| MAGE ENCCODI NG METHODS, | MAGE DECODI NG METHODS, | MAGE ENCODI NG APPARATUSES,
AND | MAGE DECODI NG APPARATUSES Technical Field [0001] Enbodi nents rel ate
gener al | ywoaoimmg®4encodi ng met hods, i mage decodi ng net ireEsG20Rg@1E€Ncodi ng
apparatuses, and inmage decodi ng apparatuses. Background [ 0002]

Sof t war e- based realtinme video encoding is challenging on current desktop
conputers due to the encoder conplexity and the |arge anmount of video data
to be processed. The introduction of the H 264/ AVC (Advanced | ideo Codi ng)
have denonstrated significant inprovenent in video conpression performance
over previous coding standards such as H. 263++ and MPEG 4. Recently, the
Joint Video Teamof the ITU-T VCEG and the | SO | EC MPEG have al so
standardi zed the Scal abl e Vi deo Codi.n éSVC as an extension of the

. 264/ AVC SAGE ENCODING METHODS 1M GE INb6PDING MISEHORS, Mhr al  and
quality scalability. Though video scalability techniques have been proposed
in the past ENGOPING ARBARCTEHES ANBIMACEDECOPHEG APRARSTUSES MPEG 4
Visual, they are less efficient and nore conplex than the SVC. Codi ng
efficiency gains of H 264 and SVC cone with the price of high conputational
conplexity, which is challenging for software encoders on the persona
conputers. The H. 264 encoder: is 8rédhwRal FRIE conpl ex than the MPEG 2
encoder, and 5 to 10 tines nore conplex than the H. 263 encoder.

Fur t her mojpge1)W t Brdtd&intdn@NElal-ouaLdfy B @i ehdodide RARS &S Hllxégeidg&)ding

vi deo, current hi gh performance uni processor architectures are not capabl e
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framework for scal abl e video coding”, in:

Béwkgfound
[0002] Software-based realtime video encoding is challenging on current desktop
computers due to the encoder complexity ‘and the large amount of video data to be
processed. The introduction of the H.264/AVC (Advanced Video Coding) have
demonstrated significant improvement in video compression performance over previous
coding standards such as H.263++ and MPEG-4. Recently, the Joint Video Team of the
ITU-T VCEG and: the ISO/IEC MPEG have also standardized the Scalable Video Coding
(SVC) as an extension of the H.264/AVC standard to provide efficient support for spatial,
temporal and quality scalability. Though video écalability techniques have been
proposed in the past, such as the scalable profiles for MPEG-2, H.263, and MPEG-4
Visual, they are less efficient and more complex than the SVC. Coding efficiency gains
of H.264 and SVC come with the price of high computational complexity, which is
challenging for software encoders on the personal computers. The H.264 encoder is 8
times more complex than the MPEG-2 encoder, and 5 to 10 times more complex than the

H.263 encoder. Furthermore, with the trend towards high definition resolution video,



ACM I nternational Conference on Multinedia, pp. 769-772, Cct. 200S, a

nmet hod of parall el encodi ng macrobl ocks has been investigated. Brief

Descri pt iwo 20fo/askew4 Dr awi ngs [ 0003] I n the draw ngs, |ikecrsiGeowno@io
characters generally refer to the sane parts throughout the different
views. The draw ngs are not necessarily to scale, enphasis instead

general ly being placed upon illustrating the principles of the invention.
In the foll owi ng description, various enbodi nents of the invention are
descri bed V\nt{#reference to.the foll drawi ngs, in which: FIG 1 shows
a flow di%yFa E?Pﬂé%@&??%ﬂu%fﬁcq%@éc?@ﬁ%mﬁ& m?éfméleiq{ padfeEiaarek with an
enbodi nent; FIG shows a flow diagramillustrating an i nage decodi ng

met hod i rF”a?:E‘E?PQ’é?Eé‘émﬁnH %6‘%1@? Sifbolti Yefit LeercH. 3awHows Tham,i Freéeh, entBdi ng
apparatus in accordance with an enbodinent; FIG 4 shows an i mge decodi ng
appar at usWin lestngragampeovai nivtiam esimntion fentewoRk far s&ldfiovideacatimgy mm
illTustrating the data structure in Scal able Video Coding in accordance wth
an enbodi AENt IntdrbdBonfl Gdndsvene@ odliMgltianedial ppiSBEDaL200ca 200 et dce

B- pi ctures coding structure in accordance with an enbodinent; FIG 7 shows

a bl ock diapgleBedoling sidcadbldtdts BRaReh iy daftdnavef ront encodi ng; FI G 8 shows
a diagramillustrating the dependenci es between macrobl ocks; FIG 9 shows a

diagramillustrating macrobl ock wavefront processing; FIG 10A, 10B, 1CC,
10D, 1CE and 1OF show various steps in a data partitioning method;

Brief Description of the Drawings

[0003] In the drawings, like reference éharacters generally refer to the same pai‘ts
throughout the different viewé. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In‘t‘he
following description, various embodiments of the invention are described with reference
to the following drawings, in which:

; .

FIG. 1 shows a flow diagram illustrating an image encoding method in

accordance with an elnbodirﬁ:ent;

I

FIG. 2 shows a flow dlagram illustrating an image decoding method in

accordance with an embodiment;
FIG. 3 shows an imagé encoding apparatus in accordance with an embodiment;
FIG. 4 shows an image decoding apparatﬁs in accordance with an embokdir‘n‘ent;
FIG. 5 shows a diagram illustrating the data structure in Scalable Video Coding in
accordance with an embodiment;
FIG. 6 shows a diagram illustrating a hierarchical B-pictures coding structure in

accordance with an embodiment;

FIG. 7 shows a block diagram illustrating encoding with wavefront encoding;

{9 .



FIG 11 A shows a flow diagramillustrating a video encodi ng nethod; FIG
11 B shows a flow diagramillustrating a video encodi ng net hod using

funct i onavoparodiseeoeni ng; FIG 12 shows a task nodel for pemscdingo@ach frame
in accordance with an enbodi ment; FIG 13A, 13B, 13C, 13D, 13E and 13F show
various steps in a data and functional partitioning nethod in accordance
with various enbodi nents; FIG 14 shows a graph illustrating the nunber of
concurrent macrobl ock tasks in accordance with various enbodi nents; FIG 15
shows a graph %Egic ting speedup vs. nunber of processors for wavefront
encodi ng: FI G 6 SSARWR 2 diagreaphiustrading she degendseeigubetiveen magrpllpckst processor s
for wavefront encoding; FIG 17 shows a graph indicating speedup vs. nunber
of processors F&F wheoEs ¢ diagraenidlostiatigs androblrelorakfrpatiraddesdingzat i on accor di ng
to an enbodinment; FIG 18 shows a graph indicating speedup vs. nunber of
processors forFlwavesr i, 16actid,ngEand 10E shor abriparapslie kida@atpanitoamgor di ng to
an enbodi ment; FIG 19 shows' a graph indicating speedup vs. nunber of

pr ocessormethbd;t asks across quality | ayers are considered according to an
enbodi nent; andFI G 20 shows an illustration of an inter-|layer exanple in

accor dance W tHIGY &) A QHSwE£INOd i diRANS iIuee s e ALl ed 0888 Indpgvar i ous
enbodi nents, encodi ng of an image nay be perfornmed I n various

FIG. 11B shows a ﬂ‘ow diagram illustrating a video encoding method using
functional partitioning; |

FIG. 12 shows a task model for encoding each frame in accordance with an
embodiment;

FIG. 13A, 13B, 13C, 13D, 13E and 13F show various steps in a data and
functional partitioning metho‘fj in accordance with various embodiments;

FIG. 14 shows a graph illustrating the number of concurrent macroblock tasks in
accordance with various embodiments;

FIG. 15 shows a graph indicating speedup vs. number of processors for wavefront
encoding;

FIG. 16 shows a graph indicating speedup vs. number of processors for wavefront
encoding;

FIG. 17 shows a graph indicating »speedui) vs. number of processors for wavefront
encoding and temporal parallelization according to an embodiment; | |

FIG. 18 shows a graph indicating speedup vs. number of processors for wavefront
encoding and temporal parallelization according to an embodiment;

FIG. 19 shows a graph indicating speedup vs. number of processors if tasks across

quality layers are considered according to an embodiment; and



steps, for exanple forward notion estinmation, backward notion estimation,
and intraprediction. In various enbodi nents, the encoding is parallelized
by perforwongiozsyoene of the steps, for which the corregporsdizoig/onoput dat a
is available, even if input data for the other steps is not avail able.

Ther eby, encoding of an inmage nmay be started before all of the input data
is avail able, which allows for a higher degree of parallelization conpared
to commonly used net hods. [0005] In various enbodi nents, an i nage may be an
imge that is ri of a seqguence of inmages. [0006] In various enbodi nments,
an i mage nay t}“ﬁ% 11’10 Fh?d@éndﬁusgame%ans@mrM@é@xapmmqacmdmemtbsvanous

enbodi nents, each i nege may have relations to other inmages in tenpora

di mensi oremiadipeival direction or tinme. [0008] The fol | owi ng detail ed
description refers to the acconpanying draw ngs that show, by way of
illustration, specific details and enbodi nents in which the invention may

be practiced. O her enbodi nents may be utilized and structural, |ogical,
and el ectrical changes may be nade Dakdrijstiin departing fromthe scope of the

i nvention. The various enbodi nents are not necessarily nutually exclusive,

as some ebew]i Ment irieafleMBodiRARE NGdodihd b SNEhaRE LR petthigiedgabasiieNnt s to
form new enbodi nents. Thefoll owi ng detail ed déscription therefore, is not

to be takenif, @xa'n{grl%feoicri@grld%ﬁ&%%’e[sg:%gf’éﬁnb%c?ﬁ%%‘f’c?m%kg% g:ﬁmpa':ci%ﬁ,eﬁtd phflyention is

defined by the app al ns. us e nents are provided for

g1 SRR 30 U35 AR e RO TSRS s i 0
Lhe et nod g VS SRR Te el orey or sake of, Brevity, dupllgate
other steps is not available. thereby, encoding of an image may be started before all of
the input data is available, Wh;iCh allows for a higher degree of parallelization compgred
to commonly used methods.
[0005] In various embodiments, an iﬁage may be an image that is part of a sequence
of images.
[0006] In various embodiments, an image may be an image of a video sequence.
[0007] In various embodiments, each image may have relations to other images in
temporal dimension, temporal direction or time.
[0008] The following de‘Failed description refers to the accompanying drawings that
show, by way of illustration, si)eciﬁc details and ‘embodiments in which the invention
may be practiced. Other embodiments may be utilized and structural, logiéal, and
electrical changes may be made without depafting from the scope of the invention. The

various embodiments are not necessarily mutually exclusive, as some embodiments can

be combined with one or more other embodiments to form new embodiments. The



[ 0010] The word "exenplary" is used herein to nean "serving as an exanpl e,
instance, or illustration". Any enbodi nent or design described herein as
"exenpl arw0 2p/082M04necessarily to be construed as pref ePcasGaoioadewant ageous
over other enbodiments or designs. i [0011] The inage encodi ng apparat us
according to various enbodi nents niay include a nenory which is for exanple
used in the processing carried out by the image encodi ng apparatus. A
menory used in the enbodi nents may be a volatile nmenory, for exanple a DRAM

d I I f I PROM
(P ogran ?vg%ﬁéf“aﬁeﬁvcw”“w%@foaﬁ R B maéw”‘” RSl

(Electrically Erasable or _a flash nenpry a floating gate
menory, aCepiighe Prﬁﬁﬁbinﬁﬁmlf?é‘rfﬁﬁ?ﬁneérbympel\ﬂkﬁérﬁé@@ﬁes| sti ve Random Access
Menory) or a PCRAM (Phase Change Random Access Menory). [0012] The inage
decodi ng (4R at Msrl%@mbddmgen@scﬁrvamvui@é ferdsyitesrenippartyses, and vatious menory
which is for exanple used in the processing carried out by the inmage

decodi ng eappdinadntsare provited fyr astaods. it & HiEbeurdersicvdnha basly pheericyol tht i | e
menory, for exanple a DRAM (Dynam ¢ Random Access Menory) or a non-volatile

menory, fdkicexasphsd orPROMethBIOgidanteklre. ReRekfém) for MR ¥levitdn EPROM
(Erasabl e PROV), EEPROM El ectrically Erasable PRO\/I or a flash nenory,

e.g., a fdp ﬁEdt@gesg%ﬁm@@@cr}yproﬁerﬁ&arﬁg)ebé&ﬁﬂﬁﬁng menory, an MRAM
(Magnet oresi stive ndom Access Menory) or a PCRAM (Phase Change Random

AcCcess IVB[IWI wér‘&%@émﬁ&@' 1s]11<%g' I:II.II%mEIO He%II’"geIr%gé gmrII‘Q\QmIpIIJ ustrating an

i mage encodl g rret

instance, or illustration". Any embodiment or des1gn described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs. :

[0011] The image encoding apparatus according to various embodiments miay include
a memory which is for exampIe used in the ptoc,essing carried out by the imagé encoding
apparatus. A memory used in the embodiments may be a volatile memory, for example a
DRAM (Dynamic Random Aéce%s Memory) or a non-volatile memory, for e\;ample a
PROM (Programmable Read Only Memory), an EPROM (Erasable PROM), EEPROM
(Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory, a charge
trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a PCRAM
(Phase Change Random Access Memory). |

[0012] The image decodlng apparatus accordmg to various embodlments mer include
a memory which is for example used in the processing carried out by the image decoding
apparatus. A memory used In the embodiments may be a volatile memory, for example a
DRAM (Dynamic Random Access Memofy) or a non-volatile memory, for example a

PROM (Programmable Read Only Memory), an EPROM (Erasable PROM), EEPROM



accordance with an enbodinent. In a first partial encoding step 102,
partially encoded i nage data may be generated based on first input data
after thewDbi2zoaroseoeput data is available. In a second parCraiG2enmoaiing step
104, second partially encoded i nage data may be generated based on second

i nput data after the second input data is available, before the first input
data is available. In an encoded i nage data generating step 106, encoded

i mge data nmay be generated based on the first partially encoded i mage data
and the second partially encoded inmage data. [0014] In various enbodi nents,
in the fi@qctwﬁf ﬁasa@ﬁ§8&%os@ 8pshiogmonyas g, allogtinggestiagmpringehatat a may be
gener ated based on first input data after the entire first input data is
avai | abl etrapp0@radmdriy, arayiRAMN (elapodomsstive, Randomhecssddemdoryant a RBCRah odi ng
step 104, second partially encoded i mage data may be generated based on
second i nPubseddtanageR irelom AecceaMlemersyecond i nput data is avail able, before
the entire first input data}is avai l able. [0016] In various enbodi nents,
the firstigongut HE.a JKBY:s b fekUdgorad 106 Alstaitey A inRRe ehlediddmaR.dat a of a
precedi ng i mage and encoded i nage data of a successive image. [0017] In

various efbodhiRntig, anaertﬂfoﬁﬁﬁg{é.gg'n 4 fﬂ;&g artl RYe ﬁ%l ﬁg@% é)ﬁnﬁ}l?f I@ﬁ&)d?t%/t enpor al

sequence of inages to be enco recedi e current to be

oneoded ML SR B S e RIS A R TP oo ¥ o e

encoded. [ arious enoodr nen S 5wnay i ncl ude at

| east one_ of encoded i e. data of a preceding i e and encoded i mage data
of a succaé"gg?@% gﬁaség@%?l)gﬁfgfnﬁoﬂl%ﬁﬁpol&g ?I‘Tﬁ%cg?ar‘f’énﬁ senep 1f.qag§§at§ nput data
may i nclude encoded ingge data of a preceding inmage and the second input
data may PRePUREcBHAMED amisgenddapy dat adtes the Secnsd yaput Agges available,

before the first input data is évailable. In an encoded image data generating step 106,
encoded image data may be generated based on the first partially encoded image data and
the second partially encoded image data.

[0014] In various embodiments, in the ﬁfst partial encoding step 102, partially
encoded image data may be generated based on first input data after the entire first input
data is available.

[0015] In various embodiments, in the second partial encoding step 104, second
partially encoded image data vrlr;ay be generated based on second input data after the entire
second input data is available,i Jbefore the éntire‘ first input data is available.

[0016] In various embodiments, the first inpﬁt data may include at least one of
encoded image data of a preceding image and encoded image data of a suécessiv'e image.
[0017] In various embodiments, a preceding image may be an image that, in a
temporal sequence of images to be encodéd, is preceding the image currently to be

encoded, while a successive image is succeeding the image currently to be encoded.



[0020] In various enbodi nents, the first input data may include encoded

i mge data of a successive inage and the second i nput data may i ncl ude
encoded iwageludme@4of a preceding i mage. [0021] I n vari eds/Senwodoonent s, t he
first partial encoding step 102 may include at | east one of a forward
notion lestimation step and a backward notion estimation step. [0022] In
various enbodi nents, the second partial encoding step 104 may i ncl ude at

| east one of a forward notion estimation step and a backward notion
estlnatlon step [0023] In various enbodi ments, the first partial encoding
step 102 (A8} ncinjgsions erabadimentashs ssorbmppedatonas shdanbleesiens et ond
partial encoding step 104 may include a backward notion estinmation step.

[ 0024] | rengeded dmegedrtoei anpataslingtimegé andsencpded imalze date ofla mepcsssep ihdge. may

i ncl ude a backward notion estimation step and the second partial encoding
step 104 [6@d9]i nclnudeioas émbotiimentsiahd st 2pti dud inayiehe@p en¢dd@ Thadedawar i ous
enbodi ments, in a third partial encoding step, third partially encoded

i mge dato&afﬁﬁ&e@lﬂg%@ﬁa@ﬁ&ﬁ% L3868k dabemby InSludPaAdodad Inag@nardad | mage data

and the second partially encoded image data. In various enbodi nents, in the
encoded igBgeitaha generating step 106, the encoded i mage data may be
gener at ed based on the firstpartially encoded |nage data,, the second

D026, | JOBRAC0 o JRIC AR AnaNG b0 it b PAREL Rl SRERRE 1 JEAR d20 S

[ 0026] vari ous e di men €nco i ncl ude
a bi-dire tlonal nmotion i_mat i n st 00 In v rlous nbo; |nents t he
Chi'ra park e SrEaHg: SELh Ry i 3% Q%Y.#@ Sirghe &gt

preceding image. |

[0021] In various embodh:nents, the first panial encoding step 102 may include at

least one of a forward motion'estimation step and a backward motion estimation step.

[0022] In various embodiments, the second partial encoding etep 104 may include at

least one of a forward motion estimation step and a backward motion estimation step.

[0023] In various embodiments, the first partial encoding step 102 may include a

forward motion estimation step and the second partial encoding step 104 may include a

backward motion estimation step.

[0024] In various embodiments, the first partial encoding step 102 may include a

backward motion estimation step and the second partial encoding step 104 may include a

forward motion estimation step. |

[0025] In various embodiments, in a third,‘partial encoding step, third Ieartiall'y

encoded image data may be generated based on the first partially encoded image data and

the second partially encodediymage data. In various embodiments, in the encoded image

data generating step 106, the encoded image data may be generated based on the first



[0028] In various enbodi nents, the encoded i nage data generated in the
encoded i mage data generating step 106 may include at |east one of encoded
frame datwp2emose®d slice data and encoded nacrobl ock da&CaSGIow/ov@nd ous
structures of frame data, slice data and nacrobl ock data will be explai ned
later in nore detail. [0029] FIG 2 shows a flow diagram 200 illustrating
an i mage decodi ng nethod in accordance with an enbodinent. In a first
partial decoding step 202, first partially decoded i mage data nay be
generated based on first input data after the first input data is 1

avai | abl Pariglly£nsededimagadats.dhe sreaniparipllstempoded imagedasnendothe third | y decoded
i mage data i may be generated based on second input data after the second

i nput datRerialyspgededismage dastore the first input data is available. In a
decoded i mage data generating step 206, decoded i nage data nmay be generated
based on W086]f i r &t vaymus embbédimdats otie thiidirmgénl eatodingrteptthey melndad partial ly
decoded i mage data. [0030] In various enbodinents, the first input data may
i ncl ude di-dircaisdnabmetion cigedidedepmage data of a precedi ng i nage and decoded
i mage data of a successive inmage. [0031] In various enbodi nents, the second
| nput dayeomy | NEVddRs BfbbdRhts ORE tdfd ﬁaw@&%am&%@? ﬁ%t Ackibie & BrGcedi ng

i mge and decoded i nage data of a successive inage.[0032] In various
enbodineg%&nmkm%é:rst i nput data may include decoded i mage data of a
precedi ng 1 mage and the second input data may include decoded i mage data of

o et T A0l U AT TSR b bR 02 ST

ecoded I nEge da success nput data

i i e data of,
may i ncl ulgn%gg geﬁggggera!\tmn%gstepdl 6 may m&ude at least one of encoded frame data, encoded

slice data and encoded macréblock data. The various structures of frame data, slice data
and macroblock data will be explained later in n.1ore detail.

