1 VI DEO ENCODI NG BY FI LTER SELECTI ON RELATED APPLI CATI ONS [ 0001] This
application clains priority to U.S. Provisional Application
61/078,642, filed on July 7, 2008, the contents of which are hereby

[ ncorporat‘g 200008P%r ence in their entirety. BACKGROUNBCEERE#882he
I nvention [0002] This application relates to video encodi ng, nore
specifically, to techniques for interpolating reference franmes in

vi deo conpression systens. Description of the Related Art [0003]
Digital video capabilities can be incorporated into a wi de range of
devi ces, including diVGIRBO ENEODRINGSBYJFDLTER $HIEECTIMNdcast
systens, w reless communi cati on devices, personal digital assistants

(PDAs), l|aptop conputers, des caneras, digital
recordi ng devices, cellular lﬁ@ﬁé@%ﬁo‘#gﬁi@“ &g%ephones and the
like. These [gynd] omgrapgh@tlbalclaymy%oﬁ@thC@is @?d%d@cﬁam%nédﬂaﬂléﬁycﬁ%hz
i mprovenent s _over conventional anal og video systens In creatin

nodi fyi ng, fHeshsniuin T, 3608, sheggontegts of irnbperelydngsirpyritad by mﬂ:remtm teir
vi deo sequengg@s,, [0004] A nunber of different video encoding

st andar ds have 1B’een established for communicating digital video
sequences. The Mving Picture Experts Goup (MPEG, for exanple, has
devel oped a nunber of standards inﬁ di MPEG 1, MPEG 2 and MPEG 4.
Q her standards include |1 TU H. 263, M K t echnol ogy devel oped
by Appl e Compud ef thefintament i no Calif., Video for Wndows. TM devel oped
by M crosofi Corporation of Rednond, Wash., 1ndeoTM devel oped by

I ntel Cor pol®bn, TIR@apnhca@@frmlatqesm Vide pesodivekmord specifiofllySéa tachmiques
Wash., and nc. These and ot hcr
standards %1{:1 ﬁ% gf sn%étléglag%yamopms 088 “Wi 11 continue to
evol ve. [Oom&kcrmtﬂmmfehmndaw Mftandar ds achi eve i ncreased

transm ssi o e engodi n ata in a conpressed fashion.
Conpr essi on?%@ﬁ 2%{1%1 Ylﬁ g]F EP’FS SARoRfnincerpogisdanionnividsoangs plodayices,

transm tted idcbidigy @1@&&1'&‘1&%%@@ &S 'dﬁ@ct%frodd&ﬁ;g @ysfte,rr@{"%v?n-eIe-gé'l oAk ication
standards, for exanple, utilize graphics and video conpression

t echni ques d@gpggn@grspml digital assistants (PDAs), laptop computers, desktop computers,

digital cameras, digital recording devices, cellular or satellite radio telephones, and the
like. These and other digital video devices can provide significant improvements over
conventional analog video systems in creating, modifying, transmitting, storing,
recording and playing full motion video sequences.

[0004] A number of different video encoding standards have been established for
communicating digital video sequences. The Moving Picture Experts Group (MPEG),
for example, has developed a number of standards including MPEG-1, MPEG-2 and
MPEG-4. Other standards include ITU H.263, QuickTime™ technology developed by
Apple Computer of Cupertino Calif,, Video for Windows.™ developed by Microsoft
Corporation of Redmond, Wash., Indeo™™ developed by Intel Corporation, RealVideo™
from RealNetworks, Inc. of Seattle, Wash., and Cinepak™ developed by SuperMac,
Inc. These and other standards, including standards yet to be developed, will continue to
evolve.

[0005] Video encoding standards achieve increased transmission rates by encoding
data in a compressed fashion. Compression can reduce the overall amount of data that
needs to be transmitted for effective transmission of image frames. The MPEG

standards, for example, utilize graphics and video compression techniques designed to
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transm ssion over a narrower bandw dth than could be achieved w t hout
the conpression., In particular, the MPEG standards incorporate video
encodi ng tERANPGUES that utilize similariti es between EGELSYGP/HS829
imge franes, referred to as tenporal o? inter-franme correlation, to
provide inter-frame conpression. The infer-frame conpression

techni ques expltab tviddt and @HARIGAGMIRRNOSR: T4 BABSHEYodhdhMh TR 88Uld be
conpensated prediction, i.e.” by predicting a frame from another after

esti mating efecvedfiidautche eomprstsineln pastiaudpti the MPEG endsrdiancarperaidivirgo
t echni ques L1 | [ pLies w.thin. i apmes, referred t
as spati al gFr?c %F{rﬁl rtad}“?1 ?@%Wgﬁﬁl%gﬁ%ﬁﬂﬂ%ﬁ%&%@%ﬁs 5§ inga 5 a’ﬁ?pfegege y
based upon tomtenpéreinalintpr-frees se@sclitinm, ©oTPvids Bitargrasie dolmprd¥Bige SThedntehn
as discrete,.cosine transform (DCT) encoding. D screte cosine . .
transform ( BEFf Cgﬂelgfaﬁlwgf%@m& S édﬂ%faofe@a#ﬁ?%@qsaéraﬁﬁﬁ Py rysing motion
conpensat ed chgssabd g&amh@@pﬁi b5 Red¥tng! £ FAHAMEN |23 oMBOMRr A3 titlEng the
Adaptive Bl ock Size screte Cosine Transform (ABSDCT) method. This

t echni que i 504p% ef heseenenlnadgitiopathe vidso e Bgmiquen miay lublize' Aadpitiose
Bl ock Size | pmge : r .0 ogd And t . Lan -t he

assi gnee of t gl pl)reég;nffﬁ'?éﬁ\/g%{gﬁ%% tgn Qis ?ﬁ?pgrmang '%%glr%ei%%rr%jg/tmn' Frame
ref erence. D@ipiteidnnisqtgicaly ebaadds apali soh@atchal prébeSses Hat .cofPressing still
5,107, 345, entitled "Adaptive Bl ock_Size |nage Conpression Method And
Systom " asSMSEATt L™ HETHE DB oD RN h ot o oSt erstorm

i ncor por at ?(b@ﬂ@]!c&diﬁg'israﬁoﬁfs&f‘@%op?%sﬁ hemotibh @otp&sittd farlf&&icé&S.DCT
technique in conmbination with a Differential Quadtree Transform

t echni que i §008pkc3veRCiTnechngueps tnowes as shes Bdaptiys Bleek Bizk discratd dfosinge
Bl ock Size i t . t voalks I gne e
assi gnee of &?%‘gﬁgﬁggﬁtﬁ%ﬁh\%ﬁ%b?&grﬁ%ﬂglﬂg%?spcg% Sgcguhg'rsgi%%t' g{;’ gOEPSéﬂ
reference. dinelegy'stlembedBlock 8k dmage Chepesgiai dftisodudind Szeemfaksiped to
referred to,as "intra:

frame" encoding, ere eac rame, of | nage data
i s encoded Wit ot s 865% PISeithives e?f\tgnﬁ’fzo@ﬁﬁf‘t%'t L@me boa referepes. gCT
the ABSDCT tceRiifhedlUfs albd\@is@i6ddt @Y &l Pafata 5119y 845aid&! TABYGRIBIERP e
around 1.5 billion bits per second to approxinmately 50 mllion bits

per second VWMgsotiempriessay Maghod dadriysiam orssighed fie thavagpienqu af ithy present
bt fgkich LECIRLANRIPYCRR B Gl Bof HRLER Sng sl @ DSt

and white or a color inmage or signa ng 't
col or i nput teshigpad inwambinetiomwih ¥ IDFfErontinh Quadtide T rahshemrtgchinhige is discussed

| um nance, aqr i,ght ne le, and. | .a ei t he chrom nance,
or color, sH‘nB%{a? gtf H;'; @éﬁ@%}“ﬁ%@ ﬁdﬁpté‘&ng%& S}Zﬁgq%gge %"ﬁ%’iesﬁk?{bw&(’d
formats suchnasybb®, AR as¥iensdil Be-a84fhe¥ FthdfBsdn®iVedlich ARYinddriGafRg
used. Because of the |low spatial sensitivity of the eye to color,

nost resear BffCRAY refeenpe. tThasydenudisdese i theie paatcdilisr whehis oefemnedtotsy
a factor of wfQuUE.. Lo« rj t i1l dj_r | i

2010 10058086%?%%%‘%0%‘%3@%285% regghs g%gﬁ?é’gm‘ ?&F""a#ﬁﬁ%ﬁ@%"@%@ﬁ%&eﬁ\% to
si gnal may the cosfpniesdeny ethebfrafmoutsihg thervaBSRCT eevhainadttbe amhibvabio data rate
chr om nance_conponent 0008 .Su rt the conpression techni ques,
many di gi taf“%%g&e u *@ﬁ@g&@ﬁ%ﬂ%ﬁgﬁg@%&a@pﬂ% aor%wa@w‘ﬁyﬂi%@
vi deo sequep&8scondRdthautBseastle Holradh@e® IPLE aidegubing. di gital video
sequences In many cases, the encoder and decoder conprise an

i ntegrated EN88derThedRiesT (b menhe usgde semarrewsreitheigceckemdpibitelos
within fra L i I es, . MPEC( 4
st andard, P%?o%ggﬁa g’i k]%ﬁzgtrg[%go gllrrge@% %ggéeéz‘h?%go%e I cszgnta%/%?%gﬁnya %b
di vi des a viadeet, iwrlg¥ beisgrehet mnbeante,ansbrightreds, i samplemand dbind ol Seing the

conprising snmaller image bl ocks..For,each robl ock in the i mge

rane. the SHEBUBFC<s BarEew A BERSRITE LN dhAeta ey Ko BTG

vi deo franesdcd ak denv Uy YihabBrsdubsi s REB fmkORbPeke baNGIEBEORESof A8
low spatial sensitivity of the eye to color, most research has shown that a sub-sample of

the color components by a factor of four in the horizontal and vertical directions is



WD 2010/ 005808PCT/ 1152009/ 048829 4 SUMVARY f0010] One enbodinment is a
met hod of encoding digital video, the nmethod including; identifying a
ref erence ‘8635@' ?%ﬂ a current frame, interpolating the reference
frame usin P80t filter to create a default inter FSTAISRWPI8EHe
interpolating the reference frame using.an alternative filter to
create an alternative interpolated franme, determ ning for each

sub- pi xel posisénadR. WibRiigly,0a UsiBed RBmARTAN! be fleple@intd@r b} MBur luminance
alternative filter based on a |lower sumerror to generate a final

ref erence fFEREONEPHEND [YOFHORERNCHIBIORENE is a vi deo encodi ng

devi ce, i nclpeng; i j i i .

i nterpol ate [%Wfslpr sr{@?@é#g{r%ccg r%ﬁgﬁhégﬁﬂaﬁ%’ ]ﬁ}%rggcgéﬂttaqu ﬁ%g g%‘gfeos "&cfhé%etaé‘
a defaul t i medpofoatedpiessmedigitel Wdofseguened, bl 4 déced@obateompsrsionthe
reference frarx[e ﬁ@i ng an alternative filter to?#:reaﬁae an alterpative

i nt er pol at e ¥ FRHECO FIPLPET HhFanY Fasie herchrader gr fesafe Fomarisa By iategtied

defaul t i nt enqadkadeeeddr r(@m@mdhaqto?mte% [ 13k LN Bixc By it HaRRb Mafefine
frame, a filter decision unit configured to receive a current frane,

recei ve t hethfetegiinee phyidep gnages dnftha VP EG-é standasd.t foe exampde, whx engeder of a

i nt er pol at ed, {4 ; I; for.eac I d, sub- pi xel. :
posi tion, whether {e\g@ﬁgtggfgﬁlﬁé;ﬂéﬂﬁ%s fai IV'EOgr8 gpgggnlﬁg tgeFonzLat%%i \%3“ |1ftffderlntf)n
a final framacrohhdkygeomspatieg tsmelldri malge fulacke. FHr084R] Shérbbloeintinalic image
enbodi nent i.s_a yideo encoding devjce, including; means for

recei ving a 0Pt ti‘ﬁten‘f’%dﬁ’f’r‘%?&mgegr@ﬁﬂgtlf’glfs %f{]‘g? ige atﬁll?’d%r%ﬂea‘c“‘ﬁ Vo frame to
i nter pol at e@tengfyerieNGrost rsaiBs AcbloRk ERBNCACHIR NS Hfffoncd HERARS fRr
receiving the plurality of interpolated reference frames fromthe

reference fFEREOLICkY dor rapssmission, orlopg oMitheian gnosion i yrgforf thahendieates awhich
means for deleioidi RYnf ' it [ "

final frane ant her %?ron tﬁégﬁg&ggﬁhﬁktﬂgﬂffdﬁr gdrc)égﬂr?g'a e&reﬁg f\c/)ga %eira%?nél .
1001310ne otlénaee egrbbds rigntmation aveetod emdearcodédn giffteanices , ant ngdrfotth s giotin

noti on conpensatign unit configured to interpolate a first reference
frame using“d derat t%f BTPRYC (BICR SR LS g\g?tgﬁ Yeciqis é’?aﬁoﬁ%ﬁeeg‘uf théﬁeor
and confi gugedtter @iieNHRLRAINA! @pandRe 0Adhd RIEIr MG ecifibRRBledsd BY atncoder.
alternative filter to create an alternative interpolated frane, a

filter deci SYSH mRfion VEsiArs Wik actional sd;vabies areuised it betiprmprediciacilpekeis
the defaul t jhateh Peht 601 ?S"ﬁ‘l [ . 4l j i -

frame, det e?n‘i ne, fot?ltpgagﬁﬁ u lécﬁgﬁstégqe%?@gl% t%%%iﬂ? %go%f?th\%\/g]tél? {11%%& ? {g%ﬁ
use a def aulsubfitelsgr Tnonarxahterniad ivalmes ifctude bite représemtalg the arensitand a
generate thﬁm‘;ihg'n%le C]‘roarrga.l L}OOl% Anot her enbodi nent is a video
encodi ng deVieR PR Ay ™ 4 RIOLY™PUE™ ecei ving a current frane, a

nmeans for remepVi Ntheavigddltrdotiing Rbcekd isescRfuddiBfallyeh@mSRNE eInf f iR Sar, e
means for producing a fjnal frame, and nmeans for determ ning for each
full process of comparing video blocks to previously transmitted video blocks requires large
numbers of computations. Improved encoding techniques are highly desirable,
particularly for use in wireless devices or other portable video devices where

computational resources are more limited and power consumption is a concern.
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final frame whether to use a default filter or an alternative filter.
BRI EF DES PTI ON OF THE DRAW NGS [ 0015] The foregoi ng aspects and
many of tNE0&PENE¥ advant ages of this appl i cation ar ECTIUSHSP4EER
by way of exanple, and not by way of ligitation, in the acconpanying
drawi ngs, wherein; [0016] FIG 1 is a block diagramillustrating a

vi deo encoding and decoding systcm sp@@HUARY! G 2 is a block diagram
illustrati ng) a video encoder. [0018] FIG 3 is a block diagram

i 11 ustrat i nfPOA0k ef@necambedmeniis agnethed efpaceding cﬂlg@al vitleoi e mthspdumcludmg,

