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PRAREBA. In particular, intra-coding relies on spatial prediction to reduce or remove
spatial redundancy between video blocks within a given coded unit, which may
comprise a video frame, a slice of a video frame, or the like. In contrast, inter-coding
relies on temporal prediction to reduce or remove temporal redundancy between video
blocks of successive coded units of a video sequence. For intra-coding, a video encoder
performs spatial prediction to compress data based on other data within the same coded
unit. For inter-coding, the video encoder performs motion estimation and motion
compensation to track the movement of matching video blocks of two or more adjacent

coded units.



may apply transform quantization and entropy codi ng

processes to further reduce the bit rate associ ated
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transformtechni ques may change a set of pixel val ues

into transformcoefficients, which represent the

energy of the pixel values in the frequency donain.

[Q99At Aftat bpstial er tampbiad qudiptitOhea tasahuel ]Qipﬂk sazsheiatsiddm sibtracting

R TOgr Rt bRCHE R WPLZTRS B o Bl o Bpcpinat video
BlobRrth4tOis efingO pydednC THE Rgsiduan &b1ydkdROthan GRdedtive CeMthet differences
quanti zed coefficient block into a one-di nensi onal

befeeen thst prsdistive dlasktand thp suyrrfcdloghbeias codert r dpg video encoder

FRF 5B, AR UFE iy T 0] BESEPIL G ics

tie caxd @ssoniaiedpeitdt csmmiuniceticeofetht r@n},uabbldblngTh)@&alasfmmntechmques
tor trleve t?e coefficients. _ Inver scanni ng

¥ § ﬁégeﬁeﬁﬁf 8t piggl wlugs H@od@g@fggp cp Lp@p];ﬁ which repreg/ent the energy
l; ei
\5/@@1? Sélsk}aﬁ%ge f Iegf“rg(ﬂlteiléf Q{f/ll, d(gggléigggo isnefpﬁﬁéd) Bthe transform
b(mfﬁmsms Canangenzedly an‘ﬁblvesvaepmeeisrthatslimlmﬁletmﬁnber of bits associated
n. the reconstr res

ff ts t
SRE iy Rt SptiBeah e sk 16 BRORb RS bt SHlce ngnder scans the

YhAhei0ed oG ciRAS B IO MtB L HhCHinRMsiod OV ¥R (Tt RATEIdAE The video

notion information. The video decoder then adds the

mC@dtrctenmpw caesich | the keptor tiequentires prangfpry qoediciundd to further
rchrkss f.9 Slde 159, generat e the reconstructed video

BT R>aNd ?ouge etate a decoded sequence of video

[0906] IBstid & decOUBAMARY pEB61Y anBEle?enﬁ‘b?}ﬂ bafitls 8p&esS&lsitbestrieve the

techm qtues for transporm ngi resi du pi xel val ues

pecshieientie sInVape SERRIE MEY 418 bewsrfopnest kG theogeaprgrety form two-

4 I r

e B Ak Bivedy R B bt ookl LR hcigpe. The video

titve deedicd ualcrid qudnﬁlzbﬁaedi 1mmeh&a¢s|f@discﬂlb aocffivimtoto obtain the

t he videq blg 2) The di r rftér ansf

y,. for
iseanirigtedsesidil Blocke diney4o 1 desefest i lippiyideo block

pRde ohoprgﬁlgﬂérgﬁlf&%atn%ﬁ a8l %&}ho%eﬂﬁ%hh&’ﬁbd‘ Ofpd bﬁieo decoder then
resi dual bl ocks of the given prediction node. In

addsche aredetion tvidepileckdibsked omtaspondang tesalenl Hogomt arder tofgenerate
et Vi ePel REd ol St Rt 8T RS MG macion.

di rectional transfornms may incl ude a row transform
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compaction for the residual blocks of the given prediction mode. In accordance with
this disclosure, at least a portion of the plurality of directional transforms are separable
directional transforms. Each of the separable directional transforms may include a row
transform matrix and a column transform matrix. The row and column transform

matrices may be of a same dimension as the residual block to which each of the



the residual blocks as well as the use of
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video block. Each of the plurality of transforms is associated with at least one

prediction mode and at least a portion of the plurality of transforms are separable
directional transforms. The device also includes an entropy coding unit that entropy

encodes the residual transform coefficients of the video block.



vi deo bl ock, select one of the plurality of transforns
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techniques may be initially stored in a computer-readable medium and loaded and
executed by a processor.

[0014] Accordingly, this disclosure also contemplates computer-readable media
comprising instructions to cause a processor to perform any of a variety of techniques as
described in this disclosure. In some cases, the computer-readable medium may form

part of a computer program product, which may be sold to manufacturers and/or used in
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features, objects, and advantages of the techni ques
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description and drawi ngs, and fromthe clains. BRI EF

DESCRI PTI ON OF DRAW NGS [0016F FIG 1 is a bl ock
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operation of an encoding unit configured to encode
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DETAILED DESCRIPTION

[0024] FIG. 1 is a block diagram illustrating a video encoding and decoding system 10
that performs coding techniques as described in this disclosure. As shown in FIG. 1,
system 10 includes a source device 12 that transmits encoded video data to a destination
device 14 via a communication channel 16. Source device 12 generates coded video
data for transmission to destination device 14. Source device 12 may include a video
source 18, a video encoder 20, and a transmitter 22. Video source 18 of source device

12 may include a video capture device, such as a video camera, a video archive



conmput er - gener ated vi deo may be encoded by video
encoder 20 for transm ssion from source device 12 to

woledBilfmbé on device 14 via transnmitter 22 and PCT/US2008/066932

conmuni cati on channel 16. [0025] Video encoder 20

receives video data fromvideg source 18. The video
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sliczg mak @bntahr moii ptovipanieotls. Thothdr 2e4ds, b eidcoxadiiahes may include

each video bl ock of 16 by 16 pixel.s, often.referred to .
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Sidbs Blegks of smaller sizes and predicted in

sub- bl ocks. In general, MBs and the various sub-bl ocks
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vi deo bl ocks, video encoder 20 selects a block t
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U STt KT oS, 212 xampie,
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sub-divided into sub-blocks of smaller sizes and predicted in sub-blocks. In general,
MBs and the various sub-blocks may be considered to be video blocks. Thus, MBs may
be considered to be video blocks, and if partitioned or sub-partitioned, MBs can
themselves be considered to define sets of video blocks.

[0027] For each of the video blocks, video encoder 20 selects a block type for the block.

The block type may indicate whether the block is predicted using inter-prediction or



may sel ect one of the block types for each of the
vi deo bl ocks. [0028] Video encoder 20 al so selects a
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case of an intra-coded video block, the prediction
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mﬁt@ddetdicmrdemmllcaslasparwprt h@e Bf ol ey @@mplqai AMPEG-4
for a oder 20 .ect

B DR s@had Rodis LRt 30Eh: &1 BRRERin BRRk tpes

pROMiddtG 14%x46,0heekbxB IMRF M@Hnﬂ@f 88, hicPBx4TdHRr 4x8, Inter 4x4,

hori zont al predlctlon nmode, DC redlctlon node,

Htegbrdd, Boani8eprd Prteddxd | O dﬁ‘@@bed i defoih delow, video encoder 20
gl%g@éleﬁ% off Elfedtil&gé t&/ﬁes%g gachvo?ncﬁé Gals tihglt prediction
noade,

orl zon cation node, veértical -left
[002d] ¥idecorrnomite 26atio helrectz aprédietitn podudioe tadhinofrtbeleideo blocks. In

m | ar_prediction npd used to predict each
ﬁﬁt%e ek Biigged eci:&deaﬁ%ﬁt ﬁﬂs QlPryngeg may dgiegmine the manner
fclﬁ to ?&d{m}t’hes (llil%ﬁ{ Vlg.&?bBEk fugﬁé oﬁggf‘h}%kee%rewogsly encoded video
un| |rec I onal a vertical “prediction node; a
blocksz oht thie I}I)QéfdiNﬂi’E@# Pyt ) AV (D@taqndatdg &dri cxampieg @jdearmhcoder 20
| ape, predi.ct.i on sone i nst.ances, .video
BB oRirt BoS Mg PalToIs ot il i e ot & eagh ntra 44

BlocRr 8dicRldaPRrddReRe hbdd, HoRgbmeEprddRtioRMhdde, DC prediction mode,
uni di recti onal predlctlon nodes, but al so one or nore

fhakenal dpwvedeft mdlctlpn attide: diagonabdexen/riht preditfioremode, vertical-right
P]”ﬁ:g%ltlﬁ ati o € h?rlzontaﬁ (fégv&idérrggcgtll ggli%og?g Vgeescta,l ’l:(%{ Pmeglctcrgn mode and

b@aiwntulmp Gréditredn R6&Si Sintin pradi@Rnthédes aediiNed @o yelict each Intra
uni di rectional prediction nodes as described in

Pxit blesk. et an Intigel Cho b[@éz@}ie%ﬁwﬁiers%(? @y isplgett g of four possible
n e f
BEAL SLEN RIS o Rrudel FroficlRR, BoRe b s AR BRERARH e, « DC
predittion inosdcrrankd a plive prcdidiici ewbdel dELOSdnha)ﬂistanSes video encoder 20
subtr d fr m. t he r|g|nal 0. bl.ock to f oF m
aslisd ctiophofle &0 awetb@ﬂefﬁdlﬁﬂ%m ieps et ayclgles not only
Qﬁlﬁﬁéctf&nglf ‘ﬁf&lﬂﬁi%nvﬁlloéfé‘ss ﬂulf' afsAYARtdrf Mol i@t %ﬂ%@ﬁonal prediction
bet ween pi xel val ues of the original video bl ock an
pioded thatiliefes aimiiimwioge of that addmcé@n@ltmodﬁsbllfmlcxamp@ the one or

BB R s ol BredRGioh HBOGR AL g A PR PR Afodes that
8mbinX 8o dhidf8&tRIAGEp ¥ @SS o d EORIHbcrfRl P Mrgr detail below.
eneration of the residual block, video encoder 20 ma

PbAfmtcr splgptivee thef p@dtﬁélpnomed%ltf@roﬂse ghilcp Hdogke syidemlencoder 20
gene?al%esbg f Qercﬁ‘ctgc? %Pc%o ntﬁo sn? Cekse e\éte%egreglcﬁ&? %od%oa%redlcted

Fanstorm  such integert transt orm
Wda@fbid@km; sabtetictedClr-dranad oh ﬁlalsflldé(molo@k t& fovay &lr&didual block. The
transformto the residual block of pixel values to

pesiyalclogk weldrs vfctof apst @ffﬁf@@@whu@s Bt quantrfyydifferppegsgpetween
?&QPQQEeSZQf ﬁl%n?( I?%ﬁa’% Jill& B@%k dyg! fp% [48lo¥8Re gg?eéﬁtgﬁi prediction

ransf orm coef lents (also re to as res
bloaks fTae nesixhaf Hiock erutye. refﬁleeeme&smchm% dingemsiboalrblock format (c.g.,

coefficients may. be referred tq.as a transform bl ock
pivedarnsianahina uwwﬂabrﬁépltxfi%gfﬁwmw ef fici ent

030K FoBYwiRE RnSRBEH TR ARual block, video encoder 20 may perform a
number of other operations on the residual block before encoding the block. Video
encoder 20 may apply a transform, such as an integer transform, a DCT transform, a
directional transform, or a wavelet transform to the residual block of pixel values to

produce a block of transform coefficients. Thus, video encoder 20 converts the residual



representation of the coefficients when non-separable
transforns are applied or a two-di nensi ona

WO esasBrt at i on of the coefficients when separBdii/@S2008/066932
transforns are applied. Non-separable transforns may
i ncl ude non-separabl e directignal transforns.
Separabl e transforns may i ncl ude separable directiona
pahsfabirays fo DGMs{arem goefitessnty riebsgercfemrethstoorassresahal transform

wavel.et transforns. .[0031] Fald owi ng transfor ion

RIS Snk odBF "S0T TR RhIPIT ook B RghaT g 8w wansform
BaRt b1z esefficians bhychm CoRfefl hahdoing dratsdricientebloel M@y ase a one-
uantized coefficients or quantized residua

3@@&@@% repsgsentagian rof thee cepfBipients ewhew afonisepanbls Hepforms are

se : [ vechar Bt 0

AP RERE it ST PR ARRn, KUY cG TR by scparable
tredsforenst ara gopdicéss Nonwkpagdble ordfst@hBninsayarigclude non-separable

uanti zed to. possibly reduce the anount of data used, .
Sléecr“@ﬁ?leé@ﬁffo’ffﬂ% cgépafrﬁlalf: efipsiorfse néﬁ)’aﬁ?“r?‘idaft isgparable directional

B4 ﬁffs tEaﬁlFb‘ant‘H | fard & aﬁ&%ﬁé%ﬂ' b Bdn by Some

orﬁg of the goe fCFgﬁig?gAs géeg efglx %ﬁe term

(093 @] Folboveinp stansfaymatepy, esdot cricodersIloperf@osf duasiizivs, to generate
%F?é]ua?{zéé(iﬁ%qs (Eo}géef qu)e%h(felgl!i:ltg (éﬁ%%%f%g{ﬁttgy < gﬁtﬂ%ﬂ%f 1c%e%?st osr' quantized
tRRIuANEQRTicibRs APRlph B tho qLARIZ6Y_bePickals MBY BRSrepRsMRéd in one-
as transform coefficients and quanti zed transform

dimesipiopileyrotor faownetverr twd-dimapsiopalselocloffoimat.y Quantizaipn generally

hni f. thi di I W be . i b '
R SRR sk IR b RE PR AL R Lhoun o

{2033¢d Whespraepathaldoefiidians f Theguaitezatse ¢revask ta¢ reduce the bit
coefficient blocks are represented_in a )

femsh casprsidebriath sP@e kot lf raft theveasdiacianteod®p wod dieagis, the term
tc W G t i ' f

R P PP S8 U e A S R B B SETBends B Baher ype
abcodtfycisean Thh echnighdd afi thistdsclosara mbg ih womd iimeeanseg balapplied to

bl ock to serialize t coefficients _into a :

prikiah RIS, Gk Foctdl 1 tragleR (GOSHEAo!Y fngdc BdARE gransform
YWdehciens,_PlowlD&, AR PEFI0Se0Sr itiiNiRitigh Shb R2HAGucsrdRY disclosure will
encoder 20 may adjust the scan order used to convert
bhdescobéd indheaintdit of Ruandizeh tamhforensichincigEsed on

it E SR R R resTarat o Do ek S BB R Eesented in
¥ alvéedimBn8asd) RO Fdraiit, 0fidbd @ntyRr dioBRsk aR&|cobifRfts from the
Zzero or non-zero and nﬁy, for exanple, conprise a

e

touAtmengiopploioabit| th teyong regnas formas t Incethermmeendp.cvideo encoder 20

?%S %?énaEhgdco\é'fﬁcti]en%sa ?r% o{hettgv%-(ﬁglgflsfiloﬁ:all %IPtckptgSsle}ialg)zr]esthgfcoefﬁcients
g WO- dI mMensit ona g]I OCK. “I'n some | nsﬂ ances,

Fit@h iodbldirBenviyna D cyors doefflcetitse dinf R tordasddbsiEt osf of the aspects of

coefficient positions of the block, Wen the scan

Brivdisclosuiey aridper eppoder g0, may taiush tharscr (Irder wigbier cepvert the

d d . S k at ..

Shapkey, LB 3690 ST B0 LIS SHERL DSt v o

baupgriz dn ighentigr obtibilikictifowaf thava giyen@oetfieicnt value in each position

cgg{fici nts are scanned prior to coefficient .

Bb&ict MEHEIMAEANH RIASK 1Y &R WetoBrarThand fivh dFedMplipeiomprise

BERRAD It Yil o JWIR GtatRfcd $hQriC A8JobiafddeRItE -cabil of MheS coefficient

way, an

positions of the two-dimensional block. In some instances, statistics may only be

collected for a subset of the coefficient positions of the block. When the scan order is
evaluated, e.g., after a particular number of blocks, the scan order may be changed such

that coefficient positions within the block determined to have a higher probability of



initial scanning order may be adapted to nore
efficiently group non-zero coefficients at the

whegsnsidng of the one-di nensional coefficient REDUS008/066932
and zero val ued coefficients at the end of the
one-di mensi onal coefficient vector. This may in turn
reduce the nunber of bits spent on entropy coding
Bivieenothesre cacdicgingy arescannag pubr eeapslihentypositions within the block

n-zer coefficients af. t beai nni ng of t.he .
SRR ERFSR A bESEPBuRlint el R e T, 1 s waye an
{fitid Eahirat oﬁdblemﬁ%ﬂ Be @ﬂaﬁté&t&ﬁ@mcﬁfﬂﬁeﬁl}o?@hﬂ @ofzblocdoRicients at
vector. [0033] Followi ng the scanning of the )
thedreringingnefsthe pnerdimensimabeocsiciencsges apd eproofalyedecoctficients at

' I ; e codi Bg: Uni [ .0f [
38 TS 6 B MG ARSHAR P horlS s FRY I8 Ly YIS murmber
afibipt speet vaemntedpyecodanpodifcectbelicrnge §KoMék G)ns of erto’Xdetween non-zeros
run | ength

adapt.ive binary.arithpetic codi ng (CABAQ),
EesaltFignS @t {lieebqgingng g c%l_eocﬁm@ee%oqa%eéglﬁ% yectemand one longer
RIGAGRH Ul BROpARE el RedfiBbh il BLABKORCAS. V! 2

transmtter 22 an Conmuni cat 1 on channe
10838k oltwwipg itlsescamyingwf tleessfiiorents, viddo enrnden2 artdodes each of the

di such as.,a radi o. frequency .(RF). spectrum or on .
SRR B SG r Ea e B afingena T AiEsD oy coding mellodologics
SNDAN 86N Rfapild ShBSHc aBkhiM ba/ F@A\%CWMH&, t GAhptRR Dbinary
channel 16 may form part of a packet-based network, '
glibmetie cading @A Bdy@aruelengthicodmgwir dee hkeaSaseadevice bt transmits

gl obal . network such _as.the l.nternet. Co nigat i on
Bamiata A dabuy J Sy @ijQURise I, Ve rapaler 24 thamnel 16
ConmLiaibh OthafiRsli UM mey Ralpris€tdngNwarkleds fdret@B8li communication
communi cation nedia, for transmtting encoded video o
mafang sueh souredio fedicaey RI ) Heefas PhaRG dnmaeithysicalgransmission

