VI DEO CCODI NG USI NG TRANSFORMS BI GGER THAN 4x4 AND 8x8 Claimof Priority

[ 0001] This application clainms the benefit of U S. Provisional Application
No. 61/ 108028B/03p82bed Cct. 03, 2008, and U.S. Provisi onaCTASpémwo®adoion No.
61/ 179, 228, filed May 18, 2009, the entire content of each of which is

i ncorporated herein by reference. BACKGROUND Fi eld of the Invention [0002]
The present invention relates to encodin ata using

and_decodi ng_vi deo d
transform si zes gr&lmﬁoc GODING %I:NQ} %MNSJ@@QD’ES(J&I%ER%O
capabilities can be incorporated jnt Wi r e of devices, including
digital televisions, digital di ?@&ﬁr‘@‘éﬁéﬁp @ggtems, W rel ess
communi cati on devices such as radi o tel ephone handsets, w rel ess broadcast
systens, personal digital assistants (PDAs), |aptop or desktop conputers,
digital caneras, digital recording devices, video gam ng devices, video
ganme consol@gim 8hpribley ! 1 ke. Digital video devices inplenent video
conpr essi on technt ques, such as MPEG 2, MPEG 4, or H 264/ MPEG 4, Part 10,
Advanced Vilo@W] Codihrg appligalion tedrims aths nbanclih@f rédei Rrevidiogik Applitaiwn Mor e
efficiently. i echnj s_perfofmspati a
or edi ot 1 on 16 0P ERTDT aho oot ST PRRC SRR, Ra. Bz SR o0d!

[ 0004] Vi dmﬁﬁmoe@,ah@mge peitahtl of chdicdfudieish spatdrporapdedicn by refaRaléor
tenporal prediction. In particular, intra-coding relies on spati al
prediction to reduce or renove spatial redundancy between video bl ocks
within a given coded unit, which ngX§afROHgp2d Video frame, a slice of a
video frame, or the like. In contrast, 1nter-coding relies on tenporal

pr edi cti on Riddrofduchventioenove t enporal redundancy between vi deo bl ocks of

successive coded ynits of a video sequence. For intra-coding, vi deo
encoder per[&mcﬁs Sfaamrsﬁenbm&flew sHlat 'R SHGPEEE 44t 4eop S8 dip Getet bt o

wi thin the 3308k PedoMif thaf @8] Nt er-coding, the video encoder perforns
notion estinmation and notion conpensation to track the novenent of matching

vi deo bl oclBackfrdaumd or nore adjacent coded units.[0005] After spatial or
t I [Ccti . .esid ...bl K |s. ted b t ti
or edi et on 1010 Bt iERer et smbS eRENBrats G g BRoeass of Feriehe

including digital televisions, digital direct broadcast systems, wireless communication

devices such as radio telephone handsets, wireless broadcast systems, personal digital
assistants (PDAs), laptop or desktop computers, digital cameras, digital recording
devices, video gaming devices, video game consoles, and the like. Digital video devices
implement video compression techniques, such as MPEG-2, MPEG-4, or H.264/MPEG-
4, Part 10, Advanced Video Coding (AVC), to transmit and receive digital video more
efficiently. Video compression techniques perform spatial and temporal prediction to
reduce or remove redundancy inherent in video sequences.

[0004] Video compression generally includes spatial prediction and/or temporal
prediction. 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.



original video block that is being coded. The residual block is thus

i ndi cative of the differences between the predictive block and the current
bl ock beiwQ 20mdse822The vi deo encoder may apply transfor BCTqs200ji02®M4 on and
entropy codi ng processes to further reddce the bit rate associated with
comuni cation of the residual block. The transformtechni ques may change a

set of pixel values into . transformcoefficients, which represent the energy
of the pi xé{m%}tl uester nsnatal O lGIBAKY REsHaTen: @%?ﬁm}%lapi%ﬁ 1Ss SEpMEE Y o t he

transform %B@c{rafcitiﬁ% NS dicBN v hﬂqﬁ@dkl YenkRYQ ¥§hePthl :ﬁ?&ﬁ%nt Ddkedsifirh $hd he

nunber of bits asSoclated with any grven coefficie Prior to entropy
encodi ng, thiginal delsoerdeddtat schaisg ichdedyUdmtrics diehl ddedkf iscthenindatativk of tho a

one-di nensi onal vector of., coeffi.ci ents. e vide ncoder ent encodes
ohe Cent or S ndtS b SlegR S REHsliSk BBGR ind M PR GE o R e Sk BT
residual d%h&xmfQ&Bﬁhmﬁ¥Whﬁ@%nﬂeﬁﬁﬁﬁ&aﬂ&Yaﬁ@&%ﬁbﬁ?%B&h@ﬂ%o&%&%dkn&nhm
operations to retrieve the coefficients. Inverse scanning may al so be

per f or med agduchéhajeit saie pssoeiatedrith ppyamppissiionel thereddunl braskn Flex Bhnséerm
one-di nensi.opal vectors of caeffi.ci.ents. .The. vij der t i_nverse
Quant | zes natiEPRd ofadih sRBP L FIGA B P EPRR SERPED, LA LR

reconst r ucttigdencegy dfitle fikelcklucthie thd fequeder do@kint RAntitRCon és applied aditied | on
vi deo bl ock based on prediction information including the notion )
i nf or mat i oftangfREM epgfdisicatse dad gordiglly Hyalycs Rerrpecstithat TisHtstha dymbroekbits t he

correspondi ryuct I i e eper
recons?ruc?%%cggﬁggﬁ ﬁ%@kggﬁé%§§%§§hg?§?§hg'ﬁg@%ﬂg@céﬁggeﬂﬁé@§§>%?ﬁg%f
i nf or mat i oscanSWhAVERYtiEODErlffidibuet tdyckt iatg a oed-timebnsianal betor of socfficich®. The

application.each have several .aspects, no single one of tch is solely
r esponsi bl é/“f%renic? T §BEPMAHIRdGY FiVSEFP’é%PqW 1%‘6&*‘1}5?% TG HHYS L BpECof

this appli ¢alihfRs 83 8SQiLased by the clains which follow, its nore
prom nent features will now be discussed briefly. After considering this

di scussi on,[08l6d pdy videal decdder ahaye perferadicnigoyhdecdoty operamnisttb edtrichetthd | ed
Description” ane wll understand how,the sanple features qof thi.s

appl | cati onOEN BT SHE PPy ellsnbs TEHBI Sl e Cooaibhdf CRRBAES" f or
exanpl e, | phOWRshay biRRs € REcREA otk RINGynsidiaD98dtors foddR frRsidedi TRNided her e
is a method of encoding video data, the method conprising applying spatial

pr edi ct i on dgeodebttheninyersp etigntijes rAnd oingerse tiagifpans tedeesthiciontk tovabkdinm the vi deo
frame to g rate redicti.an vi.d b e .Gt X
subt  act i nd e P ELR DG Ao e A5 hen RE g B oo MG ¢ i
t he based on prediction information including the motion information. The video decoder

then adds the prediction video block to the corresponding reconstructed residual block

in order to generate the reconstructed video block and to generate a decoded sequence

of video information.

SUMMARY

[0007]  The system, method, and devices of the application each have several aspects,
no single one of which is solely responsible for its desirable attributes. Without limiting
the scope of this application as expressed by the claims which follow, its more
prominent features will now be discussed briefly. After considering this discussion, and
particularly after reading the section entitled “Detailed Description” one will understand
how the sample features of this application can provide some improvements that
include, among others, for example, improved video coding efficiency.

[0008] In onc embodiment, there is a method of encoding video data, the method
comprising applying spatial prediction or motion compensation to an original video

block within a video frame to generate a prediction video block based on a prediction



video franme to forma residual block; selecting a transformhaving a first
transformsize to apply to the residual block; generating header data

i ndi cat i weoabi1wdses2sel ected transform the header data cecprissimgs@i4irst
syntax el enent having a first val ue i ndi*ative of at least one transform
size and a second syntax el ement indicative of a prediction block size of

the prediction video bl aock, erein the first syntax el emen nd, t.he second
syntax el oK ﬁwt@aﬁ?gjﬂmrsyﬁgg%wdﬁa ilosis ;é%mdﬁe OrgIA] ¥ pjog SHEHMRS ze;
appl yi ng t Rgjpal el f%%hh%ﬂgii@ﬁd’r‘bﬁ&k} E@ed’cﬁ@!a%kfo%qgi:ﬁngod H/DBERAkSHT §2d dual

transform coefficients; and generating a Video signal Dased on the header
data and t he apehi duahe tresidgdfl obloricogérferatingnheadef GlRGOndicutiznosthére estboell nent

there is a nmethod aof decodi ng video .data, the t hod conpr.i si ng. receiving a
Video s gndtrige s EGT A FRBSRiBha Brock i REReR PRARG Dt dats
conpri si ng ihgadrRe dfadtacdsPoné M@ndFbrh @82t anAne s&long kymad J@sdndludicdthanstpr m
coefficients for the at |east one block, the header data conprising a first

synt ax el emesstictivailogk sz ¢frthe pregdiation ivirtgioddedky whefeimthe [fsgtsynigh elameangidr m
size and a.,second.synf ax el nt i ndi ive.of a predicti | ock si ze of
the at 1 eadlt RO RSBk SIRRFITTY ool vE jRlcfng] Gk SRR BB
synt ax el enpplyidghtheodgjdsteet iranf@hetd il eliduviebtk ao tdcanafcoragidnal irmgsf@nt i r st
transform size used to encode the at | east one bl ock; applying spati al
pr edi ct i on cfligisnise Ané rpRAd p gidooosigtd based enélic bidenfiyejand ghf‘gé%iua% e a
prEdiCtio”n%hQ%HnQBQﬁEmﬁs the prediction block size of the at | east one

e Tl

bl ock; determning t rst transformsize used to encode the at |east one
bl ock based0@¥]t hén matsdr cayidancm) thoreris a andhddhef deeading velgatdata, thicenathibd

appl ying an inverse transform of. the determined first transformgsize on the
residual t COREFISNATEEEYRS @i ddtossiglpl gy la?tweapf&ég%?d&an? Bfﬂcg Qi Ia&sé%?e &hd

addi ng the Sigeodsd ﬁﬁﬁ%q{é@ﬁerbhé’cﬁ Kok Ohb NG RaGAbRE I96CKY hHE ALK bR QR @i n a
decoded vi deo bIocﬁ. [0010] In another enbodi nent, there is an apparatus

f or encodi rgeicthet fdathe,at idast eppdodt, tise lnadprdatd ogmpresams a fiost spptpk glengnt
spatial pr dicti%n or nnthon.cqugpsq;ioq t 0. an original vi.deo bl ock within
a video framenEs PN BYGA e S P BB &k 2Bd & 85onH S BF &SP on
node; nmeansndigdtiveWitd gelicign birk RIRMahé anlcuitdeR HbAS kvicF@mtihBrsPky@inal
video block within the video frame to forma residual block; neans for

sel ecti ng &lavcahendrthe espnd pyatai dlementriarephgmetion aec inglicagipe i taotranpgorm

,[ ?Zing?g‘lr mb lhgﬁigx-g haggigig f[ra]ég‘fiogggsgzene{) }?‘slteiéiir}%gg}lgggee Ehedgtt l%agt no%'ectﬂ&k\f eapryiﬁgh gpa%%i ect ed
prediction or motion compensation to the at least one block to generate a prediction
video block of the prediction block size of the at least one block; determining the first
transform size used to encode the at least one block based on the first syntax element
and the second syntax element; applying an inverse transform of the determined first
transform size on the residual transform coefficients to obtain a decoded residual block;
and adding the decoded residual block to the prediction video block to obtain a decoded
video block.
[0010] In another embodiment, there is an apparatus for encoding video data, the
apparatus comprising means for applying spatial prediction or motion compensation to
an original video block within a video frame to generate a prediction video block based
on a prediction mode; means for subtracting the prediction video block from the original
video block within the video frame to form a residual block; means for selecting a
transform having a first transform size to apply to the residual block; means for
generating header data indicative of the selected transform, the header data comprising a

first syntax element having a first value indicative of at least one transform size and a

second syntax element indicative of a prediction block size of the prediction video



first syntax elenment having a first value indicative of at |east one
transform si ze and a second syntax elenent indicative of a prediction block
si ze of twe 2proadps2ei on vi deobl ock, wherein the first symCamiSedooments and t he
second syntax el enent in conjunction aré indicative of the first transform
size; neans for applying the selected transformto the residual block to
generate rz)zoicgual trag]}f rmcoefficients; and nmeans for generating a video

si gnal basefP6n RSP PR aiftreRhand Bsisgernd YIS BPARICBEREFEot s,
[0011] In QROIHRLiCOBPHBAL trad AGHE silzS ﬁ@al@%?ﬁﬁﬁlgﬁ‘%ft@é sdegaf sk find &P

data, the apparatus conprising neans for receivi n I deo si gnal '
i ndi cat i ve thd reaidublddetk wrgenbtatcicsmiialians@rirearticodntsy iade oceonfarigshergtieader

data for the.at lea one bl ock ,and resjdual .fransform coefficients for the
o east oSG bHgh Reduaieod e SR B S5t enen
having a f'[0($1t1]}/a|h!ﬂ%nbt!ﬂ@|ﬂ e@bbdiscaf, t_ﬂére!iﬁaﬁtapﬁﬁkﬁt&rﬁf\%lfewdﬂggwd%oEtﬁ@h, ahsecond
syntax el enent indicative of a prediction block size of the at |east one

bl ock, whemrpparatuheomprising sipanalor etasireng 2 aitigo sipaakiadisadveyimtdseserrmidack i n
conj uncti on,are. ifd Cgtit\'d\ég 8$m§ri%r§'ﬁ§£a%¥ MA3YLAY 3 1Lt She Bl%@l??fl (i Rlaf ©
used to encode fhe at °1 €ast “One block:““neans °f or applryrng spa raf

pr edi cti on t@hsfobhi @Bffidipe Agatht an k4t tohe Hbdck, eRs heafte datoocdmprisigenefidt e a
predi ction video block of the prediction block size of the at |east one

bl ock; neanEntepelegenehaning hrst Helue indigative ghaffleashpag bensfyyasizoashicisgend he at
| east one .on L I,r . I d E ax

el oment ot FREREt e o b B ek T B A WL,

t ransf or m sha@rsosyritdxeclerasntdmadlthd scaosd gmmxodehértdn esrtjendtionabt midivativdeitoded

resi dual bl ock; and neans for adding the decoded residual ock to the
predi cti on "NYEE" BRYER s gl grmt 1&93&@ emog'@ah%ﬂt&ew %glﬁg; By her
embodi ment 0 b Baf&phBaldréd Si@OrTho R doHa0 titaftaeast B BI¥SE RIGGRARL | Si ng
a prediction unit configured to apply spatial prediction or notion

conpensat i arpredictam vdéqgbloak of/fhd pocdattmmkbledkt hirmofahy atleast fonablvckomgandopat e a
prediction yvjdeo.bl gck. based.on a prediction de; . a su r .confiqured to
Pubtr act ¢ e Gt B g T HnE ) Sk UFAdm R RaeORs gi It IR P Bes Sl
the video ffran@ntx Elembhtdad®sHedsbndlsPtks cleriin@CRSER ot Odpplyahls @ ihoersel ect
a transformhaving a first transformsize to apply to the residual block

and gener atensfeerdef theadcsermimpddast tanstrmesiee aethe sesednat franrserer erefiivienthénder
data compr oBtailPa %%dd%& besPiat ﬁ%gl%la%m&npfb\f'aﬁ&igg ﬂfée% i&hd chiéeglguél%%c%at%'tﬁee aOf

at | east one transtformsize and’a second sy efrent” indicative o
pr edi cti on pddicthonsiide Wbck hebpiiedideddded vided®tockl ock, wherein the first
syntax el enent _and the second syntax el enment in_ conjunction are indicative

of the fird00k2 andt anethey gbodimpgtothgra is #nyplspnef gicpding video data, the system

comprising a prediction unit configured to apply spatial prediction or motion
compensation to an original video block within a video frame to generate a prediction
video block based on a prediction mode; a summer configured to subtract the prediction
video block from the original video block within the video frame to form a residual
block; a processor configured to select a transform having a first transform size to apply
to the residual block and generate header data indicative of the selected transform, the
header data comprising a first syntax element having a first value indicative of at least
one transform size and a second syntax element indicative of a prediction block size of
the prediction video block, wherein the first syntax element and the second syntax
element in conjunction are indicative of the first transform size; a block transform unit
configured to apply the selected transform to the residual block to generate residual
transform coefficients; and an entropy encoding unit configured to generate a video

signal based on the header data and the residual transform coefficients.



