HETEROARYL COMPOUNDS AND USES THEREOF TECHNI CAL FI ELD
OF THE I NVENTI ON [ 0001] The present invention rel ates

wo eo1000§808inds useful as inhibitors of protei n RETTESEO9/048829
The invention al so provides pharnaceutlcally
accept abl e conpositions conprilsing conmpounds of the
present invention and nethods of using said
conpositions in the treatnent of various disorders.
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thigegontrol of a variety of signal transduction
procésses within the cell. Protein kinases are thought
to have evolved froma common ancestral gene due to

t he conservati on of thel and catal ytic
function. Al nost all éE&g§hﬁéﬁ% a simlar 250-300
BrEIdef e IdvEaRicH Yti C donaln The ki nases may be
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I-b: I-a l-b or a pharmaceutically acceptable salt

t hereof, wherein Rhng AA Rng B m p, Rx, Ry, W, and

R1 are as defined herein. [0007] Conpounds of the

present invention, and pharnmaceutically acceptable

conp03|t|ons thereof are useful for treating a




medi at ed by such ki nases; and the conparative
eval uati on of new kinase inhibitors. BRI EF DESCRI PTI ON
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i nhi bition of phospho-plc ganma2 (p-plc ganma 2) with
compound 1-2 in Ranps Cells; &8nd the results of
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or a pharmaceutically acceptable salt thereof,
wherein: Ring Ais an optionally substituted group
wa 201000808 f r om phenyl, a 3-7 nenbered sat ur at eBCIS2009/048829
partially unsaturated carbocyclrc ring, an 8-10
nenbered bi cyclic saturated, artraIIy unsat urated or
aryl ed nonocycl|jc heteroa ring
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A are taken together mnth the|r intervening atons to

forma 4-6 nenbered saturated, partially unsaturated,

or aromatic fused ring, or: R2 and Ry are taken

together with their intervening atons to forma 4-7
menbered partially unsaturated or aromatic fused ring;

m and p are independently 0-4; and Rx and Rv are

i ndependently selected from-R, halogen, -OR -0(CH

2)gOR, -CN, -NO 2, -SO 2R, -SO 2N(R) 2, -SOR, -C(OR

-CO 2R, -C(ONR 2, -NRC(OR, -NRC(ONR 2, -NRSO 2R,

or -N(R) 2, wherein qis 1-4; or: Rx and Rl when
concurrently present on Ring B are taken together with
their intervening atons to forma 5-7 nmenbered

saturated, partially unsaturated, or aryl ring having

0-3 heteroatons i ndependently selected from nitrogen,
oxygen, or sulfur, wherein said ring is substituted

with a warhead group and 0-3 groups independently

sel ected from oxo, halogen, -CN, or C _6 aliphatic;

orRv and Rl mhen concurrently present on Ring A are
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[ 0010] Conpounds of this invention include those
descri bed generally above, and are further illustrated
wWh010kesses asses, subcl asses, and speci es di scl PGEUS2009/048829
herein. As used herein, the follow ng definitions
shal | apply unless otherw se f#ndicated. For purposes
of this invention, the chem cal elenments are
identified in accordance Yperiodic Tabl e of
| AbodHhieniigh $h Rk dfital 8BS, $hd thefBE jncluding;
O TR ot S o, L SRR 3 o0 jnctuding,
glegafyirg e hefersice fraate anke aceurivat fiame, Gitg@nlating the reference frame
0 4 L 150 SrHE © Rty SRR S YRPGlatie T reference
%mﬁﬁl?)ﬁ'h’aléﬁﬁtigg filteQ: creapbhh Qlte%@\z}e ) ﬂad%(h?t%& tﬁ’am%; determining
John WTley & Sons, New York: 2001, the entire contents
Gfr cadti aib-@Erd posttiobywlictieo tposcahe defoylt fiteoehe elterh@dEf]lter based
The term "aliphatic" or "athhati% %{oup", as used
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hydr ocar Qon or. bicyclj¢c hydrocarbon that is conplete
TS, &AM SO S SohEoUE e B Wi Sgr second feference
FRS@ L@ LdnOlheriile WHoF fb £2a(80h AMIBVE ttb bR B4RE,Libference

to herein as "carbocycle” "cycloaliphatic” or
freme [stat kyhfigured hastotvathe aleGiultgherpdited fremeaintiatdraeging alternative

to the rest of the I ecul e. Unl ess ot herw se .
tfepFied T ok P RO G SoERien 9 TG pRgong frame, receive
%r&%thE@?i)laté@ FrRRRE 8RO e Rt tiv@ltRPSihicd fAMRURSA determine,
contain 1-5 aliphatic carbon atons. In other

torivadti fublrand, subdpiysh pesitong vdeper tonteai defaultfiddriquhataiternative filter

carpon atoms. . In stil|l other enbodi ments, aliphatic

ot 2ot aheeh e R FemEar bon at ons, “and [ vet

[:If(ﬁQL e P dh BN Sbo B RNAtd 6idg6 QHARIIEL ALAE) ifclédding; a means for
a

al i phatic carbon atons. In sone enbodi nents,
tecyivingah iquirani Gameor theansbioc ywoirats amlireliyl olalkgipblated reference

efers to monqcyclic C -C h ocarbon that i :
EEE &t it RoPa Qb6 EHATS ARt S B theof ufpfisgof interpolated
HibrbSccOfrarHES BbMI tBE ir&BrenBaItraldi edte) £ nt@hs R Pi®ductng 4 ARkl frame,
has a single point of attachnment to the rest'of'fae
al egutass fBudetabhieing fosheath dulyraodpebimedl uweitiobun the dinal frame
not . limted t | near or, branched, substituted or
BB BEd bR Sl ARk or oups. and
Puhs dsohdeRef cribdimas {sC¥ ligd] kibodmd evice, includi% a motion
cycl oal kenyl ) al kyl or (cycl oal kyl)al Kenyl . [0012] e
canpansiteweynipddajiguradde entsrpobitaa Grst4cfstangd Game awing a default filter

hed ,al kyl. . | | kyl
RGPS aBhON o iBtpie FABERh SR SUEL RSB R RRo f rerence
fremt - Rugy hn alt0hEYc TiMer t&rcRatd anaiitchatioalikiétpoldt@f Sfagae, a filter

to a G _4 straight or branched al kyl group that is
degion uott e@nfizwid daaceivardearthal Geee arewss theodefaylt Terpolated

SR eSSBS R ShiB g e
Ptz ehdkiRsr b Qfse N HEMGIE TilteS Wk faur altePR@SB MW Sn aOfinal frame, and

silicon; the quaternized formof any basic nitrogen
generae igdunal framabl e ni trogen of a heterocyclic ring,

e TR

RER g dichirbnt) frarh®Ql BleadhfortrBEdiving RSgEiaf 06 'intci@dlat&iefbference
herein, means that a noiety has one or nore units of

frawas, ur mequsnfor powtueing As fingl derrie raad imeanh dog detpmining for cach full
"bivalent G _8 (or Cl-6) saturated or unsaturated,

strai ght or branched, hydrocarbon chain", refers to

bi val ent al kyl ene, al kenyl ene, and al kynyl ene chai ns

that are straight or branched as defi ned herein.

[0017] The term "al kyl ene" refers to a bival ent alkyl
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[0019] As used herein, the term "cycl opropyl enyl”
refers to a bivalent cycl opropyl group of the

WO 2010008808y st ructure: [0020] The term "hal ogenPCTES2II89/048829
F, d, Br, or I . [0021] The term ‘aryl " used al one or
as part of a Iarger noi ety asdin "aral kyl "

al koxy", or kyl efers to clic .
%Hf{ﬁ% Ridrogitiop gy tfsﬂy@t% ?fr@nwa‘rt%@erato % ardegflﬂg%é of g alternative

fpurteen ring nmenbers, wherein at least one ring in
the systemis aronatic and wherein each ring in the
system contains three to seven ring nenbers. The term

"aryl" may be aryl
ingr. i corBHTER DRRGRABARITER Yptk pRAGNES™
[ 2 for ol asp &SR et A6 AL o MyeSy BE A application
aaphtdivdted ayntvay ad\ekampld, tinkndt tye wawtoif dimitaipn bimathe @nepmpanying
r nore ubstituents. Al so included within the scope
Wik afiMaryl ", as it is used herein, is a group
[0d19hi clyaan i@k Rk 4% Sg‘drﬂﬂlds%aﬁt}?@%d%@ eﬁ)d?)%nfg andQfe€oding system.

non aromatic rings, as | ndanyl, phthali mdyl,
AL hi G 2lis a ploek argiram diusyrhtinga vidded eaduogler. onapht hyI

ARGt G 575 Bipek] e TheTpini » G e e sreopyd o ftr

Bekion uiet €roaral kyl ", or "heteroaral koxy", refer to

groups having 5 to 10 ring atonms, preferably 5 6, or

B01Phg EliCors s kavlowg dagrd@, derrcn])thgp tled qmbcreemsofs Idaneﬁdining best
cyclic.array; and having, in addition to carbon

in a

rglhlgaqu,q)f?ﬁlm to five heteroatoms. The term
[(ﬁ'ﬂb?r OB Rl ﬁ%fl(?c'ksdl%%?atﬁ fTaQH&LD Y 96dvin rfra%HJ)I{all'ﬁotxel positions
and 1ncl udes any oxI formof nitrogen or sul
fomdntarpplagioat er ni zed form of a basic nitrogen.

0 groups,include, wi thout Ilim.tation,

f‘ﬁ‘?iﬁy ﬁ% G %m@ﬁwk ERASFAT Plustipting widen protiopgstmdiop
W(l'lé‘]zoI MlG 7t1§5 B%Eldﬂ arﬁ)ﬂﬁ?sﬁhﬂﬁlr abﬁl@& %ﬁt&ﬂtqludln an intra frame, a
oxadi azol yl hi azol )%T i soth olyl', thiadiazolyl,
predicebyl framwandjeamdlydctlomkrﬁamedl nyI pyrazi nyl ,

i nyl nap r|d|nyl terldln : :
h‘ﬁ’ggt er%@y it sk %graghg SHatRg darideo r}%rér%rgeapmxg a B slice
B&hGiding BlRolifiEd4sts 9T oups in which a heteroaromatic
ri ng |s fused to one or nore aryl, cycloaliphatic, or
(0824} oclyi€l. W israi fhgs diagnen eiesdm)mga‘dhleqnd)cesx ofcicatingd# final reference
gttachrrent Is on the heteroaromatic ring. Nonlimting

%&fmpl es i ncl ude indolyl, isoindolyl, benzothlenyl
benzof uranyl, di ben;ﬁp&&%,])];g@ﬁﬂnf
benzi m dazol yI benzt hi azol ylI', qui nol y , 1soquinolyl,
fI02apl i Sgdctﬁcpﬂmﬂwllramtm yf the qpplmanoh Wbt Inpwdwi dﬂa@(m'ijeidnyith reference
4H- ui, nol. i 2| n carbazol yl, acrjdi phenazin .

ot RSy 1] eﬁﬁ%’ﬂ&% gy hpFd 1p é%ﬂtpé‘&t}r ' linn hereln 1s not

fn%nrd@mf&i arel ﬁ%%i’eféﬁl 1'nnéﬂy’ liRRgd Q)Yrrbgﬁ[:t?ve mRhiidr; ﬁ‘lnﬁ?fya%b&use it is

3(4H)-one. A heteroaryl” group may be nono- or
béioy ofilized ifleenjueetinn’igh edo@ilgd desamytidneoficsgelin specific embodiments

ipterc eably with the terms 'heteroaryl ring",
ﬂ%‘ fgéﬁaa D-group”, or "heteroaromatic", any of which

fl' | G ed8nBddRESnt! ﬁ@tsy%ﬁl f F&%cﬁﬁ‘t@é h%w%ﬁbﬁBéﬁ Yt 89me of video
he erm heteroaralk refers to an roup
B&ibgtal plutaditly loy fatchete nmtwmultmhfe referentd éraaiekyl Fcanfdich filter, the

ﬁ}er %/clé{ﬂ:ﬁ a%%ldgegtfonge%e %grgﬁtgtﬁtglghvaeglerﬁé tl 0 Imley A calculation is
tﬂéﬁtrﬁé&cbbcH@terrmn@eFo?ré&GHCﬂu){él whldﬂeﬁﬁ&oﬁ%%deﬁ thé‘qbé‘v@s!t orror and
and "heterocyclic ring” are used interchangeably and
digfogtiont gate. stlabkems-enilpdrmenssib dree dxpashasic yetfounace of one or a
7-10- menbered bicyclic heterocyclic noiety that is
ei ther saturated or partially unsaturated, and having,
in addition to carbon atonms, one or nore, preferably
one to four, heteroatons, as defined above. Wen used
|n reference to a rrng atom of a heterocycle the term

R .



whi ch a heterocyclyl ring is fused to one or nore
aryl, heteroaryl, or cycloaliphatic rings, such as

WO pdokdisys , 3H- i ndol yl, chromanyl, phenant hri dPeil/US2009/048829

tetrahydrqu|noI|nyI where the radical or point of
attachnent is on the heterocyélyl ring. A heterocyclyl

group my or bicyclic. The term

@%‘?l@%%yef) T carl RapHTYSD a3 Bl PEebuithin a video frame is

ﬁ)%hé& Utl“ﬁgn QY BediGlIRE ?&ry&lc}ﬁhm Viﬁ' 5@6 Plx%f'gnc? lf%er gfk@l values is
et erocycl portions |ndepen e option

shdrsed fOUE&ﬂh.pq:Sﬁ@ﬁﬁl]l thasvidseftarher e| n the term

" ially unsaturate refers to noi e
l‘ﬁ?'}tdz@ FrRbRmERfe t q}fowegl B?CWIH?%F% grﬂ%”?%? ifference
PAH] Ll rﬂeééﬂl%ﬂ{eﬁfs%ﬁgl aifﬁlabﬁtlﬁ)@%qs fPa ﬁﬁ%l@i'}%%%g tuEth 9Slurality

gaV|ng multiple sites of unsaturation,
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acceptabl e, nontoxic acid addition salts are salts of
an am no group formed wth inorganic acids such as

whgapoeshori c acid, hydrobrom c acid, phosphorPCT/E81009/048829

sul furic acid and perchloric acid or with organic
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of, dtaandINMeRtd edteivdnhas Biglfieanise 28 tnidyethcldle! any of a variety of
tautoneric forms of the conmpounds of the invention are
dJISPIHV nevines ssbpe adfquidheryistal displayr LCRAdpipsromdisplay or organic light

unl Qt ted, structures depicted herein
gnl @8d%§gﬂ?ﬁfgmpﬁg1ude conmpounds that differ only