003 . > p . (de o
RSk 4EE T ROR o Wt iAo BRANES GgirRERLIED shannel 16
2y rfearipagsoft hpackecbaed netwak, budhsds € dovaf M wowuoke a wide-arca
device 12 via channel 16. Video decoder 26 app]ies

BAtPBpY" a8l pgve %11@% g eherlpieshc baREWHGESn Sharge} Kyggnerally

Fe%re%@ﬁt@! rén? eadfLbib Nf BRI QRoAN %&H@E}H,t i ged giestigialor  different
coefficients of the coded video bl ocks of the coded
cothinunidstigie sediabéat @bouetting acodedntidee data dsird sabirce device 12 to
go fficients %ncoded by source device 12 are encoded
SHgadyiStedsi onal vector. Video decoder 26

Id%ﬂ?b@gt%aﬁﬁﬁl Qsvitheq Wh&lﬁ@éj a h &= WH Qh, Ge&s _Eléd‘oh@tﬂl@; anll display
t he coded video bl ocks to convert the one-di nensi ona

Jeaen?8. oReesvet 21 ¢easiies thagnsoded videalbivisaindiern spuree kevge 12 via

nt zed [ ef fi.Ci S.. Like vi enc [ .
BUPRCH G20 VAR MM s A e Pty lfinded EReqHaRe Bheoded video
bidlicaat 0 dbagn kRl iidfoathtidnadndap@htied regeddl icobfidtents of the coded
position in the video block is zero or non-zero an

d
viee bippkaaf thstcoderburib afts dewaibed abere theatvantzadrieyidyg gpctiicients
WA AP 6 S{)IIJ}CE H@Vi%‘ ¢9 qfen&lcea 859 onéo-“algx%ngioﬂgll Vectar. Video decoder
a e app |e§(by

recipro adaptive scan orders can
26 deacldec acars tB6 quantdwed ercsitloalcdmefif@ertth@f the coded video blocks to
one- di mensi opal vector representation of theserializ

&Q}]é’ﬁftl t%l@om]_tef WeRyenl dsetor i s glg}é% gntp two-dlrnensmnaF%IOCk of
L9t dRAR AN RLIORKS 1Xe AUBNEh&REr 20, video decoder 26 may collect

statistics that indicate the likelihood that a given coefficient position in the video block
is zero or non-zero and thereby adjust the scan order in the same manner that was used
in the encoding process. Accordingly, reciprocal adaptive scan orders can be applied by

video decoder 26 in order to change the one-dimensional vector representation of the



transform coefficients. [0035] Video decoder 26
reconstructs each of the bl ocks of the coding unit

waigimgs3he decoded header information and the PETUSEAS/066932

residual information. In particular, video decoder 26

may generate a prediction vidgp block for the current

vi deo bl ock and conbine the prediction block with a

sotatieghauaiingl rasiamadocliidets bidsdhk tvo-dinewnutat blorkseefotnantized
| ocks. Destination device 14 may display

f th '
?ngpgﬁ%%%ﬁgﬁg§ed vi deo bl ocks to a user via display

FBEF ¥id28. dcbb&dp| 2@y redenstrats 28cH1BY tHOBBEISSES @B Yobfngaunit using the
varletﬁ of display devices such as a cathode ray tube

derityd header qﬁp@na@m@péﬁh@d@c@ﬂg@, rqsidop) 1nf(§'mﬁ9]tlgg man particular, video
géc%BLPQQS LI'E‘:B} ggttfétr?tgrg Hedﬂoglog ﬂggo @)1'0%9 fo?j t@?sg%eari}a\aﬁicot .block and

organi c or another type o
E(ﬁﬁ&ﬁ} tlieﬂpﬁ:di?ﬁﬁoﬁ: am ,wistoacogegpovding rd2dwah didbeHlodkatol re@tonstruct

ice 14, y o erate in a substantially synmmetrica
Fn%f%‘rféfrthe fré |eDeS§laaﬁ1%3%Vé% % mpy dipplay Iieﬁ%ﬁSFraﬁted video

ARUkER a%eﬁ@ﬂé %?‘fd} de9Rkyude MASPIGRGON Ay @6‘&1 ?,l dtd variety

conponents. system 10 nmay support one-
oivdisplay devideosich s singagigide map atbeg €R Tdew liged cijzstaljdd,splay (LCD), a

Ot i85 <At BRI (L RBD SplhRcE B R Ml qgenother

aipd ofl@prl R@itconponent s may al so formpart of a comon
encodi ng, “archival and pl ayback device such as a

togpt & smn@@@wﬁew%de\(lwﬂa? anpa@quatwndtedl@nb‘bm cmrate in a

R0 deco erate ccord in y
%uri:) I,stantle% 0 fsyrnrné:g oca%: glﬁ%l}lgy <s Iq:gOﬁ esxtarnlg CF A rsagrce V Ceagé] SalI,Il destlnatlon

aévlé&%ﬁla?%ﬁtmﬁﬂld@& vidwe dMowding af @Ewd@thé@i?ﬁif dn8nt& GliAce, system
iI\/PEG) in MPEG |, MPEG 2 and MPEG 4, the | TU-T H. 263
0 AHA2TURPO RBC-SEY| Oéttyowamnd% frapipistipl baieeeT dewigesi dnl4, 2.

T 4 C
FRARER R B Bl B SRR & (CRERIo e
Aiddo endbditeparkdbdécodinSt congh@n cintV\biay g au foref pa@hd)fha common encoding,
C nl ferred to ot her
: EQ;P %*Zﬁl agk devdsk %}lcgéf ?Hé&ﬂtal)wdso gftcaﬁilaa la\éR Zdy or

ﬂﬁl“?) ] ORRD Meoddt 8§ Qﬁ&”v%@éo' Lol 96 Qﬁéglp&)éﬁt@r%cordlng to any of a
standard Al 't hough not shown in 1,

aSpRY 0§ Vldtp dmmmssmdeirtanz@rdanwcm adesuclml es dubsc ﬁnerthkry the Moving

PR Spbs GPOG GTh) I BhiRud. RusiRcaden \ABCIRSRaEu T a6

stBhdasd, tRE S@él@t?rof gt e S hdSRAEMAS € Engifedtd (EN/IPTE) 421M video

encodlng of both audio and video in a conmopn data

QQ%@ndagé peonzmenly aefgrred raeasnsy CAly ) tthﬁ sfangarthdefined by the Audio

I e

BRYNE @ﬂlfe@ Kiteb Ccodhig dtéﬁidaw aaﬁndmfﬂ)}t laniteﬁ?d@fds Wodl asiadeveldped by an
ot her protocols such as the user datagram protoco

PIgPPZaf@uBe] PIOATigiaestaiset t 4ltheush nat geyvibioBlét ds i1 sagne aspects,
LB LREUAL 9HRd RRE"dLES: 128 I}l(w Sach be integrated with an audio encoder

and decoder, respectively, and may include appropriate MUX-DEMUX units, or other
hardware and software, to handle encoding of both audio and video in a common data
stream or separate data streams. In this manner, source device 12 and destination device
14 may operate on multimedia data. If applicable, the MUX-DEMUX units may
conform to the ITU H.223 multiplexer protocol, or other protocols such as the user

datagram protocol (UDP).



di scl osure nmay be applied to enhanced H. 264 vi deo
coding for delivering real-tine video services in

wo esosas13se al nmobile nmultinmedia nulticast (TM3)PCT/ESEINE066932
using the Forward Link Only (FLO Air Interface
Specification, "Forward Link Gnly Air Interface
Specification for Terrestrial Mbile Miltinedia
MOBB] baspme ppbbts.s ierd video Jerogd 20MTR, aidie Teekmijesal described in  this

FAPDAE T 5, R LA OGP SRR b Pl

widee | seBScdsninOfefbitkiaN neddad el tinscth bhult20adTMSY systems using the
wi rel ess video i nformati on according to the FLO )
Eprereard  leigk i @nly FLQheAlr | faterfapp eSirciicapeni tiagerdbd.ink Only Air
i e i ni i : . and : :

e R R ns POV EM AR B SRY, publighad in July
2007 bstTechace. SthoQ3d] TIA-1@Na&he VEILY) Sypeceficativny). belhat is to say,

br oadcast ed ccoidi ng to ot her standards such as DVB-H

EAMGHPERAIRH FBYS JAdER¥t CBRTERet 0y el PSDBIFAIAR edieBREused to

?%Ta&éa%?@zitglegé Rfﬁygo Qﬁ%"ﬁg aécoI’(ﬁﬁé et Ao dS _Eifr@ﬁ@on, or the like.
igital nedia broadcast). Hence, source vice 12 may

e ELMoBpdcdioatior iredsles examplas defening teorestr gardxrand semantics and

erver, or a Vi roa t. .server. However,
Aot i Sl b A FRD wdfiFistur o ar e hot
{0030} AttetatiddY, PRAES intdd! B bEMBGasRU RCOAUGEARS other standards such as
nmul t1 cast, or point-to-point system In the case of

Pt ddigitak ovilee kiesdcast-tendhelg), bFdAddasintegwisd abervices  digital
hanne] s, of .videog to Ltiple destimation .
AOREEL o670 AT oy s o Wl e e 12 moy
devimebilkdwitlchd Grminal, Thuilco alrthiomghsedvesi $104 &ideo broadcast server.
destination device 14 is shown in FIG 1, for video

Bevaueraschrguendrsrabad i8ri8is dwlesse teviot dmited\ip gpy particular type
{)P’ RoG@labeY nRiRALC Qrsoéoi\g - .-ﬁ/ditgtes%t 1328? ﬂfenc%gm 5 3NGAYS %&ﬁrce device

o many destinafi evices. r exanples,
12 ansiréddesst 2&crd ehmanel Catvidoo ditaonelltipk, deatithtioa clei¢es, cach of

24 may be canfigured for. conmuni catjion accaording to .
WhiFhwings peotmypr & deximgtigdRTERt ol K&t ﬁmThﬂIﬁc %ﬁhﬂ%g a single
géak%n%oméﬁceoié} & BREl heric.tel sphrRs tﬁ@acﬂastingg%?)ieations, source

bl e, power-line, and fiber optic systens, or a
wivied d2s wopkt dypicdhypbreddaegpt othe wideoprantat smobeaeeously to many
gi ision, nultiple access (CDVA or CDMA2000)
@%ﬂﬁth‘?nc%etv?cﬁﬁ system a frequency division multiple

FUA0p fn 6BV ansYISS, @RtnsBfteP b heaRRahichiROMRAEN 1H, \ihdir8dtiver 24
multiple (OF access system a tine division

mal t ibpl eorftises {oTDivRNMINEtRERR s aederdisg GBM {n® opiggd or wireless

emfor Mbile ni cation), n acket
F ey o Spe R B e R o1 L Py Rl BhoRPREE, poTs)
edvld, ppReiihg,, and el BAtE TRtERS tahd @k a WikklkedyRasi @mprising one or
nobi I e tel ephone a W deband code di vi si on

t
9IS i0h1 % caec éié\gﬂemeswwcﬁw?sw ERMAZY0 communication

SV At e (R B B A AP g pthtflzpnal frequency
diVixiora @ ilen)(OFPEN e lapceas BiviBeray at e diviENB-hulsipkt ecoessofTDMA)
g}%?etntl] es{lcﬁc’ %Q e(Egal\/If gélogﬁt gystern for Mobile Communication), GPRS (General
packet Radio Service), or EDGE (enhanced data GSM environment), a TETRA
(Terrestrial Trunked Radio) mobile telephone system, a wideband code division

multiple access (WCDMA) system, a high data rate 1XxEV-DO (First generation
Evolution Data Only) or 1XEV-DO Gold Multicast system, an IEEE 802.18 system, a



conmuni cati on between two or nore devices. [0041]
Vi deo encoder 20 and vi deo decoder 26 each may be

WO pBAasBrE ed as one or nore m croprocessors, dPQI/U81008/066932
signal processors (DSPs), application specific
integrated circuits (ASICs), field programuable gate
arrays gﬁPGAs), di screte logic, software, hardware,
Medrmld Qe “otysteny acDIVEB nasttone RWBrld i stemaoh andthei sheme for data
encoder go and vigeo decoder. 26 may be included in one
EPTHEPISA AT AR P OO YIYEEFE % ther of which may be
[owepVadcoderRed@al( ad vRic6 Akbbdbe dceneRardy BedapfRMmented as one or
(CODEC) in a respective nobile device, subscriber
el BEcroposerterstictizhaiens! peaseysers (RYPS)HwDliFaen spqcific integrated

B @RISR AR, BRC SRR (PRCAR IHT Jodhf sofware,

hardgaen Ciymoaryvear siyotomtindtioas ithrgeofarihcampvideb @hcoder 20 and video
omponents for. transm ssion and reception of encoded .
3?99962 2 @ay be|nduddan angOr GRATH GREAETSPTE éﬁ‘fﬁ‘éﬁ @yﬁ%rmf)whwh may
i K t f G 0 ;
e 30 G0 PR, Sor e E 0TS (RUTIC), o PUBRRRE mobile
Howiey subscsibeh dedop dmeadcsstadeicy somer, zedthadikeei hgaddition, source

ransm.tte 2.0f.soyrce device 12 and receiver .24 of .
HGE N2 roh GRURER 4oV e FGeod Trod%ue apbopyigicy modulaton,
Bt asduIsticRgr &Ryhdnlys ebAddrflen eXAMRIG, VhEOaipRdercodfpoténts for
FIG 1 in further detail. Video encoder 20 perforns
tramsnzissiemand rrceptiasoeli engoddd bideekas apiptipabhe,vinelading ragie drequency

ra-codi ng relies gn atial..prediction to reduce or. .
G GioE . C e Snd AR Rl RS aaaR e oS S fpBipication.
FPbidege 60 Hiuggativhi, howevdd, such rc@ﬂﬂfpoﬁnt§drb gemmiafibed as being transmitter
I ntra-codi ng, video encoder 20 forns_ a spatia

B¢ efsarseaieviied2ieng aassH ch a4 oA desinatirsy devisicehdi 18 idpy 1.

b codi . ‘

BPAZE AL S e ST O, VLS (A8P ) or FIG. 1 i

furehdt déthibnVidzoreadodze 20 perfempyviatrb-eanddnal-codidg nfiblocks within video
thin adjacent franes of a Vvideo sequence.

i For .
yﬁ@é?-- i RYIne iR P e e De PP Bt icE OBy spatial redundancy
ﬁ?’@i‘dg@tdlht‘ar\witﬂﬁntar a¢kn Lo @Mﬁg‘é{ﬂg, gf ,qiré?ﬁ'eebl%’ sIfRE GfYrNBtra-coding,

vi deo bl ocks between two or gjacent ranes.

{1064 Fhcader t20efoexarmpipatialf preliEtio? bladkdeased mwooeter or2thore previously

inclu bl.ock partition unit 30 ediction it .

005 Binsfs Sl 4 Shfed Ml e BI0eG 5k Sadifontnier-coding

el off GempRel frb@icOot toSieaidd didemBlé thdpordlP@UIrdi8ncy within adjacent

gyantlzatlpn unit 42, inverse transformunit 44 and '
ANEH Y e ntlodi ssguenspt Ko ingrepodingn oadper cx@den 8¢ performs motion
Lhecl udes s 48A an 8 ssumers 48"

R kRS SRR of ot BRI e bR pgen two o

tiord &fjeueat frivabed vi deo bl ocks to reduce or renove

bl ocking artifacts. Depiction of djfferent features in

M0d3] In Bis qrample oiFiGhiZe i angodir A inglidlesip pfoskarggtition unit 30,
i h ' iAol .

FAIRKLEEL Bopesleugl 108 AR RS L LIRS 08 oEg e

koansmpamidit €1, hayatvea qeantizstafit wat 42 cionpoa enhsormRainitedd and entropy

functionali sociated with one or nore uynjts e
encod%ng un?t 4(E.y \%&eo encoder 20 also includes summers hlé?A and r;r"%% P‘surnrners

48”). An in-loop deblocking filter (not shown) may be applied to reconstructed video

blocks to reduce or remove blocking artifacts. Depiction of different features in FIG. 2
as units 1s intended to highlight different functional aspects of the devices illustrated and

does not necessarily imply that such units must be realized by separate hardware or



integrated within common or separate hardware or
sof tware conponents. [0044] Block partition unit 30

WO e@si1yss0 vi deo i nformation (| abel ed "VI DEO | NP CT/RST0DEA66932
2), e.g., in the formof a sequence of video franes,
fromvideo source 18 (FIG 1)33 Block partition unit 30
di vi des each of the video franmes into coding units
sdftware wempaeengs. pRathat, ifenctiohality dewchitascwith ons odexe jubsimay be
above .t codi n r a
BB st NPT i O e B Py SR clfBfer, B
[0V pBGRk pattah @30 detd@esuildo iBrimon (hbdled ¥ VIDE@ iTde in FIG.
each of the coding units into a1plurallty of vide
B, ci‘c&sm/\mehfoémp%fr% PeqUSACS PL Eidsp fragnese fiom éldeolsml@e 18 (FIG. 1).