[0029] FIG. 2 shows a ﬂow diagram 200‘illustrating an image decoding method in
accordance with an embodiment. In a first partial decoding step 202, first partially
decoded image data may be generated based on first input data after the first input data is
available. In a second partial ‘decoding step 204, second partially decoded image data
may be generated based on selcond input ciata after the second input data is available,
before the first input data is a\l/ailable. In a decoded image data generating step 206,
decoded image data may be generated based on the first partially decoded image data and
the second partially decoded image data.

[0030] In various embodirhents, the first input data may include at leaét one of
decoded image data of a preceding image and decoded image data of a successive iﬁmage.

[0031] In various embodiments, the second input data may include at least one of

decoded image data of a preceding image and decoded image data of a successive image.



precedi ng image. [0034] In various enbodinents, the first partial decoding
step 202 may include at |east one of a forward notion prediction step and a
backwar d wotzomwsproadi cti on step. [0035] In various enbo@CmsG2&L0/006080 Second
partial decoding step 204 may include at |east one of a forward notion
prediction step and a backward notion prediction step. [0036] In various
enbodi nents, the first partial decoding step 202 may include a forward
notion estimation step and the second parti al decoding step 204 nmay incl ude
a backwar tio eslinat'o, ste 03 | n vari ous enbodi nents, the first
parti al d@ggﬂl ng TsYESUSH2 ?FETe’i“ﬁcthﬁb@t @PBMW@HWGIHC%E‘N%%@W step and
t he second partl al decodi ng step 204 may include a forward notion

est i mat i off adwessding dnags andrihe sacped inpedstranaeinckide dacoded fraag detarafizal encodi ng
step, third partially decoded i nage data may be generated based on the
first par$m6$ﬁy6dmmeded i mge data and the second partially decoded i mage
data. In various enbodinents, in the decoded i nage data generating step
206, the [@e33)dedIn varigeas etammamb hie genRpat @ Has ethoe debelel imsde daartial |y
decoded i mage data, the second partially decoded i mage data and the third

parti al | yofdeGadedvd whge askdi sbQRd d.«ut Baty ﬂfa'y%u@d’d%@gdédﬁﬂfaée ddihgf glecoded

i mage data generated in the decoded i mage data generating step 206 may
i ncl ude qtg glgtl %l_f of decoded frane data, decoded slice data and decoded
macr obl oc dat ? 040] FIG 3 shows an image encodi ng apparatus 300 in

sccor i A ABRCHAE e LTt 8 AT SRERIATRR, o A BEG oo!

generate 1‘;,;15{ osrge arfto{'\\%rli o%rdg (I)J(rje%glctljog%t%e g4 %ac wardj motion prediction step.
[0035] In various embodiments, the second partial decoding step 204 may include at
least one of a forward motion lprediction step and a backward motion prediction step.
[0036] In various embodinqents, the first partial decoding step 202 may include a
forward motion estimation step and the second partial decoding step 204 may include a
backward motion estimation step.
[0037] In various embodnnents, the first partial decoding step 202 may include a
backward motion estimation s;cep and the second partial decoding step 204 may include a
forward motion estimation step.
[0038] In various embod.irlnents, in a third partial encoding step, third partially
decoded image data may be generated based on fhe first partially decoded image data and
the second partially decoded image data. In various embodiments, in the d‘ecodedvimage
data generating step 206, the decoded image data may be generated based on the fnst

partially decoded image data, the second partially decoded image data and the third

partially decoded image data.



on first input data after the first input data is available; a second
partial encoder 304 configured to generate second partially encoded inmage
dat a basesoanimssewad | nput data after the second input aarsGzeioavaid abl e,
before the first input data is available; and an encoded i nage data
generator 306 configured to generate encoded i mage data based on the first
partially encoded i nage data and the second partially encoded i mage dat a.
The first partial encoder 302, the second partial encoder 304 and the
encoded i mpge data generator 306 may be coupled with each other, e.g. via
an el ect rlp‘égﬁ] coWnVéEPP%W@U]@n@%Hheai@C@d@.H%géé@ipéeléﬁ’fatad gohpdeetedbus or via
any other suitable electrical connection to exchange electrical signals.
[0041] Alimagidia gensrating step pas maalindwisod daas3oR of dbedsé femd dptar ddcadedencoder
304 and the encoded i nage data generator 306 are shown as being separate in
FIG 3, ahye dawwamskdeabdedohadrbidodki dessd. parti al encoder 302, the second parti al
encoder 304 and the encoded i mage data generator 306 may be integrated into

one devi qeo40) 004RG. Bshy@s hioissage RBOMiHERphsratds3O0 i kbrdaf@ibitdlat & may incl ude
at | east one of encoded inage data of a preceding i mage and encoded i nage

data of a;HdarRHe M8 akiRISbIARARE, thdlinY. E!eﬁéb'ilhf‘g%?ﬁiliaﬂﬁ@bg mayHclgRGONd I nput
data may include at |east one of encoded inmage data of a preécedi ng i mage

The 11 strrRare B ol B R i TRt Lol Bl Bl REE O T
‘mage. [ OB48T TR Jari DR P B AOE T S AT A TR AT G ol ude
encoded i mage data of a successjye i .and the second i nput data may
ncl ude GRBREREN 1oRBE2 8PS I adially SERHFR gnparegia based on scoond tnput daid

after the second input data is available, before the first input data is available; and an

encoded image data generator 306 conﬁguréd to generate encoded image data based on

the first partially encoded image data and the second partially encoded image data. The

first partial encoder 302, the second partial encoder 304 and the encoded image dat;a

generator 306 may be coupled with each other, e.g. via an electrical connection 308 such

as e.g. a cable or a computer bus or via any other suitable electrical connection to

exchange electrical signals.

[0041] Although the first partial encoder 302, the second partial encoder 304 and the

encoded image data generat‘or. 306 are shown as being separate in FIG. 3, any two or all

of the first partial encoder 302, the second partiai encoder 304 and the encoded image

data generator 306 may be intégrated into one device.

[0042) In various embodiments, the first input data may include at least one of ‘

encoded image data of a preceding image and encoded image data of a successive image.

[0043] In various embodiments, the second input data may include at least one of

encoded image data of a preceding image and encoded image data of a successive image.
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[0046] In various enbodinents, the first partial encoder 302 may be
configured to performat |east one of a fonvard notion estimation and a
backwar d wotzomwse®ti nati on. [0047] I n various enbodi mengr/sGheloseaand
partial encoder 304 nay be configured to performat |east one of a forward
notion estimation step and a backward notion estimation step. [0048] In
vari-ous enbodi nents, the first partial encoder 302 may be configured to
performa forward notion estinmation and the second partial encoder 304 nay
be confi %#é‘?ﬂ to er]‘ormgcfackwagd nmotion estimtion. [0049] In various
enbodi men234t helt Yariops prabedimentsfoe st nppdaimpay aclyslgrepensicd dmegs 43t f orm a
backward notion estimation and the second partial encoder 304 nmay be
conf i gur edf aRseqsdingdmascaanighaacandrpphiclitemey imalide ancoded §udgeldatacfiei ous
embodi ments, the image encoding apparatus 300 may further include a third
parti al ewewdare mage. shown) configured to generate third partially encoded
i mge data based on the first partially encoded i nage data and the second
parti al | yj0e4ijodeth vargeerdbidiments, th@fitsolnpueddrosiarantisle chiwlc@ naggterid mge
data generator may be confi gf‘aur ed to generate the encoded image data based
on the figfstsuREdivéinage eAE BEQELnATRYR dath ﬂmy_tﬂi@ucfe%e@&ledaﬁ{agé &dth ¥f gncoded
image data and the third partially encoded i mage data.[0051] In various
enbodi menfs.cqinigmapcoded i mage data generated by the encoded inmage data
generator 306 rmay I nclude at | east one of encoded frame data, encoded slice
data and ded r . a. 052] .El G. Ws an i e decodi ng
appar at usﬁgﬁbg i nmar’%glgﬁgérﬁ@éu\%\?%ﬁ ﬂéingresﬁ%%)ra?lnegh?ér E??%tlp i%gﬁ%rﬁaﬁb@gf)nent s, the
i mage decodin ppar at us 400 include.a first partial, 6 decoder 402
cont i gur EEIPBT gERER aPe0k foeyerdaation sFymditi RS Sasky e sqrisngaLEgion
‘ [0047] In various embodiments, the second partial encoder 304 may be configured to

perform at least one of a forward motion estimation step and a backward motion

estimation step.

[0048] In various embodiments, the first partial encoder 302 may be configured to

perform a forward motion estimation and the second partial encoder 304 may be |

configured to perform a backward motion estimation.

[0049] In various embodiments, the first partial encoder 302 may be configured to

perform a backward motion estimation and the second partial encoder 304 may be

configured to perform a forward motion estimation.

[0050] In various embodiments, the image encoding apparatus 300 may further

include a third partial encoder (not shown) configured to generate third partially encoded

image data based on the first partially encoded image data and the second partially

encoded image data. In various embodiments, the encoded image data generator may be

configured to generate the encoded image data based on the first partially encoded image

data, the second partially encoded image data and the third partially encoded image data.
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on first input data after the first input data is available; a second
partial decoder 404 configured to generate second partially decoded inmage
dat a basesoanimssewad | nput data after the second input aarsGzeioavaid abl e,
before the first input data is avail able; and a decoded i mage data
generator 406 configured to generate decoded i mage data based on the first
partially decoded i nage data and the second partially decoded i mage dat a.
The first partial decoder 402, the second partial decoder 404 and the
decoded i data generator. 406 may be coupled with each other, e.g. via
an el ect rlg@gﬁ co @&W%WE@%‘“E@&H@%"C&@ imagg dptagepiragd Oy tisneededus or vi a
any other suitable electrical connection to exchange el ectrical signals.

[ 0053J hilmpge Aea gersitedt (pennsinclugeatlpass eng efaneodedtfranyeedatd, audodddslice | east
one of ‘decoded i mage data of a preceding i mage and decoded i mage data of a
successi wiatd anslgmcodedmtotiickviarai ous enbodi ments, the second input data may
include at | east one of decoded image data of a preceding i mage and decoded
i mage dat[@0$¥) a BIGGeshsivy en Inageecddifbipatitusvi@niin S oediaOiBak S, the first
i nput data may include decoded i mage data of a preceding inmage and the
second i nimboddAdm. MRYariol§ kB89 dRsin PR AR Papdhrafusb GES ShMEde a

i mage. [ 0056] In various enbodi nents, the first 1nput data nmay 1 nclude

decoded igRae Hatia.br S4aa53SE iﬁegegg%&efu@ﬁ&lﬁm cfeggg;]qm:ag@&gta gatg may

i ncl ude decoded i mage data of a pr I ng 1’ mage.” variI ous

enbodi ne he firs rtd al oder 4 may_ be confiqured to perform at
| east onerbtnts)ﬁlrsggf Igrd\ﬁ/garag:[e%te&‘%sﬁm glgg?%tlsl o ngibr% %Seb%mﬂ%%ﬁ%’?j%%&pr edi ction.

L0055 1 4Rk 4 SR BE DS TR eSS e 2

backward a?g; ‘ihce)r;e orngqrilp%tt ide?tg is available, before the first input data is available; and a
decoded image data generatofi406 configured to generate decoded image data based on
the first partially decoded image data and the éecond partially decoded image data. The
first partial decoder 402, the second partial decoder 404 and the decoded image data
generator 406 may be coupled with each other, e.g. via an electrical connection 408 such
as e.g. a cable or a computer Bus or via any other suitable electrical connection to
exchange electrical signals,
[0053) In various embodiments, the first i_hput data may include at least one of
decoded image data of a preééding image and decoded image data of a successive image.
[0054] In various embodiments, the second ihput data may include at least one of
decoded image data of a preceding image and decoded image data of a successive image.
[0055] In various embodiments, the first input data may include decoded image data

of a preceding image and the second input data may include decoded image data of a

successive image.



[0059] In various enbodinents, the first partial decoder may 402 be
configured to performa forward notion prediction and the second parti al
decoder 480 2wByosk®4confi gured to perform a backward not ipom/Spre@diootnion.
[0060] In various enbodinents, the first partial decoder 402 may be
configured to performa backward notion prediction and the second parti al
decoder 404 may be configured to performa forward notion prediction.

[ 0061] In various enbodi nents, the i mge decodi ng apparatus 400 may further
include a third partial decoder éénot shown) configured to generate third
parti al | yl08&¥odedn Yaroye cmbedimsnis e S5t inpat dita maypggmdealequed@m@gbe@td mage
data and the second partially decoded inage data. In various enbodi nents,
the decod¥d supesgeivelmagegodhdreatond4qet day niwy iodndé drené immggénenfie t he
decoded i mage data based on the first partially decoded i mage data, the
second parrtéedingyimdeeoded i mage data and the third partially decoded inmage
data. [0062] In various enbodi nents, the decoded i mage data generated by

t he decod@dsi)mage daioas GABETIALRE, HOBrsiPMtihNd-HES 485 2988 LR &f rdecoded
frame data, decoded slice data and decoded nacrobl ock  data. | 063t] In

various efthRehAERES on8Bf 4 Hﬁ'@’@l‘d‘?ﬁ'&fbﬁﬂﬁ&ﬁ%ﬂ%ﬁ arg%}fllolp%d %OQi\éhgge%ﬂdtf-ole udi ng a

first partial encoding step,, wherein first partia enco inmage data is

generate ed fi yqlel oon..as the fjrst,in data is

avai | abl go 19%;%5ecgirjlvo'fl rfg%?%yg%%rgggfn%sge%g?dzﬁﬂ%déef%creﬁ 4&%8’8%86 ﬁ‘gﬁguéﬁt? encoded
i mage data 4 s erat ed.based .on second input data as soon as. the second

i nput datpéerftognggféﬁtgﬂ? 8f,a§) " ?%ﬁ“‘&i?&d’& CHqPeRd aﬂ’éf’é‘”ijéﬁé}t'éflip@“%‘toép, wher ei n
encoded i el\ data is generqa,t ed basg‘g on the first partially encoded i mage
data and [Hﬁ% secOndriguy ¢phe l?e%ﬁdb%l t partigledegedey may 402 be configured to

perform a forward motion prediction and the second partial decoder 404 may be
configured to perform a bacldi/érd motion prediction.
[0060] In various embodiments, the first partial decoder 402 may be configured to
perform a backward motion prediction and the second partial decoder 404 may be

|
configured to perform a forward motion prediction.
[0061] In various embodiments, the image decoding apparatus 400 may further
include a third partial decodef‘ (not shown) configured to generate third partially decoded
image data based on the first partially decoded image data and the second partially :
decoded image data. In various embodiments, the decoded image data generator 406
may be configured to generate the decodéd image data based on the first pgrtialiy
decoded image data, the second partially decoded image data and the third partially
decoded image data.
[0062] In various embodiments, the decoded image data generated by the décodéd

image data generator 406 may include at least one of decoded frame data, decoded slice

data and decoded macroblock‘data.
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[0064] In various enbodi nents, an i nmage decodi ng nmet hod nmay be provi ded,
including a first partial decoding step, wherein first partially decoded

i mge datwioisiogsemnat ed based on first input data as soeaTas20t®06010 St
input data is available; a second partial decoding step, wherein second
partially decoded i mage data is generated based on second input data as
soon as the second input data is available: and a decoded i nage data
generating step, wherein decoded inage data is generated based on the first

partially oded i mage data and the second partjally decoded i mge dat a.

[ 0065] |n[°3§ﬁi oug‘\é%’ BIF‘HEW?‘%‘FH‘QTPHW&%fée@ﬁé@di%h%@pfﬁw'ﬁmwﬂﬁ@s be provi ded,
including a first partial encoder configured to generate first partially
encoded i welydingatstipagisliernedingstep, Whysein firstrartadlysooried émegeedatd isst i nput
data is avail able; a second partial encoder configured to generate second
parti al | yzeopistsdddsadracfesdaput deqse doorasghe firsdinpopdita Bab ailabie; s eawonds t he
second input data is avail able; and an encoded i nage data generat or

conf i gur eghrtiad ep@idargat®, ehertdedcompgeidgteachrRaesagnddihr gehdroted Paklbal | Y
encoded i mage data and the second partially encoded i mage data. [0066] In

various egbagdiifRiidsta s8BodRABe SR6AMINDES ARPRLAIBITEYD fferRbRMifGF. | ncl uding
a first partial decoder configured to generate first partially decoded

i mage dat ghasedagn, gt@ﬁ,twﬂe?ﬁh'gré%ggﬂeiirﬁ%gzi?ﬁr]s ?e;hg}{f@d bdstdbn {h@ itk gﬁ%ﬁ\pf‘ S

avai | abl e; a second partia I'gu 0 generate secon artially

decoded IRt dRL. 058 40, SSRSRMHAIDYSTE) BURRARRSD 25t 1o ocond ot

and a decoded i rage afor configured to
generate qded. i mage d .based aon the first partially decoded i mage data
and the s@@%ﬂd ple?r‘fai”g}l? ﬁ@é@&@& nimaEs despding m@’oﬁlm‘rz‘é@cﬂas ed realtinme
vi deo encodi ng y be challenging on current desktop conputers due to the
encoder dﬁﬂtﬂhé& g?‘ff“&ﬁ’a‘a{ %th&B §EPavkRipin fisst partadly dgendgd fraage data is

generated based on first input data as soon as the first input data is available; a second
partial decoding step, wherein second partially decoded image data is generated based on
second input data as soon as the second input data is available; and a decoded image data
generating step, wherein decoded image data is generated based on the first partially
decoded image data and the second partially decoded image data.

[0065] In various embodiménts, an inﬂage encoding apparatus may be provided,
including a first partial enco;ier configured to generate first partially encoded image data
based on first input data as sébn as the first input data is available; a second partial
encoder configured to generate second partially encoded image data based on second
input data as soon as the second input data is available; and an encoded image data
generator configured to generate encoded image data based on the first partially éncoded
image data and the second par'tially encoded image data.

