E’pc&dfmaﬂj/,(mlectirigtbeﬁféeeobh@ﬁmsina:rlbjlﬂed(pmﬂictive data and

i xels fr r .that include inte
G b RRTTER s b it s B e ESor iy 233) may
dRhpeik€ tdlomatinyl 4 il rdteMRIRSorAcdst hdsBEiated QlithShOWR)ko Ata if the video
é&gt of notion conpensation to filter integer pixe

igencodad vy thnfist Wesrpelpted pedichvs datancglcylng p seaend rate-distortion
é%goc (t cpgSiﬁ} bR %@e&&@eﬁff&lﬂ@wﬂ% Hﬁ& &1 DIRIGRE 1R X&nd interpolated
ues Prediction unit 55 generates a

mcct;ctmctdam ahd edéctingdetiveon thmﬁrsanmtanmletdd precdegee dptiaxeell the second

M T

[00TiE8| 64 (The astd didﬁ@mpﬁ editciktocantdd Wik thtvidepahtatif chebyideo data is
predi ction unit a residual video block to he
Geetsdetia (bt H{t@“eql?@}i neqdigtive dafas may peRFizh &g fifference metric,

d.¢ | BHRhS d4UaRQ &rdra®iNY C} wrepikQ rvaﬁﬁ:g &t @hﬁt&ff E{Hsg’lﬂtedﬁffkﬂ?:ﬁge (SAD) of
|nter ol ation for video coding based on two sets of

mxaldiablas er fsurntOélssuarftdwdltfﬁqregw: 659)) Wixlivialugy imglicative of differences
edi ctiQn, un Yy denerat e two or. mo dlffer t
B% n t ¢ V1d68 cLaEta} %réd ([F; t% oneerp%%tted dredt i (I{a;’?aﬁ é)h%s f]?sq value that

qilahntba‘s @andssda‘atedlmﬁeemﬁmtgl @Mfiffdrl doeffm@m dn et etses éft the first
base

set _of ndi ate [ n olatig
1f1‘iemo 1§n flyl\l)@r fixegl(;m lrlttH)@ 1lfpe.othg llr%tVé ualtga(t 61}1?1?‘[5‘%5 cost may be
R&a&H ANRLYST Sindilrl ?r 4R sERnd elaRCdistWiioh hcdsﬂtn@zfyp‘ébrﬁf)ﬂl&n a second
filter will yield the best results fromthe

cb@“ergmmevrec elfldwaétve eﬁqdlféﬁrmc@? thiereen| thet Widgo viteje amE the second

ola:??gq ﬂ%{llllcfe? d&]{tﬁgﬁg égﬁ@ ?ﬁlts oJeccf]ﬁe\%I&et ﬂh%ft quantifies cost

a§$®ianerd wol pncoditg ofi filter abesfﬁcfémst @i therncakdhehéraahe tdeahd ome@polation

f?l}eetr &9 {Tear%%{’] g\leglg{qué))ﬁltlio%l Erlter r‘[Tha secon I uee tL etsq%lar?ti 1c8 %gset ra?s%%%ted with

encoding of filter coefficients may comprise the number of bits (r) needed to encode
adaptive interpolation filter coefficients, or possibly this number (r) multiplied by a

Lagrangian multiplier ().



filter coefficients to the decoder. [00174] As shown

in FIG 23, MCunit 37 of prediction unit 32 generates
wo p0ogt1249mt er pol at ed predictive data for encodi PGI/U8§2009/040254
vi deo data based on a first interpolation filter(231).
The first interpolation filter, in one exanple,

conprises a fixed |nterpolat|on filter correspondi ng

to a filter defined by a parti‘cul ar video coding
standard, such as a filter that corresponds to an

[0dide] H 26d: REiesRe RIQA thd hfs@fnter? hted %%t@é %ﬁﬂa%‘n@ Bhe second
in sonme cases, the fixed interpolation [ ter

igisroasgsb pepdicsivarfatarbaspd W@@ﬁatqﬁlétpm@hamabﬁlﬁ (2I38hrMC unit 37 of
%&@%ﬁtumt@fé rl?(ﬁjészﬁi 1rd<9 uﬁeﬂﬁ Bke nqge! ;e]ﬁf%ltl)él? 2342I alﬂﬁséncodes syntax

quar er-
tb hindicatathe ,sclicbidonf (28@)d Tlret @hmlrmyl mmla‘nsk henhcibit\flagenermila-bit flag
round .such_ val

tpalcfegﬁc%sg\glgeél%e?g}lpjeeﬁs st {_{,1;6?56(? étfqnoﬁ{:{a tor Qr %/h,?eseﬁ% 1n ée}tlon lﬁter should be

Js@@ ‘Bl_ylht QB derHORY Bilocest B FtHIG. X @it bd F@Eaté&‘f& cach of a plurality of
b i xel values will also be used for interpolation
su P@(Ti

lqcationsi foe lcagheenslied tnd rpf avadem paqugreertayindiease avhether the first

19%@0529{6[} q&r’tgr ééretgé ké%gﬁd ﬂlfterf)agt (%}ﬁiglfteﬁ gb@% bee%eld?/)z aa&go#% ?or cach of

non-rounded versions o ues
thqpluralite p Haibatikd lodatowpu P teesubipiined locaes| midyi @mprise fifteen possible

- i d I i d US.
B aE TP iR e ToRD Wn FRer By RaphBbeael gpolypion. or may
@ﬁ@ri@@hid‘iﬂf@éht"rﬁ@i\l%i\'@f&ﬂ-ma%@ﬁﬁﬂ.ONlJ ol QtﬁﬁGFQRmay also be
MOTT ON. COVPENSATI ON | N VI DEO CODI NG' bearing docket

rRRf#ser o0 nomer-pixghiogHiondsr sach sadehunitel sy %Palyersfﬁ to indicate
\Lﬁk‘ﬁle? MERSERE i binGat HRL: ord dsu3hg I?nté ofaﬂgﬁj kit ¢ used by a
e

herei n by re ence, provides many a ditiona
(hnmkmﬁﬂnbnmagmmmXﬂﬂb@mphng wi t hout |nterned|ate

i ng pi xe at are t
BEHATLES Slnst SideoRintEler s8I BEE. 11Bh e Vidte catg hosed on the
s'élz:c‘gkfn P2320)] gﬁd Qﬁcdﬂédtsyg&x(QJ@n ﬁfdgia&s tl&ewétﬁloh n@éespgh@de@d 23 and
redictive ata for video encodi.n th VI deo at
t%l@at% A+ 15 bRt MAEREaNGEpRiE ‘i%F @%?Ode@é giglyo dty apghhe syntax to

RXAPLE dedibler B eﬁiQHéjcdsE‘ %EQQh@EfSQ Hltffrb(lﬂﬁt%n IR iSRRI drd€he second
an adaptlve |nterp0 ation [ter. hi s case,

igigrioi agioe rﬁltfw i$ datapt trm@mlmrel‘ﬁb maat urmmltl\/ﬁiteumopffsﬁenmﬁayvhen the
sggtfal{(nlgdl ftl}ek fd s%c%ggflht%bo%pa;t(%dcB{eéhcglﬁéj Zie%p as, élsed to generate the
dnldi@ﬂp@die@t dm bt @ﬂgmnmmt whifitler Mefficieits Svhes tlar Syatawt ihdicates that

r -set fiJter coefficients, generates prelimnary
Bq. gt &tpr@g’a@gtgef IS WanEﬁeg§? gepgrate F}}q qnépded video data. In this

Rt @Rt Grsi MidpoRHSPLIINE iPTREESHdSBe t RBEndS HEdpolation filter is
filter coefficients define nore desirable predictive

aélamtafe fibericpefficimésear loalyMeniithe Smtatingicalds el adapiiFs interpolation
erOP o aReh Tl B Bkt bl 1 IS9P BERE Burpglion i

doesmlﬁe not dndy fhicrpsddidtivt @ideolqailéd but also the bit rate, which is affected by the

presence of filter coefficients in the transmitted bitstream. In other examples, however, the

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

[00181] The techniques of this disclosure may be applied in many scenarios,

including scenarios when there are more than two sets of filters being selected by the

encoder. In other words, additional interpolation filters may also be applied to gencrate



predictive data and the second interpol ated predictive
data based on a rate-distortion analysis (233). In
W@ biog/12y3s MC unit 37 not only considers whi chPGEUS2H9/040254

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

| east distortion), but MC unit 37 also factors in the

different anounts of data (i.e., the different bit

rates) that will be required Por the first

interpolationfilter relative to the second

ddoftRhRahRtdoPled predietive NS allidh mhf alsB®efcbXE8hred in the rate distortion

interpolation filter is used (e.g., as the first

dnalyeis pdhatthasvgrils. tthe methdiddie groe hisnigd rto BEneipting ey frietetnd second
f r f I e bj r

1\%\%1&0?)221;%&:{&64 klgg éiafaﬁ a}s%% %l nttwé)r 1nlt61!;%cﬁlgt?on r ft? % Elﬂlnéould be, applied to

deacigte, an&iplﬁrb]lﬁy&éﬁlﬂﬂ@o]aﬁ:ﬁ@jrmctt%I(hm Hakdd @r anyvmdmﬂ:&r of 1nterpolat10n

nco to encode fil er coefficj

Ee&) MH‘?&PVW’ f {EC ﬁ}ﬂoétl?ﬂ WQAGSES IBSTR pdictive 2 Sised to identify

wiatierien & Wabah BebnObx 6 &trﬂe‘{lﬁ)ddéle@ut@ﬁ Ity ¥iti&d €ndodder 50 may
best results (i.e., the |east rate distortion cost),

eyPsice Gorrating ¢ oruralie of giffcrepiaycrsiprs o predfctivh daip fregncoding of
i-nt e I f S onal. hjt

L T e R L s AT
HlOeLGF7Hf Niffacs pmslémsc af Ipyedigpt eddta rbgsddedmveemtt hirstditiostanalysis,

e%nﬁ%cgpggl at glg Sc{agaglbcstelfix(gl %&{ gel%cglgg,gg%hsegco%mg syntax to indicate the

eRtgofl St orti on analysis (233) may conprise
calculating a first rate-distortion cost associ ated

P11t he n ddditigatta sekectinge thi atsspdation filkerebreerien & rage-distortion
i st Netl
U515 ASEPOIALCA BOEH OB IR SR 408 i
roat also fcomdulet vlsulmbir datcalistatiemeondeds with redpectstecioteder plxel filtering,
nt et £ pol redlct ve. dat a n el in et.ween .. .