[0D4DNe Pides eneRicPD0aRe videoiceddr DBt ARY Balkbdfignéd, Ghesme aspects
atonms. For exanpl e, conpounds having the present
af thifcanplieatiqng ¢ subipagy St:fhléblr: e/meeccedem for)ﬁpmbl teygearalpand/or SIgnal-

eut.eri m it l.a of,.a_carbon
B B o Ll B 2 BAESTEPYe? no e sBRu: veriows
@égr&é@lof sCMaRty t8Nsup Mlh CACHAM) ean GHhiSsibhs B dMdlccollidk of a base layer
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arg@Rasor @@rea@altah reabaiemenklgaers sForscaleblsraodingea Rsehlayer carries
vf&g% gia%? I milnequlfulrno pevef of a%a{ﬁ%egﬁg g?és%og%e génc%ment layers carry
Qdiiﬂﬁ@{all biISt&IaﬁffB su{)&QBKﬁkhe%‘spr@e& dteﬁh@bﬁdl B85 SNRéetety. m
“irreversible” or "irreversible inhibitor" refers to

an inhibitor (i.e. a conpound) that is able to be
covalently bonded to a target protein kinase in a
substantially non-reversi ble manner. That is, whereas

a reversible inhibitor is able to bind to (but is

generally unable to forma coval ent bond) the target
proteln ki nase, and therefore can becone dISSOCIated
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functional group present on a conpound of the present
i nvention wherein that functional group is capable of

w@omalessvd y bi nding to an amino acid residue (BCEYOS2089/048829

cysteine, lysine, histidine, or ot her residues capabl e
of being covalently nodified)? present in the binding
ocket of the t prot.ein, ther irreversibly
[gd tYHigo tqliéo‘%[‘ el vitgo eeq ebégarﬁ'@f BRSTRFeApepie to a video
E&‘ﬁ@re%m\fl Shird, a%u&Pfés”%PEGdz d%ﬁEGQﬁ‘d IT‘@'@@' 263, or ITU-T
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Hr%é)(MPEGbﬁl ,YParti ih{AV ). nﬁgtholugh pooshemm. 1n[HIGB$ nAsnesapects, video

her the term bitor".is defln as .a conpoun
eitegicn G Yleeoawoyi?fm% HAY B indearpied pathgwr augiugnepier and decoder,

ks ng@b%@m‘g' LAd TRARHE %?Eﬁ)tpﬁfa{e' MUX-DENUBE b Nor other hardware and
nts, an inhibitor has an [ C50 and/’or binding
sdtvedranto befndlleesscodhrgubf bothnddid esd vidw@ninab@omnionnldta stream or

| ess than about 0 nM ut.100 nM or
ppartg Hﬁ‘ﬁ HE580e- f aﬁﬂ\lﬁca‘rléo@j&w Rits pRays pordging to the ITU
A 3Nl BRE proBEasUaR)er! HBIIRbLs: suchSasURdy e rcﬁ{a%rarn protocol

neans a neasurable change in at |east one of Erb
&/bBR, ErbB3, ErbB4, a TEC ki nase, and/or JAK3

Bﬁ}égl\éh:%ﬁ%w en‘fﬁgd% qusﬁﬂgv% Hregf]‘tl){ ﬂléq? fg[?nip({/ﬁagoagod}n%eExperts
bﬁ%% arRN e A8 OAHI B0V D B turErHXBSrts @’r@t%(MPE@?Qé‘ih@a;ﬁSduct of a

r JAK3, and an equi val ent sanpl e conpri Sing
pza’twtshmmbncoﬁn & el JoirEN\b By Tearh BBY TEMhBAH .26d SﬁEnZiakd m@prlbed n

o I L f said compound, or . .
Brokeereniifionor. b3, FESufid, Nt GPORS eltpi Gffpric Audiovisual
SRy NfAgd VAAR] 2006 CRhRWNFay B RGP ein al @hepf-l%ﬂ Ntandard or

i nventi on provides a conpound of fornula I-a or i-b
H-2641 sigcidicationp har thecBROHG8Y CystasieahvabbeciSedtiont e rsemfe aspects,

BERBEvBa By, s giabc P groltd, S isgicgs That gencrally
B&HbinRkd YheUADBY WiAIRR, GRLRRE WELikcss thahle ndhg&ickdly conform to the

menber ed bicyclic satUrated, partially unsaturated or
He3f4 standgrd. a 5- 6 menber ed nonocycllc heteroaryl ring

A 4_het at onsi endently selected fr
[t b g o il EiR0 B IV R hler pasBiobg sealfvidgo coding
ﬁﬂV@)aéiﬂeﬁ‘shJ)ﬁ/ wmsmvﬁtmmw OPHeC b @iffchafign RAIORY HL2&/MPEG-
teroatons i ndependently sel ected from nitrogen,

baY§emd tbe cselvingrSVE cxtengiomardiertbd farincgicd vantslataﬁfr @DédT he Joint

R B3 SiesMor AR R BD g it RBGLAY vie i scalable

OXYEeRhicRmaUbd ted vikhiARy s‘ierm 0RIREFSEE LIdeLlakles described in this
het eroaryl ring having 1 5 heteroatons independently

apilisgtierd from nitrogen, oxygen, or sulfur; Ring Bis

9D RS LSSty R R R e HUPLG M plicaion
RAERRGYE 12264 Pideo @0di8g Or HSIME@@GQLM§ hdeoSREMERL i@Gerrestrial

partially unsaturated or aryl ring, 5-6 nenbered
mhd@:mlﬁlmemtr@ﬂbmsy (TMBh gy theros ngnaihrle Reverddidn®nly (FLO) Air

f Ly pgm 1c¥t1981r§|” Gt eagd E;%npglyeélrgl?lpesfap%( ?égﬁlﬁca%on for Terrestrial

Mb'-bﬂt: wialkigdhebvrileeyc! iCbé paslidnay iah g“e&-hrﬁceheSt@f{da?d qQIE-1099 (the
I ndependent | y sel ect ed from ni trogen, oxygen,

@ uypecdiczuay) mEhd &Léy S@ﬁ@ﬁémo@ wtusiﬁ&teé@mblles deﬁmng bitstream
al a%exlr ga% ys ngﬁt?%gggngig rﬁ‘f I“;lgeé)g(? egstelé‘gsug ﬁﬁq th : ﬁl gFL]O Air Interface.

A&yﬁﬁﬁvem rviged fnaz beMro@dtafied AcdRiBE 16 GtHek @Mﬁhér@s such as DVB-H
heteroaryl rin aving 1-5 heteroatons independently

ghgitd t wded riong a&trltagéhﬁld)@xlﬁwﬁ ontegtgd ServiRES | @gm&l Yroadcast-
wherein: L is a covalent bond or a bivalent C 8

saturated or unsaturated, straight or branched,

hydr ocar bon chai n, wherein one, two, or three

met hyl ene units of L are optionally and i ndependently
replaced by cyclopropylene -NR- -N(R C(O) -,
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ring is substituted with at 1-4 groups independently

sel ected from-Q Z, oxo, N, halogen, CN, or G _6
wa@PbdiphessiE, wherein: Qis a coval ent bond or aP®i/U810091048829

C _6 saturated or unsaturated, straight or branched,

hydr ocarbon chain, wherein ont or two met hyl ene units

teﬁRs rla{:)goroBt | o?ﬁg@l@le 1a g@ceiga%nglerlgtg%y 21{ Sgrlgggss%s,lbsgurce device 12

hud 'B@gterﬁolﬂfe \Qrel@ssatlefrﬁ’igglt b&choe@)t '@ﬂ@lleésy%oﬁﬁﬁ&{lba{tf&l%v%thgndset a

oxo, halogen, or CN, Ry Is hydrogen, halogen, -

?yl,de@strghmlhg phatn or aGidob H‘Iazidmad;tlsph@t IHJQWGV@R the @€chhiRues described

( ; r IS i nde hyd en

B%thg&pﬁﬁl o 19/0@%1 i ahLasgieblip! SRE L Ertetash S yasg or point-
% &m. Phenyl, a 4-7 menbered heterocylic ring

havi ng“1-2 heteroatons i ndependently selected from

HI0d5pgeviideoxygeier 20and u’[(feu rdecader 265a6h magtberieghlemented as one or

monocycli c heter havi n 4 het r oat ons
M aRRer SO e B abnl St er Gepletiongpecific integrated

&%Jlt‘ér(AS\ﬂés)a%Id/\%r@grr@rn%Bl% éd@@' eRaRd ?Fl‘(i})(s)a YAl eflic, software,
or a bivalent G al kyl ene cthai n whérein one
hmiWyteerfa’rrwart aof angd cmmbmztwrs dpteocﬁnhlehge, rtbpl tadedqusy described

%ﬁ?@zr%y be%le&e&%ylthln@% ore té cnc&gsc?ew% wa(p)h may be

reRPredt to cBﬁeétﬁleBNéjsrﬁlgﬁfbgrﬁéﬁ &19@11@11 de)(flo%ugééﬂ Jﬂhtn%%ra%d_@lrcult device

al i phatic, or “-C(OR, and a substituent on Ring
manrte prakidnd tvoten hecrommumcathm deviige; enshens agviatlowscangmunication

forma e art aII tu r aromat,
ISR i BRI R A D RO RAEER P b hufipd in ome
bitnBfV&tbA&s 3t QBHJER, &@He‘%@ whidh ﬂﬁﬁ'@@ Hrﬁ%rﬁt%ﬁ 45 RhR f a cornbmed
partially unsaturated, or aronatic fused rin m and

atrogdﬁrvﬁctb@pé@rc(@@@@@bma r@nektRg rmmleRlﬁvmeesubﬁctetwe nideie,| lyfoadcast

ngge%%fgrgE{ ro? l%( % (gﬁtlo%&ggéa seger@% gélwc%:%? f’%i Vc(i\lo recelve device
1@(6@%15'(15% chludERQ-Kﬂa})ﬁiate NRCLBNR, Zemobifedd Rire encWQB’ﬁversmn

2, when concurrenti present on ng
ﬁ}temt@ I@e¢h am@t]ﬁcrrmmmnﬁms tfcbretrarnsmnﬁsmnmdlrﬁ@patbm 43 eltt@ded video, as

t rtiall t
B e R 0 RE A RBh e RGRH AP RS sufficient
&RIUPPHE Q\Jlfdlé%@cﬂﬂnhﬁﬁgﬁﬂon Py @8Sb ofallustkHtibH! howhRF,8ubh components

said ring is substituted with a warhead group and 0- 3
gﬁem@bshqmﬁéﬁdént I y sel ected from oxo, hal ogen, -CN,

| tly..
odflra SheRiatyoars TS A B tnerest et Eftpey’ Video encoder
DO OBEMRBIONDISERNST Pikel aﬁmram'émzdm Rigloeflaréy #r @H@dio encode the
partially unsaturated, or arfl ring having 0-3

videedetat She videadperkdenay haveeliesst erdvaryioe sifcs. angemay differ in size

WAL (it sofnEEDedf b Sep Bk YT 264 standard

ﬁgﬂ(};ﬁﬁﬁ etrd HEIMi@%A, inhAr@@E blockCNzeNrsuch a6 mxﬂ@h@iﬁl ¢4x4 for luma
41] As defl ned generally above, Ring Ais an

@;mlmwatsl yind et ifer] chienyr somperdnéct ebhd ABH hHEAYH  standard also
red tur.ated or tJaII uns ra

SipPiEyRRT SRR R FOREL beft el B B LG s g es. 4

Py tandl |4X4 ufas aﬁiﬁfaat@ﬁp@{en&f Yihd I édtbspéndingd sombPedifd for chroma

nmonocycl i ¢ het eroar ring having 1-4 heteroatons

mm@(p@ﬁt;e ﬁmayers@ri@bg@@m eghIvideossist resrlpgien, ansk may be used for

r

it orRaode, FEMB R IR BLAR A0TSR, syl fuacroblocks

hitbiep eadent dn)/all‘éﬁbl%@kﬁﬁafl b B doFQD®be VadvdEBcksOIn some cases, the

sul fur, a 7-10 nmenbered bicyclic saturated or

parHar dllocks wrayabaroeread W&Sewgd%qIﬁSCAﬁ%greﬁavpmga tramsform may be

het er oat ons i ndependently sel ected from nitrogen,

oxygen, or sulfur, or an 8-10 nenbered bicyclic

heteroaryl ring having 1-5 heteroatons independently

sel ected fromnitrogen, oxygen, or sulfur. In certain

enbodinents, Rlng A S an optlonally substltuted

o o .



[0042] In certain enbodinents, Ring Ais substituted

as defined herein. In sone enbodinents, Ring Ais
weaendise ed Wi th one, two, or three groups  PCT/US2009/048829

i ndependently sel ected from hal ogen, RO, or -(CH) O

t ORO, or -O(CH ) RO, wherein Hach RO is as defined

Feelrr(teglfn% n%q HB‘plﬁrE%}é%y(Ela&gﬁ:p%int@f:ﬁ%g hgﬁ{;i%alAb.oréﬁl qso an additional
fr%% | RRhEHYiLY - toofhe D2 Ry Aits: of %6431}(4 EKI%H&' Y chroma

Ring A groups e set forth in Table 1. Table
Eoreprpicatsyor Rimgcdnaneups ‘tlieDE(Ba ENCGJBN@ Bédfekibi Ed%de is used.

CTI ELAT PPLI CAT. 0001] Thi t
ﬁ]%g%‘m lﬁ& Eﬁsta},ﬁpﬁé glagrar'n) trg‘p gjor t]al: ggfl ﬁ%nwﬁgo Iercl)cnoder 20.
@'Heg7e%c§&@ 20f b Pe @ Widh- bnd %Q[glscocfngg of BBEEQWhRﬂC video frames.

are hereby I ncorporated by reference in their
hmtal-afotdiqg. reEACKﬁR@aJNﬂ) fFedttobrofo tddacd v eém_m@nsﬂaﬁ@lOEﬁundancy ina

Thi s cation rel ates to vi deo e .ng, nor
S5EE HRalipe. (er Qe Gles odrTPARbABE TG Teduce. or remove,

feﬁ{ g qg&nfdﬁﬁ(g}eﬁ Vifled! WEtBR &ﬁ\{%hﬁﬁﬁﬁl@@ P%Y?ﬁt@f@odln video encoder
scrlptlon of the Rel ated t [0003] Digital V|d

2@ pebliokms |rest1ananstbeatiormcm pmhtthd meameat vmfdma‘rcamgevnﬂfeo blocks

geV|ces i ncl udi n ital televisions, digital direct

?8@8%3%%m§§@?&$96 ¥Sss conmmuni cati on devi ces,

RRuspnaks dh@ivh ah MESSLARLSedbRASI0 réRREOR Glﬁ{@h't\@d{e% block 21
desktop conputers, digital cameras, digital recording
dethincesyideelfiamicato be csedded! in ¢ha axiam:plt: efePlibn syidemdncoder 20
the like,. These and ot vi deo,devi ces

B UP BT P oy GY Sied: B0 ST B BpHATgbensation unit
anal ok ¥heRrSYHE 8B uaRtishBAtUNRG 1, rﬁ?&%‘rieyq&ﬁtlzatlon unit 33, inverse
transnrttlng, storing, recording and playing ful

tronsfem viit 8o ageé qu@@meeqdu[lg)@mﬂf]ﬂAVmi@mecoctﬁ 2||aisbenelndes summer

PR D P . DSBS S hens o vido
Blotsr 2 BrReikct-sodth@ P vidWBBRcks f AfhR%aMBE Shoidh FIG 2 for ease of
devel oped a nunber of standards including MPEG