configured to apply the selected transformto the residual block to
generate residual transformcoefficients; and an entropy encoding unit
conf i gur edotologspeeat e a vi deo signal based on t he headecTdst@oaswis he
residual transform coefficients.[0013] I’n anot her enbodinent, there is a
system of decoding video data, the system conprising a receiver configured

to receive vi deo signpal indicative of at |east one block within a frame
of video cAlpd si %a?fgg%reqm%raﬂfto Cile “avsieBRe IGGnB R ity eosmiadh
transform %8&1%{1?12? eNtReiver c&rgr?%?éd {oe?e'ééivege¥i!ab&%1gnal RRidgdeF Hatat pne

conprising a syntax el nt havi ng irst 'value indicative of at

| east one thtehswishim & framearfdvidecs ewopusisy healkr dhenfentthd atdicesitangeblodk and

predi ction bl.ock si of the. at |east qne, bl ock, erein the first.syntax
Bl enrent andoy g eBudRa® sprEien it e 8y Btk BR bEder A b A 2
transform haw $9dtad didrh&it hh(fi@?%f RV ALE 1 diGEide b aERaQdRCt PR sRYml ®RSIndone

bl ock; a prediction unit configured to apply spatial prediction or notion

conpensat i 6fcand syhexatlemnendgndippieyentfor Rradistiga ridockt vz op Heditdedso ng ibles. bl ock
of the predjcti. bl-ock size of 1h I one, bl ock; proce [
cont i gur ed Vi ty e M HRmeb Frding SRRM OB By SuRioBhERARE axs

| east one hhdickivbagedranfdrhehdiifigh fEyntraxfehesientisadnd dnbeds e desy Bhax
el enent; an inverse transformunit configured to apply an .inverse transform
of the det ®qpkhadredi¢tion yithepfigiredsp ApPlinsPeHd MediriRmPT MPHAR FeMAgnsation

coefficients Hﬁge%lt ?%éfdg{l}alfocgﬁetg%gﬁ&a{e | diddio Pl sk iblodl g gleﬁgﬁgﬁfotngﬁgibﬁ gured to

add t he deco to the prediction vi taln a
decoded vi déohdhtolehst daRl HbckDRSERESRIdrGNnGEuEHEo [RAWhNGShE G0 dtdfrardsfd@m dizé s a

bl ock diagramillustrating a souyce device and. destination deyice for
encodi ng aﬂaergd@c%mpﬁ@t fat_ge%ﬁ a%eoﬁlgfﬂggafred qnpfgig'yrstpsmaxzﬁqr%ena 4Bt RS APhr am
of an enbog}rﬁ'fﬁ@ele%{enE'hﬁl ML E80 18RGERL unRicofiGHES td aplglg %ﬁ?llwé%keetra&fd)rﬁl 8f

flomchart of an enbodinent of a process of setting t ag value for
si gnal i ng ttlee téterndipcddiest tofnsforgusize on tthe resypel ohnsfoamsboifinicntssew dtainhe

encoder of Figure 1 171 G 4 is a flowchart of .anather. di ment of

o orocess dFeRFr RICH il €t s BRIy B R EBar BB R gur e

1 the type tef predifisd o1d6d BRRH tdybthiie ®RE6QIEFdQ bibtigure 1. [0018] FIG 5 is a
fl omchart of an enbodi mnent of a process of selecting the correct inverse

transform for decodi ng video data encoded according to the process of
Figure 3. [0019] FI G 6BRIEX BPESGRIBITION OEAHROARANINGSEent of a process
of selecting the

[0014] FIG. 1 is a block diagram illustrating a source device and destination device
for encoding and decoding of a video signal.

[0015] FIG. 2 is a block diagram of an embodiment of the video encoder of Figure 1.

[0016] FIG. 3 is a flowchart of an embodiment of a process of setting the flag value
for signaling to the decoder of Figure 1 the type of transform used by the encoder of
Figure 1.

[0017] FIG. 4 is a flowchart of another embodiment of a process of setting the flag
value for signaling to the decoder of Figure 1 the type of transform used by the encoder
of Figure 1.

[0018] FIG. 5 is a flowchart of an embodiment of a process of selecting the correct
inverse transform for decoding video data encoded according to the process of Figure 3.

[0019] FIG. 6 is a flowchart of another embodiment of a process of selecting the
correct inverse transform for decoding video data encoded according to the process of
Figure 4.

[0020] FIG. 7 is a block diagram of an embodiment of the video decoder of Figure 1.



correct inverse transformfor decoding video data encoded according to the
process of Figure 4. [0020] FIG 7 is a block diagramof an enbodi nent of

t he vi deovoeowdsps2of Figure 1. DETAILED DESCRI PTI ON [ 002 RLT/Hiseoobo5900ni ng
detailed description is directed to cer tfai n speci fic enbodi nents. However,
the teachings herein can be applied in a nultitude of different ways. In
this description, reference is nade to the draw ngs wherein |like parts are
designated with i ke nunerals throughout. [0022] One enbodi nent is directed

to a transformsize syntax el enment for video encodi ng and decodi ng. By
i npl enenting a set of sinplifiRETAIBRDBERCRIPEEONoON rul es and gui del i nes
in the encodi ng and decodi ng process of imge and video signals, it was

possi bl e tc[0021¢at @ha Ifolewint rdatadledyndesoriptids desdircdiedl, ta teraaisf apenific ze
syntax is y of both indicating a particular trapsfor e

encoder as CROPHIRAS ﬁave%ﬂ’f &ﬁﬁ@@%ﬂg% F?ramt%@ berapRishimy By éuiet ofdigEEster . A
transform giZe SHNhAXJQLEHRIN r@I%Yen@@ UM 10 thOUAALEs Wheredl ZiRe Harth @St orm

to be used and can include a flag value conprising a nunber of bits. Note
that the f@kwgmuﬂQdemaﬁhwmed@gbnwghmﬂn may generally use the terns

"video," "i ,"oand " ure nt chan ea . Accor in |y, the scope of

vari ous asﬁ@@gﬁ ofFhe" (g@' ﬂ#ﬁnﬁ%ﬁ '%lﬁﬁatgy g? ons

of the diffaeeneLampingemgt ey hﬁlsleﬁentﬁ a?§elt o?ls@qpliﬁdd&raalswrﬂl%l&h@qg @B

illustrating a video enco |n3 and decodi ng system 10 that perforns coding
i

t echni ques aa¢ guislsbingspadhg encoping aai slepasking procass of woage dnd Wi signalgyswam 10
i ncl udes a ﬁ)%g%l(é\ % g}%éfe elo bltt t1921% I{tganK's td%s Fhed egitg%q'%omgeagey%éaé(vlis %ewalYZ may

destinatio evi ce I cationc ann’ our c

include a \ifdsmsh Sﬁ)dlbzﬁﬁlg18 paauoulade@a@ﬁﬁﬁd@rzem arBRbcalet raansdll tdsed why. oVi deo
source 18 of source device 12 may include a video capture device, such as a

vi deo camer#erpietipedhs tra’i‘%fﬁmélzécﬂﬁtaafﬂeﬁpﬁiﬁj ph SANYQEN PIZeayPiikSie SRRy bf a
video feed frpm ﬂm\éé@% ﬁ?&éﬁ%si%%\%h%%s%fﬁldgz hlfﬁéh*ﬂcf‘er a fihd SIOALdNSrisid deo

source 18 may generate conputer graphics-based data as t source Vi or
a conbi nat iaomunatier loif \betstﬁe titdhe cﬁustpmlﬂg dgmﬂeal deediptioteny ganesitigrise abees

source device 12 na,,be a w pne o phone, ich cas
¥ deo. sour LGV beTmts as CRIARS. GHeTheN d@ PR ieaingly Wﬁ%écortone
capt ur ed, %ﬁo&@@&ﬂé@@d@f A GRABME %e&?dﬁe@@a&&i 6k 4RO iFRA he, SBGSedr e Vi deo

encoder 20 for transmi ssion from source device 12 to desti'nation device 14
vi a tr ansmdiffeen@betmetngberiroms.cat i on

[0023] 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 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
containing previously captured video, or a video feed from a video content provider. As
a further alternative, video source 18 may generate computer graphics-based data as the
source video, or a combination of live video and computer-generated video. In some
cases, source device 12 may be a wireless phone or video phone, in which case video
source 18 may be a video camera on the phone. In each case, the captured, pre-captured,
or computer-generated video may be encoded by video encoder 20 for transmission
from source device 12 to destination device 14 via transmitter 22 and communication
channel 16.

[0024] Video encoder 20 receives video data from video source 18. The video data

received from video source 18 may be a series of video frames. Video encoder 20



channel 16. [0024] Vi deo encoder 20 receives video data from vi deo source
18. The video data received fromvideo source 18 may be a series of video
frames. \Wwoeolodseseder 20di vi des the series of franmes inPoTasdéa®swmits and
processes the coding units to encode the series of video franmes. The codi ng
units may, for exanple, be entire frames or portions of the franmes (i.e.,
slices). Thus, some instances, the frames may be divkﬂed into slicges.

i
Vi deo encod® 1d@20tﬂﬁis?/‘i1?§é%f feanegs 1RSIt andpogsste e g2dipg ¥Bitsto §16pds  ed

to herein ag. Vi8I rafies PTRE %éamgnﬂht@gﬁg AES  QinpIRELY HER RhLACKS!
wi thin individual coding units in order to ericode the video data. As such

a codi ng umbottiohe of the faarhesalme., shices).ilhey, inwpme omdtaions, ik frapeemay dealibliatks.

In other words,. a video sequence . i hcl yde I.ti pl.e.frames ra may
el ude. muntplies Fidieer g 2 rRedshortie  Babhlinbonsiol FrnBehtR
[0025] The péiciieas RIdR6KstodkBYor AYEs] bx®dp&atcy JnYthB &/iddoZBsckseRBhitnd{iduber in
size according to a specified coding standard. As an exanple, the

| nt er nat i onaflingengs snedar taericorc e vdecslanday sichar icofinSanitde-g( AT or
H 264/ NPEG, ﬂied E}i{}; %gd[l% ﬁrld\gtl?p:]% %gdﬁgﬁb?oec?%.cfgcgtﬁeg v&o’%‘a/sc)a V(i(i]eeors%hlrllé%fccg %{ag l}llilclﬁﬁ?eg' é K

MPEG 4 Par ' ppor Intra prediction rn various

si zes, suchndtplt@hiss, 8X@meahayHilyleXxehisplcatictd)and aaipo raRtiscludnchubipde
pi xel s for chroma conponents. Inter prediction can be perforned in various
bl ock si zeyideglderkss 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4 pixels for

| uma conpo a e i I i for.. chr ent In
264, for IBaTor e SR EROACID (B0 R IrpaRyhe il SO TR e "
as a nacrohkag#ingMB) , a mepecifeeds wodahigyv isthadandnt As sain- bxangis, ahe shadrhational zes
and intra inter predicted ipn sub-blocks. In r n he vari ous
sub- bl ocks IO @E%Plagﬁ%ant anlardjzaion _C&k@?%mgz%@f’ﬁ%ﬂp art 10;
consi der ed ARaR&IW S _C*%H&%Z%V@)"(ﬂeﬁeﬁnaﬂ@f b HbYNAP L4 PHR-1BA YV s@AGHd) MBS
can thensel ves be considered to define sets of video bl ocks. [0026] For
each of theuppatsontrh poddsctioniidewriencbldek sz6s, sebleas $6al hI8a8kort 4xgepikols fohe

bl ock. The bl ock type may .indjcat ether the block is predicted using
U neer . or oqits GhmpPRe . B SRER I Soh g c0GetaE el P Bsebed o
the bl ock. peabrigedmplfiout Modd 284/ MIEGsA1dRab! 143, AN s$-andan da.suppoLis a
nunber of inter- and intra-prediction block types including Inter 16x16,

I nter 16x8pixoht @r lgna sompencars axgroricpiraadingysgalefl nizey forxrommeempaneats. Int r a
Lo oLy I G A i 103 SR S 0k
to be encodedroblock (MB), may be sub-divided into sub-blocks of smaller sizes and intra or inter
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.
[0026] For cach 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 intra-prediction as well as a prediction block size of the block. For example, the
H.264/MPEG-4 Part 10 AVC standard supports a number of inter- and intra-prediction
block types including Inter 16x16, Inter 16x8, Inter 8x16, Inter 8x8, Inter 8x4, Inter 4x8,
Inter 4x4, Intra 16x16, Intra 8x8, and Intra 4x4. As described in detail below, video
encoder 20 may select one of the block types for each of the video blocks to be encoded.
[0027] Video encoder 20 also selects a prediction mode for each of the video blocks.
In the case of an intra-coded video block, the prediction mode may determine the
manner in which to predict the current video block using one or more previously

encoded video blocks. In the H.264/MPEG-4 Part 10 AVC standard, for example, video

encoder 20 may select one of nine possible unidirectional prediction modes for each



[0027] Video encoder 20 also selects a prediction node for each of the

vi deo bl ocks. In the case of an intra-coded video block, the prediction
node may weteromdgee2t he manner in which to predict the cecranskoogiosees bl ock
using one or nore previously encoded vi deo bl ocks. In the H. 264/ MPEG 4 Part
10 AVC standard, for exanple, video encoder 20 may sel ect one of nine
possi bl e unidirectjopal prediction nodes for eachlntra 4x4 bl ock; a.
vertical pre# af H?Cpm%jé?mﬁ rATSYREeN mﬁﬁ%&}%@l&ﬁl %3{@?%@0&%8 PYRI%bde,

di agonal doyfir! &fidgoREICHbERLIAN STRHEriolIARNadANN 1bkARiohPTRAliELPhamRAe:
vertical -right prediction node, horizontal -down predlcé%l n node,

verti cal - | eftticpl-eghtctpireticimmdemade Horizgwal-dwnpprpdediiet | owdepderti@il-hift ar

predi ction nodes are,used to di ct ch Intra.8x8 hlack. For, an Intra
w16 bl o kIt aqnedt Beorg Ry Sndd o ghE S pGedsmrgaes e itd

uni di rect i gnatediRdes Infra WX8tH166K. FBF @8lifttd Pok 1806k, QidlehéiRt ab niwfyedidet i on
node, a DC prediction node, and a plane prediction node. In sone’instances,

vi deo encodee dofonmposeblecinidirpstipnad aneddson vasteal fpredrctaons aodgs apgrasipetal on
nodes that jpgl.ude t _only Ldi rectional . predictiaon node b | SO one
or more muit ?aﬁctﬁjo%e%tolgg’n%l B|cb)r ggﬁ\i%(l:cgllogn&rorggegnq Eiaaﬁ g&%fgrgglc{:{égnnbrﬁ?\daet ﬁ%n%@? t he

uni di rect i @fsdncondedco Erod&X20Mplag, scldie thanpre@iction nfod¥Ufrdin- £ kdtasft prodiation
predi cti on nodes may be bidirectional prediction nodes that conbine two

uni di rect | &#es ghatdnelufemnetoends unjdipeBpnalmretictien Berhdut BSOPEIPTIIEh node
for the videaRhQeionay | HEACE AMSLes 20 RRRE! BnhRIoRE! S HRN uMiafIAidNPCK

using the selected prediction e prediction video
subt r act ed niodem Foe coamplendic vheeo inbac knultodfrectivnal peglidioal mbec knay The

resi dual b|Q§k i.ncludes a set of pixe]. difference.val ues. that auantify

di f f er enced BECHRM PHRAGION P45 Ehab FOPREC 5P YPREFCHATAL BICBRK QAL pi xel
val ues of {ixpsgenaiiat SelcBhRiif! hofichb Hode TR thESidballodl AfeoBitols: 29

represented in a two-dinensional block format (e.g., a two-dinmensional
matri x or a&cnayteoh pedetiondividbe bérkaisug thesplected@eglictionl modd. Nihegandicaen on of

t he residual, bl.ock, . vi deo encoder, 20. ma rf.or unber 0 e

e at ons disteoy ek sl EE FonE s 2ot aRESHRER B B S kse gl Bk o e
20 may applysidual bROR idlibes 8 W6tbasxAiffditREeaIdes as bRty aiffddhct prgbar m a
directional transform or a wavelet transformto the residual block of

pi xel val ueixd yappep@fices ariginalkides blacknudopinelowdegsi of Gatasneryizd nedinkeor m
coef i ci e”tb?ocﬁaﬁfh?ﬁes%uﬁlgbel%i%%%g%@%?%sgn{eﬁ Il S%&Q{gﬁg%n%{hngf 1?1%\/&: arfnat {1‘4 Ala

bl ock. Thus, Vi ded encoder e resi p1 Xe ues
t ransf or m ewefdimeistuiias maalser drelef ped! tidfcasice eslueyal transform

coefficien&gaﬂ”Th%ohgsidual transformcoefficients may be referred to as a

wing generation of the residual block, video enfoder 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. The transform coefficients may be a
frequency-domain representation of the residual block. Thus, video encoder 20
converts the residual pixel values to transform coefficients (also referred to as residual
transform coefficients). The residual transform coefficients may be referred to as a
transform block or coefficient block. The residual transform coefficients may be a one-
dimensional representation of the coefficients when non-separable transforms are
applied or a two-dimensional representation of the coefficients when separable
transforms are applied. Non-separable transforms may include non-separable directional

transforms. Separable transforms may include separable directional transforms, DCT

transforms, integer transforms, and wavelet transforms.