VRERP PSR, BB bl PR 1 POedf: SRR R i sgn wit 32
that Qfm@ﬁtcﬁtvﬁﬂorﬂh&@l differve sdatof ﬂﬁ@ﬁ@ﬁleQllatatfb&rftégreﬁblxahl@catlons e.g.,
second. rate-distortion costs. [0 The.rate

e S8t 1ishr pigek EEes end oag WiibeH lpwéervl?la@&ﬂ@élp& qnd mpgpconduct a

rﬁﬂe%ﬁoﬂ%@ﬁ aanaﬁlsi‘é‘ neREdedputardt Rsd 't\rv§td1ff&t3§tr ROl & &dder to determine
pre ictive data may conprise a first difference

witeathrar gnteger gpixel idtanng qsu@sgdd eﬁpwdmmE)\/I(bmnp i3 edlf prediciog unit 32
mall'}/ng gr#’cnragg &rg(?eg | sult }%F(gelrlger%%enré lj§ SAD te %15‘[ 1§))§r§l :ana\ﬁgsllsu gSSSO(c:)IEIted with
twndilﬁaémt\sets of 1rﬂi¢gfef pxreémﬁeesddmto\mﬁlaté Menheﬁa&gdmlaelamﬁrmg should

t he |nt olat d predictive data, s afirs

hﬁaﬂpa@ {Ragn edfa wberelist skashef e @Hewp @ﬁ&%é?tw ngp-filtered
dnldlats@Eorief §fi thé ﬁﬁ@g%r pleBictitd §at# &S@itcrdd. ThREis WakSthe decision whether
interpolation filter is a fixed interpolation filter,

tp [senduct wicgompiel filipaing aquparici Yapassonciend onfyete a@almepf videp eadling, but
) ot
A& fre. p%'sm)featgl %chh%l%f ?@&%}9(1 oA Lg%% ﬁg;lteL 21??1\9,‘%5’ &aﬁ@(llarly when

conprise a secon erence netri
1d1legéreplsalcﬁﬁeﬂug weehl invelvei tle@ndatiag and sehding edfonttger pixel filter

olat dictive data (NSE,. S or D), plus a )
OBEHARVEF 1 IRHGEm SN oot St ng it BR e S consider
prdiefore ﬁﬁel@f(e b1 hek N Rehl pediend snd Plitat 1h%g@135@)n¥\f@@ﬁte\xffﬂhﬂle use of

second | nterpol ation
N integer filters, the example above would correspond to the case where N is two and one

of the filters does not apply any filtering.



filter is an adaptive interpolation filter, the second
val ue that quantifies cost associated with encodi ng of

W0 aovaredtdef fi ci ents may conprise the nunber oPCDHUS209/040254
(r) needed to encode adaptive interpolation filter
coefficients, or possibly this nunber (r) multiplied
by a Lagrangian nmultiplier (1) .[00179] After
sel ecting between the first ifWterpolated predictive
data and the second interpol ated predictive data based
[00183) ' at e-yih SLOlhepoRNBh YifibiScotARDhts Moadtily Ado®M and sent from
prediction unit 32 encodes the video data based on the
sopice gievion 12 2adgstingfive dsritse d€stheyydscdosurcalimelindammatehtgchniques for

L P A, T BRI 38 % P corin

dahriatprovet édtpaloatpr@piofil | Ine pardiculth) ehs edistickurhicetitpapates oprediction

filter shoyl d be_.used by a decoder. € process o . .
tﬁqh@qug%f'%ﬁjt%éﬁ@ﬁé&%ﬁ‘ugf BletRE e o -‘éa[l_nffl G s o additon, his
GhssBi@hntchfAts RBSchRN te@BEducs @stadkcbbidt sePbf RtdticdMicients relative
sequence to indicate whether the first interpolation

tp ifirgt st filicheocflaeionisl Inrthescpyiyat imparfeqtisymmeyl dawgendifferent filter

. . t ral i .

SRR o BERIRID 4890 it DALERL Mt e o o
mohpidnsteckniquce dor ijpessildlon fHtdn-cpefXielentsothat diecissure also provides for

consistent. wth interpplation t.o arter-pix .
FEBE G oMo S RGeS BodiPe BbusyBo i Bhor pefticients based
supreAk %@l JubBatb@ns. THIEONHORRSEHs@bsibn Provades Mdrealedls on these
be repeated for the interger-pixel location for each
peEPp disglosyeyi deo sequence to indicate whether the
' i nt ohat; ' I : nd. .| ' .

DO, Chaula Bt o gy Rer AR RRERN e LRE RG! iy e
donffegats-ysinggiredicioat dodmg. [10@1E803scChlte cotifiemnensediby viloo encoder

FIG ,2 as. encoded .t he..vi dep, dat a.based ,on.th )
S0 f b S R Bt B R R D g B g which may
fagh&Cilipedve( B85 omprogesm wicrafilert Joafffefntd &€ @t {sFjad oflgn encoded
naé nmodul ate and transmt the encoded vi deo data and
Bty e%‘}*ntax_to destination device 17. In the case where
[pbfRs] 1 1 St AsningvRAh liomm Ittt 375 of hre@R e dnik B i36/FRE a sct of
interpolation filter is adaptive, transmtter 24 ma
filtcaneafficichits faranterpoltibi of piethstivhdata inhadeyamcading (dil & alf @sxample,
that . second j.At er pol at r edi i vV at a s.used .
NG b 07 3ES0 Rl HDSLEE SR SOLRIGR B9 BortBRitie R aaptive
inerfoldtioarfileoiad foradeent & e tast NBICS yifit 8% mdaydd@atndse theadet of filter
the first interpolated predictive data was used to . .
C@_@%’é’fe&_fse“i‘ He a@ﬁl&t_&}’&éﬂtemogﬁé‘an é'it@a?g PICERI“E0 RaF Tt Predigive data
HakddSén hRtAIPObAiEiORs fdchtifEd inSthE haSvenfehhBLGERRAhg process. In
interpolation filter is adaptive, filter coefficients
aglpptiveningereadafton; filtering, @y rekplincAdn caicde datait hagiptYlGeunit 37 may
. L . Cing. , e g
AT GRS OBASTrBRL A AR i e
andnbéndiae ﬁh@DtOﬂfﬁ&thﬁ Ia_ﬁ: qniy't_etﬁdcstoi tha the dedicgualdathyis mladé to be more
s?rlnﬁa(l)r tg t ee ango c{a‘faa} bee'ingV\pold%H. JI"I?e a? jlfls?é:dt f?lger %Xet%gi%nts, then, define the filter
coefficients that are used and encoded into the bitstream.

[00186] In order to encode the filter coefficients so that such filter coefficients may
be transmitted as part of a bitstream, coefficient prediction and quantization unit 41 may

generate residual values associated with the set of filter coefficients based on predictive



presence of filter coefficients in the transmtted
bitstream |n other exanples, however, the first and
waewonebitht erpol ation filters may both be fi XeRCT/U8200%§40254
bot h be adaptive. [00181] The techniques of this

di scl osure may be applied in many scenarios, including
scenari os when there are nore than two sets of filters
bei ng sel ected by the encoder>’ I n other words,

additional interpolation filters may al so be applied

doing&ITeh AL L A} QNBficiédd RIARL AL StkePERBHGEAY 8ssH@hRd with a fixed
whi ch may al so be considered in the rate distortion

infsariojasios filten(2d€heln nesttaudnr, qoEiomat hisdickign and quanpization ung 41 may
s%?@%:::[ ?{u% \?igtelg g%%ﬁ%eﬁtg’ élei%ﬂg{n%g 59 QE %)l(:t"l(/? q}lt@}pﬁijaltlf)n ﬁlterlng process
flearh cerodspon dies ﬁmlcbefdictentsgtmra&ﬁewmwﬁmdﬁlair i dirgh a)s‘an ITU-T H.264

jMe oI ed re' ' ata bas pn a nunber
ipfsggl ! ﬁ@%ﬁ%%waﬁmﬁ g iggout a%t%rfr@fhtareofﬁundmg of
}ﬁ[@lyeﬂ'v%ldeﬁt gypéﬂc@ﬁlﬁg aRd edhGhiktv® QatRal\al1ues, elgthfepthan transmitting
|dent|fékmh|c [ter to select. In one exanple

the epoal @cwé@:lw vihel@monpicofdésta Somimpicetsapini Be bistream can be
a I t

RSHSH1 U8 0P8 KL By AL LR e SR RSy i v

fdtencadffitipnte hredinfddedent i nterpol ation filters,

TG oo ShohdiE ol il S B et e oy Stgaton unic 41

6 N’fo@ttlipRdidt RAd \ua@dcdat achdnpedosiiciche, 8@l estdpdNeodattunit 46 may
encodi ng syntax to indicate the sel ection. [00182] In