VREGtnanulcVREG T 2Mrivermayt makide dpatiah ptaqldélontumﬁorzﬁﬁs for intra-

nol o devel oped b le Co ter
é&h%%ﬁéﬁ¥§e{&?%ﬁ‘q§ V'ggo fgr andomg ?fﬁ) denggped

004 Crosabh cSeRRARLANION &mpReNEash bIMER NI to bRRROIN one or more
devel oped by Intel Corporation, Real Video from
Rbadcnevidee Keamasrie. gemra@e(met ¢rern0ma@htlon aerdorsi hlep adg@wn} frame or

evel oped, b nc sta
N e i RE S el g L R
b&f&mh\r& bIRROBE vMiMRO siRHS Q! n%x%am@@r ®% 1 .ChUgeNCsmaller block
I ncreased transm ssion rat es y encodi ng data in a
ploesp Mntoa ¢@stimatinnomit Toidonteisesiadnodain am@dmenttfreén@hétrrapst closely

f dat at to be. tr nsmtt
BPRUE (60 R WIBL, QRSN Rube oheAng' ¢ 6 didlggon model, and
gétammelasds displaterioil Mtveen Wid blodies. OmaRRIBaSis aMetiot Ekidhation unit 23
conpr essi on techni ques desi gned tofacilitate video and

predyecst pammniioss verioowvbat andeatesovibe Bagritiddt And higgjectory of the
lu?gﬂge achi eved wi thout the conpression. In

%g? ar t he MPEG standards incorporate video

iyl rMoﬁ@@ RBdtadaRay Rate Milf-pixZBoSiulrcApixel BRecRRINMBEBven finer
successive image franes, referred to as tenporal or

prseisiont pligreing cyrdeel caepdsn 20tte tigelowiogien withelkigherpwecision than integer

interfr n chnl ues
B3RP GRPRBEY and STkl R O AL SRR TRARD M BET THOHE gpors wit

ﬁ@éfﬁfhﬁﬁ@&@ﬂvﬂﬁ@%r@ tuk&) interpdlatiol opeREbAS AY bR daf@Bout in motion
from another after estimating the notion of the scene.
sempgpdatianonit 2 h&Foy pxpeeplere d@ﬁglﬂ gotecYnisgudy dntgyobiain pilymea signal
simlarities within inmage franes, referred to as

spatial or intra-franme correlation. Frane conpression

is typically based upon conventional processes for
conpressing still imges, such as discrete cosine
transfornr(DCT) encodlng D screte cosrne transform

o o o o a o "



Transform (ABSDCT) nethod. This technique is disclosed

in US Pat. No. 5,021,891, entitled "Adaptive Bl ock
w@Eeme/nvasere Conpressi on Met hod And System " asBCTOR2009/048829

t he assignee of the present invention and i ncor por at ed

herein by reference. DCT techk ques are al so disclosed

[ S. Pat,. No. 5,107, 345, ntltled daptl
ha “PREGROSEiSND B Sriah Wasp s t%ﬁ&tfs%qu éﬁsﬂégﬁdﬁ o /32
Hﬁ? bESR cg.ﬁl%e WhintiBRaRY, %E'yt Mﬁﬁg}lk& @oﬁﬁgnéh %ﬂﬁfegpﬁﬁéﬁ% on the
hef ei n by re erence. rther use of
tzaiudsmatqnﬂtegérrpmdribcaﬁmhs ond Vhict 1hteq)d])utédl ealant atdialmadt Ioesgtions may
Tr ansf chnl s dIS usse U.S. . Pat
ge &geéi Q[gl& bl@ilﬁalrt @H a SRATHY i gélsgf &Eragﬂoznél pﬁcgb énterpolatlon for the
S 8ot ABnRLEAR 8 Bheppassianed o the
assi gnee of the present i|nvention and | ncor porated
Ho5¢] n Mytioetemenion. unTthB Blgstifeersthel bssilrmstenh vaatar |felse Vldeo block
atents utilize ng% ferr d to as "intra-fr
HeLairalg; disipdioa [Fsrl oSt H%Eloalﬁfl SRS éﬂ%t&iﬁ]e‘&?mpensamn
ﬁ‘ﬁﬁ Qquitonﬁ?gt B%I@dfcﬂoﬁ nf?de%olﬂBﬁmo Oho @Y cGth E&fsatfl&ﬁmeldeo encoder 20

Usi ng the DCT t echni que, e achi evabl e data rate
framns e rasaldak edcd rbddemkaby lsmlntra]:tlﬁg bbh¢ picdrctiontwdgeblosk poodiiced by
t 0 .appr oxi mat.el | 1ion bits per sec

BRUEB RN BB Atiah Falari M dFe PRENEmBgEeH d4fee Yook Qbghgummer 39
E[b%k%%%ﬁnhﬁ?t@ %ﬁewxraﬁeoﬂﬁe&tﬁeoreﬁaﬁm&e& €)ubR®atidn unit 31
bl ack and white or a col or inmage or signal
netiesethtitragsons dortgeentsThefwrthcoredunpbit reieg Eatropsayocbeg unit 37

bei ng the | um

bty (B4 Bnticreian 5o il ARGeE e idsp decoder
96 p&PdrRfs iR RPatfoRs tEREShstubd B encbdlll ORI Of pi xel's.
O her known formats such as the YUV, YC sub.bC sub.y
HOSRGB Iﬁlmmatcslamngatlan amithd3 yeddinvBec duwssfooh wihe 36 capply inverse

spat.i al Sitivi f the e et sea
REeRinm by Nl Fodchu R Rire RihnER FIG(! block
SuhAft 91 a8ds the %cohﬂr&ctﬂ&i ﬂéﬁ’iﬁh@l‘m&@d toaRAm¥abA b&@bensated prediction
directions isreasonable. Accordingly, a video signa

bigyk beoduegst lessmntlem cmapms@nnoﬂ wmif h’ét@cmOdmmmsg‘uemd! video block

008] T t
oo R E o TGRT b 0 gorer 01 B e iegBeore 25 The
imdebs! @6111@&5%’&61@@1@& dok r%ﬁgﬁ TRt Mecidiod i frdd 44 'cgﬂggured to receive

sequences, and deco ecorrpr essi ng t he I gl t al
mf@e@ces érqnnemfesn the refergnce slsane stdie 2Sngeekeye anehirrent frarne and

PRERESH T REI RS Dites. RSB 1S b Ror @ e S Rbnds Tognbeore 25.

qiﬁé rdBnithR tRIeAHEN BRCRIMMI BeQsddBOIBStioh résﬁrh@udmﬁ@r és and motion
standard, for exanple, the encoder of a sending device

@qrpp@aﬁthn Wit Tesneods adelock mergibieqaaet idedigame.

0B3RS VB b REE-BEh SEBs ROTRL el g Fent video

famedar nfridh (dapeiReb Rinacksmal usbe fixwaedt af lltérs to interpolate a
precedlng video franme to identify the nost simlar

raeets dlerk fronula apfcties frame. finkfisfasense Wegkwseareedeseif the current
ggl% Obhicl)]ﬁ(lfl{ecilﬂléal g;an mv-a?ilsécrgtr\]vnoa gelrfegrnﬁg V\%)(l rsg%g?r}telgged if the current

PIoEN iiPbisdifdcabRal WasrctisRd. foH.28Ac aditfde refbenetefadey indfordard and

rece|V|ng devi ce receives the notion vector and

berkoged! dupetioas apeede uapd upé@m@r%%n&hﬁowt%rf‘d@h% 88ddoby motion

%urin]?e%n ] %Tumtv i?d(?e rﬁ(g ?1%l g} g C’thII‘Yti 18[:108 xgcrlh t10n n%Yor ﬁor exarnple if

thaembeye ve@br @bﬁl@d & @nheﬁﬁblﬁélt Rﬂaﬂ@(}h @rﬂt@ﬁ@‘&%ﬁce ‘ﬁﬁﬁﬁ in a given

notion vectors with fractional pixel values are used,

dinsasiosr topeliaincihi oialus| aictie ihglTanxelj lneation) midefashl interpsation filter

is carried out to determ ne the values of the

fractional pixels (sub-pixels). In one exanple, pixe

val ues include bits representing the intensity of a

| um nance, chrom nance, or color conponent. [0009] The

V|deo encodlng process S conputatlonally |nten3|ve

S Y o o s



using a default filter to create a default
interpolated franme, interpolating the reference frane

waigiingosmos al ternative filter to create an al t ePCHUB2089/048829

i nterpol ated frane, determ ning for each sub-pi xel
posi tion whether to use the default filter or the
alternative filter based on r sum error

i\ea}tss d & fhap dimensiog wHb @ lf%?% Mfel[ﬂemrﬂve%ﬁfotlﬂé?th motion vector
@dﬁ%ﬂ%ﬂeﬁﬁ 1htstoa1n\fégé? %&ﬁ%&@'tﬂ& @Fe\l’ fues 'fﬁﬁﬁ Lﬂﬁié ?&ereﬁce frame in
noti on conpensati onh unit conflé)ure to interpolate a
faferstcer fhiae enme 265r map besused daredey avithouf ipbtfemmitg aoy aateepolation
F def aul t lnterpol ated frame and configured to
HELIICERON, second reference frame using an
flosg[ nalfI'G’% id B16kK HRg Pcﬁf?ﬁtlﬁtr%éié L&ERALd ¥i8me store 25 and a filter
Interpolated frane, a reference Tranme store configured
taistoneit Yhes d;hbwnlm HIGt 2r pb?haulwtrhﬁm”rbloa]n diagtaon ef tlivereference

|terpnative in platedfra : [ l.fer decision unit

BRI SUF A0 4 FRTeIssBIon WhiPR aftoff Fithre? Mebids gerupiqat Hame 30, a
Aelanlet ARt /IPOD AL 8 { HATE dedi§6L KR 4t4h erRd Elﬁ{é?l@tﬁla‘{x{% 30 may be
I nterpol ated frame, and determ ne, for each
Erantsrrptt«cb to thedilter Gﬂnclsmhemltte4f4 toobeusedeto dhedadel b tﬁnﬁll (o:rercccunstructed)

alternative fil n ne; _a erat
e ShderTaitng fodsrerone g 91 Tefranel B i E Ao EHEIcPE: Games store
v 489 eisaM Nt deVdr&encd MahddidadianBmPBRAO faliined reference frames

receiving a current franme, a neans for storing a
m theaiptign odmpertsetigroisit €d. r bf eneppbodin@nts: bat o reference frames

r fere efr for .,receiving.the

AR viYt ATRUE ARG 32.cf” Pt af acuSiEd bl Wrsice frame store 25
a@d‘ SlceRRGLtf hdMRtcP [dRESionunMeANS If AhotREOIHSIdde@. fisBRSS reference
franme, and a means for determining for each fuil and

aumewm@‘polp@élw1ﬂoaitqrmtché"ﬂferm(@lr npn-glafaultfdtera 38t 6204 azc stored

h@ re %%%l?.t ﬁgﬂ? rsitoge ggnté L]tvea‘e r#bl g é{?c%g)%lg’ it 92 In another
érﬁBJ)diﬁHeﬂQ if Mehk} @Jpagi@memﬁéd QRtekidldted ﬁﬁﬁﬂegg{ ? | %bnerated on-
er au

interpolate a first reference frane using a
fhietflye ras tngedade alneons @rebfcalimenti Hceinfeopcelted ffanmsaragenerated in real-

fi d | f
G001 S B 12, o R P Po G2 Pamiel B T el iR ytors and the
fintietmatat 8d faanBle. aThd lalt@naGRC iSO Mo NHowa®REJGMESE a video

to receive a current frame, receive the default
Fvodeipdl araycbe amadaptive e@tﬁmlthe fitared m@naralée adaptwe interpolation

terpgla fr ter for e
B0ES SRt Shet { A ranclfit drodfneriotn MG (1@ foay, an adative
Biferpbla@sm Atk lth@roffes Rrdd G Ane, 1 vidte
thé@f)lnal fraﬁ?sm[ooﬂ]e pRrdd Qalind b mﬁf&?e‘?ﬁ deo oHEE

with dugh gesabripe de-gi AEInIdi Ty, videqrergesler 89 hﬂss@eﬁwdwgt af alternative

ﬁHr ntt} L agFe a 09113 ans: e erengee aer{lé/ I ng)he% € tngaelnll‘tg dlrnent the video
erpo er ence ranes, producl ng

éﬁd’(babr b0 anes, SLiﬁ)drt@QDSnchﬂiepdﬁtb%r dal ?tlﬁ@ 1ﬁt@1ﬁ)oﬁt@éﬂhﬁlter a separable
full and sub pixel position in the final frame whethe

pepptize infeipetagad filten prdivcctona sdantiverinternaleed |ﬁllt?@ rand an ' enhanced

B DRSRRT R OR, 105 PRONG 1004l T06 05 5981 08 o

di}ﬂwnls@ﬁ&ll aftriare mtbﬂpblliﬂtd fhiBes. DX separalsik a&aiﬁi’{?@hﬁterp@Mmﬁdﬂter uses

by way of limtation, in the acconpan dr aw ngs

veidedithen hmestal sags topinfaspejats|fs@esdi ﬁaélmglpn#llad@mtrV@tlnﬁ@@)olatlon
[ ystem [0017] FIG 2 is

glt%q%ggdﬁgé&?g%% ﬁilt ‘}if&?% fﬁg{ée%w deo encoder. [0018]

foss] 3 IinSaIﬁ)tlbérOé‘erdlilrﬂgﬁtaerhl éﬂhuﬁdeﬂaadapgv@ uitelfpﬁfaﬁﬁﬁ €filter (E-AIF)

frane store and a filter decision unit. 0019! FIG 4

may &e ppeshb b e udlerizeli noisign it prhe Blfer offset fo each full- and sub-

determ ni ng best conbination of filters. [0020] FIG 5

is a block diagram of a video frane show ng fractional

pi xel positions for interpolation. [0021] FIG 6 is a

bl ock diagramillustrating video notion estimation.