transform bl ock or coefficient block. The residual transform coefficients
may be a onedi nensi onal representation of the coefficients when

non- separaibl2e1ora3gsref orms are applied or a two-di nensi on2CTruspeoessavtat i on of
the coefficients when separable transforhs are appl i ed. Non-separabl e
transforns may include non-separable directional transforns. Separable
transforns H@ﬁ i ncl Hde, separ%bl e directional trar}%forrps, DCT transf or s,

i nteger trafti0r mollawnendirarermationn s YigrorsCco8S0 L VF BRI h FIURRU%EIPB Y Hat i on,

vi deo encodgp. 2 (gﬁﬁﬁ&rdr@angﬂﬁ&t dRPdiNs [AHRAGTAL B AURRhIiZRLILIHRASHOLM
coefficients (also referred to as quantized coefficients or quanti zed

resi dual coefiftized egsidial cokdhcionts) Rezag tetquasizedaetfficongngy bayepbesented in
represented in.one-di rensi gnal vector,. format. ar two-djnensional blo
format. QuARFIUERTERebE Ry pEPurdinering) Hagk Brinal (e BtZ0gn efpeti by o
are quant i zerst9 aRRe&dsPiy whrRAUeeichatdre nhntdkd Q@b@ssﬂﬂ%?edh@e fIRPESANLS t he
coefficients. The quantization process may reduce the bit depth associ ated

with sone drtaatseddp repissanbdhd ice¢fliniests. Abe uientingpeipnoceshaayetieice the bit
coeffi ci entsi, MRYLER" GRENLorkd ISP FOCILECLEN! SnsAiaRth&EH GRENLLET ent s
or other type of coeftTicients. e technrques o hi'€ GISclosur e may, in

sone i nst arcesficibes'aprl irgsledeat frasifeiatodbiiofehts, \flhtesd Quiitidnzest dtel topal
pi xel values, as well _as transform coefficients and quantized transform

coef fi ci entof co¢ffgints. e frchriguesaes thist Hsphesuey way dpsomsdastanmgst iteanpbed £9 ci ent
bl ock i i ' i - 20
ccans.the. TR BEGL PR dadda FLTRAT HAOTL AL Gl el ans @ AREBAET o

format. | n aod heantizod dsnsfeindemf@nicmder 20 nay scan the coefficients fromthe
t wo- di nensi @@I block to serialize the coefficient ﬁﬁi nt o_a. one- di .nmensi onal
1i ci t

vector of ¢ N5 scpafalie c GRRlpries e hussAe 2BY  hie castibisicnt Blpcksniage

di scl osur emeﬁ%k&ﬁ%d‘%ﬁ%"c%[diﬁlgnﬁ&ﬁlal %ﬁicﬂ%nﬁﬁ?viﬁ@@@nd&ﬁ@xeﬁo kh%ﬁg theQoeAY&He he
coefficient block to one di mension based on collected statistics. The

st ati sti cs froay theotvy-iliseensionilniirmatt foom ooé-dirhens|anklefdarmet dntdtladr weorgs,vadeo

coefficient value.in each positi.on of.the two-di mensional block.is ro or
on- zer o afBCHEY 207BH SRR SociEgRpR Temant SRR BPODaBEF I SO U 25 i
stati sti calcobficlent id&SP6HAdiBRknYIbAL] veawhoPEoctii@ct® ahfab&dr@itce RaM dlcTshof the
t wo- di nensi onal bl ock. In sone instances, statistics may only be collected

for a subsaspests eftibischedlosues, eideopmspdaroifismay adivet thr sedn. ondensedie csaeait or der
| s eval uat gl ¢ ee'fﬁ?_ligl%tat]élé i ‘%oaorpeac[i{ﬂeﬁﬁloﬁirt)a&ldno%egotlﬁrctﬁgltsﬁagigﬁcfsozfgg agafli‘tﬁ‘cs%&e’y(ejr o

be changed suc I Cl'ent positions w ermn
have a hi ghempgsobabididativn of thaNkdligood thaz argvaoaftidem Maficaneasic pagigsh pri or

to coefficient positions within the block .
of the two-dimensional block is zero or non-zero and may, for example, comprise a
count, a probability or other statistical metric associated with each of the coefficient
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
having non-zero coefficients are scanned prior to coefficient positions within the block
determined to have a lower probability of having non-zero coefficients. In this way, an
initial scanning order may be adapted to more efficiently group non-zero coefficients at
the beginning of the one-dimensional coefficient vector and zero valued coefficients at
the end of the one-dimensional coefficient vector. This may in turn reduce the number
of bits spent on entropy coding since there are shorter runs of zeros between non-zeros

coefficients at the beginning of the one-dimensional coefficient vector and one longer

run of zeros at the end of the one-dimensional coefficient vector.



determ ned to have a | ower probability of having non-zero coefficients. In
this way, an initial scanning order may be adapted to nore efficiently
group norw@erw/eebfi cients at the beginning of the onePdirmsae9 o4
coefficient vector and zero val ued coefffcients at the end of the

one- di mensi onal coefficient vector. This may in turn reduce the nunber of
bits spentég&entmﬁy cod ng since there are sharter ruyns of z ros befween

non- zer os A ciFalipwingt %%ﬂﬁ@@.qﬁﬁ%@oe CigHe Bk hertsis0amar eéc?é?lfp i ent
vector and {Qn&idRNBRIKkE W Bl %@dlﬁg it Lo aa»% o memfa ol GRS 08Ring

coefficient vector.[0032] Followng the s of th coeffi |ents, vi deo
encoder 20 rmﬁm:ttd)éfgl@acshclofas tdoatext déaptbfleombw ldng&l codigd CV tCsiongxainy  of

a variety o ntro odo i such nt ext .adaptiye

Dt b o1 afc oA ORI Gy B0 Calth: GRS AR | St ng
(CABAQ), T laewlc@ rlgttfhn%iﬂé e &colldtevidbé @ataD lél"eﬁ%ﬁwﬂ@t‘{ lde®icd 24 tiARSMStiferd 118
encoded video data to destination device 14 via transnitter 22 and channel

16. Conmuniagdtdhennd hkm r@mmnm@rom@hmneéemawyvmnmrés sanyr wiclesgl or wired
communi cat 'c8 ”%90&1!{116@1 n%lcf m23uéh asagll I%dfor ?rg rﬁ%l%% (?Bg)spg&gﬁl% o 2l o2 Riordr

nore physica Y aRsSm sSTon T | ines,” or W 81 8Ss”and Wi r ed

medi a. Complinsicdt tramneibann elinel6 o?ramf Oa"ombmmfronobf awjéeketanbassdd nefewiar K,
such as a | ocal area network, a wi_ de-area network, or a gl obal network such

as the I nt &omepunggiomhiapaglilgnmen iAepart of gdnekebeged ngiwadesieh any lacgl t abl e
conmuni cat i,pry li‘;@éé& 0 &&%ﬂagcﬁ Q80107 ordiy fgfﬁgsﬁtne%’ Nchati e MrflRer T Or

transmtting encods rom sourc evi ce to destination device
14. [0033] ([chshumaatmmmlﬂemldé dohcrally repre$anchearsy mbie\mmea\nodanedimoder

26, and dis device. 28. Receiver 24, whi.ch.is one neans recei ng a
vi deo si gné?F ﬁ%fé@fﬂ dlf Enh SRREREGHigR gngdhis, 39? HARSRIEHA %I&ﬁs?ﬁ%% wﬁw

via channelfolfsoutd&Qi 2eoadfkst#itiaRBEViES 14Nt ropy decoding to decode the
encoded video bitstreamto obtain header informati on, notion vectors, and

quanti zed d@@ﬂuaﬂ)esm@ftrbncde@mes%fmatYnmerdde@i redeiteo M, otde® décwhte%x)dmbl

unit. As d sc ZF g§ gr t he guaﬂthzed re5|du§ coefflchents ncoded
source devi &Sé’af SX[oE 2B LT 498> WISAAS ROBRE QR LToDdg B Y1dQpigh 5688188%r 26
theref ore sgaBsOHEE vRMitk#EE&E TS Birte 888ES 1T vRNERnAd tharigaiesodtda

bl ocks to convert the one-di nensional vector of coefficients into a

t wo- di mensiabplis entewl efcodanto deepde et dunapdagosidep chisHeam 1oj Rletam. besgler

?ln nglleLood “%%Lrﬁg%ng?‘g/@%%g%%? P c%{ne(ﬁ hinglszlg %Sﬁ&qaztcto %elcile:ﬂ te8{P b (%ltel S ltz;tgor o or

non-zero amtbcdkbesfethy asdiedStnit. has Sdé@d’tlbéﬂdiﬂd’ovb,n tHehguaaied radideal dodfficiomds used
encoded by source device 12 are encoded as a one-dimensional vector. Video decoder
26 therefore scans the quantized residual coefficients of the coded video blocks to
convert the one-dimensional vector of coefficients into a two-dimensional block of
quantized residual coefficients. Like video encoder 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 convert the one-dimensional vector representation of the
serialized quantized transform coefficients back to two-dimensional blocks of quantized
transform coefficients.
[0034] Video decoder 26 reconstructs each of the blocks of the coding unit using the
decoded header information and the decoded residual information. In particular, video
decoder 26 may generate a prediction video block for the current video block using the

prediction and motion information included as a part of the header information and

combine the prediction block with a corresponding residual video block to reconstruct



in the encoding process. Accordingly, reciprocal adaptive scan orders can
be applied by video decoder 26 in order to convert the one-di nensi onal
vect or rempoaeseidag2eon of the serialized quantized transfPormse@efofdots ent s
back to two-di nensional bl ocks of quantﬂ%ed transform coefficients. [0034]
Vi deo decoder 26 reconstructs each of the blocks of the coding unit using
t he decoded header infor ion and.the decoded residual information. In
particul ar fa¢A 8 Breuienblochs Iayin e e i‘? payafiRley Ahs FeeBsBIcldkvifleR t he

current Vi %%%k?'tcp&lciséf%hd“&smfd@&i@@’k&%i@ﬁh@ﬂé’vi@% ﬁﬁyicaﬁl?ﬁg@&ﬂ 5 4 Mrldded as
a part of the header infornmation and conbine the prediction block wth a

cor r espondiofigispbyi dbwales vides brabéde my telpoRTuetlsmohcenybtat tisplay deGDh| dcks.
Desti nation,devi ce 14 i splay the r st.ructed vi deo cks to a user
e i an! Py e, Tt dide SEERIR A BaRG DEBSSubT Ry Vot

di spl ay dewvh&@sr §p€bf display aafthode ray tube (CRT), a liquid crystal display

(LCD), a plasma display, a light emtting diode (LED) display, an organic
LED di spl aj003 ahoseree cesgpesopfceddaypical? ansd destipgemsieviae Komey easiete, insvur ce

devi ce 12 %ﬂgstgn%sdhil Qﬁ%hl%pric%?v' gﬁer.lﬁor@Xm ReL L& dfr\]fic%cﬁu %ﬁtdééﬁ Iaﬁlorll device
symet ri cal” manner? “+or exaﬁgﬁe, source Hevice 12 and “dest rhnatr on devi ce 14
may each i ndlmiglecachdedudneided aicoding Hhdcdodige compotant SlentdeRg@emSYsham 10
may support one-way or two-way Vvideo transm ssion between devices 12, 14,
e.g., for VHRRO QR WAPhO-VRASHICBBAYBESION M§tWEh dgvigenl 2 diepBondr Videdevi ce

that i ol udgeathdeQiRlealig.aRe deaatlonu GABRONANLEIRYA SRIIAL AR L O
a common encodi ng, archival and”playback device such as a digital video
recorder (BY&)dind AGB&Ecodingeompamamtiemai? blsa fictmvpateel desnden c2®dimy apanht e
accordi ng to,any, of vari ety of. videp conpressi standards, such as such
e hose den RBH e hyt et i droms B S DO ok (VPRG) | n MPEG
VPEG 2 and | 4 ildiedchlkTaukB3idsb AR 261 bhabd/ MBEGhPRTdny Gt AVC

standards, the Society of Mtion Picture and Tel’evision Engi neers” ( SMPTE)
421 M vi deo vaiBEOstidgrdenmapressoomssadardse Sechr exdsuch aaghdaseGlefthyd by Hbee Mamaar d

reterred t 8 i ety Sl QPP HORG, S Bt ShETRE B TR heo

by a standataigaldoghy FPRoASEH PRt DY AVC Qfa8airdz ahé 8Bcids of NIGERRT Pietudé Ynd
standard. Although not showmn in FIG 1, in sone aspects, video encoder 20

and vi deo detoiseen Beginesys €AMRTBEATIM aisicatGRDRL tstandardd ceinmoshydstrsicd anas

Geroer 3PSl R Yyu AP RN REHPHFRRLS R0 AR o 1
China (commonly referred to as "AVS"), as well as any other video coding standard
defined by a standards body or developed by an organization as a proprietary standard.
Although not shown in FIG. 1, in some aspects, video encoder 20 and video decoder 26
may cach 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).
[0037] In some aspects, for video broadcasting, the techniques described in this
disclosure may be applied to enhanced H.264 video coding for delivering real-time
video services in terrestrial mobile multimedia multicast (TM3) systems using the
Forward Link Only (FLO) Air Interface Specification, "Forward Link Only Air
Interface Specification for Terrestrial Mobile Multimedia Multicast," published in July

2007 as Technical Standard TIA-1099 (the "FLO Specification"). That is to say,

communication channel 16 may comprise a wireless information channel used to



encodi ng of both audio and video in a commbon data stream or separate data
streans. In this manner, source device 12 and destination device 14 nmay
oper at e oworniwva3pedi a data. |f applicable, the MJX- DEMJRCuniSt@9megpi€onf or m
to the 1 TU H 223 nul ti pl exer protocol, &% ot her protocol s such as the user
dat agram protocol (UDP). [0037] In sone aspects, for video broadcasting,

t he techni ques, described.in this disclosyre my be applied to enhanced
H 264 vi deﬁr%a&a?%gw%?ssdVéquél?qu@tl%&P@qr g t9itﬁ%8L9e§mc tippy ?reﬁhﬁgﬁaeri al

mobi | e mul tipegic sﬁwiﬁéﬁﬁﬁtinc(ﬂ&&)exﬁﬂlgfe@ %Eﬂ%g thsﬁ&f?n Enan el sdndlhtihyd (FLO)

Air Interface Specification, "Forward Lin Alr Interface Specification

f or Ter r estdecalingvpioctssesMulitabladoli the FLIOt A dsterficepubl i shed in July 2007 as
Techni cal ard ., Tl A-. 1099 (the "FLO Specificatjon"). That is to say,
communt cat TR narEr s ayiobe v iteameidined aSBfH i et windsfisnel s eq
t obr oadcastpwirel Eﬁ%ta\l" JdRIgo | BicaHFREhAhaKkEONSDRIT t AnfebRitddl QeRRRS! Higsat i on,
or the Iike. The FLO Specification includes exarrgl es defining bitstream
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synt ax and bseadgasti-srrestrial).cudMiBnlip red swd byoadpastaience osoutdgederico 14 may

I nterface. [ 00 JAl t.ernativel y, video .be_broa st.ed accordin 0
other ot andSraBoblEn SRRk (R PRRIEHLATRE TN BRERGH TPus +

(i nt egr at e vet, a€hniljugs dadcribed adthaslistlosure atd n@lhmitadr toDMs fadii@ildralperedi a
broadcast). Hence, source device 12 nay be a nobile wireless termnal, a
vi deo st r e@fbrrpdeast-alticast, o5 pRIndERyPRING Sstaaz tIn dlag Gase of Prodeast: sowree Hevieties

described 119 1y oMl 3G QSUhLEcIRRFINOE vilikdhdE b hﬁltﬁﬂé’ dﬁ%&ﬁ&“&e@;ce Yden 8f
broadcast, multicast, or point-to-polnt system ['n the case o roadcast,
sour ce deviwdeachl Znayale binoidd ctasdesseaematicvidtanhealfsFief. Vi Hlas, dahaughoa midgid pl e

destination devi.ces, each .of which y. be simlar to destination device 14
of FIG 1. 9pHietiondereey dia SE?%|1%_F3§5%1 st e _Cééﬂ%amp@w%%wcem G
1, for videgyjr opdGasi NGpRBIY | GBLA@YS theS ABE cHRVMC SinkAtaWMsH Y Pn&R) | Y
broadcast the video contént sinultaneously to nmany destination devices.