0019] FIG he. f determ.n
best Combi nstran B Firie A SRR bl Beh uRGRAGRS B (PEARET v
vi deo franmeushpaidafpult rfétet tcotratte pi deﬁultpﬁmﬁoilmtsﬁﬁmé intetpelanal aid Rference

0021] FIG .6 is .a blo di a amlllustrtln vi,deo not.ion
[est i rr]at i on. T1BB29 S B} C“?af}‘? fehiooeRe F‘%glf ive [Rfspted fims, deteayning
frame incl ugirRgchasibipitel foditic ®hetiter B 8116 &dallf RI0B oR R aBernative filter based

bi -directional frane.
on a lower sum error to generate a final reference frame.
[0011] Another embodiment is a video cncoding device, including; a motion
compensation unit configured to interpolate a first reference frame using a default filter
to create a default interpolated frame and configured to interpolate a second reference
frame using an alternative filter to create an alternative interpolated frame, a reference
frame store configured to store the defanlt interpolated frame and store the alternative
interpolated frame, a filter decision unit configured to receive a current frame, receive
the default interpolated frame, receive the alternative interpolated frame, and determine,
for each full and sub-pixel position, whether to use a default filter or an alternative filter
in a final frame; and generate the final frame.
[0012]  Still anther embodiment is a video encoding device, including; a means for
receiving a current frame, a means for storing a plurality of interpolated reference
frames in a reference frame store, a means for receiving the plurality of interpolated
reference frames from the reference frame store, a means for producing a final frame,
and a means for determining for each full and sub pixel position in the final frame
whether to use a default filter or an alternative filter.
[0013] One other embodiment is a video encoding device, including: a2 motion
compensation unit configured to interpolate a first reference frame using a default filter
to create a default interpolated frame and configured to interpolate a second reference
frame using an alternative filter to create an alternative interpolated frame, a filter
decision unit configured to receive a current frame, receive the default interpolated
frame, receive the alternative interpolated frame, determine, for each full and sub-pixel
position, whether to use a default filter or an alternative filter in a final frame, and
generate the final frame.
[0014]  Another embodiment is a video encoding device, including; a means for
receiving a current frame, a means for receiving a plurality of interpolated reference

frames, a means for producing a final frame, and means for determining for each full



[0023] FIG 8 is block diagramillustrating a video franme conprising
a B slice conprising two notion vectors. [0024] FIG 9 is a flow

di agram describi ng the process of creating a final reference frane.
DETAI LED dﬁ%&ﬁo{ﬂﬂﬁ%@\l [0025] Specific enmbodi ments of t h&CAFFRIEAE8,
wi |l now be described with reference to.the drawi ngs. The term nol ogy
used in the description presented herein is not intended to be

| nter pr et ed ahdsdixdiipBhitis idihe RSK il WHENIRHNSL 2 AP ikeRR GRUREmb v
is being utilized in conjunction with a detailed description o
certain speéitti.c enbodi nents of the application. [0026] In one

enbodi ment, the systeminterpolates a given block or frane of video
using a plurality of filters to create multiple reference franes. For
each filter, the systemBREF DASCRIRTEONOF TEIE DRAWISGEr om t he gi ven
reference fr@ﬁg AT§ culation is then e to determne, for each,

pi xel . whi chPHP] t ePPIPERP R ASRRE apdipeny okthe gitendadiadreatearsiaf s rrplisation
sone embodi aRNMISstrakdICLENRE 6F Bchnfs, f0H TBPGE wal P MgifioR in VR accompanying
2010/ 005808PCT/ US2009/048829 6 conbi nati on of filters for eac%
sub- pi xel afBWipgEseyberei xel within a video frame is exanined. Then,

t he best fil f n ' . -pixel and integer pixel.val yes
is selected [Q(glra eg%lﬁég%?%%ﬁ%}&?ﬁm%ﬁgu%aﬁg a?/{rag?r%r.moﬁg‘gf dﬁfcﬁd%lﬁéys cm.
enmbodi nent , [001&] syBiEMiacbloduliiages itlimeratgm ofdeabsotet e difference

(SAD) error ur nts for all available positions in a single
frane, usi né‘@gfﬂ e Pty 2o plogk (dagragn ilpiratings o TPisEEneH Sanyaptore ad < §lterm
can determ ge:ivibehfier it's advantageous to use an adaptive filter

(for exanple, an adaptive interpolation filter (A F)) corresponding
to that posi@118h drlGufetsher flpyv dagrabe desardingothee prasass OF ndet@mirsng fbest

SAD and wei & _ to use a default interpolation filter, or
use no filtgg&ggﬁgqoﬁﬁﬁé%code t he pi xel values. [0028] In another

enbodi ment , [@020} oCKEISS 50§ a bbckdiagpin oibd vided fehk eibvang Frestiodall kel Rositions
conmbi nati on of. avajlable filters leading to a m nimal conputati onal
cost (or SABTIMGPOREPEht ed encoding bits used by non-defaul t

i nterpol at i egpafij | tiEs ) id éblﬁ%ﬁagﬁn\éﬁﬁbnﬁﬁﬁ%igwmeﬁ& %ﬁﬁﬁﬁ%'fr{ hiet may

be possible to conputer the error corresponding to eac
deci si on vediB2E aAAE. a4 eblock teghin ithestrafing a eket fismb inpiudelg qnastrd frane, a

i ndi cating the. i ut at.i on cost. [0029] In still another
enbodinent,bgﬁug%gﬁa |$§gg$§géggm?§éﬁ??lized. Thi s process includes

starting frqi2a] poBISi. (¥ & Blobktdigfark distiwahd d €86 FaBB 8GRI A8 slice
finding the position for which an alternative filter provides the
bi ggest er r Sy BEEREROSIOHGY CCREW position is then updated with the

val ue of t h?ﬂ[ﬂﬂ%’vsfli?l@. 8ris G TRIC Biagramh &éﬁ@ﬁb@ﬁ%gﬁ odeSs 5@09@&%1?% : Fgéferjaﬁ)ce

nore i nprovemnen are possible, the inpro nts are negfig
(bel ow a pr &eker mi ned threshol d), or a maxi num nunber of iterations

I's reached. DETAILED DESCRIPTION

[0025]  Specific embodiments of the application will now be described with reference
to the drawings. The terminology used in the description presented herein is not
intended to be interpreted in any limited or restrictive manner, simply because it is
being utilized in conjunction with a detailed description of certain specific embodiments
of the application.

[0026] In one embodiment, the system interpolates a given block or frame of video
using a plurality of filters to create multiple reference frames. For each filter, the
system then calculates motion vectors from the given reference frame. A calculation is
then made to determine, for each pixel, which filter provided the lowest error and

distortion rate. In some embodiments, the expected performance of onc or a



[0030] In still another enbodinment, a sinplified heuristic is used to
find an approxi mati on of the mnimal cost using symetry cl asses.

Thi s net hqd con]si ders only error contributions in which the positions
of two refePdNEEY ocks use the same filer. This happé’ﬁgﬂ{ﬁﬁ‘@ﬂ/"‘lsﬁ%"
positions are identical or when they bel.ong to the symetry cl ass.

[ 0031] In another enbodi nent, a quantization table is used that

| mproves t heopig@bnngr Afters M8r badhl &ib-15i0@TdnkiCinRPLSpUSIEHItRR 4 Bfico frame is
fill-pixel positions, wherein the quantjzation precision depends on
the coeffi cFeakingdcihone e agshflterrfor respdimedbe pubipiseli g ipeevaizs] vpoosH]

Bl ock mat chi L : : of notion estimation.
Typically eg%%t(ﬁ%% gﬁf@g%&?‘?g‘g@{f‘g%ﬁ'ﬂ% xels) in a video frane is
conpar ed w {H28hi finesheremgiodimsent, WD 20161 QOLBOBREThESRO0T DIBBR Y fferofice
t he same si oma previoys_frame,. and the shift which results ip
the mn munf P bR I Bhbp ool iR B oGS B yaslt bimpgpersaturelly
macr obl ock. of BR&3] By Hidaguringai® SAOOthel sybte@rmas eRFfiné LABBS: $9U8Fhntageous
wi t hout reference to any other frame, and may be generated bfili an

encoder to & &&eeth aaHSmitiecdss poinmle. pmtadapthamedenyipiionl filter (AIF)
require nor @ox?%h%‘gﬂﬁ%@r}ﬁﬂ RBsitilfBr %Qtﬁgr lehl%;{ B Sadrd Qgrﬁz’eni%tf,(?nnterrlné I)f SAB>

are used for ccess and are used as“references decoding of
ot her franesnd +@ER4N Bt edt)k teedsef 2 dnfaslt (interpBlafivafite), drageinoefiltdaeat pili @r
rames(s) in order to be decoded and nmay

decodi ng of so ot her f
contai n bot ﬁncic}ﬁgalgpggﬂgalg?fd notion vector displacements. In H. 264,

predicted fi@IBF Cdanndser BhbbdiRks:, AN QYERYSF YsHeRdrd! fdamBs &feria for a
references durjng decoding, and may have any arbitrary displ ay-order

rel ati onshi porpingianef availaielikters faading)to ggeiging computatipralcest (@S ATAIPSS,

typically, pLedigt (&1;, ire f L [ di_n han.
intra-frames e%@.eg[%%% g@?d{sgcg?h@ﬁacﬁ\ﬁ%ﬁte ?e%ﬁoé%}% rgfr?regg %o‘%e‘% fa(?lg?r%sa)
require themphixomddevstirny nefy tequssidt he coffipweraths prromcodiesi@inding theach of
decoded, may. contain both i dat a.and. notion vector djspl] acenents,
and i ncl udeﬁjfo lsbqneﬁ?cgqlf c?ﬂgarfgﬁﬁtsg‘teh% SLEIQF RS Brtselt P‘?:?Hloﬂyma\‘r‘%ﬁ“&’gﬁﬁg
the predi ct n@fifaPEingiund@niTotg two different previously-decoded
reference regions. In H 264, bi-directional predicted franes nmay or

may not be (A adnrflemsfice smbpdiment agdtwitivagresespishedlizeil ct This srocsss
1 ames, Yo GRS A 2K S0 ROl Bl g
i |'lustrati ngostion fheovheshcodalignaivd fdiec pobivitigs sheshiepast OrorAkcgA@WNTHIR new

FIG 1, system. 10.includ spurce device 12 that transm.ts encoded
Uideo 1o o pETs e EERed wTRahE el aiFe deroR ke P ahe SRR
device 12 npgpeitdl utifiend mbrél @@p®oLh&fs & pokkiBRO HRNGRHEYendRtsafd Religible
transmtter 22. The transmitter 22 may be a wired/wrel ess

transmit t er (PcRe¥eRpirdetaynedktinahaidly o aareiteurs nrabesiof deratians iy redeled.
decoder 26 madoy! ARl SRbAY: UfbEmead o S ARIR ASRSAL Ss JEFSH VAL 28

may be a wireless receiver, su a’wr ssS recefver in a Wwreleéss
conmuni cat i apprebeviaten dicthe setimalSyst wngls mmmeeyrylwtasee n Thig unesleh dt consdgp ol

o et veehll 4100, SREpS LUt 5F ool L on compencal el
ef fi ci ency. This happens when the positions are identical or when they belong to the symmetry
class.
[0031] In another embodiment, a quantization table is used that improves the
encoding of the filter coefficients used on the full-pixel positions, wherein the
quantization precision depends on the coefficient location using an uneven quantization
process.
[0032] Block matching is the most common method of motion estimation. Typically

each macroblock (i.e. 16x16 pixels) in a video frame is compared with shifted regions