[0022] FI G 7 |s a bI ock d| agram [ I I ustratl ng a VI deo

N | o o



conprising two notion vectors. [0024] FIG 9 is a flow
di agram descri bing the process of creating a fina

WO efienessee frame. DETAI LED DESCRI PTI ON [ 0025] BpBURI00%/048829

enbodi nents of the application will now be descri bed
with reference to the drawi ngst The term nol ogy used

in the descriptio resent ed hereln is.not intended to
Pl RPEHPR-eF¥d then?laﬁ;ﬁn sk bR oRatict Frblliahesstmates the

é}lﬂ&’!eﬁ er%C(ﬁéJt?ﬁl ol opﬁienegtei'ﬂa'tllve %ﬁt@r bOeICt‘fl@Jd@féﬁh'l%rpolatlon and
wth a detali 3 escri ptl on of certain SpECI
éasd]xdndlwtmthes tcoﬁsetaimd sepmpl toahd darder GO ﬁrﬁérnatme(ﬁie:r or not.

di stenll terpolates gi ven. bl o
ﬁﬂg&e rtf evfl&%fo %ﬂf’ 10 Uit g umay icPPEIe t%mwer it toaer@%g{%r cost) of
eﬁaown% the F&Ei%&* RESert FRNRS30 &g eff‘&gna‘e' fedrRs infe iR HYS Wei default

t hen al cul ates notion vectorsfromt e given
fisérede 3436 araimfeﬁnoaframbsmllt@polaisdt\m‘éﬂaltmmw dilters 38, 40, 42. In

deter for i.xel , which filter OV|ded
SnsePodfieg U B SRuET balt My ipsconBl BB Rt shown o

Fé&@ns@ﬁl@feﬂﬂe ek P $6§185ﬁ59t6%t69ﬁ11&§ ehObsBLRTRF LR Rling to the use
filters for each sub-pixel and integer pixel wthin-a
of dédur fthadefanls fitkkmnarrtbe altametmye ﬁl’u@rs béls tandthet enbddment, the filter
ncodln e sub i xel |nte val ues s

Saraet af rdrmahe HBES B ahsolie her vl ledor FaiteD X ¢lpeeleqt between
hhilgpR BRBOUnIBRbdudddCs SUSLRM A&FSMHaptBRihHEs fbwrbe&r rate and
absol ute di fference (SAD) error nmeasurements for a
dswirtiabl e p03|t|ons in a single frame, using a

[ f fjlters measpring.the SAD, the system
P47 Fet Tt dipisthvinns 24 BER A AP0 TR L YsrllS FPREEN vector
agdapid ven bhd EdbodikRht, ﬁ?&@[@ér%ec@ﬁn%ﬂﬁ@ﬁdyvt%cewe the current frame 30,

i nt'erpolation filter (AIF)) correspondi'ng to that
fosittotion vectwhethemi¢rpolateyl bderrnee fommsersiuelt as( irgference  frames

B aron eyl TR, adeSnang i los Hoafy g Polated with an
SRGRAR IR BRXE), 428k Weger td CRER]a fiRal 3BOLBSHsBBRAMEBloe frames

a process of using optimal selection criteria for a
4D MsI, HAtD br stfrehumihicableecnick Iftagresstorsakhi. ndys & acsultpihsi infedr decision

HEEE P A Tositdined RrEhoPa ol 1 ey SRR ol or -

@x&ﬁ@ 1@61%Iaﬁéd(usﬁ{§jelﬁle¥ g @bRNIt ok Eltéfﬁé’tlxkéeﬁlws S hpﬁrﬁ)tﬁ& embodiment,
gﬂgter the error corresponding to each of the

& mcwe@tmts%maymmkttto ﬁhﬁerefartmcerfrér@fr steecBS a decision array

é‘}?ﬁﬁﬁ? "ﬂhqscﬁetgijsgqnnsla[?%g th ﬁr}]lﬁwtgF fay péﬂ%r.?ﬁ gFCISIOH values describing

ﬂﬁh@@an@@ﬁumd dferch® RArh¥E4NMUBCEBS it SndléhbbdR@nt, THY &cision values
process includes starting froma possible sol ution

pl@mdedém the deelslgn@rrayémtcshwahdlafy|h¢dfq11@><@melep£ﬁs(1t)41@(\0) c(l),d

r .whi,ch.an al.ternative filter..pr |des est
(BT g i - SPeboalort bt | EhBE Y bl sBdg & o o fler
tdectivaldeeisioh is fai@ntﬁ\f@é’d hitingy (¢ Bﬁlﬁi@rrﬁﬂfhstehﬁerﬁisﬁfgetﬁé défult or the
repeated until no nore inprovenents are possible, the

pltgspasivefeter @V@&@lm@glw@omreowéoowha amtb@reqrebqﬁlrneﬁ, the decision
r eshol maxi mum nunb f |ter S
HILECRRVata s aBSpIHPR MR Es B asbBPRLIETS 5D ). aca). .
shoReld hiseslpheu lpbﬁtlbﬁ) 1s sdedfifiéd b9 ahi A1ph2hRPRErOKidNBIETION selection
of the n1n|nal cost using synnet@y cl asses. This
ﬁ@tlﬂi@lilsdéﬁéﬂf@érvémﬁrﬂ gunghar dernesd weed teutdeahsy the agiplclitarepe to be

'?‘%ﬁ kglﬁ)sg& r eflgr %n %S]t%oglln%%lt( SmelS c{é?au%taa% Iﬁ%gle adaptive

rons dre
tdwyolbﬁd)mﬁgexﬁ @natyhe @Mimﬁrdragamhm anbﬂh@Bﬂa] ortiér t3Reichame the most
enbodi nment quanti zation table is used that inproves
efifisicah E4e ﬁ)g e@ﬁOdlﬁe cagh subrpizeefositione dnsangdisy cahodiment, multiple
full -pi xel positions, wherein the quantization
preci si on depends on the coefficient |ocation using an
uneven quantization process. [0032] Block matching is
t he nost common nethod of notion estimation. Typically
each nacroblock (|.e. 16 c 16 plxels) in a V|deo frane

s o o 1. " £ 1 o Y " o o s Y o



[0033] Intra-frames (or I-franes) are frames coded
W t hout reference to any other frame, and may be

w@emenessesl by an encoder to create a random acRE€BES2009/048829

point. Intraframes typically require nore bits to
encode than other picture typEs. Often, |-franes are

used for ra ccess and are used as references for

@%@8&? HljeIBPQ‘B% thelfs raa?r@enpé{r@f{)%ﬂmsw% pRathy p Pgﬁ%ééo fggprmine the
ot TR A e R bPESAlea WAL LG Rle ROBRNIDHxcl position.
[00&8E dEIGa 4atedichotn ilnstvatict ProcdsssHl fac dntennmlngl abdst &ﬁﬁbmatlon of

dicted f I I d . .
Pleivagingans SREFOHERS BRCng: LRSUTRY: oSl Hrhlpehay @ dngpe video
@ﬂé%'d&r % Xal%l%§%0969 %ct&%‘ @ﬁ&ﬁ&%@ref&é&%'t&% éu‘i’rehh frame. The

franes(s) used for its prediction. Al'so, typicall
pfednet feandsraapbe re quiarfeartheweprebictes! fiamese ﬁlﬁmchungnit frame 30 may

ntra-frames do. 035] Bi-direc nal predict
b arhhipHons! predisecd Tbguile &nF RETBAGH o CUB T grighe Toferences a
BRIBUS IR frhhadRd §l1nhféd%5£jx%ﬁ ubiBg PRl 8RAGEHs i lied to calculate a

contain both I nmage data and m)tl on vector
thogiph aceorddsstibiagdhd preiisde dsphecpesdile thothemodeslimbat a current

g{ng: %‘8 Elggs; Eﬁ ‘?R%d’? 1??& ,ﬁg’ﬂ”l[ naglld;avhﬁaﬁgf géagé{:%ligjblock matching is

Eﬁfli%ﬂetﬁcélélﬁ&boa[‘%odoﬁ oK 4desblibidl MBS tiredaked mlﬁﬂh&h{%ﬁt After
frames may or may not be used as references for the

dleoomlwgtoofdam e calpuletedr @sis Barfsmaties ta yid didtet yeeisiqui urat 44 as
fevvef)%({) OFSI r encoding than either intra-frames or
frst Brdmes do. [0036] FIG 1 is a block diagram
ASOISyEt FAkd @Ebc@ssv'Sdet‘Beﬁr}ﬁQ&Esnﬂ) BRAk dec adl NG @Y @M dficients of
own in 1, system 10 includes a source device
dlzerndtoe ﬁlteamsﬂm e embodiewnyiaeslapovaint@pelrven dévi sescledted and
a comTun @gg[l on channel 16. Sour e devi

1
oG pt Iy R e N B T Puryt it SO e gt i g ofsct vector

hlcagem t £eF e%@rn{)l-gh% thbANSRhi WBEtoR ZoMRYishe ﬁx coefﬁ01ents may be
wred/wireless transmtter. Receive devicCe

[ &1 Qdel.b and @errvsmonQMg offfsctecctbe ¢dd Or 2,26 3afil Qned)éfset value is sent

d 24
By PS8 GBufar s RO AR BSCHP sy 86| BRUiqie, STl may be
WJ 0L88S, 6RNTBHNHE FliePBel8@UNnC End aRGIE&L haviig ts@ft HPmB®Yon, for the
be confi gured to support al ternative filteri ng (or

aldentt. i neanbiticr embadineof, armst plofixase nmﬁécaﬂ@dd pHediace iged instead of

T e A s S

FUOBUH NI Tl probesS BEANG mdResTBYI0eR FBlng @c RANCIMTEREE8Sin®hlternative
wi red conmuni cati on nmedium such as a radio frequency

{iFerp aspeaperated. dn copembpdimsng agh§ﬁ§¢11§a|franreat$§m ansgnbanced adaptive
l i ne t,jon

OfRuioh M S PERARY Ry Rlogt TR AR ToA0agY (il B 25, The

fdﬂ@r@n@sfrzﬁné afag bedhRapRIt¥d 1king Wh d@apiveanteRioliok, filRF, #h enhanced
gl obal network such as the Internet. Comrunication

adeptivie mtqmolgtéma filliet, gr 2 @?Iﬂ@@émISOfa}Wl -dpfiaul Gfipltass.

ation i.um of different
PR i 8 Bl o s S blog St A SbrP i fiEtor for gach block
ﬁ/@tﬁfe@z@ryd&)fh&ﬁatﬂo% (SfDﬁll’t&§ avMRbLIC A 68e kﬂ}bofil@&%]a SOHHNE Erame 30 is
device 12 generates video for transm ssion to

mwﬁchwﬂdirﬁnd@wn@a@d reﬁerf:nge ABMSAEEE athBlfgrpetive m@m@@s&n filter
bst 2 ti

and thg rate '2_%%1 %exa nTO)Iil grror 1§c VII% g%c}éc_h&yemﬂai)dlmen a current frame

B(mcsl d@ﬁ@awddml emﬁfaap@lgtearfrelfeﬁke@@ tlafhg uSARRQREN(SH. 26 fiGier, and the
system 10 may support one-way or two-way Vi deo

tateershdistertion apeer wWedaterviigso devi ces 12, 14, e.g., for
vi deo stream ng, video broadcasting, or V|deo

t el ephony. [0039] Video source 18 may include a video
capture device, such as one or nore video caneras, a
vi deo archive containing previously captured video, or
a I|ve V|deo feed fron1a V|deo content prOV|der As a

o, I o o - A~ o o o,



conmuni cati on devices. Hence, in some aspects, the
t echni ques described in this application nay be

wo ppbeesot ed within a nobile wrel ess conmuni cBET/U82009/048829

devi ce handset, such as a nDblle t el ephone handset. In
each case, the captured, pre-Haptured or

o, 0 e S i
el Qo¥irdRAd86 Q)ﬂﬁ orrb gfiﬁ’ﬁeny QGrra%Eﬁio\ﬁ%n@t%ﬂ' &feF It}4 3Vde?erm1nes a

transmtter 22 recei ver .
deyvifoe &8hnmp mn@ﬂqﬂsﬁamyoﬁﬂnmo&&glﬁhg‘oédﬁcsp@aymng a default

devi ces s h as a liquid st.al .di sp| ay

BrppIAGors [T Samrcuring An Siiretivs gntalipsLﬁéw{l é@b) hrePTRE cost s
glismhiayd in[BPsRhMydeo encoder 20 and video decoder 26

may be configured, in sone aspects of this

EI9oB] califi |somp positisupporconsdatdbymmetritea soptk ﬁgerfcr:an be determined

tial ora and/ or signalto- noise ratio
%@gﬂ%ﬁ froq gt diab Phgid amﬁgd’@é’élé?@r 95 ¢ g@ﬁamel hosition a

i i 09&1&*%94 fifshs Bt SRR hihhdes By uRupRar L ng encodi ng,

transm ssion and decodi ng of a base |l ayer and one or

6 d] scﬁlhaaﬂnbeese A ahaements tb dyerkss6 ﬁmlrdmraiuadsladoasbobmlgnation of
base | ayer rries.video ta,wth m ni.mum | ev

Bleru dni Qg crego@igento sy aghy filheShamt Pixgy Bpatigh i {he T fial frame, o

addintih Rl is thddRtds Q@Whtefhe? %PQ&" ¢ 8@ §iiteS Bk Qi'ternatlve filter based

tenporal or SNR |evels.[0041] Video encoder 20 and

un thedilte bardeg a 26V erayrooped alev dstotioh rade Wberacompzbe@d

essi on standard, such as
[0ogh: ThemadeRanth EANRIBEODE, uspihia dei%fﬂtlsa\fv% sk aagtﬁ per pixel
Q@H€§QQ%beBWEIG. 1, in sonme aspects, video encoder 20
and vi deo decoder 22 may be integrated with an audi o
encodérDand  decaode nd
appropri at ethﬁ/&"b%ﬁ/ﬂ%é Eﬁé’ﬁ %ereonrceo glr 3?0&1 ep ens%ted prediction
sof t werré: bak&d baidldefandadipatatioh et b @udilacand vi deo
in a common data stream or separate data streans. |f
appl i SéBlie, N nQEMROHRinkSted B EOMIP ol babte oh THie altornative
H. 223 mul tipl exer protocol, or other protocols such
t he us@mp@@n@gﬁhﬂﬁp$@ﬂ@d@ﬁi(UDP) [0042] The H. 264
stand?ydéﬁas developed(gy the ITUT Video Coding
Exper t's & buthe sad (thlait) fche side pyormejion; necerseryeR ﬁ@m@ the filters

Q1B ATEG 23,1 NG BB01 DL I R OBV Pt

descrisz F[n | T T Recommendati on H. 264, Advanced

Vi deo coding for Generic Audiovisual Services, dated

Mar ch 2005, sybi ch may; e 1 eforred to herein as the

H 264FGelndar dS’doﬁmH 26szFspecu fll cHeicepaise apgdhe lowest value used
H. 264/ AV cat

teohni e R s fathe SRERNLIEE O Beflf iREREIAIR AR should be
appl i egtdt o devi ces that generally conformto the H. 264
standard, or other devices that do not general

E!?ﬁﬁbr 0t §ng Ebadieents ifa Hegarfiter [sglyatgn Hies yéfﬂ?feﬂm@éoand pre-

t(sd }%@&f Odg((ilttggge?igén&%{\g@ 2 E%E@?ﬁ@%t%%lﬂ%&ted to the filter

squuoﬁl CBdri ewangfle, iy Hic2 Beh MREGrethib@ViBaafiddt hecost that is a local
evol ving SVC extension are in the formof a Joint

IyUHY Jpproximagon &o e eptunalnogt. P dits W@H@aﬂww as the cost (in
18y B tRBs i npl enents tools for use in

Bl§ %gﬁ B%ngo? %%?ch may be used within system 10 for

@6l7pus FEGdi 3 lbla«sikélagmm:asﬂ dedeo frathissowipplfracadonadpixel positions

0Q44] In ects, for video_ broadcasting,
E%%tsme&% P PaE tSdﬁ‘éWaéf‘épﬂ jet f fragiional XAt atp-ixggRositions
M H8R16FHAG. fl‘ﬁrFlgflﬂ \ﬂ?err g Lol TIE b %&& ?%%Ylbﬁseslabeled “p”
I n terrestrlal tlne I'a mul ticast 3
systens using the Formard Link Only (FLO Air