[ 0039] | n oicstentioxdemptas, transmitter 22, communi cation channel 16, and

recei ver 2 be configured for c i cation accordi 0 any W r or
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tel ephone (@ayd.be REGhBhurcalibe, cor@icdtione acédtdinki her appt iredy oF eWBrelcad/ or
a wreless system conprising one or nore of a code division nul tlpge access

(CDVA or CDMRPOUORtes sitiene Bciusing gee errmoae pf aditberagt, dlenhonene.gulfG e

sccess (oMU A PEISHRAS SR, SR L RlSod SO
more of a code division multiple access (CDMA or CDMA2000) communication
system, a frequency division multiple access (FDMA) system, an orthogonal frequency
division multiple (OFDM) access system, a time division multiple access (TDMA)
system such as GSM (Global System 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 1XEV-DO (First generation
Evolution Data Only) or 1XEV-DO Gold Multicast system, an IEEE 802.18 system, a
MediaFLO.TM. system, a DMB system, a DVB-H system, or another scheme for data
communication between two or more devices.
[0040] Video encoder 20 and video decoder 26 cach may be implemented as one or
more microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thercof. Each of video encoder 20 and video

decoder 26 may be included in one or more encoders or decoders, either of which may

be integrated as part of a combined encoder/decoder (CODEC) in a respective mobile



system such as GSM (d obal System for Mobil e Conmuni cation), GPRS (General
packet Radi o Service), or EDGE (enhanced data GSM environnent), a TETRA
(Terrest rwal2ofivaspdeed Radi o) nobil e tel ephone system a WRCHaisand/oswde
division multiple access (WCDVA) syste 3a hi gh data rate | xEV-DO (First
generation Evolution Data Only) or |IXEV-DO Gold Miulticast system an |EEE
802. 18 system a MediaFLO TM system a DVB syste . DVB-H system or
anot her scHEWES %}%‘3%@% Esthiu I CAEROHBIEwaHer @6 By [r & dEqi0Es SOYreR)40]

Vi deo e”COﬁ%ﬁcgolﬁ%dvh%ﬁaﬁcﬁc%e{ce2@4 CAch MRy ilﬁgluhgpélﬁ@gfa?éj roduffonOr

nore m croprocessors, digital signal processors (DSPs), plication

speci fi c i neegdalateh,cifraqueney (aBv@siop, f fibtrthgyr egd ammpbfier gaireparcntay or
(FPGAs), discrete |logic, software, hardware, fir re or,.any combi nations
ther eof | EAGIMBRION 408 BB AT stodha WARes® Rlisallr Beliiip s REGash 1 n
one or NI gRENGIIRLS cOhpSREAIRISant@inkh8affRfenid GlppoRYw RS cdsNioth@liedioas part
of a conbi ned encoder/decoder (CODEC) in a respective nobil edevi ce,

subscri ber _F@évaS@@,f ilthrs@atj@aélpwqém élec,h_ wameaents aic SﬂihénqriZRé as bﬁna@rdnsmi@m
sour ce devige, 12, and.dest] nat ooyl go.dh AachclBY 1 fokids, appr opriate

nodul ati on, arati on,” frequency conversi ring, and anplifier

conponent s [0@f1]t r FMS N Sisioblodkhdidgeatptinantial @needade W devidc@gnéqiel i20abl e,
i ncluding radio frequency (RF) wirel ess conponents and ant ennas sufficient
to support Wifexfecedercmpmninchtdesinilargompasentyio Yidequarcoder 2h, Vidsoeweder such

conponent 2 E@L@aggmqﬁa_ dbﬁfté}gcf {HI%E '%Egsrl ﬁtﬁ%@%if%&’ﬁfaé‘?esd‘?ﬂ’&aqgo(%f%gﬂd

receiver stination device 21s a
di agram i | Ireistsraat spagalpredicaop lt@ rafuca ovirdeove sedidkereddfdandy de ovidbecwdkin 26 may
i nclude sim.|lar conponents to video.encoder 20, Video enc%ﬂgée 20 ma

perform i n&ED WAEP | TRtsEeAdng frelitsork SoRPPTH RTSHTERS or F AM8Y< odi ng

relies on spabdal reﬁﬁ@(ﬁ!n? PDide8 Wilth 6 8jaldnt TRRY CF&PREdr2bding MR BEM6deP
video within a given video frane. Inter-coding relies on tenporal

predi cti on 20operédtusemotion exstmetioetporak thedmosdemeyt i nvdtcheng widdoi hloakl§ acent
frames. For_ | nt er-codimrr(}g (ﬁi dep encoder 20 perfornms notion estimation to
track the mSVERBAYO OF Mokt 315G U788 bl ocks between two or nore adj acent

frames. [0Qd@42]As Ashghan th FiG 2,2vidvd deQRNCOURECE & RaRtMESIdeo GUWdkeNT
video block 2 1 within a video frame to be encoded. In the exanple of FIG

2, video endbdera 2o fedniklés baotncededorladhe taxamplenpt FI@, 2r afdsp edneeddrr Hhe

oLone, 25 DT L A0 o AT ALSR T, Bl VONAF i 2o
quantization uilit 31, inverse quantization unit 33, in;lerse transform unit 35, entropy
coding unit 37, mode decision unit 43, spatial prediction unit 47, and deblocking filter
49. Video encoder 20 also includes summer 39, summer 41, and switch 51. Video
encoder 20 may also include a scanning unit, which is not shown, for scanning the
quantized coefficients. FIG. 2 illustrates the temporal prediction components of video
encoder 20 for inter-coding of video blocks and spatial prediction components for intra-
coding of video blocks. Switch 51 may be controlled by mode decision unit 43 and may
be used to choose between the spatial prediction video block or the temporal prediction
video block as the prediction video block for the input video block.
[0043] To evaluate inter-coding, motion prediction unit 23 compares video block 21
to blocks in one or more adjacent video frames to generate one or more motion vectors.
The adjacent frame or frames may be retrieved from reference frame store 25. Motion
estimation may be performed for blocks of variable sizes, e.g., 16x16, 16x8, 8x16, 8x8
or smaller block sizes. Motion prediction unit 23 identifies a block in an adjacent frame

that most closely matches the current video block 21, e.g., based on a rate distortion

model, and determines a displacement between the blocks. On this basis, motion



coding unit 37, node decision unit 43, spatial prediction unit 47, and
debl ocking filter 49. Video encoder 20 al so includes sumer 39, sumrer 41,
and sw t cNO2010/03pg220 encoder 20 may al so include a scan®RCmg/Saovwon590Whi ch i s
not shown, for scanning the quantized chdfficients. FIG 2 illustrates the
tenporal prediction conponents of video encoder 20 for inter-coding of

vi deo bl ocks and spatjal prediction conpopents. for intracodi ng, of. video

bl ocks. s\mpf%ﬁctypnlu%%ﬁ B@aE‘iﬁ%tarrBP‘il%VWr %Féna%ti@%ﬂ’&rfn%ﬂﬂ“flg%n%ﬁaleﬁtﬁw be
used to cheegs hghyeeRnthe spatial prediction video block or the tenpora
predi ction video block as the prediction video block for the input video
bl ock. [0046044To Matiomavectonst may dese rfg)f- not fearteppedt qréasiomnot 2 cmapar es
video block 2.1 toublocks in one ()pqrekaq%acenth¥i €o franea t 0. generate
one or nor & HNTBAIQEIE YL e %{?ﬁr HOSHREPAHRR Y ReReRaln it 8f5erby ed

fromreferenee LEAMRS SIHA 8b#m aMBEHQNpRALCHTRL BIOEk. "AhcRemBabH OFcdRAs fvhikh
bl ocks of variable sizes, e.g., 16x16, 16x8, 8x16, 8x8 or smaller bl ock

si zes. Mot ifeaatignad dixsl ivakeu aict use@d intbepaliatidnegpegatising akayi be emried paicenmotiemme

t hat nost cl osel t h rr J | ock, 2 o ed on rate
distortion%ﬁ%%gF%l%%: d§§E%ﬁ§W§§lgﬁﬁééékgggﬁgﬁgld%(&géﬁbﬁﬁﬁiﬁﬁgb%%mﬂfﬁ this
basi s, not ihalfgiedipotitions, tHi 6-tapd 3V hodfiieasyith ¢gtficmty et R0t D@L-5] Ndi2aases t he

magni t ude and tra&ectory of the displacenent. [0044] Nbtion_vectors nmay

) [ 00 b (

have hal f - b§rus§thad® erbigin damapyigals pb quargyr-naxd fogatioas. bitisedrsiléEingapn ¢hg ng
vi deo enco L 1 i reci.si i r.pi xel
{ocati ons. Saespy ifeeel BEKI PR o e hARFRR"AfeS PRalt PRI LIShEARIm B ¥
fracti onal bpiused. Tiad tdimcar @ltarseeh maptber et ah i feactiopd rakél anerpodationefoe ang | ed
out in notion prediction unit 23. For exanple, jn the AVC H. 264 standard,
to obtain _éeﬁ{r C%wptsaw@ PaRnFEF uBde ﬁ%-awgl Pkt el LN er
wi th coef figieRbod Fectorfor 20vidéd blocR usink! B3 ZutdBktdPort fdel, TotRRL AbdictisHT™

signals at quarter-pixel locations, bilinear filtering on the val ues at
i nt eger pi xelt 2Beugitonpredictdon Melep btosk hylradte cpalpgasitian. hal f pi xel | ocati ons

may be use e bilinear filter al so. e used jn fractional .pixel

" erpol ot 00570, 4 s ERatie o8 bR T o ieh Shp! RableBin U0t Bi e
preci si on. féint @rprédemn YiMeaglochaistigsthe AREdAINcodBE bRIckE A 1R dahfdeddgOGkt Usi ng
a rate-distortion nodel, notion prediction unit 23 outputs a prediction

vi deo bl ocke-by theotamsriraadip dies gximple, Tideublock g1 iy e qasnnsagd weotheralisedy uat e
741 co0t a0 B SLEIABR e o Lo, BRI LR v 0o
sanme frane)odddbloekaiipy &c rytrideal fbmcisfezerke MBymdgoolNaleshrh® cbbdimeatsl eady
various spatial prediction methods may be used. For example, in H.264/MPEG-4 AVC,
directional spatial prediction may be performed on video blocks of sizes 4x4, 8x8,
and/or 16x16. Further, a total of 9 prediction directions may be used for 4x4 and 8x8
luminance blocks. A total of 4 prediction directions may be used for 16x16 luminance
blocks and chrominance blocks. Other types of spatial prediction may be performed
within the same coding unit. For example, a matching video block for the current video
block may be identified in the already coded portion of the current coding unit using a
process similar to motion estimation. Further, the amount of displacement between the
matching video block and the current video block may be determined and then signaled
as part of the coded video header data for the current video block. Mode decision unit
43 may select the optimal spatial prediction mode (e.g., prediction block size, prediction
direction, or displacement of the prediction video block, etc) based on pre-defined
criteria, such as a Lagrangian rate distortion model.

[0046] Video encoder 20 forms a residual video block by subtracting the prediction

video block produced by either motion prediction unit 23 or spatial prediction unit 47



coded blocks in the sanme franme as video block 21. In some enbodi nents, the
al ready coded bl ocks may be retrieved fromreference frane store 25. In
sonme enbosDreniEs9s2ear i ous spatial prediction nmethods nmapCihaseaodsoEor
exanple, in H 264/ MPEG 4 AVC, directi onaf spatial prediction my be
performed on video bl ocks of sizes 4x4, 8x8, and/or 16x16. Further, a total
of 9 prediction directions may.be used for 4x4 and 8x8 .l um nance bl ocks. A
total of 4ffﬂr%dh%t0rlgﬁlahi%@md OByl lugle uPBrr %8@%%.&% RBMAeaBP deks and

chrom ”anc%ul’&!r&%% ahe%@&%t_i&i’ Plleek %nﬁﬂﬁ@lbgi@inapﬁlggﬁ%lb&@tré@sYorH{glluﬁﬁﬁé QY HIEM

wi thin the sane codi unit. For exanple, a matching video ock for the

current videonbimseks freryapblyingletan$fosd, appliche tednsoanytodbel echidyel blook. blie t he
current codin ni t ing.a process, simlar,.to i stinption.. rt her,
the amount “5F i et isloPa e REGS ity brtisr g o nsato s R e B r et
vi deo bl ockndmRydRRistetgik o neduaitbatidie Oni$ 39 N@laBHz@SthPaFransRfmt R fr@dded /i deo
header data for the current video bl ock. Mdde decision unit 43 nmay sel ect

t he opti malfughratreduceprietitet Fusropyodingeurjt 37 pwhighds iosn rtans Kok pensrating a
predi ction nger esgéﬂa?n Nt 5) dc'oagsl %%err%ﬂ‘}ize%f cotfﬁ'i:"cignrtse go' 8\tielno rtht Ld & (%lwtg l Bft krate.et c)
based on pre-8e nedcrPf erra, “su as a Lagrangi an tate di STort ron*todel .

[ 0046] Vi daddendsdesr 2k s irdrefse Db eldeibnsvtb dednbr@t khehuncsddatviéss i ng t he
predi ction video bl ock produced by either notion prediction unit 23 or

spatial pr @A ohnerict quEPtizEiAn: Halt GSi gfich AVErsSURISHRIY Upks O S RRIRIK 1pVersgt
sumer 39, I ! t i Lcl] omthe
R T
transf orm Sapphdred adds i sfconsmicedthedugd dilelkato tht peddictibheblsikz®e @odudeype of

transformto be used may be ipdicated.to the blLock transformunit 29 by
mode deci siTBIPIHRIGLC Iél.deé}’i %&Sﬁ%ﬁg%m fefegence Tame iSias 2oh Frrﬁ%lﬁ%?“ﬁ‘?‘P

coef fi ci entigddo@ b &k RSEd bR EAMES iiitfonREGctiGMNKiIPPY, QPR pHidtioR LmitY & 1S
one neans for generating a video signal, entropy codes Phe guanti zed

coef fi ci entegcads sebequénivideerblodkd ucthelsiitrentatideo fvimieor algbecipren26dgefrine.ns

i nverse op Jons. to reconstruct the encoded. video, B$g47 | nver se

quant zat | SRERAT ¢ e EORR T B on i RBF AP Py * BSOS T s bgnt ¥ideo
quanti zati ganandi | ﬂl%ﬁéﬁ%rédi@[b%f eRiraBi PRy vsesPacéd Y&l ¥f filters' BCRRSpItESta t he
resi dual bl ock. Sunmer 1 adds the reconstructed residual block to the

predi ct i on refeesare blockrisun gercerenseoiigne. Udne trfgcaeoblprlo dk n¢aged st Hreagyerenh
reference f . St or . h uct i K | b it her
ot onor e Pl ARl L FrRERN B G LSO Bkl B8 inl Bl S fhoDdurht
subsequent tidcteio bbldredtonkily bledicted. Me M. 264, dadtipleatRrake &ragith e doontd wndleo

frame. [0048] Wen performng notion conpensation for a given block in the

current vi déekward directions may be used in some cases. The actual filters used in motion
prediction unit 23 depend on the fractional part of the motion vector. For example, if the
motion vector points to a half-pixel location in the reference frame in a given
dimension, to obtain the value of the half-pixel location, a 6-tap filter such as (1, -5, 20,
20, -5, 1)/32 is used in that dimension with a half-pixel motion vector. If both motion
vector components point to integer locations, the pixel values from the reference frame
in reference frame store 25 may be used directly without performing any interpolation
filtering operation.
[0049] Figure 7 is a block diagram illustrating an example of a video decoder 26.
The encoded bitstream is fed into the system 700. Portions of the bitstream may
correspond to different video blocks. Further, several of those video blocks may make
up a single video frame. A portion of the bitstream corresponding to a given video
block is entropy decoded at entropy decoding unit 702 to form the residual block

comprising of quantized residual transform coefficients. The residual block then may

be inverse-scanned at an inverse-scanning unit, which is not shown. The residual block



frame 21, notion prediction unit 23 may use a fixed set of filters to
interpolate a reference block froma reference frame. One reference bl ock
i s neededwoOf20tams9g2arrent bl ock is uni-directionally pre@®CEUSA09N5L0WO
reference bl ocks are needed if the curréft block is bi-directionally
predicted. In H 264, nmultiple reference franmes in forward and backward
directions may be used in some cases. The act ual filéer . used inggntufn
predi ct i on TR 4s0ke HEPERAUBHIZCA &t FVRSE1IMARIZaEaR tnibe 0 Red HFISEHTapEOrBIC  For

exanpl e, | fy LS IOk ORrMOGHOTOPR) Mt b dechald relafel bibacati A8y Retdifne
reference frame in a given dinension, to obtain the value of P e hal 1= pi xel

| ocati on, an8-102pndy tetemigeidhe type @agd/or Size 26 invREse tramsforn/tBPeiformdeeed on t hat
di mension with hal f - pi xel notion,vector,. |f.hoth.potjion vector .c nent s
ot nt to i et Tt P RLET PR, ar e ierom idie PETe FoRuerHOR T
reference faHadBo3hO8&0d& FBMubIIbSeH adiingehlty 19 t hout perform ng any
interpolation filtering operation. [0049 Flggre 7 is a block diagram

illustratidg0¥h eXieppredigtion wdage blogk coae rbe2 ornpd eusrg gae dothiwattypesnrf s f ed
into the s >m 700, Portions aqf. thesbitstream may. respen di f.f erent
Ul deo. br oot RepbRLe e ptf o Rt bR JTR S ERRR et SOl 6L T
vi deo framblocks o tHel satheofidéonalat (&t ihabensane KRIsPaned TG didedsiPcMensod ghen

bl ock is entropy decoded at entropy decoding unit 702 to formthe residual
bl ock conprePdingding) toggrastate g intes pigdigtion plasks MeHapemmeasaiongmityHe ysesi dual

bl ock then I n, . - ' [ ' [ S not
shown. - Te TobrgPst M FrBbPRAAL: Hordi el RIGERE AERDTGRI7H0NS polhind
i nver se- quamtt gatlicaon biuick. Tpeadidg onvkr seeivedhsfdor dad imdicdtive exf skee todamsf or m

unit 708 to formthe decoded residual bl ock.  Entropy decoding unit 702 may
det er ni ne tHRICYP toaﬁ%qoéﬁ?%ﬁ &@%Wﬁ I ﬁza“r‘i‘é‘ftl?r ltcge%é%nd ke B4 dhon

recei ved hepdel pAadio ! AGUSIRARELR bomPfish Gt 073 ¥ 8Rrbl Bfieriifra

generated and added to the decoded residual block at adding unit 710.
[ 0050] The oprédi pediotor blodkollnd pedictoapldsl i§ treneddedstorie denodod rasidual iipds of

prediction ods .- fra an nter. ti rediction unit 716 uses the
al r eady coﬁggkg?%gwg7i4&%3%@a§§ﬁbe9?@€8§pﬁﬁﬂ§kfgr in the same video slice if
a video slijgesti|s UBedeai ©eHsRUctddivideotodeRah&t Sont Ae dbBlbEIfiRERMH Giit ON

bl ock. Mdtion conpensation unit 718 uses the previous and/or future franes

stored at rléZerhancd maahbe fHicemdeatAdock edgge e peavent blecking artifpete dhat haynbdl ock.
Cepenc ng OBl C GRS SRR ggh R SRR MESESY 10
spatial prediqicd anddonblbckl dfay de dibred i trdfornco fp@v Sedre 00 Yo tecdidsdruttorgener at e
el ther int ro(jcihelr video blocks in the same or other video frames.