R T,
blumikﬁ of ulbo ko c8X 8 Ay iddewibbl abdks, die dbdthgviiniig andyl cisentire frame

[ 0045]. Vi deq. encoder .20 rfor intra- or
Pt BRLEB AT Adtansy( eéaéHC%PP {f]ﬁ drapicde B‘Feolé‘ﬁt@n%?f’ blogk partition unit 30

QiaHP1 divig0 AePbPete Qaikd ﬁljfs BasiaSplR 0PRideB®locks with a
R QP e fPhp PHRRES

ock. Pre Iction 2 assigns a
barao&n mzpeoft kﬁxééc(he ofintb eacroldecksh| déck péraitiomamit 30 may further

i ndicate the.sel ected. pa i |on Si z he bl ock .as
VB SaHophE AL bioBRklacks o BRTBlackt St Sriig Video blocks
bAer viBéEBbetd on or intra-prediction. In the case of
|nterhpred|ct|on prediction unit 32 al so decides the

[rﬂ%ﬁb deecmeeder 20 perfhentingre- of mmtcpémsrf@dwhuqﬁ the video blocks of

re t|on unlt 2 al s |des the hign, node
FleCadit B & Opf o8 PRENAES gt g b e AR TR block
Bﬂ’ldictﬁﬁ uhhien a@ﬁgﬁf ziibl@Sk ByﬁértG dhdH ofafc bldes P@locﬂﬂ that rnay indicate the
predi ctiaon bloc predlcted version of t

edlpqtehparilieneyzoPbiKk. bqulfeascmllr gnwhetherdbe blaskis ?%been?@dwd using
ﬁlt% e[ﬁlgcﬁct% 081k meMrﬂ’rg&lHlyn \Aﬁrl e &1%? %‘# 1nt£pplteﬁfacn8ﬁ‘21%eglctlon unit 32
- en a an

ctlon ock 1's assi
hlsd dEelbésOtthk niotioa, Vep1roes:i| lait tho waderoftin@2 pragyctipar ﬁr@dmion unit 32 also

oral predictiaon for inter-coding of the current

te
decidss thy eRictien Bde {9 15 tosrRerals apEgdictian blagks ) e,
FRABRPR df &S n Glt el ?é’t‘f‘e?at@ Qgi%di&loﬁlb@&éks TR Q@@ic%n block may

nore adjacent video franmes to identify a blo
belpaeehtted varswnt dfathe wogtntotidseblpclrailbh esrretievidesr blogk refers to a

K Bodtatirin fise Sl T ooy SR P Bea e o block i
ARIdnk& -an BRIk Op @rﬁrédl&%lﬁﬁﬁ@gl’sm&}h §eﬂf&%ménﬁp&£1 rediction for

bl ock in the adjacent frame as the prediction b

[Im@@}ilﬂgrpftth@ C@@@é videoj egka - Bicdigtion juoih 32imay, forvm@mpée compare

glf curlrentS vRRS! tﬁabrlo knsglr aqn%' oorc%lp ﬁc{‘% %ceB{ ftiieg thra%n IiEientify a
genera Iction ased on on

pREE P rﬂ&vacqa&hy frame Qﬂacknaelogcma@r maghsy teksireht {'mtieo iblock, eg., a
common coding unit (e. frame or slic %ﬁ Predi cti on

bierk 113211%(9&0% ﬁaWa%q bas pamplgsiMgtat $ PrBelioE ofhsh difference
hl%tr&en§Ftet1&10'ilhﬁllp§§ ‘js'efé'éfsotﬂe tlh&ﬁ%ﬁegyblgal Er?y en(gacc?nt frame as the

I nterpolati on using one or nobre previous
prediction block.

[0047] In the case of intra-prediction, i.e., when a block is assigned an intra-block type,
prediction unit 32 may generate the prediction block based on one or more previously
encoded neighboring blocks within a common coding unit (e.g., frame or slice).
Prediction unit 32 may, for example, perform spatial prediction to generate the
prediction block by performing interpolation using one or more previously encoded

neighboring blocks within the current frame. The one or more adjacent blocks within



nei ghboring bl ocks within the current frame. The one
or nore adjacent bl ocks withinthe current franme may,
wo crosasxsepl e, be retrieved fromfrane store 34PCTMIB2008/066932

may conprise any type of nenory or data storage device

to store one or nore previous|iy encoded franes or

bl ocks. [0048] Prediction unit 32 may performthe

thet @l dtangnmay, dgcordmhs ebwvrettlhex@de r@m ﬁiarsetsme 34, which may
redicti on, wodg As_des { q g{ ; t se 1

E?%%m& TNV RD ALY | of i dSiaa e‘(lé%t‘? &l O%er 8rd MoFs Brpviously

pmddsd aneltO6r Butis - di recti onal prediction nodes. The

nmul ti-directional prediction nodes define conbinations

HW48hBre@rﬁtlan REE B2anR PPFosE the ierpatatien in pegogsisace with one of a set
??&cmﬂo trﬁgd %et AQ éiePJrﬁ)‘éh %%59 tﬁgggtls% e eid%c%t%h gﬁi@des may include

c i ona ction npdé
trhlﬂﬁrédtMHEGpﬂed?al‘dn hibdeyCusli@n dard-danctidiatliprediti@nahodes.  The

di.cti on npdes .t hat def| e varlous co nati.ons of
mﬁ dﬁ?ﬂiopéldfrﬁ‘%ﬁ%@n Pioges éq In§rFombiRaions egﬁ@]unﬁalﬁecaﬂnal prediction
hiokES 411‘1401@ ‘égéﬁnﬁ%p@he kar o??%ﬁﬁétﬁm ﬁﬁﬁess fnclude utrldlrectlonal

pre I ctl on nodes may i ncl ud e nine Unl |reCt|0na
p1rednt|tlon nordesrdcfesdde flictd d64/MR E@-4P264) MVEGtandeed andlltidirectional

AVC. st andard and subset of the possi e conpi nat i

Brecichb hodir Bet donn vara crTORe RNy M, GG b g ediction
ﬁﬁdéypportlng all 36 possible conbinations of
uni di recti onal prediction nodes, video encoder 20 may

HI%BbFor anilptra 4pérklpon tyie, tf¢ree>§ﬁm§¢ bthe ssbmibi mediptions metdes may
1n§18 tﬁc}nlnonahdn%g&?na? predi 1 tlgta) ant??dg% %O&cgi 1é1)%1&n%¥2e&21\éltPEg?4 Part 10
AMQ Staidaedlhgd 4 @l[bSB‘DﬁHB@ p&ﬂ@i‘tﬁé’lcdrﬂ&h&tﬂﬁﬁ of thetafidikectional prediction
intra- predlctlon nodes, is prOV|ded bel ow.. Mpbde O :

verles. caihupoimstead afioruppeiting alvBaerossiblegomlpagions of unidirectional

Bogpel el Ao ' o Sgurd gl Bc o

Manbinatadns| &t mmM‘Dfdzeloﬁal prbkblbtlato micales.uDdvbgl8o Smay Wet tdselalin much
DC + verti

ori zo de 0 + Mode Mode 10: al
%%g% %f@éaﬁ}sae%éy CNBIe g Ol PRI i85 aAes (N T 18 total
Mederddicdhfifodd; isPreaadpbeidown/ I ef t + horizontal (Mde
3 + Mode 1) ’

Mode 0: Vertical

Mode 1: Horizontal

Mode 2: DC

Mode 3: Diagonal down/left

Mode 4: Diagonal down/right

Mode 5: Vertical right

Mode 6: Horizontal down

Mode 7: Vertical left

Mode 8: Horizontal up

Mode 9: Vertical + horizontal (Mode 0 + Mode 1)

Mode 10: DC + vertical (Mode 2 + Mode 0)

Mode 11: DC + horizontal (Mode 2 + Mode 1)

Mode 12: Diagonal down/left + horizontal (Mode 3 + Mode 1)
Mode 13: Diagonal down/right + vertical (Mode 4 + Mode 0)



Mode 13: Di agonal down/right + vertical (Mde 4 + Mde
0) Mode 14: Vertical right + horizontal (Mde 5 + Mde

wQ@ookbsBed5: Horizontal down + vertical (Mde BCHUMDA#066932

0) Mode 16: Vertical left + horizontal (Mde 7 + Mde
1) Mbde 17: Horizontal up + vggtical (Mbde 8 + Mdde 0)

[0050] In the exanple set illustrated above, nobdes 0-8
are uni di r odedAaV eiceldight itderizotels(Meds i’rb(%@ieg-)l? are

bi di recti opal |ct| nodes des
0.8 are « nitisHoaRRGARECT st BRI fate PR e
H. 264/ I\/PE%dE’%tV&l@lcéM@ftsImﬁaﬁtdl (Mbdtes+3Mdde Bre a
subset of the possible bidirectional prediction nodes.

The subset MedetldeHpazaitd|ug hyatigad éModn 8T MedelPtt i on

nodes in the provided exanple includes at |east one

conbi nation that incorporates each unidirectiona

[road] ot 'tMnexmcbes setEﬂhtlbtrhbdiiab&m ek (PR elé ahidircti@a prediction
besi des th i rectional predj.ction nDdes t hat

Medeude mades 9% P@d%l@fffcélﬁnﬁd’ﬂ%‘ll%té)ngmo GtodB Papicylkey mages 0-8 are

ARk lel-‘! rﬂrgdlétgﬁi hopd! adediif thOR JRAGPECRY 'P'aﬁ éVC standard.

Interpo aton ections that are non- para
Yantes PriSt aneessbses 0b steaprssibld hidwedtivoglopradiction m(bdes The subset of

PR Plcoiraee) P TRR PBTIAT oAty B oop Samels BRTdes ot leas

gRde@nitidiion © K ahbotpSarRi BRhPLAadiCEIGRI REEStbd Ofbddie  Each
"vertical" category with prediction nodes fromthe

bidoestiomat aredictian epestey besdwzshthb|tddlr@@pn@rm¢dlptn@dnwﬂ%ﬂlat include

R8P AU ol P O, LSRRI, SRR rciion

fidded ‘ﬁﬁwﬁ ﬁierpdliiid)‘ﬁ Hingutiods Migat Pire diodtpagdllel laﬁhl Iﬂ/ sb@€ instances,
nor e lee | ocations within the current video bl ock

subgt]ialn erthegongk theeeiaaeiheh mbdsker dwerdp.i theuliss\ef bidirectional
gr%ﬁghbﬁ eﬁllofi&r J&%(ﬁgsﬁlﬁlrg{tlobhll &Décﬁ&{dno?nodzp Gha® er%fralgl combine

I'ction no ewer pre
pedesion Fendex droph ethet hertsal” ahteposdivath qmedmdms nialgs from the

otpo(%llr;ggqegrg&riwe o o%glv\ﬁ BFQ}I@%IE%I}G :plr%@a@gprglg Isgeilkg&? thréolgltra prediction

%1%%55%‘18 €Smbind %V%%bl@fgreﬁfcﬁgﬂl gf;éeférfr&ﬁ AS8SiBRY thhigh 'fgﬁher apart, thus
nly a subset of the unidirectional prediction nodes.

Aajetoving paddigtiontquelityeor mbrqpisdilatations Wuﬂimsthﬁanyrrfvm cidgdélock.

i recti.ona redlct 0 des ;t hat. ¢ re
s 785 e b etieRan godst St fds “RICHRE; FRORumoses of
tiRis@4tidnnstigagdt of Rfe'd@tl@h Hhddes lagnatlu®s fELCEH! RV cMPRARtion modes.
Furthernore, alt descri bed above in reference to

Foi exarayg, ticotsk Otfymé@CtlQIh@lqdé% rmﬁyqu@@d@fm@m gr fewer bidirectional
?re Pcltlgé)l'(rllréoe(%ls r%? Bld¥reét9on% edlctlgé rn?%]be qn oﬁtl%/e?eﬁs%ncg?; the set of

pes or | ock

pﬁﬁﬁhoﬂhﬂ@d’estmm‘ﬁnclﬂ&o&ﬁ} aTm‘tﬂett 6f tengnidiiéctidongNgre@iction modes.
the plurality of prediction nodes to select for a

paditiopiyarthp] st 1of mﬁ@atl@t inepfles ey dpclngdg, nudiidipgetiongl prediction
FRULI Bhat @Shbing - Hore thAD LR B freERsHat prediction modes in addition to or

instead of the bidirectional prediction modes. Furthermore, although described above in
reference to Intra 4x4 block types, the techniques of this disclosure may apply to other
intra block types (e.g., Intra 8x8 block types or Intra 16x16 block types) or inter block
types.

[0052] To determine which one of the plurality of prediction modes to select for a
particular block, prediction unit 32 may estimate a coding cost, ¢.g., Lagrangian cost,

for each of the prediction modes of the set, and select the prediction mode with the



for each of the prediction nodes of the set, and
sel ect the prediction node with thesmall est coding

W@ o®B/151300 ot her i nstances, prediction unit 32 PEIUS2008/066932
estimate the coding cost for only a portion of the set
of possible prediction nodes.dor exanple, prediction
node 32 may sel ect the portion of the prediction nodes
smalidsecqﬁémg Mg el Qihertimarpﬁsdir@tiq?tm i wey egineade thgrcoding cost

ne hbor tlon unit ...

B ol BBl 5 e PR BRORRRERR e sl brediction

Rlogdixt R sende.thd %ﬁﬂn bf tigy paeieioat mBgest BL the set based on the

predi ction bl ock, video encoder 20 generates a

predicionmasicselectsy fereraanoisgictahbonne idee bingks| Beediction unit 32
| rent video

g%%%#&gfmggwﬁgﬁg%@§hggﬁgﬂ?%gégﬁéﬁ&g%%gﬁngﬁéIudes a set

£rospj Aéﬂer @b]ﬁefremreg]d& maticeen thhadk, giteot édcydet 26 gema:tes a residual

et i xe ues of. t urrent video bl ock an
B]ioﬁ]é Yy $H0iast H&& a‘ieh@reﬁwélan gﬁ?%n prdyesd b Wr{gefﬁ)le%% yat %2 from the
?ﬁ \ﬂ’?é/ h&?ockeﬁr g3gntedghn & h]tev‘f%sﬂhﬂeﬂﬁ)'cﬁ Wﬁ&lu@ésog Kset of pixel
ormat (e.g., a two-dinensional matrix or array
piffeednce adahes)thathuanmifyedlfﬁamndg bethveenr psictivaluehbbdelhe twrant video

WO d| represent ati.qn of _the val ue
DG A T PEh S URF T Bpeis. B Rflur chingls Y B reprosented
[ne§|t%5tilm9ﬂ1§i?&ﬂﬁl TfodRr @%@te(er%esadwaldlﬁléﬁm&{a@ rnmmx or array of pixel
coefficients. Transform uni may, for exanple,
aqdpqssy dnpdEr veaids, nheggsrduel blosk oy mitwetidiraensianahFepresentation of the
x p or.m wavel et transform or a conbination
Phg ? Transformunit 38 may sel ectively apply
10033 Temi®rhQinitds s@sicddatanbloadko biasfdidanl BIB&k to produce residual
redi ction_node sel ect ed rediction unit 32 to )
anrdorat eoaffigicnts e diransieym lélll%é M3y fort grempioragply @ RE'T, an integer
e u ti,o
e P EARE by, bR Fant Ol TR pORoffRihan thercof.
ﬂ)‘iransfomnwnmf lmay iselactinuly a3y tfa@&bhhs b thnstadual bivck ta8ed on the
mai nt rality. of different transf

| d
Bstlistion o %.lgﬁ%}, by ReediqtionantidAo genare haRF G BpsekIn other
%?d%d tﬁ@" tttaﬁ'ﬁoﬁ?ﬁ %?iéﬁéd N D ije%lcﬁlfal tlﬂ}@rrﬁ’altﬁ)ﬁkmagr he D(cifc_lpendent on the

plurality of rent transfornms may include
pnﬂﬁyennnwamdkarwﬁntmibbckbmpaﬂumpamsﬁéﬁns wavel et

[do3RE s odRorpr HpEL BF i b e TR AP et gransforms and

5 RBBNy dppRNafeardmsfnils Fo BlcUiedildidIYbledk Bise@ohitROBtediction mode of
transforns, and selectively apply the transforns based

the blopk. melutad@nOh@ﬁ@reyé Ffémf@@lsf Ry tisdude P Entintggeidepnsorms,
%{.ﬁc‘ﬂonal tr %nﬁofrr%s wa%'ve'le}t tr?égsfl@xs or Q%m n%gqs) setker%lgp % sorn% instances,
or eger tran orm OF’ES a t

phedbred iuai H@dIﬁSy trh@htagx i DIAT |or Mint@dr didhefothomal iat Ylurality of
and app Iy one of the directional transfornms to
T

disegtignal ransérs, wnd selsetewle epply e depstoras based pp tthe prediction
. 9

AL ERR e SR oo ORISR HABLEXSL B, ooty

thel DC3"8omHye@p ﬂfa}ﬂsibhﬁ tBGTsidnali hﬂbég;emth rpiemétnxmmtodes that exhibit

17. These
Hgllteé dlrectlonapty an apply one o ?thenﬁrectlom ){ransforrns to residual blocks with

prediction modes that exhibit significant directionality.

[0056] Using the example set of prediction modes described above, transform unit 38
may apply the DCT or integer transform to modes 2, 9 and 12-17. These modes may
exhibit limited directionality as they are either DC prediction, or a combination of two

prediction modes at approximately orthogonal directions. To the contrary, modes 1, 3-



exhibit limted directionality as they are either DC

predi ction, or a conbination of two prediction nodes
wa@eooapprexi mat el y ort hogonal directions. To thBCT/US2008/066932

contrary, nodes 1, 3-8, 10 and 11 are nodes that may

exhibit directionality, and therefore transformunit

38 may apply different directional transforns for each

85 1¢ mrek el ﬁlt@dfegdetsdh%tdhfi}e@élﬂhiéﬂtr@qﬁoemlétwwldcfdimm itnsfofm unit 38

the r ual video b n et her, worgds when .
BPE B! Bkl el Do uth Bingen &7 HB8e rRER, o ebjeys veteer
ERRSE Bomplicties bl MRatdidyal Mo dlceRs b s \f/@ﬁﬁ evdhdnrprédletlon modes
resi dual bl ocks of such prediction nodes. And residua

Brebbkes sgpngrridieiéonalipy @aicheseandirstieralbx Riay |at150dqefrf1@¥1%ﬁ1l€d in the

' ' | r S
PR BB RS RRRRn 5 ELBRTPRA e
dioﬂes:éil‘@lﬂa Hifferam ﬁimctmahgemafactmilstuys t Aabuuhd C(ﬁrﬁpareditmtransforms
di ction provi de_better energy np n ,
Fish sl F e T R ke (sioRe @F%lﬁn rtéaalﬁfomﬁ ly traincd

9? etaa? f%ﬁ[&%ﬁnz@d?l meBP rond%qye&éIl é?f%r aEh@rLfd?Qh@Petsidual blocks
carry trong Irectronal ity, rans as DCT or

e lgiven piredietgar modan@h dremtbfrrdmnd,efos plfGﬁlOttlDE mioden drag gio not carry
conpactiaon. In th| manne nit. 38 does

T e fenBpt aven s RCP o RCHIe duidheSRTRARR provide
REESichl endff Foftph&TbnM0 4L Shist Hbshek, OMBRIsFAEh LARMXS B6dY not need to
storage requirenments. Mreover, appllcatlon of DCT

BMHItER SEPRIYg éranﬁﬁoafns f@r ¢ash jof thfes@,ssmpteé;@tlpn medeasthes lowering

ut at i ona | n_ot her
RS SR BB AP uPpREh, ST fRyey integer
tramfisdharigdsocoplek idferthiief mgﬁitai@amﬁebl@iltyo n nodes,
and aPpIy t he correspondi ng rectional transfornms

HYSEH b @thar eingfancest ér@nifp@a. Wi 98 Meyemantame Wiffgrat directional
f gﬁsféljﬂ? 5 3Rl G SR nggsgﬁg ﬁgé&\lgﬁcﬁp nﬂﬁg§s Hﬁﬁ@lg bed corresponding

ove, transtormun mal ntal n el
dirédtiengntrardiforast b@é@lont&ﬁ%fe@ifeﬁ&arechamﬂn m‘odwhjfcthe block. For the

corr sponds W th. one f t he een possible . In
rﬁ? &8 et PEdighodeo ?&dé?&crlg?f% f%}/ve, (RN BB AL AR gy maintain

Mte@ﬁ'd‘iﬁfé%bﬁ{ &tQhbea r{réi*ﬂsfoﬁﬁﬁ EQlch P $hikh %ﬁ%sﬂo‘hé@ %Jlﬁ’ir 8% of the

r the el ghteen possible Intra 8x8 prediction nodes,
aiglitcto yossible f lptre x4 dprediction maddes r ah@ctlmnmlyf transfhien fupifr 38 may

%g Rt S iR SRS p e RS S nta sk

prcdR%ion MARIcY) A ﬁﬁp@[@ér@mddlfe@ﬁ&ﬁa@ nﬁhsfbhﬁ@%@ﬂher&o&aﬁ&glble Intra
on the sel ected predi ction node of the block increases

1 vl 6e predisition cyrogest ranvlmr@qurh@ fos singugthee méquggthns modes of other

I ks fQ dj
ﬁ%%lgntsh% spar%[i);b}ntngr eén lcan ﬁ Srec lor]{m? PzPseg ICtthg selected

pRURELE hodERS thk block iriclsed tha RS QEITS vﬁiﬂYwh&h the residual energy is
non- separ abl e directional transfornms, e.qg. i ved

F%%W%ohafg@ﬁ&ﬁlféﬁplébkékfh oTenhicBvRIodiE RO Fstiet ﬂ(lq{@@)blt gignificant
3‘?@0{1’1 ARG Al L {D‘iédo Ne dife@RSHP Wafﬁsfoﬁn% AR B é%&ﬁﬁe directional

|ret|ona transforns ma re-conmpute

tralmfdmrr[sg cgetd&riobd dana no{l-@Qﬁ&_],blél' h@rlKinTEn iIecae [Tiroaséorms (KLTs) or
tran Yorn1mhere t he basis functions are derlv?d frP

pdparable directional transforms. In some instances, the directional transforms may be
pre-computed using training sets of data.