[00371 In the exanple of FIG 1, conmunication channel 16 may
conprise any wireless or wired communi cati on nedium such as a radio
frequencyﬁ% éﬁﬂ ectrumor one or nore physical transm ssion |ines,
or any conbPd %f wireless and wred nedi a. ChanneIPCT@Sﬁ‘ﬁ’?m‘fsé%%
part of a packet-based network, such as ~a | ocal area WD
20101005808PCT1U820091048829 8 network, w de-area network, or a
gl obal net War e SMAH siAS bR JriViSIsTRime, SRIMAY MiGHHi A GIRRNEL ndifimum error
generally represents any suitable comrunication megl um or collection
of differents S@lﬂ‘ﬁ?ﬁﬁﬁ%tbﬁﬁmqmdhfacfmff@rﬂl@?mﬁ@'dvlmh ng vi deo data from
source devi t our.ce devi
gener at es v:[: go fO@tr%ﬁ%ﬁfg%?%rsfﬁ%ﬁ%g]ﬁeg% i %deﬁ WGP & irﬁnceltﬁ' ‘rglé’ncgher
cases, howefmme, d&i/mgajelgzneratéd g yanORRoEYr Qo ickeate & whslb@AMddcads Ippint. Intra-
or exa each of deV|ces 12, 14 may _i ncl ude

t |
] oo encodAGEARFITIE SEHG TBURUndn e R BByt s TePorp e Jpponcs

One vay or bMQrs¥dor YindBR akERANaHH &8 LA a0 frBRRs Yrd8 QO HEVIFO8Rr A2med 4
e.g., for video stream ng, video broadcasting, or video te ephony

[0039] Vi dedtP3dLir cltreﬁgteﬁrefyﬂmmcﬂou(Teframvs)dt@cpulaadmupr@rd@m@eg of sotme asther

1 hi
cant ur ed vi SERUR0) OGO o et dlE dnd Y RS OB sMh Ei Poggor

As a furt hedisplat@maenat i ] 264, @Mlm&&iﬁeslﬁn Ry myeipR p2éLoBBNEb &I frames
gr aphi cs- based data as .the squrce videq, or a conmbination of live

video and cBhPUEERCYSHERS fepdifedar! may haymany abdtary ﬂfSPK?Vd’é@?f Jelatienshipg

is a carrerarelaﬁﬁér@ethgemn@&,(si%s@d\%rr §§%¥e\ﬂ?ctzgﬁv'ﬁﬁo 1ol @ Bkted frames
so-cal | ed canmera phones or vid phonés, 1 ncl udi ng sate¥ or

mobile wir erfélslgefeé‘reébﬁ%f@ésncodmgdhwemrm@bée@s communi cati on devi ces.

e, | MBS RS SR U PR

handset, susdmasthar fradéseint ﬁﬁephdi&&ieb@d%dsﬁhy chitaiganth Ba$e datah@d motion
capt ur ed pre- cag rgr ed or co i}wr generated vi deo may_be encoded by
vi deo encod&FetFodiRlpcereniis iy °PBn RiTHe ispofesthgelpae predicgon by

vi deo decodgyerZdn®the/prde Qtlét@cﬁitﬁﬁe&jﬁé{hé? %wé-‘lhf‘fér&ttﬂréﬂéﬂfﬂ§ &&Bdé{zreference
channel 16 and receiver 24. spl ay devi ce may | ncl ude any o

variety of tResqwsalp HaH, cbedlr@mr@hala?sed@pt«td gune unyetrady it bplsed 2 r@Bences
! d (OLED
(i oo enconts 0 ieRARs syl  Hlig SR, (ehelratir s ool

aspects of tHanSItmpdtrmﬁﬁmﬂmrpt&mcSctm@ﬁds cﬁcal abl e video coding for
spati al , |se ratio (SNR) scalability

Encoder 20 @863 e 2{1 ?%%%h’gg%éq& us%ﬂ"’igd’u‘é‘dﬁb@c@‘é@g gpd §?§§F11§B|SV$“?1§)

by supporting £naedinng FIG! angissioonciand A8erdi #6012 %afeﬁ%ﬁsdlém odfd
one or nore scal abl e enhancefrent |ayers. For scal able coding, a base

| ayer carri sleqiiqieseagiealonice H4aviap sommmnicetien clmhngjuidl Styrce Gndcoi2 maye

Cparial, temare iRl RCOL MRB et 20 AR B 75800 T miiss 2

[ 0041] Vi demagie adered@ﬁre&sdtrmsd&tﬂerdlemd;erdeﬁ% Maap pridt @ réeber B, Rgleb o
a video conﬁ %@22’”“% ({1 %@ gg MPEG 2, MPEG 4, | TU-T H 263 or
| TU-T H. 2641 €0 {5P alz( ‘06 tIRSODA AsEtsSReAYEr i2A may e apwirgless

SOMe aspect foceveid8QcE RS AdRIcRE: Aldiv¥i tea »dﬁ&@ééeéon%ﬁud?@aymﬁedewa& GQh@Ed
with an audl o encoder and decoder, respectively, and 1 nclude

appr opr i at eSKAXn DENRY bfandiguisd to shenoritrlethativ e fillerings(of edwpties filtering) of
Separ at o dat o gt PoaRa R HEURABR SR et BT AR Ml RSt e
the |1 TU H. 22fBicientt.i pl exer protocol, or other protocols such as the
user datagr Fﬂr&p]r Ot]gctgel; eggn?lﬁ%:'of FIG. 1, communication channel 16 may comprise any
wireless or wired communication medium, such as a radio frequency (RF) spectrum or
one or more physical transmission lines, or any combination of wireless and wired

media. Channel 16 may form part of a packet-based network, such as a local area



[0042] The H. 264 standard was devel oped by the I TUT Video Coding
Experts Group and the I SO I EC Mwving Picture Experts Goup (MPEG, as
t he product of agsgartnershl p known as the Joint Video Teamiﬁ9 &% The
H. 264 st aNtRArYMPS3Wescribed in | TU-T Recommendati on H. ZEFUSHGY/EI$8%

Vi deo coding for Ceneric Audiovisual Segvices, dated March 2005,
which may be referred to herein as the H 264 standard or H.264

speci fi cati giwofl, viilkRarth 284/oAYGr 3t h&w@fk SREGS ftﬂecl%ﬁe‘n% Cérﬂmﬁﬂ@@mn
aspects, techniques described in this application my be applied to
devi ces t hath @égelrﬁa%qn?faélﬁﬁﬁRfﬁ&ﬁltSdiHEHEH?@Mn@v@nﬁmdﬂﬂbmmmm@ﬂlectwn of
devi ces tha " r 2 ghan ard. |
The Joint %96 gg%&?g%ﬁ'@ c%'ﬁ ?nn%)gg gn%ﬁ gkwor? (géaécgfnag e 4%10841% to
codi ng (SVC)ecew&émca)m to H 264/ I\/PEG4 AVC. The specification of both
H. 264/ MPEGA t he evolying SVC extension are in the formof a
Joint Draft f%&f dsﬂliécej’G?"r‘i? Y%&%ﬂeéﬁs?s vidsod 8bTRSHRS O JSIRY ineieacEEe b In
the JVT i npbanerhss! ROV St Oﬂev‘i’c%g 1N Iacaiaﬁbd ravd GEQ, sﬁm{aﬁﬂlﬂﬁyyrfﬂﬁetﬁ&ﬁd

within system 10 for various comgtas escribed I n

appl i cat i onmapE@4AY ckpmplgmach epéaviass 12,014 m}d@@lum @dd@atsmdmg and decodmg
enbodi nent s p d H. 264 vi.deo, cod

for deli verlé%g}’c?légﬁs ﬁf’ gﬁquté]l#a&n Suggo eoéthfvf) y W% transmlss

mul ti medi a hethveecasito GERNBQS By 4 eas., i wideot dﬁl&aﬂﬁﬁfgwarddo lbtd”aldc.:@hhg{ o(rErluQ))
Alr | nterfat(::?ﬁpfl eci fication, "Forward Link Only Air Interface

Speci ficati Y Terrestrial Mbile Miltimedia Multicast," to be

publ i shed agokerhnyiasd so%lr@é"@@hﬁy-rhﬁué@g%cﬁ)hﬁ tul‘:é-@vﬁféegﬁéch' £38:e} thore
The FLO Specification includes éxanples defining bitstream syntax and
semanti cs atdcelsepeEhg ﬁd@té@h’é@ oguﬁatnam Ereﬁously lseptied videp, pne dive azmo
Al ternative 0 t ordln Q. QLher st an

such as DVB{&%d ﬁédng?dt ala&y g ggrzis 5. Iaése fl 1% 1NtE fga
servi ces di gmteaite bmm@daagmphlcms% H%&@EB@&R&H&/ 492008/ a()élﬁﬁﬂﬁhtibﬁ of I1ve
terrestrial g{ ?E}I\E/B E} ital msdl a hroadcast) Hence in sone cases,
source devi 'éle‘ifn pm gfi’i‘ﬁ‘b”ﬁ Vigg G- Pé‘%‘?etcé% {fafideogspurreal® 15 a camera,
Wi rel ess CORBHE EatdeOm gayieavbandset 4 n?anyoﬁﬁ%osctan&fiEanwa %E&Sﬁé@ or vReod
vi deo broadcast server. However, the techniques described in this
appl i cat i onpkgnss.narclyding t etellite anymehile i wirklass tiglophasss, blooaclfdialstwnclcss
mul ticast, ( o] t 0 Vi deqg r

vi deo deco dgcgm gfng%&o %;éérgéeg.eH?X&r i so{n% é“sglzcts 1%8 te%(i\’c,&ugg degcnb &1 n this
m cr opr ocessmisatiahi giayabe sinplemlkentpd ogidss or SncﬂJDSRSi)'eleﬁpmmIﬁl&ﬁtaﬁﬂn device

specific in ted circuits | Cs nrabl e gate arr
(BpGas) © i bERftemich g & HobuF e Rearonisan 62 Gty @ BRecany copuredo
conbi nat i Onﬁoﬁﬁlﬂé@Ecﬂ‘QﬁGﬁdcotrﬂ@ E@@rﬁﬁ!ﬁ&ﬂ%ﬁvﬁé‘& ehdoR&DONRE %laﬁlsn!r{?syonbﬁom
i npl enented within one or nore’integra circuit devices, which may
be referredvidgo éwrweéetvmewwa\gd@rﬁqcmee@ﬁaﬁ e/a:ieeurmemetdeamuléena Seshniteay
i nt egrated r V.

devi ce, suc%2 a@g{éﬁe\}mq?e ngergg%%eﬁ’r% n?{:lgpt 1“on ééglv%g(;e ggg?&é%% vglf_lety of
vi deo encoddispia9 davickswudeas déiqaderys2h dmpMyl@ECquﬂwdﬂCUii;[ﬁa)ﬂﬁt&)r@aﬁnimg}ﬂ

encoders or decoders, , either of which nmay be integrated as part of a
conbi ned en8’8§'§?9‘§8§%@m&%’@) in a respective nobile device,

subscri ber grMire, vibéParteast2008Mivo &BEULN6 rdly Bch@nkiki@d, ihRome aspocts
addi tion, video source device 12 and video recéive device 14 each may

i ncl ude appPbis wbcmaupewpmt scalahgdideatcoding for @qmnr@ylp@@hm@ segmal-
fil ,
ltering, anghiampldof 1|c Qb@ﬁﬂﬁﬁgtﬁ}j&oﬁér b4 gﬂg ’erééde‘?%a&g §§o‘% Lo ou"s’

encoded vi deo, as app l'uding ra requency [E<s
conponent s degxleearuﬁf svatehglityg ier fuppoging ehcnc&tggﬂmdmimd’rﬁnéslswdmgnfralmﬁ Iy,
For ease of i|lustration, ver, ﬁ@% e n own in
FIG 1. [O00% “RO e 3Bt B Gt S TR i AiRaSS GrOVFES
frames. Vi de@cens@dgiih 2tnRRRIAISR! 6D q’@él@ﬁ.k@n@ﬁr RiokE bthaWbedatthD layers carry

additional bitstream to support higher spatial, temporal or SNR levels.




perfornmed on the 8x8 residual block or 4x4 residual block. Al so, an
additional transformmay be applied to the DC coefficients of the 4x4
bl ocks for chroma conponents or |unma conponent if the intra sub --
16x16 predV@2t8h0¥¥Pde is used. [0047] FIG 2 is a bl ocRCHUSHONASE29
illustrating nore details of the video gncoder 20. Vi deo encoder 20
may performintra- and inter-coding of Blocks within video franes.

I ntra-codin I 8% i L.Cti r e, spat i al
redundancy TS g ey oRRRE P4 AR F5 deRhcl 36 WEGRRL oL RRIE TR Rd:B
predi ction tempreshinre,staodandenocle, at eMpbGal, MREGdandyJ-T'n K268 oomi Fii-o

adj acent fr i nter,- ing, ..vi deo encoder perfornms notio

esti mation ﬁﬁ%ﬁﬁéf“hgaﬁé%‘%&"ﬁﬁ %?hoﬁﬁﬁ(‘}ﬂ‘i Sﬁlaw{}i"agﬁ(?bll’érbfgn%%ﬁpﬁ%%r’(l Qo
or nore adj ag@dér Jor adBsdeo[dQEH3 22 maf BO Miedrtedvith a7 audth IR IBNGRIRERE
receives a current video block 21 wwthin a video frame to be encoded.