HHEPY FUls thoauatiad reﬁéuatlh@‘lﬁht didsel Ao dsh 59 ict Ben palguaithe residual

\%Theg af)ﬁf die Sth@ rhb daﬂ% sh S 24@”d ﬁ%nglgaﬁhkzﬁ nsyf’]k@?ﬁual values
f0 indicate the se ection, prediction

asmcmtéiiZ\mmlaghe diltsoceedinderts may sivielve guantedng-the ssolpglivahies, wherein at

1\?\%?'8% me gf e pﬁegd%%%% utﬁs %%P%la%gggﬁ?}} Hfg%g:\%ﬁ tlfzrt goreftn Jents are assigned
Qffefehtd ad of qantidatibn. 31h t@fs yaaye dbcTticion pdddidtiod 2nd@Mantization unit 41
generate two or nore different sets of predlctlve dat a

P BHELJRITCpAKEIZAI9Bata dtger &cstlual sRefligicnt. jand egay assign loss
c?l'afft@ﬂatlgﬁ b eﬁﬂe@ Ge@Bshi %%fﬂ%énlfho% ok dt- 8@eschRivi€el desirable balance of

Itering, and may conduct a rate-distortion analysis

Quiattizatiers p@ct nequency ha¥kent moredjuahiezagion isesed, imnercodders ¢loninated but
I%Ertgg:?%pprne%l@r@ I%::%g L aé:l{fév%gelﬁpg%é(ye{‘jo f I l%ﬁtul?ﬂ Ilg%y gﬁ%ﬁglcg&dthe residual
ganre bahsigngt Hprefis yﬁldea);(ss@nﬁfmniufﬁ)}asﬁ a@0 agsigning a 51gn Value for the

rate- dlstortlon anal ysis a SOCIaIe wth t di ff
rgdgual gp uF%fOé@&ﬂﬂ%oﬂl@af TEAPD O dit B VAHCE ARG ' can then

duhR AR reline®lalliéd & it R@RRAM @ d BRstRRR 284 for the
coded unit, wherein a first set of the integer

(B9 E8Sil ct | v£16a37als|ascomqpma|1 Bragh eldpstpidngasosecitpgirasige figpr cocfficients
ttl{:[%aﬁ BL I%Efctlgé\ﬁg{)(ﬁ ? thqéct,age 'fﬁ'ie{r Eéetfﬁ&gtgs 0:1 b 6' and'BY may define

e dec st on 0 conduct I nteger
filiclr tceffﬁmgnmysobmteﬂaz&&da Girehotterpeihtyort fileerq llFaitelr tcyefﬁleents X1, X2, X3
i.deo co 0 the E@SSIb|e bit ovyerhead

1.N
d?aaytfgeain%ﬂte Hiepieg & opgtRiients; whigh gy be farly Figiifag jq fose of the
mgninterpolatlon filter. Accordingly, filter coefficients X;, X,, X3 and X4 may be

predicted based on filter coefficients O;, Oz, Oz and Oy respectively. In particular, a first
residual may be formed as the difference between X; and O,. Similarly, a second residual

may be formed as the difference between X, and O,, a third residual may be formed as the



i nteger pixel filtering would involve the encoding and

sendi ng of integer pixel filter coefficients used to
w@eeborzansuch i nteger pixel filtering. |ntegerPCT/US2009/040254

filtering may also consider Ninteger filters (e.qg.,

where N is any positive and plural integer. Consistent

wth the use of Ninteger filters, the exanple above

woul d correspond to the case Where Nis two and one of

the filters does not apply any filtering.[00183]

MHEREMEhetly B KD Anatd dgorllnti'el f(ﬁlhh%ﬁﬁﬁdl%%n%g f@lrn?ed as the difference

actually encoded and sent from source device

hgtwtonnde iaod Qevi tee 1@1dupki may eosinsiserlessadae than the original filter

FRRLETR, BhRPy RS RSB ET Scoding 1or fil ter
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articular, this disclasure contenpl ates pregdi.ction
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bye deapdgiebased onithe &rst sefedf filtdreeeHicieatsaandveoctiisignt pymmetry.  For

fofi] y
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he us of such pre hn|
deie ? aBPap? droF TPl Eaupr B b SRR S EnaRe Accordingly.
tB#oB8h RO 66 sframetis et delfiGemnd; Zaldi np it eEhnRiwpexamndle, may be
entroe% coding of interpolation filter coeff|C|ents

C

piaechropr dra Ristiern. st may dsdeaigilatahet i desprligbased on known

s of
PR LML Tpl s AT 19 AR IRRENARREEE |
001994t r at |Fﬂ1@ %0 isewmhtheqilewfdagranclbaimagng i lt¢cbnique for encoding filter
cogfficients usi. ictive .codin In t C
PRRicish. GOF LR RERAE L, 1 1S B0 by o5 Sniient types of
edetiontdry ase. @{ECsﬁdﬁd i Bl@R6VRIA @nif 371 6@redﬁ®t&fnfurﬁﬂ INidsntifies a set
of .a fixed fi whi ch may further inprove data

A dHist é%@ﬁ@ﬁn%@dn%em%wndé stedictiverite mrodcogmeodiar Pty As with
t%%pl%@es@ RE QS %4b il Bid. QQnMd Qgtl%aﬁﬁeﬁm\’me 5 oFFifeer %)%fflments by

unit 37 of prediction unit 32 1dentifies a set
Iffe'rﬂomlmgcame&daﬂabmamtsrpﬁbrlom rftlf@rlpgulpaQqesﬁn d)11i thoe e:am;tM@eumt 37 may

cfje ermm& S% e(r: (():gl % te}}e & ro%tf? X eé%({lathg fuiperlng process and

g&ﬁélﬁ&rﬂibnlge(ﬁﬁtn&daﬂhlba@ed nh eth@(ﬂlat |oeafffc1ehtserdb1ﬁtgied in the adaptive
pr ocess. fJn this case, unit 37 may detern1 ?

iBlsgpolfioneERe BSFHT & dWPEYY] nae@ﬂ%tl%@bwn&eM unit 37 may perform

d moe R bﬁﬁrb&'ﬁ ih WHi@r{ Prodict OfeS R g%ﬂ&aﬁ@ Bedcatod 4 f€d filter, and then
ictive data based on the filter coefficients

t @lﬁﬁ@ﬁ doclipidns arpedigsapse that thetrsediefi vatdagnis made éo ppagnore similar to
tRE Qﬁ&%s C}Ll QI) \ﬁe gr%e& R Ité?dt RO fk}é‘ glehtgg %ﬂs define the filter
exp al ne ta| er el n,
cpeﬁk&mmnanmmnwﬁasﬁdampd@hpmthmbmhmam,predlctlve data
['0319%?”” at[r? %r(f%fa?oegncgge ﬁlefflll‘é:?gzogfjﬁments 'so that such filter coefficients may
be transmitted as part of a bitstream, coefficient prediction and quantization unit 41 may
generate a first set of residual values associated with a first set of the filter coefficients

based on predictive coding relative to filter coefficients associated with a fixed

interpolation filter (252). In particular, coefficient prediction and quantization unit 41 may



and then the filter coefficients are adjusted so that
the predictive data is nade to be nore simlar to the
WO rWen2as a bei ng coded. The adjusted filter PCT/US2009/040254

coefficients, then, define the filter coefficients

that are used and encoded into the bitstream [00186]

In order to encode the filter coefficients so that

such filter coefficients may ¥e transnitted as part of

a bitstream coefficient prediction and quantization

sBirict thelfiltBYet $¢ TREALS HFiGShd ¥ (Y(ﬁflrééﬁcﬁldﬂ%s@l@ér%@ﬁ*ici’é‘n%srhssocmted
the set of filter coefficients based
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[pel |
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cated in th

it By 3o RGN b BB it su ot 5 e XS Haupiing the actua

fileer kidefficidn®, MR BRbuhtNo M4 Neoht@uridakdden mesl‘sﬂr@dner&ﬁls be reduced.
are encoded. [00187] Video encoder 50 may

oke
FBdemnes-dit usiteedr died filtane medishthe St oef erﬁO?ffwleaztStaéld then using
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and entropy coding unit 46 may entropy co
gaalet dchedled eiticta & me@@ﬂxﬁj that\mkanbncomﬁhe rﬁxaﬁ)ﬁban t hen

PR ool Bha QAR TIGRE IR AP, 33 SRsTARCE doamay invole

@8fnaprdicbi And h&arftﬂzhﬁ(ﬁlrurﬁpﬁlf fd batR pi&lidiBylyl dddelaMé quantize the
guanti zi ng the residual values, wherein at |east sone