[0058] The KLT is a linecar transform where the basis functions are derived from the
statistics of the signal, and can thus be adaptive. A KLT is designed to place as much
energy in as few coefficients as possible. A KLT is generally not separable, and thus

transform unit 38 performs full matrix multiplication as described in detail below.



statistics of the signal, and can thus be adaptive. A

KLT is designed to place as nuch energy in as few
w@omBfissbent s as possible. A KLT is general |y POL/US2008/066932

separabl e, and thus transformunit 38 perforns ful

matrix multiplication as descyg bed in detai

bel ow. Applicati on of a non-separabl e directional

Apahestion mft 2 nen-4sparabds dieetionbl tetksfount ko betxderssidugleldock will be

o ERRe ooy PEPER e leshGEING L BT tRRE of diffren
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-*-32 -*"33 then residual vector x of length 16 is

witten as L*.00 01 Xf)I *O3 0 | 2 3 20 21 22 23 30
31 32 33 J [0060] Atra §f°rﬂ1Cfofkf nt vector y is
obt ai ned by perforn1ng trix “cation in

accordance with the fol 6mnn§ueqnatman (1): y =Tx, (1)
where Tis the transf gatrk of su;e’16x16 t hat
corresponds to the pred ct’i on node sélpcted for the
bl ock. The transform coethi ctent*svecdtar y is also a
one-di nensi onal vector having a | ength of sixteen
coefficients. [0061] Use of non-separable directiona
ARSI ARLIBeAeY: SNERth 16 ACKRASLL conputational cost and
storage requirements. In general, for a residual block
of size NN, the nonseparable dlrectlonal transform
requi res basis functions of size N2 N2. That is, for
4x4 residual bl ocks, the non-separable directiona
transform has a size of 16x16; for 8x8residual bl ocks, =
Lﬁ; non- separabl e directional transformhas a size of ]
645 arfee f O 1816 edindudls bfocks: twe ¥z Yo Xau Xn s
non- separabl e directional transformhas a size of :
256x256. Because a different non-separable directiona
transform may be used for each of the prediction nodes
ffosb A Bfsforin’ RBET R NVERbE v B UTRNSbPH& fEhER RRRXLA%ABlication
directional transfornms for 4x4 bl ocks and ei ghteen
svaceardencensitibthegollewingxguasiondkys (in the case of the
exanpl e set of prediction nodes descri bed above), and
possi bly nore if the set of

y=TIx, (1)

X

where T is the transform matrix of size 16x16 that corresponds to the prediction mode
selected for the block. The transform coefficient vector y is also a one-dimensional
vector having a length of sixteen coefficients.

[0061] Use of non-separable directional transforms may entail increased computational
cost and storage requirements. In general, for a residual block of size NxN, the non-
separable directional transform requires basis functions of size N’xN°. That is, for 4x4

residual blocks, the non-separable directional transform has a size of 16x16; for 8x8



prediction nodes is larger. This may result in the use

of large nenory resources to store the transform
wOoriosi1sms0 needed to carry out the transform prPCEES2008/066932

Comput ati onal cost of non-separable directiona

transfornms is also high. In gpneral, applying a

nonseparabl e directional transformon an N N bl ock
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nodes. Separabl e directional transforns have a | ower
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BISEFHIPR NeRfIeS rimtaresy; Ehis anay vesplfyim ther B IORFCTRETPR EARHICeS 0

r I
g%fu @tt%ﬁyﬁgﬁ gi;i}a‘;lfé@eg;ﬂet éi ﬂko))%ggg d(u(te B tMHsfd?mhlﬂr\égeﬁQ TloAfputational
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al.so a.two-di mepsj.qnal matrix,of, si

s R R R b e S S 1@@? ns and

gﬂqmé]gg@mhbﬁgtransforn1natrlces (e.qg., natrlx pairs

R%, where N N corresponds with the block size
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?ei,paragaf o('iurrﬁctlﬂnaﬁ %@E g{rnclﬁfa fo%)égc,‘hh ?f?t)ﬁ/e greglcjl)??F tflt?oddgg 2$%R,arable directional

tradsfore@Shavehi thvérestoiape Sint eSsnputioagecdsh Qﬁmfpﬁl%d to non-separable

elghteen 16x16 transform matrjces stored wh
ABerioapa FranifeImsy a FoF dherstxdr eesidaaly bloaki git f%n@fwle the separable

R PR ol e B O I PRREREIET: i ons

and 2cN Nx(N-1) additions, which is significantly |ess
operations than the N2 N2 [tiplications and N2

(N2-\) additions used flor form ng the non-separabl e 2)
directional transforns. Table 1 conpares the storage

and conputation requirenments between using separable
wherenbms fepasabine trdisfemt corffricht masixo s 4 oslulmndednsform matrix

Fih R e Bar e ae SR il Ok PARE A o SFBr IR AMbTigeRsthe block
g_@a%i h’ﬂ BOME dxamdleS] Mhu@rth&BRMg Aok USEIRIEGH nlafrix Y is also a

usi ng separable dlrectlonal t ransf orns
bWbdﬁmé@wﬁddD@ﬁB@ﬁSVﬁ456th conput ati on conplexity and

@fﬂ%g St &8 reﬁlmta’lnﬁ rﬁ&f‘ep %r glgﬁohrg U033 ERAY %ﬁore two NXN transforrn

|re |ona rans orns, e reducti econes nor

slagiviel (@%Dtnafrﬁ( pdlisggend KRI) ogkers Nz@Scorfesfonds vaieIhk ibddtk size (e.g.,
for 8x8 blocks Is bigger than reduction for 4x4

N ocks omapleln thec%m@szﬁ?y%ﬁlgh@ﬁn JuprHietigsy moges for a 4x4 block
8@3@3’6&@&1@0\%‘, &Gk foRAAnit BANGERL NRirty-six 4x4 transform matrices, which

requires less storage than the ecighteen 16x16 transform matrices stored when
non-separable transforms are used. Additionally, transform unit 32 may perform the
separable directional transform using 2xXNXNXN multiplications and 2XNXNX(N-1)
additions, which is significantly less operations than the N’xN’ multiplications and
N°x(N°-1) additions used for performing the non-separable directional transforms.
Table 1 compares the storage and computation requirements between using separable

vs. non-separable directional transforms for block sizes of 4x4 and 8x8. Comparison



[0064] The separable transformmatrices for each
predi cti on node may be obtai ned using prediction
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Afiter applying the Jtf385h QLB bPerhfighs’ €51 dLRbe Bl 6k Hlerations

pi xet—vatues, quantizatton unrt 40 quantizes the
transformcoefficients to further reduce the bit rate.

fowlel pWiha ckepataBlel tZadsfofh, mafices $& epednirtdiatidrOmhodBirhay}Be obtained
and i1 nverse transformunit 44 may apply inverse

Bring threiein ragitialsnirems e scf QASTBRIRALVION, SPBISPESt i \$€m§/ar to the

B BSRRBAsch R 95 P B el e Bt (v

precasshiy bt egplieistodthal prédiowda tesiduble iprteliatnignsdl faskin the row

roduced b i ct nit. 32 to, produce a i
R cnd i a&eiuaamb cotigh 18 OFfE G obigin figrfavsiagpform matrix
At thyéghfnﬁf:f?ﬁ%%rﬁpﬁﬁgl ?Qctll%?fc KAI’E@HM%I ﬁ@ﬁi sa%rable directional

prediction unit 32 to I nt i nter-co
Haumcaqumatrloes deq th¢ mmkseppﬂibﬁt?ﬂiLmrade@unlrmdcabwg be trained first

when ble tra re used, which
R S ARt B o e ey R iz gAY, S SEPHFabTE tramsform
ARRACEbEcdlh ReditRiRmotié ST QY FBtainkd @yl RfHEL §88mposing the non-

transform coefficients are represented as
saperadil nteans fosmanateioes ihfocicesrabledransfowy matrices.

[0065] Either way, the resulting transform matrices usually have floating point
precision. Fixed-point precision numbers are used to approximate the coefficients in the
transform matrices to enable the use of fixed point arithmetic in the transform process

and to reduce computation cost. Precision of the fixed-point approximations of the



Therefore, follow ng quantization, coefficient
scanning unit 4 1 scans the coefficients fromthe

wo aw8dsTemsi onal bl ock format to a one-di mensi PEEIUS2008/066932
vector format, a process often referred to as
coefficient scanning. In particul ar, coefficient
scanning unit 4 1 scans the coefficients in accordance
wdfficignts cian tlmr drensform meicisesidncdecidetthbpnendispectbashice between
this disclaos i cient scanni nit. 4
LB PO e ot SRP LA arSEROTadel o ad afy Figgym process
g4AE MR pcaﬁtednﬂm&lae O oisrewBRIS] highicf Pre@di@t o3t the Sfixed-point
In some instances, coefficient scanning unit 4 1 may
ARPAPXIMAEPYS @idin $ransfEm sesimcas st reswp ar smajoy crrgrs @@ctﬁ the use of
ik BGnEE ARG Gha0n FUAEE 1S UGERERG 165 bldirBfifth T Wixed-poine
68 maGorf &f thcarinsfe@nnatrigesuaisd mfhy]catrﬁythle Mixtetlqlolint arithmetic to
scan the coefficients of the quanti esidual bl ock
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pI4D amantmzws thAthdogh cooécichtsi tenfurtberarediegtheriit rade. 1 Following

lescribed as initially scanni usi
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techni que. Moreover, each E”e iction nbdes may have
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plodutd Wstdoattn@ited Video bldgk Zag st@fa@e 1@ fehede @bfcadrgeThé h&onstructed
quantlzed coefficients in the agne-di nensi onal vector
¥igep blagkmayrhe used by ipEgdégiton ung 32He infipoF IteF¢odg grsybyeqyent video

t wo- di nensi onal bl ock are conpacted toward the

egl nning of the coefficient vector. The zig-zag scan
0048} Asriesqritediabevs ubliancicpatableompatirme s:sc Tigad, which mclude DCT,
q@g%%ggﬁg%fgﬁcﬁéglt 12}3%2%%%2%({%,2%&%%%@Ij?egl%%c%ro]galll transforrns the
s Qifh "u‘étﬁé'fBrrﬁi 'cB&ﬁHeﬁ@%lréf re@@tﬂe@ﬁ@tv&cf ARRh OB oEFIcGt matrices.
separabl e directional transfornms, the resulting
Thoefiroehipem quangnsior wabiehi siaeningbinc il iweanssthe Icbefficients

T e SEP PRl Blos b Bt P e VimgAS BN b Fargr. o process
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st or age reqUI renment, it may not Ca ture t he

gapgdci cgnﬁicmnﬁ,s linmcecﬁéamésfﬂduwcabl s Imacoprdancawith onp gspect of
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above) the non-zero coefficients tend to exist al 03%
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siaesftfcsm ent vector. By adaptl ng the coefficient scan
ﬁ] gr to_orient the scan order .i
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zig-zag scan order, which is typically used in H.264/MPEG-4 Part 10 AVC applications.
Although coefficient scanning unit 41 is described as initially scanning using the

zig-zag scan order, the techniques of this disclosure are not limited to any particular

initial scan order or technique. Moreover, each of prediction modes may have a



may be nore conpacted toward the begi nning of the

one-di nensi onal coefficient vector than woul d be the
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order of eigenvalues.” [0071] Even if the initial scan
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0080 PAQescrR8 fbGd 8L initial scan order may not be the zig-zag scan order,
particularly for instances in which directional transforms are applied to the residual
block. In these cases, the initial scan order may be pre-determined using one of the
techniques described below. As one example, the initial scan order may be determined

using a set of training video sequences. Statistics of non-zero coefficients, such as the



scanning unit 4 1 may still adapt the scan order to
i nprove the conpactness of the non-zero coefficients
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prediction modes.
[0073] As described above, coefficient scanning unit 41 may adapt the scan order based

on the collected statistics. Coefficient scanning unit 41 may, based on the collected



this manner, the scan order may be adapted for each
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scanning unit 4 1 may adapt the scan order at
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xanpl e, remain the coefficient |location with t
WS&H% €PMBlsiey: hopeNerRRGiTiFiNR! SCRRAIPE BRiG ﬁf Hvaa&éiﬁpfotﬁe Rgag order less

ﬁ@&uetﬂﬁg Sudholy éﬁ&oe\c&?w bR bor friderébl H&s] Ogltelfnaﬁ{lé@ coefficient
hi's 15 due to the coefficient count at position A
sxanmygsmltlékirlg@y advpt thot dven oodeefaf hei-6red ooermals. Empfficadog scanning

pl e bl ocks or hundr.eds of ocks
bt gt Binelof Garmp Sitrt BB PR HRG oot Hecfoumt values of a
Sid N Wi fHeebloblo cRSeca 9 af thiGhalatvahRST WRP aBaptist Rk Rcan order,
he bl ock exceeds the coefficient count at p03|t|on A
mﬂfﬁelggtlﬁcggmng] ugltélﬁam@esc(an sgbsquwgpmaﬁtgz)eddf:mdwé blocks of at least
%ﬁasrh%'sef‘cgl 860 ‘t*ﬂgé Wlelsenq fd];f)tg%g%a‘ﬁ RES ? Wz 1ns%,n9 S coefﬁc1ent
Y'ow Vi nore qui ¢

g@nhmgahmc agf fiagi wah ﬁibaéqu%hﬂ qaantﬁe@%maueﬂnbloslesaamamgleast one
unit 4 1 may normalize the coefficients when one of

ftrbéeqy@ahv@e@ dlackasingrbe pAtetheten ajdsrushentye agleapippns, subsequent
Qﬁgé ;) o%k %Qfsts%g%%h ulﬂﬂlotf t}{r %r P?Mt ({):']Bfogﬁl b%@fffcrbut scagl)}lng unit 41

coefficients by re C|ng eac e count val ues
prag-cdeti|renorseeh falstquent sideb béscks eldubtheg;caaofdeoﬁs idapted again in

COumh R Sh T e b lrk S L AR i

fRghdr ClRMiciSRaUMMeUNNGt 411 aH?I%s UtHel 1528 QIrB&" to generate the
nornal i zat 1 on nethodologles

one-dimensional coefficient vector in such a manner that the quantized residual
coefficients may be more efficiently encoded by the entropy coding unit 46.
[0075] Coefficient scanning unit 41 may, in some instances, normalize the collected

statistics. Normalization of the collected statistics may be desirable when coefficient



exanpl e, coefficient scanning unit 4 1 may refresh the
statistics after coding a particular nunber of bl ocks.

wQ 0@36573ENt r opy encodi ng unit 46 receives the PCT/US2008/066932

one-di mensi onal coefficient vector that represents the
residual coefficients of the #§ ock as well as bl ock

header information for the block in the formof one or
pUMEs h:e@lderthrsgmdchxaleﬁs efesncslicigigobidigueherepneianed to as coefficient

g T L L

Rireshagipl ) neiathe theCsdeficiO tOlpkatat Hvethnthé GBEesf @burtUd®@n when the
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aike aaliltiple Unodks46.ge nemd@shirdec i addes ckis p beformthcaveffivdent count of

the residual information for e current video bl ack

fRptiraRosLIoR. Berednctdied t8ias SPFISHANE p%%%é Wﬁmg%e block exceds
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sdaening ocks hemmwoeﬂﬁa;mnEpwmdmstm end: Bc Hihusjue slldescddobeadoder 20
hi s dISCI t.icul ar,. entrapy encodin
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Q&I@fﬁh'ﬁz@@l%e@oﬁﬁcféﬂt@ Wi S 8F eERMmtOfcaOS BE tAREIDIA value. For

preV|ousI encoded video bl ocks. As such, entropy '
exteerdérmgetiiviant 4®nnagg ymic hd@ymém@lnzertbib codflitiecaisdytigducing cach

are the s on re.

f BTGt B e TR st R Porenr oy Pl segh e count
4ﬁué’§9b’y @nator HE ted)Yor by TBREf the Edngi‘ﬂ RelukdH® DicooRmitadl cait values.
| ocation toassist. in encoding the syntax el enents of
Erefficignt spnnipg asitpt baray rBHZG ofss swsmakization yaethgdglegics. For