In the exanfiPeechrelp gd Melidedepramiaa MUSPEMEK e, motaten ksdwaratangn
uni t 23, refGhenceo fAlk &lOdify 2P bollPhldd 5O TRRGSAL Qd?nﬁi&% Fdat?ﬂs’tre%oo‘%k
transformunit 29, quantizati Of unit 31, inverse quantization ‘uni

33, i nver sesdpagtss flge siraang. 18 Bppldblen MIGKDEMUKN gnitsninky 3dnfokth dedhe ITU

encoder 20 i ncl udes s r 39.and summer 41. FIG 2 illustrate
t he tenpor a?il‘%?'e'&l?l@ﬂ’rééﬁr B{S’ﬁ%gﬁe(ﬁt el pWFO(ﬁng Sélﬁ}éc?aetFe s gptagram protoco
i ntcr-codi nguoP).vi deo bl ocks. Al though not shown in FIG 2 for ease
of illustration, video encoder 20 also may include spatial prediction

y ! J
conponent s {42} ntThecH@OAFtamdaiowas dpviapes | tyctbs. ITbG4Yidenrsiading Experts
estimation i I N r
] acent vi daar 8 EOTRNEC MRS PRGE Sabent SrllbRRAEQT af BR Hog{TR 08
adj acent fr pagenhipf kawesasthy Jdhet Yidte Teare TV T)0ihe Hi26d enndartl riadescsberia

25. Mdtion IJation may .be ormed for.. bl ocks of. vari abl jzes,
oo 1onne g e aRnEigs iF6 ARearech Vit "Gl o Beniy Rt
estimation Baivicesaied MMrth DEGS, vhidhoGky bérefdireddb A6RM asf th@ FE2d4NAIndRASH:
closely matches the current video block 21, e.g., based on a rate

5

di stortion Rodddl sPeaifigatipas 8F i Es264/AY Spitandardent sisstficeiérn. InesopicotsRests,
On this basigpnifnk | Bk L r I cLor

t hat i ndi cat esm?ﬁég %&‘ﬁ%ﬁuﬁg Hésﬁgp]# {régtjtjoe%?n o yls)egkl ﬁ@%gqgrgﬁ%geﬂr%n%&ﬂauy
[ 0050] Mot i oenfemsttooths g4 btandard air fotlpr devicor thgudr targeperidy corfeni & tn,
or even fin 68rfa0i sijon, allow ng video encoder 20 to track notion

w th hi gher?fi)zre(,S gfjfgﬂ‘ than integer pixel |ocations and obtain a

better prediogudpn Tiedoknt WHeNTE®I (VT)URELAIS Wbl bf ackhiamalviddbxeling
val ues are us i nt er pol ati on o]geratl ons may be carried out in

d,
ot o conpGICak PRSI © BROUMPE G afbiCe, TereRBCHoReR) oiie 2 GHNEEG-
to obtain aghyeB,giHhallviPs 210 100RR0RH Hﬂy%%%/a%ﬁﬁ?)??%ﬁéﬁ: 'ls"he(innt

hal f - pi xel positions, the b-tap Wener filter with coe
-5, 20, 20, Scdabldyidza Maedel G Vdeuteat&obyotht AV inplemesisgoat forase in scalable

quarter-pixel laocations, bilinear filteri on the val ues at .Jnteqger
i xel | ocat 5% e THE be el BT aonao 98 vitoms speingiiseky dpgrled Bt
may be usedappliostidal | i near filter also may be used in fractional pixel
interpolation for the chroma conponents, which nmay have up to

1/ 8- pi xel pl¥éfki dA somp LTS NBE Vigfe Bieadaistinge pmbefimentsralaie o arf application

best noti onivektQted Q268 WAL dR06K dglﬂeﬁg% Red Bk QiSd Qé’r&ik(%nlélg@?gg}r#%

Using the resulting notion vector, notion conpensation unit
a predi cti omobilelswltmhedek mblticant(THI3) cyvipenssang te. Fovivald d ik Cmdie (F1ZT) Air

bi ook pr oaulsbt g SHETRRoBorbokaBitruh b 87 32 B ek 4R A esuia

current vi dewbht 0tkiRddiatviEtemEY (38 pBbiaGd by TRSHREMSMAdAd 29A20PY i(@S
a transformto the resjdual_block. Quantjzation unit 31 quantizes the

transform c d&f? iSrefifatiopy- fT&PtE@ Speeifiewion; inclugdgsecxapiples ofsfiningbifgeam
unit 37 ent gQR% GRASSNIMRs GHANLEER FOREELSIsERI%: & B¥eRLO UKL NElerface,

Alternatively, video may be broadcasted according to other standards such as DVB-H

(digital video broadcast-handheld), ISDB-T (integrated services digital broadcast-



WO 2010/ 005808PCT/ US2009/ 048829 13 may be used in that dinmension with
a hal f-pixel motion vector. If both notion vector conponents point to
i nteger locations, the pixel values fromthe reference frane in

ref erence WP AWYO&B% e 25 nay be used directly without BETFUSEUPAERNY
interpolation filtering operation. [0054] FIG 3 is a block diagram
illustrating a reference franme store 25 and a filter decision unit 44
as shown i nideleirial; orTﬂile[H ddk Iﬁl@&ﬂa\b%oéal:&%kﬂgh&%ﬁé&&f caEélestﬁcfee&e%{bQQ2
frame store 25 and fil ter eci sion uni on 44 of i ncludes a
current framayde a raolilstverabese éerminghsueh @raewQ@esswndmaquamredevet@dlasd@h a
unit 44. Th 0

deci si on unﬁdgﬁiﬁ%%%%gqu%ﬁ&t oﬁggoegﬁ%%&%&;ﬁ I[Ue Wev%é%:hgﬁecthn%{: : %lfjsmbEd
reference f i dpplidzeios bermedlimited fmemy@ﬁercellac@rpé bébeadihis ®ulibast, h@oint-
reference frames store 25 may nmaintain a set of reference frames and
transnit th& RS Med reference frames to the notion conmpensation
unit 27. Ing (A enpred BRBter B sRtviddo Je%s@e&%ce@cﬁ ByTee 1rh}!f51Eﬁ&1B9&§§&£é or
with default filers 32, 34, and 36 are stored in the reference frame
store 25 an#oar BaeppoasePrs, égital bigaal MQ@swr&)&D&Hs),tapmauomsmﬁchetegrated

enbodi ment e e . S terpo | £
filters (or Cﬁ%@]ﬁa(e@g%)t fﬁfg' 1|rd1 ]{’} é%s%r{ ﬁ%g a%?I Qkﬂ;e(gg ’o{rhSC e‘% g are
ref erence f hadwast d’rrmuZAEe andng edmtnbﬁrmnbﬂnetﬁerdotf eHeftec itlsd wahquués debcridad

anot her enbodi nent , nory capacity is Limted, interpolat
franmes may Ere’&éﬂ@’r YE - "’FIE}E“ %'ﬁ’é%%ﬂegf?t GFratdsises H@Wg mayHRs

i nterpol at e?eféﬂ’r@ﬁ@%oﬁéc@w@l?&@ LARELrhiBd EBAlir dviFB. @ikthlaAnSte@tel REcuit device
original (non-interpolated) frames, the interpolating filters and the

filter choi oy bermosided Mabines cmmauaicniéemdaviage stdhl ases “(iln@ss s¢mnw1)1catlon
residing in QV1¥é %%gseggﬁlgﬁ%f' v1%i90 d&ez d%gcfég dtego%ef‘ 9 %rﬁ nd inone

filter, a separa i've Interpolatio
anot her enbodmosndncodans aﬂ deeodat,icitBerf dflvitéch maybam@da@d ks\/lﬁirt of a comblned

interpolation filter t. offers.|arge coding especi a

on vi oo sequHEeSigIERPEE e Sar e T1lg e rsbypbiore o trodcal
encoder 20 Rascd sékvéeer ﬁ@qm@fln%ﬁaﬁﬁﬂahcﬂéé%o{ubla d6¥ige Ipaﬂcml@éo%l:e%@d@lce
block in a reference frame. In yet anot her embodi ment, the vid

encoder 2 0 ﬁﬁwaglm P inchide ppamRTiste papdiditiona dappdwetiong tf@mmlcﬁtc@dversmn
filter, laffd gﬂ?ﬂlﬁf{r\égmbgﬁ fRgk 8k gan étaﬁg e tgdn §t% ﬁmkoocféglw CQ.f

adapt|ve |nterp ate an en ance Pve nterpolat &d*
filter. A 2Bppleablsgpdndibt eadivdfpuieney (RR) &l’iﬁ:dflsatctmm)nﬁmth bed attamas suffivient

dinensional matrix to.interpolate franes ar ahl e adapt
It or pol at i ShoPPPY ST AUBPRFEER: Fcot ey SOias. ReBAHE. fsn componeas

i nt er pol at ealfermwﬁn@q@eptl onal adaptive interpolation filter uses
di agonal scans to interpolate frames. [0055]1n another enbodi nent, an

enhanced ad&fle Anmentisardebays. Yidgasdrclydes alspyesratyidse firsws Bieaeriore

Subs w0 2070r 0L ERHe3b 870 Bulh iRl R ePeF BBl Bl e
and each sulside xieta. pbs videobldekAtray absofiest dmmedrgag kires, exp eetyatiffedinaize
o stort fon qeloyel {ho;Blhel DOLLYC, ILLL ot over, Lhe SRt o s
t he al t er nakiptRrth iihtt£ bre@lctiB®tin various block sizes, such as 16x16, 8x8, 4x4 for luma
components, and 8x8 for chroma components. The ITU-T H.264 standard also
supports, inter prediction in various block sizes, such as 16x16, 16x8, 8x16, 8x8, 8x4,
4x8 and 4x4 for luma components and corresponding scaled sizes for chroma
components. Smaller video blocks can provide better resolution, and may be used for
locations of a video frame that include higher levels of detail. In general, macroblocks
and the various smaller blocks may be considered to be video blocks. In some cases, the

smaller blocks may be referred to as sub-blocks. After prediction, a transform may be



[ 0056] The filter decision unit 44 nay conpare the sum bit overhead
(or cost) of encoding the received current frame 30 using reference
frames |nterpol ated with default filter 32, 34, 36 and reference
frames i ntePPYCABE with alternative filters 38, 40, 4ZCT{U$2¢98{48829
enbodi ment, the filter decision unit 44,ymy uses a scaling factor
(not shovvn) to reconstruct the pixel positions to determ nes the
absol ut e er peforaREr 65 AN &8 drcki@udl NBoS @r Ofx4eidsiaghl blask. dﬁfsaulah dddltiohIS
or the alternative filters. In another enbodinent, the filte

deci si on unrﬂtﬂn&fqmrrag%émpbect e tahSUT weetfisientsr of\‘/éheuéX4 dﬂocéaofhr ishioaa,
sel ect bet YE t hat
mnimzes \Ql%?&grrgirs oF nga édr?l'd)togl&gtlgt? }Iglﬁ% Og%zfrﬁ h810 elggél%{dSi on
unit 44 may [@450 rEEei2vie andbtkodiagrent itlasrafiag noné liéIBllS/@K)ﬂl’l@WlCdﬁt@ﬁ):Od@B 20.

I n one enbo h | ter .deci sion unjt ceive the current
frame 30, ¢ MAOTORERIET 0bbh BB It ghat Ec ep EhlgHse IS vio iR
as refer encqntfwda&% L HR AL rotctibn Fo dekusdbi récn'ldvre%?atﬁg rec%dan’é? lﬁrad
reference franes interpolated wwth an alternative 8,

in order togéiBaticoalrmpalnter-epding colipstauuicmpeial peddistionde red@n;e@r ztalove
46, 47 to b I r r

filter deci %n? nogﬁﬁg%dngzﬁcgﬁg\ﬁ%gs‘glgh?]rt?gzrbao a# 2,51;8%_ ngo g?“et%@d tﬁrré‘gé %%COE
46, and 47, 20hgnrfeims eagtonf edtimation Sobirqukxthk msvdnmdne rgf ahatiddg usdeagblocks

either a dei)ault r alternative _filter. In another enbodi nent, the
filter deci F%e'llj G O ROTAd e fAY o the reference frane store 25 a

deci si on ar go4sf NoAs ShReWin FIGE2 deaeos e300 RecliPl GBEWNidBRYlock 21
provi de deci sion val ues describing the reconstructed reference franes