TN 803 B2l B S T & B O forle lsmguantized residuals

byt erVﬁiggfefnb&de? %bscaﬁrtﬁe@%ﬁfpgp% Asfbar entes! RVEIS opfthe encoded

quantlzatlon I'n this way, coefficient prediction and

tqﬁa@wﬁtrm A3%4)on Agint thpe muamlyatams pigresidyrle V@iuemmszaatied rwitlp the filter

coef:fgzeerntsr e%' dH acl)lv C%%aflrftfzgnl e auag né? s 2th a{‘a’ s Ot some of the

quantization to finer SI coe |cien sin ofder

readat Rhieveakodasd rmatbl (ﬁffb[&htaﬁltcﬁ' cotffigitant irz atsiged alifferent levels of

accuracy. Wien nore guantlégtlon IS used,. nore data

WPRAAHGR- o BT WA Fecf PR aRdyAuBRIZalipR BREAT may assign mor

cﬁﬁﬁt’iz@ﬁbfn GOAhRer lﬂé@hdual“f@oé‘fﬂh’leﬁt@t ERPYn&088idhhRsd %ﬁéﬂﬂ!ﬂi@tllon to finer
val ues @¥ assigning a prefix code, assighing a suffi
1

revidien] apeffigisnts gniordsr 20 aghigyeviadasisalilp balapes ofegsiagiztion and accuracy.
N

LS otk I B B ol O s B B it Breti code

asgpag ta edffikhedenoddadighingss rsemmv4{l2e 49r tHeORIBBY] FlGs following

q%lzptléé{is%gf @g? H’Ju?lt\ca ! ggg’fic#elg:ega%%ra 1‘56 Qﬂl tﬁgnngutput the residual values as

part of the encoded bitstream (255).

[00193] FIG. 28 is a conceptual graph illustrating some illustrative filter coefficients
that can be predictively coded consistent with the process of FIG. 25. In this case, filter

coefficients O; and O, may define filter coefficients associated with a fixed interpolation



that can be predictively coded. In this case, filter
coefficients G, O, O3 and 4 nay define filter
w@owbfizeient s associated with a fixed interpol BET/082009/040254
filter. Filter coefficients X1, X, X3 and X4 may

define the desired filter coefficients, which may be
fairly simlar to those of the fixed |nterpolat|on
filter. Accordingly, filter c®efficients X1, X, X3

and X4 may be predicted based on filter coefficients

0er. PRicr CRBOENOK, 88 PEGhAW & e al fitsPRE bl tel Rbircdefiltdr c8fficients,
residual may be formed as ‘the difference between Xi

valrigh @tay i fairlyasimylar tp theswoaidthedsied iaternetaiondilfeor Aweprdmgly, filter
th . . . ‘
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programed to Know t h
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c?ﬂ%‘%lfléeede § 2 n@rfg X&’ alnd ?; %Qtlyg)telrﬂcﬁla Xmﬂ and Z, than O; and

90] 55 I S @not'her agran1| ustratlng a
0 eﬂw 't}%&‘&ofeo'b ffRdisng, %d | %86 50&EHR %Héo%le UZ%' MU 7, further data

ctive cod |ng IH this tase, however,

c@hﬁﬁ&ﬁ@ﬂhx@yﬁ@@nﬁafmred|ctlon are used. As shomn in
MC unit. 37 of redlctlon unit 32 identjfies

[Q%%%J)f fi IF{@r 28 der4 ifloredtagramy rilvsipappa Schiugfior decoding filter
Regdichls Ns@néﬁfeﬁwhﬂe ¥ ﬁ‘% @“i‘@.oﬁjé Qg1 Q)ggﬂjelcr%ﬁé Mint Bhe R&spective of

process of , 5, MC unit
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reQéid ivaluem/& ant@py Ialeccﬁldfgjoﬁmv 62 J anidemﬁ)p ilmbkorodftitier pradiction and

process and generate the pre ed.on th
Emrieequa%@rlp Efnéﬁ? o dgavanfivs %113' %S@Vghwﬂ are then sent to

prédigidRolidt 158N f iplddfstibA G 66 @Rferaled tﬁ@%@tt b¥ *fﬂter coefficients using
interpolation filtering, MC unit 37 may perform a

nrodictivasiscading oftharasidugiivabiss (X68Yi cti ve data is

[66{%'] at ed Ill? %?tgcu?zﬁ], %rcfd'u?ﬂ%g lflﬂl L@r ma?néjenteg%] the entire sct of filter
coefficients based on the residual values and filter cocfficients associated with a fixed
interpolation filter, e.g., as conceptually illustrated in FIG. 27 and addressed above in the
context of encoding. In some cases, a first set of filter coefficients may be generated based

on the residual values and filter coefficients associated with a fixed interpolation filter, and



the filter coefficients are adjusted so that the
predictive data is nmade to be nore simlar to the

WO rWen2as a bei ng coded. The adjusted filter PCT/US2009/040254
coefficients, then, define the filter coefficients
that are used and encoded into the bitstream [00191]
In order to encode the filter coefficients so that
such filter coefficients may e transnmitted as part of
a bitstream coefficient prediction and quantization
HRbndsel oMBUORREI AR Mal bE $en@Abd Bhscli %%'S?Hﬁ{etr;(/allﬁ ®%her cases, a
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quanti zation to |arger residual coefficients, and may
assign | ess quantization to finer residual

w@owbfidedients in order to achi eve a desirabl e PEI/HIINE/040254

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 V& ues foll ow ng

quanti zati on of the residual values. Video encoder 50

cap, tihen Sdntier E)Ri%l(ﬁl%ﬁ' Qb YRl 4% @?ilt@[aﬁatth&éd 518 a training set,
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rd
‘ees lléﬁyaﬂsefhﬁ;leé% owmsa may thyse oﬁOfrEeﬁséW@@trﬁbéh%@eﬁlm the top-right
%P?}c}éngs mgy%e % He%'d%!""i’llrst Ay ﬁl%nglggéfrgdj ?e?w%lgl?e bottom-left

erence bet X 1 an
quoffeicpismi | ar to Z| and Z2 than G and O2 and

OFTE, %5 10 et s aifiz bl b R e iR, e fad Socfricient

1r&03%)] anfdl dsan@fativs vait f4ll VN gédgloananil 3)speaictifig eors are quantized
techni que_for decoding filter coefficients usi

(B2e divceqeblaciens rprction) @d Qlequqonblénfdfé@crﬁb@&tlmﬁgmwﬁe so-called
RAERACLLYAH WadaR {EE IR hiEQatd fi8at QQYR applicd b

Vi depe(g;acodelr 60 a?ecelg&ves r esllggﬁa vaﬁjaéls a??o%g?a ted oo
qmiefﬂmeat Q@ﬁlccbn find femtiegeifindi Antgy (2@h)l .onthd eecfiecsdecation. It
has PR R und Ot c%erc %g)gfﬁtme%ts with smaller magnitude (which are typically
coefficients farther away from the center of the filter), better precision may be desirable. In

contrast, coefficients with larger magnitude (which are typically coefficients closer to the

center of the filter), less precision is more desirable.
[00202] The following matrices, 0 ,0°”,0", may be used by coefficient

prediction and quantization unit 41 to specify the quantization precision for coefficients in



resi dual values via entropy decoding unit 52, and may
i nvoke coefficient prediction and inverse quantization
W@ eow/123913 0 de- quanti ze the residual val ues (2BQ2)/PS2009/040254
whi ch are then sent to prediction unit 55. Prediction
unit 56 generates the set of filter coefficients using
predi ctive decodi ng of the residual val ues (263).
[00196] In particular, predic®ion unit 56 may generate
the entire set of filter coefficients based on the
th@Si bV alcues Mnds,fidd gk ﬁiﬂ:?&f Iblﬁéleﬂftecr @&%%N@EedNote that the
with a fixed |nterpolat|on ter, e.g.,
ryoreesptibath izyven i thetmaitiead npay im¢lgle let mwcncad@thewedbf the respective
(%g&%%nhn the context of encoding. In sone cases, a
sét of filter coefficients may be generated
basqu@n:@@e1fe§|©uqh qg]ues and filter coefficients
associated with ed Interpolation filter, anda
second set Qofl0f il teb coefficients may be generated
based gn symetr9. ot her cases, a first set of
filted co fflglegt ofey be generated based on the
resi dual values and flilter coefficients associ ated
with a fix@d i0ntlérpbllation filter, and a second set of
filter cogfifigi gnt be generated based on
additionaﬁlréglguaﬁln@ les and the first set of filter
coeffi ci gt aél“onceptually illustrated in
FI G Q@ﬁand addr%ssedlaoove in the context of
encodi ng. ny ,C 1iprediction unit 56 of video
decoder Gdlaﬁglﬁgs?§h11>et of filter coefficients to
i nterpol atlé gledictl vel data used for predictive
decoding of vyideo blocks (264). In particular,
B0 ct i orogHiciens gredigtioa, andygiantipaiiogewnit 4f gnay code the quantized
do@f”ﬂ%‘f@ﬂ@bﬁﬁﬁﬂo@ bRGsGll Ve dRifcidit rffaRe bREEBh Gl didiBleYprefix coding
decoded filter coefficients so that video blocks can
sokereke clbeﬁé,dhbésr@m@rang@ ehthe magnipesdcatfdlak predidiiont ¢rvae igdivaled into N

e cap R sy el Gnes piShe SBeXighea fEer " - 1F where g i
ROSLhELEN gﬁécnﬂ)ﬁl f&ﬁh@ S YocBs AR (@B %@t Eifid in the

coef C|e S assocl at an adapt
mattiesspbbat)itiem cheh bien, n+6 ..t/ smepsen tloofefldwmigemtges:
predi ction and inyerse quantization unit 53 of video
deconMnﬁamhaULg@neﬁate quedbnd set of filter

coef f[i,Ci gnt p—pased: pnvtjie firgpt set of filter

staxt 2

coef fi &i'efif's and cdefficient symmetry, and apply the
[0020:t] and Iséddoade.sbt bindf, HE0).L AF/,aoefhidhcthe lﬁpﬂat inagmtude m belongs,

i nter te the red|ct| a, 0 98 an

b kL b Sas |Gl PR coiS of kb e Dpd! B Fehainder or e
maghhigi sas 1 O&H&de%&n fixed $&ngBPluBk blid bEYg— N +b—1) bits.
coefficient$ thay define only a portion of an en?|