Interface Specification, "Forward Link Only Air

Interface Specification for Terrestrial Mbile
NUItlnedla NUItlcast " to be publi shed as Technlca

~ ] —— oA A NN PN ' M 7~ £~ " g~ g, = — o~



may be a nobile wireless termnal, such as a wreless
comruni cati on devi ce handset, a video stream ng

WG 2010893800r a vi deo broadcast server. However , PEHES2009/048829
techni ques described in this gpplication are not
limted to any particular type of broadcast,

tlcgg oj htto- pain ystem [0045 i deo

&i 2 3t Pl v Mpess e Labloc s Tsien niRP %@63/ to provide symmetry
b4wR! é?f&ieﬁ{agdle%? 8Nk Rées”P&ﬁptﬁht&‘dnoBb&%&ﬁorlsor Qala%ﬂlé" the Y-pixel
si gnal processors (DSPs), application specif

pmmglsaa’e@l & ctad U&y(bésymetrlcf |reduztu@rcm)grqmmmbhleo\gdteed involved

ays (FPGAs di screte sof t yar e, hardware, . .
?‘Tg gFIO%HEPCE%%ﬁ niﬂ Yf‘éﬁg 'gﬁre P@ﬁE’é‘F{P‘ﬁétlon €37 65 may
eg4h i hi :
?fﬁ R e R R S 1“2‘?9%@“‘3@? bifhabbicthid during
medrpolagoh pocesingecti vely as an integrated circuit

vice. Suc i nt.e d.circuit device may. be . :
FEHE G SRR RS G OA P BTt o FErE ERTiggigns in which the
tﬁ‘ééﬁt‘%rﬁséf BRI HEREPD HIRYE GRe NBRASRTe- fifkaCrigd h&b&%@ when the
encoder 20 and video decoder 26 may be included i'n one
posimprereicotde sr ehendoydeiang teithh smmosymneteh classy(fliecxample e,
inte ateﬁﬂg part of a conbi ned encoder/ decoder
ﬁfﬁ%&f espective nobi | e devi ce, subscri ber
devi ce, broadcast device, server, or the like. In C.
HW9EGPL | oWith\Ihid@Dp@@Qh deisevdible td 2ccumdlate deocrrardeiawector % and
g%Vi ﬁ ng i ncl ude appropriate nodul ation,
ﬁg lgfﬁ% ©s dﬁency conversion, filtering, and
anplifi conmponents for transm ssion and reception of
en@uded%i @£p+da§ a@ﬁi)cable i ncluding radio
P(éd”éﬁey (RF) wirel ess conmponents and ant ennas
Fib7] C1SIL 15 ShSURRBLAIML GrGRe LRIIMNI AL Lo 0l B8SBund by
ustration , Suc nponen no
shown .in Fl G 1. gl g $,As nentloned above, videos
MBS C3ehs & indepeBeniVdeo frames. Video encoder 20
Fmﬁ'iﬁt eEAPR 19 |a°cﬁJ§c?< 85 Mﬂhﬁréﬁn&r}h&ldnn&h}{iag%l M Cgéﬁ&al motion
anes in order to en ode the video data. The vi
bitinckieon maysdiavealefdrmed motioavgatory fei eeb ,maneblogkyindi fdremt frame

in size accor in% to a eC|f|edﬁéo 5@% standard. As

&ne ATy o, Beretean R Ly R cr b et comprisey
Qie%gﬁﬁé 4 Q&réﬂ‘a g%ﬂhﬁyﬁ’lamié?&lﬁnﬁészﬁ%st ﬁié&jﬁ Rswddal Rrac®BBck in the
4x4 f [ uma ¢ onents, and 8 for chroma

conmo rfelntesand'l' i éldclf o PiktlP Gebns b aefternde ditasw. sTippsrara, algorithm is

inter pre ict'on in yvari | ock. .si zes, h as . D
e e iouod ne Rt obAhso st as s RHF SplRuadon, which is
GRIMABGALS tl?é"'éjﬁ C 9{ p&siPRA 'tl'ﬂegm%ﬁéﬁ 86lird tZRScdnYar&HaBMacroblock
component s. |'er video blocks can provi de better

metho lurtrérg rﬁanaerwnmty sipeourslen droa inl the ptavons faincsandi adtempts to find

fra that cl.ude. hi evel s of detail. In

wﬂﬁ%B&ﬂFﬂ@H& gﬁgiéée various smaller blocks

[@VZPe M@fb%'vgle 7ed. & GlIRerads Cﬁeﬁla@lbﬁﬁﬁlf betwbed %@qﬁ&ﬁﬁﬁ sct of video
he smaller blocks may be referred to as sub- bl ocks.

ﬁiﬁme$ giledicctémets aa intrarfsfoor pombirainep &0f ar argrdfcomee Heme and a

BRI RATe (g EreR s *eb™ibtag 1B e e ol (@ frame) 62
&é}ﬁﬁﬁg 6 ifRRtRa RbbIbOIE 66 %A Béﬁ&lﬁﬁné fHotioh re@t’iﬁﬁaﬁ&frg)Q B&Mifg a second

or luma conponent if the intra Sub -16x16 prediction
maoioblosk deid . the (Mﬁlﬂframp @0 (@r refergngd Getctli Age pmels within the first

|IIu re det ils vi deo _encader, 20.

teiraBlosR ey 3 abFeafipiih By wir® SRER e ik B4 g absolute
aftfebdnee kSAm) Isma[buvattéhe and & ABESn vbAbF 68 BAtRRIHeElak 8T,
spatial prediction to reduce or renove spatia

redundancy in a given video frame. Inter-coding relies

on tenporal prediction to reduce, or renove, tenpora
redundancy in video within adjacent frames. For

i nter-coding, video encoder 20 perforns notion

estlnatlon to track the anenent of natchlng vi deo

o s - o o o oy r o ~NN AT A



encoder 20 for inter-coding of video blocks. Al though
not shown in FIG 2 for ease of illustration, video
W@ pnoMesso20 al so may i nclude spatial predicti oPCT/US2009/048829
conmponents for intracoding of sone video bl ocks.
[ 0049] Mbtion estination unit!®3 conpares video bl ock

1 to blocks in gne or npre adjacent vyideo frames to
é’é’ﬁé} 2t I Corles arlogk Gostom Hstiabiag Sr§eor{fmg dpcledig an intra-frame,
élreaﬁ?edoﬁrarflésa DS bT®YecREndI PrédiE¥E Eafe mA% ?ﬁ@srtﬁ{é?l,ethfe A% frame 70
tore 25. Mbtion estimation may be perfornmed for
b alos raférenar ampbdthersfranes ,exeepy itsell 6kiléne dbbx@lim8nt1&n inBra&rame is

or. smal l er hl ock si zes. tion estimatian unit 2

B AN {TAIgseav s BASHCTEh O decEn cPeTaH TGS o not reference
%fﬁl%ké’diﬁ@hﬁﬂl%§ ahd8o GF R th¥ 'cgll%?)il@ck 96 KeRonc€ fildmes in the future.
based on a rate distortion nodel, ahd determ nes a

Onsthk agherendb etrevkeed tihaends| mek scfefomce previdass ingra-fravbdsoor future

estimation unit 23 produces a ti.on vector .t hat
PRIE £8Pl Ul AHarr-db GRS RSB ame 76 roforences the
- ARETE A ddLARPTetMRhEOM YRS EEmEBY fHaNEsecond B frame 74. B

hal f-pi xel or quarter-pixel precision, or even finer
s, sypogllyatefamaegithedeoadnooder p2@licted framek, both irothe past and

wi th hi gher, precisi than int r pLxel.locatiops, and .
B R QTP B 6 Mo HPOBRToThas BTG VRBby Gt inra
WhinB for &t HRNBEst Protidtcd #aHRS7TALE deRBfine| tAE BeROMBfibPRector. As
operations may be carried out in notion conpensation

shoivtn R7EIGEGr a eg@mg| B fraing MirefarbiRes1batii@ Bisamdarftgme 30 and a first
obtak%i? Iug? signal at hal f-pi xel positions, the 6-tap
Dedietsd Famg & wi th coefficients (1, -5, 20, 20, -5,

[(i(}‘ﬁf B, REs BRRY-diatRarR Bl @&l tihH AR i RbIRRNS cdthprising a bi-directional
quarter-pixel locations, bilinear filtering on ﬁ%e

pefigesl alicd wompusingi teel naivat vemersandn tdre embedipoht dirst bi-

al ues at hal f, pixel,l.ocatio y.be .used. The
frataar et S Rt SRl RE SR s S masfoblock 814
haies RAiRL N6 18T refdgn il SiintFORAR e (sai\%fe@d%g fB¥e) defining a
have up to 1/8-pi xel precision. [0051] tion
sbidrattiasirame imaca®lockeiloi faverg a biee lo€d ox fpendom fivst predicted frame

[ | pck. usi te-di storti del . Usi
hée Pt o Dt bRy St BB e gt 16x16.
By arl i dFendb oRirRsht Cthl QBfe¥dnd Frabhl e GhayPMsdTBE 0 bi-directional predicted

conpensation. Video encoder 20 fornms a residual video
fhoek thg psadtedrainay or Aeopbawiion pbm pradiees! fsewe knd a bi-directional

B PR R O AR TR ek g ok A g gentitving

twamstion Tedidtsta Bt ApRlh&fond ceior 83 ahidn @ ohd Brddesddimation vector
bl ock. Quantization unit 31 quantizes the transform

8kis illupteatedsintlJGE 8r flhe intracideroe 7®identifiieg a Brt igppypixel 808 having
adi n nit 37.entro codes the.guanti zed. T

B arrie o SRR RoreR LR B E8E P EF Hith s frg i-directiona

plRardRr frafe PEI MRIsHBWh MY BIG €3, AREfiast bRIAStE D486 90 Sddnti€fing a first

t he encoded vi deo. 00521 | nverse quanti zation unit 33

piisdictadvird S 12 harmp dharsmpliast 981 gp phsplyte défesence value with reference
uant i zat i on. inveyse transformation, respectively,

9§ﬁﬁ%%%r£FF§%%%ﬁﬁ%m?§%idua| bl ock. Sunmer 4 1 adds the

[0S St UG RidntiR&itidH dF alFradktrs @ideh80sBd @8 fETREdisRE kel 812,

predi ction bl ock produced by notion conpensation unit )

2 matipx py Bign cengruciado s desgeibed bolowe avhsrae ka’(gpreserfts fheefirst intra
eci sicon (fr r.rent. fr far age in reference

PRSI B B A GO e BB P G

conpri shangraxfCl+er decDsien bunit 44 configured to

receive reference frapes,frponbthe reference frane

store 25, receive a turoent,fbame, and produce a

reconstructed video block to be stored in the filter

reference frane store 25. The reconstructed video

bl ock may be used by notion estimation unit 23 and

notion conpensation unit 27 to encode a block in a

subsequent video frame. [0053] Wen perform ng notion

o . o



the notion vector points to a half-pixel location in
the reference frane in a given dinension, to obtain

wo baosedsoe of the hal f-pixel |ocation, a defauP@T/US2009/048829
interpolation filtermay be used in that dinension with
a hal f-pixel notion vector. ¥ both notion vector
conponents point to hnt ger Iﬁgations, t he pixe
val ues fromthe reference fra in reference frane
store 25 may be used directly w thout performng any
'Hﬁﬁtﬁ&@!c%ﬂaﬁﬁ ditdrd LRI APE NS The HRARALN FlvRred 125 a8d b’ are
bl ock diagramillustrating a reference frane store 25
sutdpiaclf pdsttens.deg iis Fon 8 uthe tfirdtdntas-nstiowrvector BR@Gpoidts toheesub-pixel

illustratiye block diagramof the re ence fra . ..
RPN 58 e 14°DE PG BRUgh NGHoR B bPORI Gb-pixel posidon
Hcydeseid €U Fe0L, H) "Bl RndRer avill&fdRr RGR AR c85OESmputed by
25 44, Th

, and a filter decision unit ) e current frane
3tplymy dofauttfaresnichoied 0) @ bdik thd fitsemtrdgoxad i8OR anditie et predicted

parEF a8 g ol Baarhy Srroti wHESS Grtedtseiding e prediction
SO SotdRed B ‘ﬁltérng%'EiﬁQ% fifsBIRS-pik QD8RR daBhtA Ber@nd first

set of referenc rames and transmt the nai ntal ned
pefleteanpiacl 8 lrestht thet dedaudpfilten(cborwpeln §at Tomatmi C 2710,1,a,b] the

In gne iment, a set of reference franes ) )
PR L P rarar OPaf B o crpole i ghogfrs rgra-pixel 808
fvfri]tg rafcféfAdm filRe ahghgr ﬁﬂ?ﬁreﬁ{f%i%l @18 vafh RRAdiRc FBRE (dhBice 0 1)

ilter decision unit n anot her enbodi nent, a

seffinally,rtefreatence =f flahed] ient@iepotilit mdupdatdd withetheprdédigion error
filter or non-default filters). 38 20, are .
abtigtroh b AP BBt oEbethait S ih an sdive Heflcoise d o
filter decision unit 44. In another enbodi mgptyif gy .
78l y Karaeh full 4ngl qubrixed gpositigp.ex grsisi@reectdanes ey be . with
?@2?62ied onthe- fly, as needed. In one enbodi nent,

he Yi"nt endfol at&d chr heresmputed.generated in real time as

as, the aqrigin (non-interpol.ated). frames, the .

h%?é} ot atiege b Lrr ﬁngorteﬁgh briigs! RONSioB dgprayeting a unique set
8 irdraBbficichischl foghaidhi WhefHet b AERLNYE af BRIAMIVESG IfBGhe sub-
In a video encoder 20 nay be an adaptive interpolation
pixkl mosjticm is epat. dbthe faafag weset i’ €T, fwnghé alterhativiedilfer @oefficients
%ixed fiIteL. I.n anot her. e odinegt,(ga aIterP tive di
QRIS S UbrRRYX L RO PECFEGr BB T o P 138 APR IR (ORfgEPonding
Qfd-Fxsl ﬂc@ftﬂ)ﬁs.cﬁ‘:ih@ﬂlt%ef%sﬁs s&30EP! Beh Yn O MO  rpolation filters are
sequences Wwth high resolution (e.g. 720p). The video
eyeddd erterpOlatathisssubiprad pegtioméndaits symmactiiv sulf-pixickpasitians.

' p e.a block in a reference frame. In yet .
LB o et ot v i S5 ST S5 bt piepmylred if
BRI SRPEERA RERREH Yiel BRI 2ERY R th ithd &ne b-pixel position.
separabl e adaptive interpolated filter, a directiona
Boagpaimpée, ithet reatpisInatyeet diinbliBed toand an enhanced adapti ve
in%g£gglatgd fibteb. A 29 non- separ abl e adaptive

in erpoﬁation fbrt?f géeg a two dinmensional matrix to
interpol ate frames,.’A_Separabl e adaptive interpol ation
filter uses vergzc?r fhefll horizontal scans to

i nterpol ate frames.’A%di Fectional adaptive

interpolation fjlter use I.agonal scans . to

8] poined Pl blpelghy ?41?0% v Rl ReRiHeRthe e reference

. . r -

FRLRPE LSRR B ROLRAER, § hESpIh B Bl B Bt o
tdchteembafatioe bf posigashtfisipbssibdath isaripitieeliglpals blocknand-ar a single

the full and eac ub- pi.xel position E-AlF al so .