[0066] In various embodiments, an image decoding apparatus may be provided,

including a first partial decoder configured to generate first partially decoded image data
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be processed. Methods and apparatuses according to various enbodi nents nmay
paral lelize a video encoder to exploit multi-core architecture to scale its
speed perwornBvseooto avail abl e processors. Mt hods and 2pp&GaowLeE 10
according to various enbodi nents may conbi ne data and functi onal
deconposition to yield as many concurrent tasks as possible to maxi m ze
processing scalability, i.e. the performance of the video encoder and
decode may be enhanced, e.g. proportionally or alnost proportionally, as
nore processors_becones avail able. [0068] Coding_efficiency gains of H 264
and SVC mayekUhisiine dereassporas b At Jubdaip israxpilabieie seemgdirastial y, whi ch may
be chall enging for software encoders on the personal conputers. The H. 264
encoder idgcrer configuradrie seravpe sscont aprtiphe dovogel agn doddasedammcesondo 10 ti nes
nore conplex than the H 263 encoder. Furthernore, with the trend towards

hi gh def iinpttideta as eswl astthosecundlippyt dat is endilahleg lndoeddcodebinmge dath pr ocessor
architecture may be not capadble of performing real-tine encodi ng using

H. 264 or dW&atol Offithrodas igonkgats deeded BhdgerdanrtuceEstab Gt gatiBil P ostodemy be
used for the H 264 encoder. In an exanple, conplexity reduction algorithns

nmay be usgflgd atlhkl Mk 38060 PRULAY HQBEed indef@a@ncoder. Exanples are fast node
deci sions and fast notionestimation techniques. These nethods may

conpr om npr Yi 1al ity f . l e, the
encoder nayeBer perarfistEaeRat Lidty CRLARAREL e eERRIFty BHOEY' M ' he
Fovever . ERECRUTRETS 80 3000 il s eaer B FodBididl ng ¢ han
H 264 due to its agPitiona codi ng nodes specifically. .for inter-|ayer

r edi ct i o PRl IeHRads P ARAAIETS AT AR pIOc QY ROEmEHEEY dat & Thi s

added conplexjty to the SVC al so may offer new task and data structures
that ar e RoIghebTd ape snepdaie serlpit Mf-@@rﬁaﬁééecwe to scale its speed

performance to available prc?gessors. Methods and apparatuses according to various
embodiments may combine data and functional decomposition to yield as many
concurrent tasks as possible to maximize processing scalability, i.e. the performance of
the video encoder and decode may be enhanced, e.g. proportionally or almost
proportionally, as more processors becomes available.

[0068] Coding efficiency gains of H.264 and SVC may come with the price of high
computational complexity, which may be challenging for software encoders on the
personal computers. The H.264 encoder is 8 times more complex than the MPEGZ
encoder, and 5 to 10 times more complex than the H.263 encoder. Furthermore, with the
trend towards high definition resolution video, current high performance uhiprocessor
érchitecture may be not capabie of performing real-time encoding using H.264 or SVC.
[0069] Various speed perfoimance enhancing methods may be used for the ﬂ.264
encoder. Inan example, complexity reduction algorithms may be used to rninimize‘

computations in the encoder. Examples are fast mode decisions and fast motion



enhancenments in terns of parallelization. [0071] According to various
enbodi nents, a nethod is provided to parallelize the hierarchical

b- pi ct ur es0o(2biByoseqeaodi ng structure, as w |l be expl ai ne#CrrsGronsoaeas ai |

bel ow, that may be used in the SVC for tenporal scalability. It nay be
considered as a new coding structure that is introduced in SVC. By
exploiting the HB structure, the nethods according to various enbodi nents
may nexi m ze the nunber of concurrent encoding task in SIC, and thus may
all ow a par. al zed SV ncodeﬁoélt hat ma scal e wel | c{'q adﬂl tional
processor $HP fhrlﬂ‘ﬁs SHRE Sdi’?aé’gho UPIS© PRI IASE IPHEY &4t a
structure in Scal gtllb:ll e Video Coding (SVC) in accordance with an enbodi nent.
[0073] | $Paeh Ipapether axample; thaiem@rgeémayP@wamhm,sasml bssxplpined eat, for
exanple a first layer 504 (which may also be referred to as Layer 1) and a
second | alf8701506 Atk pifommgnas| optimizatioe fretirodd fard1.a64 tmay ee aphlicaljle@r4] Each

| ayer may include one or nore groups of pictures (GOP). For exanple, for

t he secontVCalemwebd6tht B Comeyie aflegi e fald amré compheatioayky dansdafpaan i n FI G
5. Afirst GOP 508 (which may also be referred to as GOP 0), a second GOP

510 (whi ch.26@puedosaditiehs cb&idg hddassgebificdlly for idtbil lafer GRi&lbd, Andhtheh nay
al so be referred to as GOP 2). and a fourth GOP 514 (which may al so be

referred 4:0d &SprccRs 3l ] further
GOPs nmay bee gef%w déd t%ﬁ%/ agﬁégrg\gsgg%aa?éﬁlgrag@sho%@% tgmess@:lg ?ayer may

i ncl ude arpgyycgirm% (@ AR OIS ol BB o e%xa%fépe&;rm\sﬁ‘fev ing from

| ayer to may | nct ude one anes. For

exanpl e, r the f theframasmtheGCPare shown in FIG 5.
A Eirse 1o’ Rt p e |

[0071] According to various embodiments, a method is provided to parallelize the
hierarchical b-pictures (HB) encoding structure, as will be explained in more detail
below, that may be used in the SVC for temporal scalability. It may be considered as a
new coding structure that is inltroduced in SVC. By exploiting the HB structure, the
methods according to variou§ embodiments may maximize the number of concurrent
encoding task in S\f C, and thus may allow a parallelized SVC encoder that may scale
well with additional processors.

[0072] FIG. 5 shows a diaAgram 500 illustrating the data structure in Scalable Video
Coding (SVC) in accordance with an embodiment.

[0073] Video layers 502 at different resolutiéns may be provided, for exami)le a first
layer 504 (which may also be referred to as Layer 1) and a second layer 566 (which may
also be referred to as Layer 0). |

[0074] Each layer may include one or more groups of pictures (GOP). For example,
for the second layer 506 the group of pictures in the layer are shown in FIG. 5. A first

1

GOP 508 (which may also be referred to as GOP 0), a second GOP 510 (which may also
| .
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be referred to as Frane 0), a second frane 520 (which may al so be referred
to as Frane 1), a third frame 522 (which nay also be referred to as Frane
2), and awbaorwds2donane 524 (which may al so be referred PoTaS26000®18) naY
be provided. Al though four franmes are shown in FIG 5, a GOP may incl ude
any nunber of franmes, either fixed for all GOPs, or varying from GOP to
GOP. [0076] Each frane may i nclude one or nore slices. For exanple, for the
first frame 518, the slices in the frame are shown in FIG 5. A first slice

526 (whi | so referr 0_.as a second slice 528 (which
may al so%ﬁégf%?‘g dﬂf hé tgrd %@5’ 317(3{@&*15%%1%0&6%6 &d ke GRRiZ Kty al so
be referred to as Slice may be provided. Although three slices are shown
in FIG B Oarthﬁ%lﬁdwmchémqyﬁswefmﬁéqa&)@08|30@@§be@rm@d fAxed for all

frames, or varying fromframe to frane. In various enbodi nents, the nunber
of sli cesndmyedoby datsrd t e durther GIOPsmuapbler profideda caldiplugh Ksyr GORs are Ialeawnmber of
slices may be smaller or equal to the nunber of macrobl ocks. [0077] Each

sl i ce mayFIGnS,|aideroans intludods nmibepbf GORS, citharfixeddofqdlbaydrarortvigidg r st slice
526, the macroblocks in the slice are shown in FIG 5. A first macrobl ock
532 (whi gibniRyetb3syebe referred to as Macroblock 0), a second nacrobl ock
534 (whi ch mayal so be referred to as throblock 1), a third nacrobl ock 536

(ni ch o 50 PENGHEHRSthd et REIRDIARK. For S bPuERRGOD! Ock 538

(which may al'so referr to as thro th nacroblock 540

(vt ch mayopl50 ugeﬁgrs; ShhBLhe ASRETEE ./ggmstgm%m BnRGRBgek 542

(which may ‘al SG be refer e 0 as cro SEVERth THCr obl ock 544
(3 ch Tt oL b A0, ccableck S oL g ok S4

1), a third frame 522 (which may also be referred to as Frame 2), and a fourth frame 524

(which may also be referred to as Frame 3) may be provided. Although four frames are

shown in FIG. 5, a GOP may include any ﬁumber of frames, either fixed for all GOPs, or

varying from GOP to GOP.
[0076] Each frame may include one or mc“)‘re slices. For example, for the first
frame 518, the slices in the frame are shown in FIG. 5. A first slice 526 (which may also
be referred to as Slice 0), a second slice 528 (which may also be referred to as Slice 1),
and a third slice 530 (which may also be referred to as Slice 2) may be provided.
Although three slices are shown in FIG. 5, a frame may include any number of slices,
either fixed for all frames, or varying from fr_amé to frame. In various embodiments, the
number of slices may be limited by the number of macroblocks, i.é. the nufnber of slices
may be smaller or equal to th¢ number of macroblocks.
[0077) Each slice may include one or more macroblocks. For example, for the first

slice 526, the macroblocks in the slice are shown in FIG. 5. A first macroblock 532

(which may also be referred to as Macroblock 0), a second macroblock 534 (which may
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macr obl ock 548 (which nmay al so be referred to as Macroblock 8), a tenth
macr obl ock 550 (which may al so be referred to as Macrobl ock 9), an el eventh
macr obl ocwo2bR/ogwisch nay al so be referred to as Macr oblPaTlsGROp/00@na a

twel fth macrobl ock 554 (which nmay al so be referred to as Macrobl ock 11) nay
be provided. Al though twelve nmacrobl ocks are shown in FIG 5, a slice may

i ncl ude any nunber of nacrobl ocks, either fixed for all slices, or varying
fromslice to slice. [0078] In H 264 the sane data structure as illustrated
in FIG 5 may be used, but wthout the video |ayers. [0079] SVC may

or gani ze ¥¥ePestpied sseuMpsoblopkni b a shigshmacrpblpel 5hthichsmppelas ha/cfgmdvanced
Vi deo Codi ng) encoded, and enhancenent |ayers that may provide additional

i nf or mat i tons iMacebidck 29 reefobrk magroblock 688l wigicl indg @lsh &y eeferred wuweal i ty, spati al
or tenporal resolution. The ‘original input video sequence nay be

down- scal Mdcrbblock 8len fifih mdatrablockt 336 (phivhutasal§odse rafeireditd dseviactbbloplat), al

| ayers, which may result in 'spatial scalability, hi each |ayer, a

hi er ar chi £gkth Bad2idbl d0kes:2 (WB)ch @e5 R AR rbfe@Bd 1My MbcroBYclab)s e sbenief erred to
as a notion-conpensated pyram d deconposition, nay be perforned for each

Group of kGRHIEASS LA MAMMALILPIPRTHea 3R hbbbiolk EPAA:AE G © shows a

di agram 600 illustrating a hierarchical B-pictures co g structure in

accor dance, i STAGH ARo & ksl LELHEGAE (R 0 vari ous

enbodi nents nay al so be reterre ramne econd picture 604

(which in varioys.enbodiments may alsq be referred to as Frame 1), a third
pi cture 68%%%'%%% i zslrti’%‘ﬁésoel?r%r(?ge‘irﬁgﬁ? & I%’SVO {Ogggiaét?rzl?erred to as Frane
2), a fourth picture 608 (which in_various enbodi nents may al so be referred
to as Fr dﬁ@r@ﬁ?ﬁ‘éﬁq(ﬁ‘gﬁ%ﬁ?ﬂ Ascbeteriesdie enMerroblock Sugn snedhnent s may al so
be referred to as Frane 4), a sixth picture 612 (which in various

macroblock 552 (which may also be referred to as Macroblock 10), and a twelfth

macroblock 554 (which may also be referred to as Macroblock 11) may be provided.
Although twelve macroblocks are shown in FIG. 3, a slice may include any number of
macroblocks, either fixed for all slices, or v'ar?ing from slice to slice.

[0078] In H.264 the same (iata structure as illustrated in FIG. 5 may be used, but
without the video layers. |

[0079] SVC may organize the compressed file into a base layer that is H264/AVC
(Advanced Video Coding) eﬂcoded, and enhancement layers that may provide additional
information to scale the base or preceding video layer in quality, spatial or temporal
resolution. The original input video seqqénce méy be down-scaled in order to obtain the
pictures for all different spatiél layers, which may result in spatial scalability. In each
layer, a hierarchical B-pictures (.'HB) decoﬁposition, which may also be referred to as a

motion-compensated pyramid decomposition; may be performed for each group of

pictures to provide temporal scalability.
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enbodi mrents may al so be referred to as Frane 5), a seventh picture 614
(which in various enbodinents may als'o be referred to as Frane 6), an

ei ght h piwown®/Bi®4( whi ch in various enbodi nents nay al eoTise20w®foesmed to as
Frame 7) and a ninth picture 6 1S (which in various enbodi nrents nay al so be
referred to as Frane S) are shown. Different kinds of picture nmay be

provi ded. For exanple, |-, P, and B-pictures may be provided. | nay denote
an intra-coded picture, which my be coded i ndependently from ot her
pictures. Both P_and B may denote inter-coded pictures, which may have
dependencfO¥H pr BN - Qusdioy's @ dingepny 604 ihnatating g higrpichigal Rrdueheading  a
P-picture may denote a picture that nay have dependency on only. a

pr evi ous| Yruewtrad aptadance wWithom embadipieat. aA thigstpartalel 602 whick di vagiops ct ure or a
tenporal ly succeeding picture), while a B-picture nay denote a picture that
may have ddpdimkencineg abobamfarddtans Bramed))ey sceusd yicmodewl (rhidhuneafidiuar
exanple a tenporally preceding picture and a tenporally succeedi ng

pi ct ure) . enfdABddntd tahlsh bbeeferiddiat st PRchet ad third plathle @08 (®HRRM MRS, a

pi cture may be considered as being equivalent to a frame. [0082] The second

pi cture 6Q¢hokfndiRemal Qltsglbp;te_cf&’rgdeco _@;ﬁmmyzgfo gfo#g@lq%we 60k (Phich H{@ﬁmﬁ{ I engt h

8.[0083] For exanple, the first picture e an | -picture. isto

b t ed . i ' t i i . 02 . di

Dhe o oo chitRmdtl e IPLE rdillx 83 5s WIS Mich blclre BLGT S BABAECS 09
th i P, Li kew th i h picture.618 1Si d d

o £ o P EART B QR ) LSRRG RS, oy
or exa , e secon | Cture TO0 e el . prcture o ,

B- pi ct u?pe%nﬁvoﬁﬁn%%hglsgﬁwé?rﬁ@ﬁw Frager) of sqvg%thﬁq‘g%r@ ot &Wwﬁog and t he

ninth picture 618 (the | ast 1pi«cture in the GOP) may either be a |-picture
or P-pi ct'igfeus qopbodimeng g may also be referred to as Frame 6), an eighth picture 616 (which

in various embodiments may also be referred to as Frame 7) and a ninth picture 618
(which in various embodiments may also be referred to as Frame 8) are shown. Different
kinds of picture may be provided. For example, I-, P, and B-pictures may be provided. I
may denote an intra-coded picture, which may be coded independently from other
pictures. Both P and B may d:enote inter-coded pictures, which may have dependency on
previously coded pictures. In various embodiments, a P-picture may denote a picture that
may have dependency on onl}; a previously coded picture (for example a temporally
preceding picture or a tenﬁporélly succeeding picture), while a B-picture may denote a
picture that may have dependencies on more thaﬁ one previously coded picture (for
example a temporally preceding picture and a temporally succeeding pic@e).

[0081] It will be understood that in various embodiments, a picture may be
considered as being equivalenf to a frame. |

[0082] The second picture 604 to the ninth picture 618 may for a group of pictures of

length 8.
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enbodi nents, the first frame of the first GOP may have to be an I|-picture.
Subsequently, the choice of I-picture or P-picture for the ninth picture
618 may bwoupiwes240he encoder runtinme configuration of tReTSGREOWAN0016 N
various enbodi ments, a P-picture may be used. In various enbodi nents, an

| -picture may be used when the encoder desires to renpve any dependency
between the current and next GOP. Exanples of such a situation may be
during scene change (for exanple for efficiency pur poses) and due to
encoder's er such as LDR Refr terval. 1 [0084 Thu t he second
pi cture 65@%’2 &85‘3}‘?‘8“%?1 e’ng SkRipUe @r&’?‘ﬂ’ BIPigrSs be?/ﬁo l%?/n%fF 8@ 620 and
on the third plcture 604 as shown by arrow 622. Furthernore, the third
picture 6%?6 XAYPle BLease Vo ethif it pisRIehRinipeedaEthapresto @O M hedislow 636 and
on the fifth plcture 610 as shown by arrow 638. Furthernore, the fourth

pi cture 6DSUFR02TBpebria Brpictine whsn seendran theeredeussGOB bilrewhise, tiemath 624 and
on the fifth picture 610 as shown by arrow 626, Furthernore, the fifth

pi cture 6piotunagl Sdepebcasideied aff-pisturaifet the pre6éi GGP)shamd-phyura(foewe644 and
on the ninth picture 618 as shown by arrow 646. Furthernore, the sixth

pi cture 6&Rcaddingd®@PRNE@Rxitile fthd §ddom Sitreo®LQ RSciSAWalY 636 KR be@28 and
on the seventh picture 614 as shown by arrow 630. Furthernore, e seventh

picture 6%‘};@%69@1?@5&%18@&%@15%{5 @acﬁ'oﬂl’rérfﬁstgnétgrea@)ﬁaﬁ@m @Xth%ﬁc{}h?r@’ 640 and

on the ninth picture 618 as shown by arrow 642. Furthernore e eighth

pi cture 646 wgsggggngfg&etd@@%ﬁw&@r@é SEHLEy Ot BR. RO RY, a”OW 632 and

on the ninth pi as s y arro ernDre The ninth

picture 6 e t he i.£tu 602 .as _shown by .arrow 648.
[ 0085] Thgehgb na?%er %répﬁ% © Pffi‘ 1ﬁi“rt ‘;’i“&i’ E?Vee 855 a{‘csk PigTe S sEAusE e ur e 618
may be 0, the choice of I-picture or P-picture for the ninth picture 618 may be up to the encoder

runtime configuration of the elncoder. In various embodiments, a P-picture may be used.
In various embodiments, an I-picture may be used when the encoder desires to remove
any dependency between the l:urrent and néxt GOP. Examples of such a si‘tuation rﬁay be
during scene change (for example for efficiency purposes) and due to encoder’s
parameter such as IDR Refresh Interval.

[0084] Thus, the second pjicmre 604 may depend on the first picture 602 as shown by
arrow 620 and on the third picture 604 as shown by arrow 622. Furthermore, the third
picture 606 may depend on fhé first picture 602 as shown by arrow 636 and on the fifth
picture 610 as shown by arrow 638. Furtﬁerrriore, the fourth picture 608 may depend on
the third picture 606 as shown by arrow 624 and on the fifth picture 610 aé shown by
arrow 626. Furthermore, the fifth picture §10 may depend on the first picture 602 as
shown by arrow 644 and on the ninth picture 618 as shown by arrow 646. Furthermore,

the sixth picture 612 may depend on the fifth picture 610 as shown by arrow 628 and on

the seventh picture 614 as shown by arrow 630. Furthermore, the seventh picture 614



2, 3, 4, 5 6, 7, 8 i.e. the first picture 602 may be di splayed as Oth

pi cture, the second picture 604 may be displayed as the 1st picture, the
third pi cworelvd8soaray be di spl ayed as the 2nd picture, trae/sSGaarotohoopd ct ure
608 may be di splayed as the 3rd picture, the fifth picture 610 may be

di spl ayed as the 4th picture, the sixth picture 612 may be displayed as the
5th picture, the seventh picture 614 may be di splayed as the 6th picture,
the eighth picture 616 nmay be displayed as the 7th picture, and the ninth
picture 618 may be diiplayed as the 8th picture, [0086] The podin? order of
the firstMpy esnspe opde fifth Rigref10tas shrver by arrew $40 apdomdiequnik picgire g1I8 2 7 4,
8 1, i.e. the first picture 602 may be coded as Oth picture, the second

pi cture 6O5hoEY berrendéd. Hurtlsrmorps, dreieighth pisture Al ¢ whapidetend on @@Geneyh be coded
as 3rd picture, the fourth picture 608 may be coded as 6th picture, the
fifth pichicue GHGsshyvibey mode 632 sn®adthp inatthipefure BES &4 stivhnbiyaiawes3812 may be
coded as 7th picture, the seventh picture 614 may be coded as 4th picture,

t he ei ghtlurfhefrhote £thé b thBiyBes B0deddendoP tietfltkhictardobhe sidvit thy pi cture 618
maybe coded as 1st picture. [0087] In the enbodinent showmn in FIG 6, the
pi ctures gmyy bses. coded in four tenporal levels: In the Oth tenporal |evel
the first picture 602 and the ninth picture 618 may be coded. In the 1st

t enpor al [, fiift i ‘ b | enpor al
over, o2 ; o TRE Qb OBL LG R pRuIB Y0P BORR 0Bl SR ERERARRECT. 11
the 3rd t oral el,.the secon icture 604 . tha fourth picture 60S, the
Sixth pi ot 820 Bk bHESLPERER TR P Sl sty B Hiia B BrGodar 1o

vari ous enbodi pents,. the nunber of, possible tenporal levels may he linmted
by the nuitbafe rﬁ?yc?ﬁﬁ@%axeﬂgat  PIgEge: 'gﬁéﬂﬂﬂ @9mree$06wn%bwfr@@f£af
pictures in (OP. Then the nunber of tenporal level may range fromO to T,
where T =thg §gmigiyre, the fowrth picture 608 may be displayed as the 3™ picture, the fifth picture

610 may be displayed as the 4% picture, the sixth picture 612 may be displayed as the 5®
picture, the seventh picture 614 may be displayed as the 6™ picture, the eighth picture 616
may be displayed as the 7 picture, and the ninth picture 618 may be displayed as the 8®
picture.