Eedllyothefsidntof thegedittici @il $ @asd)ﬁsl@g editwi t h an adapt i | ve
i nt er pol ation f||ter In this ? vi deo gecodzr 60 . .
$ el VT RS e ceurrpsiicar inded s BEad Bbs piceivion may

ﬂeh%e@ B% 'c5§ﬁ§1%ﬁt ﬁgdlfzt'ldnt &id (ﬁlg_ﬁtflgaltIGh QR 94 t@ﬂﬁztnftlzg 't}%nﬁredlctlon erTor,
pre iction and i nverse quantl zation unit may

1gzene|=§t eofawkielr Gnbitssmty bk fsid tequantize the error magmtude If the error

magnitude is 97, then it falls within the 4th bin, i.e., b =4 . Therefore, the unary prefix code
“11110” may be encoded to indicate the 4th bin, and the remainder of
m—>b

start

=97-64=33 may be encoded using a fixed length suffix code of



coefficients using predictive decodi ng based on
addi tional residual values and the first set of filter
weowbfizadient s, and prediction unit 55 may appl BCT/k82009/040254

first and second sets of filter coefficients to

interpolate the predictive data. [00199] In sone

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,

@ R +9hoyn (9 Dg E|4Cff? @ b, ERamnd: it)>0” AR bk rb%cc?de@ to indicate the
ilters, mhlch include filters for the subpi xel

possivt signs e, f, i, and j shown in FIGS. 12, 13, 14 and

ne of the follo redi ction schenes be . )
lﬁ@%’d‘? db¢ teshigiey ﬁ%ﬂ%ﬁﬁ BHE PR wraalﬁee?%% a wide variety of
RURES })r aprratus&«lD id@udingd a Mirkless Bﬁﬂséﬁl fdoatgfatddt &Fcuit (IC) or a set of

predi ction, such as the average filter gathered over a

ICe 4i- i :hghlg ét:t) Ang comppRgngy, modelps | or smitehgve been dgspribed provided to
fi

RS A o b (LG SERLLLE) Ehik ey o i

lmhbmpesmnble symmetry in the coefficients and use the

AT cnictoiBihe it Foihiaus BPERhE] peffn RECBE ilnented in

HAFBre t dobiv e i@l ardTey ad) $ombRadPiheRdf. [OR&IGhedt@T in hardware,
predlctlon FIG 29 rovides an exanple of an array of

anpifestees Sesgabedsas Inasiles JBAE iOF FURRICRs MaxHicdmPlsimsaicd togsther in an
X I

RERINER, BB e [ REfak)f o WAL el S @ ARR, Bovices. 11

imptee@etedpihﬁeftwhiel, ﬂ@rted@a’w‘eﬁ ingAyelpet alized), dD)lgas( hnqpalry by a computer-

r%:%l?:b%rh%(g Bg)naraé fng@ct ’t}%% d’é}fgfef(%d&e% lﬁ‘ﬁé)ﬁgceﬁ?é: performs one

(ﬁhﬁ(ﬁ@@fﬂszﬂ@HodsQﬁsdereﬂ aB&)%f fihei cemip§tef-RdDle nlebiind hay comprise a
(hl, % and (h2,0) may be used to predict the

qoawuﬁr @fmdalaleé FRE] @ﬁ@lgm(fmji 131)13’ for pargyof & gppmpgifer program product,
v(lltlgh Zﬂﬂazy {n@lude %Ck Hl% ﬁlgt%rlﬁﬁ ’H?extzomﬂﬁ&ereﬁcﬁ%let Qf@ra?@lnfledlum may

of the'filter coefficients
((omlprlsg rgridgmadceegshing@pry (RQLLMI) )suc}( h$ syrg:jlron@m dgl)anandandom access
uantlz and co be further

uesrréo LS e tmatd 3% &%mor{yh@f(ﬁ%ﬂbf n? Vm){l random access memory

@m&mmu amtaca(ulyserﬁéable( Pidgtammbi3 red)i; on(}h 31631)0ry ((EBPE())M) FLASH
(h4,0), (h4,1), (h4, 3),. and & Pr edi.ct

D N STAE CEpPISALEE Hp Rt actligy 2t 0 The taclgigep agditionally.

JragiifvelyOha F)e}f)é‘qpc{h%ed fapfeahhﬁ p%Hboyph)é%hpoféﬁ-ketaﬂﬁﬂe c&mmunication
filter (see IG 12 whi ch have sone symetry

e ciggo izt p@rrleq hrecqrrg)p,um(;ag%tcod@@ft ¢ &rerfdnyiggtigns or data structures and

tﬁ(#%g{t)b% &e?s ge(%/& erX%Eutef‘(ﬁwja L&S&t&sed to predict

I clents
[00208] 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
may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated software modules or

hardware modules configured for encoding and decoding, or incorporated in a combined



[00201] In any case, after prediction of the
coefficients (e.g., by coefficient prediction and
wQematzé#dai i on unit 4 1 of prediction unit 32),PCT/US2009/040254
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 pPecision applied by
coefficient prediction and quantization unit 4 1 may
HEREAON Al HeQ8EHni fil € Rulll BE %1‘1}9 nplbheltas i &R0 IﬁHﬂ%dmrcults or
that for coefficients with small'er magnitude (which
19%@¢k¥ﬁn6ally coefficients farther away fromthe
r of \;aFlguJ a egtrs)df tgg tdﬁs?¥05€lr€q§:al\/§|b%9 'E'i@g?(;nggd These and other
eS| able nocontr ast, coerficients
mmmwﬂmud@mﬁmmtampabémbﬁﬁkﬁathamﬁeff|C|ents closer to
the center of the filter), less precision is nore
desi rable. [00202] The followi ng matrices, QD ,@D
, QFP , may be used by coefficient prediction and
guanti zation unit 4 1 to specify the quantization
precision for coefficients inthe IDfilters, the 2D
filters, and the integer-pixel filter, respectively.
Note that the nunbers of bits given in the matrices
may include 1 bit to encode the sign of the respective
coefficients. Qv =112 11 9 9 11 12] [00203]
Coefficient prediction and quantization unit 4 1 nmay
code the quantized coefficient prediction errors i.e.,
the coefficient residuals, based on a sinple prefix
codi ng schene. First, the dynam c range of the
magni tude of the prediction error is divided into N
bins, for exanple N=6. |If the dynam c range of the
magni tude is [0,...,2 -1] , where q is the
qgquanti zati on precision for the given coefficient
position, (such as specified in the matrices above)

then each bin n, n=0,...NI|, may span the follow ng
ranges: nstart ,nend ) =[ ,...,2 N . n =0 [nstart
nend ) =[ N\ N) 1 n >0 [00204] In this case, the bin
b, b=0, ...,NI, to which the input magnitude m

bel ongs, nmay be coded using a unary prefix code (which
takes b+\ bits). Then, the renai nder of the nagnitude,
m bstart , may be coded using fixed I ength suffix
code of (g - N +b-V) hits. Finally, the sign of the
prediction error is coded using 1 bit. [00205] For
exanple, for the center coefficient inthe IDfilter,
9 bits precision may be used by coefficient prediction
and quantization unit 4 1 to quantize the prediction
error, i.e., q =9, of which 8 bits may be used to
quantize the error magnitude. If the error



nagnltude is 97, then it falls within the 4th bin,

i.e., b =4 . Therefore, the unary prefix code " 11110"
woreapobzsoehcoded to indicate the 4th bin, and tPE&I/US2009/040254

remai nder of m bstart = 97 - 64 = 33 may be encoded

using a fixed length suffix code of (gq-N +b-1) =(9-6

+4-1) =6 bits. Finally, a bit "0" can be encoded to

i ndi cate the positive sign. [¥®0206] The techniques of

this disclosure may be inplenented in a w de variety

Of.Afiqigt ces or apparatuses, including a wirel ess

'ﬁaﬁﬁ§§T, and integrated circuit (1C or a set of ICs

(i.e., achip set). Any conponents, nodules or units

have gﬁﬁmggg&éhgg provi ded to enphasi ze functi ona

aspec S an necessarily require realization

by di g‘eﬁﬁmﬁi{gt a ﬂsiafaﬁvyaffellﬁﬁdfrieﬁts/ersﬁcﬁﬁ 20pleddeodada figleycodinpent video