\ | 6 C [
PR AL OB Bl i ey Ot BREHAREC, B R Variculer
blmabdr dfbtaked directly above the current block (i.e.,

u nei ghbori ng bl o and a previously e
Bf“%ékEP%%%}t errodingetif 36 feccies theepe-gimengiona F‘?ﬁ‘gﬁﬁflent vector that

Fég?é%gntg ithEresidlif doc IR GRPOF thB 1Rk OS Kiell M@M{eﬁead&' iedBation for

chni ques nay be used for encodi ng other header
thenblask eh ¢inefirsy of woh asmbicobadey pasax lplepwats. The header syntax
artitions, S r the like. Alsa, simlar.
bt T80 (4ED POy eSS Ao hE TR gides Wagh such as a
blésk typRea BRIdR%oA Mbdeedde il Rty ABPY ¢Slubi anBfhroma, a block
codi ng of the current video bl ock may be used. [0078]

Dyétien.i onl ofe @htm@pymembdmtgrmnifhessmhmdm sywax clements may be
ge%é Ecli *%Fogn \Mtl{e? crm%f Sh&HS efo} %x% o@esﬁ% reﬁlcgro]ﬁ u(;%nt 3{2h within video

aretion ‘modéSTdesert PIREVTEW
ax@ﬁakgypseudo code bel ow. Let upMbde be the
redi ction node of the top block Let |efl Mbdde be the
dl Entreny sBepsling upietd epgodsp gy headercinformstian bandt the residual

Rir&EHh Ofdr TRAGuBENL DRS WiIb& o %]eﬁ’&gte an encoded bitstream (labeled
“VIDEO BITSTREAM” in FIG. 2). Entropy encoding unit 46 encodes one or more of
the syntax elements of each of the blocks in accordance with the techniques described in
this disclosure. In particular, entropy encoding unit 46 may encode the syntax elements
of the current block based on the syntax elements of one or more previously encoded
video blocks. As such, entropy encoding unit 46 may include one or more buffers to
store the syntax elements of the one or more previously encoded video blocks. Entropy

encoding unit 46 may analyze any number of neighboring blocks at any location to



If currMbde == upMdde || currMde == | ef| Mode Send "1"
If upMode !'= |l eft Mode Send "1" if currMde == upMde
wW@r00805736¢ her wi se El se Send "0" Adj ust curr ModRCT/US1968/066932

in the range of [0,15] Send currMde using 4 bits

[0079] Entropy encoding unit 46 initializes variables

upMode, |eftMde, and currMde to be equal to the

pysestliiie teheading the @fntameleupp@rofn@bmnﬁ ﬁigleblbcbtmk thepurposes of
edi.ction node of. the. | and th

Bt SRS iReging i vl e Braic 37 BBty pER(peidiGn mode

B836 bh Rgflevab@yeendoied Ploeididehicd rdlraaqez&)ooé tﬁeftﬁlrﬂéﬁﬁﬁbck (1 e., upper

nei ghbori ng bl ock, the |eft n@a?hborln bl ock and the

@@g methleew avdya pevireskyrarcadl blask docstedadirasgly dnghauiett of the

oty BRI PR LAR EITR r FpRTBRI Ry b wo

fdmnpcsc&nig Gﬂlleﬂhleaﬁeld@n&fx dlbrecmeisgtibey blogk blpes KdodkupiMititens, CBPs,

and |leftMade), |If the prediction node of the curren
%@@Ps Adpfuaimiles t?%@l%%%a& valyertoee rtehbpRmEploghs i just the
eg bk [éftn&lé;ﬂbgflhg blot % {nocg% (c:&gﬁ% 9{){)’1}9 gﬁ{}%rgc 6]31/&822 o(ggdrﬁgy Be used.

[,ﬂill78] @@eltauom ebcﬂwlytentdﬂmg)nmd 146 lwnkb be desteibed withaeference to the set

ﬂﬁ nt bl ack. i ndi ate e curre predlftlon(i d

‘iegn PIfgIcgham QF% f‘ %Ve df Eﬂ%ﬂ XgfPrppeudo code

v@per nei ghboring block or the prediction node of the

| eft nei ghboring block. [0080] If the prediction node

of the current block is equal to the prediction node

of elther ol hs. pebgaRrb Rl oske phac. . the first

encoded bit entropy enco unlt

conpar es th%kﬁM@@”ﬁﬂF@ﬁmﬁwaéméﬂf@ﬁ@ﬁ@ fer nelghborlng
bl ock to th&aﬁﬂ&ﬂkﬁéﬂh@[ﬁediﬂﬁdr&n&é ot hecukredt blodkei ghbori ng
bl ock. dlctlon no f_ upper nei ghbori ng
bl ock is tﬁbm? 7 sf%?#'a”q;ﬁ%tl %%de of the left
nelghborlngS@Noék ent r opy encodlng unit 46 does not
encode any nbp@oliit&iimol. the prediction node. In this

case, the prediction may Qe usi ng a
single bit. [OO%T? £B§29§@m%?'p@ﬁ?°b$e8g%vs%n mode of

t he upper Hei ghboring block is not equal to the
prediction rpgdeyof the | eft neighboring block, entropy
encodi ng unit 46 encodes at | east one addi tional bit
repr esent i ng* 4 ReFHEEICI DR #BHE Kd lspeci fy whi ch of

t he nei ghborsemigubMoathksndvasist he sanme predi cti on node as
the current bl ock. For exanple, when entropy encodi ng

unit 46 anal yzes the prediction node of the Hﬁper and
[)f79] Entropy encoding unit 46 initializes variables upMode, leftMode, and currMode

to be equal to the prediction mode of the upper neighboring block, the prediction mode
of the left neighboring block, and the prediction mode of the current block, respectively.
As described above, the prediction modes of the upper neighboring block, the left
neighboring block and the current block may be determined based on a Lagrangian cost
analysis. Entropy encoding unit 46 compares the prediction mode of the current bock
(currMode) with the prediction mode of the neighboring blocks (upMode and leftMode).
If the prediction mode of the current block is equal to the prediction mode of either of
the neighboring blocks, entropy encoding unit 46 encodes a “1.” Thus, the first bit
encoded by entropy encoding unit 46 to represent the prediction mode of the current

block indicates whether the current prediction mode is the same as either the prediction



nei ghbori ng bl ocks, entropy encoding unit 46 may
encode a "1" if the prediction node of the current

whb@sls573s0 t he sanme as the prediction node of tPET/URYES/066932

nei ghbori ng bl ock and encodes a "0" if the prediction

node of the current block is ghe sane as the

predi ction node of the |eft neighboring bl ock. Entropy
medodif ibe uppar nbiehbaying dlackr erathic vieedigtienmode o4 thd tefi ficighboring
gpe predi cti on node of the current block is the sane

S %he predi ction node of the |eft neighboring bl ock
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either @f e neiehiingr blagksbi-ec ihe first engaded bitaiser “Lhentropy encoding
0P R Lofbhrel tnd A ENGPARACRE A G PRIRAGHAMILERPRe prediction
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BRGRSEHBH Rolibanthenert addhbd@ablobt, tenﬁr@?f B dfng W #81encodes at

of the previously encoded bl ocks has the same
[pestdpg jedditipnd ebiageprasenting rtémprbqh@t@cm ni@Rs®] spacify hehich of the
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8#@5%{1&]@1\& l?ﬁ&( Rl¢ ﬁ@ F% eé apﬁltehpgor | n &f; ﬁl%éﬁﬁ)?lgfbﬁéﬁb%ﬁng block

er o nei g
antedum@sumiW’A%ﬂenmﬁdmﬁmanmmHaMDﬂﬂ mhﬁmtmaﬂkesembsmnu:asthe

the. prediction node_of the current block n
Bredicgpn emawgﬁ @réln ther leffi Beig I?Prmgdég Eesanrrra@a e&s%%eg aeity 46 may,

SXGARLRLy, BRJIORY 18R HAG UiRhIm&R JTRN: SRERE8IR% the same as the
predlctlon node of the current video block using a

predrctibn tmagle aé wor kit n&lighhotigd bidek red anevdes glipédrthe prediction mode

P8 e A B bE et B pPicBactids @ Y uhiigfboring block.
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for the current bl ock, i.e gfedlctlon nodes of
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ock Regayse t edicti de v L
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[0082] If the prediction mode of the current video block is not the same as either the
prediction mode of the upper neighboring block or the prediction mode of the left
neighboring block, entropy encoding unit 46 sends a “0,” which indicates that the

prediction mode of the current video block is not the same as the prediction modes of



represent. In this case, during the prediction
process, prediction unit 32 may sel ectively renove one

wo@RooBh&73s@NMai Ni Ng sevent een codi ng nodes from PEEUSENS/066932

to enable the prediction node of the current block to

be represented using a four bi¢ codeword. In one

i nstance, prediction unit 32 may renove the |ast
pittediod ttho neighltaingeblgeks. pEatdirot ¢ngndimgdeitifo prcordps 8 codeword that

exanpl.e., Predi ction un 0 ct
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pesiest i18mhicese, d{ﬁmglhegf&ﬁdt@ﬁ piddes, peedantidbnamed2ChhpEelectively
node 17 as predlctlon node 12, prediction node 13,
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ction node usi ng her exa

mmd hlsﬁlﬁtes poédigticeadingt B mayu@e&thﬁdﬁlaempredmnon mode, ¢.g., prediction
ossi.bl e predjction node opy encodi ng

QB 91%%%@@%% predifition vugH SR8 WPV R SorlechpnY %ﬁt@? prediction

Hiotiés H? 'tl{bgse?'tmﬂearren{o%&h Qlkﬁlg% (Ltﬁgséﬂ Fv'ﬂhét?pé/f £0488h1BGics. For

unit 46 may encode the prediction node of the current
vadgde, hirodiktiensimy 3 TAyGoop tl@NBACIheAprsbar‘tmkntg af eracke padiation mode

exi st between t redi cti on, nmod t he current .
Bt pclsmiae il Bt i B oo Pig B gerSumidfefll of being
pat@qboring blocks. In particular, when the prediction
node of the upper nei ghboring block and the prediction
H831 ofter remavang theeselptsdrirpdictivroniedar antiopy hvncodlng unit 46 adjusts

mel%:or eC Fn%lxtéje erna#nn?g_| o (ﬁice%lo’n hg? PL O aﬁ t ]tho Pr%dlctlon mode

Ion no curren

Anab&k rstnlge fromi [0, 16t inamelexhpid] &itiopp eﬁ&ﬁﬁﬁg st 16 gﬁy temporarily
Li kewi se, when _the prediction node of the upper
W@ﬁ%me@%}n@&pr@ﬁ@tw anqsice diogt P dp 1adepeinping yith|aggigning 0 to
el AhoeL fi bofifh Al ecdst RLABEC bh ith
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hi gh. h

lggregila%}plleo Qf trlrlg %?esdlclztlson rlngde ofl tﬂe tupll)esf nré?grfl%g{mg {)Po%k is mode 12 and the
prediction mode of the left neighboring block is mode 14, entropy encoding unit 46 may
renumber prediction mode 13, prediction mode 15, prediction mode 16 and prediction
mode 17 as prediction mode 12, prediction mode 13, prediction mode 14 and prediction
mode 15, respectively. Entropy encoding unit 46 then encodes the prediction mode

using four bits. In other examples with sets of prediction modes with more or fewer



probability distributions of the prediction node of

the current bl ock changes when the categories (e.g.,
wandoditsBed i onal vs. bidirectional) of the predPCIL/US2008/066932

nodes of the upper and | eft nei ghboring bl ocks change.

[0085] As such, entropy encodiqig unit 46 may sel ect,

in some aspects, different coding contexts depending

possikie predictiph engsies.céndtopp renpexdties uoilt 46reay engade éhe prediction mode

revi ousl y _encqded vide | ocks (e.g., the upper and
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fockialsdibewgt ansred] thg bsliticetiangh prediréion gearigaiselighi ti this manner, the

the current. pr.edi ction e i s one.of bidirectiagna

BB SRbiRBHEE S e PR Rl & <TG T Affyproven he
enekoes t(abl, emidivytibel def Biﬁﬁéctfdﬁﬁ? dffthe pesdictioadhddes of the upper
contexts. For exanple, when the first codi ng context

prad @&@tﬁ@@lﬂﬁlg blacks @@fl%\e-upper and | eft nei ghboring

S . ‘ ot on < ‘ ‘
BASK BT P SRS L LR e Wt coing
oaritekits égicnding lonpriedice thaoprediotdes mbdesoflondior @dire prealously encoded

predi ction nodes may be used, [0086] This y, entr.opy .
EidEodianys dnit The upRE %8¢ 6 rejghgonys sideg dﬁ%) Binisctional or
BlGRCAdIEL PTRdhC LARNMPAB AY, differchP E%in%:cgﬁt%x@ ﬂaﬁ&@tﬁg different

t he ppedlctlon node Qf the’left'yldeo‘ ock are bot
probabitiget ofothalsetprfedédi¢tiommmodaiesithifenha gipgn eordeodi Agka frirtexample

it GiodRrOp T RESipEr UF 958 SBHGEICoBRAT Fat corresponds to
MeQdbCHh@NbER R @pet AR hefidft MéigRRrRlQelindodkehakolifdirectional
uni di rectional prediction nodes. For exanple, entropy

predistipngnedes: B@antey ok atigblormegsenstaldtiono thanfjrse sadiegtcontext may
OB s SR ESo JRE Bt AP BB BERCh P v

peAhbertodesyi daauy)l @bk ke fhat bodmdicoseki enatlected for CABAC
predi ction nodes. The second codi ng context nodels the .
ProEsi (Lict \odlt $pperoind I6f nughbopiag predirtian Brdppae wdirectional),
. t. Vi 0 0 .adi i . .
AR Rl il ORI REERLE A0 OBy prescion
hiode ieatd ahalidircEhengd rpodaidtidni hydddi cotmpiatmdt wiohn ifahe tineent prediction

second codj ng. cont ext , assign hi gher pr Eﬁg}l'tﬂ S

P HeoBs o PIBRESHAI PISHEUPE FOSHe I BY ©Ran LAY LC. different VLC
HoYifl EBES n2RAle defined for different coding contexts. For example, when the first
coding context is selected (i.c., both upper and left neighboring blocks have
unidirectional prediction modes), a VLC coding table that assigns shorter codewords to

unidirectional prediction modes than bidirectional prediction modes may be used.



predi ction nodes in the case of CABAC codi ng and

assign shorter codewords to bidirectional prediction
wo@sas3han uni directi onal prediction nodes i NnPCTESaSE66932

of CAVLC coding. [0087] Entropy encoding unit 46 nay

select yet a third codi ng comfgext when the prediction

node of one of the neighboring blocks is a

(0986] Thistwayn amtrqﬁyefmb@dih@ Hnitrg 6 enaa/rmlqchéle direidiodingoentestiehen the

of ,the oth r ne of the bor
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BBk axd bt l’uﬁldﬁ’é@tﬁlnw Pic@ickibh iiogies.t Eﬁtr@if&&bdingtwmta% hbBeselect a
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FI G ock diagramillustrating exanple o
vodlen caeco aardcRBho probhiGlityldistmibfitent foethd@tdiction Mode of the current

coder 26 nma erformintra-..and i.nter-decodi ) )
BRES Rek ¥ hm e PEARi Pl 2 R0 oF Biedirer R 1! neighboring
EﬂobEse&e bidirdchen# X ame g@ot%ﬂﬂ @istributi¥h @€ ehdREAHEE0dBE context may
i ncl udes an entropy decoding unit 60, prediction unit
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Bﬂi’ﬁbttﬁﬁ‘ﬁl tpieli @lohPiio8e thannvig s ectiohan pedfdiibb thddB6inafid case of
redlctlon unit 62. [0089] Entropy decodi ng unit 60

«linthe encoded vi deo bitstream (| abel ed " VI DEO

E ?{ngg%% gﬂ%@l“g n?i)rt eﬁﬁln gﬂ glle %qu}ﬁtm hdte itlgﬁd: ?ggﬂg cantext hwhen the

predivtion ndodens-ahcnainthe mra@hbmem:g blockd isqu aﬁhtdlrzﬁtd)nal predlctlon mode
r. informatiq

|duaI oefficients d head
b U RO e 0 s QHﬁEQH%P?é%?%&M&T ?gk)s i¥'a bidifoctional

HIcBBY nfifie0ghp Qllfﬂ%&dlt%ocoﬂ?erxt ﬁfo%sesteﬂﬁy dl%b@treg’ %' probability of the
ecodi ng function of the encodi ng perforned

em:fmﬂl p@dm‘mdul eolie e@moApk Gthe2. uriddisetippdli (pmedmcftloantm«zxtw and the

Rl BifoiranaRicr 8F oS | BEGUBRA Hie § BUaPHSE foruse in
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ot her s ntax el enents, such as a block t ocC

piee iblacsp (c.gBithe @vaqr had [1¢fk éldepdﬂ%qS) RY$ Wadltrml@n%iror bidirectional
nt Q0% 1{[i Sgt?eq ess é E th%n?ecﬁ ét?o c? atlglll t
1O node Oe e]tner

résen m né ‘whet her

[mspFE@il Tsi aOlbloBlDdﬁgﬂifm ﬂmetr@tufgr@dampm otWdes dedal 24 @f FIG. 1 in
t he predlctlon node of any of the previously decode

Birtiek detathalVjdeadicoqdey 26 mypy Hﬁ’ffﬁ@lﬂ IHE- §ho a}tﬁ:rnfbecaqilag lef bkoclés within
S BP0, FOISEPY AESEE RS BTt 2
bichclks bs eﬁ‘ﬂ{@{@l dédodhllgeimn’@ﬁlpmdsdlctmnnmde& coefficient scanning unit 63,
inverse quantization unit 64, inverse transform unit 66, and frame store 68. Video
decoder 26 also includes summer 69, which combines the outputs of inverse transform
unit 66 and prediction unit 62.

[0089] Entropy decoding unit 60 receives the encoded video bitstream (labeled
“VIDEO BITSTREAM” in FIG. 3) and decodes the encoded bitstream to obtain residual

information (e.g., in the form of a one-dimensional vector of quantized residual



of one of the neighboring bl ocks when the first bit is
"1" and that the prediction node of the current bl ock

WO 2008057360he same as the prediction node of eitP€r/USL008/066932

t he nei ghbori ng bl ocks when the first bit is "0."