[0086] The coding order of the first p.icture 602 to the ninth picture 618 may be 0, 5,
3,6,2,7,4,8, 1,1.e. the fu's; picture 602 méy be coded as 0% picture, the second picture
604 may be coded as 5° pictt;re, the third picture 606 may be coded as 3" picture, the
fourth picture 608 may be éoded as 6% pictﬁre, the fifth picture 610 may be coded as 2™
picture, the sixth picture 612 may be coded as 7‘1.1 picture, the seventh picture 614 may be
coded as 4™ picture, the eighth picture 616 may be coded as 8% pigture, and the ninfh
picture 618 may be coded as & picture, -

[0087] In the embodimenf shown in FIG. '6, the pictures may be coded in four

temporal levels: In the 0® te:ﬁporal level, the first picture 602 and the ninth picture 618

may be coded. In the 1¥ temporal level, the fifth picture 610 may be coded. In the 2nd



and T may be rounded down to the nearest integer. [0089] SVC may use
simlar intra and inter-prediction techniques as in H 264/ AVC for each

pi cture fwarmeio/8cmisti onally, in SVC, inter-layer predi CPCDISGIeONANIENE NAY
be used to reduce data redundancy between different |ayers. This may be
achi eved by reusing notion, residual and partitioning information of the

| oner spatial |ayers to predict enhancenent |ayer pictures. Wen
inter-layer prediction is used for a macrobl ock, only the residual signal

(or prediction error) .be encoded. Such a nacropl ock is signaled by the
Syt o ol GHRATE! Lo e hifias SOBRB Hhecal Xt DRVHOAILRRL AT (ke By og
inter-layer predicted macroblock is deterni ned6(t))$/ the node of its

cor r esporiempeyabirgelhe sscopdpichie pok, diedpuigh pigise 60§, dmontth pirtwraté?.-andyer Intra
Prediction may be applied as follows: Wen the corresponding 8x8 block in

t he ref ertbheighthgyasureiod 6imagyba<codaded, the reconstructed data may be upsanpl ed
(for exanple by using a 4-tap FER (finite inpulse response) for |uma

sanpl es doe8s)i | i meariohs éhierdihaits, chy murebes afipoidle @mporas Reteclamagtbei ntra
prediction for the macroblock in the current layer. [0091] An Inter-Layer

Mot i on Prigglikityyane f@ybaef sRRIrkSd aas0P atdr @Emplkflet N®e aEmbaCHRGNBXH bl ock in
the reference layer is inter-coded, its notion and partitioning

i nfor mat i GHPEphRI SRR f"fgglrp?l%ﬁlevg%f)g ﬁ%@ﬂbﬁ@%nﬁ‘ Whel@ygrl%éﬁ'%ﬁf obl ock.

Optional ly, quarter-pe guarter-pixe tion vectors may be conputed and

coded fOrapglg&@ﬁ@%ﬁéf&ﬁﬁ@?her%taie(s’ﬂn eg%l or of the previous |ayer has only

up to hal precisionin he ‘curten ayer due to spatial resolution
o1 oSNy ORI A SRy, LR Sl Preckeb on ey, e gmplded 2
macr ob chlélis ea\icg| p}crt]uere %gg%n%% 1tir<])tnallly?¥ne§VC', inter-layer prediction mechanisms may be

used to reduce data redundancy between different layers. This may be achieved by

reusing motion, residual and bartitioning information of the lower spatial layers to predict

enhancement layer pictures. When inter-layef prediction is used for a macroblock, only

the residual signal (or prediction error) may be encoded. Such a macroblock is signaled

by the syntax element base mode flag. The prediction mechanism used by a inter-layer

predicted macroblock is determined by the mode of its corresponding 8x8 block in the

reference layer.

[0090] An Inter-Layer Intra Prediction may be applied as follows: When the

corresponding 8x8§ block in tﬁe reference layer i§ intra-coded, the reconstructed data may

be upsampled (for example by using a 4-tap FIR (finite impulse response) ‘for luma

samples and bilinear filter for chroma samples) and used as an intra prediction for the

macroblock in the current layer.

[0091] An Inter-Layer Motion Prediction may be applied as follows: If the co-located

8x8 block in the reference layer is inter-coded, its motion and partitioning information



may utilize the bilinear-upsanpled residual information of the co-I|ocated
8x8 block (intra or inter-coded) fromthe reference |ayer as prediction, so
t hat onl ywohelodistdoer ence si gnal nay be coded in the enhaotsceot/obeyer .
[0093] In SI C four additional coding nodes nay be used specifically for
macr obl ocks in the enhancenent | ayers. Analysis performed on the SVC shows
that, for encoding two spatial layers at CIF (Comon Internedi ate Format,
for exanple corresponding to a resolution of 352 pixels x 28S pixels) and
QCIF (Quarter CIF, for exanple corresponding to a resolution of 176 pixels
x 144 pi xBREpe peakedand .uémisfor theenhareeraenthey er maetobfocknPptoeillbigaurstgbpel
respectively 13,04 - 28,00% (avg. 20,43% and 58,06 - 259, 95% (avg.

133, 329 G@Bm@erﬁmﬁﬂ BRtierheastons mhp be cqrhwltcdm@ccida@& rpﬁmmhem finge.th¢ n vi ew of
the conplexity assessnment in and the trend towards high definition (HD)

vi deo codinngon whenef Hd medalsuayephas enlPup o ROf-pél pesididrain thd cudeht aegol ut i on,
it may be inpossible for SVC encoding to achieve real-tinme performance on
uni - pr oceqfab spdtiahickglation @iffeldavever, with nmultiple-processors or nmulti-core
t echnol ogi es becom ng increasingly common in consuner desktop corrput ers,

paral | el i goog t he SYC,-eReQaQELIAIRYrf tfon dlﬂ%il!)eg 118@Ys foﬂo@@t?&ﬁ?e

performance. [0094] SVC nay be considere extenS| on Thus

Il el h I bI t t. Th
P e B R TR SRR m IS B ARBIAGERR S, T
d t I 264
bSC82‘?5’?{rp'ssﬁﬁweﬁ%%bli‘nmﬁﬁaﬁm -k el gl more)tﬁé‘ég%déﬂe%f OWF and
intra-predictio Hﬂ){OQS;l FILG 7 shovvs a bl ock diagram 700 illustrating '
encodi ng SiRKT-GRAFdf FEmiDGIESENch dayenss ?rﬁﬁ‘ﬁfloﬂllsﬁié}@t P?léﬁ@ (H’g?reb%e dg¥plied to a

mast er processor 702. The master
may be coded in the enhancement layer.

[0093] In SVC four additional coding modes may be used specifically for
macroblocks in the enhanceﬁent layers. Analysis performed on the SVC shows that, for
encoding two spatial layers at CIF (Common Intermediate Format, for examplé
corresponding to a resolution‘of 352 pixels x 288 pixels) and QCIF (Quarter CIF, for
example corresponding to a 1'ésolution of 176 pixels x 144 pixels) resolutions, the intra
and inter-frame coding may be respectively 13,04 - 28,00% (avg. 20,43%) and 58,06 -
259,95% (avg. 133,32%) more gomplex than without the inter layer prediction. In view
of the complexity assessment m and the trend towards high definition (HD) video coding,
where HD resolution is 9 to 20 times that of CIF resolution, it may be impossible for
SVC encoding to achieve real-time performance on uni-processor architecture. HbWever,
with multiple-processors or multi-core technologies becoming increasingly common in

consumer desktop computers, parallelizing the SVC encoder may be a feasible way to

enhance its performance.



processor 702 may be configured to control a first processor 704 as

and ot VO oRUREIR  “210%o i cht od by arrows 730, ERCPOOFHAREN nG mmy

be perforned by entropy decoder 706. |Inverse quantization may be perforned
by inverse quantizer 708, and inverse discrete cosine transform my be
performed by inverse discrete cosine transfornmer 710. Addition may be
perforned by adder 714. Debl ocking may be performed by debl ocking filter

716. Nbti @9sPNPENs@inahe BBisiRedRMRH KB R YT AL OTheOPRARSRLOr 724. Intra
predi ction may be performed by intra predictor 722. Selector 720 may sel ect

one of the. ARbiQT.CAMREREALR ¢RI, wgrlﬂﬁicms% it irﬁ@y.z[ag%ﬁﬁddeﬁnﬁ ggdup may
f di ng e en g of af

be achi eved wth wavefront encodi ng. , codi n rane may start only

after the LG .0f i [ is finished, [0097] Each task may
representpggﬁggéggggﬁSgg%%g%%%PP%ﬁEEH§F§°%%B°%%%L éﬂ&?é&@ﬁ d to different
thread/prgcessonn TQgrﬁ %Ey be,. sever al digficuLtie_ of using task-|eve
deconposi FFGMPPHIBR AT Heof ZRARIRERIOHSHEGY bR PiGRPnednly indinepdsnt sk be a
problemin Lhe task-1 evel deconposition approach. Scal ability nmay denote
the qual i 84¢hap themalinn ssamalgmandonaapeadictiens i ci ently to acconmodate greater
conputing resources so as to inproveapplication performance. One of the

i nhi biti nP0P3kct oF1Go7 shenisaadilpk diagram 70€ illusaratinggicotiiog elithdevefrpatsi t i on may
desire significant synchronizati on and comruni cati on between tasks for
novi ng datmoflingmAaonepyrnideeSsnmrgmst Bgappled toa midiaprocAssot NeY. Tleahastermay be
| oad i nmbal ance, It may be inportant to distribute work evenly across

t hr eads/ ppRE&SSIOTNS hey By/@in€l giled ¢KédhGol A5lS prodedBV B4 astifdiSat &Yy Lfower Y
difficult because the execution tine for each task depends on the nature of

dat a bei ngphQER%E ProREMr 752 AGhIKACYBy BrrPké 938 and PYSrd Rbcd LTS as

difficulties, task-level deconposition may be not a popul ar approach to
indicated by arrows 730. Entropy decoding may be performed by entropy decoder 706.
Inverse quantization may be performed by inverse quantizer 708, and inverse discrete
cosine transform may be peffbrmed by inverse discrete cosine transformer 710. ‘Addition
may be performed by adder 714. Deblocking may be performed by deblocking filter 716.
Motion compensation may be performed by motion compensator 724. Intra prediction
may be performed by intra predictor 722. Selector 720 may select one of the motion
compensation and intra predic:tion.
[0096] A speedup may be achieved with wavefront encoding. The encoding of a
frame may start only after the encoding of the pfevious frame is finished.
[0097] Each task may represent a processing stage of the data and ma}; be assigned to
different thread/processor. There may be séveral difficulties of using task-level
decomposition in parallelizing the video encoder. Scalability may be a problem in the

task-level decomposition approach. Scalability may denote the quality of an application

to expand efficiently to accommodate greater computing resources so as to improve



parallelize the H 264 encoder. A parallelization nodel for SVC encoder that
may conbi ne both the task-level and data-Ilevel deconposition will be

di scussedwbuntomsesobel ow. [0098] In a further approach ugcmgcdatmedayel
deconposition, video data may be partitioned and assigned each to a

di fferent processor running the sane task. The data structure used in the
H 264 video coding may offer different | evels of possible data
partitioning, i.e. GOP, frane, slice and macrobl ock, each representing a
successively finer data granularity. [0099] On a GOP-level, video sequences
may be prpRlEsietPafumansodi ofshainbibitngdaespr teopalabiltyspaiche e thsknFyalze
menory | oad and exploiting i'nter-frane redundancy for conpression. | Vhen

t he key fleamgssition ewyhiedtrsigeifisant kPRhonirstiom arthewysubegtian Refvess sk ct ur e,
the GOPs may be independent and nmay be processed concurrently. This may be
t he coar $@shoghgine Goppsrel gredessing §toge thlibethan candrer fablur meagpprioach nay

result in highlatency and nenory. consunpti on. [00100] On a frame-level, the
nunber ofimb41adRS [tHAL bLikhoP@nCo dadiRANG UK &BhllaciBY thiaddpioeessbraesl by the
prediction structure within each GOP. 1n H 264, franes may beencoded using

an 'BBPB%Boid-blo%ghgﬁs‘HE.eHW{/& EmEr B VIR RTEYechR e A ek bliRheM&eMr and t hus

may be processe oncurrently’ after their correspondi ng referenced

P b % bR EHas TR Re R Rbr dEU Seinalodd R 40 S RGAI | £860 PifilsLr © Trame

[+
may be pa? i on nto one Oor nore ces ino ‘
nsm ssi on

propagation, across the frame.i,n the presence of network tre
errors. &P5iBEs d\@f‘ﬁ‘f’ﬁsﬁéﬁ% Y drRo MRSy 18%n]aﬁg’8[518{1%@%“\,{\%3?@.0?&1{8 content of a
slice may be used to predict elen?nts,of ot h {n the sanme frane.

Thus, al iPagilelzsshs H.20réns odsfre s paip 158233968&‘5‘2@ g&k%giﬁ el Mpfe expl oi tabl e
spatial combine both the task-level and data-level decomposition will be discussed further
below. |
{0098] In a further approach using data-level decomposition, video data may be
partitioned and assigned each to a different processor running the same task. The data
structure used in the H.264 video coding may offer different levels of possible data
partitioning, i.e. GOP, frame, slice and macroblock, each representing a successively
finer data granularity. |
[0099] On a GOP-level, video sequences may be processed and encoded as a series of
GOPs in order to minimize rhémory load and exploiting inter-frame redundancy for
compression. When the key frames of eacfl GOP is an IDR (Instantaneous Data Refresh)
picture, the GOPs may be independent and may‘be processed concurrently. This may be
the coarsest grained parallelisfn for H.264 encoder. This approach may result in high-
latency and memory consumﬁ,tion.
|

[00100] On a frame-level, the number of frames that can be coded concurrently may

be determined by the prediction structure within each GOP. In H.264, frames.may be

[ 8]
o



data dependency within a picture may be limted as the nunber of slice

i ncreases and this nmay have an adverse effect on rate-distortion

per f or mrarwo.20{0081®M2] On a macrobl ock-1evel, each slice may/Seeoprooaessed i n
bl ocks of 16x16 pixels called nmacrobl ocks. The macrobl ocks in a slice may
be processed in scan order, i.e., top to bottomand left to right. Each
macr obl ock may use information fromthe previously encoded macrobl ock for
notion vector prediction, intra prediction, and debl ocking. [00103] FIG 8
shows a diagram SOO il lustrating the dependencies, for exanple data and

t ask dependdndiieisg abRIRRRBP netvnobiesdiess thaBrpiegwesmaas sogckicsmeed gndsecond
macr obl ock 804, a third macrobl ock 806, a fourth macrobl ock 808, and a
fifth naciwbhhayde BdRswedyohanpndy hledheiltreresparstingratrabtdEipi@d2s. t he second
macr obl ock S04, and the third macrobl ock 806 may be provi ded consecutively

in a |inggorolj | eoi helideAwvdl NinMRL6Dkcodikig SA6h piachré Aeme nfaylvepanitiobédck 810 may
al so be provided consecutively in a line below The fifth nmacrobl ock 810

may be t Rg,oHE bERbreMBELAR btek to ﬂ:‘@@eﬁ &3k REpdatitesbrOR thd@ahislin’ @At nacr obl ock
SI O may be dependent on the decoded/ reconstructed nacrobl ocks, for exanple

804 as | R ENCOAnRy o4k PRIt TRE P AR e RS SRR Dy
cxaml 0. HEngoFPIIEH OFAEGUPBLR: U3 WA B Hon s abpaasisey e B cur rent
Second maeTSbI Bk O Tiay s GUUETGBOBRABLY RSAIRD TS EINREPOR ock 810
for intra prediction, notion 1 prediction, and loop filtering. For exanple,
the t hi r deiralspaisicerskvidos apasfuns meay tedinitsdes desreapmies of slisedrreasst a09dbis obl ock
810 for intra prediction and notion prediction.

may have an adverse effect on rate-distortion performance.

[00102] Ona macroblock-level, each slice may be processed in blocks of 16x16 pixels

called macroblocks. The macroblocks in a slice may be processed in scan ordef, i.e., top

to boﬁom and left to right. Ea‘ch macroblock may use information from the previously

encoded macroblock for motion vector predicﬁon, intra prediction, and deblocking;

[00103] FIG. 8 shows a dia{gram 800 illustrating the dependencies, for example data

and task dependencies, between macroblocks. A first macroblock 802, a second

macroblock 804, a third 1nacr<$block 806, a fourth macroblock 808, and a fifth

macroblock 8§10 may be proviaed. The first macroblock 802, the second macroblock

804, and the third macroblock- 8§06 may be provided consecutively in a line, while the

fourth macroblock 808 and the fifth macroblock 810 may also be provided consecutively

in a line below. The fifth macroblock 810 may be the current macroblock. The task

performed on the current macroblock 810 rhay be dependent on the decoded/

reconstructed macroblocks, for éxample the first macroblock 8§02 as indicated by arrow

812, the second macroblock 804 as indicated by arrow 814, the third macroblock 806 as

26



For exanple, the fourth macrobl ock 808 may provi de dependency to the
current macrobl ock 810 for intra prediction, notion prediction, and | oop
filteringwOoBhuss2doear exanple, loop filtering on current pPoasSGeio®eé01810 nmay
require data from decoded second nmacrobl ock S04 and from decoded fourth
macr obl ock 808. [00104] FIG 9 shows a diagram 900 illustrating macrobl ock
wavefront processing. In FIG 9, nmacroblocks 902 to 950 are shown. Each
macr obl ock that has al ready been processed is shown as a processed
macr obl ock by a hatched background (for exanple, macrobl ocks gOZ to 9 1S,
and 922 amdc@2Uy arfpe hl & and tetfpythmacrebleelySOfaesipdiryek by are™ Showhttas
processi ng macrobl ock by a dotted background (for exanple macrobl ocks 920,
926 and @RI@ppleUhe firvorsebtbck@o? obly pekideadapendroantoihe aurpinamecishiorlr ound (f or
exanpl e macr obl ocks 928, 930, and 934 to 950). [00105] For exanple with the
dependendi @ Forsh®npretiiatifi tad Botieipredintidry Forecassledhesasrobimciob®2B Sfby be
dependent on al ready processed macrobl ock 908 as indicated by arrow 954,

dependenty, 81, i€ a&HniRS &S He duas mafldMdc k310 fasiniragicdition, haticar r ow 952,
and dependent on already processed macrobl ock 918 as indicated by arrow