45, 46, 47. WihipaevideshHdnadntbe @md@ednéh@ﬁxmlg@f oV dédtobsncodes 20
deci sion ar Wu&e@%ohﬁ@gﬁﬂﬂan%xmﬁ %3 Ife%rren%é {J ?S (r%:)ngn%orgqggqsa on ur)it’

d (0)...]; s’it|0n|S| y an-a
char act er and, boflk trareformedlremsi (qndrdeemcm it 315 m\dmetquhmteﬁnmmwbt B[ﬁnyve(r@:

or 1) format as either _using the default he alternative filter
avai | abl et RERPTRUM L Gt PIERgY <PHOE AGE A ViArBarHEnes Aoniciies STbHet
val ues pr OVIsdeﬁldbm{rm A TIS] QN1IAdtFat tH@xerﬂﬁorizolsreﬁzs@dﬂJE&npc{neﬁt%)of video
b(2), c(3), wherein a sub-pixel position is identif fy
asco

an al pha chan%%e?-o Em dntar-gqdingepf @@%@@%nf\uwg@n@hshw ig dHEi 2 ;ﬁerd:
using a ”U"‘?lﬁ[ser@cfm}deH%ﬁ&dEP%d A8 Ha %Brr%ﬁ@i% ng&[a%}ed{ ibh F&my&ﬁﬁ%ﬁts &{ﬁ%‘-

used per sub-pixel "position n one auI
mul ti pl e adapding ef sondeevigham tdddken filters may be conpar ed agai nst one

cach sub- pi A bostPIEh e HAGRER A CEHBUCH HAFE DIOALPL fEcions of mott
2010/ 005808 REkE4HS2HY/TRARS 2P gderael 3RE by &ot&ﬁa@ﬁ&%&&dr@ el eld{a%éﬁ B or
conpar ed agal nst one another in order to determi ne the nost efficient

adapt i ve fi [fages tepypee é%ﬁ?‘ieéofr%rlpfﬁ§ﬂé¢1é@merﬁﬁorﬁo?r5 dationsesbmgtisae may be
position. | §§]m I e t % S

det er m ni ng %@ e?feﬁong)f}%a ‘%ﬁb]?%%é% ?él‘i%}slbh%){éh gﬁyéf(g%rs (‘)“{}vner bllcﬁCk
FIG 3. The s;zmd\w&ntmetgnatt&namu%mﬁnnﬁ&s bbbk tnhm adjademn freme gk roOclosely

cal cul ating on, vect ors reference to a.current ane,
e oror oo ofoneS It GOl ulte WMATTEL X ar oSloHe Gt e B deoddnid
current framete3Rintay di@ga@enmnt Bitivesd the BRlck RCh RS, @R cstiMatid@mit 23
enbodi ment, a current franme references a previous intra-frane and a

limted seaPEHuaesi g DMILER k veriarc Fiah ginflisatap phe emagnituda| endl ateiectorymafi Sie
vect or descrﬁslﬂ[a@%n&p_e previous displacenent. In another enbodinent, a
current frane'references a future predicted frane and a limted

sear ch usi nd00H0pc kMot heatgrs inmyappt held-pixel oaqmﬂeapﬁe]aprﬁmmmmr\mem ﬁner

describing the.predicted djsplace er. rmtl vector, d

cai oul at eq, PR KSR {468 §o PGS Lkl 4ok G10 8B Y TOReG Aiecsing i ineger

descri bed i pidl Gocadiond A0S Ubtal e PEBGEHZdRAA NESEKMTOVES: hidtiBh O&ktor? vafd
fractional pixel values are used, interpolation operations may be carried out in motion

compensation unit 27. For example, in the H.264/AVC standard, to obtain a luma signal



[ 0062] The process 50 then noves to block 55 and determ ning a cost
of encoding filters coefficients. In one enbodinent, a filter
decision uynit 44 of FIG 3 determ nes a cost for each sub pixel
position oYOSNeEHBMy filter coefficients using a defaulPCT/US2009/048829

interpolation filter verses using an al 2ernative i nt erpol ati on
filter, wherein the cost is determned 1'Th bit overhead. [0063] If

SOMe POSi t i eNalBHiReIGRIBOAEHRA-SHMRIE! Siteravit] QkRidid Liels, 8Mm®es, 1y/32
determ ned and chosen from nore than one sub-pixel position. For
exanmpl e, suBwgibrased dejabtaim lumy signals at suartestlixt] lasatidns) bidinsar filtatingore the
mrror imag : - e. pr S Q. th nov t,0 bl ock
56 and det e?%u%%%ﬁ%@%%??% ('i: éo%&%gﬁggﬁo?%ﬂ? qq%%%cfgguﬁsnat %%lé PS&?E?S’&?*}PSH{I}&Y
for each fubt useld Thaltbilpiexefiltpossd nap berustdién fragtvhall piReEintedpolation for the

determnation is made as tp. whether to u2§6/ a default filter or an
al ternati veCQYPF?@PmB%&ET’B’ﬁlC FEY PAYS oAV PG BICTY%Rr error and a | ow

di stortion y@sg) WaBHEOERRAE6k unit 99 GRLtiANeHIBLH amRbA Qf@étmcﬁggﬁftr%B hRdR

used to determine the distortion rate per pixel are descri el ow.
SADSt d the 3ting aftatadetntionmeielf Usiandeesresfltinhmotion venterc owhemsangaisation

diction er. . a Lnoterpol ation filter,is
B o o SRR, AR R SR ILAERR! BbhRliohLShsh st 20,
t he al t er nafirne 4 residngotidda block bl tsabisackige el prebitied video 'é)ldeLﬁrSc%qclea g
cost (in bit) .of the side inforpati pon necessary to encode the filters
coef f |( ci ent §1O11R0 CAPRYSEHoZJInI gi?lﬁlt earigyala oWt vige Plack 3l at swpesr 3hd

added to SABRckFrabttfomh it 25AR5HA a@f‘hﬂsi@ﬁp’r&lgﬁ rdsidial Bﬁ;l/:\l%i%uantizatiﬁré unit 31

are conpared and the | owest val ue used to determ ne her t _
al t er nat i vedemntiggpethe drpdpmm copfaeipns & fothef rdduesr bit stto Bndrope cading unit 37

[ 0066] I n on I i £ k| sel Lon_uses, .predet.er m ne
I e L e e AT L
i nf or ni at i o6 paffatsihvesebhaafiddstterecsmdtect thoencolf@l viganpl e, using the

it ti that finds a.cost, at is a local. m ni rum .
;pS? oxi mt FE@Q?ﬂ t R ARGt ogsnit E’ﬁg 0 JBVIHE GRRRERTOHNIL SUCHPPAS ingese
cost (in bi hSantidRRH%nE M ResctFANSAhdto8 TresdBRRAY, b Reorsthit e RERRHSI block.,

di agram of a video frame showi ng fractional pixel positions ‘
Summer 41 adds the reconstructed residual block to the motion compensated prediction

block produced by motion compensation unit 27 to produce a reconstructed video block
(or a filter decision for a current frame) for storage in reference frame store 25. The
motion compensation unit comprising a filter decision unit 44 configured to receive
reference frames from the reference frame store 25, receive a current frame, and
produce a reconstructed video block to be stored in the filter reference frame store 25.
The reconstructed video block may be used by motion estimation unit 23 and motion
compensation unit 27 to encode a block in a subsequent video frame.

[0053] When performing motion compensation for a given block in the current video
frame 21, motion compensation unit 27 may usc a fixed sct of filters to intcrpolate a
reference block from a reference frame. One reference block is needed if the current
block is uni-directionally predicted or two reference blocks are needed if the current
block is bi-directionally predicted. In H.264, multiple reference frames in forward and
backward directions may be used in some cases. The actual filters used by motion
compensation unit 27 depend on the fractional part of the motion vector. For example, if
the motion vector points to a half-pixel location in the reference frame in a given

dimension, to obtain the value of the half-pixel location, a default interpolation filter



for interpolation. Also, FIG 5 illustrates a set of fractional pixel
(or sub-pixel) positions in a video frames. In FIG 5, there are

al together_ 15 sub-pi xel positions, |abeled "a" WO .
2010/ 005808PEYPEESH09/ 048829 17 through "o" in FIG 5. POBUSSRIEP88N; s

bl ock di agram nay be used to provide syﬂyetry data and may |ead to
reduces conputation overhead. For exanple, the 1/2-pixel positions

‘a’ 61 & ' CmafFeBYd BEHEY IRRhEDE with@ORAE PideICARRA @éc'to?.nﬁlboﬂl\/ﬁwf@decmr
involved in the interpol ation processing. In yet another exanple,

sub- pi xel p&IPPINGALs OBt tgENteESs Iveatippamibe Mives! rvelusulfopi the| refe@ice §@me in

lting i o [ r ing. ol ation .
b ocessi no. T oa0s, FafgTRK 25 e B (IRERy RO RIRHBOLS fobolstiop,
contributipﬁhm@nywhhﬂhnihe positions of the t wo reference blocks use
ey bl S ROPRERRE S D SRIELL S S0 S
0 in FIG SheciliDBO 44Vt Budwitl i ARPROAGRe ildstrhSvelRSSH BhGathrars WRtbALe
the error in a vector dni_and the problemcan be stated as: mn E (Cd
d. 2 nBit§apestqe 25 and filigy decision 00ipo]44mufeFiCo 3t inelulesde perde fieamecto, a
the decisio ereﬁct%el’rfﬁﬁé Hgf;e%,%ﬁl@ a%te@ ‘BEQQOP ¥1mrtn49.i r?h%'cﬂgrer?tai%%ed!m may be

| ndependent [y.
transmitted to the filter decision unit 44 to be used to create a final (or reconstructed)

reference frame to be stored in the reference frame store 25. The reference frames store
25 may maintain a set of reference frames and transmit the maintained reference frames
to the motion compensation unit 27. In one embodiment, a set of reference frames
interpolated with default filers 32, 34, and 36 are stored in the reference frame store 25
and are sent to the filter decision unit 44. In another embodiment, a set of reference
frames interpolated with alternative filters (or non-default filters) 38, 420, 42 are stored
in the reference frame store 25 and sent to the filter decision unit 44. In another
embodiment, if memory capacity is limited, interpolated frames may be generated on-
the-fly, as needed. In one embodiment, the interpolated frames are generated in real-
time as long as the original (non-interpolated) frames, the interpolating filters and the
filter choices are available. The alternative filter (not shown) residing in a video
encoder 20 may be an adaptive interpolation filter, a separable adaptive interpolation
filter, a fixed filter. In another embodiment, an alternative filter may an adaptive
interpolation filter (AIF) that offers large coding gains, especially on video sequences
with high resolution (e.g. 720p). The video encoder 20 has a fixed set of alternative
filters to interpolate a block in a reference frame. In yet another embodiment, the video
encoder 20 may support a 2D non-separable adaptive interpolated filter, a separable
adaptive interpolated filter, a directional adaptive interpolated filter, and an enhanced
adaptive interpolated filter. A 2D non-separable adaptive interpolation filter uses a two
dimensional matrix to interpolate frames. A separable adaptive interpolation filter uses
vertical then horizontal scans to interpolate frames. A directional adaptive interpolation
filter uses diagonal scans to interpolate frames.

[0055] TIn another embodiment, an enhanced adaptive interpolation filter (E-AIF)
may be used by adding a full-pixel position filter and a filter offset to each full- and sub-



[0071] FIG 6 is a block diagramillustrating notion estinmation. In
general, notion estimation is used to determ ne notion vectors for
each macroblock in a current frane as conpared to a reference frane.
The proces¥03$108%B0,1 ating a notion vector conprises eREEISPHpg04p829
search algorithmthat determ nes a best tch between a macrobl ock in
the current frame and a block of pixels froma reference frane. The
search al go ix%h;[ibéiﬁorgeﬂflﬁrﬁle|ﬂﬁlipﬁ{df SIHEbYsikdl SoRitieH ME-AF ANGP kbirfates the
Difference {SAD) conputation, which is well Known in the art. In
parti cul ar, c¥iestcpete slistarsen geiniodnhedipyative fidtatpvarder difhdtintdrpolatine and
current frage..w I I i VI fra and
ttempts 1 o0p g helteP e RELUENTE BE SRl b B BRERE: GRE®

[ 0072] Mor eoV#56] FIThe Bitdrl devisionamétsddamaelcatbanshe pubafiveerhead (or cost) of
sequenti al set dof vi deq franes, Fl 6.de%i cts gn intra-frane (or
|-frame) 60 KLU BFUNRECTEERE BRI Bipg Bhirercedrariea icrpelptep wi It
62 as a cur gt 3% BN andhRRERM IR it BoRted Rith AR R2I68] 30I40UA m
first macrobl ock 66 and perform ng notion estinmation bé@defl ning a
second nacr B¢ eERoBweRty thenidltor fieeision paiet 4602y oyes refcelinntietor (eavshowmhte
pi xel s wi t hi j c : t con croblock 64
are conpar elr 3{11 ¢ {1%15 ?k&%&g’%g}e&él %rggkhec%g(z@% Oggorceas %“%%té)d?e %itd
a notion veof eithed&hd defadt Bliters netheadtematiestilidrs. IWMhother embodiment, the filter
2010/ 005808RCT/.US2009/ 048829 18 [ 00 BJA FIG 7 is_.a block diagr %m

i 1T ustrati ngCHOF 486 *f raiveCITHRIUGR FH5URe iSHOF Helps Sresach el oElEe between
frames, andapiikBler 8%dri ah@!profeel 6t &dislnad®Rsor et Wihiiidsatiedrrol Rt and
intra-frane 70 does not reference any other frame, except itself. In
one enbodi néiffortiih intra-frame is a first frane received in a
sequence of r.al:l. p -fr n refer n
precedi ng f l{(;drézge?;]hc? Qﬁ{(;é? rﬁiglltlélﬁ%gfgp%glaggggg%eﬁ%ym(g}@nrvgf télfsgﬁggmﬁ?%‘ﬁ%@r
in the futudaa)4h Thencoinitedinxandhe fitadiecitiod uhit an®sedely thehefcantene 30,
previous intra-franmes or f4ture edj ctfed frames. As shown_ in the

di agram t h&" 08PN pYSHt d_-lflﬁﬂgﬁiat THERBIRATESSt AN At rialeranarrelraress
and does noiutEBhialc@ Rt 4 Beralik t¥kr B 194298 afd 1GErehREASRGORL R IHEANRN 4d-
B frames, typically reference either intra-frames or predicted
frames, bot Alt¢rpativadilisnds. Bnd2 imorderdo fcrpaterafinahéorghennptryatedyraerefice fames
first Bfra S: fd. st .l ntraf he, ..
first predic ’eg f4 ? gérrgg 3@9‘%%01“32‘{ %rféﬁgﬁcee Pfa%% %{!érg?sho S?%ﬁes\z/lgct?%g!t&é cision
shown i n Fl Guit 74 peoviies dnelp&afed acfereide frafiardndeant df hwherfinresth full or sub-