[0091] If the first bit is "1§jand if the prediction

node of the upper neighboring block is the sane as the
meéﬁq':icmt'sbnndrrb@beienﬁnfoheatioef(te greimgﬂhb doim@f oo ok, menmtircagyr syntax

ecadi unit 60 es no receive
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presents the prediction node, entropy eco ing unit
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red ct.ion he current _bl ock ,based on , the
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dateniat e tafredibgorPhRdE oF uerbumﬁfebreék tshQuelior B8 brediction mode
block is the sane as the predlctlon nDde of the upper
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Bbbﬁhb@ﬁf@jfbh@ﬁ%sm@en t he second bit is "0." Entropy
decoding unit 60 selects the prediction node of  t
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Lﬂ%esaﬁlg s n]%l%!ilgﬁgn o0 8B ﬂelggﬁocﬁﬂtgr 5ibci! 'ehtr{)rﬁz %e%o%mg unit 60
eter at the

decodi ng uni m nes
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Boge vt cfhfieniahs, Peish R NERY CfetSottE My dirtian BedhE thegsypisat block.
EH@O[W ﬁgéo‘aﬁﬂg?ﬂmmeéagf fok t%‘?(aﬂﬁ Refindif b&! br M8 h)t?@ffefsngbr other
bl ocKs fromthe set possi bl e predi cti on nodes.
semooy) thes stopdsether pivious gmedigtams mudys iohdhaidee cmernore prev10usly
ﬁ%P@ |d|rect|onal predi cti on nodes and/ or one or

oeks: gi rect i onal predi cti on nodes. One exanple

FOR02Pff tRE Bkt %ttu@a “mogesiftthapreiRaby 8Rdc OF et §par ﬁ@%lﬂlormg block

predi ction nodes is provided above in the descrl i on
wfnotths same asf the peedigiiparmedrdof & tleth eﬁlghlbu’rngridow @ettspy decoding

glgiy ) trec%lvegn%e&ﬁl%dmt t'ﬁ%t repr%?gn‘%s @ r(? 9t¥% 1%88 n% o}?y décodlng unit

renove i-ONn ho e nei'g

b0 @ei@&nalegl véticl efdic RAEhHREAG HIGIke diag tth® @arﬁ@@ﬁadw%naﬁode as the
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pE Mlacknbasedienifie eqomd Bitr Feyppyreedimpaf 60angy, for example,
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tr O
rnode of the upper nelghbormg block when the second bit is “1” and determine the

prediction mode of the current block is the same as the prediction mode of the left
neighboring block when the second bit is “0.” Entropy decoding unit 60 selects the
prediction mode of the correct neighboring block as the prediction mode of the current
block.

[0093] When the first bit is “0,” however, entropy decoding unit 60 determines that the

prediction mode of the current block is not the same as the prediction mode of either of



unit 60 may, however, select any of the prediction
nodes of the set to be renoved using other any of a

wo ar08aspe®f net hodol ogi es as | ong as decodi ng BPET/USBI08/066932

renmoves the sane prediction node as renoved by

prediction unit 32. For exanpie, entropy decoding unit
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uni di rectional predi ction nodes, select a second codi ng
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| ocks is a unidirectional prediction node and the
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[BESTRhREnts: e SEGHNEDR) cBHES bR TR Rigrignmode of
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For exanple, in the case of an intra-coded bl oc

e¥itt by cerdisapisdiction mats sfathepusientiblosk andaene er more previously
PRl 0 DEPHREAL SR Lo D PG A e i

prtenghyodecoding mhit 66 2ndyosclge ldeffeadsnt@ndmg cantexts for a predlctlon mode of
the block based on the type of prediction mode of one or more previously decoded video
blocks. In other words, entropy decoding unit 60 may select different coding contexts
based on whether the prediction modes of the previously decoded blocks are
unidirectional or bidirectional.

[0096] As one example, entropy decoding unit 60 may select a first coding context

when the prediction modes of both previously decoded blocks are unidirectional



predi ction block. Prediction unit 62 generates a
predi ction bl ock using one or nore adjacent bl ocks (or

w@ouosi1e713s0 of the adj acent bl ocks) wi thin a conP@IUS2008/066932

coding unit in accordance with the block type and
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two-dimensional block has been the location for a non-zero coefficient. Coefficient



of having non-zero coefficients. Coefficient scanning
unit 63 adapts the scan order at the sane fixed or
woorvsfiseed | nterval s used by video encoder 20.PCT/US2008/066932

Coefficient scanning unit 63 normalizes the collected
statistics in the same mannerzps descri bed above with
respect to video encoder 20. [0101] As descri bed
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RO may have dlfferent coefficient statistics.
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compression that can be achieved during entropy coding.
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[ARBEERAEHN LnbbENPT it CAd QWdNMRAS 1R gl ML dFOthe upper
the nei ghboring blocks has the same prediction node as
n¢ighaumgeblockpto e predjion meadeeadairpl lett nsighbepye dlaskdiOBYy 1f the
uni.t .46 ma ode a "1" if t r.edi ction de of .t he
B SRS 8 U nelihpodnd PRocRf Bls o R sl oA Snode of
thede i PRRhbLORI IBIBOK, Agopy OfdodaptureNe®decsanot @ncddt ahfi@nore bits for
Eredlthon node of the current block is the sane as )
hserrpdisiinre modn (Hbde Tafthis wasa dia predichemaradegnay b Rcodgd using a
§H§%%ﬂentropy encodi ng unit 46 may encode the

reédiction node of the current block using as few as
f01a7pHowanet, ifahe prglictioh wodei dfshavhppertiegshpoenl dblockris not equal to

de of .the current block is equal] to the predictio
dge%fzt}%h@tﬁ? of i lﬁgingra%smi% %Clsacwop[v gadasiing fini g cncodes a

RIBAl Bt irQitcdRER: A %&ﬁct?dif 6M toBh @ Kte whitPbf thB BcRBBGing blocks
as the prediction de of either of the previously
basc e shnid poddictiomntmodpyasetheodirmgt tiedk 4182¢ncbaesxaniyde, entropy

chs0ine i JE B GO g T P AR TeHEBHE! (HeeuFRRE Plock is the
Qirhe 8$tR prodiction iy GAttRe "uEﬁér ﬁéi@b@ﬁﬁ? ibfdckOhdNBEBdOh “0” if the

the current block is not the sanme as the prediction
nisdistion negdenedr thef curteat loskiipdkd yarep @p dewl pisidistiey, mode of the left

FOLAAENS RIS R0 b, TR ARIF BB i moc

46thaayireeebloan géng he f&ehs ohe PRS0t ndgdt,adioCBitsonhdio@e prediction
byrempvi ng the prediction npode or nodes of the ) )
mergpbdhs Ayt ddack ivroginl teeths grrcdietiqnomefie oé ope efithe pgighboring
HR?%?' When the upper and | eft nei ghboring bl ocks have
different

[0118] If the prediction mode of the current block is not the same as the prediction

mode of either of the previously encoded blocks, entropy encoding unit 46 encodes the
first bit to indicate so (96). To continue the example above, entropy encoding unit 46
may encode the first bit as a “0” to indicate that the prediction mode of the current block
is not the same as the prediction mode of either of the previously encoded blocks.
Entropy encoding unit 46 may rearrange the set of possible prediction modes (104).

Entropy encoding unit 46 may rearrange the set of possible prediction modes by



predi cti on nodes than one another, entropy encodi ng
unit 46 may renove two prediction nodes fromthe set.

wab@a/151360 upper and | eft nei ghbori ng bl ocks haReT/URm08/066932

same prediction node as one anot her, entropy encodi ng

unit 46 may renove one predicij on node (i.e., the

predi ction node of the upper and | eft nei ghboring

bineoiey) ther plmitchien geede punddes wbrths neyghbonmiez bloskaimiwes the set of

Pr%ngb?ep ér {0%8Iﬁ Jodes, d:Vﬁben r%gglﬁp%ealgﬁﬁ ttﬁl 8el§-\ét)or1 no%lﬂcl%sﬂgave different
pRUlcEpY @0eading bhd tanbfhetf, eBMMDY SR®IGTy MMItE46 rnay remove two
addj ti onal codi ng nodes, the predi ction unit 32 of

Paegiction anaslss e fisssot-h &V kanthc apart ashisft reselibognedéreks have the
t P e C t
HBCE AR Rl Py RSkl SRS v b remove one
pictition enads (g., tthce pedtiéction mode of tledigicr @nd efd ewjghboring blocks)
ntr py encoding unit 46 adjusts the node nunmbers of
rﬁ’él eieh i “ﬁtg‘elﬁ?%ﬁal IBSPOAR IGHSSS: &Ptr?l%e%c@ Ing[ugity) may selectively
t
R A e e P Sy Bt "Bpgpry encoding
(11108 rerionas@py oe mowd md@;tlumltcod,ﬁlgnngdeenmwmedlh@n unit 32 of FIG. 2

redi ction,node of, the ent video bl ock us
Bt reoraahe rectionehEpEE R depubhotbpbgyssitis prediction
Wollks Rh U ¢KdsO aalilifnaIeb@nd bt witt hét veesRerl. tadidrk&oving the
7, encoding unit 46 may, in sone instances, adaptively

ged ecmore pisdichgn emdcexantibpy coguslinguhdo @dwgtStth@ mode numbers of
r%dlcthnrgg Uum,EQ?fQ#rr?nt bl ock based on the
pregﬂSP o Hoded BPYPHe "Sh€ or nore previ ously encoded

190k Entrd®L 2&JodigGuni? %Setﬁoﬂésow cdil@gsrdnhbd tapsdsemts ithg prediction
codin? context selection in accordance with one aspect
grode Bf thegrusienbBloele (106 Fagepy saepdipont 46 mayrangods ‘ihé prediction

Cur r il tt‘ﬁgl o‘ﬁ{(ems% eBhlﬁon RSin CRW? “@Aﬁﬂdﬂrgfj St F Jn%py coding

the f predrction node o
oicthodoegpr A\slv(allslde)deedfrdﬁ:deﬁi nivlre dktail vﬁthcﬂesmt anFlap Geencodlng unit
and | eft nei ghboring bl oc or ex t he .
pP SYctn S BN, @ﬁ@twﬁﬁe%e %ha PARE Cﬁ@re@h E‘Hr‘fsﬁ gn encoding the

Bﬁeﬁfé‘ﬁ%n HRRAHE Uitk bRk bagal onoﬂh@ ﬁg'ré‘(ﬁétﬁﬂ ABERHf tltlé"&{eeor more

I's a higher probability that the prediction node of
piesiocuslyreenddedIbdadksi s al so a uni directional prediction

L kew se, t di ct d th :
[RA01 b 8l o Hag b et i St T et an dpeordance with
Bhealipett FMhiRERSosutNEAE déeriBehERR! a B6RSAH by ckRBbetween the
t he predlctlon node of the current block is also a

bipdiof eeadiasioal mesteeefi the icomerddeck a[n(dﬁnq}ypA@f S’deiCUOélrﬁl@@myf one or
ogaegrev ulgfél éncogec{"%i/ocgée ts%rcﬁn A nvwl?]g%@tep Pocﬁ %gor%g Blbck. For

er “and ne|g BOr i

etingh1€,e0hdnothal predietbinCinb 86 ofradespped 112() leﬁﬂﬂelglﬂicﬁﬁlg Hocks are both
first coding context when the prediction nodes of both

pwélrgﬁ@@ﬁl Igﬁ@;c‘p@f MOoAes, gﬁtbeo],slar{ggltgr Heqbabuitythat the prediction mode of
U8, G 0 BESELCHRLTRIEE iy, T L1 i o
piedicpbe dinodd @i todeppaf dnkle lodtumehborimgd éxhodhls cak both bidirectional
prediction modes, there is a higher probability that the prediction mode of the current
block is also a bidirectional prediction mode.

[0121] As such, entropy encoding unit 46 may determine whether the prediction modes
of upper and left neighboring blocks are unidirectional prediction modes (112) and

select a first coding context when the prediction modes of both the upper and left

neighboring blocks are unidirectional prediction modes (114). The first coding context



when the prediction node of both of the upper and the
| eft nei ghboring bl ocks are unidirectional. The

w@e@bapizbe ty di stribution of the first codi ng PONUS2008/066932

may provi de higher probabilities for the

uni di rectional prediction nodgs of the set than the

bi di rectional prediction nodes of the set. In the case
ofoddavhCprobabilitsx disfsibation ier thic psedietani mgde ohthexturreay video block

di ng. tabl [ b d d
WAE o, BRaRRah PBeds BB CPERRCAIER A0 dhe Tl BREPRE L btocks are

aeidRYaIoNs]. 990 GrabuitM diftribittord bl iHee fifst @Baing PFoREXE thaBNprovide
nodes. [0122] When the prediction nodes of each of the
igper paehabilisics f98i GRbwridhectionalc psedigtionnaodes of the set than the

UL IR0 2 L R, Nl v
odditheotiepe magnekel £fcodingi ghleothangsdokaekssharter codewords with the

bi directional . prediction ndes (116). Entropy .encodi.ng .
awafre%@nﬁlapreég igg fmogles é@%h&lec%kwar%&%wtecﬁmﬁﬂ iR eidifectional
Akich hRRegode of each of the upper and |eft

el ghboring bl ocks are both bidirectional prediction
i@’k Wittt Zhe prEdetior conlds obelchgf clomtmct amb bl eighbering blocks are

robability distributiqon for the predicti nodge, of .
ettt SUEo BeR i aSeePom PHECASE, T ciine whether
M@gfr@di@t)fdrﬁﬁl_%d@s 41 GBR b Rlcolppll hid Mt ftadhbbRfe GWck§BEe bidirectional
node is a bidirectional prediction node than a '
pisidiitioe anddgm &l 16pr Eatrepy ercodingeunitdfamay selact heccond eoding context

\V/B for.exanplg, the s nd _codi ng, gont.ext .mA
dhRde.n BTG T of VST BE GG oM g BEieska e both
vidiroctidhal pricdicties tiodead 11py. ethcCicbomt dlitgScanfam niodels the probability
codewor ds associated with the unidirectional )
gisathueen & theaedictiop male ofemcyrrrat pidsabiackdrserbeie hegpsumption
gﬁ? tﬁép@?)[lstgqqn%ﬁefrg)r%'bgnp D ek pdrpe(fllfﬁlo‘:('i% &s BPidiRRLiSnal prediction

Idirectional prediction nodes, 1.e., the predlctlon
modeshaf at heidpe@ionaupltoditioaostede.bl Agkis, ar eha case of CAVLC, for

conbi_nation of bidirectional and unidjrec iona

PRI et 16 ioside 0 enEPUE BHeBHNMAG wdine el iyt awpeiates shorter
Bodchiokdl RA 'tﬁ@biﬁﬁ@&tﬁ%lﬁl $rediRdion H¥Red Eiaﬁ GhCOSHRDr &I SAted with

I s generated under the assunption that the probability
thfe univbrectionag ptedptiedinoidesn node is nore evenly

3 58 PRk oot b SRRl LR SEH EHREBATREES ot bt
blagcs@nal Pledfei¥hGnodQl i.8XaRPhexdidtids Mbidsdo A’ f8viously encoded
context may use a coding table that associates

blodkswere discapbisativinl ofr bidisetsionad regd ninidifactiondh grediction modes, entropy
| di.recti.opal prediction modes and .t unj.di rect i onal -
BB B P8R A LY SRS g R o R contene i

gaeedes uhde the ashusdption thardRe plotlabRite BF kieNEurkind @ecddtiddkmode is
I n accordance with the selected coding. context (119).. .
mereengdisfrippisd among g wadiscstpal peedigiion gedgs gnd the bidirectional

g{%ﬁ&ﬁbﬁ%& € FMRAIEL T o PG Lhe SEIAQ/L“(;J, o %Ear}ﬂ)lgeﬁle third coding
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[0124] Entropy encoding module 46 encodes the prediction mode of the current video
block in accordance with the selected coding context (119). Selecting different coding
contexts for use in encoding the prediction mode of the current video block based on the

prediction modes of one or more previously encoded video blocks may result in better

compression of the prediction mode information. The same coding context selection



conpression of the prediction node information. The
sane codi ng context selectiontechnique is perforned by

walewsds1sgo unit 60 such that the decodi ng unit BOI/DB2008/066932

accurately decode the prediction nodes of the video

bl ocks. [0125] FIG 8 is a flgw diagramillustrating
exanpl e operation of a decoding unit, such as entrop
teehm'dimgs umrfprm@i bF ddcddiogdenb@®8rsuzb et titededndingenit 60 may

bl d ith th
b CTD @ the Freolc iR g BT S BIARECS o 1 e
f0268pEmG Q‘ﬁlsalnﬂ@\ﬂ Qiﬂiéﬁdn Vlh@ﬁ@tnbg bsinf@bpdrati@béod feddgm@anmit, such

I nformation in the formof one or nore header

@Wﬂt&pyae@whm gmt bR ok vidse ideepdst 26 desasiey hendebfergnatian of a video
gl%clg iy 9%)%&91@6 %ﬁloﬁiil qgch%iqu%s Bf 9?& at S?’ﬁ)e o ogzi decodlng unit 60

escri Or purposes o
berodyd andeaded vitkoddistrgarnfto Obhtﬁf héwelad @rfoisyatioaxe.g., in the form of
el enents, such as a block type, block partition P, .
Bhe (RemPia Beaqen 17Bfax| RlCpRA] b dheagrintigey o (RPUQRY océﬁcggng unit 60
i
g l—nﬁpl i %gﬁ&ﬁgn of p{e'ﬁfgﬁgrllj ?f}(yedﬁtlggﬁ%gczﬁ)@% f&ggﬁrpgsr?s ro(f) example. The
Gbehmduesgma)n ibe @(Damiediem niecrekngvh€ biher hedder fsyntsk d]ﬁments such as a

e predicti.o nDde i ndi cates that the
bﬁg%%’ ﬁ@ﬂqgﬁ @g(ﬁﬂ% %ﬁt bl ock is the same as
[(h%]ohﬁ%ﬁfchﬁﬂ é@%y%ec@dﬁ"geﬁ'ﬂl@%' Ycsiesodetsp Ibgc{%fresentmg the
., either an uppeéer or left nelggborlng bl ock
Eﬁrdlrc@py rdedsodf mlge mmtéﬂe@c e3p). f trMaWOémgd@mé R <i1ﬁéerrmnes
e curren

g/lﬁatther thé tfﬁ%t%lt rgareé? 1n%qrﬁ;%%rgdlgplon rnod8 fmc{ atEes t%%tet;le glﬁeghctlon mode

befhk dﬁﬁb@ﬂT@@ék RGhOkBEKSS M%’tedllb@oﬁ mbaé obhtpréssouslly dédded block,
that the prediction node of the current block is not