956. FurtQ&ﬁgﬁ&eﬂuﬁgéégg%%%%g%gggﬁaggtH@@&gq&QQﬁm&%@og%%ggﬁOQQ@endent on

al r eady 6}ocessé as I ndicated by arrow dependent on

al ready pyocessedmacrobl ock 91 SolNél . ar , dent on

al r eady ﬁ%B §§@Hgﬁgﬁ?5ﬁPd@%“@?gaéékrﬁé?@%ﬁgﬁﬂﬁyﬁgﬁggﬁﬁgéf?ggﬁ%ﬂdependent
on already processed_ macrobl ock as indicated by arrow . Furthernore,
currentlJxﬁFﬁﬁgggégeﬁﬁ@ﬁﬁﬁF8§§x§§§§ﬁﬁ91%%”a% %ﬁﬁ$ﬂ¥3§%&5P9§§1y processed
macr obl ock 922 as indicated by arrow 958 and dependent .on al ready processed
macr obl ockacggblogks8 10T wge aerdiions pauprogedicie f@‘g oop filteppe. nﬁlé‘}so’g’lr ock

wavefront exanple shown in FIG 9 (with the notation that
example, loop filtering on current macroblock 810 may require data from decoded second

macroblock 804 and from decoded fourth macroblock 808.
[00104] FIG. 9 showsa di:;gram 900 illustrating macroblock wavefront processing. In
FIG. 9, macroblocks 902 to 950 are shown.‘ Each macroblock that has already been
processed is shown as a proce\ssed macroblock by a hatched background (for example,
macroblocks 902 to 918, and 922 and 924). Each currently processed macroblocks are
shown as processing macroblock by a dotted background (for example macroblocks 920,
926 and 932). Un-processeéi macroblocks are shown by a plain background (for example
macroblocks 928, 930, and 934 ‘to 950).
[00105] For example with thé dependencies sﬁoxvn in FIG. 8, currently processed
macroblock 920 may be dependent on already processed macroblock 908 és indic‘ated by
~ arrow 954, dependent on already processed macroblock 910 as indicated by arrow 952,
and dependent on already processed macr§block 918 as indicated by arrow 956.
Furthermore, currently processed macroblock 926 may be dependent on already

processed macroblock 914 as indicated by arrow 966, dependent on already propessed



MB(x,y) denotes a macroblock with colum-row position (x,y), and Tn, with
an integer n denotes wavefront profile nunber), all nacrobl ocks with the
sanme wavevoanto/gsewhi | e nunber may be processed concurr erCgG208ampadbd ocks
may be processed in order of increasing wavefront profile nunbers. [00107]
By processing the macrobl ocks in a wavefront order depicted in FIG 9,
groups of macrobl ock on the sane wavefront order may be processed

i ndependently wi t hout breaking the dependencies. The wavefront my be
expanded to include nmacrobl ocks in adjacent franes. This schene may al so be
cal | ed 3RARWEIkONE as Hitcatd dlyakioli dop, dfpehdent 8Dakende brazrisedmactoblackver sel y
proportional to the notion search range used by the encoder. Therefore, in
order for) 3R WarelH Barb® 980, staefepbndehth ARaGHSICEBYD hudisblotlo92est ri ct the
notion search area, which nay adversely affect the rate-distortion

perf or TR Readd ! DESBEE dgmaéﬁél?e,Cc?ﬁﬁgntg%px%l/&sem%r@blblﬂ@9ﬁi @hyBal B-pictures

predi ction structure nmay wavefront nay be unlikely to be a
good appr,oach since a,smaller

not.,qn rch r. a greater inpact
on the efCOWErSay IS?%WS%?SS%%%%%C anaél&eJlgag%fD&g%Em{%y%%@al l el i sm may
not of fer good scal ability on many-cqre archj.tectures. erally the
sol ut i on daEspdER er@%%l?rﬁge% 34 blP‘g\f(g?ﬂ‘lsasdlldlﬁag?‘%W 219 %&Addi tionally,
pi xel -1 evel parallelismmay al so be applied since st, nmpdern .
pr ocessorn8&eporin thsr mecreBloak vav it FWHI%WOW%IEF&‘B&}@’? neREPP et i on set
which may allow nultiple data elenents to be processed concurrently with a
si ngl e i ndBeutdenotes Pmaetoblogk slithsatvain-eay positrmy(xpe and Tgelvith gp nteger n
i npl enentation problemand it may be dependent on the CPU architecture
pl at f or mdehotes watdii®ns puvilqiuneder), elV elacphloakd with ¢ sawe hwavgiientpesfilaot be

applied equally across different CPUs such as xS6, PowerPC and the Cel
pr ocessormnftRPhaPhe fidcessdoncilbhtly]l Glacrdflbbks by wpdocke¥edshomevall | ous st eps

in a data
increasing wavefront profile numbers.

[00107] By processing the macroblocks in a wavefront order depicted in FIG. 9,
groups of macroblock on the same wavefront Qrder may be processed independently
without breaking the dependencies. The wavefront may be expanded to include |
macroblocks in adjacent frames. This scheme may also be called 3D wavefront. The
scalability of the 3D wavefront may be inversely proportional to the motion search range
used by the encoder. Therefore, in order for 3D wavefront to be useful, the encoder may
wish to restrict the motion search area, which may adversely affect the rate-distortion
performance. Furthermore, in the case of SVC, where hierarchical B-pictures prediction
structure may be used, the 3D wavefront fnay be unlikely to be a good approach since a
smaller motion search range may have a greater impact on the encoder performance.
[00108] A single approacll to parallelism may not offer good scalability on many-core
architectures. Generally the solution may be to combine several levels of parallelism.

Additionally, pixel-level parallelism may also be applied since most modern processﬁors
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partitioning method. According to the data partitioning nethod, each job
may refer to processing one franme using macrobl ock (MB) wavefront.

| ndependewO 2brozse®4nay be processed concurrently. Each eCTtSlceo®wbeoid gur es
of FIG 10 shows the hierarchical Bpictures coding structure in accordance
with an enbodi nent as shown in FIG 6 . Therefore, where applicable, the
sane reference signs as in FIG 6 are used, and duplicate description is
omtted here. [00110] Throughout the sub-figures of FIG 10, a dotted frame
indicates a franme that has not yet been processed, a solid bold frane

i ndi cat esugpoftrSIVD ($iagle iissuattisne Mulyplb Bty instroctessed whaghdnay dlloght sol i d
frame indicates a frame that has already been processed. [00111] In FIG
10A a fi sl a&am%n%fto@e?ﬁﬁsﬁém@n@ﬁ@émsm@h singledndiungon. @ixéldevebxanpl e
decoding) is shown. In the first step 1000, the first frame 602 may be

processe N BEnthin HYERRI £ ddeaedBsdepeiitat 6Hthea
processe%aéalhggstrﬁ??gﬁé%lrg%lgqﬂggplﬁ@ IE;tenénrl[grt ed. In the fi res%)te step 1000, the

number of %g@xr eré: Q%}) gi(a%%qaey tpeeéa)ﬁ/l%!'b?ﬁtel-tl%/eﬂ' Falf MR techMfIRE Snd MRY by denot e

t he maxi concurrency irn a frane and may be a constant
di mension. [00112] In FI 1 Secons ep ‘ S (for
exanmpl e &R 'W@%]l%?"r?%ldﬁé?fi’%%%cf@@bﬁ \28(5)5 i)lo\geri %(])a\%ﬁ%e {eélpﬁlﬁgéééggond step
1010, the ninth frane 618 na be}gr %%eSE 5 ggor exanpl e encoded, or for
exanpl e d8¢IA8bd) F1Ghd8A¢ 1 ¢k, 185s 010108 3 BoRQYAANGYSSIPS 1} 44 1002 as
indicated by arrow 1014, whereby a processed ninth frame 1012 fma be
gener at egartitioninganebed ndicasrdipg pohedate partiHonpe megiode el el BAY '5'9198 may be
equal to 1 x Cwav . [00113] In FIG 10C, a third step 1020 of processing
(for exampbesenzod fngme vsing macreklacip(MdBYwevfiany) Indspesdentirames madet hi rd st ep
1020, the fifth frame 610 may be _ '

processed concurrently. Bach of the sub-figures of FIG. 10 shows the hierarchical B-

pictures coding structure in accordance with an embodiment as shown in FIG. 6.

Therefore, where applicable, the same reference signs as in FIG. 6 are used, and duplicate

description is omitted here.

[00110] Throughout the sub-ﬁgures of FIG. 10, a dotted frame indicates a frame that

has not yet been processed, a solid bold frame indicates a frame that is currently being

processed, and a light solid frame 'mdicatés a frame that has already been processed.

[00111] In FIG. 10A a first step 1000 of processing (for example encoding, or for

example decoding) is shown. In the first step 1000, the first frame 602 may be progessed

(for example encoded, or for example decoded), whereby a processed first frame 1002

may be generated. In the first step 1000, the number of concurrent jobs may be equal
to 1 x Cyay, Where Cyay may denote the maximum macroblock concurrency in a frame
and may be a constant dimension.

[00112]) In FIG. 10B, a second step 1010 of processing (for example encoding, or for

example decoding) is shown. In the second step 1010, the ninth frame 618 may be



processed (for exanple encoded, or for exanple decoded), based on data of
the processed first frane 1002 as indicated by arrow 1024, and based on
data of twe2proosem®ged ninth frame 1012 as shown by arr owrCIGB8o10wh@neby a
processed fifth frame 1022 nmay be generated. In the third step 1020, the
nunber of concurrent jobs may be equal to 1 x Cwav . [00114] In FIG 10D, a
fourth step 1030 of processing (for exanple encoding, or for exanple
decoding) is shown. In the fourth step 1030, the third frame 606 may be
processed (for exanple encoded, or for exanple decoded), based on data of
the pr OC?}%@&QCJ ifbSdxabapBrancdQd2onefer bndiptadedddl), basedmw d0386f thaptbekasked on
data of the processed fifth frame 1022 as shown by arrow 1038, whereby a

pr ocessegn& Bhfd 166 20BInR3RA BRYrb® 19eNneiRt@e.a frosdshearnimth &ander1 01 henafour t h
step 1030, the seventh frame 614 may be processed (for exanple encoded, or

for examgl g desofatdne Dasae anidil fe RhmbOeRoRGRRRERALE el Be bhuare 1022 as

i ndi cate y arrow ased on data of the processed ninth frame
1012 as shown by arrow 1042, whereby a processed seventh frame 1034 nay be
gener at edb 1 kiIC ¥ he fourth step 1030, the nunber of concurrent jobs nay be
equal to 2 x Owav .[00115] In FIG 10E, a fifth step 1050 of processing
(for exangle encodi ng, or for exaqpkg depodin&% S sﬂ%mn..ln_;g§ fifth step
1050, t hd00d3bndnfilantoGadhifhsrem d070ra PECSIsing (Bt X@WRIIEOURR S5&T, or for
exanpl e decoded), based on data of the processed first frame 1002 as
i ndi cat edxbypladeading) xhownd Irbﬂils";é'df@rﬁem&t?&» &r Ihdrppot 8@ hird franme
1032 as shown by arrow 1062, whereby a processed second frame 1052 may be
gener at egrocEssed hfer Bxameple envotiérd of foirekenaple gecedsd), based on daletoh ePaprss$88 may be
processed (for exanple encoded, or for exanple decoded), based on data of
t he procegsemdiond as indicated by arrow 1024, and based on data of the processed ninth
{
frame 1012 as shown by arrow 1026, whereby a processed fifth frame 1022 may be

generated. In the third step 1020, the number of concurrent jobs may be equal

tolx C\Vav.

[00114] In FIG. 10D, a foﬁnh step 103(~)‘0f processing (for example encoding, or for
example decoding) is shown. In the fourth step 1030, the third frame 606 may be
processed (for example encoded, or for example decoded), based on data of the proéessed
first frame 1002 as indicated by arrow 1036, ;md based on data of the processed fifth
frame 1022 as shown by arrow 1038, whereby a processed third frame 1032 may be
generated. Furthermore, in the fourth step 1030, the seventh frame 614 may be processed
(for example encoded, or for example decoded), based on data of the processed fifth
frame 1022 as indicated by arfow 1040, and based on data of the processed ninth

frame 1012 as shown by arrow 1042, whereby a processed seventh frame 1034 may be

generated. In the fourth step 1030, the number of concurrent jobs may be equal

to2x Cwav.



frame 1032 as indicated by arrow 1064, and based on data of the processed
fifth frame 1022 as shown by arrow 1066, whereby a processed fourth frane
1054 may we qgmseatted. Furthernore, in the fifth step 1@E®/SGeow/osomio h frane
612- may be processed (for exanple encoded, or for exanple decoded), based
on data of the processed fifth franme 1022 as indicated by arrow 1068, and
based on data of the processed seventh franme 1034 as shown by arrom/i070
whereby a processed sixth frame 1056 may be generated. Furthernore, in t he
fifth step 1050, the eighth. frame 616 may be processed (for exanple
encoded,[mnjsprIﬁiaﬁpﬂﬁadéﬁﬁd&@ﬂpSDaﬁemCﬁmmaéﬁaeé&nrhéﬂ%ﬁ6€9@§@ﬂ sevent h
frame 1034 as indicated by arrow 1072, and based on data of the processed
ni nth fragandie 42 odmg} hanowhy fthe Gifth S@PA05Mike edeynd frpme 684 @i bai nth frame
1058 may be generated. In the fifth step 1050, the number of concurrent

j obs may ﬁg&(egégg or LQnhIXerfWAA, or fo? @kl Hecddbd, bdsel on dambditie pt@SGeaf t er

pr ocessi exanpl'e encodi ng, or for exanple decoding) is done is

shown, rein the, ¢ fiL 002,
saaond fra
052, "t ha B By D A e B e 1054, 1t he

processed fifth.frame 1022 the.pr Sl r

processed _eﬁkﬁ:fggwgﬁﬁﬁgﬁ?vpﬁg’8@%%@2§gg§8§%@E%”?@Eﬁ%gﬁg%%ﬁgﬁgethe
processed nin rane 1012 ha beer erated.. [Q 7]..El h

L | ow di ﬁ‘@e_awtfioﬁumhem@ter gv?mﬁéﬁa S\?PBQ%@?&%&%&& ah@?‘r@%é‘%ﬁﬁbﬁ%ﬁ%éﬁ;f he
ey tasks in processing a frame a illustrated. |n 1102 for d tz

est i mat i dforresgmple epradedronder amperiepriedh bassdipn CJr"{aaf (éfrlt'?%ﬁmf?f‘c'%hfé)nﬁ/l I) .Onl n
1104, backward notion estination may be perfornmed (which ma | so be
referred fronab)3Rbs WB)catddrbylab®6; 1054 afidrhaeed emdata ADOYF BrPcessed Héb' 8Mmay be
performed (which may also be referred to as Bi_Pred). In 1108,

i Nt ra- pr eigtab evwiEly dveow E6O nredby ahiccksspdifouaihdame 1054 may be generated.

Furthermore, in the fifth step ;1050, the sixth frame 612 may be processed (for example
encoded, or for example dec;o‘ded), based on data of the processed fifth frame 1022 as
indicated by arrow 1068, and based on data of the processed seventh frame 1034 as
shown by arrow 1070, where‘t;y a processed sixth frame 1056 may be generated.
Furthermore, in the fifth step ‘10505 the eighth frame 616 may be processed (for example
encoded, orfor example deco]ded), based on data of the processed seventh frame 1034 as

indicated by arrow 1072, and based on data of the processed ninth frame 1012 as shown

by arrow 1074, whereby a processed ninth frame 1058 may be generated. In the fifth step

1050, the number of concurrent jobs may be equal to 4 x Cway.

[00116] In FIG. 10F, a state 1080 after processing (for example encoding, or for
example decoding) is done is shown, wherein the processed first frame 1002, the |
processed second frame 1052: the processed third frame 1032, the processed fourth frame

1034, the processed fifth frame 1022, the proceséed sixth frame 1056, the processed

!
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be referred to as Intra_Pred). As showmn in FIG 1l A the steps may be
performed sequentially, i.e. one after the other. [001181 FIG 1IB shows a
fl ow di agverelds®oisl | ustrati ng a video encodi ng net hod ®sirsg2610notnional
partitioning. The steps shown in the flow diagram 1150 are the sane as

t hose showmn in FIG 11 A and therefore, duplicate description is omtted.
As shown in the flow diagram 1150, the independent tasks in a frane nay be
paral l el i zed. For exanple, the forward notion estimation step 1102 may be
performed in parallel to the backward notion estinmation step 1104. [00119]
As al r eadyvetitsibarss bt sathopercepad alghe! frarae 1258 andithopigedserd ipthdremesh) 1 e
applicable to SVC. According to various enbodi nents, nethods wll be

provi ded Hage BeeRlg@hdratéd/Cs new coding structures in order to i nprove its
scal ability (processing) on multi-core conmputing platform [00120] Tenpor al

scal abi | ifhynr) SMG. TRY shewPs AV dRay 11 frilbeiagahiidsl enBping mehsd (HhiB)
predicti on structure as illustrated in FIG 6. There nmay be two possible

et hods tp‘i(}%‘fﬁ'tﬁ?h;%&&%? ol E21HRS ﬂdﬁaééﬂmuﬁﬁit&t WAt up Sorddig nfotibst appr oach

may  be toconhcurren roc frames bel ongi ng to the sane t enpor al

| evel since th ve n u n ks may be
gener at efSHY? t|l ﬁ'%et' Or%’e‘i ﬁ%hlglg%‘gggggg%( ¢ iaetogd?{@rygﬁl %n fl@awher e tasks
wi t hin each rracrobl ock, ma ecoupl ed, , For exanp and backward
mot i on eswFREIE m?t‘r‘?ﬁﬁs"}i’éatéé‘ %Féﬁ&ﬁﬁ%%%ghwv é S(TE% ?%é@w? here may be
nul tipl e wavefront processings for each frane, }Mﬂ ch eﬁch wavaront may
per f or m drl_MBpde il 0% befisstirhy neir. estpyptiqn r&ﬁﬁb‘l’}"ﬁ g ghich pay also
intraprediction nay be perforned after notion redl ction é: deternmne their
encoded nedeferre®yo astBisPad). dndéABrintra-predichiay atay ﬁﬂ’e’iff’mi'%‘tq“’ By 289 on t asks

may be decoupl ed w t hout ‘
: be referred to as Intra_Pred). As shown in FIG 11A, the steps may be performed

sequentially, i.e. one after the other.

[00118] FIG. 11B shows a‘ﬂow diagram 1150 illustrating a video encoding method
using functional partitioning. The steps shown in the flow diagram 1150 are the same as
those shown in FIG. 11A, and therefore, duplicate description is omitted. As shown in
the flow diagram 1150, the in!dependent tasks in a frame may be parallelized. For
example, the forward motior‘l‘estimation step 1102 may be performed in parallel to the
backward motion estimation étep 1104,

[00119] As already discusged above, parallelization methods for H.264 may be
applicable to SVC. According to various embodiments, methods will be provided to
exploit SVC’s new coding structures in order to improve its scalability (processing) on
multi-core computing platforrﬁ.

[00120] Temporal scalability in SVC may be provided by the hierarchical B- |
pictures (HB) prediction structure as illustrated in FIG. 6. There may be two possible

methods to parallel process frames in the HB structure. The first approach may be to



affecting the rate-distortion performance. [00121] FIG 12 shows a task
nodel 1200 for encoding each frame in accordance with an enbodinent. In

ot her worwe,20f0829012 shows a flow diagram for a frane taskiSGIeroeooraybe
three nodes for frame tasks, e.g. "Intra" denoting intra-prediction,
"LO_ME" denoting notion estimtion using LOreferences and "L1_ME" denoti ng
notion estimation using LI references. In various enbodi nents, LO and LI
may denote a zeroth List 0 and first List 1. These terns nay be used where
each list may include indexes of reference franmes for the current frane.

Li st 0 nmagndercpdeprobess afl drames delopging o @gtsarnatqnmra(lw #nee theshave ngay be
used for backward ME. Hence, franmes in LO are in the 'past' relative to
current fintandepeadohcf.r Mvescdnauirént sasks imay bhgeneratedibeincompbrating ¢hetconespt r ent
frame. [00122] In 1202, an intra prediction frame task (which may al so be
referred df%sﬁ@aﬂﬁh@ﬁﬁg}aﬁdfé tasky yklin FRoh Mecrsblack @dy bé decbdpied. Boif or ward notion
estimation task (which may also be referred to as Frame_Task(LO_Mg)) may be

started. el(anl}l%ZIQrw?rdQﬁ& Bm&qrcf%%h&:nes‘ﬁ%ahﬂﬁﬂa?'Be&a@ﬁ‘l{ln(éﬁhh&gbeimﬁt@' so be
referred to as Frane_Task(LI _ME)) may be started.[00123] I'n 1214,

processi ng, é/re &R 1{1’4%%%{)](3 xﬂavé@&@ ﬁéﬁ% ﬁ%"%efgxgea@mfraﬁﬁdm \[;199;-23%]1 I'n 1204,

an intra pre|c’t|on erred to as

TS R B R R B e (00>
F t ask f I f h d i | abl
ST IR ST o %haﬁé&e;r%ﬁe g,

referred to as MB Tasko(0,0,LO I\/EB) may be spawned. g 1222, a _ backward
noti on edty WRarBASIBIL twaﬁ«ﬁr%9 rlquﬂ@ft&oaﬁ@h B3y g dggoupled without

MB_Tasko(Q, O, LI _ME)) may be spawned. In 1218, a
affecting the rate-distortion performance.