intra-franme 70 and a fjrst. predict ra 76, [0074]. FI 8 i s bl ock
i agram 11 66+ Adiirgolteh el i fetlolir Alrigiva TR 0V pepeherrbodiment
predi cted skicCite? @REELS RS 44 WRay Bith@ o IRCTRrdnce HRANRNEor8 P8 QUUTRMn arfhy
first bidirectional predicted frane 72 defining a first o

hi - di rect i oflt siivenli clihedlepitierodracioBiwwiavian grovidd dasisish vedies @escribing

ref er enci ngﬂfﬂe@e&%@tgggegenég fibfhePl§CRIUNY ;J g@%bogﬁgéng 9 RESE Ll

intra-frame macr ocC aving a’size o I rst
predi ct ed fpaviledby(the fedisioreartayaine) shdeh) miap @e afot bkanthlgriedi)ch€oh, ¢ (1), d

macr obl ock 0 Jhaving a size of 16x16..]n.anof her odi nent, the

ref erence ff‘énﬂs "‘ﬁ’ﬁgﬁ%élass&lbl?éxe?\%ﬁﬂ?g & F%E'il%ﬁipé:f aﬁra@g%c? ket &H‘%e?, fiktsRo
predi cted fgao®ion dodision GABGHRY [@Hnﬂ?(@oﬂﬁ@hﬁe_{tﬁg et TBn@Md d@fault or the
hi -directional predicted frane. The first bi-directional predicted

frame 72 caPléanativerdttenntrikbledha Yigemepcodss 29t Iornothes ewbedimant fhestecision
i nt ti - d, a: ' i 8
T} e LB RS % ] 0 BLECARL) ) MREL By 8 25,

illustrated I n Irdenti
i ntra- pi xel w@e@irhasunpixthposiival ik eddntifiodrby fan adyshal dibhecdt hfien diice svadtioa

with reference.with the first hi-directional predicted fr 72.

Shown © n_Fi 6o bidefied pSifk o fiobisiorbs Rt e HARHY Mgl Byl o be

predi cted puepeBub-pirstipagitibh eTrsei|ch@stinfeunafltind sehut hdhhkiglaasRive
interpolation filters may be compared against one another in order to determine the most

efficient filter for encoding each sub-pixel position. In another embodiment, multiple



1, 0, a, b WD 2010/ 005808PCT/ US2009/ 048829 19 1, 1, a, b Matrix C
contains errors accunmul ated during the prediction, wherein 'a and

"b' are suyb- glxel 05|t|ons So, in Fig 8, the first intra-notion
vect or 820VPEIHPE3% a sub-pixel position 'a and the LETERP09/048829

predicted notion vector 822 points to agub-pixel position V. To
matrix C =1[0,0,a,b] the encoder wll d% the prediction error

conmput ed by ag@ppbyinfGpsledathiterd irk tOhpartd E@u@s@ ofd) arbﬂlepf?lt &ddhe dtzt’efrﬁi}le the

i ntra-pi xel 808 and the first predicted pixel . To matriXx =
[1,0,a,b] tHesAbdentpdygtive filer fe&aap@lerdwﬂaamqqgmgﬁ@r q@ﬁléwbcmi@m’o@mmr

obtained b r [

filt lar andy dldrggf Eﬁgg%g g& pg)l? ;<leulfS &%Eivf p%c'[e%' %ﬁhﬁé{ageeé%ﬁ lﬁgﬁF%ggm?q%g?nc%
1 0). To nafikex uGng tHeGydiem,shpwh heFi€hGodée pwickds badids titdogkr Hd\ivﬂE:]ttﬁmdeo
error obtained,b erpolating the fi I nt |er 808 with a
default fil F‘?e“r"c‘%{yn%J ?aa‘é‘lﬁ tl&’% A RRS ‘&fr %"F@l frs“ istencs fo 3 Rrrepy dgmey elhe
filter (chotdferefbeltamdsinigl Ue)ﬁn ihiPa-FBAE bX pledictel ¥ratned: Phe BR&RAAGEMUBD lma?e
updat ed mnth the prediction error obtained fromthe interpolation o

bot h pi xel sbaittrdgpctivgalpppdieted iflamer Ipomeicawodiment, ponmBhsrme mitrefiash 2

and sub: pi XglyQs g{#aggm%eganﬁeacﬁngt%%@%igﬁgb ack %?ﬁ%m& i hdp it v offe e
for each 'sijin’opiblx &tctcpmksdznbung the prevéentdispipcanemi quendsledr eobodimeh€n current

fficient t te whet faul t | t
i or for TRECRUBEoRr ot Prf By ek o Pted gl e g YHekgi i

to' 1', thespgie @l dabsuldd av@ofidd Rr&ftoxc@@fnfmnﬁg and %1écdi}ftec¥ BisplasdhmPl XLher
p05|t|on are predicted, quantized, coded and applied to corresponding

sub- pi xel pB@HPR gReior Pptat i ecafquiatasy it Isafjansmitiest tof the fikter dosisiont Wt 44 as
def aul t |ntg&£95§;&q@Gf3Iters are used to interpolate this sub-pixel
position and its symmetric sub-pixel positions. [0078] In the

heuri stic s@0aP] or‘il,“heupnon@ps. smnmrmocdbamsbmpkaﬂ’z eid oslculatigC coufiitiahte dbof

Dot g Rlels And psdhelad puel 8 se poang Lo U,

to: matrix sébffiflentd, ty}ﬁcally two vectors comprlsing a coefficient vector and an offset vector
arc sent. For example, a coefficient vector comprising six coefficients may be
[1,0,1,0,1,1,], and corresponding offset vector [-1, 0, 2, 1, 3, 0]. One offset value is sent
for each sub-pixel position, plus one offset for the full pixel position. So, there may be
two vectors, one for the filter selection, and another, having same dimension, for the
offsets. In another embodiment, a set of fixed, pre-calculated filters arc used instead of
determining adaptively the coefficients for each frame.
[0060]  The process 50 then moves to block 53 and reference frames using alternative
filters are generated. In one embodiment, a reference frame using an enhanced adaptive
interpolation filter is generated and stored in the reference frame store 25. The
reference frame may be interpolated using an adaptive interpolation filter, an enhanced
adaptive interpolation filter, or a combination of non-default filters.
[0061] The process 50 then moves to block 54 and computing an error for each block
with every combination of filters available. In one embodiment, a current frame 30 is
compared with an interpolated reference frame using an alternative interpolation filter
and the rate and distortion crror is determined. In another embodiment, a current frame
30 is compared with an interpolated reference frame using a default H.264 filter, and the

rate and distortion error is determined.



0O, 1, a, a1, 0, a, a1, 1, a, a [0079J In a bi-predicted block, the
full or sub-pixel positions for the two reference bl ocks used in the
predictio |fferent, so the SAD error has to be collected for
each conbﬁﬁggﬁgﬁ&gﬂipositions. It is possible to iteratf&H{HHIGHEA |
bl ocks and, in a single pass, accunulatesthe absolute differences
between the original and the interpolated 20 . pixels into a

four-di mensij@sal Bk proced S0 ehda Rovarts block eI SPaRtminig; 488t QF encoding
absol ute differences accunul ated for the positions 1,when the filter
deci si ons afieggicogifigients, 1y oppesbydiment. wAker dsrisior WBii‘APT EHE ctideiernigs
positions i candsdefseh her S8 drntdAdih R T

and the thifd predf%te%ﬁngcro ?%CEFS 0 6@S{é$ﬂ§%?a$6r§%%%hsb x%légéyh
the bl ock 8imembletion filtedvasdsansgaamealtompivt dutetpplatish fiffep iviBradX tlanebst is
pi XxAi a, the pixels.interpglated with the default and with the
alternati ved tlewlg?%l:n%ét&@gﬁa‘i (1 - b_scaling) * pixStdA + b_scaling *
pi xSt dB; [0063] If some positions are considered symmetric, a single filter can be determined

and chosen from more than one sub-pixel position. For example, sub-pixel position ‘a’
and ‘c’ could use filters that are mirror images of the other.

[0064] The process 50 then moves to block 56 and determines a best combination of
filters. In one embodiment, for each full and sub pixel position in the final frame, a
determination is made as to whether to use a default filter or an alternative filter based
on the filter having a lower error and a low distortion rate when compared.

[0065] The mathematical computations used to determine the distortion rate per pixel
are described below,

$4Ds, , the sum of absolute differences of the motion-compensated prediction

error based on the default interpolation filter is calculated;

SADAIF, the motion-compensated prediction error based on the alternative

interpolation filters is calculated;

A-nBits | the cost (in bit) of the side information necessary to encode the filters
coefficients is calculated, multiplied by a scaling factor lambda and added to

SAD .

SAD

s and SADAIF + A -nBits

Finally, are compared and the lowest value used
to determine whether the alternative or the default interpolation filters should be
used.

[0066] In onec embodiment, if the filter selection uses predetermined and pre-

calculated filters, and the encoder receives only the information related to the filter

selection. For example, using the iterative method that finds a cost that is a local
minimum approximation to the optimal cost, no side information, such as the cost (in
bits) needs to be transmitted.

[0067]  FIG. 5 is a block diagram of a video frame showing fractional pixel positions

for interpolation. Also, FIG. 5 illustrates a set of fractional pixel (or sub-pixel) positions

in a video frames. In FIG. 5, there are altogether 15 sub-pixel positions, labeled “a”



pix 01 = (1 - b_scaling) * pixStdA + b_scaling * pixA fB; pixI 0 =
(1 - b_scaling) * pixAifA+bseaIing* pi xStdB; pix_| 1 = (1 - g
b_scal i ng) + b_scaling * pixA fB; [0081]the reconstruct e

pi xel s ar ew?llﬁgié%gégonput ed as: rec_00 = max(0, m n(maXCHURE|P45Ee,
(int)(pix_00 + 0.5))); rec_01 = nmax(O0, m n(max_pi xel _val ue,
(int)(pix_01 + 0.5))); rec_| 0 = max(0, mn(max pi xel _val ue,

(int)(pi x_| tHough005)n FIG.15e Qvibredver, HRM&k did Pk X&dd 14 Pldi@e symmetry
(int)( ey e

pix | 1+ 0.5))); ({10082 and used to determ ne the absol u
°f coRButaétmagyerhend. offor keaaplee thealinisel

L0 BB €18 1810 SR B By
(doubl e) abs{w ﬁglterpp!@t;on proyessing. In yet another example, sub-pixel position ‘C3’ 65 may
be symmetric to sub-pixel ‘C4’ 69 resulting in reduce computational overhead during
nterpolation processing.
[0068] A simplified heuristic method considers only error contributions in which the
positions of the two reference blocks use the same filter. This happens when the

positions are identical or when they belong to the same symmetry class (for example e,

g, mand o in FIG. 5),

[0069] With this approach, it is possible to accumulate the error in a vector Cai and

the problem can be stated as:

min Z(Cdﬁd ‘A nBzrs)

D={d),dy,...4,}
[0070] Due to the independence of the decisions, the solution can be found by

minimizing each 4, imdependently.

[0071]  FiG. 6 is a block diagram illustrating motion estimation. In general, motion
estimation is used to determine motion vectors for each macroblock in a current frame
as compared to a reference frame. The process of calculating a motion vector comprises
executing a search algorithm that determines a best match between a macroblock in the
current frame and a block of pixels from a reference frame. The search algorithm is
generally performed using a Sum of Absolute Difference (SAD) computation, which is
well known in the art. In particular, the motion estimation compares cach macroblock
in the current frame with its surrounding area in the previous frame and atternpts to find
a match indicated by the minimum SAD.

[0072] Moreover, FIG. 6 illustrates a relationship between a sequential set of video
frames. FIG. 6 depicts an intra-frame (or I-frame) 60 as a reference frame and a
predicted frame (or P frame) 62 as a current frame. The predicted frame (P frame) 62
defining a first macroblock 66 and performing motion estimation by defining a second
macroblock 64 in the Intra-frame 60 (or reference frame). The pixels within the first
macroblock 66 and the second macroblock 64 are compared and the sum absolute

difference (SAD) is calculated, and a motion vector 68 is determined as a result.



0] [1] [i] [j] += (double)abs(orig - rec_01); CIJ[OJ[i][j] +=
(doubl e)abs(orig - rec_| 0); [0084] The scaling factor b-scaling can

be either uted according to the sequence of the current
and refere‘gggmﬁ{ﬁgﬁ%@fgp Thi s second nethod may be used t &GIES3HP/0H8%

the contributions of predictions origingged froma tenporally closer
reference franme. [0085] If one of the two reference blocks is

m ssing, them7Bhe FIG. gris € ®Rick idRighdn® NivksSatip aYvidGL il atRdinkah iPReAhe,
the two positions. Furthernore, the error contributions to 21
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fl
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filters arecpr Qldeitﬁé’rnhdﬂed p&alcwdeﬁ@ﬁ&scmaytrsﬂr@w ?éﬂ(fﬁiuls aktr £ frhed B? future
encoder, then |nforrrat|on such cost not need to be

transmit t ed PrylEEiAFanygst s Ypwnfip Fh?eﬁ”i%%ﬁla t@ﬁ @r%pmdic&@r%@ne orrferencss gfe
finding thebi0@fye APSISIRP DR Fhokence the first B frame 72 or the second B frame 74. B

frames, typically reference either intra-frames or predicted frames, both in the past and
in the future. As shown in FIG. 7, a first B frame 72 references both the first intra-
frame 70 and the first predicted frame 76 to determine the best motion vector. As
shown in FIG. 7, a second B frame 74 references both a first intra-frame 70 and a first
predicted frame 76.