8% Aermw i éh%%B@i’t‘téo‘%%‘te@C%i S4tyFen G gapiRalopng e interpolated
alternative filter over the default interpol ation and

deci des whether to use and signal to the decoder the
alternative filter or not. [0056] The filter decision

unit 44 may conpare the sumbit overhead (or cost) of
encodi ng the received current frame 30 using reference
frames interpolated with default filter 32, 34, 36 and

Y o - - e o e I - L T



the notion vectors 48, interpolated reference franes,
such as reference franmes interpolated with a default

WO 2010005882, 34, 36 and reference frames inter ppCHUS09/048829
with an alternative filter 38, 40, 42 in order to
create a final (or reconstrucﬂbd) reference frames 45,
46, 47 to be stored in the reference frame store 25.

I n“uni:t e
o B MR PG ) A0 i f i

g@% CQA laCaﬁiflﬁé{p&) %€ ItheI ? %d‘&%f pol-at ech Uv?héhg%ogﬁ&r d@clsmns are

WE oF ternative ter. In another e
uhe Eifbipr decision unit 44 may output to the
reference frame store 25 a deci sion array (not shown).

(RS RO bR, Blint PeaB N P Biny L At &5 St Shedtkcond intra

fRme Hacrdblock! §0601E HARAL RN predicha rg&(i'blﬁb&@8 VAIBY Then, for cach
provi ded by the décision array (not shown) may be, for

pxahpl the b[lak( &1)4,, four(@dicior(sidre cdmp@ed by using ph8tdXN andipixAifX,

B o BtRl e hE A BT B Ao B RIS o

bi nary &ozr 1) b Qe aspueswherbttwr}gﬁhesttﬁault or

he.al tf LR F‘ b1 Lhife) a éﬁl'tebT am Qagficoder 20.
the dodt %I“ﬁﬂéf m‘ﬁw f&' ot U 1 g E'(S)ed >
f mx Klra 8T Rule 13 iAt‘ﬁBon A

c(3),
identlfled by an aIpha character and a filter

t1 QP rABFAICRY Hiseld BRIl BmPSicAgs:2 number format
usegFto ?éent#ﬁ% é %ctugthylte pr% to be used per
sub- pi xel position. In one enbodi ment, nultlple

default and nultipl e adaptive |nter oIat ters
may be E6HYar %X@D R RS et Ao P Bl f>59

det er mie_ henh‘ﬁ@t Ry el yalugnti(pix_ %ha&eﬁ)wg each
sub- pi xtet_lPos mak@h min(maenpixkleralaet(od)(pent ) +0.5)));

mul ti plreaddpt mag(0, ntlm(rrrmx | pixelomalii | (irg)(pixat +donpar ed
agai nst one another in order to determ ne the nost

ef ficient adaptive filter to be applied during
E083Li r?gl d wied elgcfetengithee ROIBEFR 1908 . copgenseling g the use of the
g 1%1? ‘i‘hel hit e‘ﬂr?&tf tbééfpo‘?&t%%eﬁtffeﬁorl{] Ol el 81 B éc%%uft’ated in the
i'nation ters using the sy stents in
ﬁ%ﬁﬁxz& The process begins at block 5 1 MAth the V|deo
coder 20 cal cul ating nptiaon vectors of frames of

[@isé} en@@]ﬁoa{lﬁl]éur(ﬁ@r‘ﬁ crbypre - 196e00)ef er ence franes may

be an i s. The current

frame gﬁﬁ@;ﬁ@@qﬁwgamﬁggg%§ﬁ§ { —prédicted frame. In

one enb@@ﬂmmn[ﬂ+a(dumﬂenbdom@nﬁmrefﬁrences a previous
intra-franme_ and m ted search using bl ock matching

is applQH&UHBHﬂéTdQPQﬂ%mB“ﬁﬁgFHW Wet or describing the
previ ous displacenent. |In another enbodi nent, a

current frame references a future predicted frane and
08U M tHitt scaling adtai gedbingalan et qithien .51 & a@pygluteidadcording to the
caIcuIate a notion Xﬁﬁéor descrlblng the predicted
SRORIECmtliTt Curient @pd plerRe VEISr Thi 0P aaqﬂtqst Hpgde used to

g%%%?fﬁ%g in é%%gm%gnfggéé$h%ﬁémg§b §§§ﬂ5§5hi g@%ggb'cb&x

toderbhactkarb® and cal cul ati ng coefficients of

aIternat|ve fi]ters. n on odi ment , dapti ve

10988k polf Qe o t Jf'f’ frere geng%t%@e[zb oY erﬁamaoéftep. @? &P contribution is
b g'a%‘t!t 1?&:‘&@01}’ 64 Bf e dsﬁfoﬂ ﬁlrﬁlgﬁfloﬂecth%%oY e6h@fbutions to
and an offset vector are or exanpl e,

coefficient vector conpr|S|ng Si X coeff|C|ents may be
[1,0,1,0,1,1,], and correspondi ng offset vector [-1,

0, 2, 1, 3, . One offset value is sent for each

sub- pi xel position, plus one offset for the full pixe
position. So, there nay be two vectors, one for the

filter selection, and anot her, having sanme di nension,

for the offsets In another enbodlnent a set of

o o o N | N o o T 1 Y



conpared with an interpol ated reference franme using an

alternative interpolation filter and the rate and
WaelREnoeIsION error is determ ned. |In another enPpOOUNONY/048829

a current frame 30 is conpared with an interpol at ed

reference frane using a defadk H 264 filter, and the

rate and distortion error is determned. [0062] The

ﬁfﬂi[ﬂdgmdﬂo[lﬂ[IGéla,rGMGECUmullatedC\khﬁﬁl ardamtbther prstiiongis dhe same for

@NE @?f en 1 éng filters coefficients. In one
CHFHEAT Y'O8%F i I ter decision unit 44 of FIG 3

URBE] M KRS AhCOSH HREmARE AHED (R Xfer %%fﬁdlé?fﬂs Rhay be explicitly
encoding filter coefficients using a defaul

0 n i 2er.se WV
h%%@édgo%oz%%%npwsr IR AL O R gy i
ons

ekhﬁﬁ@ 063
Hﬁi e%%\é 4 sym’rétv% ﬁ]ct%e]weéglﬁallg%et% {eé’fpct&%ths contribution of the bits

dﬁﬂhe rdtb-ARtoratsl pefasemcd.r Ihemarters bRAFrc@RemFHES Hi p&elcalculated and
position. For exanple, sub-pixel position 'a' and

ewileblefoehe iengasies thermtnfarmeationr push 4smagw@<inobits) Heamtl@temeed to be
{Oqgﬁhaihe process 50 then noves to bl ock 56 and
detet'ifies a best combination of filters. In one
FuseHi Nwth, thisofori@@edin,f ik lappiichtion koRiixe lof FRSlidgd @@ Hiflary decision
the final frame, a determnation is made as to whet her

@%(d@dﬁaul%) fidk hEEinRtesan alternative filter based
on the filter having a lower error and a | ow
dlstort rate n conpared [ 0065] The mat hemati ca
gqﬁﬁﬁga §¥usegSEd det’8ffi ne the distortion rate per
pi xel aré’descri béd bel ow. SADStd , the sum of

ut fder S t he t n d :
OB L it e OGRS i A o T f ol ] b Possible o
S P s sﬁ@n@a“&%e%‘aﬁhﬂ? o TP a0 Sectors and
g@&gﬂgghﬁﬂkgn filters is calculated; | nBits me cos t

0 1 s e information necessary to encode the
f(]0I89]er sAn; otefdtive meath@d et chiselyl appekimatad thepdptedal yraegy includes
cal i factor, | anbda and a ed to Finally, Ds.d an,.

Siimetn 2 pafivls SERERn B 3T e bR VDR whe e € o tion for
(i HeheHPREVIRRENRLS thd fargésk BFBRfciN QiR TEp&eicHHstthen updated
interpolation filters should be used. [0066 f In one
withodie mete, of that hewffiltareshoses! et itenpses prisdedted mintiledo more

and precal cul ated .filters, and the e r ceives

Bty Pirit it aion Mo R lng e enEhs (BEPEcH Misetermined
Eﬁésh@?ﬁﬁ@'aemaﬂﬁiuﬂg nhiBer beh@biing RBEANE t TRt thréd6tSp@ing criteria
cost t is a local mninmmapproxinmtion to the
GpvbﬁabmbagdﬂxdeS|de i nformation, such as the cost

t eds tq b tt 00 FIG 5
oBaf dﬁa?a?@& St GOl B i Bttt onal
pi xel JLhans fooo, 0,nt enpol at jyantarth@ ®lutidd> 5
|IIustra es a set of fractional pixel (or sub-pixel)

posi t i oPADITMCemputd®8D(Pas. In FIG 5, N?erséhfam_st matrix

aItogeth 5 sub- pj xel | | abel ed "a"t hrough
"o" \ﬁﬁlﬁﬁ(]’[gpm%lcg%{}&arégqcﬁ S%Usgnegkk di agram may be
Q?dFiBFBﬁW%MQSn%Y ATSIALY); d@¥ﬂuﬁ&ﬁnﬁﬁkmh¢ﬂ@rt0 reduces
conput ati on over ead. For exanpl e, the 4-pixe

positions 'a’ 6 1 & 'c' 63 may be sVﬁﬁ@ﬁﬁ$@gSAEUb@Hm@

conput af) overhead i nvol ved ip .t terpol ation
proceSS|G§ a%n yet anot her exanp/gU'%% bElxel posi tion

'3 GSADBRYCHRpSHSNEBYDI €);t 0 sub- pi xel// Update 8RD }

resulting in reduce conputational overhead during

[090&} polhis inenthqsh i6 edbssiongpnvp@oaga lacalimipimgmed 8 to 10 iterations in
heuri stic _nethod considers only errpr. contributions,. in

WANY 52k Th'sist e meymber phpositiyisragde’ dide ﬁrralaqzsof@elces (filters)
the sane filter. This happens when the positions are

i dentical or when they belong to the sanme synmetry

class (for exanple e, g, mand oin FIG 5). C [0069]

VVth thIS approach |t |s p033|ble to accunulate t he

. 111 - Y |



mnU(c +d -1 -nBits, ) [0070] Due to the
i ndependence of the decisions, the solution can be

WO 2undo3sy8 mi ni m zi ng each i ndependently. [0071PCFUS2005048829
is a block diagramillustrating notion estimation. In
general , notion estimtion i s22used to determine notion
vectors_ for each nmacroblock. in a current fr .as ..
%Y%lﬁglﬁe@r t8Ct PPEfigRefce HraiRe hahe [ o eBESSRItics (the remaining

al.cul atin Lon_vecto ises executin . .

Bedr s pBdeh ot APt o R) o EE Tt oRs RGN "Halgp afterations
b bes st ac khismméthed Gull hewd a tompRafidithl @opR&My &at is linear in the
pixels froma reference frame. The search algorithmis
genbgraifippsipers andrfdteryusi ng a Sum of Absol ute Difference

C ation,.which is Il,.kn in,the art..In ..
%) R AP o hapkairetel Al aiet e afeition brecision,
88nPbo e ddRfiidient tabatientlt haaB@RnWolikd ihaf fot WoE@ER@sNWith smaller
area in the previous frame and attenpts to find a

mageidendhesatasel coyfficiratsnianiban awsaron by Zpntvb oé dhe filter), better

FIG.6 iLllustrates a rel ati opship between a seguenti
Bisgtsigh {3 qusAee ship i id SRR SV ke HFPHRAL  Bpose are
todffiasm) cRReds tik dafgoenedilferpme and a predicted frane
(or P frane) 62 as a current frame. The predicted
[0083F (TFhd maatey 67" def uséddo asfecifst thornquanbizagtoda Géecamiach of the
performng notion estinmation by defining a second '
eRedHepntD @% thggintager-pixel fittera The apmben qfdvitsrieftles wakix includes 1 bit
1800 R0 o i Pusieh s Y i) BEREHE R E R Shp RSt which 1
ahddbiihe sifinfahe Resis dor thdYrot magdituely] at ed, and a notion
vector 68 is determned as a result.[0073] FIG 7 is a
bl ock diagramillustrating a video frane including an
infra-frame, predicted frambs]lahdl Bi-directiona
predi cted franes. As iIIusﬁEa?@qutmg ipfra-frane 70
does not reference any other frame, except itself. In
one enbodinent, an in&a=flhmt0i P alfidst frane
received in a sequence of [framgsioCepenally,
infra-franes do not reference any preceding franes and
do not have the capabilityifolfe¥%r cﬁl rames in the
foooyy e.1t @as béwd folhe expraimshntadiyetlitC DEU phavad®BSh&BYst quantization for
reference previous infra-franmes or future predicted
Prfeames, whde $htames arette¢tedermgpdedrby tukmgfthe iner quantization described
redicted-frame 76 references the infra-frame 70 and
€s not reference the first B frame 72 or the second
B frame 74. B frames, typically reference either
infra-franmes or predicte 1% rBel botkjn the past and
in the future. As shown | HG 1i7,1Rp farst B franme 72
references both the girst. ynfrafra and the first
predicted frame 76 t¥ de ]eérn‘{]ne{({ h?b@ mot i on
vector. As shown in FIG |2 H skcohd R franme 74

references both a first r gy f 7 nd a first
predicted frame 76. [007 {gF]IaZG f%n?zs E% ck di agram

Ld0|9§ tr 8459 %W&Qgﬁaﬁ?&@c&&ﬁgﬁ' P2k 60 ﬁir'cgéaﬁﬁgta'ffﬁgﬂeference
redi cted slice conprising two notion vectors. fn one
fraino dasvelrin, fileer fselestionbd deisthing esing oiady spireshiostnad HlGade TER process
efinin first. bi-djrectional predicted crobl oc
g%“%%‘%ﬂ% 93 OV idomiy g bt Rl e febsae? AGmeN At %@%@@me- For
. i . iy
P S Loy i LG i TRt g A3 and the
pureshit dtaect tfanamitedo (the footiom eomparsediordedit A7 mgthén theiwideo encoder
géed%éted crobl ock 810 gav&ﬁg aj&ize of 16x16. .In
ot RePe ABBATIMSHE the et vefEleErice iF4mtte SOMRNSCatts dnthgframe and
waickirgisactional predicted frames, two predicted
rames, or a conbination of a predicted frane and a
bi -directional predicted frane. The first
bi -directional predicted frame 72 cal cul ati ng and
identifying two notion vectors, a first infra notion
vector 820 and a second predicted notion vector 822 as