[00121] FIG. 12 shows a tésk model 1200 for encoding each frame in accordance with
an embodiment. In other words, FIG. 12 shows a flow diagram for a frame task. There
may be three modes for frame tasks, e.g. “Intra” denoting intra-prediction, “LO_ME”
denoting motion estimation usin|g LO references and “L1_ME” denoting motion
estimation using L1 references. ‘In variousA embodiments, L0 and L1 may denote a zeroth
List 0 and first List 1. These terms may be used where each list may include indexes of
reference frames for the c.urrelnt frame. List 0 .ﬁay be used for forward motion estimation
(ME) and List 1 may be used for backward ME. Hence, frames in LO are in the "past’
relative to current frame; and frames in L1 are m the “future’ relative to current frame.
(00122] In 1202, an intra prediction frame task (which may also be refeﬁed to as
Frame_Task(Intra)) may be started. In 1206, a forward motion estimation task (\yhich
may also be referred to as Frame_Task(LO_ME)) may be started. In 1220, a backward

motion estimation task (which may also be referred to as Frame_Task(L1_ME)) may be

started.
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bi -directional notion estimation task (which may also be referred to as
MB_Tasko(O O Bi _Pred)) may be spawned. [00126] In 1210, it may be checked
whet her twe 2brozoseoods a P frane. In case it is a Pframe PgesG0prnoeessi ng
may continue in 1204, where an intra prediction task (which may be al so
referred to as MB_Tasko(O O Intra_Pred)) may be spawned. In case it is not
a Pfranme (no), processing may continue with the check 1216. [00127] In 12
16, it may be checked, whether backward notion estimtion has been done
(e.g. whether LIJME has been done). In case backward notion estimation has
not been [€1338] ( o)l 1 hrocessigigar e Likewisel in 12796 peeesesit®RERY not i on
estimati on has been done (yes), processing continues in 1218, where a

bi - di recféoiza] nmatliRoh ashiaptdioton ask(vwhith why haglsaldordgeorgf erred to as
MB_Tasko(O0,0,Bi _Pred)) may be spawned.[00128] In 12 14 it nmay be checked,

whet her forwar tion estinmation has ,been don whet her LO_ME has
been doné\ﬁﬁﬁg@@g}efnfr&ﬁ&ﬁ%%ﬁﬁfSW‘%FRW&% B ?%Sggfr%g%d)been done (no),

processing ends in 1226. In case forward notion estimation has been done

(yes), pr i ng GeRL; i eddb begHilaemdramtth
estimti Aﬁ{ﬁ?gik mlﬁ?%h%?ﬁ%é@ghﬁ‘é?%@ﬁ% 1t%(gé?‘laes NB_Tasko(g)?O,"'Bi sfgr ed))

maybe s p%?rgcg\%mf Ogﬁ]s'l%s? %(%r\lktél}léhs %1%*?1: 88 1 ?lrogfda’vgltlﬁ%, -ag%reggwi. i i 9ak, hask

spawni ng ion estimation awni ng task 120S.

bi -directional notion esti ma;{i Oﬂj[ éaSk’f%% wWni g (i?osgs 1218 and backwar d

moti on edPivTAE POHOR sImAgR K Al hicA Ziay er{ﬁG b2 tBnsi dered as macr obl ock
wavefront tasks. [00130] FIG 13A, 13B, 13C, 13D. 13E and 13F show vari ous
steps in \pdfid,@UILE WIBY)imende pakidd. i1an2pY artathodtd nbtiaecsimavngaski t h

vari ous enbodi nents. Tn accordance with various enbodi nents, data and
functional partitioning nmay be applied, wherein

(which may also be referred to as MB_Taskg(0,0,L1_ME)) may be spawned. In 1218, a

bi-directional motion estimation task (which may also be referred to as
MB_Taskq(0,0,Bi_Pred)) may be spawned.

[00126] In 1210, it may be checked whether the frame is a P frame. In case jt is aP-

frame (yes), processing may continue in 1204, where an intra prediction task (which may

be also referred to as MB_Taskq(0,0,Intra_Pred)) may be spawned. In case it is not a P-

frame (no), processing may continue with the check 1216. |
[00127) In 1216, it may be checked, whether backward motion estimation has been
done (e.g. whether L1_ME has been done). In case backward motion estimation has not
been done (no), processing ends in 1214, In case backward motion estimation has been

done (yes), processing continues in 1218, where a bi-directional motion estimation task

!

(which may also be referred to as MB _Taskq(0,0,Bi_Pred)) may be spawned.
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different tasks in each frame may have different dependencies, and the
tasks for which the dependency is satisfied nay be executed. Each of the
sub-fi gurwe 20fo/d8kB4 13 shows the hierarchical B-picture®Ctsd2og/ostomact ure
in accordance with an enbodi nent as shown in FIG 6. Therefore, where
applicable, the same reference signs as in FIG 6 are used, and duplicate
description is omtted here. [00131] Throughout the codi ng exanpl e using
the task nodel in accordance with an enbodi nent shown in FIG 13A, 13B

13C, 13D, 13E and 13F, a dotted frane indicates a frane, that has,not yet
been prod®¥38l, In 1R4t.dt maxheeheckednvhehas Oayad motop gREmetaRhas b fangny iy
been partially processed w thout being conpletely processed, a |ight dashed
frame i ndé.gavhsshes LOr Nfehasihaen dens) baeasqpfary rdigfiopesamatianchas nobeen " f r ane
that is partially conpleted), a solid bold frane indicates a frane that is
cur r ent | Viohe{nol ppressss adls $101206. tio basedomardtrelign pytioweion bas begndore | i ght

solid frane indicates a frane that has already been conpletely processed.
[00132] I(yes?cq)&é&smgem@dhﬁaﬁws;w& 4 biadiectisnal hevien astsettionftasdtvhichi ch may
record results fromdifferent stages of processing. This may be for the

pur pose of picking the best result whe | necessary processing stage is
conpl et ednayph berrefergd (95 h%gi’#‘ééq’%ﬁl—&é%}ﬂéﬂ FRPWEd di stortion' (which
may nmeasure the quality of the processing) and 'rate' (which may nmeasure

t he cost [Lesour ce . requir 10 ' - ohisn

i st ort M B v EP e R BRI e o ARROT B BB i o
essentially may include, para r.s derived fromt.he.pr S| st age that
oy | ead FUnFHE o ELpRArIg 2 SebrIoa maheh cshapubt BRESRR) 200 B

may have 'notion vector' and 'partitioning npde' %ﬂfﬂr mat,i on; hgrteéa_Pr ed

stage nmayetkavéd endbackigrdmeeen et task SRS B may be cohsi

as macroblock wavefront tasks.

[00130] FIG. 134, 13B, 13C, 13D, lSE and 13F show various steps in a data and
functional partitioning method in accordan‘ée with various embodiments. In accordance
with various embodiments, data and functional partitioning may be applied, whérein
different tasks in each frame may have differént dependencies, and the tasks for which
the dependency is satisfied may be executed. Each of the sub-figures of FIG. 13 shows
the hierarchical B-pictures coding structure in accordance with an embodiment as shown
in FIG. 6. Therefore, where aiaplicable, the same reference signs as in FIG. 6 are used,
and duplicate description is omitted here.

[00131]  Throughout the coding example using the task model in accordance with an
embodiment shown in FIG. 134, 13B, 13C, 13D, 13E and 13F, a dotted frame indicates a
frame that has not yet been processed, a bold dashed frame indicates a frame that is
currently been partially processed without being completely processed, a light dashed
frame indicates a frame that has been partially processed (i.e. a frame that is partially

completed), a solid bold frame indicates a frame that is currently being processed so as to



[00133] In FIG 13A, a first step 1300 of processing (for exanple encoding,
or for exgopbe/@ewaedi ng) is shown. In the first step 13@@r/scheiofovdosd frane
602 may be processed (for exanple encoded using intra codi ng using
macr obl ock wavefront, where each nmacroblock is intra-predicted (for exanple
by execution of a task Intra_Pred, for exanple a task Frame_Task(Intra)),

or for exanple decoded using intra-prediction), whereby a processed first
frame 1302 may be generated. In the first step 1300, the nunber of

concurrent i Q a . .wher.e denot.e.t he
o o ey ST oS St ind Pl Yol Bitne 1oHELE o A S ERNE Bidhensi on.

[001341 In_FI 3B, a second step 1310 of processing (for exanple
encodi ng, 8Fmggfﬁé¥%%%$§'decoding) is showmn. In the second step 1310, the

second fra 4 be partially processed (for exanple encoded usin
forward rmm%&g?'es ﬁ %%ﬂqué ﬁ“‘&?@gﬁb‘ﬁ‘?ﬁc Pi‘f‘é g8 mExAsrve aret (irdgta vehigthpes rpr
execution of a task LO_ME, for exanple a task Franme_Task(LO ME)), or
decoded usksytsEmpdifterinisiages qfimsenesting This mrystedfon thegatrosopf pibkinptiecessed
first frame 1302 as indicated by arrow 1320, whereby a partially conpleted
second fr ahest 1e8ulpwheryalbregemer mbessinFataghis cnmpleted. wohd tisdegnforhaonl 310,
the third frame 606 may be partially processed (for exanple encoded using

forward notécomedsiy batdisortos (ohitReke bleagike u@\qaam@r@ffﬂ{efméce%%gmh@ by
execution of a task LO_Mg, for exanple a task Frane_Task(LO ME)), or

decoded usirfg’ fvaiiokamsl ARhIPNHRIEHIE tdsOikke re?ﬁﬁ&ﬂto%hfé@é heQbrrtPenMhgcessed
first frame 1302 as indicated by arrow 1322, whereby a partially conpl eted

third framp,d3F40B¥ioRS. ORNE Qtraﬁlg‘erf 5 @%Mé@hg %\Fbcggﬁ'xéss‘?zfg%p\ghi%ﬁep 1310,

the fifth frame 610 may be partially process or exanpl®e’ encoded usi ng

forward motd.on ' J ' rohblock wavefront (for exanple b
execution .ogfs leaﬁgé-kﬁ%él%z IH’? %n?eq%rgggrra elea 1?10 heProsey _sfé%ekt%ﬂdfﬂ@)eﬁcﬁo&ge
decoded ustd slgo%[ivu\l%r‘gis{g%iénq rgmd ‘rate’. For example LO_ME may have ‘motion vector’ and

‘partitioning mode’ informatilon; Intra_Pred stage may have ‘intra-prediction.mode’
information.

[00133) InFIG. 13A,a ﬁfsf step 1300 of processing (for example encoding, or for
example decoding) is shown. ‘In the first step 1300, the first frame 602 may be processed
(for example encoded using iﬁtra coding usiﬁg macroblock wavefront, where each
macroblock is intra-predicted (for example b? execution of a task Intra_Pred, for example

a task Frame_Task(Intra)), or for example decoded using intra-prediction), whereby a

processed first frame 1302 may be generated. In the first step 1300, the number of

concurrent jobs may be equal to 1 x Cyyay, Where Cyay may denote the maximum
macroblock concurrency in a frame and may be a constant dimension.
{00134] InFIG. 13B, a second step 1310 of processing (for example encoding, or for

example decoding) is shown. In the second step 1310, the second frame 604 may be

partially processed (for example encoded using forward motion estimation usiﬂg
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prediction), based on data of the processed first frane 1302 as i ndicated

by arrowwgé2di0sbeueby a partially conpleted fifth frampcizdtboisRyodie
generated. Furthernore, in the second step 1310, the ninth frame 618 nay be

processed (for exanple encoded using forward notion estimation and intra
predi ction (for exanple by execution of tasks LO_ME and Intra_Pred, for
exanpl e a task Frane_Task(LO_ME)), or decoded using forward notion
prediction and intra prediction), based on data of the processed first

f 1302, di b d I
compl et of y"EREAS ?%e?%eﬁ%f?rane%fammﬁe‘? k) @L@@e%?reﬂe%sf% 24#9nd st ep
1310, th | to ¢ 00135] |
Fla 130 HoprsiaRd(e b ss fo sy biat B i oanafion dneotai e B ror
exanpl e decodi ng) shown. In the third step_ 1330, the partl aIIy conpl et ed
fifth fran‘giBTGesﬁﬁ‘il éﬁbmééé%sedn@wﬁdb&mv&*%cwgdpmﬁaﬁga Bserpistsd noti on

estimation using nmacrobl ock wavefront and intra-prediction (for exanple by
execut i on seonddedme 131 2vmyekenaated. Prhgimdreringlkeaseobrd stepp 8310, the third
Frame_Task(LI _ME)), or decoded using backward notion prediction and

i ntra-prediabé m@ma%bsmmmtyId*admsantf(fdrhearppleee&siedusmgtfdsmfarchmatxdxﬁw as

i ndi.cated by arrow 1338, whereby a processed fifth frame 1332 (for exanple

a conpl et edsymaneoakesh @B b RNvdIRNIERESH AP by Kb R&INNT8aski D MIE féhi rd
step 1330, the seventh frame 614 may be. parti ally processed (for exanple

encoded UsdxAghp lzaact!awlqm@uqmogm)@ e dus L a8 mm%@&& Mayehdont (for
exanpl e by execution of a task for exanple a task

Franme_Task(lly NPk o Beﬂ g&grgfgh%ig % Ing.cmab %ngfwk%g%abased on

data of the processe I cat ed y arro wher eby

RS N R
exanpl e 1310, the fifth frame 610 may be partially processed (for example encoded using forward
motion estimation using maerlol?lock wavefront (for example by execution of a task
LO_ME, for example a task Frame_Task(LO_ME)), or decoded using forward motion
prediction), based on data of the processed first frame 1302 as indicated by arrow 1324,
whereby a partially completed fifth frame 1316 may be generated. Furthermore, in the
second step 1310, the ninth frame 618 may' be processed (for example encoded using
forward motion estimation and intra prediction (for example by execution of tasks
LO_ME and Intra_Pred, for example a task Frame_Task(LO_ME)), or decoded .ﬁsing
forward motion prediction and intra prediction), Based on data of the processed first

frame 1302 as indicated by arrow 1326, whereby a processed (for example completely

encoded) ninth frame 1318 may be generated. In the second step 1310, the number of

concurrent jobs may be equal'to 4 x Cyyay-

[00135] InFIG. 13C, a third step 1330 of processing (for example encoding, or for

example decoding) is shown. In the third step 1330, the partially completed fifth frame



encoded usi ng backward notion estimation using nmacrobl ock wavefront (for
exanpl e by execution of a task LIJvIE, for exanple a task
Frame_TaswOLbioE)9o4 or decoded usi ng backward notion prediscemnjppocased on
data of the processed ninth frame 131S as indicated by arrow 1342, whereby
a partially conpleted eighth frane 1336 nmay be generated. In the third step
1330, the nunber of concurrent jobs nmay be equal to 3 x Cv' [00136] In
FIG 13D, a fourth step 1350 of processing (for exanple encoding, or for
exanpl e decoding) is shown. In the fourth step 1350, the partially

conpl et egs fdhhnd prardsdidtdt Raplaenprided asiagdaiverd exanpresinstioodede usi ng
backward notion estimation using macrobl ock wavefront and intra-prediction
(for exagﬁggbmk%@%& O RratiRskSichkfVex angle bftekecufloa df taskwLidaddidded usi ng

backward notion prediction and intra-prediction), based on data of the

pr ocesseg?éingrt@s %?%Eexé%}%p?&di( pgin{:eaffgsqgé@y NRE ) O dt36frd wathgmekiyvard pr ocessed

third fr e a conpletely encoded frane) may be generated.

l(: ]9 :)'; " g )r( gola?{ﬂ%’@n {g?ﬁgl%‘gga fagé fog-pﬁécgwgpgéedto%edaifw tB%gFOE)@{g?d £9& @Y. PASProcessed

not1on estinmation using nacrobl ock
wavefront (for exanple by execution of t S.L1 r ed using
backwardaﬁmdiC@Wdé"b’é‘ﬂiOb’t]i%ﬁ’)‘}’h% Veﬂpraﬁesﬂ?f;‘%bﬁa?‘ﬁz@p% %es“‘gg%?e?alfth frame
1332 as indicated by arrow 1362, whereby a parti al lg%i- c.oqgl eﬁﬁ% ourth frame
1354 may cheplpeheemode] frie)uher roseacrajed. fREhemre.An diedhrq 389 S| xt h

frame 612 may be processed (for exanple encoded using forward tion
esti mat i gevangi figmea bl mby b@kam%emmmsed((fqrrexémnlﬁﬁnéoqﬁg uSE e of t asks
LO_ME), or decoded using forward notion prediction), based on data of the
pr ocessedndiichtebrihi@imusk33Racasblodidi oafred: (Byr axample th3eecutigne etstka partial |y
conpl eted sixth franme 1356 may be generated. Furthernmore, in the fourth
step 135Q,; Whe rhadxbinple dafOrahe! BAkgaVRMEIR o dasteled using backward motion
prediction), based on data of the processed ninth frame 1318 as indicated by arrow 1340,
whereby a partially completed seventh frame 1334 may be generated. Furthermore, in
the third step 1330, the eighth frame 616 fnéy be partially processed (for example
encoded using backward motion estimation using macroblock wavefront (for example by
execution of a task L1_ME, for example a task Frame Task(L1_ME)), or decoded using
backward motion prediction), based on data of the processed ninth frame 1318 as

indicated by arrow 1342, whéreby a partially completed eighth frame 1336 may be

generated. In the third step 1330, the number of concurrent jobs may be equal
to3x Cwav.