[0052] In order to properly decode an encoded video stream, the decoder should

know what type of transform was used to encode the video data. The decoder may then

apply the appropriate inverse transform that corresponds to the forward transform used

at the encoder. Accordingly, data indicative of the type of transform used to encode the

video block needs to be sent to the decoder as a part of the video bitstream to properly

decode the video block.

[0053] As described with respect to Figure 2, block transform unit 29 applies a

transform to a residual video block. Applying transforms on the residual blocks

provides desired energy compaction which, when combined with quantization and

entropy coding, enables high compression efficiency. Examples of transforms used in

popular block-based video coding systems such as MPEG2 and H.264/AVC include the

8x8 DCT transform and the 4x4 and 8x8 integer transforms.

[0054] The H.264/AVC standard is the latest video coding standard that provides
high coding efficiency. H.264/AVC uses various types of block transforms. For intra



or inter predictor block. The predictor block is then added to the decoded
residual block at adding unit 710 to generate the decoded vi deo bl ock.

[ 0051] Thworzesuidpganag reconstructed video_bl ock is then semtusc@ssdiock
filtering unit 712 where it may be filtéfed at bl ock edges to prevent

bl ocking artifacts that may be visually unappealing. The output generated

is the final decoded.videq bl ock. The final decode i deo_bl ock may be
stored i n K¥PERERESCHORMAIRISF Germperef predicaeBhB RS RRthof HabRE Vb
bl ocks 1 n U iS@ER hsfBhfIfhar W 1R bh 3TRS DAPRRRILIRPRARLE Iifelf RRREY

decode an encod video stream the decoder should know what “type o
t ransf or m wee iUlzsdd o aeRedBE T thansfdrdeo dat a. The decoder nmay then apply the

appropriate,inyerse transformthat correspands to the fqrward, tran m

ioba e £ ndob oaZPr PPy Sleai el ARARESE rleBebt kB ePBEI S 25 or m
used to engpdembREratsARR iDhpslledHRaRS 24 DDO oIS if BRh BRfRder as a part of
the video bitstreamto properly decode the video bl ock. [0053] As descri bed

with resped036 FiFguthe mirnngelsignebok fhervidempigndothgppinstsma arg sgleftet A to a
residual viges, bl pak. APRINENS.] [FARS RALS, 8l NF ifiehiliRledd! RGks pRLEV] des
desired energy ‘conpaction |c?1, en conbi ned “wi't I3]uan ization an

entropy codntogpre@icedd] #3s ixgdcteanpee xhObloek tize isymeatler argak esf t blochnsf or s
used in popul ar bl ock-based. vi deo cadi ng systens such as MPEQR an

. , E d
H. 264/ AVC isRéllerddan fg8.gxdeDateser Hnsfdhisaned . Hehaklpcknsneanallst diyardxs,
transfor ms'eitLQdeS‘@“-Oﬁggﬁtéﬁélg@ﬁ&oﬁh gd is the latest video coding

standard that provi ing efficiency. H 264/ AVC uses various types
of bl ock t s or isthe Bdacki infimted-pipdictedl itps deticnhinod jf thadldcktie prodicteionsiad

prediction edi ¢t bl ock H. 264/ AVC uses, a 4x4 _jnteger §ransformthat
i s based o%{Niwgbgnf nsffo%@Pc i Qélqt?ﬂ gyee Nﬁﬁ_‘%ﬁg@l}‘ﬁﬁt’ﬁﬁ c iasfbb sed
on an 8x8 RGledr@nsfRiMs Ilﬁ@é]@]to':tﬁé Jlol& Sk af JaaieRas [IBRbT k4 tHRRIaMIafEO

signal, an additional |evel of 2x2 Hadamard transformis applied on the 2x2
DC conponertagsformaachplddock thd 8466)C Eompbhentd inmricadinbleclsi dhalhe bfock he net deo

signal, the transfor e lected as follows. First it ig.deteymned if
tha bl ock PedERE ahEANTRA AR FERiteaR APrnGEE st & v of B bbETRG ¢
i's next detesdidtb@dsihg INTRADURSE knodleZz@d iaf &xBBhic8Er trdmRfbrdXi8 usdd ifttheblleRGK 1
smal l er than 8x8, a 4x4 integer transformis used. If the block is not

smal | er t haredsted uing REFRA_Axumede.8x8 i nteger transformis used. [0057] |f

Ejrs]iengl ock '[§0§81]1t "3 RHSEEs st\()avgerele%thleé a 984 §F @x@?r%néffonﬁ Iﬁ?aybgeoﬁzs}%d'o% #RL %T]o'c?(',[ ed
the choice of transform depends on the H.264/AVC profile being used. Under any
H.264 profile other than the high profile (for example, baseline profile, extended
baseline profile, main profile) only a 4x4 integer transform is used. Under the
H.264/AVC high profile (i.e., Fidelity Range Extension), an 8x8 integer transform
based on an 8x8 DCT transform also can be used on the luminance signal. The choice
of cither the 4x4 or the 8x8 integer transform is signaled by an additional syntax
clement, transform_size 8x8 flag. In the cases where cither a 4x4 or 8x8 transform
may be used (for example, an inter-coded block with size no smaller than 8x8), the
transform_size 8x8 flag is sent along with the encoded video data to the decoder. If
the transform_size 8x8 flag is set to 1, then the 8x8 integer transform is applied on the
residual blocks; otherwise (if the transform size 8x8 flag is set to 0), the 4x4 integer
transform is applied on the residual blocks.
[0059] In H.264/AVC, motion prediction may be performed on various block sizes
(i.e., motion partitions), such as 16x16, 16x8, 8x16, 8x8, 8x4, 4x§, and 4x4. While
smaller motion partitions are usually used around object edges and areas with lots of

detail, larger motion partitions are usually chosen around smoother areas. As a result,



| NTRA 16x1 6 nmode. If the block is predicted using | NTRA 16xl 6 node, a 4x4
integer transformis applied to the block and an additional |evel of 4x4
Hadamar d woansfwesmi s applied on the 4x4 DC conponents iPaTA®CHOE®ek. | f
the bl ock is not predicted using INTRA_i%xI 6 node, a 4x4 integer transform
is used if the block is predicted using | NTRA 4x4 node and an 8x8 i nteger

transformis used if the block is predicted using |INTRA 8x8 nmode. [0058] In
the cases \xhlﬁelfeéld@ﬁltWe?ksa@@w%wnssz@élw%gwm weagllp emaeler o ey tswgéfk t he

choi ce of f 6 : Of ' ; ’any
L 264 prof 1 BB R Ra s E o PGl Sp RS ERT Ran O

ext ended baselprmedpbdafdr leagrgyaiompactodt. | &etlpulsyand efixddarnfagaoosingnsthotion i s
used. Under_the H. 264/ AVC hi gh ofile .(i..g., Fideligt g nsi.on), an
Bx6. | nt eger I PRSPE A HATR A S N O lcaar b HEbb 0N ¢ he
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decoder. | fihd Gendfsransizer r&siflag, Whidh fduagntlys isskhittd td a L-bRidcheA &oBdihgliyeger
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per f or med ﬁﬁ'@art%%%%%%b}hgcE%?%géﬁg?pé&%&%ﬁﬂgg“%gfﬁ% o‘ﬁ%%cdtl tg\{}cﬁ%g §%x16,
16x8, 8x16,traBxBrmS8xZyntdke8 andyhtdx dlemdits lage davatiber balmi itlon allaw tfort inditstiar e

usual | y used around object edges and areas with lots of detail, |arger

mot i on partogt?c[siﬁ%ona}ér 5P| §ZEhdse _%Yra@wng ik e fEodtag alnr%pg%qt,the
resi dual Dblaflsdindinte thd Bt 1Ah&H i BhipPilesad &bl B HFkalo! MR MR Binsfdrne - -
they tend to contain nore | ow frequency conponents. For such signals,

appl yi ng bisgger The 8nagfvelugsmenhe pnduddeabptit oxf thtdegler cofopagtianosent NMetthods
and encodergs qtgior choosing a notion partition and transform size are
described {996, Patent No. 5,107, 345; U.S. Patent No. 6,996,283; and U.S.

Patent No. [606¥90, 336halfdl0ahERMYoaRMRAN Al BebrQycdiat e vedeeblods odescCithed
above, H. 264/ AVC uses only 4x4 and 8x8 integer transforms for video bl ocks

that are i mresdictedieldo binsk raubeargd 8k sonjneasigarvith heglesrribsd arathadsdiThat d by
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si zes Wi t hspdrel prydicioh. Iy nha@mbisdHohehtd where motion compensation is used, prediction
block size is equal to motion partition size; therefore the terms “prediction block™ and
“motion partition” may be used interchangeably. Further, in the embodiments where
spatial prediction is used, prediction block size is equal to the size of the spatial
prediction block used. Therefore the terms “prediction block” and “intra-prediction
block” or “spatial prediction block” may be used interchangeably. For example,
multiple transform choices may be used for video blocks coded using INTRA 16x16
and INTRA 8x8 prediction. In addition to 4x4 transform, 16x16, 16x8, 8x16, or 8x8
transforms may be applied to INTRA 16x16 predicted video blocks; and 8x8 transform
may be applied to INTRA 8x8 predicted video blocks. For intra-predicted blocks,
signaling of the transform size may be done in a similar manner to inter-predicted video
blocks. The transform size flag syntax elements may be combined with the prediction
block size syntax elements; and variable length coding of the transform size flag syntax
clements may be used.

[0061] The syntaxes described below use both the flag value as well as the prediction

block size of a given block to indicate the transform size. The combination of the



H. 264 because the 1-bit transformsize 8x8 flag can only signal two types
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predi ction hlock size syntax el ements; and variable |ength codi ng of the
Fr ansf or m &1 f?lpalg g%%%ﬁereqﬁwﬁpgmnﬁiﬁa@ge I8 con ety rmasel i dhdedhe
descri bed hghQuise both the flag value as well as the prediction block

size of a given block to indicate the transformsize. The conbination of
t hepr edi ct i[8062h| oclkigsiiceis eh ckéreplbiyoakbamdcntid affiragesy a0 Lief wttinga flag value

i ndi cation of nore transformsizes than when using a 1-to-l correspgndence
et weon & 1 48 “UIGE MR aEnT RS BEL oz Ror B kiheirodd: 78 fos SYETRALS
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only indicate 4 different transformsizes, where each flag val ue indicates

a singl e t daeisiborumitst3z and thawssnsformbipay hetnseiorraed pt bipelgtraméonyt valit 0i(8¢¢ bl ock
R I R e T
i ndi cat es taltadck Mgy be made by mode decision unit 43. At a first step 302 of process 300, it is
determined if the prediction block size for the given block is greater than 8x8. If the
prediction block size 1is not greater than 8x8, the process continues to step 306.
Alternatively, if the prediction block size is greater than 8x8, the process proceeds to
step 338.
[0063] At step 306, it is determined if the prediction block size is less than 8x8. If
the prediction block size is less than 8x8, the process 300 proceeds to step 310, wherein
a 4x4 transform is applied to the block. The process 300 then continues to a step 314
where no flag value is set to be sent to the decoder. Alternatively, if the prediction
block size is determined not to be smaller than 8x8 at step 306, the process proceeds to a
step 318, wherein it is determined if the transform size to be used on the block is 8x8. If
it is determined that an 8x8 transform size is not to be used, process 300 continues to
step 322 where a 4x4 transform is applied to the block, and then to a step 326 where a 1-
bit flag with a value of 0 is set to be sent to the decoder. In the alternative, at step 318 it

is determined that an 8x8 transform is to be used, the process continues to step 330



transform size should equal the prediction block size of the block, and the
predi ction bl ock size nmay be of N different bl ock sizes, the single flag
val ue 00 wayoimdps2ate N different transform sizes. AccoPdwn@hywm&mlone
enbodi ment, one or nore of the flag val 6@s may indicate that the transform
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[0064] If at step 302, it is determned the prediction block size is
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greater thapedxdn Blotokiztds Ba161sadit mrmaﬁﬁn@pﬂleqﬁe&bmslm size is 8x16,

process 300 continues to a next step 374 where an 8x16 transform is applied to the

block, and then to step 382. Alternatively, if it is determined the prediction block size is

not 8x16, process 300 continues to a next step 374 where a 16x8 transform is applied to

the block, and then to step 382. At step 382 a 2-bit flag value of 11 is set to be sent to

the decoder.

[0066] According to the process 300, the flag values correspond to the following

transform types:

[0067] Table 1

Flag Value Prediction Block Size Transform/Inverse Transform Size
No Flag 4x4, 4x8, 8x4 4x4
0 8x8 4x4
1 8x8 8x8
0 8x8, 8x16, 16x8, 4x4




step 342 where it is determned if the transformsize to be used on the
given block is 8x8. If the transformsize to be used is not 8x8, process
300 contiwoesiisIeep 346 where a 4x4 transformis appl ipea/useomlosoond ock,
and then to step 350 where a 1-bit flagzllal ue of 0 is set to be sent to the
decoder. In the alternative, if the transformsize to be used is 8x8,
process 300—continuesto step354-where angx8transformis—appted-to the
bl ock, and then to step 358 wher el &19- pj t fllag value of 10 is set to be
sent to the decodegp. [0065] Ifg.at e 8 i[t IS determagd the transfprm
size to be used igbgr eat er thaS%ngi(%?’ g?xc?gess 300 conti nugc}g to step 362| At
step 362 ijt is determned iif the péddi ction|block size of the given bl pck

i s 16x16. !f I t L e dnf arm mad t+ hao Ny erli FaX 1 oH hl oclk ci b 2= I c 1616 plr ocesSsS
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300 proceeds to stép 366 where a P8%6 trangformis appfEt to the bl ofk,
and then o step 3§§2. Alternati veljg,gif at gtep 362 it Ijg . getermned the
prediction block size is not 16x16, process|300 continues to step 370 Wwhere
it is determ ned ilf the predictionmodllbock size is 8x16. l6xlbt is determn ned
t he predi ¢ction-block-size s 8x1l6—process300-continves to-anext—step 374
where an 8x16 transformis applied to the block, and then to step 382.
Alternati vebys|i T Orke ofSofiEhe) Tiitesh tieaRregi Rcb@,DhnkKofic2sr ire Nogs 816,
process 308 corlnti nl?es t(o) aa(r?jext step 3%4 V\ﬂere grn:ZL6x8 troar?sﬁ)rmggﬁsappl i ed
to the bl opkoceandlQ hey teoorsitep dB8Rw #Atpssideiod 38 2ckicPe Hict sahleagswlal Herthdr, 11 i s
set to be sent t he decoder. [.006 Accor.di to e process, 300, .t he
Fhag. val ueSoRb e D Te Iasnean RaUNTHG L oo Dk BSa Be PEGA et i
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embodi ment vadeoao¢i eTh HELRSRNAIEKOSizS aialyi Hedddertdid@ Mahode aéciden anigader
signaling the transform size used by the encoder 20 for a given video
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is not greater than 8x8, the process continues to step 406. Alternatively, if the

prediction block size is greater than 8x8, the process proceeds to step 438.