chni gues crl her.e ) i npl emented in

4? wa %f Wk?@fg@FWHﬂﬁﬂ?Ta%PgﬁﬁV conbi nat i on

t her @@foctidgf anhdHR It RIBIOLEE) & i fiAE SRS sBons BNYreliRBYMERS based on a rate

descri bed as nodul es, units or conponents may be

distpitienemaleds;t oget her in an integrated | ogi c device or

separy le logic

deVIng&ﬁ%¥@§vﬁk§%%ﬁ%gﬁﬁﬁﬁt%%%%&ggg o he techni ques

may hmcmhmi@m&dmahumwmﬂhesﬂammnt by a conputerreadabl e

medi um conprising instructions that, when executed in

a processor, perfornms one or nore of the nethods

xlescrinkesktialioofelainhne wa cAbrati@asRtNC R ciROEIipri¥ey

conprise a conPuter-readab e storage nedi um and nma

f or mgsagrating firgt igtsrmnlated prﬁﬂl@@Yea%%f% gecodinggividgo ﬁiaty%ased ona
1%@9h&§%kggg%@@fng mat eri al s. The conput er-readabl e

st or age um may conprise random access nmenory (RAM
such %serstj«rgﬁacmdou@qmwmrcdmm fac cmwding®idreyvideo data based

&CCseeg@er}g ‘flat Rl\léﬁf\/pagg y (ROM, non-volatile random

el ectrically erasable

p I 0grsaRemy t%t\v@adh@msymr@mwd pieERRMIata IdAbtsdeADd nyerpolated

netic or optical data storage nedia, and the |ike.

Ctt"écdmﬁ Qﬁ’ﬁféﬁonata%l Faig-gHiorin anglysisy t er nati vel y, may be
realized at least in part by a conputer-readabl e
comuni cation nediumthat carries or comuni cates code
J.n t Rédefeatimdoff clanytZ; wheicoribe Hrst dudrpolstionuigitarnceesppeis to a fixed
1n@ IQ%Qf? accessed, read, and/or executed by a

% ?bOZOS] The code may be executed by one or

nDre processors such as one or nore digital signa

rocessors_( DSPs Urpase m croprocessors,

ppl i £ li“%ﬁ‘?gg Bg‘tlf“f‘} eé’@ Fhﬁt B! ?ngﬂtlpg% Htargopgyponds 0 an ITU-
T Helod iREQBTABHBRES logl c arrays (FPGAs), or other
equi val ent integrated or di screte logic circuitry.

Accordingly, the term "processor," as used herein
5. The method of claim 3, wherein the first interpolation filter corresponds to an ITU-

T H.264 interpolation filter without intermediate rounding of fractional-pixel values that are

used to generate other fractional-pixel values.

6. The method of claim 2, wherein the first interpolation filter corresponds to a fixed
interpolation filter and the second interpolation filter corresponds to an adaptive

interpolation filter.



may refer to any of the foregoing structure or any
ot her structure suitable for inplenentation of the

w0 ebneues descri bed herein. In addition, in BORES2009/040254
aspects, the functionality described herein may be
provi ded wi thin dedicated software nodul es or hardware
modul es configured for encoding and decoding, or
i ncorporated in a conbi nedvi do codec. Al so, the
techni ques could be fully inplenmented in one or nore
circuits or logic elenents. [00209] Various aspects of
the di scl osure have been described. These and ot her
Taspeclhs neatleoduiftckiim 2 aersiohesyafax deanpristy affientgat defines whether the

- e H
bl tsy P Bt SOIR i hoyRERLEE KO Broger
encodlng of V|deo data based on a plurality of
different inte n filters; selecting a t he
I ur eyt Qi FenRen SRR 1B oY B Eliefh S TORS g0 each ofa
MasBE ARuBpixat Belion! R kR daNal Vel ifdicROGABIAGhE ARt interpolation
vi deo data based on the selection; and encodi ng synt ax

filtsr phdie seaoad iferpelatien filtesishould by pesdhwtardsgodst faricaghpfithe plurality

ting and sel ecting conprises: generating
%Mg X?H%%?%%?ated predictive data for encodi ng of

V|deo data based on a first interpolation filter;

ﬁ(r:] gg‘ﬁ{ﬁi negl? Sd?‘}cfg? d I nt 8%?1;21&%%%8 rsgﬁtlagtefg\élggﬂgtdgﬁne% for integer-

pixdl %cﬁ@d)rﬁtdf@fb Vidlddt @fa toaﬁﬁca&@bvﬁ@thwbgﬁ@eﬁm ®Ra tdBnd Filt&tshould be
i nterpol ated predictive data_and the second

ysgd by pdederdopthe ditegarpescllocatitiased on t he

rate-di stortion analysis. 3. The nethod of claim 2,

wherein the first interpolation filter corresponds to

1®. f i x ethe m¢tkodof ddiindh Wﬂlietetireﬂle ﬁ4$t f“I’rhledcmemhmppb/f anylfdfenmg and the

3 ein the fi ilter corresponds
SaleEimlo i (Rt ab BT RE oo Richl ‘B The. met hod
of claim3, wherein the first interpolation filter
corresponds to an I TUT H 264 interpolation filte

Wi t hoe msthast ahedin e T bighenmRyisHIe transmitiinhile %W%ql video data and

tH@L}Hl@a% th iR @héiﬁ&CIhé ﬁrsgﬁ&%%_(ﬁﬁt@d Bfehﬁ‘cﬂve data or the second
fractional - pi xel val ues . The nethod of claim 2,

infeenogsited pridictivardata want usedtsl generate the tltcedect‘odqrce@@@nds to
a fixed

12. The method of claim 11, further comprising:

transmitting filter coefficients when the second interpolation filter is adaptive and
the syntax indicates that the second interpolated predictive data was used to generate the
encoded video data; and

transmitting no filter coefficients when the first interpolation filter is fixed and the
syntax indicates that the first interpolated predictive data was used to gencrate the encoded

video data.

13. The method of claim 2, wherein selecting between the first interpolated predictive
data and the second interpolated predictive data based on a rate-distortion analysis

comprises:



interpolation filter and the second interpolation
filter corresponds to an adaptive interpol ation

WO 2000826975 The net hod of claim 2, wherein the BFHUS2009/040254
conprises a flag that defines whether the first
interpolation filter or the second interpol ation
filter should be used by a decoder. 8. The nethod of
claim2, wherein a separate s¥ntax el ement is defined
for each of a plurality of sub-pixel |ocations for the
code Q:aléﬁlaﬁn%ﬁ’ fitsp it atsR rivdieddlelssddifed WitB thel vidBrdaR! idtHeQfco data
filter or the second interpolation filter should be
ip seaddpd vig thefarsiaterfodatedeprethicofe datee pl ural ity of
sub- %'aféﬁ{atihé g g‘%clogclf' §a]‘te-8i'sto 510% crxgttapgo%iaggdf\%t}?{h@v}deo a&riﬁhg video
a separate syntax elenment 1s define or I ntegerpi xe
daaciathaxisd ok thdecoidderrditad prodicticd dat; andvhet her a

first filter or second filter shauld be ed by a
decodgieeng Depienith w5 bmisppolised sty e he seggfd fnterpolated
predifed @afa vabad 3R Be fivhakeiodd @t distsitiohicbitgr does not
apply any filtering and the second filter is
associated with adaptive filter coefficients. 11. The
t ho i . .sing transmtting the
%ﬁco eda%?%égc a gﬁggék?ﬁé0§§%?%§ to i ndi cate whet her
t he fgensttes apkrrypoy of diffepnedirconswd paaliaive dath Her epeadnglof video
[ nterppl ated predictive .data, was uused to generate the
hosaatott Buptastd e SRR SRS, ot 11
f urt Refects anBhg SicPlliralith dNFiTFctdnk D& sibhd sBfredi@Blcfdati BKIISon a rate

when the second interpolation filter is adaptive and
differtiey apalXsis:ndi cat es that the second i nterpol at ed

pr ediGbddie At @otpn wisefbit flo 480SLAL AL he encoded video
|

data; and transmtting no er coefficients when the
fi r stentotlee pypdxatbiiohedté theeeleétmnf i xed and t he synt ax
indicates that the first interpolated predictive data
was used to generate the encoded video data. 13. The
et hothe@pparhtas 6F daimVhie idiereistht @kdcb Bgddpet ween the first
i nterpol ated predictive data and the sec

I Pt ¢ ond .
i nt ergSBEraCEHSpIETPUpted Bredictine Baa & cgppding of video data based on a

firdtifreflobitOhtA@n anal ysis conprises:calculating a first
rate-di stortion cost associated with the video data if
t he \gedeetesisacand mtapaadédredictive diata faregeoding aithoyidewedata based
&¥§Q£&£h¥%rQQﬁﬁh 1%L%ylating a second rate-distortion
Cost “AssOci At ed mn&ﬁ P%e video data if the video data

I S enclecke Betwicen thedirgentonpdlatadtpeedicihvatdach 4ad el seténddnterpolated
tween the first interpol ated

dat.a;, and selecting b
Iﬁ?‘i&‘ﬁﬁ"@t alpdbagest op ﬁaat?-ﬁlét%w%ﬁt er pol at ed

16. The apparatus of claim 15, wherein the first interpolation filter corresponds to a

fixed interpolation filter.