{00136] In FIG. 13D, a fourth step 1350 of processing (for example encoding, or for
example decoding) is shown. In the fourth step 1350, the partially completed third frame
1314 may be processed (for example encoded using backward motion estimation using
macroblock wavefront and intra-prediction (for example by execution of tasks L1_ME

and Intra_Pred), or decoded ulsing backward motion prediction and intra-prediction),
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1334 may be processed (for exanpl e encoded using forward notion estimation
usi ng macr obl ock wavefront and intra-prediction (for exanple by execution
of tasks WO 2vH/mea4|l ntra Pred), or decoded using forwar@CmsG2er/opsoadi cti on
and intra-prediction), based on data of the processed fifth frane 1332 as
i ndi cated by arrow 1366, whereby a processed seventh frame 1358 (for
exanpl e a conpletely encoded frane) may be generated. In the fourth step
1350, the nunber of concurrent jobs may be equal to 4 x Cyvav- [00137] In
FIG 13E, a fifth step 1370 of processing (for exanple encoding, or for
exanpl e Heseddnnigi df shesirovassedififtht fhamd 1 ¥32rns sndipataiimoarray é3%mhpr&gy ¥ conpl eted
second franme 1312 may be processed (for exanple encoded using backward
noti on esgtdce®td thirduBdntegl 358 ¢ fop bk ani e wavmblechy eroded frame)-mpaiell genered( f or
exanpl e by execution of tasks L1 _Meand Intra_Pred). or decoded using
backwar d FRhdrrd i thle GoirtktéNId SONhE Souriheeingd 603 thay bapedesssd @at a of the
processed third franme 1352 as indicated by arrow 1380, whereby a processed

second fr i o i &dblot R ARy fFoRY (fof
generateéggﬁw%?ﬁ%¥%%?%?E?ﬁmghghﬁfggﬁggﬁggb%%ﬁgg9?he Sértiafly éonpleted

fourth frame 1354 nmay be. nrages r .8, . BRI G148 bR dghyvar d
noti on e§??ﬂ%¥%Xﬁ“ﬁ?%ﬂ%8%§§§ﬁ§b$§§kéﬁﬁﬁgﬁﬁgﬁggaﬁgaintra-bréﬁiéﬁioﬁa(for
exanpl e by execution of tasks and tra Pred or ‘ i,ng forward
not i on p?’é%ﬁdd’tni i 052}66 PREFSE f%ﬁ%m‘? b, 2 8%6%??' %?\g?g@t% ee%%&gc essed
third frame 1352 as indicated by arrow 1382, reby a prqcessed fourth
frame 13Partietlycomplsipg feurth @@%ié“e@@y 'é%%%@&edf%?%??é?/ “bgieég k.
Furthernore, in the fifth step 1370, the partially conpleted sixth frame
1356 may 1860,phogetidmne §1dmaxtamspessesddiredemplefctsias BNAR &gt BA®st i mat i on
using | ) « . -

estimation using macroblock wavefront (for example by execution of tasks LO_ME), or

decoded using forward motion prediction), based on data of the processed fifth frame

1332 as indicated by arrow 1364, whereby a partially completed sixth frame 1356 may be

generated. Furthermore, in the fourth step 1350, the partially completed seventh frame

1334 may be processed (for example encoded using forward motion estimation using

macroblock wavefront and int’ra-prediction (for example by execution of tasks LO_ME

and Intra_Pred), or decoded using forward motion prediction and intra-prediction), based

on data of the processed fifth frame 1332 as indicated by arrow 1366, whereby a

processed seventh frame 1358 (for example a completely encoded frame) may be

generated. In the fourth step 1350, the number of concurrent jobs may be equal to 4 x

Cwav-

[00137] In FIG. 13E, a fifth step 1370 of pfocessing (for example encoding, or fqr
example decoding) is shown, In the fifth step 1370, the partially completed second frame
1312 may be processed (for example encoded using backward motion estimation using

| ) .
macroblock wavefront and intra-prediction (for example by execution of tasks L1_ME
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macr obl ock wavefront and intra-prediction (for exanple by execution of
tasks L1 _ME and Intra Pred, or decoded using backward notion prediction and
i ntra- pr esioabions)9o4based on data of the processed sevenhTiSGam®/0d@88 as

i ndi cated by arrow 1384, whereby a processed sixth frame 1376 (for exanple
a conpletely encoded frane) may be generated. Furthernore, in the fifth
step 1370, the partially conpleted eighth frame 1336 nay be processed (for
exanpl e encoded using forward notion estimati on using nmacrobl ock wavefront
and intra-prediction (for exanple by execution of tasks LO_M: and

| nt r a_Pr e} Intray Prddc oviéagodash usiperboekiaad maston predigtioniand inr-pyadiction),
intra-prediction), based on-data of the processed seventh frane 1358 as

i ndi cat edasey oadnwf 8Gocented et/ frampit Beassedicaedby trrdw 4380, ¥dpBbyfor exanpl e
a conpletely encoded frane) may be generated. In the fifth step 1370, the
nunber obrseeREUSIEIR frhibs3 TRhexetpRla dompletaly Eéoded frameXmapbe, after this
step, all frames are conpletely encoded.[00138] In FIG 13F, a state 1390

af ter p&%&?e?ﬁéd?%xﬁfh@ﬁn&é?iﬂ%’@ﬁ@hﬁ@@i%tHér abllyeyaptda foecoding)3ss done is
shown, erein the processed first frame 1302, the processed second franme

1372, t he, pi06E500d0 (] LAl IBfR oddFRind R BHARIRA AN Ny are 1374, the

processe processed sixth franme 1376, the processed

seventh frane, 1358. the processed ei ght i h ssed ninth
frame 13 ’I}aérrgﬁ’bc\? “ﬁ‘é’gt:‘no‘g@ﬁ%F‘gﬁaéoé?ﬁ?tgjﬁlqg%lal%%ggﬁg\%Zﬁ"ggﬁq(f:E)arbr%ﬁ Ig({gff@ encoded.
[00139] FIG 14 _shows a graph 1400 illustratj. t he'. nunber. of .concurrent
et obl 0eRd InEEKR NPT eScsbou iyt egboppret baad s BELePimERet { -

vari ous enbodi nents. The hor'i zont al ax,ig_ 14@6 denot Srg‘?ct{he? %i me step, and
the ver t iondptagfihe presreteddhirdiBame by asgpdigyrE BY PEAY 1Ade MOWIVERs. The nunber
of concurrent nmacrobl ocks according to various enbodinents is shown in a
first cumpveessdd owthfanmuhiidrfoyex g acpmapletely ercgebirme) may be

generated. Furthermore, in the fifth step 1370, the partially completed sixth frame 1356
may be processed (for example encoded using backward motion estimation using
‘macroblock wavefront and intlra-prediction (for example by execution of tasks L1_ME
and Intra_Pred, or decoded using backward motion prediction and intra-prediction),
based on data of the processed seventh frame 1358 as indicated by arrow 1384, whereby
a processed sixth frame 1376 (for example a completely encoded frame) may be
generated. Furthermore, in the fifth step 1370, the partially completed eighth frame 1336
may be processed (for examplé encoded using forward motion estimation using
macroblock wavefront and int‘ré-prediction (for e;{ample by execution of tasks LO_ME
and Intra_Pred), or decoded using forward motion prediction and intra-prediction), based
on data of the processed seventh frame 1358 as indicated by arrow 1386, whereby a

processed eighth frame 1378 (for example a completely encoded frame) may be

generated. In the fifth step 1370, the number of concurrent jobs may be equal

to 4 x Cyay. For example, after this step, all frames are completely encoded.

40



according to a nodel using only data-partitioning is shown in second curve
1408. The nunber of concurrent macrobl ocks according to a nodel using only
macr obl ocwowawaiemat i s sholvn in curve third 1406. [ 00P<¢@]SGERoI/000V0 gr aph
1400 is may be assumed that there is no limtation on the nunber of
processors and each macrobl ock only requires a unit tine to conplete
processing. Therefore, for each unit tinme step, the conpletion of al
concurrent macrobl ocks that are being processed may be assunmed. [00141] In
the third curve 1406, the nodel using only macrobl ock vefraont may show a
peri odi c [60488}t odt FI@aliFen sateTPQ afierypreresuns dpyedmpliencABErB 4% n accor dance
wth Fig. 9. For exanple at tine=4, only the nacrobl ock 908 and the

macr obl oekanld demingpisaione isrshewn, wizrein itreepracesend first famabiRobock 910, the
macr obl ock 916 and the macrobl ock 922 may be concurrent. As the wavefront

progr ess prdcbRedsb¥bARd g6 QBT Kicgitbeessdrinibd frame A2, pleeakcoamskdrfaytid@ahe ne.  For
exanpl e at tinme=10, only nacrobl ock 938 and macrobl ock 944 may be

concurrengyg [t}%q:"régésseldrﬁﬁm@alﬁ@ ed (e Wy Rsskd Bith REQAUSTS, tfe frbessed
dat a- partitioning nodel may - allow concurrent processing of multiple

i nd dent : h [ ' ' ,
Ir’rg c ?gg P Oggvsen%\rf? ar}rr?ets } 3 r‘rstg’ ﬁlg %'rcﬁcteegs:e? Efﬁg%@lrfré?lfle i Pisalng W&es@é(d HRA GRS

ver a cunul ati ve-sawtooth pattern since the
nunber of concurrent frame increases in ti L thn each GOP). It is to be
noted t hdfvg Phcd gf’%er%f?‘&éowmﬁfe&aég§?erﬁlgcr&én§ lér{ge}lgge}qu&edrgl{i'ed by the second curve
140S may take only half the ti ta,.process the GOP. as ¢ r
processi §138br é%lémléah%ﬁ’ﬁ ““tg{éphtnﬁdrorod“ Triee %ﬁd%lmb[ebﬁ)flf§fm%%ﬁ1%la§§b$)gl§ t he
processing represented by the first curve 1410, nethods ac ordinggto
vari ous dmbovhilentosessmg afaORIF & Hages Briphordancs Whariors in o1 68% in

horizontal axis 1402 denotes"c:he time step, and the vertical axis denotes the number of
concurrent macroblocks. The number of concurrent macroblocks according to varicus
embodiments is shown in a ﬁrst curve 1410. The number of concurrent macroblocks
according to a model using only data-partitioning is shown in second curve 1408. The
number of concurrent macroblocks according to a model using only macroblock
wavefront is shown in curve third 1406.

[00140]  For the graph 1400 is may be a’ssumed that there is no limitation on the
number of processors and each macroblock only requires a unit time to complete
processing. Therefore, for each unit time step, the completion of all concurrent -
macroblocks that are being processed may be ass.umed.

[00141] In the third curve 1406, the model using only macroblock Wavcfront may
show a periodic saw-tooth pattern. This may be observed and inferred in accordance with
Fig. 9. For example at time=4, only the macroblock 908 and the macroblock 914méy be
concurrent; at time=>5, only the macroblock 910, the macroblock 916 and the

macroblock 922 may be concurrent. As the wavefront progress, the number of
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each unit tinme for the processors to consunme (hence expl ained by the higher
peaks and steep slope of the sawtooth graph). Therefore, processing

repr esentwo 2by/asbam4f i rst curve 1410 may take even | ess PCESGRo10m00m0 et €
processing the GOP than processing represented by the second curve 1408.

[ 00144] To denonstrate the effect of generating nore tasks for nmulti-core
scal abl e video encoding, a sinulation was set up as follows: [00145] - A
task may be either a forward or backward prediction for a nmacrobl ock.
[00146] - A task for a particular macrobl ock may be ready for execution
when: Theonmorwbhaseddodkmmashieak angd may idedinehBar exp@pleaytimes =f°8(:y t he
intra-prediction for the current macrobl ock have finished all their tasks
and al |l wherovtock 0b$ acksaabblbble944emey bacenciurantes f or t he macrobl ock have
finished all their tasks. [00147] - Each task may take 1 tine unit to

execut e. [RAXSP] In st @rar 1408 beeagh of iteudaatpatitianind @pd@awly alowcessor may
pick a task fromthe task pool for execution during the cycle. [00149] - At

the end qf,&ach rfﬁé( Gk8ng Siaékﬁlplehﬁaeﬁéﬁdlﬁt Rh&KE thedistibatidt @mbtalfuniteeot ycl e
finish executio possi bly may enable the start of previously unavail abl e

tasks. [00150 Al SnceQpput ed as:
No. of cyliad Irltem%&?lgg&t gqgr (ihe hAS b3 1M, Bl ivd- Sy BRAEGHHn End &) [00151]

FIG 15 sho ra 00 lndlcatl ssors for
wavef r onPUBREY) %awpmenéf?m? St o Ao IV ER AL G ?'E’Fﬁébﬁhn%%?ﬂ%ﬁ
processors available for, paralleliz an the tlc 04

denot es  tthi& ISOHRIOPTORRSSINE A TeRFES Y ‘g&?ﬁg‘F&F % ?%%egﬂ}fhe%ts (GOP4) in
the curve 1512 with dianonds, for a GOP of e| % & g&gFPS) in the
curve 151e tuioe b proeast the GQRas fmp%ewr?ﬁﬁS%P&EeB&% &

curve 1406.

[00143]  Similar for the précessing represented by the first curve 1410, methods
according to various embodiments may be able to spawn more concurrent macroblock in
cach unit time for the processors to consume (hence explained by the higher peaks and
steep slope of the saw-tooth éraph). Theréfore, processing represented by the first

curve 1410 may take even lesé time to coﬁnblete processing the GOP than procéssing
represented by the second cur;/e 1408.

[00144] To demonstrate thé effect of generating more tasks for multi-core scalable
video encoding, a simulation v\ivas set up as follows:

[00145) - A task may be either a forward or béclwvard prediction for a macroblock.
[00146] - A task for a particular macroblock may be ready for executioﬁ when: The
macroblocks in the séme slice that are requiréd for the intra-prediction for the current
macroblock have finished all their tasks and all the macroblocks of the reference frames

for the macroblock have finished all their tasks.

[00147) - Each task may take 1 time unit to execute.



(GOP 16) in the curve 1508 with triangles. For conparison with the
theoretically best possible parallelization, a |inear curve 1506 is al so

pl ott ed. WOGn10lB2®hows t he speedup that is possible wtikrCusceéromntoiencodi ng
(for CF resolution). The encoding of a frame may start only after the
encodi ng of the previous frame is finished. [00152] FIG 15 shows that GOP
size may have little inpact on the possible speedup of the wavefront
paral l elization technique as frames are encoded one after another (the sl ow
startup of the first P-franmes where the nunber of concurrent tasks are
limted i[80¥#8t e prichostatefcahastmelnsongoples pach precessermay pigkggasision) g 16
shows a graph 1600 indicating speedup vs. nunber of processors for

wav ef r ontthensloghahfpr eXémmtihodidontalcydsi s 1602 denot es the nunber of
processors avail able for parallelization, and the vertical axis 1604

denot es tjpg149peeduihe Babol dash avdte, sithyvthal weredidked at tht isart ofthe@StE fimedhol ut i on
in the curve 1612 with dianonds, for aresolution of CIF resolution in the

curve 161Q Wb, R4 GSay MBI stiresObretibeily @davaffite (bky. exanpl e
corresponding to a résolution of 704 pixels x 576 pixels) in the curve 1608

wEh UT1GHR10P- FOrnE ORPEF e Sl 10 SpdcIBOIRbhfsfldpusbest possi bl e

paral leli'z I near curve is also plotted. FIG 16 shows the

speedup that is possible with vef ront i di ng of a fyane
may start only éﬁ?e CYHQS@ﬂggﬁw%§n8¥gfﬁgsg?gg%gggngggﬁgﬁgg fi%ishedﬁb

00154] FIG_.16 sh that th Lze qf i dep f ffect th t ent
[ ] 0\33IS a e i%éf g a Vi qgg rame affect the exten

to which [PP1§Hy BO Jashavst gaply HEGAYGESPEFIR V51D %%F%rﬁfesﬁ%rf/ e | arger
when a frame is larger, there may be nore tasks that y be processed
concur r erivdvgiropnashyg. Fls, horizoniabiids h’SO&rd&mfeSﬂ’fle@umﬁaﬁ ‘gtg’tr‘?ct‘?ésoéspeedup VS.
nunber of processors for wavefront encoding and tenporal parallelization
accor di nqvaidabdmfoe riveldéliretien, amth thegreriisal gxis 1504 denotes the speedup. Results are

shown for a GOP of four pictures (GOP4) in the curve 1512 with diamonds, for a GOP of

eight pictures (GOP8) in the curve 1510 \yith squares, and for a GOP of sixteen pictures

(GOP16) in the curve 1508 w;th triangles. For comparison with the theoretically best

possible parallelization, a linear curve 1506 is also plotted. FIG. 15 shows the speedup

that is possible with wavefroﬁt encoding (for’CIF resolution). The encoding of a frame

may start only after the encoding of the previous frame is finished.

[00152) FIG. 15 shows thé£ GOP size may have little impact on the possible speedup

of the wavefront parallelization technique as frames are encoded one after another (the

slow startup of the first P-frames where the numBer of concurrent tasks are Jimited is

more pronounced when the GOP size is small).

[00153] FIG. 16 shows a gfaph 1600 indicating speedup vs. number of processors for

wavefront encoding. The horizontal axis 1602 denc;te.s the number of processors

available for parallelization, and the vertical axis 1604 denotes the speedup. Results are

shown for a resolution of QCIF resolution in the curve 1612 with diamonds, for a
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1700 shows the speedup vs. the nunber of processors at varied GOP size. The
hori zontal axis 1702 denotes the nunber of processors available for

par al | el iwatzoowms2ead the vertical axis 1704 denotes theprspsedup/ooiResul ts
are shown for a GOP of sixteen pictures in the curve 1708 with triangles
when perform ng wavefront encoding and tenporal parallelization according
to various enbodi nents, for a GOP of eight pictures in the curve 1710 with
squares when perform ng wavefront encoding and tenporal parallelization
according to various enbodi nents, and for a GOP of four pictures_in the
curve 17iRoksiitinofiC Himesustionhie thoawfolahovgtveaveres.cnd ferewdntay di¢ Y enpor al
paral l eli zation according to various enbodi nents. For conparison, the
curves 1{bfdecmplespanpimiing o atrehaionod§04 howisgs 7otpéxald duhesuniet 10hav ef r ont
encodi ng only as shown in FIG 15 are also plotted. For conparison with the
theoreti %Jh'tﬁar%;e%t RO SSth PR ath ied theatiioly bastipossie paallviezatid0e is al so
plotted. FIG shows the speedup that is possible with wavefront encodi ng

and t empopal AALALLE|d AR IORAFIS! 6 18RI deiuplBAISKIsshIGHiR 7 shous that
abrtity of 't

t he scal e proposed parallelization nmethod nay be superior

(closer to a.linear, spegdup) & ' Btr pavebsant oemeodi ng. The
j ob of vi I'ng nmay bé alfocated to a |argde nunber o p(r)ocessors
Lob of vigsereHeBaaE BB finl fal Sl WRakodnk
efficiently as a bi,g nu{;r%ﬁr of concurrent tasks may be generated with the
met hod a®EOiMSAGdS #PShs embodi nents. [00157] FIG 18 shows a graph I SOO
i ndi cati ng speedup vs. nunber_ of processors for vefront enco ip and

s {0 it 1

t enpor al (BRI54] | ef1G; 46 slvsdbeidhasiage P LB MAEHECt ¢ ‘t?n%é? Aph 1800 shows
t he speedup vs. the nunber of processors at resolution for a GOP size of
si xt een phatherpesallelitag. %mqezhﬁﬁiéﬁ ofaxavgfromopayiealarees Vhea Hamsdt 2B pr ocessor s
availav! (?(here may be more tasks that may be processed concurrently.