[0074]  FIG. 8 is block diagram illustrating a video frame comprising a bi-directional
predicted slice comprising two motion vectors. In one embodiment, a first bi-
directional predicted frame 72 defining a first bi-directional predicted macroblock 814
having a size of 16x16 referencing an intra frame 70 (a preceding frame) defining a
second intra-frame macroblock 806 having a size of 16x16 and a first predicted frame
76 (a future frame) defining a third predicted macroblock 810 having a size of 16x16.
In another embodiment, the reference frames may also be two bi-directional predicted
frames, two predicted frames, or a combination of a predicted frame and a bi-directional
predicted frame. The first bi-directional predicted frame 72 calculating and identifying
two motion vectors, a first intra motion vector 820 and a second predicted motion vector
822 as illustrated in FIG. 8. The intra frame 70 identifying a first intra-pixel 808 having
the smallest sum of absolute difference value with reference with the first bi-directional
predicted frame 72. As shown in FIG. 8, the first predicted frame 76 identifying a first
predicted pixel 812 having the smallest sum of absolute difference value with reference
with the first predicted frame 72.

[0075]  Upon identification of a first intra pixel 808 and the first predicted pixel 812,
a matrix is then constructed, as described below; wherein ‘a’ represents the first intra

pixel 808 and ‘b’ represents the first predicted pixel 812.

matrix C = 0, 0, a, b
0, 1, a, b
1, 0, a, b



vectorthat mnimzes: 11)111 Emin EEC+ di A nBits, 1=1 [0088] G ven
the matri xCdrApij and the vector A nuts; , it is possible to

exhaustiv te the error correspondlng to each of the 2"
deci si on %‘i%‘]&?@%gﬁd select the snmallest. [0089] An |t5?ypﬁ%?89’??‘§§2ﬁod

that closely approximates the optimal sfgrategy includes starting from
a possible solution (any valid decision vector) and finding the
position for which an alternatilyelfi ke has the | argest error
reduction. This position is then updated with the value of the new

filter choice and the process is repeated until no nore inprovenents
are possi bl datfiRE F?Pé‘i’l%i/%ﬁtac?‘%n%@&i Aying themedigiima wheeietae apd negare

threshol d) g, AxBekAHE RYMReT @fthbtfﬁgt%&@&stmv&ﬁﬁ%%g dé;@w%gqﬁm

stopping criteria my be combi ned t oget her
descri pti onpasitionh'e’ amst ﬂh@deqogdapsedﬁmd omEon @go@qr 827.rpoints] to:a §0-piBel @sition

mat r | glvvin/ fg)?ts 8, Ipa? n’g{g cr | él’ané%ﬁF O%t%ngvélﬁ g@%d?re%hmﬁ)emr %OI%F%&: %yt
Fi ndPosi ti Oﬁﬁdlgfmg:def%f)ﬁlterk {chbice @) posdth tRrfiradiird-pixEIEF08 and the first predicted
pixel 812. To matrix C = [1,0,a,b] the encoder will be updated by adding the prediction
error obtained by interpolating the first intra-pixel 808 with the adaptive filter and first
predicted pixel 812 with the default filter (choice 1 0). To matrix C = [0,1,a,b] the
encoder will add the prediction error obtained by interpolating the first intra-pixel 808
with a default filter and the first predicted pixel 812 with the adaptive filter (choice 0 1)
Finally, to matrix C = [1,1,a,b] encoder will be updated with the prediction error
obtained from the interpolation of both pixels with an adaptive filter (choice 1 1).

D=(dy,d,,...d,)

[0076] For cach full and sub-pixel position, a decision vector 7, with

d, € {0,1}

and? = L7

can be computed.

[0077] A filter flag of ‘1’ or ‘0’ for each sub-pixel position representing a unique set
of filter coefficients sent to indicate whether a default or an alternative filter for the sub-
pixel position is used. If the filter flag is set to’1’, then the alternative filter coefficients
for this sub-pixel position are predicted, quantized, coded and applied to corresponding
sub-pixel positions. If the filter flag is set to *0’, then the default interpolation filters are
used to interpolate this sub-pixel position and its symmetric sub-pixel positions.

[0078] In the heuristic solution, using symmetry classes, an error is accumulated if

both intra pixel 808 and predicted pixel 8§12 are pointing to the same sub-pixel position.

For example, the matrix may be simplified to:

matrix = 0, 0, a, a
¢, 1, a, a
1, ¢, a, a
1, 1, a, a

[0079] In a bi-predicted block, the full or sub-pixel positions for the two reference
blocks used in the prediction can be different, so the SAD error has to be collected for
each combination of positions. It is possible to iterate through all blocks and, in a single

pass, accumulate the absolute differences between the original and the interpolated



/'l decreasing SAD the nost D[P] = F;11 Update D SAD = Conput eSAD( D,
C;/l -Update SAD ) [0091] This nethod is able to converge to a |ocal

m ni mum i jterations in many cases. |If n is the nunber of
posi ti onsr{’glﬁaﬁlgmﬁsgodt he nunmber of choices (filters) WO CT/US2009/048829
20101005808PCT/ US2009/ 048829 22 avail abjg for each position, each
iteration has n-(k -1) possibilities (the remaining k -1 filters on
each of the 12 positi onsg_. If we limt thecmaxi mum nunber of

i terations PEelsanier 2 dpyurdimensignak megtnyhengi | T avepresens ipeiseni ofrabisolute
conmpl exity th@t is linear in_ the number of: positions and filters.

[ 0092] A net ABHrares asHGuARsy &5 Ho0881119%% i°n, T hatwhes, the fidter decisions are
quanti zati oy p,r_g% ﬂ' on, depends on the coefficient |ocation. It has
been found that for .coefficients with smaller magnitude (these are

coefficients farther away fromthe center of the filter), better
preci si on i 088bqdipr cashpiipdidbeing eeedad; tieaasi§ons t and Arrgher tothgscondintra
(these are fi.cl I fa-lnt 0,

The. mat 11 O S Gael R SPeRATEr eyl B shlog SR rngp. 1y gln
coef fi ci ent pixef irt the biavk ejéy fopi pediciibhs @e cofipeted bptveing pdfStiX tagd ipix Aifre

matrix inclydes 1 bit for, si S or ,ex le, the center
coefficient %hﬁql’fe}solg{e éﬁ?q ‘f&@%dgﬁl“& 4 ﬁif”étﬁg%)e ﬁﬁf"éﬁvﬁﬁ%ﬁd for the
sign and 8 bits fqjixtdee- @r-rOkcalBEM FikSH@A + b_scaling * pixStdB;
pix_01 =(1 - b_scaling) * pixStdA +b_scaling * pixAifB;
pix_10=(1-b_scaling) * pixAifA + b_scaling * pixStdB;
pix_11=(1-b_scaling) * pixAifA + b_scaling * pixAifB;

[0081] the reconstructed pixels are finally computed as:

rec_00 = max(0, min(max_pixel_value, (int)(pix_00 + 0.5)));
rec_01 = max(0, min{max_pixel_value, (int)(pix 01 + 0.5)));
rec_10 = max(0, min(max_pixel_value, (int)(pix_10 + 0.5)));
rec_11 =max(0, min(max_pixel_value, (int)(pix 11+ 0.5)));

[0082] and used to determine the absolute error corresponding to the use of the
default or of the alternative interpolation filter. The error will be accumulated in the
matrix as:
[0083]  C[O][O][i][j] += (double)abs(orig - rec_00);

CI1IE11M1][G] += (double)abs(orig - rec_11);

CIOJ{1][i][G] += (double)abs(orig - rec_01);

CI1]{0][i][7] += (double)abs(orig - rec_10};

[0084]  The scaling factor b-scaling can be either 0.5 or computed according to the
sequence of the current and reference frames. This second method may be used to
weight more the contributions of predictions originated from a temporally closer
reference frame.

[0085] 1If one of the two reference blocks is missing, then the error contribution is

only accurulated for one of the two positions. Furthermore, the error contributions to
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provi des antization for P-franes, while B-fr
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[0095] FIG 9 is a flow diagramdescribing a process 92 for creating

a final ref enfi’ Q&b ubdultEr eeti b [ e
system shovv%{ (ﬁr[:quIn%(ﬁgH OR%EQ%F océlisnlél ab%g?ﬁ% at b%gctggggﬁgﬁrpﬁdtgﬁﬁ ??3?%9
a set of rebethaefersnéatlneks. and a current frane. For exanple, the set

of reference,d stored ikn.the.reference frame store 25 and the.
current framaOSF fgﬁior]f‘i N g dusf% P iﬁﬁtﬁr glgﬁrﬁitﬁ%zf??%ﬁleﬁﬁiWa&%evxﬂprlffﬁly
t he vi deo ep 6 n enbndi th et of reference fra
conpri se an&%ﬁ%%-% %ar(r:eh %o(r%ﬁgﬁr edi ct %%F%Iﬁ%?lﬁ Wo 'plxel)eﬁ&s A associated
2010/ 005808PCT/ US200%-088829. 0096] The pracess 92 then noves ta
bl ock 94 and“BHEr D at es Itﬁgggﬁw‘&gh U@f’g?tg‘gﬁgle?tfn& & cQpeibigiog Ogél?ealﬂfst
filter to ceeateateddeiriet perfotth@icOlRthe @lthrs AFEpredR@mBRH R hrL @l RIRNCAd
frames in the reference frame store 25 previously identified, may be

i nt er pol at edvailgblsgo dheiertcader thep |ipfermativn, suchrisntast &g tits) mae npefeaddndes
frame storegg?%sn{iﬁéd storage and later retrieval. The default filter
may be any default filter (i.e. H 264 filter) resident within a video
encoder 20 {H&7] i sWdk chiarfedhaiemb thenupphiwdion eotwista of fiadidaridsbinary decision
organi zation. In_on nbodi.ment, the set of reference franes are

i nt er pol at ededtsi Rg Gr-fefa Ptihid @B#Anikéd t er and stored in the reference
frane store 25 within the video encoder 26.

n n n
min C, ...+ d A nBits,
D:(d,,dz,...,dn)zz dnd ] Z f !

=1 j=l i=l

[0088] Given the matrix C and the vector A-mBits, , it is possible to

dydyd

exhaustively compute the error corresponding to each of the 2" decision vectors and
select the smalfcst.
[0089] An iterative method that closely approximates the optimal strategy includes
starting from a possible solution (any valid decision vector) and finding the position for
which an alternative filter has the largest error reduction. This position is then updated
with the value of the new filter choice and the process is repeated until no more
improvements are possible, the improvement is negligible (below a predetermined
threshold) or a maximum number of iterations is reached. The three stopping criteria
may be combined together.
[0090] A pseudo-code description of the method is as follows:

D[0,..,n-1]={0,0,0, ..., 0}; //A starting solution

SAD = ComputeSAD(D, C); /I C is the cost matrix

while(stopping criteria are not satisfied)
{ (P, F)=FindPosition(D, C, SAD); //Find position and filter

/! decreasing SAD the most
D[P]=F; // Update D
SAD = ComputeSAD(D, C); // Update SAD }

[0091] This method is able to converge to a local minimum in 8 to 10 iterations in

many cases. If 7 is the number of positions and % is the number of choices (filters)



[ 0097] The process 92 then noves to block 95 and interpolates the set
of reference frames using an alternative filter to create an
alternati ated frane. The set of reference fr
reference\&?rgﬁg’%ﬁsstgggre 25 previously identified, may be |n rz%)(g)lelﬂp
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to be generated in a final frane, an alternative filter is selected
if the alternative filter (for exanptsg, ;a4 ?d‘i‘Ftﬁ i nterpol ation
filter) is determned to have a | ower error d distortion rate.
WD 20101005808PCT1US2009/ 048829 24 [|d10df dﬁhé@vmlh , the process 92
moves to bl ock 98 wherein the defdulltiifilbter g sgj ected if the
alternative filter did not have the Ilgv\q{) ?Eml rﬁ]g val ue. I n one
enbodi nent, for each sub pixel positi o] @ ated in a final
frame, a default filter is selected ilft tthelteflaullt filter is

det er mi ned v r 0
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enbodi ment, w88 final reference frame is generated using only a

def aul t filter for each sub pixel position. |n another enbodinment,

the final reference frane is generatedlsithglal t¥rnative filters,
determ ned to have a |lower sumerron2ratelll n armt her enbodi nent, the
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pronpting, WHGLASnfEREmRE L S SnotRh G BRI ANLAT 2P LERS AL GidbdElddgd

26. In one embodiment, the set of reference frames comprise an intra-frame and

predicted frames.



firmvare, or any conbination thereof If inplenented in software, the
techni ques may be realized at |east in part by one or nore stored or

transmtt ions or code on a WO
2010100583@%@ @6%91048829 25 conput er - r eadabl e medi Gt US2009/048829

Conput er -readabl e nedia may include computer storage nedia,
communi cation nmedia, or both, and may include any nedi um t hat
facilitates[809ahsfEre pmbcas 6D tipnt resvep 1to §loaknol raminagolteacies {0 ol Rtbede.