. o 1 o~ ~ " - o o o -~ =




a matrix is then constructed, as described bel ow
wherein '"a'" represents the first infra pixel 808 and
WO Ro1ofesspesent s the first predicted pixel 812.PEEURSI0R9/@Q8829
=0,0,a,bo0,12,a,bl,0,a, b, 1, a,
b Matrix C contalns errors acdunul at ed durlng t he
redj ction, erein "a and ! b' are sub-p
ﬁ’&?gl i ohie prsaess R ey mpvey Hebloek 3 Srio ramabtivohevecereforence
%6538&1 %% deRuft FARP ’ccpbl)é%!g PRI ﬁ’i ?&ate@rﬁd&g{eh efﬁes%PBfireference
predi cted notion vector 822 points to a sub-pixel
frasict inathe rdferendooframat stoxe I35 prefdpbly addmkifi b&,&ngnb@nhﬁrpmﬂeﬂ using a

dt prediction ror. conput ed_by appl yij def aul t
3&9&1@@6 %@Swﬁngt%ah%rq ngq figfne; ﬁgﬁeabggfsz ptogggg and later
%J&h eTflé Hé[talulp Fifd 1?15§GC Bh% Bérafilt %ilte eg enﬁtf@Xﬁl{éJremdent within a

the encoder” w | I~ be updat
plrde@l |en¢qd@n 2@thapns ol et éal bbylomnett% ol astamdprdsherghnization. In one

pi X 808.wi.t h t he adaptive f|| er. and
i boftiPi B seet B st Rrich arciaiaunpef Sripg ebmbitLesd flir and

g)t))red-lff? Bkl dncE franleQtdre 25 it e QAERASLodU b add the
prediction error obtained by interpolating the first
[0007 - pThtej)mS% i then anadres sublock 9P tapd intechaldtes thiersst of reference

redi ct.ed pi 812 _w th the ad tlve filte ce
Er?rnes W%%'aﬂg) >9f$ce:r‘ltlﬁl)t1 filter.fo ére.ate[ n 11 arﬂveéﬁtg lq.té(fNFr[alFle él"%e set of
tipdat &d kel mhendPr&dichtd anrﬁé 's®re 0@5 3irB&Gudiy Oiﬁbﬁtﬁ?ed may be
interpol ation of both pixels with an adaptive filt
{ntdrpdleted nsm)g an[aﬁem@]lvé:ﬁhermdhrahuhittedrtmjths:ubfepan)ce Ifrarne store 25 for
§03|t|on deci.si

Reves and literg Ko coﬁiﬁat @&Fmettwé7fﬂterAw| fosper WéththG motion
domMnsatfon £AF 2826hmaYReQiX 8l aRQREL EPpIneRI FRRML hB%nBoder. The
uni que set of filter coefficients sent to indicate
elherndibre fdted efayuictanyradaptivd fﬁleerr(ac i Az adldptitve inténpplatibe filter, E-AIF,

ition is u he filter ag.i s.set.
Bl PRRpoEe PR e et v oI perdy G e SR T o any fiter
i & SRaRXRlhOORIED icABodRF 20RNEh 6 R6l laBUANhi it filter. In one
coded and applied to correspondi ng sub- pi xel '
pobodiinenss .the fsettdferefqretrtce rfrdnieagare dntsepolatesl uhhg an rephartchéd adaptive

defaul . i ilters are used tg.interpol ate
<Blafigt BlELRSeRd el By stors o sl ARaRicd encoder
pesitions. [0078] In the heuristic solution, using
symmetry classes, an error is accunulated if both
[9OBR pr@epm@@% %dleprredvasttedolmlyéﬁ agd Zogperipgifert eavl) sub pixel
RO RSB FrvBR% b Repink oF GRUBHI e s fpwer sum
errdr thad the antbrpoldded réferen@e Framed u,sm% the al{cBRA fliRrAwherein the
bi - predicted block the full or sub-pixel p05|t|ons
fogver stia ars bessdeorethe dowess @R@bugédn oh eltrhreratﬁr @di ¢istogren. The sub
iffer
FOR SRR B (il oRLEReT R S8 Guf Beb i Sbil, or
hfye rakeodaraugh 1k | thid emks anthnel fmBoddinBEt & B@S Pixel position is
accunul ate the absol ute differences bet ween t he
@@tg‘:@mﬁ@d todrac eHeweRuaY gmra{sgxg@ qrifoadt gltq:rﬁh@ ap alternative filter after
raéﬁ oq§%9naH,P?téfrm1 re e d'd "' '"J represents the
n? BHEA0% TROFIF Fen%es actumul ated for the
Dt i ONige brocdss 92 the mWvBE o ekt DY t GhedBCHR ORSnARR filter is
0, 1} [0080] For each bl ock being encoded, the '
pdedted gnis hps treglomet spmt gyrarherlucec Bneng ampedimeahgor cach sub pixel
g%gtrl(?n%o %%?ggrgte ':;\Prl aelél% ﬁagrlrelg:( te%tr]ll altﬁrrfa%lge Ftt e]% sgla %rte C;[g? alternative
Aredifét dxaffplaraf o tiaetrpolatithi MgerpPisxd@idhhiiitotaxdafldwer error
the pixels interpolated with the default and with the
et erdndistorteonfrpiet ers: pix OO = (1 - b scaling) pixStdA
+ b scaling pixStdB;, pix d = ( 1 - b scaling) pixStdA
+ b scaling pixAifB;, pix | O=( 1 - b scaling) pixAfA
+ b scaling pixStdB



pix | I = (1 - b_scaling) pixAifA + b_scaling
pi xAi fB; [0081] the reconstructed pixels are finally
W@ armposms as: rec OO = max(0, m n(max_pi xel _vaPCEps2009/048829
(int)(pix_ 00 + 0.5))); rec A = max(0,
m n(max_pi xel _value, (int)(pi3 01 + 0.5))); rec | O

TR Bl e ) R ol A P o
Q1kdd it kO8I W% HRED df L ndEhevdHRE 1418 gﬁltf%lnlﬂ)fr eva}ue. In one

error corresponding to the use of the def t or o
tihbodihneet; iatdavie silnpiecipalsatonan beigeh@nted Tine fank amevid default filter

L%Sse@%rga @J%? téggtlk Eilltt-gﬁrh 1_es ({g%%él%i?g hf\FeJOa? y%%v][er jcs%)q %ng_p[.lsltg)itfoL rate.

| i - . | i 1T — . . .
Eﬂggggl 312% ( g«%s:s g)2_th§12 %10'&6% ?o té[%l%%v%l%eir%lj{ﬂ]f&r_éach sub pixel position,
(et enatbsdtani of eithee def)lt of @0BMEmihe: Sttad is Bglettad t@generate a

-scalin an be either 0.5 or, c uted according to .
fhd r&%&ﬁl@ﬁ domss Ty pee ewLP@HFnaﬁhé Hetlar Brage fiamro Lontipid using
gﬁ%oap geﬁﬁft haek: "BY & Hﬁ@%i%e‘? p‘é@i!tigﬁ.t fﬁoﬁrﬁ)tﬁé?eernbodirnent, the final

ohtributions of predictions originated froma
toderpurcafriye of geeratedfigng nternhtianBlters 008&nihdd mneavefa lower sum
the two reference hl ocks ini"rrissin , thepthe. error :
EE0h FalbutPotPaer siRPdReRimificat’BY FbreRiteTBPCAEPRgied using a
BRabih RS of dHetdASE ARA BefalREiIE@F RcrR@Md b BULE @0Swer sum error rate
toJQJ|[I] and (I1][Q are not accumul ated when | ~ and
péresuppsict positiors t he sane for both reference bl ocks.

] For.each used alternative filter the filter, ., .. .
WBER] COETRL Dl ek o) rong iy, "B etgohfd." "might,” or
Basy, t LRRsd specifrRRllf WaRURRKerfide! or QheSHE: RldeRlidod@RhRANhe context

associ ated wei ght'ed cost , with the weighting factor
aehidedcisi gegetaly intomdadi touwonesy hft tdraibembodimentsenclude, while other

A RRSRS e ob S (TR oot FARIE Sy pdhus, such
S8Rl 1dnBELLC 9Tk WRAdAN, iMdGiRd 38 ,ir\?“@gsﬁla( fiatRbs Sdent®R¥ and/or

not need to be transmtted. [0087] th this
ftopsratel gnpny eryapauiredtfon one on shetescrobodiiauis gy thhe one or more

?ﬁlﬁgmg‘éclge%h%%ﬁrﬂ\g/egc%dfQOEic( Q(;rac?e_zcic{il}% B?v{tg or}[ %B@%}t user input or
Fo¥ink hhemkr ithesCdesturRd elehRniesid®r dtepd BidSihcludbd o Sare to be

possi bl'e to exhaustively conpute the error
paforasd omadiynpprtioulesambagimenie 2" deci si on vectors and

lect th | 1 est. [ 0089] An it ' hod. t hat .
Rig3E] RS pRER R iRe arniaio Sidts U5 el Hiplls described
Bérdint bidof rd@?i_b@d_pﬁhs b bRachioll WIGN sh@y Bahih8erst86d SdsOPotentially
vector) and finding the position for which an

epraseniaty wodfilest epgrends, t ¢re pprtoge st egdeowhraddinstudgnone or more

Thi s sitjon.is then dat.ed wit.h the. val.ue .of the .
PR iR R iR RE et e ORHE S8 o s in the
PRICEssi QNN RNRHABAS Siclh&udddeithiNhe YESRMVF thé embodiments
negligi ble (bel ow a predeterm ned threshold) or a
Aesgilhesiaraibarvineh clemeatsiasrfyndtong exyteddelatpe axheused out of order
topping criter.ia . be conmbi.ned,.t.oget her. [0090] A
FOB0RA i el RR s R R BaE L hen OpY s orse order.
%Xéndi-n Rl the FurncBondlity Shvolved, asOdoulld bA usli@kiobd By edsdiskiPRd in the
SAD = nmput eSAD(D, ©; // Cis the cost matrix
Qi | e(stopping criteria are not satisfied) { (P, F) =
OB F Lt R s 4o Rei ey B RRM RO B M EE software
fafwbitce SAyDeorfbinatidn tHBRAE € BABleinented in software, the techniques may

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



[0091] This nethod is able to converge to a | oca
mnimumin 8 to 10 iterations in many cases. If nis

w0 baomessber of positions and is the nunber of PRCDUSWE9/048829
(filters)available for each position, each iteration
has n -(k-Y) possibilities (t%% renaining k-\ filters
on each of he posj.tions). [imt the Xi mum

FRIFBRIFT-T5RA4Dl G Paediigh sCogP Y T'Eﬂa i’i%% fnedia may; iaclyds gepgputer storage

MGM la@ﬁﬁtuﬁlc%{?&p%&ﬁa' PRaotf oa{Hal 1%5& i¥clhdahy Z‘ﬁ %édid?ﬁ@ﬁat'fgcﬂltates
he hunb of positions and filters. [009

ttﬁnstﬁeri ofgi qsmqmm pmmmttu fraat oo plabdsiat anosherthestorage l’nedla may be any

qﬁggéizat i sion, depends on the coefficient
f %ﬂm/ SASFCSh A PPy coefficients with
F(HgISj erg | spden{fihesq. Iﬁft%rﬁl@eﬁfo‘h' SN sinh AELREIa AR dia can

mthe center of the filter), better precision is
oeepled RAND audhcthstsgndoeddus (dlyeimlE mmddnn haregeememagniSREM), read-
these are iCient | oser, to the center o

iy Bryory oM oAl s GEEomS dicsn FETOpEYYRENG. ROM.
Qliéé’tﬁi:él@&ﬂa%l@?&%kﬁﬁﬁ%l@?eaﬁ%l& ﬂféfrﬂd& '(EE‘PﬁOQ/f EEPROM, FLASH
I nt eger™- pi xel ter he nunbers of " bits in'the

MoK CDeROhi/éswlotbmt opmal sdign sswagd, omag)eanpdhek std‘rege or other
center % cient wll g% antized bits of d d
L S A ‘H% @be‘ieSt‘Hé‘n¥ iobli’?r rugn fhaf garg uSF {0 et store desire
?&ﬁﬁhﬁ HolE: in [(RORM Jrtindd@stiHRen dfaﬁ%ﬁgct%%‘&eaﬁlti@m'b% b¥ accessed by a

t QFP provides the best quantization for P-franes,
whmpweB- f ranes are better encoded by usi ng the finer

i zation described. h FP . [0
RHBRS o Rhspammacaticrithy Hoproe satog s roppirsgeiy podiom. For
Elad@le, NehRs &eeare IIBnRAREH B § WdbSike, %@IIV@P tdr Q)'ﬁher remote source
deCisions using the system shown in FIG
pyiog e swakieltatde, dibeploptik CQiﬁebtyvVlstd@ mairf ghigrtgl smbscetbeofhne (DSL), or

BT BB 2o Bu SRl K FierpBpus ARELUE cqhel cable

ﬁB&’f dptidaBBAwWiNEd FME, THNL, ofr"wﬂfé‘f‘es‘é [RASAb LSS ch Qs ikfared, radio, and
notion conpensation unit 27 within the video encoder
microwvavo ar enliddd methe defiatigeof cmtediuen ePehcandf disgyess used herein,

tra- d d N .[ 909
R T L
iRe a%ﬁtblﬁ-frai AiRren&e dislampmalty irfgtoducdelanlIthaghliély, thile discs
create a default interpolated frame. The set of

repfastued dlataf ordivally.i sag.t mathr lasass.cperabiptaons afttbe @abo®e should also be

dentifi.ed i.nterpol ated using a
B@ﬁ%ﬁ& i@ﬁi%?“ﬁﬁdchgwﬁﬁift3&“?8“?‘e reference frane
Fmvie 2Phd RbdStRERURANRFH af RbmpBickr@Mable MREiudLTAULt computer
ilter may be any default filter (i.e. H 264 filter)

pl@graeie ptodwptt rnaxnbeewcei@d bayrrcadaut@oc ghdy ang of arira pegessers, such
nornmati ve %ndard

BBy oSBT OPEr S B o o microprocessors,
hpplRhie P@(ﬁﬁé‘sﬂn racdefiRulty (HS264), ffidld eprogRchredbds E8gic arrays

in the reference frane store 25 within the vi deo
gif€otiar opgher @mw}entﬁéegwt@d@ssh@m logie erpnesy - tle spne @kpects, the

?uncac])t%aht Wt er g (f Etestentr IrI]]t%% etprg{nge rh11 égdléatrta ggftvlvjasrie odules or

hﬁﬂ%&%@d&@s don@ifBred Theens8din@hind aéosa 8r int@PpBRitddinta®mbined
reference frane store 25 previously i entified, may be

videe eprodat-éerodeti RQPREFChl t ernative filter and

L8RS o s el ph RS AR Serk Bt AR pffte offeptspe within he
ﬁﬁ%ebﬁﬂkd@ﬂ&hh@bﬁn&be noti on conpensation unit 27, or

may reside in another conponent within the encoder.