£ Be CHBGFERNAPPEHY lsft@mgéb%mg bedes 239 Eﬁféommﬁ@fdlaa dnQqdaq 60 may,
'eQ fe' H&eltﬁlalg lﬁ%llt ‘é%eﬂrﬁ%hlaﬁ%%hfge% opﬂ{e du‘?‘re{lﬁbltocl% %ét%g ]sarne as the

en tfopy er m nes
preditiion inaxlc mbdec of the higpatind deft nagblgrkiﬂgsbldsdke vﬁ&maheaﬁrst bit is “1”
per

%@,e 8}%% glige: %tbeld&rt]lggo krggdeg{%f ?lg:g 91?1‘%&‘@}5 g)gqc#gls UMt ttﬂ% Garne as the prediction
Hﬁh@gmtﬁsﬁpﬁw ghd ferft ﬁeg,@luahﬁ 'bfotckwvh&pﬂl% ﬁ}ﬁt ﬂm@ «ypper

nei ghbori ng bl ock the prediction node of the left
HE2GhBdrennentivpy cdecadieg tunét 6@ retefthdg) . thythee priadiction mode of the

Errﬁ%%'t bR TIfE B flo HRoPreBRRT ) CBROOK 4F G and. Ief
orH@ BIBAIE, Qﬂt%oi)grﬂééﬁﬁg it ddan diIsdth@MhaPARi@bn mode

the current vi deo bl ock are received, and entropy
@I%tb@dippgr neighbasmesepekcanyl theeprpdietdor: modp oftltelcst neeglth@élng block

e h2Su el BARO S, BLBRSRR R SR AR hipek and the

pRdictpp @fiodead f3hb tift Agigbariis 1Hock fldahPkadé,cid MBroieerepfesenting
the left nelghborln bl ock are different, one

Hedrediefil mpfle of Bsrasient Yidep bloek arﬁ‘er@r:@v% AndsaEoRsdecoding unit
FBJ@ %gle&g Ghe % &R)'hr 198% > ¢ APCRALNG HAl fei %@)oﬁﬁ% %(’f‘(% ag ethe prediction

ction rm of t correct nelghborin
triode jof ek @trreumbhmki(élZﬁ) tWhercﬂierlﬁ'ﬁdlcthxbmmlodds)aﬁdﬁb u.‘ppet heighboring

E?_))Q(t )an((ie }i@lrp\llree(gct?olnt rnO(?ep ofe tﬁg ?etf{ ne%gﬁbho%ng rb?odclkcatré Sj}ferent eone additional
bit representing the prediction mode is received, and entropy decoding unit 60 selects
the prediction mode of the correct neighboring block as the prediction mode of the
current block based on the next received bit representing the prediction mode (128). For
example, entropy decoding unit 60 may select the prediction mode of the upper

neighboring block as the prediction mode of the current block when the next received



exanpl e, entropy decoding unit 60 may sel ect the
predi ction node of the upper nei ghboring bl ock as the

w@e@dits3son nmode of the current bl ock when t hePeBEXE2008/066932

receivedbit is "1" and select the prediction node of
the | eft neighboring bl ock asq3 he prediction node of
the current bl ock when the next received bit is "0."
pm ip8)” W@@leehthneomdi@tmwfgomhbﬂefs Ocigbhbarmgi ileek ashthe prediction

ictiQ de of .the current .bl ack is not the

glgﬁﬁgggm Cﬁgelbt%é%& W DEBE Tger ee:atbﬁt iy gf t he upper and
[aRs8) Mﬂieﬁhﬁﬁdngdd@b@lﬁ Ksunit 6€.detep@festthg fhier Siedietibn mode of the
representlng t rediction node is "0," entrop
elerEd ibhepkuii ot gloe éfﬂftl? apyhaiewdiiting roeda obeithegyof rtgwpéer and left

r I f (13 2
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Elﬁfﬂpw&iebbkﬂing) uedico tentoop yrdched ingf unithe wmpp e&‘m@mbﬂeefrtmore prediction
nei ghbori ng bl ocks fromthe se ossi bl e jctian
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el o s TR Wl el Zl?%ﬁkor Db oRRa e set of
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det.ai .l 012 ntro ecodi n unlt 60 .decodes

PR anareln, G BPRY% %L%O B8 P °BRY «Oav e Bssawﬁ% mode of the

A888EdrRgblodke afPhdlieskt bﬁ@oﬂ%ﬁﬂb&ffch@rﬂnﬁﬁg 8s fusehBdd afdetdi@bove.
edi ction node of the current block (132). Entropy

EftléablEmyomm d@coslmgrayltaﬁﬂ detodeh éhqo r@mal@mgdﬂtsm four bits in the
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ﬁaamrpe? dcr‘%c %(} 0% gP{a I the i ogclzt Oéll nurn 4 é)??hlf né)rg&w‘gl%n rnoae of the

agarstsee (P3DCeEntppy fducodidg hmuer@t)r fpy £7Nedcdhe grdiction mode

46. I n one exanple, entropy decoding unit 60 may
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.
leQRkBr bt bl 8rihD Al ool SOl AP YRR wnit 46.
pr el etangiie, vadepy tbadinpaveat 6@ anyrremowled.thd decoda® prediction mode
i nsfances, . entropy decodi ng un 60Q. may se] ect .
avm?%rﬁ Eansigg Er%gé%ﬂé)esa the Pallgmai mﬁsa‘qﬂe? |HB)rﬁierP6‘Hl$’eE§f (rgngéng from
Bt chlq)hgfsﬁfget@iﬂ%tﬂﬁ@k RhE gf&ﬁdﬁ%ﬁ ABALShef hé)xréebe%h Ro¥ed. In some
previously decoded video blocks, e.g., based on

wisenbes; erthpypleedtiiog inoin 6&ndie$ebf:t differept endimuigingexdeoo d@dediction

bl qcks ar bo h uni dj.rectj.onal oth bi di rect i onal

BRES i Flock Pered o e TorHiErobede g Fcet BRE Progigusly decoded
drssHihRe ¢.p, @@ie@' dn %@ﬂ‘l@l‘ tHendre@Bdod BfAdd BY théNprlev®Asly decoded
EYOVIdeS thé prediction node to a prediction unit 62

lockre prer batle ualq@ﬁeémtwﬂ,| lpih E@ucbfﬁlztlmeé,o@rd@nﬁgumﬁée@@mélcthé cbther one
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El%aicﬁumm&ie)(@ a paédueﬁ)ntlﬁmg@w abferac raep@a&hbu M&d according the
| ock for presentation to a user. [0130]

ff‘é%%fm girdictiga 989denddoi-n Aﬂqd@scab%dcw&wﬁ@eﬁ*agp BYG. 3, the prediction
LR STERfed ASAPYRY R DAL VOO o LR Sy B v for
pﬁm@mMnmnemusmﬂay be |nplenented together in an

integrated | ogi c devjce.or .s rately as . .
[0138?Tﬁe techmq%es descri e(F in this Spsglosure r%{ay l%e implemented in hardware,

software, firmware, or any combination therecof. Any features described as units or
components may be implemented together in an integrated logic device or separately as
discrete but interoperable logic devices. If implemented in software, the techniques
may be realized at least in part by a computer-readable medium comprising instructions

that, when executed, performs one or more of the methods described above. The



di screte but interoperable |ogic devices. If
i npl emented in software, the techni ques may be
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medi um conpri sing instructions that, when executed,
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PGBl RuERER | TR eheh e B o T By i andom
h@asko rﬁl@lﬁ&?S $R ABAD VSMCI{ SIRAMchrdrRasl- @yﬂamlﬂeﬁﬁﬂ(ym( BMs memory

non-vol atil e random access nenory

EYLRAM )cksiaflpnby lagla@rye(PgQM@;rWtéé reéléanl\?&wsﬁs wegragry (NVRAM),
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arat e hardware sof tware conponents.
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kB Ee Phonibinane S ToT48] oBaPF oTS b kS gperatcd within

bdthmof o Sdpasii BarBRYR Pe6AwHRGHIpBARthts. These and ot her
enbodi nents are within the scope of the foll ow n

H13R h agouy wsbodlmems 9 tthie dlisstoseieclpdic hgew derstiberht ghe&eh@d other
m%{)oc?gleﬁ% ﬁhlnque ?CO iogﬁlte%oﬁovlv'l{n Cia!:é% Of tr anSf or e
Forouse |n $Fansto ween r al pixel val ues

of a video bl ock and residual transform coefficients

of the video bl ock, wherein each of the plurality of
transforns is associated with at | east one prediction

node and at | east a portion of the plurality of

transforns are separable directional transforns;

sel ecting one of the plurality of transforns for the

vi deo bl ock based on a



predi cti on node of the video block; applying the
sel ected transformto the video block to transform
wheasasrsed he resi dual pixel val ues of the vi deRCDhUSZKSE/066932

and the residual transformcoefficients of the video

bl ock; and entropy coding theqesidual transform
coefficients of the video block. 2. The nethod of
ELAIMS:, wherein the separable directional transforns

ach |ncI colunn trix of .size Nx N

na o BEE oy HENideb AR IR e iifihar e W x N

is a goffBps bﬁﬁal&ﬁl ofhﬁns\fd)ﬁ}[ﬁ@fobhﬁclh trag@sforh@ghetwied r&fidual pixel
claiml1, wherein the plurality of transforns further

Vﬂémﬂf@ des blepkeqnd r@&éﬂﬂérawfaﬁgfcwfﬁ\c(ee@nf thyy vigep block, wherein

ﬂl?’?glﬁ] Sé n)? (?lf) Lans S R delsg& eit H%t f%fast Sogg ppé {t%l(t:ltnltlé/ndge and at
tehﬁ aCbcﬁﬁ(BIE(bfG.he phirz[l'ﬁy bf &ﬁmff@mm a(rmﬁ)ira(bte dlftﬁtlbﬂiﬁl egesforms;
transformto ap o the video bl

y ck when the
sel ectdertigeoar of FhGrPﬁ%]d‘é( QEHPHPIES FOF e geo block based on a
?ﬁﬁﬁ%hﬁ%’e'&fﬂl \Q@&l)]ﬁgékectl ng one of the plurality of

e separable directional transforns to apply to the
vi deoafiyilpiok thehetectdderapefoentte thepndai Wodkoto transiermsbieivioicnshe

dlrectlo aljty. .4. The ho f claim3, .furt

St Rl et B st o chE it he

bb@@%kﬁkQﬁMa set of prediction nodes that include

uni di recti onal predi cti on nodes and nulti-directiona

pr edi entrapy cedagshe reatduelgramisfeemapocifisaants afibe video block.

uni di rectional prediction nodes, wherein selecting the

DCT or the integer transforn1conprises sel ecting the

PCT orrh¢ hethodtofgRiim 1 aMsicat thit tsepandtind &1rédﬂ10h5[&ra\1ﬂsﬁ)ﬁﬁs each

bl ock when the sel ected prediction node is either a DC
hslugie raé@iur@hfaﬁm&r@fuﬁnémx(ﬂf sirsdex Arangd apamt trangfor@anatyn of size N x
R GHLRLY O FRdGnL i\, FORPURES pRli! Sast two predi ction

at poi nt 1 n substantially orthogona
dlrectlons 5. The nethod of claim4, wherein the set

f predictio es includes unidirectional iction
des? gﬁaaleﬁl daielogm dy “pesi e @?%%&V QAR PhRherheidde o
Qfs@tg{e%kﬁ’i@ tHRYB S (bb?) §PQ§§1¥eg@f trifsfirheGhd @&kting one of the

predi ct1on nodes including at | east one conbi nati on
phuadlity nﬁlrw@s’nsafomthomdehéﬂanklomrpes@ﬂ onal prediction
ere n. the

{r ansigiint e dEupE Rats Spme T RGN ibctr Gl Tims @arrly

FPRB KR8 DIRk W Hchithy @8 dprediktion MBdEBLHTiE ﬁrﬁftédWﬁfectlonahty, and
conprising: scanning the residual transform

coef f pd¢atimgone pf thee uriahtsrtof\ﬂmf@oarl@bl@cdtregts@m@transforrns to apply to
1(fieoq}l§c twﬁetﬁtﬂ ?el?ce[ed Prealc 181(1‘ %nor(]ig exl{;l%%t%éltrec%%nahty.

as SOCI a 1on o
coefficients; adjusting the coefficient scan order in
accordance with the collected statistics;
4. The method of claim 3, further comprising

selecting the prediction mode of the video block from a set of prediction modes
that include unidirectional prediction modes and multi-directional prediction modes that
combine at least two unidirectional prediction modes,

wherein selecting the DCT or the integer transform comprises selecting the DCT
or the integer transform to apply to the video block when the selected prediction mode is
either a DC unidirectional prediction mode or a multi-directional prediction mode that

combines at least two prediction modes that point in substantially orthogonal directions.



and scanning coefficients of at |east one subsequent

vi deo bl ock using the adjusted coefficient scan order
wob@n/151360 at | east one subsequent video bl ock BXI/EER08/066932

a coding unit of the first video block. 7. The nethod

of claim®6, wherein: collectifg statistics for at

| east a portion of the coefficients conprises

frai nt Ahermethod of slaim 4y mhersincthe setay preiisipntroodsa dikeludes
osition within the portion, of the two-dinensional. .
PERRbee el ot PBAS P hPElnfSp b i liction modes,
thersabdet 6f bitlire@®nhih@tdieaehmefied inEuPBg iat ic@iondicbbimatiBiethat
portion of the two-dinmensional representation of the
Bsbrdes edchief shengydigeciopal pepdictionen®desi ent ; and adj usti ng
the coefficient scan order conprises adjusting the
coefficient scan order to generate an adjusted
6oef f Th¢ erthodedirlabhdevhtfeat ths celoged trensfodi fsiacdepartible transform
positions in descendi ng order pased on count val ues of
fiethe é{é‘EPibé‘?cé‘r?Pmé’élé?st 3 BEvidao b@ﬁ@ tﬁ%fr}?&@dépﬁhqrépmpﬂsmgr
fur t het,nGOBREd 2kidGaMRHEIBlhZbBEicldhe dd £ éeo block usi
statischsgg%en one o? thg count véﬁggs reaches a ned
ttefbshnt sdarcondat; val ue, wherein nornmalizing the

col l ected .statj.stics comri.ses .one of reducgin ch of
the oERIFEIOGHAERICEFSaCRRRrBR shhot BB Af TerrecHtRits:

val uegditiQind th€tocHicibiti schdbrdePiiccdahmSwittPthe TOBARE ftdtics;
of claim®6, further conprising selecting the

prcedi ction node of the video block froma plurality of
predi ction nod rein.collecting statistjcs. .
BT gor s tcnBar e et sk 21 Rh ik ing the adjuseed
esdffigieiit Sagh Sidaf Whtd €8 aaRdstdk Ushdeqgent hRles BRIckicisgrh a coding
scan _order separately for each of the plurality of

prigaf be fisy vids@ddock10) The met hod of claim 6, wherein

the first video block and the at | east one subsequent

vi deo bl ock belong to a first coding unit, the method

fur t hehe aethodidichgnoewhaicid:al i zi ng the scan order for

a second coding unit. 11. The method of_claim1, .
wher eP‘ﬂP@PH’ég ftﬁ‘fgfﬁ’_scﬁ & ile_&?tea RYTHPR nggﬁgoqfépleasﬂéomﬂses
Bfaﬁﬁ‘ﬁflﬁ’ig u@ac:39ntr \%?deddé%lesﬁﬂrfﬁﬁ{fgl % 2h4eSosHont Wihi¥ 'tl&hbeﬁbrm)@gf(the

to residi transformcoefficients, and further
twhedenansioaplpkpicrantitive of eheatclti¢ntathef waaks eonprbicsefstimes that
eo blo

appl ying the sel.ected transformto,the vi k to
ERB e hrs e SO G paf R Jethisrdimasi seregiop g1 e
thgriciest duad ndi-ansfcasfmeraefhi ci ents; and entropy

codi ng conprise entropy encoding the residua

t r ansfdpstingsbé eoadfieipntsscyf ondaecompiesgs hdiogtingdhe egcfficient scan

Lyin mge sel.ected transform .12, .The nethod. of L
BRI e S R AT g don BB (PG pions

friodeség®ingbrder based on count values of the coefficient positions.

8. The method of claim 7, further comprising normalizing the collected statistics
when one of the count values reaches a threshold count value, wherein normalizing the
collected statistics comprises one of reducing each of the count values by a factor and

resetting the count values to a set of initial count values.

9. The method of claim 6, further comprising selecting the prediction mode of the

video block from a plurality of prediction modes, wherein collecting statistics and



transform ng residual transformcoefficients to
resi dual pixel values of the video bl ock, and further

wobk@sassso appl yi ng the sel ected transform conpPCBHES2008/066932

appl ying the selected inverse transformto the video
block to transformthe residugl transformcoefficients
to residual pixel values of the video block; and
ediustongythe mﬁfggie@tcmtr orsler enmprazoy callecbnig sigtistive andadjusinlg the
trapsform coefficients.of the.video.hl ogk pri.or t
LSRR L BBl feabr S it DAL SFEGRILSH glotes
encodi ng video data, the device conprising: a
transformunit that: stores aé&lurality of transforns

10r ughe mathodafsteerm 6 Wetset the Sistredsochialk 49ty abedsteee
I e

te-mitsdfliaingahd eoan ohder ¥ordecddaldilasdd on a predi ction
node of the video bl ock, andapplies the sel ected
transformto the video block to transform between the

sid hxal WIS ' :
L G A S bl YR B fraf G s in
whiesfeimng eshiluelf pikélevaples ofthietvydeofbloakan sésodumb trassform coefficients,
qigéggateg with at | east one prediction node and at
5 & Por"

t%n of the plurality of transforms are

separ @ﬁilﬁn? it ceetdcRaatant fod TbRpHSBs a%@gri@g"t_h@ REIEEBY transform to the
that entropy encodes the residua

codi ng uni

vidanblosk i oeficsidusl Ritel vhicy bibe visicoplock1a themgdual

&g&&ce Offﬁ&%&ﬁu%ﬁ' wherein the separable directiona
PANSTOr s €8t d™icl ude a col umm transform matrix of

si ze Bhtropy calthgaofPisé ERAHlyPNBdARE e cOfuas tafsfink céfficients of

where N x N is a dinmension of the video bl ock. 15. The

theviides theckeafter apnlgingviproyedqoted: thastorgr al i ty of

transforns further include a discrete cosine transform
(DCT) or an integer transform and the transformunit:

$2| ecThe tieehodios clagh d, edsicietht transgbongar¢ EEyscarankfoems for use in

a0t ol e e aB e T nebvetces AR kIS block,

gdid B6thbONR LY, and selects one of the plurality of

the separable directional transfornms to apply to the

vi deoapyllpiok thehelectdddragefoentcethppsesdipptyimgthaoeectek iviise s

irectionality. 16 The device of claim.l5, further :
Bt e vidbpphakes Ponten e emig R B sqadfiitit o rosidual
P8O 4t ds O DG Phlotii@ny i deo bl ock froma set of
entropy coding comprise entropy decoding the residual transform coefficients of

the video block prior to applying the selected transform.