A storage d| a na vai | abl e dia that c be a cess d by a
conput er . f@%ﬁ %ﬁ/g %399 oY ﬁg?atﬂﬁfeé‘te %H%a%wwaﬁt?ﬁgﬁ'aﬁ Tlic aq; of referince

conmputer-r eﬁdﬂ@é B tA® ehifdekd Frab SRSk §§p}%6Mus1§ el tiBSd, SRR rlﬂ@l%HEtG@Xﬂﬁ’lg]ac
random access nenory (SDRAM, read- on@)e/ nmerory (ROM . non-vol ati |
e

random acceﬁlgfahléﬁﬂﬁey apANRARitteROM the [ r1¢€t:§'ﬁm? Séqras?aibfoe sioregy ailrchmre
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radi o, and m cr%\%ﬁe are incl udeggl n the definition of medium Disk

and disc, adtefadatefasing an akiqpatiygdltergismpsmied o thergferepcedamegiarg 25 for
optical di S Gtorddk Giridalaterefctadvbl, € TheS GHdrMR) ﬁlftéroﬂﬁ?’ 1@!&@& vanﬁln t%hél hébn
ca

di sc where disks usually reproduce data magneti di scs
reproduce d&eEPEHtionaiy27, orgnay whidp in asethy. CWM&YIMhﬁl@HCDM The

above shoul gl]t&hzﬁﬁfe Bficl &ﬁt wagd, W @H{/é‘{ ﬁé] 1.8 AP& agave Qlf%g%%mnrfei?dahb%

medi a. [0107 e cod soclate a computer-rea
a conput er picogsamtpriddu e tvidea gndodecie cintodtr byrds, aDilfeuiative ﬁ&eﬂs anpifiter

(Ders) . "genbPh araue s Hecris prase doshep i e deieisd s fide Plst o

integrated ginbsdinkst, (RHEST refreldir RHANBMBRbRLNAGIHE A éxﬁﬁxﬁceﬁ%ﬁ%)e
or other equivalent integrated or discrete I0gic circuitr I n sone

aspects, t h&tgpplatienolligrisng sweaslcipithrew fienceifismeaytorse pwishin desividpa ¢ricader
dedi cat ed sg gtware nodul es or hardware nodul es configured for
encodi ng and decoding, or incorporated in a conbined video

encoder - dec §89B] ( ARESPces§ 020B¢n Mawesotoshlaskp @€ tasd hamparbgemr dadCsubbsigel

;gese and ot Qsei\trlon fp ’c(laigtirf’ter%oleate\a/I reglrert]lcé rf]rgmseqc 1%) ng 81f cfe ult ﬁter ?Lave d 10(\:m|fe?'l‘;1r1§1'
error than the interpolated reference frames using the alternative filter; wherein the
lower sum error based on the lowest combination of error rate and distortion. The sub
pixel position may be one half of a pixel, one quarter of a pixel, one eighth of a pixel, or
any fractional value less than onc. In one embodiment, a sub pixel position is
determined to have a lower sum error using a default filter than an alternative filter after
comparing both interpolated reference frames.

[0099] The process 92 then moves to block 97, wherein the alternative filter is
selected if it has the lower sum error value. In one embodiment, for each sub pixel
position to be generated in a final frame, an alternative filter is sclected if the alternative
filter (for example, an adaptive interpolation filter) is determined to have a lower error

rate and distortion rate.



CLAIM5 1. A nethod of encoding digital video, the nethod conprising:
identifying a reference frame and a current frame; interpolating

the i ntor pUPArBBEIECRS or e usea for phedi et ing vi deo BrOURRBFIFRL

current frame, wherein the plurality of2filters conprises one or nore
default filters and one or nore alternative filters for each of a
plurality of0l0b- pbthetwigoshd pmosss Enshodeat @ tbek Qg,wﬁemérll @&f(ﬁbf@ivbthﬁhﬁr is
plurality of sub-pixel positions of,6the interpol ated ocks, et her
to use one SHCEfb lfloﬁks %erf%% tor 4lif (ot hpyeefhs lgwep pamoetrem galghe fgrone

nore alt er n@iby@mkhd, F@ledch RBSBEL! Phkifor] BWRIeeSURE I Plindl YaBRNEESLSt Blter
block of a final frame. 2. The nethod of c%al m 1, wherein the

ref erence f istttecicd ifhe defailt filkat 1§ desermineg. to e afewbiodronfind figiortion, rate.

wherein the [lfﬁller eﬂ-?eepr];)ée%gs,? itl’?ena}npvie's % begt '99 Qarehleréamr Focxiiegéhegubfprigeq%osition,
the best combination of either a default or an alternative filter is selected to generate a
final reference frame. In one embodiment, the final reference frame is generated using
only a default filter for each sub pixel position. In another embodiment, the final
reference frame is generated using alternative filters, determined to have a lower sum
error rate. In another embodiment, the final reference frame is generated using a
combination of alternative and default filters determined to have a lower sum error rate
per sub pixel position.
[0102] Conditional language, such as, among others, “can," "could," "might," or
"may," unless specifically stated otherwise, or otherwise understood within the context
as used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or steps. Thus, such
conditional langnage is not generally intended to imply that features, elements and/or
steps are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without user mput or
prompting, whether these features, elements and/or steps are included or are to be
performed in any particular embodiment.
[0103] Any process descriptions, elements, or blocks in the flow diagrams described
herein and/or depicted in the attached FIG.s should be understood as potentially
representing modules, segments, or portions of code which include one or more
executable instructions for implementing specific logical functions or steps in the
process. Alternate implementations are included within the scope of the embodiments
described herein in which elements or functions may be deleted, executed out of order
from that shown or discussed, including substantially concurrently or in reverse order,
depending on the functionality involved, as would be understood by those skilled in the
art,
[0104]  The techniques described herein may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the techniques may

be realized at least in part by one or more stored or transmitted instructions or code on a



4. The nmethod of claim1l, wherein at | east one of the one or nore
default filters conprises a H 264 filter 5. The nethod of claim1,

wherein t re alternative filters conprise ag) | .
i nt er pol aﬁ‘?%%&?‘."ﬁs”eﬂ. 6. The nethod of claim1, wher %ﬂ‘}[{s%@w%%r
sumerror is based on the |owest conmbinggion of error rate and
distortion. 7. A video encoding device, conprising: a notion
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frame using a plurality of filters erein th lurality of filters
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frame; a filter decision unit configured to: receive a current frarrg,
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of the fi nalonlfyr %%Emory (ROM), non-volatile random access memory (NVRAM), ROM,
electrically erasable programmable read-only memory (EEPROM), EEPROM, FLASH
memory, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
compudier.
[0106] Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wircless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically, ¢.g., with lasers. Combinations of the above should also be
included within the scope of computer-readable media.
[0107] The code associated with a computer-readable medium of a computer
program product may be executed by a computer, e.g., by one or more processors, such
as one or more digital signal processors (DSPs), general purpose microprocessors,
application specific integrated circuits (ASICs), ficld programmable logic arrays
(FPGAS), or other equivalent integrated or discrete logic circuitry. 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
video encoder-decoder (CODEC).
[0108] Various aspects have been described. These and other aspects are within the

scope of the following claims.



8. The video encoding device of claim7, wherein at |east part of one
of the interpolated blocks is interpolated using a H 264 filter. 9.
The video encoding device of claim7, wherein the final frane is
created using a conbination of filters determned to have a | ow error
rate and a low distortion rate. 10. Zhe video encodi ng device of
claim7, wherein the sub-pixel positionis a 1/2 pixel, a 1/4 pixel
or 1/8 pixel. 11. The video encoduﬂ@ ﬂﬁgice of claim?7, wherein at

| east one of the one or nore defaultt? ers is a H 264 filter. 12.
The video encodi ng device of claim7, wherein the one or nore
alternative filters conprise adaptive interpolation filters. 13. A
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interpolated using a H 264 filter.
blocks, whether to use one of the one or more default filters or one of the one or more

alternative filters, based on a lower sum error to generate a block of a final frame.

2. The method of claim 1, wherein the reference frame is a predicted frame.

3. The method of claim 1, wherein the reference frame is a bi-directional predicted frame.

4, The method of claim 1, wherein at least one of the one or more default filters comprises a
H.264 filter

5. The method of claim 1, wherein the one or more alternative filters comprise adaptive

interpolation filters.

6. The method of claim !, wherein the lower sum error is based on the lowest combination

of error rate and distortion.

7. A video encoding device, comprising:

a motion compensation unit configured to interpolate blocks of a reference frame
using a plurality of filters, wherein the plurality of filters comprises one or more default
filters and one or more alternative filters;

a reference frame store configured to store the reference frame;

a filter decision unit configured to:

receive a current frame, and the reference frame;



15. The vi deo encodi ng device of claim 13, wherein the block of the
frame is created using a conbination of filters determ ned to have a
| ow error rate and a |ow distortion rate. 16. The video encodi ng
device of claim 13, wherein the sub-pixel positionis a 1/2 pixel, a
1/4 17. pixel, or 1/8 pixel. 18. The video encodi ng device of
claim 13, wherein at |east one of the one or nore default filters is

a H 264 filter. V|doen eV|c of Ialm13 wher ei
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11.  The video encoding device of claim 7, wherein at least one of the one or more default
filters is a H.264 filter.
12, The video encoding device of claim 7, wherein the one or more alternative filters

comprise adaptive interpolation filters.

13. A video encoding device, comprising:

means for receiving a current frame;

means for interpolating blocks of the reference frame using a plurality of filters,
wherein the interpolated blocks are used for predicting video blocks of the current frame;

means for producing blocks of a final frame; and

means for determining for each of a plurality of sub-pixel positions of the
interpolated blocks, whether to use one of the one or more default filters or one of the one
or more alternative filters, based on a lower sum error to generate a block of the final

frame.

14.  The video encoding device of claim 13, wherein at least part of the interpolated blocks is

interpolated using a H.264 filter.



29 24. The conputer readabl e nediumof claim19, wherein the | ower
sumerror is based on the | owest conbination of error rate and
distortion. 25. A video encodi ng device, conprising: a filter
decision unit configured to receive a current frame, and a reference
frame, a notion conpensati on unt configured to interpol ate

bl ocks of the reference frane using a plurality of filters, mherein
the plurali of, il e.or f t fllters
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positions of the interpol ated bl ocks, whether to use one of the one
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filters, based on a |ower sumen-or to generate a ck of a fina
frane, manbogeﬁ@v@ie the block of the final frame. 26. The video
encodi ng device of claim25, wherein the alternative filter is one of

a plurality of pre-calculated filters. 27. A video encodi ng device,
conpri $7.ng: Theaidso Emodingaeivict Y cRirt UBJ ©hérein AN®st one of the one or more default

filters is a H.264 filter.

18.  The video encoding device of claim 13, wherein the one or more alternative filters

comprise adaptive interpolation filters.

19. A computer readable medium comprising instructions to cause a processor 1o:
identify a reference frame and a current frame;
interpolate blocks using a plurality of filters, wherein the plurality of filters
comprises one or more default filters and one or more alternative filters for each of a
plurality of sub-pixel positions; and
determine, for each of the plurality of sub-pixel positions of the interpolated
blocks, whether to use one of the one or more default filters or one of the one or more

alternative filters based on a lower sum error to generate a block of a final frame.

20. The computer readable medium of claim 19, wherein the reference frame is an intra-

frame.

21.  The computer readable medium of claim 19, wherein the reference frame is a predicted

frame.

22.  The computer readable medium of claim 19, wherein at least one of the one or more

default filters is a H.264 default filter.

23. The computer readable medium of claim 19, wherein the one or more alternative filters

comprise adaptive interpolation filters.



means for receiving a plurality of interpol ated bl ocks interpol ated
using one or nore default filters and one or nore alternative
filters; means for producing a block of a final franme; and

means for determning for each of a plurality of sub-pixel positions
of the interpol ated bl ocks, whether t® use one of the one or nore
default filters or one of the one or nore alternative filters to
produce a block of the final frame. 28. The video encodi ng device of
claim 27, wherein at | east one of the one or nore alternative filters
i s one2&f aTlhe conmhutéryreafablermeedhah ofitlaing d9,i wiicesip dhelbivensum kir@TiS based on the

lowest combination of error rate and distortion.

25. A video encoding device, comprising:

a filter decision unit configured to receive a current frame, and a reference frame,

a motion compensation unit configured to interpolate blocks of the reference
frame using a plurality of filters, wherein the plurality of filters comprises one or more
default filters and one or more alternative filters for each of a plurality of sub-pixel
positions,

wherein the filter decision unit is further configured to: determine, for each of the
plurality of sub-pixel positions of the interpolated blocks, whether to use one of the one
or more default filters or one of the one or more alternative filters, based on a lower sum
error to generate a block of a final frame, and

generate the block of the final frame,

26.  The video encoding device of claim 25, wherein the alternative filter is one of a plurality

of pre-calculated filters.

27. A video encoding device, comprising:
means for receiving a current frame;
means for receiving a plurality of interpolated blocks interpolated using one or
more default filters and one or more alternative filters;
means for producing a block of a final frame; and
means for determining for each of a plurality of sub-pixel positions of the
interpolated blocks, whether to use one of the one or more default filters or one of the one

or more alternative filters to produce a block of the final frame.

28.  The video encoding device of claim 27, wherein at least one of the one or more

alternative filters is one of a plurality of pre-calculated interpolation filters.