[0070] At step 406, it is determined if the prediction block size is less than 8x8. If
the prediction block size is less than 8x8, the process 400 proceeds to step 410, wherein
a 4x4 transform is applied to the block. The process 400 then continues to a step 414
where no flag value is set to be sent to the decoder. Alternatively, if the prediction
block size is determined not to be smaller than 8x8 at step 406, the process proceeds to a
step 418, wherein it is determined if the transform size to be used on the block is 8x8. If
it is determined that an 8x8 transform size is not to be used, process 400 continues to
step 422 where a 4x4 transform is applied to the block, and then to a step 426 where a 1-
bit flag with a value of 0 is set to be sent to the decoder. In the alternative, at step 418 it
is determined that an 8x8 transform is to be used, the process continues to step 430
wherein an 8x8 transform is applied to the block, and then to a step 434 where a 1-bit
flag with a value of 1 is set to be sent to the decoder.

[0071] If at step 402, it is determined the prediction block size is greater than 8x8,
the process proceeds to step 438. At step 438 it is determined if the prediction block



is not greater than 8x8, the process continues to step 406. Alternatively,
if the prediction block size is greater than 8x8, the process proceeds to
step 438.wpQOioPosxe step 406, it is determned if the prediustéoonsdiock size
is less than 8x8. If the prediction bl 0ék size is less than 8x8, the
process 400 proceeds to step 410, wherein a 4x4 transformis applied to the
bl ock. The pracess 400 then continues .to a step 414 re no flag value is
set to be $Eft!s TR el e ahcrion ekt DAL Rm@%é%]& PRSI BIME si 26
i's determ nad nQtis 4QCRRiISHE R rdlRPMEXR RlvShiticd6 thd DRPLOSES SR gceeds
to a step 418, wherein it is determned If the transformsize to be used on
t he bl ock idstegxBicd e tiransfasmdeteetorbicriect isHa®, pnoc@x 300 penvstdrtmstepZdoivéienot t o

be used, proce 400 continu 0 step, 422 re.a 4x ransf orm.i.s appl i ed
Lo the bl beR SR TaHAER & wrLeE e e h el B ey el MR o 0oy ' 6
is set to RESERLILEDILICISABERABE sertNo tthe daddder, NAlteMBtivay, Fl@Rtcpldl & id S
determ ned that an 8x8 transformis to be used, the process continues to

step 430 wietcanmcd thegk@sfararszatorhei apphgrhisineti8xo provestGeocesdsita ieh41d a
step 434 wher A-hit fl Wi, th val f i b en t
decoder. [d@?%jﬁﬂ?d%F%Engq%ﬁégxy?“Fﬁﬁﬁg%§¥%ﬁ%é%”§§ét%?%hﬁ% $0Ef%ﬁ8é si ze
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determned if the prediction blocksize is 16x16. If the prediction block

size i s 1e¥xpsfoppdcanplicd tpthseiaddeck: and thep ta atep dhé mdiera a fveo-bidflag Withedt i f

t he transf ' ; i b I S rym ned
t he transfgéﬁ%§#§§’%gdggl%?%h{?gh%%§%ngﬁogggéw%%8§%%%§gi5%&f%éﬁgg%gi 6
wher e an 8x@nsfoansizornonbe applgl is @dt 1@ IKhprogessel®Obootkycs andteh Héa wharsitep 450

where a two-bit.flag with val ue of ;00 i et to be sent, to e coder.
Al ter nat i vaFiprmined gt thg érangfaﬁnisezq © becephith tihener %‘Flbilsmlé’?gzeq? dhe

appl i ed | S iAol 8izcR oTHIIdAR RHBCERIS MELARASHINIES 870 it debay i ned

p
if a 16x16 transformis to Be applied to the block. If a 16x16 transformis
t o be appl itedsfotrhes gpbice ¢5the¢@ivandriodknaad theo te step 444 8vhatrea evabit Brg Gvith a

transformis applijed to the given pblqck,, and then to step.462 re a
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not 16x16, process 400 continues to st&p 466 where it is determned if the
e

t ransf or m sppiénucs thgcappt aerctas Sxie tighsierm i apkicd & thegd/en|blogkhand thamét or m
o1ze 1o, e anahnhey AR BLIGRE A0 HERe L 3L BB pere @ 10xe

transformistapplie gkPven hen Where a

two-bit fl ago7ag|t hifatwedpudsoit isldctérmnif@l the @réfctimblodlosikd1 & @ A6-ed, prodess he
alternative, if at step 466 it is determ ned the transformsize to be
applied to R EOBIHER 19 & Step 84 axigTe tfsrlq)é%tgrgnla@blf the transform size to be applied to

the given block is 8x8. If the transform to be applied is 8x8, process 400 continues to
step 492 where an 8x8 transform is applied to the block and then to step 426 where a 1-
bit flag value of 0 is set to be sent to the decoder. In the alternative, if at step 484 it is
determined the transform size to be applied to the block is not 8x8, the process
continues to step 486 where it is determined if the prediction block size is 16x8. If the
prediction block size is 16x8, process 400 continues to step 488 where a 16x8 transform
is performed on the block, and then to step 434. In the alternative, if at step 486 it is
determined the prediction block size is not 16x8, process 400 continues to step 490
where an 8x16 transform is performed on the block, and then to step 434. At step 434 a
one-bit flag with a value of 1 is set to be sent to the decoder.

[0073] According to the process 400, the flag values correspond to the following
transform types:

[0074] Table 2
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greater t h%lugé(ﬁraytbg?ed?faﬁ gor(RP@%Ci%xl@trénﬁ&%Parﬁi]@l WhRRRS LAk EeH0der

&P
| ooks for a 1-bit~or g ?ﬁg val ue and perforns an inverse transform
based on t H@076] ag F‘@irmé larmh emmargchrm:tqdunetblafcd(pmczﬁ S0théortpyeperming mver se

transform

to be used is sh
mnverse transrorm at a

&)ecwgdérrb

Table 1. Al

6ona

%l

ock éncode y an en:

t tivel

&der 20 using process

300. Decoder 26, which may include, amongst other components, an entropy decoding

unit, a spatial prediction unit, a motion compensation unit, an inverse quantization unit,

an inverse transform unit, an entropy decoding unit and a summer, is one means of

performing the steps of process 500. Further, the various components of decoder 26

may be used to perform different steps of process 500. At step 502 it is determined if

the prediction block size is greater than 8x8. If the prediction block size is greater than

8x8, the process proceeds to a step 518 where the decoder looks for a 1-bit or 2-bit flag

value and performs an inverse transform based on the flag value and the prediction

block size. The type of inverse transform to be used is shown in Table 1. Alternatively,

if at step 502 it is determined the prediction block size is not greater than 8x8, process

500 continues to step 506 where it is determined if the prediction block size is smaller

than 8x8. If the prediction block size is smaller than 8x8, process 500 proceeds to a

next step 510 where a 4x4 inverse transform is performed. If instead at step 506 it is

determined the prediction block size is not smaller than 8x8, the process proceeds to a



if at step 502 it is determned the prediction block size is not greater

t han 8x8, process 500 continues to step 506 where it is determned if the
predi cti onOkbok2ze is smaller than 8x8. |f the predi eCrars2mnsdisi ze i s
smal | er than 8x8, process 500 proceeds £d a next step 510 where a 4x4
inverse transformis perfornmed. If instead at step 506 it is determ ned the
prediction block size is not smaller_than 8x8, the process proceeds to
astep 514 \R}?Qr%h't ReCtie s Breadgb koK oot & 1:15) ?‘aw o A1 @CHAEN D &R 1B SHC an

i nverse tranaiMrMpRades AP 1hPSafbagny ?Jgﬂé%f il YR8 foPh t BYSS&Eis kh@pgir m to
1.7[0077] Figure

be used is shown in Table 6 1s an exenplary enbodi nent of

a process d@bleflor perfornming an inverse transformat a decoder 26 on a

bl ock enco y an encoder 20 usin roces 0. Deco 26 ich may be
2 brocesso T oFEFENS oy SHESY TS REN <t ch8raBro sy B 65 R Tt op
602 it is GRflNriRfbrin atth@ecBB&DEEA ADIRIKOGIoSIEZEY b cBERIRE 20 ubingPpréoeds | f
the prediction block size is greater than 8x8, the process proceeds to a
step 618 wH€Pe Dacoder Zfetdrich meay bifa praecspereds @t weans| dakriormagithe sgraef | f
the prediction. b Ky Slze d-S. 16 . pr.Q 60Q. caont i, nues. t t wher e
the Hecoder Rasat 6 SaSedsTy AEamBITERS Dutitiofibo s baRb g
perfornmed afthchpecdittonkbleekcsiFdis pecatd thdhe’el, 8@ pradodeprotbeistty petepfo 18 MiRES €
transformto be used is shown in Table 2. Aternatively, if at step 618 it

i s determ el daampresaifdhe predintioaibleshk sizg & hotl 6164 1tBe PHdiORsbledD st i nues
to step 62 r er J r i I r i rse
transform ﬁg% rp? %ctregrrsg%&ggoglg@ﬁ%sntgg E@ élﬁ b‘iv?erégrfyu%ecéé\%q?%g f{rdrg% ?gﬁt %%rﬁiﬁaon

si ze. The taypenahvdrswy gramsorhr ansdriormed onbee biedt dcsordinpwo tha flagblatuc?. ThO078]

If at step 602 jt is determined the. predictio | ock size is.not ater
than 8x8, &mcﬁggv%@mt%fﬂ%taig gt St0pV808 ehisr /glﬁefpj%m&éﬁé#%%@%rlﬁflt the
predi cti on;DhQekmifbd el prediBRid Blbclt a0 i85 -16k 16, t6cRE 660 E4iitRNePIOGY s2¢e 1S
smal | er than 8x8, process 600 proceeds to a next step 610 where a 4x4

i nver se tr ariefothn desogaripoksntod.a 1-bitiflegt wdiek and st eépe6@Grinsfors idatedormerkd t he
predi ction. bl ock si Jgs.not spaller than.8x8 LQ§ OCEeSS proceeds to a
Dt ep 614 whgid EHEC AbEPS ingblEE fonpaihisty g, LR PEET EReSh BRI TR
i nverse tr agsked Mshaseth vspie be flag value. The type of inverse transformto
be used is shown in Table 2. [0079] The processes 300, 400, 500, and 600
describe a P8 clf airstopyidRakisidstermmed the pirdigtiemelogk sigc snot geaatsr dram 3. use
on a bl ock %ceﬁ g(%) Con%ﬂﬁesogo 2 dé&)a\';v){er%m lslde'te%lﬁrr-%% 1?'&;[ .ﬁ%!iilctignegl%gﬁ & i§ hat
t he processes are nerely exenﬂ1ary processes o enco§|ng

smaller than 8x8. If the prediction block size is smaller than 8x8, process 600 proceeds

to a next step 610 where a 4x4 inverse transform is performed. If instead at step 606 it
is determined the prediction block size is not smaller than 8x8, the process proceeds to a
step 614 where the decoder looks for a 1-bit flag value and performs an inverse
transform based on the flag value. The type of inverse transform to be used is shown in
Table 2.

[0079] The processes 300, 400, 500, and 600 describe a particular syntax for
determining the size of transform to use on a block of video. One of ordinary skill in
the art will recognize that the processes are merely exemplary processes of encoding
and decoding blocks and setting flag values. It should be noted that other processes
with additional steps, fewer step, or with the steps rearranged may be used to achieve
the same syntax as shown in either Table 1 or Table 2. Further, one of ordinary skill in
the art will recognize that the particular flag value assigned to each transform indication
may be changed. Additionally, syntaxes similar to those found in Table 1 and Table 2

may be formed.



and decodi ng bl ocks and setting flag values. It should be noted that other
processes with additional steps, fewer step, or wwth the steps rearranged
may be uswo2vw/@edtzeve the sane syntax as shown in eithecTsbéoe/o3vos Tabl e
2. Further, one of ordinary skill in thédart wll recogni ze that the
particular flag val ue assi gned to each transformindication may be changed.

Addi ti |1 t to th f le 1 d Tab 2 b
or med. [ 008HIBH Lok 4eobb@ofid: B SHSORIHISHE Serahoporassyad > o
(e.g., 32)(%2%1&{6911 no&8diied | Eé)é" 500k n?a.'tyz‘t?e ﬁs%d %I’ e&%ﬁ ?anﬁ%éc&ﬁné’%ﬁfékg Qt'id

encodi ng and decodi ng bl ocks and setfing f val ue For exanpl e |l e
still usi ngettingyflaz- mlw f Bor exvenifl¢,aghNea stk uamgdrmsl}z 12- lm@dfoa{bbvélagtwéud hsag may

indicate a siz f.tra rm of .32x32. For a ss 300, step
562 cour d darEDAT koS W BAp BN REFIR el SR Rl 2 B350 Sdles by 370
coul d det enpadags 360, sy Peebad iderrilneck tixd ﬁl%dﬁ:ﬂ@ﬁ-lb%ck@igezeqlﬁlse%3§6§nd 374,
and 378, coul d then be nodified such that at each step, respectively,

32x32, 16x32p 3P cepiidstarmarsif gromrrdicten bloekside enalhEOXBRoSkeps BRE. 37l4agnd/a| ue
set at ste 5 refore uId i form of githe X
16x32, §Z§ “é&shlgen b LigdjiRy Irlatﬁ%fag%m h ey RRBrYEv e # g% {6"%% %’éxs.

Addi ti onal 3Rtk traﬁsﬁﬂnoﬁbsperf&ymlae ofeHe btcmkl nﬂiecﬂdgevaaﬁkdlsdtla@@&b %Baﬂ&fsﬂsm si zes
usi ng the conbination of flag values and the prediction block size. [0081]
The bits ofvaubind 0&&1@/3%950% af gdier 3353 dFr3bi0r BRe! e ivernegcd iofeBadea al ong

conmuni cat i I [ h g ment
D A AL
val ue nay hddipanil tohsfohe sireadeng sentonttondtiva dfdlgdelucs e thegacttictiorBlylodont ai n
addi tional header syntax elements which nmay identify particul ar

characteri st®cs of the current video block, such as a block type, a

prediction pype¢. qadegsRirask gtk @aﬁ)asf&'rt bHIR &REJEI R dafd along
prediction bIock size, and one or nore notion vectors. These header syntax

el enent s mymbalnganenm@dnelflcﬁr Iémnmng,onethe emtadoyscbonie e phicem@it,ofwhe hi n
id . {008 I ) nb th | ud bi
11980 eSSt P R0l S R RS R BSR4 o

coef fi ci entige B¥ddet sthed tHed&lolisr. | Mk G @Imbl ecohtaan St ikiGhal BQdar Symhs0
included in the header. |f nonzero coefficients do not exist, then the

transf or m sicmenti wichreayhidenislymartiquiar pherasisrisessrdherswrenttvideot lagls oetm si ze
Y LN N S
i mpl ement egrédictivarslves @ze and one or more motion vectors. These header syntax elements
may be generated, for example, at entropy coding unit 37, within video encoder 20.
[0082] In onc embodiment the header includes a bit to indicate if there are nonzero
coefficients in the encoded block. If nonzero coefficients exist then the bits indicating
the transform size are also included in the header. If nonzero coefficients do not exist,
then the transform size bits are not sent. In another embodiment, the transform size
element is sent in each header regardless of whether nonzero coefficients exist.
[0083] The techniques described in this disclosure may be implemented in hardware,
software, firmware, or any combination thereof. 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 computer-
readable medium may form part of a computer program product, which may include
packaging materials. The computer-readable medium may comprise random access

memory (RAM) such as synchronous dynamic random access memory (SDRAM), read-



software, firmmare, or any conbination thereof. Any features described as
units or conponents may be inplenented together in an integrated |ogic

devi ce orweepavmbely as di screte but interoperabl e | ogi eCiaszaoss90is

i npl enented in software, the techni quesz%y be realized at least in part by
a conput er-readabl e medi um conprising instructions that, when executed,

perfornms one or nore of the nmethods descri bed above. The conputerreadabl e
medi um may °PEr MFREY @Pl\é%c%mnéﬁﬂepﬁaa&ran%%md@@mowmfr&% FiRErG

packagi ng %Pés%l%égraﬁﬂ%bf&%@&%ﬁf - ERIAPIE FRROMYFITRY HCABRbHS $ndoRBHOB}

access nenory ( such as synchronous dynam c’'random access nenory
(SDRAM) , r @atiod|datarsomgy nfdd@\V)and balikel Bia teehmamsicadddomely aregtternatiydlyRAM) |

el ectrically erasabl e programmbl e read-only r EEP , FLLASH,.nenory,
mgnet | o om0 b PL P AGE! (eI OR, S8 e T oot

addi ti onal le}sricQlor @bhBfufRbhicy @bde in"MY fhieh beRkird@ndbr HAAStrudthreRahd tHY cah _
conput er - readabl e conmmuni cati on nediumthat carries or comruni cates code in
t he form ofbciapessade raadmndar cyequaedslyr uearopwier- and t hat can be accessed, read,
and/ or exe b ut er. Th aode e _exe ed b ne. or
more procedtiig ShRSaE Rl e R E by R e SR BB b b iRl

gener al purdpdae sighelr LpE3cas $DBBs), apidral GalpaB nsip@Prddessory)applicatied spédifitli t s
(ASICs), field {)rogr anmabl e | ogi ¢ arrays (FPGAs), or other equival ent

i nt egr at ed Yegi@icdc Faewts) 6PICsi Aielsd trggrampraledilegie yarrayn e (RRCHA)y 9 oedss o1 |

as used herej . R . u 0} t her

St uct ur o oy T aBTL AR b 4R e e O AR B MG CproB o ST

I n addi ti omused hersmnmrayyasgfectosanyt dfetht doepoinp atruttyrdesaryi dber starcaira saigablde
provi ded wi t hin dedicate oftware units or, hardware.units configured for
encodi ng arief HRLTBFHE O dftﬁ%&f&?@&}l% Cﬁlb?dabeé%g'wégltwd@owa}%aéa S ¢t oder
(CODEC) . Depi&ohfity Ocstifdieh&lin hRgt by SRovideduithh USditAELRERGalcOutIbt | ght
di fferent functional aspects of the devices illustrated and does not
necessari | yaidwiry ubitatordigtnedufurtencodisg ahé deemling e ihgorpapiddte trambined e or

sof tware component s. Rat her tionalit ocjated wth.one. or re
ni t s rmy  BERPRREBR (G0 R dnhEH e LB ERREL R B i BRI
conmponent s hidHHR8BHi fivrdnk ButiSRE AhIPRNS SthO tetiBésSilldbteid DS o RV n&REArily
descri bed. ese and ot her enbodinents are within the scope of the

fol | owi ng dmalynhatwsin ungs cnugt EDcalged by separetehlipddwircericodivaee corapncaist a,
t he nmet hod ri-si ng. pl.yin pati predicti i e i on
to an ori gilér:?a \/iqu ecgg%ail%zkasvﬁctlﬂ?dz WgEhw% @0t 1?18%1311?55 gléaﬁg‘rg %tl%e?{%%&gr e F %ﬁ on
vi deo Dbl ockobasicbr@Bparate hardware or software components.