13. A device for encoding video data, the device comprising:
a transform unit that:
stores a plurality of transforms for use in transforming between residual
pixel values of a video block and residual transform coefficients of the video
block,
selects one of the plurality of transforms for the video block based on a

prediction mode of the video block, and



predi cti on nodes that include unidirectiona

predi ction nodes and nulti-directional prediction
wo@sashat conbi ne at | east two unidirecti onaPCT/US2008/066932

predi cti on nodes, wherein transformunit selects the

DCT or the integer transformjig apply to the video

bl ock when the selected prediction node is either a DC

uni di r ect i eprdies greesgleogteid granpfotie totheaidagl tlockdiotaosfioon dketween

predi gtion de that c ines at least two di ction

modes eHStalBPfel 1 HbeiBIRL AR fogk SE st Rl Bl

di r ectocdPfiSientd 6f thERed@dBlbeke of claim 16, wherein the

set of prediction nodes includes unidirectional

predicti onvheguscagh @f theqlyabty fotrap@fggpblrsgssomated with at least one
bi dir ' redicti , -

oi i r BeF| SRR 35 5 128 o BRARRrorufPpRHRSPL Singtorms areseparable
conbi da¢dtionaltthwmtforms;landes each of the unidirectional

predi cti on nodes. 18, The device of claim 13, wherein__ .

the s&t EUFWY © Qﬂﬂl&rth%tiegtrams@}fsg%ﬁ% IeSHERLFYISHrApetficients
BP@@W&Q@%kﬁ%@Ck conprises a first video block, the

device further conprising a scanning unit that: scans

the residual transformcoefficients of the first video

ock_using a effjcient .scan order,,.collects
2 or L T8 89 EariRe LEWiRtai BR e SAEEC airgSianfiihsforps gach
GREfIE laCofMSira i riSingtrixF s § NCARNt roSCRhs R f8hattiR of size N x
accordance with the collected statistics; and scans

YowhetedY BAtis aglimensioreeighe video blaskequent vi deo bl ock
usi ng the adjusted coefficient scan order when the at

| east one subsequent video bl ock exists in a coding

URi t Ohe Bdvaed off GdinVi M edeldi ths.pliiBlity UTeradefimefuetheCingludt a
18, wherein the scanning unit: maintains a count val ue
gispieesiosmaitiansioan Gaeih) poy infegar rnskrAL erdthsdranpigpmgpit:

the two:di [ j t f b Cl
that | PO AR ol R SRR ADICR) Bl R BRI B hply 0
pesiiddodrisckwvhdi the sdiectpdpied@nonimddbexiibits dinied diren@mhality, and
representation of the coefficients has a non-zero

coef f PLTEnene %fﬁﬁé ity o b éer_@é%l? digreinne demfopis apply to the
CRED bios R WRAIMSLARE REIERRT hbEd SMibIRERAEHEy. t O

generate an adj usted coefficient scan order that scans

the coefficient positions in descending order based on

géunt Kalues o) 1t.hel efficient.gqsitions. 20. The
vicg_%ﬁe%?%ﬁ 48 %ﬁg?ﬁo@ﬁgm_%anning uni t

nor ma} haRsctio Ynk hdt 861L &Y tiRt REdiSHILHoNOENHONRIO bIdcRFrom a set of

count val ues reaches a threshold count val ue, wherein

niselivtipn ziodgs thaeinebide enidigctimat predictien merdpy dnslegulgimdirastional

DRYRELRRRE BaP Lo R SOMIL YELIER Ry L AGLE5, ARG
ese PI ng e count Vval ues \?/O a se% of initial count

val ues/herkin trderaiicR]cefs tht BIOT dr8he Md&ice trinsform to apply to the

video block when the selected prediction mode is either a DC unidirectional prediction

mode or a multi-directional prediction mode that combines at least two prediction

modes that point in substantially orthogonal directions.

17. The device of claim 16, wherein the set of prediction modes includes
unidirectional prediction modes and a subset of possible bidirectional prediction modes,
the subset of bidirectional prediction modes including at least one combination that

includes each of the unidirectional prediction modes.



the prediction unit selects the prediction node of the
video block froma plurality of prediction nodes, and

WO b@sasmemi ng unit collects statistics and adjBPCI/BES1008066932
coefficient scan order separately for each of the
plurality of prediction nodesqg9 22. The device of claim
18, wherein the first video block and the at |east one
$8ibsedbedtvied efedaibil b kvhigedimthy stlsctad fiangforne o seganghlettransform

and.the, scanning unit re-initialjzes . .the scan order.
FRfn B IRRR Aol i1 LigbS bidek 388 atlS AR R lpine o
whehebRnithigatt ransforns are transforns for use in
transtorm ng residual pixel values of the video bl ock

to resjagsigic residun frapyioE e9dffleicr 08 thefHet videa blagk using a
LI ansformunit applies the sel ected

r gﬁ@?@rs& r?glrd‘t'e{\e vi deo block to transformresidual

pi xel colbdctsamtBfics dssociitebwithladksttaottiven ¢fahé delicients;

transform coeffjcients; and.the entropy. codi unit . |
entr o@(ﬁu@ﬁ%cfeg%fwﬁéﬂ RN SCRHRIGS Tt Jok 591 EPEA pitigios: and
the vidao Rlackn@b & 1cARBhY hitdclif: SiRLEEIbEulip R IRTAfRed
24. The dg%%ce %? c%gfn113, mhg%eﬁn t he traﬁé %rnélgrg
confBeiset scaraositowhen fhert leas ona strsagqedovidea lack skidtsah a coding
transform coefficients to residual pixel values of the
E@ggg&ﬁlﬁ%Rwﬁﬁﬂﬁpﬁ%rther wherein: the transform unit
applies the selected inverse transformto the video

bl ock to transformthe residual transformcoefficients
19 r eSheldenicprixadaimy i, wdsravt thepseanpingeenivl ock; and t he
entropy.coding unit, entro ecodes, t he .resi.dual .
Cr ano TS S LFe Rl bing B GRBERERE ST SRT Fifing gorion of the
sppiithdgiohliercpRb@titRa df it cletidiint2that thigks deihber 6f times that
claim 13, wherein the device conprises a wireless .

wiccrasitions dethirde pogionTHéhefavadigeasions] apiesentation of the
' /i [ an integrated circuit

e?ﬁ@ggsﬁgfaﬂ@%gﬁ§6§§?@%%§§§%|e medi um upon which is
st or eddjusts thewotffzitht sdaatordp@omexiesuidiBting theacowffid@mt scan order
codi ng devi ce éfusg?the devige %o code vi%%g.blocksd .
Wn%ﬁnéfaﬂe hdipshed GOgHiGigH scarRide t ﬁéc%{@\}h%%o ‘fle@tﬁ??]é‘oﬁs n
BLeERlihd Yrdef bAse@DS LOUHTRaluBl of4RE chdrritiANRIsRIoNs NY

bet ween resi dual pixel values of a video bl ock and
residual transform coefficients of the video bl ock,

erej ach of the plurali of transforns..is
s ocnls E6h Shedii | Batbrghint sPisaina Vo MorBaL- ke splicted
ste@stics dhRRbhé NtheToli&aRlcy Fabhds tBfeshdlaRSHRVARIcWRerein
separ abl e directional transforns;
normalizing the collected statistics comprises one of reducing each of the count values

by a factor and resetting the count values to a set of initial count values.

21. The device of claim 18, wherein:

the prediction unit selects the prediction mode of the video block from a
plurality of prediction modes, and

the scanning unit collects statistics and adjusts the coefficient scan order

separately for each of the plurality of prediction modes.

22. The device of claim 18, wherein the first video block and the at least one
subsequent video block belong to a first coding unit and the scanning unit re-initializes

the scan order for a second coding unit.



select one of the plurality of transforns for the

vi deo bl ock based on a prediction node of the video
whb@sksBpply the selected transformto the vi deOT/DE0$066932

to transform between the residual pixel values of the

vi deo bl ock and the residual 4gansform coefficients of

the video bl ock; and entropy encode the residua

transform coefficients of the video bl ock. 28. The

nput.er - r eadabl e ium of .claim27 erein the .
28 onr L7 AR B R WHRTL 15 ool T Sl RE i,
tra@Aeinan ovRiubl pixélfvaiieg 6f eXiddodskkato redMtal algsf@itoctticients,
matrix of size Nx N, where Nx Nis a dinension of
enefuythgesheFidek. 29. The conputer-readabl e medi um of
cl ai mg%%rangﬁ%%h ab@?esmléj Sqlded ﬁf‘sfotr%%@:ﬁrl;le%iﬁgo bIuEE REfansform
i ncl ude & discrete cosine 1 Fanstorm or an
resideglegixélnvansst of the vaded Hdwk tonisd residhialanssfoausectiisnts; and
device to; select the discrete cosine transform ( )
or t he<iHiragerotRGIF SHIAPY RERS (e isifwal tiangfagm Bpgfgglents of
RddofoKEIRE L Qhl G R reXhi bits Iimited
g?réctio%a |ty;ﬁ§%g&sg%ecf one o?H?%e plurality of the
separabl e directional transforns to apply to the video
ock n.the. selecte redi cti on node .exhibits :
iy eoThoRaTe g, Tt rngeih s iens PERussI & s isnogs for use in
FhifeRnARe rRREEIdhstdie doREdidHES 10QBSdEABSRI VA BesThEBideo block,
to: select the prediction node of the video block from
andsterthef wheredi ct i on nodes that include unidirectiona
predi gtion des. and. tisdirectional predictio
odes e BRERH AP AL S ER AR RElRdh Heo block o
phedbred iheReDGE &ansFeineedeftidientiolregiduilgxdl FuREE6f the video block;
transformto apply to the video bl ock when the
3 ect ed prediction node is either a DC unidirectiona
predi Gi.i . -dj ' redi&etli
Phat o o fPES it Pidl SRS Bl S0 Sk RO rs of
the véddostleekt pradr ity agplying glonslecdidrtemsfoons. 31. The
conput er -readabl e nmedi um of claim 27, wherein the
sel ected transformis a separable transformand the
vk deoThl QK CHBUiSES whefdid fe delRERRbASS a viRdedsREmmunication
Instructions cause the device to: scan the residua
tdeaessf orm coefficients of the first video bl ock using
a coefficient scan order; collect statistics
associated with at least a portion of the _
ooef f TRé &S ofadhilSt3, Wher&® kfde¢ic8 RbmPARR aANit8Erated circuit
accordance with the collected statistics; andscan
doe¢d.i ci ents of at | east one subsequent video bl ock
using the adjusted coefficient scan order when the at
| east one subsequent video block exists in a coding
27. A computer-readable medium upon which is stored instructions that upon

execution in a video coding device cause the device to code video blocks, wherein the
instructions cause the device to:

store a plurality of transforms for use in transforming between residual pixel
values of a video block and residual transform coefficients of the video block, wherein
cach of the plurality of transforms is associated with at least one prediction mode and at
least a portion of the plurality of transforms are separable directional transforms;

select one of the plurality of transforms for the video block based on a prediction

mode of the video block;



unit of the first video block. 32. The
conput er -readabl e nmedi um of claim 31, wherein the

WO p@Bnsms60 ons cause the device to: namintain a BPOINBE2008/066932
val ue corresponding to each position within the
portion of the two-dinmensionaj; representation of the
coefficients that tracks a nunber of tinmes that each
of t heppip dictscleatsdwiansform ththepadaoi tdeckap ttaneform between the residual

two- di nensi.onal, _representati o the coeffi.cien ha
BRI OSRE RS o GRETERT R b B Ll G5 FieF B e VR0
Bloak ader conprises adjusting the coefficient scan

order to generate an adjusted coefficient scan order

t hat eePy anpedectbefdsidupbimnsfany qocHirdcntholtbe vk bingk.

order based on count values of the coefficient

positions. 33. The conputer-readabl e nedi um of claim

32, whae ebmpitbercadei¢ metivanst dausk, itherdetheeepdrable directional

normal i ze the collected statistics en one of the

EBRMR R ER Bchulg atfosiman trﬁ}sggﬁbﬁnatr_ HZeVar eandiHererpsform
RAFT@ g x D %vlf‘ePéh}v%CN &4, cﬁhl%réiéﬁ bgﬁle%?#&rﬁléﬁé one of
reduci ng each of the count values by a tactor and
resetting the count values to a set of initial count

| ue 34. The c uter-re hl e ium of clal.m
Ao ol he v RS bR g Se T e g Tl P Hransforms
flrbet Slcludls agdradotste taRfEREDIADIR AN ISR tARHBI M, and the
separately for each of the plurality of prediction
medegfiongsausTiec daymgsuoer - r eadabl e medi um of cl ai m 31
wherein the f.irst vi.deo bl.ock t at | east .one
oo hs cttlest R A3 sPRe PR RE RS Ot Bogk bRl oapply to
eied/idddeblbdksihdictht O¢lsctedpiedictibe nibel¥ e e@ibitOlifmered Birédtidhhl#t§; and

the scan order for a second coding unit. 36. The
conput@ect paaabihe olurelify ehthsrscparablgdprpctiqabirasforgdo apply to the

f ) 0. tf i
VEBOBI R WhRiff SRR AR hodE B ERRRORNEL S,
transformcoefficients, and further wherein the

Lpstructions caus he device to:_apply.the selected
39 ansf bF FPRHERE @egwab%f QM 39 M iR TtigpnS cause the
Bi&d oval ues of the video block to the residua

transform coefficients; andentropy encode the residua
t r ansfaeanttogutdiceorempde of tht Nelepibthel fliinp e lketafftpegdiction modes that

applying,.th | ected t f 37. Th -

Bt ahiee SRl ETingan minor ol B Dechqfl pesdictiqpanodes that
ESARSE af 1BBst k6 uhfaneERfal praaRtien MddéLr use in
transform ng residual transform coefficients to

resi ded¢ct giodaCTpa thedsgteger transfoyinde applyde khe vaded Hlaek when the
rejn the instructiaons use t vige. ta; I

FIEAEL Pl PRUL NGB ERE IRl Go B i o BB

uathafredtivnbiNgcdiesSortmalic thabaushisings 4 0k twel 188distidromodes that point

resi dual pixel values of the video block; and
in substantially orthogonal directions.

31. The computer-readable medium of claim 27, wherein the selected transform is a
separable transform and the video block comprises a first video block, and the
instructions cause the device to:

scan the residual transform coefficients of the first video block using a
cocfficient scan order;

collect statistics associated with at least a portion of the coefficients;

adjust the coefficient scan order in accordance with the collected statistics; and
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36. The computer-readable medium of claim 27, wherein the transforms are
transforms for use in transforming residual pixel values of the video block to residual
transform coefficients, and further wherein the instructions cause the device to:

apply the selected transform to the video block to transform residual pixel values

of the video block to the residual transform coefficients; and
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include a column transform matrix of size N x N and a row transform matrix of size N x

N, where N x N is a dimension of the video block.

40.  The device of claim 38, wherein the plurality of transforms further include a
discrete cosine transform (DCT) or an integer transform, and the transform selecting
means selects the discrete cosine transform (DCT) or the integer transform to apply to
the video block when the selected prediction mode exhibits limited directionality and
selects one of the plurality of the separable directional transforms to apply to the video

block when the selected prediction mode exhibits directionality.
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least two prediction modes that point in substantially orthogonal directions.

42. The device of claim 41, wherein the set of prediction modes includes
unidirectional prediction modes and a subset of possible bidirectional prediction modes,
the subset of bidirectional prediction modes including at least one combination that

includes each of the unidirectional prediction modes.

43.  The device of claim 38 wherein the selected transform is a separable transform
and the video block comprises a first video block, the device further comprising:

means for scanning the residual transform coefficients of the first video block
using a coefficient scan order;

means for collecting statistics associated with at least a portion of the
cocfficients; and

means for adjusting the coefficient scan order in accordance with the collected
statistics,

wherein the coefficient scanning means scans coefficients of at least one
subsequent video block using the adjusted coefficient scan order when the at least one

subsequent video block exists in a coding unit of the first video block.

44, The device of claim 43, wherein:

the statistics collecting means maintains a count value corresponding to each
position within the portion of the two-dimensional representation of the coefficients that
tracks a number of times that each of the positions within the portion of the two-

dimensional representation of the coefficients has a non-zero coefficient; and
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the adjusting means adjusts the coefficient scan order to generate an adjusted
coefficient scan order that scans the coefficient positions in descending order based on

count values of the coefficient positions.

45. The device of claim 44, further comprising means for normalizing the collected
statistics when one of the count values reaches a threshold count value, wherein the
normalizing means normalizes the collected statistics by one of reducing each of the

count values by a factor and resetting the count values to a set of initial count values.

46.  The device of claim 43, further comprising means for selecting the prediction
mode of the video block from a plurality of prediction modes, wherein the statistics
collecting means and the adjusting means collect statistics and adjust the coefficient

scan order separately for each of the plurality of prediction modes.

47. The device of claim 43, wherein the first video block and the at least one
subsequent video block belong to a first coding unit, and the adjusting means

re-initializes the scan order for a second coding unit.

48. The device of claim 38, wherein the transforms are transforms for use in
transforming residual pixel values of the video block to residual transform coefficients,
and further wherein:

the applying means apply the selected transform to the video block to transform
residual pixel values of the video block to the residual transform coefficients; and

the entropy coding means entropy encode the residual transform coefficients of

the video block after applying the selected transform.

49, The device of claim 38, wherein the transforms are inverse transforms for use in
transforming residual transform coefficients to residual pixel values of the video block,
and further wherein:

the applying means apply the selected inverse transform to the video block to
transform the residual transform coefficients to residual pixel values of the video block;
and

the entropy coding means entropy decode the residual transform coefficients of

the video block prior to applying the selected transform.