17. The apparatus of claim 16, wherein the fixed interpolation filter corresponds to an

ITU-T H.264 interpolation filter.



predi ctive data based on the first and second

rate-distortion costs. 14. An apparatus conprising a
wor@en2eetier that: generates a plurality of di PEEUS29/040254

versions of predictive data for encoding of video data

based on a plurality of different interpolation

filters; selects anong the plurality of different

versions of predictive data b¥sed on a rate distortion

anal ysi s; encodes the video data based on the

1%el ecicQpparddo LASAARS whit Pohe FiRed PHIrFALR MRr corresponds to an

sel ection. 15. The pparatus of claim 14, wherein the

NUdEedl. %ﬁﬁldeter@éaﬁ@n atlteswitheus ﬂntq%rmeélamoamédg pf aiitional\péxel values

tﬂéf?}ta?e &s%{i e%glda#é" (?c{lé)rffrac{lgl%? &(élf \?ahpeésed on a first

nter nerates second i nterpol at ed
predlctlve data for encodlng of the video data based

n a cond i nt n fi and eIe s bet wee
§‘Pparri’1‘P%P€‘6 ]2521 E‘F ‘E‘F ?‘\1}% ”H%‘P% eyl ﬁ‘ﬁé"%%?&ﬂgs toa

ﬂﬂéﬁ@ﬁt@@bﬁh@@ fiRéCRU Ghd d¢CordiahRrfdasRe Rr MR sponds to an adaptive
rate-distortion analysis. 16. The apparatus of claim
inwrpoliftiepdiltar.t he first interpolation filter corresponds
to a fixed interpolation filter. 17. The apparatus of

claim 16, wherein the fixed interpolation filter
0r r élﬁmappksamm ofxriailmm Whetetthe syrter goh@tseonflig thhiedefih8 whether

e BB for P ShPu B RaG v <padd e pposey o decoder

I nterpol ation filter wi t hout intermedi ate roundi ng of

fractional pixel values that are used to generate
Dt herThepgearatygnaf claipyk). Whsrciessepagte syRx glspientis dsfiggd for cach of

a&hﬁﬂaﬂ% ’sgﬂ\@&re?l'o@ otﬂg Cﬁ 'tlgeséodkﬁl it fBQh@lHlt? WnbdnkL t‘gE ﬁﬁst

cor responds Tixed int erpo ation ter an

is@qmmﬂioh hid ter thamcomd nidrpdationdrltee shpmitdise wsod &p aaldepler foe cach of
th terp @# gn D( g er 20. The apparatus of claim 15,

WhBHE ? e dVH e W% Wprises a flag that defines

whet her the flrst interpolation filter or the second
|nter ol ati on fllter shoul d be used by a decoder,

APBATHES Bk clpihf 4nvhsTeinhigpatate sy éﬁ%?ﬁ&%lséiﬁﬂftl%@r integer-
Iﬁke@ RALiodsSf @?ethﬁ%ddaftaot'b 1§(ﬁ&ﬂ'e foletﬁerpi b Al Yo Qfsecond filter should be

sub-pi xel locations for the coded unit to indicate
WW@bh@dﬂmﬁ@ﬂbrﬂ@ﬂmﬁmﬂemm@ku@mnﬁ filter or the second
interpolation filter should be used by a decoder for

each of
23. The apparatus of claim 22, wherein the first filter does not apply any filtering and

the second filter is associated with adaptive filter coefficients.

24, The apparatus of claim 15, further comprising a transmitter that transmits the
encoded video data and the syntax to indicate whether the first interpolated predictive data

or the second interpolated predictive data was used to generate the encoded video data.

25. The apparatus of claim 24, wherein the transmitter:
transmits filter coefficients when the second interpolation filter is adaptive and the
syntax indicates that the second interpolated predictive data was used to generate the

encoded video data; and



the plurality of sub-pixel l|ocations. 22. The

apparatus of claim 14, wherein a separate syntax
web@aemo1i s defi ned for integerpixel |ocati onsP@F/US1989/040254
video data to indicate whether a first filter or a

second filter should be used by a decoder for the

i nt eger - pi xel locations. 23. The apparatus of claim

22, wherein the first filter Hoes not apply any

filtering and the second filter is associated with

adaptgaemid hd BliercOitichils SHe thelrst i REARRATAHS REd and the
claim 15, further conprising a transmtter that

sty ntak i qatestthes thefersidet@rnalatedopradicay cadith wireussy it gorerate the encoded
\y@%Hﬁﬁ$e whet her the first interpolated predictive

data of the second i nterpol ated predictive data was

used to generate the encoded video data. 25. The

pparat us of claim 24 erein the transmiter;.
2t86r ansiicEEPATRE g claugkts W@?@m o W&W&%&W%&ﬁ%ﬁm interpolated

prédigiRAatit dn@Mhd debdRY infeSpodA@Pbrbditti i dhtd BBeSYNE AXe-distortion

i ndi cates that the second interpolated predictive data
anakysigsbelaprgrafésner at e t he encoded vi deo dat a;

andtr ] Llter.. i G : ' :

't o ARt A AR e b BB e SLEREE WAL il ol Bl vigoo duta
it biaxtodedrea fher st intetel pod medidtipr daek;ct i ve data was used

to generate the encoded vi deo, data. 26., The .apparat.ys .
of QAR 2 Rarer et St Py el nub iy AEERRROE IR vide
dani ie eR@ldad i thy Rebrt inkepokatBpradidtitd s asond
i nterpol ated predictive data based on a )
r at e-sgiegtt Seticem thadiartyaipepolasderedighicakizsnd dhn seeqnahiagmglated
dibdish el Al LAE R afPSkoARIRCYARRN LD the video
ata if the video data 1s encoded via the first
i nterpol ated predictive data; cal cul ates a second
te-gdistortion.cost, associated.with . the video data if . .

The viMiab b0 SR LETEERYPLEYiR sk RmPiciE i Bttt cireui
predictive data; and selects between the first
i nterpol ated predictive data_ and the second )
3¥nt eﬂg}s@a%a%?%ﬂwa} {4 &hgeeingthp yideq coder cpBPHgCP ggmigqgrocessor.
second rate-distortion costs. 27. The apparatus of
claim 14, wherein the video coder conprises an
219t edrhateppbratius elgleim DB whteen thp pprasttuscaniprisksd wirgless
WO Sl Nab 8- LIRS SATRL FONRLI ags, @ M croprocessor.
PYE apparéius of "clai m 1%, érein the apparatus
conprises a wreless conmmunication device that
includgs.the vi deo coder. 30. A device conprising:
30. A device comprising:

means for generating a plurality of different versions of predictive data for encoding
of video data based on a plurality of different interpolation filters;

means for sclecting among the plurality of different versions of predictive data
based on a rate distortion analysis;

means for encoding the video data based on the sclection; and

means for encoding syntax to indicate the selection.

31.  The device of claim 30, wherein means for generating and means for selecting

comprise:



means for generating a plurality of different versions

of predictive data for encodi ng of video data based on
wa2pboar@iity of different interpolation filterBCT/HB20%5040254

for selecting anong the plurality of different

versions of predictive data based on a rate distortion

anal ysis; neans for encoding the video data based on

the sel ection; and neans for Bncoding syntax to

i ndi cate the selection. 31. The device of claim 30,

wher e dinIBARSndr fingIRAGHR oM BREiIBBRN S BF cRBURE o Dico data

conprise: neans for generating first interpolate

asaiiines fisgeingapdatioarfilisicodi ng of vi deo data based on a

first | [ | ilter: . | NG .

secomt RSP Eerind o PR Red 85 RRRTEE b BBing o the video

dahebagtd@oa shadad aspdatan fidtes,emdnd i nterpol ation filter;

and neans _.for sel ecting between the first .interpol ated

or ey o delpEhng R HiE t@e%awatem%aé?%@f% wAgfs ygond

iRk hapRedieyd dae: Ba8Eorting taE UistrtidNalaksiss. 32. The

device of claim 31, wherein the first interpolation

filter corresponds to a fixed interpolation filter.

3. . | aim . .

ot er s e ot &, HleAtnc MELRL Pl i Ppmpgns oo ixed

intetpetgpiohdifteon filter. 34. The device of claim 32,

wherein the fixed interpolation filter corresponds to

an | TUT H 264 interpolation filter w thout

33nt ermRdcdic€of QMR &hofeir thaEke®mMadrpdlhtidl filwaks@spbhRiio an ITU-

are used to generate other fractional pixel val ues.