[0085] Various embodiments of this disclosure have been described. These and other

embodiments are within the scope of the following claims.



predi cti on node; subtracting the prediction video block fromthe original
video block within the video frane to forma residual block; selecting a
transf or rwbaviogose2first transformsize_to apply to thePcedisdeiosdhock;
generati ng header data indicative of thé’sel ected transform the header
data conprising a first syntax el enent having a first value indicative of
at | east one trapsfaor i.ze and second syntax el enent indicative of a
prediction bIocngkgg?%ihfﬂélﬁpégfction vi deo bl ock, wherein the first
syntax el enent and the second syntax elenent in conjunction are indicative
of the first transformsize; applying the selected transformto the

resi dual bl ock tlo geremathedroésnaualg videmddtarthe mothbflicompnisisg: and gener ati ng
a video signal based on the h qder.data and .t he resi dual  transf.orm.
coefficients. 2. The? n‘é’%dspé‘?ela TSN oL ReHeR SoPRENSARAYIS Ay # YRy

conprises a thi nbkywiten £haBntrahddb GRhéMR PhraliGRHeddd BfdekPeist®bR. a t he
third syntax el enment conprising a second value, and wherein the first

syntax el enent oeefiesionina¢dey follows after the third syntax element if the

second val ue i s T aifhctire O IRLK dvgfeo %18‘<'fkmfr%p1 hen ﬂgftﬁaf Dfih! b3y val ue
of the first syntax eléenent~cofresponds to a plurality o ranstorm Si zes.

4. The net hod ofwifli@thdvddcowraneiofotmha rédidigil blogkue nmaps to the first
transform size based on the prediction block size of the prediction video
bl ock. 5. The met hod Selectigat Wmsforghkavaians {iFé trpnsfem siza ipstnpyiosthy eesidiaby

si ze XxY, whereijp, X is not equal to Y. 6. The nethod of Caim5, wherein at
| east one of X and Y equals 8 and at |east one of X and Y equals 16. 7. The
met hod of Cl aim1l, wheenaating header dsth ihdiaasfeoofimhei sekecicdl teapefolrmt ohd header
prediction block%size of .the_prediction video bI?c met f Caim

k.8, The ho
1, wherein the fIRRsSOMNHG LR SYMax plemeuivhaying afirgtaglye IB%Qatb‘fe %ﬁd aéﬁ%ﬁSN i s

equal to or greghetrahiiefn 18e ald a G IEEHAL Mmddt #hdR ative WREREACERNELAL | NG
header data indicative of the selected transform conpri ses:

size of the prediction video block, wherein the first syntax element and the

second syntax element in conjunction are indicative of the first transform size;

applying the selected transform to the residual block to generate residual
transform coefficients; and

generating a video signal based on the header data and the residual
transform coefficients.

2. The method of Claim 1, wherein the header data further comprises a
third syntax element indicative of a coded block pattern, the third syntax element
comprising a second value, and wherein the first syntax element sequentially follows
after the third syntax element if the second value is non-zero.

3. The method of Claim 1, wherein the first value of the first syntax
element corresponds to a plurality of transform sizes.

4. The method of Claim 3, wherein the first value maps to the first
transform size based on the prediction block size of the prediction video block.

5. The method of Claim 1, wherein the first transform size is of size XxY,
wherein X is not equal to Y.

6. The method of Claim 5, wherein at least one of X and Y equals 8 and at
least one of X and Y equals 16.

7. The method of Claim 1, wherein the first transform size is equal to the

prediction block size of the prediction video block.



determining if the prediction block size is greater than a first threshol d;
and determining if the prediction block size is |less than a second

t hr eshol dwo2010/0Bbs22net hod of Cl aim 9, wherein the first PCrusgdolosors 8x8,
and the second threshold is 8x8. 11. ThéSnethod of Claim 1, wherein
generati ng header data indicative of the selected transform conprises:
determining if the predictjo |l ock size i.s greater than a first threshold;
and determning&f tH eﬂ?@h‘i"@?? GHiE1 bakressip &t g“ééf&&? ofrg sizedp Oeh 20Aktie.
12. The Mot loriahiNLd cqt16s 6 fckBeubhna! threshol d is Bx8 and the
second value 1s 16x16. 13. The nmethod of claim 11, wherein the first
threshol d i s 8x8. and TtheengkabofdChah Uewhsreiibg@cratidg hthder detahodicafve@fdhan 1,
wherein the sel &gte transformis an integer transform 15. The net hod of
Claim1, wieFeed ERoULPURPAESt r ansformis a discrete cosine transform 16.
The nmethod of O aim Jdeteﬁﬂﬁﬁ? 1T th& BreuiedtiBa tRstkt JiANRf Qe ha adirkeGidspoial
transform 17. A nethod of decodi ng video data, the nethod conprising:
receiving a videddsignal indicative of at |east one block within a frame of
vi deo conpri sing hea data for th st._on lL.ock an i I
transform coeffi ci engéli g{ef%lr%l lg?% échg%@én %lﬁgl( %F%%:Sﬁ,egttﬁaél Eh%actgmi Fﬁ%asg gﬁ‘
conprising a firngt symkamectbberdEClanavd,nghérehn fet fikalthiesioldiic BxBY endfthat

| east one transform size and a second syntax el enment indicative of a

predi ct i on Setpeihigshodd i5t8%8he at | east one bl ock, wherein the first syntax
element and the |9eCORhSUMAKOEE IR whereGORIIAGHEMadth BudaiEANCE R 2
transformhaving a first transform size used to ehficode {he at least one

bl ock; appl ytlages pahdfaim poreptiiesi on or noti on conpensation to the at | east
one bl ock to generat %F%E‘Er edi cttilon vi deo bl?é&ck of the pre ion b

of the at |east one Ining if the prediction size 1S greate trhargj I21Cf£1r5t threnglﬁ;k stze
and
determining if the prediction block size is equal to a second value.
12. The method of claim 11, wherein the first threshold is 8x8 and the
second value is 16x16.

13. The method of claim 11, wherein the first threshold is 8x8 and the

second value is 16x8.

14.  The method of Claim 1, wherein the selected transform is an integer
transform.
15. The method of Claim 1, wherein the selected transform is a discrete

cosine transform.
16. The method of Claim 1, wherein the selected transform is a directional
transform.
17. A method of decoding video data, the method comprising:
receiving a video signal indicative of at least one block within a frame of
video comprising header data for the at least one block and residual transform
coefficients for the at least one block, the header data comprising a first syntax
clement having a first value indicative of at least one transform size and a
second syntax element indicative of a prediction block size of the at least one
block, wherein the first syntax element and the second syntax element in
conjunction are indicative of a transform having a first transform size used to

encode the at least one block;



determning the first transformsize used to encode the at |east one bl ock
based on the first syntax el enment and the second syntax el enent; applying
an i nver seotnevispgzem of the determned first transform eCTASVINE®14 esi dual
transform coefficients to obtain a decod®d residual block; and addi ng the
decoded residual block to the prediction video block to obtain a decoded
video bl ock. 18. The nethod of. Caim.17, wherein the header datﬁgfurther

conprises a third sy PBYIE Wk Piedighienor veotion conpsgetion) ke ghitast ANC t he

third syntax el gRnt,CoARMS RIJRHSLTRIRE bY@Jk%ﬁﬂth@?f&dY@&%h%h&ktﬁ% &t thett
syntax el enent sequentially follows after the third syntax element if the

second val ue i s lepsheredrlock; 19. The nethod of Claim 17, wherein the first
value of the first syntax.ele corresponds to. a plyrality of transform
o765, 20, The mat hodtelroies i fhe st hneBamariecs 4 sof Rt Lot iPRe
first transfor mbﬁse%iebnbtﬁéﬁ@lst@ﬁ;tﬁﬁ@leﬁ"eﬁ@ﬂn@&h@%o@h@%t@d A6meit; t he at | east one
block. 2 1. The nethod of Caim1l1l7, wherein the first transformsize is of

size XxY, wherein X iagplysng agimakrse draysfopn of the determisad &ifrst traapiormisizompier ei n
at least one of g 1%5‘@ a\ﬁtﬁaﬁ&%ln% 8 ﬁf&f’e %tto'o%%%aﬁi”ceod&i SiRAbiIdE gl s 16, 23.
P e e T The o O T ahst

The nethod of daim ormsize 1s equal to the

predi ction bl ock sizeadéihgthedabdéeasidusingod vake pRdictidh eidvebiad obbimi m
17, wherein the first transformsize is NxMand at | east one of Mand N is
equal to or gredtdseodedandepelods  The nethod of C aim 17, wherein

deterni ning the i rstrrARALRLACILAE 1 FORRLLRER: HSAE TRIERGCH kobBRscs o

predi ction block size I's greater t Irst thres rmning if
t he predi ctthied shhteg lkelahae indichtess of hatodad sidodn gattdrn e gteothdrd RtaxThenreat hod
of Claim25, wherein the first thr shol&1 :]ts 8x8 angr t he second tt}f shold is
8x8. 27. TRBMREPHEJ WCoRd Xpleaand WAKFRY e JEplenmiay fgmeMescaredily fall¥sr m

fS: ze. C?mf’;isaﬁtglls%l;g%ﬁi?d FinRixNGerhént e BERHH GhIueTs RiskoSi ze is greater than a

19.  The method of Claim 17, wherein the first value of the first syntax
element corresponds to a plurality of transform sizes.

20.  The method of Claim 19, wherein the first value maps to the first
transform size based on the prediction block size of the at least one block.

21. The method of Claim 17, wherein the first transform size is of size XxY,
wherein X is not equal to Y.

22.  The method of Claim 21, wherein at least one of X and Y equals § and at
least one of X and Y equals 16.

23.  The method of Claim 17, wherein the first transform size is equal to the
prediction block size of the at least one block.

24, The method of Claim 17, wherein the first transform size is NxM and at
least one of M and N is equal to or greater than 16.

25.  The method of Claim 17, wherein determining the first transform size
comprises:

determining if the prediction block size is greater than a first threshold;
and
determining if the prediction block size is less than a second threshold.

26. The method of Claim 25, wherein the first threshold is 8x8 and the

second threshold is 8x8.

27.  The method of Claim 17, wherein determining the first transform size

comprises:



and determning if the prediction block size is equal to a second val ue.

28. The nmethod of Claim27, wherein the first threshold is 8x8, and the
second vaw0eoi3i®216. 29. The nmethod of claim 27, wher @Ch/ush@9fosass
threshold i s 8x8 and the second val ue i3916x8. 30. The nethod of C aim 17,
wherein the inverse transformis an integer transform 31. The method of
Claim 17, wherein the inverse transformi di screte cosine transform 32.
The method of O ai m SCTRREAIfNE REdicyparlesk VamsrarHr an adieBre bR
transform 33. Apgqapparatus for encoding video data, the apparatus
conprising: neans for applying spatial prediction or notion conpensation to
an original video bl determinitg i the predieorf blapke sivoisgandrtansceondnaticct i on vi deo

bl ock based on predicti on node;, neans for .syptracting, the di ction

Ui Geo bl ook frottne 5 BrHa & cialh or o Gais i e GRHYE e 260 FOr m
resi dual blseedad vaRRAS 1606 Sel ecting a transformhaving a first transform
size to apply to the residual block; neans for generating header data

i ndi cative of tR8. selldetmethod aais¢laimm?27t ndichemdbe fusit Gresbeldr iss$xtg and fthe st
synt ax eleggg%dQ,qug é%gi rst value indicative of at |east one transform
si ze and a“secon syn%ax‘elenent i ndicative of a prediction block size of

the prediction B0deo ThkaasthodoE r@him tNe whicfed tisy hitvase aet@pRh i@ng hkgesecond
syntax elenent_in conjunction are indicative of the first transform size;
nmeans for &PPHPITAg the selected transformto the residual block to generate

resi dual transfarm caegf.fichents; . O, tl vi.deq: sigha
based on the hegéér ggféhgﬁggfﬁéj?ggHgﬁgﬁéF%gﬁg gﬁﬁ#%&%???%?%ﬁt%gngﬁnghe
appar at us @bsiit ahmef@®. wherein the means for applying spatial prediction or

noti on conpensat.ion rise redjction.unit, the nmeans for .. .
P 32, Cl%gpmet 0 OF C?alrn H? wherein r‘;'he inverse transform is a directional

transform.
33.  An apparatus for encoding video data, the apparatus comprising:
means for applying spatial prediction or motion compensation to an
original video block within a video frame to generate a prediction video block
based on a prediction mode;
means for subtracting the prediction video block from the original video
block within the video frame to form a residual block;
means for selecting a transform having a first transform size to apply to
the residual block;
means for generating header data indicative of the selected transform, the
header data comprising a first syntax element having a first value indicative of at
least one transform size and a second syntax element indicative of a prediction
block size of the prediction video block, wherein the first syntax element and the
second syntax element in conjunction are indicative of the first transform size;
means for applying the selected transform to the residual block to
generate residual transform coefficients; and
means for generating a video signal based on the header data and the
residual transform coefficients.
34.  The apparatus of Claim 33, wherein the means for applying spatial
prediction or motion compensation comprises a prediction unit, the means for
subtracting comprises a summer, the means for selecting the transform size comprises a

mode decision unit, the means for generating header data comprises an entropy



subtracting conprises a sumer, the neans for selecting the transform size
conpri ses a node decision unit, the nmeans for generating header data
conpr i seswarosiegpyencodi ng unit, the npeans for applyi RgTiuseow®b®es ed
transform conprises a block transform udlt, and the neans for generating a
vi deo signal conprises the entropy encoding unit. 35. An apparatus for
decodi ng vi deo,.data, the apparatus conprj sing: ans _for receiving a video
si gnal i ndiBSR9Rée 1t 4B R4EE 19ReAPBIRK th HHed. FIRANTOLOPPERS B ONPFS s ng

header dat g, 0brh Nfi@lapl SRS ImQRE B} %@ﬂfer@tﬂ% LRI Jgnhl’ BORHNT thORhb S ent s

for the at |l east one block, the header data conprising a first syntaXx
el ement haeheglieg fnit.st val ue indicative of at |east one transformsize and

a second syntax .elenent indicatiye qf a.nmotjon partition size of the at
east one bl ook Sunerd sy pr dfcodipe iRl afingns friateEiofu synt ax
el ement in conjuncti gheadt GorirBEHiGEAE a\edDfsighal IAINGECE BT AA¥AsABn@blokk Kithin
transform size used to encode the at |east one bl ock; mnmeans for applying