The alternative filter may be any adaptive filter

(i.e. 2D adaptive interpolation filter, E-AF, etc)

resident within a video encoder 26. In other words, an
alternative filter is any filter that is available in

t he video encoder 20 which is not | abeled a default

fiIter In one enbodinent the set of reference frames

o T | o - N T



pi xel position may be one half of a pixel, one quarter
of a pixel, one eighth of a pixel, or any fractiona
wa@ 20100038e8s t han one. I n one enbodi ment, a subP@i/K81009/048829
position is determned to have a | ower sum error using
a default filter than an alte¥native filter after
conparin gpth in%erpolated reference franes. [0099]
?H@&&%%: I¥ED B¥n noves to bl ock 97, wherein the
al terpativg hithbebr é&g%ﬁg%ﬁéé%@vid%o) the Ao ﬁ\éﬁfg: sum
error value. In one enbodi ment, for each sub Slxe
posi ti on t alehefygeyrercidrentei frange dridreadurfenafremean
alternative filter iis selected if the alternative
filter (folMERAER®ICARCHIBITARS Y5iEch @%f[%le AT 10 grp . default
S dehg&g%g&kagmhave a lower error rate and
distortion rate.[0100] Qtherw se, the process 92 noves
t o bl ock 9Btewheleeng thehefatlefcauidamd usihgmaniadtegetiec fiftdr tdof create an

the alternati.ve filt did not have the | ower sum
errorﬂygpﬂéﬁl?ﬁqﬁhﬁagﬁﬁaﬁi nt, for each sub pixe

POSi tion 1 QetBieniaRBEHAEAG duB-fAxdlifdattioh vAERher 3o 4&d Akl default filter
filter is selected if the default filter is determ ned

t o haveths alteweftivefittar bapd odiasiowrt swn errat ® gddkdd } fifkkreference
process 92 then noves to block 99 wherein for each sub

pi xel "pISition, the best conbination of either a

defaubt or TROnRIHA IF@LaiHE, {vhbeRT tht ScfeRhECHEHe 1O predicted frame.
generate a final reference frane. In one enbodinent,
the fdnal Thé ercthgeof ¢lame 1j whgenethat rettrarsie ftpnanlsya hi-directional

default. filter for each sub pixel position. In another
Bﬁﬂﬁ%ﬂd@ﬁ?? the final reference frane is generated

USin94a|teTH@hkM@dQﬁkkﬁﬁ%;wﬂ&kﬁfﬁk@@ﬁmh@ﬂ@ﬁ&%IQQBﬁW@%r
sumerror rate. |In another enmbodi nent, the fina

ref erénce Thamecthad géredaimt dwhsieny the elberbatiet fibler of an adaptive
alterp ti and default filters determ ned to have a
F@ﬂB?agﬂ%ﬁE?}or rate per sub pixel position. [0102]
Condi pi onafrhé ANIMROEF chith N, AsherdATRY IOV ECUMm er®Rfs based on the
“could," "mght," or "may," unless specifically stated
test eangunation adichrer witsenahstert®inood wi t hin t he cont ext
as used, ié}gﬁnerala%>intended t.0. convey that certain

| ,

enbod{ nent ¢ g6 FY &S SPREFS 8/bodi nent s do not

i nclude, cegrhaidh é@apakRfon @lieaBMErandl HierpbRRSa first reference
Thus, such conditional |anguage is not generally

i nt entredc usingrpdofaulhiakicrfte gragies defanlé mserpelataddirame sndjpserpolate
are in any way requi.red for one.or nor nbodi nents or .
Chat e Tverniiont miie el By TyRTHR) il ghgfernative
for dpgirgbla@d fisinid) or wi thout user input or pronpting

whet her these features, elements and/or steps are

i ncl uded of refpisnedfrpyac prs epnigrddriostpye grerdafaull mperpolated frame
enbodj t. .. [0103]. rocess. descriptions, elenents,

or blg%1§69H&Pﬁ%w%wgﬁﬁﬁgg§%gﬁ§’described herei n and/ or
depi ct ed i afiltbeda@id@chedcdniGuiedstoul d be under st ood as
potentially representing nodul es, segnents, or

portions of codeCcHvE chcyrral dnacoilec defawhpirtcwpplatest fpme, and the
instructiogﬁﬂquwhggﬁﬁﬁﬁgfﬁggespecific | ogi ca

functions or s%eps | € proCess. Alternate

i mpl ement at i onsd@e@nih&dotidath it dnidnsubhiexs popitionf whéiBer to use a
enbodi nents descri bed herein in which elenents or

functions fefpulbEltergranadternative fitterdnginabiragegeryd from

t hat shown or dé&%ﬂﬁéﬁ%%ﬁhfﬁ% ding substantially
concurrently or®in reverse order, depending on the

f unct 8onal Thy videy ehatelthg &sics@iflcthimey, whdsdis thedakehyvlated reference
those skilled in the art. [0104] The techni ques

frawey s eangiaicd upingayH-Be4 fikpN enent ed i n har dwar e,

software, firmmare, or any conbination thereof. If

i npl emented in software, the techni ques may be

realized at least in part by one or nore stored or
transmtted instructions or code on aconputer-readabl e

medi um Conput er -readabl e nmedi a may i ncl ude conputer

o, o -



el ectrically erasabl e programuabl e read-only nenory
(EEPROM), EEPROM FLASH nenory, CD- ROM or ot her
W@pinoedsosli sk st orage, magnetic di sk storage orPCDURNI/048829

magneti c storage devices, or any other mediumthat can

be used to carry or store desited program code in the

formof insfructions or data structures and that can

be acgesseaflwldﬁo EBeRStRG ?Vl‘[edlftcfé?[mﬂ shergifghe tleekrae frame

isscrpeftfipﬁml%’ alcBPRLiBn ©P mt!él:sede'térﬁﬁ% bt'o%a@? dil erfd®late and a low

exanple, IT the software is transmtted froma

Wstostidreratesser ver, or ot her renbte source using a

coaxiz¢ ca&ée,.fiber optic.cahle, tw sted pair, . o

di gi t & su & Vidge £gq geyot © m,J, waegeuythe sub-pixel position is a

%ﬁﬁ?&O&Qﬂ&?& SUchoas i nfrared, radio, and m crowave,

t'hen t he ‘coaxi al gable, fiber optic cable, tw sted

pai r, 1DSL, The wideoetnesding alelvmel afgilesn Justherssn itind defaeld , filter is a

ﬁg%%o and m crowave are included in the definition of
JHe'Di sk and disc, as used herein, includes

conpagt di e (1R endddBR d i &Cof Pkl £ hefis the Mepakidk filter is an

versatile disc (DVD), floppy disk and blu-ray disc

whptige ditgkslatisuilttly repr oduce data magnetically, while

di scs %epr%gu e datg og%Lcallﬁi e“g:, wth | asers.

Conbi héxt i ofts €30 589138 J9¥CSIK8MPES BBs0 be i ncl uded

W t hin then§ggg%rg£eﬁg@¥y&§&m{gag@ple medi a. [0107]

The code associated with a conputer-readabl e nedi um of

a conput er mgamg famstoriogd ux tpluraltybef extemelaet gfegence frames in a

conput er,, eq?. §¥ one or nore processors, such as one

or nofECTany; ifae ¥Pnal processors (DSPs), genera

purpose m Gl-OR RF 8&Nifg tRPPluLAR b0 MtEPBRtdd fference frames from

integrated circuits (ASICs), field programmable | ogic
ar r aythe(refo@asy frame stertier equi val ent i ntegrated or

di screte Ig@|cdpirc%jtr¥.éln one aspects, the
f uncti onal P ¢RI BEGER el FameyBe provi ded wi t hin
dedi cat ed FREARY: QIiREAMIRS fQ cAORTANARE sUB it Dosition in the final

configured for encodi ng and decodi ng, or incorporated
in a oembiwhetheyicess lteg @ ol ehterp@OBRHEGer. [ 0108]

Vari o aspect s have been descriped.. These .and of her :
as pecﬁ; ar EE?M Yy o o%glcgf 0{3 ﬁgal?lo:]sb\kﬁ' fggem e prurality of
&P rdnSe ShALMED dofératbd ulingRIinoes gficencodi ng
digital video, the nethod COHDFISIH%Z identifying a
ref er éhce Thamecapacodingudavenstof tlagmd 3, whereingbe anplgfer¢nse frame
%:c}crgaﬁ[% 8@?1%5% é?cgrgllbgtfaiggg ? gl(ijte{sa e:j[] trglfriribeléilt tgtrhlag{g afléxgaetrr%r ate and a low
ieforti®nee. franme using an alternative filter to create
an alternative interpolated frane; and determning for
each $@b- plThevidsesneadsig davesctdclaig Ijs whetein thefsglbripixel position is
g@iﬁen or, thralbgrnaﬁive filter based on a | ower sum

¢ %xe ¢ d /4 g Cl.

1XCl, O
0 Aer at e inal reference frame. 2. The

net hod7.of Thaivided, cnob@ingidevichbafrogfigr e3)cehdréidn®e idsfaalt filter is a
redicted frame. 3. The nethod of claim1, wherein the
Héigge frame is a bi-directional predicted frame.
4. Theg met f clai rein: fi . .
Yo ot 204y e g upPLELRh 13, RELAH! e dichive fier i
whedaplit e m@boMeod filtéer is an adaptive interpolation
filter. 6. The nethod of claim1, wherein the | ower
sum ef-or s CREMBET offadabde | TBORIYET COMPIINAEI DWirBFtioasrter cause a
&%&B&q%,distortion. 7. A video encodi ng device,
onprrsing: a notion conpensation unit configured to
I nt er pol at Rleatifyl 4 sferémt drgncadfa @fenusimg a def aul t
filter to create a default interpolated frane and
i nterpol ate a second reference franme using an
alternative filter to create an alternative
i nterpol ated franeg;



a reference frame store configured to store the
default interpolated frane and the alternative

Wo piteopsbat ed frame; a filter decision unit coPT/fsa0eei048829
to receive a current frane, the default interpol ated
frame, and the alternative i Md%rpol ated frane;
determ ne, for each full and sub-pi xel i tion,
whet her ¢ oINROIEIEE EEenFs NEgr whndaf dafa %‘ jtggreate a default
fllteﬁu&?dgm@ﬂ%%efrane and generate the final frane.

. deo encodi ng device of claim7, wherein the

i nt erpol at mﬂerpelﬁ&r thecefdrermmefaae alsg@neratemzhtm&ﬁi@r do create an

H 264 filter ? %¥%deo e coding device of claim7,
V\heref‘lFFr{lﬁB’ef”i“ﬁ’é%(’art P9 rane is created using a

conbi nat i OH!etQIfrmBé | fheLnd6b- ?fx@ BSsq'n&P whéﬁl%r & 1'13%%@&&9151‘[ filter or

rate and a low di'stortion rate. 10. 'The video encodi ng

devi cﬁlecﬁltemaawmﬁlter \bagadedm atlhecis suon miroe Ito Eosérhicon fingl ference

A pixel, a 1A pixel, or 1/8 pixel. 11. The video

encod rﬁ‘@‘edew ce of claim7, wherein the default filter

IS a hh 264Thd heBlod oFétaink 19, ¥hAeR RO RISRG HaMé fseanCifltra frame.

claim7, wherein the alternative filter is an ad aptive

inter bbl at Tha nidthakeof cl@m 19, vwhieocinethe ogfargnedefraroe,is a predicted

%: mgrl sing: means for receiving a current frame; neans
Vlstorlng a plurality of interpolated reference

framesyin qng el RRNEL LIRS, SHHRESGh HEabRuf itk %@Imw default

the plurality of interpolated reference franes from

fiter ref erence frame store; rreans for producing a final

pi xol 2bosi Thopaieed ReBrfelD. i en dhe cREmoltl: quBs 8 auiive

g@g@%ﬁoﬁﬁt&er or an alternative filter. 14. The video
encodi ng device of claim 13, wherein the plurality of
i nt er pbl at Ste metimdenicdaim dRewharcin genlowar eemusiangs Aased on the

. 264 filter. 15. The video encodi ng device of claim
esb&?é?bé?ﬁmﬁﬂ?i efrloﬁéﬁ?e ?‘Eﬂg‘%ﬁ@@ frame is created using
a combs nat WaRA®S cricblih devidelceriptiveg: t o have a | ow

error rate and a | ow %I stortion rate. 16. The video
encodi ng devhet@notorepeasation3ynipveetieguncd tm11§@rb0bt©<@|ﬁrst reference

/8
The. vIiBBs SnBoetoRt G da theRLs B i HpRlaRi g & imerpotae

def aul tsefdrdt RSferbfice fiaindbdkind lah eflterik@ve Tgr Mod@eate an alternative
encodi ng device of claim 13, wherein the alternative

filtemt¢rpolateddebapt i ve |nterpolat|on filter. 19. A

conmputer re bl.e .nedi u nstructlon

caube o proadeLgReifeh W RTRND P EpPE Lt I og dctaut
curr eﬁiter?él@féﬁ ffameeamih@taﬁeﬁlaﬁvd ﬁf&ﬁ(ﬁﬁh@@ flahRMe using a
default tTilter to create a default |nterpolated franme;

i nt er pol at whenge phef félrtférﬂl;e@mqnaﬁ@t us ifyrgien canﬁ@rrﬁehtw Wgtermine, for
filter cthoﬁlﬁra%ats b- 1xe"f1| Siti natvlvﬁle Irr‘E(t) Gid o'de ﬁiff lte DFan alternative
and dét%ermrie, 1o RS piXel posi Lon, Rei™ &0

use t figeiafaital ﬁfatdetaﬁd t@gedehﬂe dletfRfantinge f 1 I ter based

on a |lower sumerror to generate a final reference
frame26.  The video encoding device of claim 25, wherein the alternative filter is

one of a plurality of pre-calculated filters.



20. The nethod of claim 19, wherein the reference

frame is an intra-frane. 21. The nethod of claim 19,
waoLEneisog he reference franme is a predicted freeEUSDRI048829

The nethod of claim 19, wherein the default filter is

a H 264 default filter 23. Th nethod of claim 19,

wherein th alterna ive filter is an adaptive

i nt er%)z)l Jdgq gneading davice campEsREd of cl ai m 19,

wher ei n thﬁm&gm%fK%Qﬁhggi&ﬁﬁh§ﬂg§§8d on the | owest

conbi nati on of error te and distortion. 25. A video

encodi ng dexhmsefor cenings plgrality oftinteopol stodpearsatd foames

unit confi ureq?to interp %IaLE a first reference frane
using a def&t%OF PTodefing 8 TRpEEIEeAdef aul t
i nt er pol at flyfy RTRIARMiAL MROLAEY And RGO Mkl FoSHERGH the final
frame using an alternative filter to crea a
al t er frami wehethet &r polaatedalf filmer amaltérhsterc fdec si on uni t

[ O receive .a current fra he. def

confi gured

Corer 51 ar ShHiEREncSHie ARUCSPE ki or, uhiRieihs N stetve fier i
bhag®, pl‘dﬁﬁﬁ%Fbrkﬁﬁlcﬁla{éd%teﬂﬁﬁdtﬁin‘}ﬂte%' tis fU” her
configured to determ ne, for each full and sub-pi xe
position, whether to use a default filter or an
alternative filter in a final frame and to generate
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, conprising: neans for receiving a
current franme; nmeans for receiving a plurality of

i nterpol ated reference franmes neans for producing a
final frame; and neans for determ ning for each ful
and sub pixel position in the final frame whether to
use a default filter or an alternative filter. 28. The
vi deo encodi ng device of claim 27, wherein the
alternative filter is one of a plurality of
pre-cal cul ated interpolation filters.