BE. 26thgcpelptieg fier cl ai m 31, wherein the first

interpolation filter corresponds to a fixed

interpolation filter and the second interpolation

F4i. | t drhedlovicespdaids32, owhareiratia pixed/ mtdrpalerquoliilas coamesponds to an ITU-

' r... 36, .The device of claim31 .wh i n the. syntax
i%ﬂ%rﬁil%%"spo%‘i‘“f’? Elgeftwg%oua %‘f“?“r‘%é@lamgﬂfhdé?g ?efrﬁ‘gacﬁ?‘?a%?“eyvaﬁ“es that are
used er eatmtel diter fiiakfi@ial pikeltvaticsecond i nt er pol ati on

filter should be used by a decoder. 37. The device of

claim 31, wherein a separate syntax el ement is defined

301 eagRicGle 8f QhHT A, WhkreR ths iRt Rli&Bblatide At QB FedBhd{ B8 fixed
coded unit to indicate whether the first interpolation
iffeptodation filtehandstbe sednd mteaspgiasicat filten coricdsperds shaupsdiphee

.used, b decoder for each of the plurality of
1§S§p5%¥8%hfgcations.38. The devi ce of claim 30,
further conprising neans for generating a separate
3S6y nt aT)ile device of claim 31, wherein the syntax comprises a flag that defines whether

the first interpolation filter or the second interpolation filter should be used by a decoder.

37.  The device of claim 31, wherein a separate syntax element is defined for each of a
plurality of sub-pixel locations for the coded unit to indicate whether the first interpolation
filter or the second interpolation filter should be used by a decoder for each of the plurality

of sub-pixel locations.



el ement for integer-pixel |ocations of the video data
to indicate whether a first filter or a second filter

W@ bwolizbobe used by a decoder for the integer- pPXEIUS2009/040254
| ocations. 39. The device of claim 38, wherein the
first filter does not apply any filtering and the
second filter is associated with adaptive filter
coefficients. 40. The device Bf claim31, further
conprising nmeans for transmtting the encoded vi deo

Fhat a aRHRE o SUIhA0, Fd tHeP b ARt End SR 8S: éeg@ra{iﬁg Sleparate syntax

i nterpol ated predictive data or the secon

dlement folieteedd-pprad Hicetiongof dhetvadanalata is enlicate whetberatfest fileer or a
' 4 V) f [ 0,

S L o

coefficients when the second interpolation filter is

dapt.i ve and e syntax indi cat that the seco .
Prter @1{%6%5@8} W Berinds i s S BN CEipgand the
LasRARR: W LeRiHatwith AlgtiveARS cbéficlh@nsm tting no
filter coefficients when the first interpolation
filter is fixed and the syntax indicates that the

| ISt r ed, P CLlve.
A fere e FLO8L ALREf REALELING I AR ARk e cncoded
llai duta3bd thhemeixro melimg Winrthes eieefirst ingrimddtedemdictie data or the

first. interppol at.ed predictive, data t he ,second
i peme e RRLE et i S flPa eSS RRGE o
rate-di stortion analysis conprises: neans for
calculating a first rate-distortion cost associ ated
i t h Theeleviceebelaim 4. fyrtheeo)priég dat a i s encoded via

the fj Jaﬁ& fdr%ﬁgrﬂ%r%gtﬁ%g ?g&ﬁ&lgﬁtk %crgﬂlte%écogﬁ%ﬁ Bﬁﬁon filter is

calculating a seco Istortion cost assoclate
agiptivetang thea syex datiatdsfthat e setahelondgtodatédsprediciodabitanvas used to
t he ts%ond inc\tﬁ:riﬁoci ted, predictive data; and nmeans for
LB THRGBUINELR 4952 %] r st i nterpol ated predictive

dat a nxads fdr@rapasiaig oiler pedfatiests phedihetfirsténteipbrtibasiaek is
on the first and second rate-distortion costs.

) 43. A
D30 desypiay ipicates that hedridpemneladuiispdief weglata was used to gencrate

thostoHSt Vvigasddihat when executed by a processor cause
the processor to:generate a plurality of different

versions of predictive data for encoding of video data

B2t S BaPhei] 4l IRl L B B ot
prafisiverfatacind plicdt @id iverdddial fradietveatatabased eén alrasd-Giktorthon
anal ysis; .encode the video data based on the

AAIYEE CPBREISCENd

means for calculating a first rate-distortion cost associated with the video data if the
video data is encoded via the first interpolated predictive data;

means for calculating a second rate-distortion cost associated with the video data if
the video data is encoded via the second interpolated predictive data; and

means for selecting between the first interpolated predictive data and the second

interpolated predictive data based on the first and second rate-distortion costs.

43. A computer-readable storage medium comprising instructions that when executed

by a processor cause the processor to:



encode syntax to indicate the selection. 44. The
conput er -readabl e storage nedi um of claim43, wherein

W@ b@of12®ts uct i ons cause the processor to: genePEr/ES2009/040254
first interpol ated predictive data for encodi ng of
vi deo data based on a first interpolation filter;
generate second interpol ated predictive data for
encodi ng of the video data baSed on a second
interpolation filter; and select between the first
inte Qéﬁér@ﬁe%gyhﬁﬁﬁt?'oghiffé?etﬁi A RioADE §BE BRI or encoding of video
i nterpol ated predictive data based on the
dagnt basell ot opluiabity efrthffgrentgnteg®latiph éﬂt@@rrp ut er - r eadabl e
stor
it oragrari g ey Bl e SRR of Bl lira based on o
distbeiopahadydign filter and the second i nterpol ation
filter 0 an ptive interpolation
fil té’PCOdgéﬂe‘T‘ @@%ﬁ%ﬁﬁipnﬁ@ BSHIU: 8% age nedi um of
cl ai hddhe svhex & diche tsyRidKoconpri ses a flag that
defi nes whether the first interpolation filter or the
second interpolation filter should be used by a
ﬂe co %r Oé%tep-&%d&)qu&t agg megﬁgla&l C?all%tﬁgr @ggf eﬁg.qgé glg%r&fﬁo S causc
cl ai m 44 ereln a sepdrate syntax el ément &t | ned
thoproeassdr tof a plurality of sub pi xel | ocati ons for the
coded unit taq.indicate et ert e fi Lnterpal ation
FP1E eehgple i el et B e Brenepi o DAL PR Bised On a i
iHeabldyn &lecoder for each of the plurality of

sub- pi xel locations. 48. The conputer-readabl e storag
medi @TMPespenhingarpolasdmaidictivedaterdet gngeding Akthe Hidse dﬁtﬁéased on

%eg&ﬁﬁ %Fpo%zﬁ’loﬁ"ﬁi‘l%fe ahgansm ssion of the encoded vi deo
ata an

e syntax to indicatewhether the first
i nt ersplettdtebwkep tiediinst integpadt dpmdicti edaeawittc second interpolated

i nt.er e data was. used to generate the
pé%%gggéoda%bé%e(?odlag%mte lsmlilﬁoél a<§1'61r¥f)luter-readabl e storage
medi um of claim48, further conprising inst ruct| ons

t hat cause the processor to cause transm ssjon

£ | t S CHBPRICEIBHANS MARHS PRE T GHim whEsIndhs Bﬁt interpolation
ek E%esbc?ncﬁqggtﬁ'xy@m?é?ﬁiolﬁt% ﬁye?taﬁd(th'e @é*doﬁaﬁlﬁépsﬂaa&n tihg

second I nterpol ated predictive data was used
qgengoatetotanadaptvodedpelatienfitet a; and no fil ter

coefficients when the first interpolation filter is

fixed and the syntax indicates that the first

4ont eﬂﬂﬁkﬁﬁ@d‘[epf&dﬂﬂé styagelalcdiunas dis@di4t @hgemahatyatdxh@mprises a

ded_vid
f? 1(1) t defines Whether the first interpolation filter or the second interpolation filter

should be used by a decoder.

47. The computer-readable storage medium of claim 44, wherein a separate syntax
clement is defined for each of a plurality of sub-pixel locations for the coded unit to
indicate whether the first interpolation filter or the second interpolation filter should be

used by a decoder for cach of the plurality of sub-pixel locations.

48. The computer-readable storage medium of claim 44, wherein the instructions cause

the processor to cause transmission of the encoded video data and the syntax to indicate



data. 50. The conputer-readabl e storage nmedi um of
claim44, wherein in selecting between the first

W0 pioenpolat ed predictive data and the second PCT/US2009/040254
i nterpol ated predictive data based on a
rate-di stortion analysis the instructions cause the
processor to: calculate a first rate-distortion cost
associated with the video dat4 if the video data is
encoded via the first interpol ated predictive data;

Wwiic kit s @R 8 PRE fradiea il LS tthORERPRSIAE le8tive data was
with the video data if the video data is encoded via

uspetosgsaematy thaeneppesl ddenddatr- edi ct i ve data; and sel ect

between the first interpolated predictive data and the
second interpol ated predictive data based on the first

#nd sieaenohpuiat-ecadatdt goitapomediogt & claim 48, further comprising instructions

that cause the processor to cause transmission of:

filter coefficients when the second interpolation filter is adaptive and the syntax
indicates that the second interpolated predictive data was used to generate the encoded
video data; and

no filter coefficients when the first interpolation filter is fixed and the syntax
indicates that the first interpolated predictive data was used to generate the encoded video

data.

50. The computer-readable storage medium of claim 44, wherein in selecting between
the first interpolated predictive data and the second interpolated predictive data based on a
rate-distortion analysis the instructions cause the processor to:

calculate a first rate-distortion cost associated with the video data if the video data is
encoded via the first interpolated predictive data;

calculate a second rate-distortion cost associated with the video data if the video
data is encoded via the second interpolated predictive data; and

select between the first interpolated predictive data and the second interpolated

predictive data based on the first and second rate-distortion costs.