spatial predi ct iadieros ofrvideo Roworipaa dardeodatador Hs atleaseant blonke and ewskduab
generate a pr edi GhLeM, a8, %ks%‘%.tﬁé of Qgﬁpéng%lséﬁ, e RLOGK 450,28, 08 Ffte, at
east one bl ock; neans Tor Fet%e it ng e i rsttranstor méi28R8Es 4o

encode the at | dastsypfag ddngk hbdsed st vahe iiicstivsyhdtadasebenemisf@ndsitde
second syntax el enent; neans for appILFéi ng an inverse transform of the
deternined fi r stnd paRedsh snExAberaent fpdcHgiod dganotiomprstiehsige of fhecitdemss to

obtai n a decode 1 6u : ’ ' | dual
bl ock o the. pr ol oy on s i AEyRE LRl R e R SR P G
The appar at us ofcofijuaction3fre imhieatdicnoft h eandams hhang raei\t wamdomospr ised ta

recei ver, the neans, for | ying spatial prediction or notion conpensation
conprises a pr eﬁp%qqe&ﬁe @ﬁg{)st ‘Eehgloﬁlgans for determining the first transform

size conprises an entiQpy fSleGRHRG shial prddi@ioRANRoHRY corRRinYita tnYELse
transform conpri ses an inverse transformunit, and the nmeans for addi ng

conprises a sunmest 0i87blogk gysinerntd opraitodiideovbldgootitit aredittendystiesiee
ot on' compensa®y O £ERPBRRal Vi deo bl ock vithin a viGeo franms to
generate a means for determining the first transform size used to encode the at least
one block based on the first syntax element and the second syntax element;
means for applying an inverse transform of the determined first
transform size on the residual transform coefficients to obtain a decoded residual
block; and
means for adding the decoded residual block to the prediction video
block to obtain a decoded video block.
36.  The apparatus of Claim 35, wherein the means for receiving comprises a
receiver, the means for applying spatial prediction or motion compensation comprises a
prediction unit, the means for determining the first transform size comprises an entropy
decoding unit, the means for applying inverse transform comprises an inverse transform
unit, and the means for adding comprises a summer.
37. A system for encoding video data, the system comprising;:
a prediction unit configured to apply spatial prediction or motion
compensation to an original video block within a video frame to gencrate a
prediction video block;
a summer configured to subtract the prediction video block from the

original video block within the video frame to form a residual block;



predi ction video block; a sumer configured to subtract the prediction
video block fromthe original video block within the video frane to forma
resi dual wbaeol/m9smde decision unit configured to sel ecPCa/useedsmism havi ng
a first transformsize to apply to the pesi dual bl ock; a block transform
unit configured to apply the selected transformto the residual block to

generate residual transfqorm coefficients;, and an entropy.encoding upit
configured to: gener&t@t)ﬁ%é*&@ﬁwaawat coiffdutd R St heROHOER B Andbr m

the header dat acaumfh$i-8% Qprﬂlizfosﬁle%/s'i"&t%bl%kl@”e”t having a first val ue
indi cative of at |east one transformsize and a second syntax el enent

i ndi cative of a prediadilodntrimsbéakn siiz eofigurdvetoparpptyi tiei selected demsformak the
wherein the first (i‘?lﬂhfx gl enent an thte sg)cond ﬁ?’m X e(ilement in

conj unction ar e "FHU Ol & BCtaierpidpdl TS IgRNgP I°61"Ze " and generate a
video signal based onptdhgopeasi@dimalmt andight theslefldtale Hehddtsda@f Mdicative
coefficients. 38. The system of Claim 37, wherein the header data further

conprises a thiof tBynelastcd|temsiorm; titi beadey datef cammptseied a Birslc kynsait elsment t he
third syntax el gnen riysing.a.se val ue d._wher ei h Lr
Synt ax o ement | SRaBATTAT TR BFiAuReGr R e PR PRI S B ¢ e

second val ue i s ch@ient giidicat3®. ofThepredisti@nbick Qizd of e pyitst@hNvidée bldckst
value of the first syntax el ement corresponds to a plurality of transform
si zes. 40. The s\hsramtlys ficst symrgolemgrioprd fhetsseond yydtaxyelpentyn oty ction

first transformgsiza: It .. i of: iketion
vi deo bl ock. 4 f§é @ﬁg@i{(ﬁéﬁq@ﬁ@%ﬁ%@%%&éﬁg g{i?érirgtte%e\% Tr sl%ﬁa'? rﬁgs%éi? ort% si ze
is of size XxY, heldereata aXd itlee matiudgraatfotro c¥effidzntsThe system of C aim 41,

wherein at | east, _one_of X and quals 8 and at .| east, on f X and Y equal s
16. 43. The systém of SX?W%?P,( rgs’nWIEq’i%mftg?g]Fa F £l CE C@PIIESetyual

to the prediied isPitaP! @GHerit iaQicRivd BE aPERRECHILAN pHitdROH 86l sytfax Theneay St em
of Claim37, wherein the first transformsize is NxXM and at 1 east one of M
and N i s egomiprisiogor sagoedivelnc.t dminwhécindthe fitktesysyest domorfit €qa¢nnaly folldres ei n

the entropy.encodi.ng unit is further configured to determne if the
pr edi ot i on 4BFolk ThCa i sat & O R VP iidahol a and

39 The system of Claim 37, wherein the first value of the first syntax
element corresponds to a plurality of transform sizes.

40.  The system of Claim 39, wherein the first value maps to the first
transform size based on the prediction block size of the prediction video block.

41. The system of Claim 37, wherein the first transform size is of size XxY,
wherein X is not equal to Y.

42.  The system of Claim 41, wherein at least one of X and Y equals 8 and at
least one of X and Y equals 16.

43.  The system of Claim 37, wherein the first transform size is equal to the
prediction block size of the prediction video block.

44. The system of Claim 37, wherein the first transform size is NxM and at
least one of M and N is equal to or greater than 16.

45.  The system of Claim 37, wherein the entropy encoding unit is further
configured to determine if the prediction block size is greater than a first threshold and
to determine if the prediction block size is less than a second threshold.

46. The system of Claim 45, wherein the first threshold is 8x8, and the
second threshold is 8x8.



to determine if the prediction block size is |l ess than a second threshol d.
46. The system of Caim45, wherein the first threshold is 8x8, and the
second t hwo=holi9828 8x8.47. The system of C ai m 37, whePeiruskeve/osqvis opy
encoding unit is further configured to détermne if the predi ction bl ock
size is greater than a first threshold and to determne if the prediction
bl ock size is equal tg a secon alue, 48. The system of C aim 47 erein
Che first thresHd d iTg‘eS%YSte’é‘n@td ciamsh gHiEroial e hEoms xavsdMEGUN e ikt em of

CaimAa7, wWoefiglBd i & tiisd ift/‘\cﬁée ??e!aiétfénib‘%oc%&%@i@ rddRG (REEL Rk YRALYRIA gnd 6X8.

50. The systentof Caim37, ein the selected transformis an integer
t ransf or m todeteifnee sfytb¢ predotioCbhicnsZE is edvel ®i asected sdlect ed transformis a

di screte cosine transform, K 52. .The. system of ai.m 3 rei he | ect ed
transformis a di rectinthnsé'IStefnr 8ﬁ5¢]8%4s75§me71€1% ?éﬁ]?tfé#esgg@oﬁi gfbé \9’5“&13 ° dat a,
t he syst emge@mRNaRIcRg16:a6r ecei ver configured to receive a video signal
indicative of at |east one block wwthin a frame of video conprising header
data for the at 4PeastThgneysishoek Enieh ¥ds ivdhgedin tthadgstothresboldf f5i e and thor t he
at | east one, I%qul Ffeﬁ Tgxagjead_er data conprising a first syntax el enent
having a fi FSt VAl'Ue i fdi cative of at |east one transform size and a second

syntax el enent i50di cathevestein af Piaai 31,i wherbinowk ssicZ@d afankfoemait dneasdgeone
bl ock, wherein the first syntax el ement and the second syntax elenent in
conj unct i ofraasferMndi cative of a transformhaving a first transform size

used to encode Ghe atThlees@ﬁtemOQP.Cl?eliﬁlcﬁ @h&'éﬁ‘ldf-h%tgefé@teldntjre}nsﬁ%f JsOp Ry
apply spatial prediction”or notion conpensation to the at |east one bl ock
t o gener at eosinptrekfaii.on vi deo bl ock of the prediction block size of the at

| east one bl ock;_.an tropy decoding_unit configured to determne the first
transf orm o 76 200 (0 CHUSHA (ATAS | BASETORE “HFHEN USEYEED dne GHECHITHLy
syntax el engRifoppd the second syntax el enent; an inverse transformunit

configured to apply an inverse transform of the
53. A system for decoding video data, the system comprising;:

a receiver configured to receive a video signal indicative of at least one
block within a frame of video comprising header data for the at least one block
and residual transform coefficients for the at least one block, the header data
comprising a first syntax element having a first value indicative of at least one
transform size and a second syntax element indicative of a prediction block size
of the at least one block, wherein the first syntax element and the second syntax
element in conjunction are indicative of a transform having a first transform size
used to encode the at least one block;

a prediction unit configured to apply spatial prediction or motion
compensation to the at least one block to generate a prediction video block of the
prediction block size of the at least one block;

an entropy decoding unit configured to determine the first transform size
used to encode the at least one block based on the first syntax element and the
second syntax element;

an inverse transform unit configured to apply an inverse transform of the
determined first transform size on the residual transform coefficients to obtain a
decoded residual block; and

a summer configured to add the decoded residual block to the prediction

video block to obtain a decoded video block.



determned first transformsize on the residual transformcoefficients to
obtain a decoded residual block; and a sunmer configured to add the decoded
resi dual wbaeolo/w3e82ehe prediction video block to obtain aCiaseeedsaideo

bl ock.54. The system of C aim 53, wher ePh the header data further conpri ses
a third syntax elenent indicative of a coded block pattern, the third

syntax el enent conprising a second val ue, and erein the first syntax
el ement sequent PAl |y Tfiﬁlsiyé‘ﬂﬁgl %gg:@lmtﬁ% ‘Y}!‘ﬁr?la %‘%ﬂ“@% r_edra%g’rﬁhef ORESS et ond
val ue i s nQm:d & Rax Ppemdt Gnd¥ei&bPLE @dREMISk g%@iﬁ,eﬂ{} e ksl cMplee of

the first syntax el enment corresponds to a plurality of transformsizes. 56.
The syst emcofpGhiagrm ESondmelnei and wherkinr the fusi symtaxagsment seheerftialgtfollovansf or m

si ze based gn the .prediction block size of the at |east one block. 57. The
Syetem of g eyl Gl Aot O s Bt TSe 15 of size xcY
wherein X is notssequalhet §stém 98.CIARE Y iR thCI gkt ade ofh@k aibt yntaeast
one of X and Y equals 8 and at | east one of X and Y equals 16. 59." The

syst em of Cleaant sFTesppedsdp g plurelityiof sransfprmsizes- m si ze is equal to the
redi ction bl ock,siz f .t t.one, hlock. The m of im
: 567 i br aerna SRR 15 Runrinie R 20 BAEF G S0

53, wherein the rst ormsize 18 eas Nis
equal to onragsfosh &ize bhdd ohbhe prkdicfibe bk semodthc@t ddasd n3,blvdker ei n t he
entropy decodi n% unit is further configured to deternine jf the prediction
bl ock size i s grdat erlhemwysem ofiGlaim p3rwlgiein dhe fest frgnsfemg pigs feof 9izq KaY,
prediction K~ S ' than a second threshold. 62. The system of

Cl aim 61, g?égﬁnﬁltsﬁlgt #q?lraistt%sf'hreshol d is 8x8 and the second threshold is
8x8. 63. The sysBem dfheGlstemds & laiwh&T,evhrerdihat astronp pf eaaldY rqualsBtand at

further configured so determ if the prediction block size is greater
than a fi r%?asg?f}eé%ﬁé%ggr?&uﬁéqget ermne if the prediction block size is
i oshold i s BxB. and Tt cacand vt Lo e e e R e e st i m
63, wher ei mprechaionibledk sizor@shobtdedsso8x@Boelnd t he second val ue is 16x8.

60.  The system of Claim 53, wherein the first transform size is NxM and at
least one of M and N is equal to or greater than 16.

61.  The system of Claim 53, wherein the entropy decoding unit is further
configured to determine if the prediction block size is greater than a first threshold and
to determine if the prediction block size is less than a second threshold.

62. The system of Claim 61, wherein the first threshold is 8x8 and the
second threshold is 8x8.

63.  The system of Claim 53, wherein the entropy decoding unit is further
configured to determine if the prediction block size is greater than a first threshold and
to determine if the prediction block size is equal to a second value.

64. The system of Claim 63, wherein the first threshold is 8x8, and the
second value is 16x16.

65.  The system of Claim 63, wherein the first threshold is 8x8 and the

second value is 16x8.

66.  The system of Claim 53, wherein the inverse transform is an integer
transform.
67.  The system of Claim 53, wherein the inverse transform is a discrete

cosine transform.
68.  The system of Claim 53, wherein the inverse transform is a directional

transform.



66. The system of C aim 53, wherein the inverse transformis an integer
transform 67. The system of C aim53, wherein the inverse transformis a
di scret e woznra3ps2ansf orm 68. The system of C aim 53, ROEUS20090®14 Nnver se
transformis a directional transform 6935A conput er -r eadabl e medi um
conprising instructions that when executed performa mnmethod conpri sing:
appl yi ng spatial prediction or ti on conpensation to an original vjdeo

bl ock within a VPdeo /F r ATBPYIET TGRHE Gt BCHURY eERTERTBRE VNGB tondcihaba¥8eh on a

predi ction andesd siRkmachiM8d Edpiifgi ction video block fromthe original
video block wthi'n the video frahe to forma residual block; selecting a

transf orm havi ng a f iapplying spagélgredisficreot motigp cympensatien toesi dugihalbyidek ;
generating head atag indicatiyve of the selected transfo t.he header
data compei o ng dledk b by By K e Reifnt FiiobeVOa Gk el enve. of

at | east one trapsfi@lonméde and a second syntax elenent indicative of a

prediction bl ock size of the Eredi ction video bl ock, wherein the first
syntax el enent and t hebtsastioadhe yredistian gidentblpek Eon} v priemahivalepnlpedat i ve

of the first transform.sizes | ;PN h ted transformto the
resi dual bl ock tvgalélg%hgrvz eeoe%aengﬂp uféfmt rrétsﬁcglfa?)r%ir%%%’oef ficients; and generating

a video signal based selactines haadtam Eatisy aftt thesfos biddla) applysthe Fevidual
coefficients. 70. A conputer-readable nmedium conprising instructions that
when executed p®9%im a nethod conprising: receiving a video signal

| ndi cative of at | ea?%%é%wgga@ég ﬁ%ﬁaﬁh&c%ﬁ\fé @ﬁﬁleosfe}e\é{eqet(f’angfb;}?g i pgdpeader

data for the at | eas resi dual transftform coe ients for the
at | east one bl data, conipeisheadérst daitax clemeni bavingg a fitst vatuesiydic atky cad ferreest

having a first value indicative of at |east one transform size and a second
syntax el ement i0ﬁaitréa%f3% Sigp aag Bri&eRd Y8R slgRsat éﬁ%aﬂaﬁ O[P ﬁé’r%‘ﬁCtFOé]a Pone

bl ock, wherein the §f f3tprédiBlieh vRleE BBtk AkkrEiehe SHANEy RN ER¥RI GHENMEe | N

second syntax element in conjunction are indicative of the first transform size;

applying the selected transform to the residual block to generate residual
transform coefficients; and

generating a video signal based on the header data and the residual
transform coefficients.
70. A computer-readable medium, comprising instructions that when

executed perform a method comprising;:

receiving a video signal indicative of at least one block within a frame of
video comprising header data for the at least one block and residual transform
coefficients for the at least one block, the header data comprising a first syntax
clement having a first value indicative of at least one transform size and a
second syntax element indicative of a prediction block size of the at least one
block, wherein the first syntax element and the second syntax element in
conjunction are indicative of a transform having a first transform size used to
encode the at least one block;

applying spatial prediction or motion compensation to the at least one
block to generate a prediction video block of the prediction block size of the at
least one block;

determining the first transform size used to encode the at least one block

based on the first syntax element and the second syntax element;



conjunction are indicative of a transformhaving a first transform size
used to encode the at | east one bl ock; applying spatial prediction or

noti on conpensBdsIa to the at | east one_bl ock t o gener aPeTAISPERHEWI4 ON

vi deo bl ock of the prediction block si z&8of the at |east one bl ock;
determning the first transformsize used to encode the at |east one bl ock

based on the first syntax el epent and the second synt el ement ; appl yi ng an
Cnver se transt or m of “PHEMECHLITINEANTPED O dahr GRS Je SHIREN B Hial

transform coef fiyed RG{iaitiPunRkA cBe RicARKAI STtk L5 hdbabq RisRki b18Ad 4agdi Ng the
decoded residual block to the prediction video block to obtain a decoded

vi deo bl ock. adding the decoded residual block to the prediction video block to obtain
a decoded video block.