[00155] FIG. 17 shows a graph 1700 indicating speedup vs. number of processofs for

wévefront encoding and temporal parallelization according to an embodiment. The graph

1700 shows the speedup vs. fhe number of processors at varied GOP size. The horizontal

axis 1702 denotes the number’ of processors available for parallelization, and the vertical

axis 1704 denotes the speedup. Results are shown for a GOP of sixteen pictures in the

curve 1708 with triangles when performing wavefront encoding and’temporal

parallelization according to various embodiments, for a GOP of eight pictures in the

curve 1710 with squares when" performing wavefront encoding and temporal

parallelization according to various embodimenté, and for a GOP of four pictures in the

curve 1712 with diamonds when performing wavefront encoding and temporal

parallelization according to various embodiments. For comparison, the curves 1714

corresponding to the curves showing the results with wavefront encoding only as shown

in FIG. 15 are also plotted. For comparison with the theoretically best possible
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for parallelization, and the vertical axis 1S04 denotes the speedup.
Results are shown for a resolution of 4CIF resolution in the curve 1808
with tri amgl2em/oskeea perfornm ng wavefront encodi ng and t eap®Ga010/000010

paral |l elization according to various enbodinents, for a resolution of CIF
resolution in the curve 1810 wth squares when perform ng wavefront

encodi ng and tenporal parallelization according to various enbodi nents, and
for a resolution of QCIF resolution in the curve 1814 w th di anonds when
perform ng wavefront encoding and tenporal_parallelization according to
vari ous eabbdizten 3 linggre Ap iissd#p, plptied. cﬁl%vé% shogyszhe a@i%upatﬁat 1§81S
corresponding to the curves 1608, 1610 and 1612 showing the results with
wavef r onposittedithgavefryntascslimgamditempird patglelirasionlas 61pfeselusen. For
conparison with the theoretically best possible parallelization, a |inear

curve 18(61s6) alHG. pF eidvedthatfhGealkBilishofthe bluposgmctilplizdian nighqiosai bl e with
wavefront encoding and tenporal parallelization at a GOP size of sixteen

pi ct ures [ QQR8) (didsEr tola ISheahesduphaimpdied &l Gaigi dnlvvasfroncaloedingl Thahen t he
frame size 1's large. This may be i1deal as during the encodi ng of video of

hi gh resol,utd f Qfdiedi vt aachi eve
real -ti Obe(%ijc‘gg'|Onegl.C 5%%%8?9@%a&f69%ﬁ%§§ﬁgﬁg?a@5 rOl%gsos(Ei))i%i nélilcatyit ng speedup

vs. nunber of processors if,tasks acr Lal copsider ed
accor di ng"&%‘mé r8ﬁf) P%Wt@ski%y%i&%e%%\%\%gjﬁ ﬁé‘ké%gljgﬁig{cﬁfﬁyéa tr(r)ay be i nproved
i f concurrent, tasks across quality layers are considered, for exanple for a

GOP of sieﬂbéé’ﬁneﬁfsctures and two | ayers. The horizontal axis 1902 denotes
t he nunber of processors available for parallelizati %Q;’rpﬁxgrd t he verti cal

axi s 19040Q48bt eBIG- A8 shpyeraignaph RN INgicatiesPesiRey St SFUtTSh"of 4Cl F
resolution in the curve 1908 with triangles, for a resolution of CF
resol ut i oveviefrontieacalimgyanditemoon pavalidiigatiaasiccerdinerto pn smpedigient i g of QO F
resolution in the curve 1912 with di anonds. For conpari son s

graph 1800 shows the speedup vs. the number of processors at resolution for a GOP size

of sixteen pictures. The horizontal axis 1802 denotes the number of processors available

for parallelization, and the vertical axis 1804 denotes the speedup. Results are shown for

a resolution of 4CIF resolution in the curve 1808 with triangles when performing

wavefront encoding and temporal parallelization according to various embodiments, fora

resolution of CIF resolution in the curve 1810 with squares when performing wavefront

encoding and temporal parallelization according to various embodiments, and for a

resolution of QCIF resolution in the curve 1814 with diamonds when performing

wavefront encoding and temporal parallelization according to various embodiments. For

comparison, the curves 1812, 1816 and 1818 corresponding to the curves 1608, 1610

and 1612 showing the results with wavefront encoding only as shown in FIG. 16 are also

plotted. For comparison with the theoretically best possible parallelization, a linear

curve 1806 is also plotted. FIG. 18 shows the speedup that is possible with wavefront

encoding and temporal parallelization at a GOP size of sixteen pictures.
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with the theoretically best possible parallelization, a linear curve 1906
is also plotted. [00160] FIG 19 shows that nore concurrent tasks may be
gener at edwpfR20tesk®4r eady for processing in the enhancemeont/SiGaywrgomas e

consi dered. [00161] FIG 20 shows an illustration 2000 of an inter-|ayer
exanpl e in accordance with various enbodi nents. The upper part of the
illustration 2000 and the lower part of the illustration each show the.

hi erarchi cal B-pictures coding structure in accordance with an enbodi nent
as shown in FIG 6. Therefore, where applicable, the sane reference signs
as in Fl(80188lar eFIGséSjSMWSthtﬁléfe&g@ﬂPIéﬁnq}hS%lF“(?la‘ﬁ‘EFnith%IgimiS‘%}S lfrgeer 1, and
duplicate description is omtted here. In various enbodiments, in case the
opt i onal Thistnesyl teyideal ps ddtingt the endodingloff sided of highmesolitigaor ereeauael ¢for exanpl e
the SVC), the signals (indicated by the dotted arrow |ines 2002 to 2018)
my be uggfedsorsimali aregquitad tb helites real-tinayarcodinghat the corresponding frames
in Layer 0 is conpleted and that the correspondi ngfranes in Layer 1 may
begi n pr gASS| NFIG. 1€ shd¥Bya HEpPEDANNdicatg spécdapss.atimber ofproceasorbdgi n
performng its key tasks (i.e. it my be begun to performthe key tasks of

the respectiye frame). - SHinksi 888 cinBodihint. HIB, #ehoRlsG 11 B.
[00162] Ee %;g%%?pﬁ%@?%%ﬁi?%ﬁ%@?éﬁgﬁé e oW 2005 may

indicate to the. first frame 602 i t Lh&y BRLLasPAGiuagdf i rst
frame 60?3%”@3?‘&?’ EUMES @B%Fg%ecag%\%%xfﬁa% af“lrb%g'ﬂ %Hr%}érrg 602 in Layer 1 may
begi n pracessing. . For le, a signal indicat by. i »row 2002 may
i ndi cate f?rcFX@’P?B?effPF %pq?; \t%‘???lﬂm‘ieg arllfgveoplaﬁerf ’hlzljjtqe lf%ézgg%lr gr"‘zgs %)%jr‘idi ng first
frame 6Q20 in Layer 0 is conpleted ng) that, the first frame, 602 in Layer
1 may bedgenotpybeaymbergpf PW*@%ﬂ@% 1‘Q?@hslpzaflﬂlaiaeif%ed"%vabag%%%oﬁ d arrow
2004 may indicate to the second frame 604 in Layer 1 that { hg correspondi ng
second f rdanwe6idd spdedup.aesuligateshewnfsr araswluing o HELF faseluae Biile f¥ife 604 \
in Layer 1 may begin ‘ , 5

1908 with triangles, for a resolution of CIF resolution in the curve 1910 with squares, and

for a resolution of QCIF resolﬁtion in the curve 1912 with diamonds. For comparison

with the theoretically best possible parallelization, a linear curve 1906 is also plotted.

[00160]) FIG. 19 shows that more concurrent tasks may be generated if tasks ready for

processing in the enhancement layers are considered.

[00161] FIG. 20 shows an illustration 2000 of an inter-layer example in accordance

with various embodiments. The upper part of the illustration 2000 and the lower part of

the illustration each show the hierarchical B-pictures coding structure in accordance with

an embodiment as shown in FIG. 6. Therefore, where applicable, the same reference

signs as in FIG. 6 are used with index 0 for Layer 0 and index 1 for Layer 1, and

duplicate description is omitted here. In various embodiments, in case the optional inter-

layer prediction is allowed in the video encoder (for example the SVC), the signals '

(indicated by the dotted arrow lines 2002 to 2018) may be used to indicate to frames in

Layer 1 that the corresponding frames in Layer 0 is completed and that the corresponding
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processi ng. For exanple, a signal indicated by a third arrow 2006 may
indicate to the third frane 606 1 in Layer 1 that the corresponding third
frame 60owoiIn10kay®s O is conpleted and that the third framscao®/odemo Layer 1
may begin processing. For exanple, a signal indicated by a fourth arrow
2008 may indicate to the fourth franme 60Si in Layer 1 that the
corresponding fourth frame 608Q in Layer 0 is conpleted and that the fourth
frame 608 \ in Layer 1 nmay begin processing. For exanple, a signal
indicated by a fifth arrow 2010 may indicate to the fifth frame 610] in
Layer 1 titaes ithlayepi mesyhsaiinieressing (e r manbe hesun;ty be Bipsessed); ke &8dpl et ed and
that the fifth frame 6 10in Layer 1 may begin processing. For exanple, a
si gnal i tdgiogteomiyg its &xtabksaf.¢.ovma0uPbazuy to petferat e key tabls ofitha h frame 612j
in Layer 1 that the-corresponding sixth frame 6120 in Layer 0 is conpl eted
and that rédpectBiexiame) rfomexatpleasi duilimey ér FIG. Ay oddilf. ptBcessi ng. For exanpl e,
a signal indicated by a seventh arrow 2014 may indicate to the seventh
frame 614p0162 LifRkarkplehadighdl Q@S AROHisDgrr6@ 2002 Mal imhigidib4le i n Layer 0
is conpleted and t hat ?he seventh frame 614i in Layer 1 may begin
processing. For exanple, a signal indicated by an_eighth arrow 2016 may

i ndi cat e fires frame @2g R hayar kot Sheptoresponding dirgt tramg 6Q2pdn Laysr 8dsondi ng ei ght h
frame 6160 in Layer O is conpleted and that eighth frane 6 16\ in Layer 1
may begin processing. For exanple, a signal indicated by a ninth arrow 2018
may i ndi catpldial dndehaifingttrafresife 6 LSier i malydgem pf!OQﬂﬁsi@g-t%éewnl%@pondi ng
ninth frane 6 1So in Layer 0 is conpleted and that the ninth frame 6 18\ in
Layer 1 may begin processing. In case inter-layer prediction is not active
in the vigegl RoRALEby aTHGANBWIIIBL snayaydicat (ke Teadasrrop2aidlprot éssi ng as
illustrated in illustration 2000 may not be necessary. [00163] According to
various enbodi nents, a nethod may be provided to parallel process video data

(for exanpl &, fpRididhdChaR@E@® ) iR LaYdr @60 cEAFREINAA tHP thetit ¥ MRIn® 602

in Layer 1 may begin processing. For example, a signal indicated by a second arrow 2004

may indicate to the second frame 6041 in Layer 1 that the corresponding second frame

604 in Layer 0 is completed and that the second frame 604 in Layer 1 may begin

processing. For example, a s’ignal indicated by a third arrow 2006 may indicate to the

third frame 6061 in Layer 1 that the conésponding third frame 606 in Layer O is |
completed and that the third frame 606] in Layer 1 may begin processing. For example, a
signal indicated by a fourth arrow 2008 may indicate to the fourth frame 608 in Layer 1
that the corresponding fourth frame 608 in Layer 0 is completed and thét the fourth
frame 6081 in Layer 1 may b§gin processing. For example, a signal indicated by a fifth

arrow 2010 may indicate to the fifth frame 6101 in Layer 1 that the corresponding fifth
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met hod for parallel video decoding). LTsing data and task partitioning
approach, for exanple a data and functional partitioning approach, for
exanpl e avoavw/mea4t askparal | el i zati on nodel for hierar ebirsskoproedilet i on
structure in video coding, the method nay mexi m ze the nunber of concurrent
tasks for encoding a group of video franes to obtain good performance
scalability of video encoder with additional processors or processor-cores.
The nethod may be applied to the hierarchical coding structure that is used
in Scal abl e Video Coding (SVC) standard. [00164] According to various

embod! el fie 1) B ESEL 618 aona[p@(&ﬁadlai (R AREAHE BmBIBL 0 LT 188 ef Hihy doglhng

structuré may utrltzed. [00165] According to various enbodi nents, the
nunber of concurrent jobs may be maxim zed fromthe HB structure: by using
dat a por b RBistg. Ferexampleasignatdndiodddiska sisthedrjovael 2oya) mdicate entie
partitioning (using intra-prediction, notion estimation, etc.). [00166]
According to_various enbodj ments, a good speedup VS., N [ CPUs

per f or ma§t&h fage ébzldEﬁia¥?fe]dt.ha'{ t%?ﬁ%’f]ﬁ%ﬁlqgegfﬁiﬁev@%pilggg e K een
particularly shown and described with reference to specific enbodinments, it
shoul d be understood by those skilled in the art that various changes in

f or m and cdmpkeitdd ame yha therpiretl freme 6&2 ninvl b LMY SEENPIPRFSF RO APE R Fi t and
scope of the invention as defined by the appended clains. The scope of the
invention is thus indicated by the appended clains and all changes which
cone Wi t highal M@icaeaby Bgeanth arang20 ldfmeoiuiicatcendy sofentinframt 41 Hisindieger
therefore Intended to be enbraced.C ains What is clained is: 1. An inage
encodi ng nethod, conprising: a first partial encoding step, wherein first

parti al |y GRGRIEH dsPRifngdRY etk Srame 614 in Layer 0 is completed and that the seventh
frame 6141 in Layer 1 may begin processing. For example, a signal indicated by an
eighth arrow 2016 may indicate to the eighth frame 6161 in Layer 1 that the

corresponding eighth frame 616 in Layer 0 is completed and that eighth frame 616] in

Layer 1 may begin processing. For examplé, a signal indicated by a ninth arrow 2018

may indicate to the ninth frame 6187 in Layer ! that the corresponding ninth frame 618¢

in Layer 0 is completed and that the ninth frame 6187 in Layer 1 may begin processing.

In case inter-layer prediction is not active in the video encoder, such signals may not be
necessary and processing as illustrated in illustration 2000 may not be necéssary.
[00163] According to various embodiments, a method may be provided to parallel-
process video data (for example a method for parallel video encoding; for examp}e a
method for parallel video decoding). Using data and task partitioning approach? for

? .
example a data and functional partitioning approach, for example a data and task
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generated based on first input data after the first input data is

avai | abl ayoaofrd pPartial encodi ng step, wherein secopgrRanbiobddio encoded
i mge data is generated based on second i nput data after the second i nput

data is available, before the first input data is avail able; and an encoded
i mage data generating step, wherein encoded i mage data i s generated based
on the first partially encoded i nage data and the second partially encoded
i mge data. 2. The inage encodi ng nmethod of claim1, wherein the first

i nput - dat 8, ¢ol Lo RSk Ao ensadRlul TRt degisn] 118 shitaed: ng

i mage and”&hcodé ata of a ‘successive Image. | 3. The inmage encodi ng

et o0 O e SRS SR 08 S bt one o

i mage and enc I'mage data of a
successive image. 4 . The i ..engcadi n t hod of..any, one of ains 1to
3, wher ei AbEReEOPH PEHOANES %ﬂgﬁgﬁ%iﬂfﬁ eos%\gg&gc} ?dfg ggo%%prpueeas{g o gljne of a
forward notion estimation step and a backward notiaon estimatio tep.5. The
i mage encouiceggorearpod hsimethgd BaK borrRliedthie P%HC@F%@P&PH“%‘WS%@&%M
partial encoding step conprises at |east one of a forward notion estimation
step and asdddalSaanile Viddodrpdasg (S¥D)istandardep. 6. The i nmge encodi ng net hod of
any one of clains 1 to 3, wherein the first partial encoding step conprises
a forward [guaipn L&bidie jooaristegmizniintthe peetiohun pasY Cal hieasbigl®r st ep
conprises a backward notion estinmation ‘

pictures (HB) coding structure may be utilized.

(00165]  According to various embodiments, the number of concurrent jobs may be
maximized from the HB structure: by using data portioning (on a frame, macroblock
level) and by functional partitioning (using intra-prediction, motion estimation, etc.).
[00166] According to various embodiments, a good speedup vs. number of CPUs
performance may be achieved.

[00167] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraped.
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step. 7 . The image encodi ng nethod of any one of clains 1 to 3, wherein
the first partial encoding step conprises a backward notion estimation step
and t he swoanth/gsaeoi al encodi ng step conprises a forwar @CHSG2o10/08&t0 mat i on
step. 8. The inmage encodi ng nethod of any one of clainms 1 to 7, further
conprising: a third partial encoding step, wherein third partially encoded
i mge data is generated based on the first partially encoded i mage data and
the second partially encoded i nage data; wherein in the encoded i nage data
generating step, the encoded inmage data is generated based on the first
partially encoded i mage data, the s&d&ims partially encoded i mage data and
the third partially encoded i mage data. 9. The inage encodi ng net hod of any
one of cl ia S%&gwgﬁgmherein t he encoded i mage data generated in the
encoded i gé ata generating step conprises at |east one of encoded frane
data, encoded slice data and encoded nmacrobl ock data. 10. An image decodi ng
nmet hod, conprisi.ng. a fi.rst i.al ding step, wherein first partially
decoded ﬁnageﬁﬂgpggf?“§8W§Pg$@%£5§§81ﬁﬁ' first input data after the first
input data is ayailable; a second partial .decodi ste wher ei n. . second
partial |y dec@dHB!iRHYe &P gsStﬁ’en‘@t;eJ?‘Edﬁffisp@&l%l% g’écé)g%dd AR 9e8ala af t er
the second input data is avail able, before_the firSt'ir]’%p data is
avai | abl e; andﬁﬁﬂﬂé@bﬁﬁéopﬁﬁ@éﬂﬂéﬂﬁa@@ﬁéhﬁﬁﬁhﬁwﬁf@ﬁ?mﬂﬁgr 1% decoded i mage
data i s generated , : .

a second partial encoding step, wherein second partially encoded image data is

generated based on 'second input data after the second input data is available,
before the first input data is available; and

an encoded image data generating step, wherein encoded image data is generated
based on the first partially encoded image data and the second partially encoded

image data.

to

The image encoding method of claim 1,
wherein the first input data comprises at least one of encoded image data of a

preceding image and eéncoded image data of a successive image.

3. The image encoding method of claim 1, |
wherein the second input data comprises at least one of encoded image data of a

preceding image and encoded image data of a successive image.

4, The image encoding method of any one of claims 1 to 3,
wherein the first partial encoding step comprises at least one of a forward motion

estimation step and a backward motion estimation step.
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based on the first partially decoded i nage data and the second partially
decoded i mage data. 11. The inmage decodi ng nethod of claim 10, wherein the
first inpwO2dev@2@enpri ses at | east one of decoded i nageCu®Gaowioo@10
precedi ng i mage and decoded i nage data of a successive imge. 12. The inmage
decodi ng nmethod of claim 10, wherein the second input data conprises at

| east one of decoded i mage data of a preceding i nage and decoded i nage data
of a successive image.13. The image decodi ng net hod of any one of clainms 10
to 12, wherein the first partial decoding step conprises at | east one of a
forward notion prediction step and a backward notion prediction step. 14.
The i mage decodi ng net hod of any one of clains 10 to 12, wherein the second
parti al decodThgisigrncalipg msthed af adyeastofelémet t@3.f orward notion prediction
step and a backward notion prediction step. 15. An image encodi ng

appar at us, COREiH B sRohd psitiapafidodaly aas edmpricodiilgast ede tod agémenalt e fir st
partially encoded i nage data based on first input data after the first

nput data s p.ayghlahhsi nBtHORANBapardrd aloeRGasBinamhl gur ed to generate
second partla y enco 3 i mge data based on second input data after the
second input data is available, before the first input data is avail abl e;
and an encoded i nage data generator configured to generate encoded i mge

et s onsine {1t paft Tl CyCenceeg mgs i = and i sscond

wherein the first partial encoding step comprises a forward motion estimation step
and the second partial encoding step comprises a backward motion estimation

step.

7. The image encoding rpethod of any one of claims 1 to 3,
wherein the first partial encoding step comprises a backward motion estimation
step and the second partial encoding step comprises a forward motion estimation

step.

8. The image encoding method of any one of claims 1 to 7, further comprising:
a third partial encoaing step, wherein third partially encoded image data is
generated based on the first partially encoded image data and the §econd partially
encoded image data;
wherein in the encoded image data generating step, the encoded image data is
ge;nerated based on the first partially encoded image data, the second partially

encoded image data and the third partially encoded image data.



16. The i mage encodi ng apparatus of claim 15, wherein the first input data
conprises at | east one of encoded i nage data of a precedi ng i rage and
encoded iwagelodme@4of a successive inage. 17. The i nagepremsoedingoappar at us
of claim 15, wherein the second i nput data conprises at | east one of encoded
i mge data of a preceding i nage and encoded i mage data of a successive

i mge. 18. An image decodi ng apparatus, conprising: a first partial decoder
configured to generate first partially decoded i mage data based on first
input data after the first input data is avail able; a second parti al

decoder donfi Jie éageongeding srcthoded emdotsaaiiclams § t8coded i mage data based on
second i nput data after the second input data is avail able, before the
first input datherdis thevaicbdel iejagadeta genkzatod éul thenmgededdmagg deie reangpting
configured to generate decoded i nage data based on the first partially

decoded i mage s@ptcampritesta Rasiemend epadéd Ahhy ddecodedtd siiagéataatdenct@ed The
i mge decodi ng apparatus of claim 18, wherein the first input data

conprises at |easihiongef decoded i mage data of a preceding i mage and
decoded i mage data of a successive inmage. 20. The inage decodi ng apparat us
of claimlS, wherein the second input data conprises at |east one of
decoded i nage data of a preceding inmage and decoded inmage data of a

successi ve i e. . o
1%. T image decoding method, comprising:

a first partial decoding step, wherein first partially decoded image data is
generated based on first input data after the first input data is available;

a second partial decbding step, \vhefein second partially decoded image‘data is
generated based on élecond input data after the second input data is available,
before the first input data is available; and

a decoded image data generating step, wherein decoded image data is geﬁerated
based on the first patﬁally decoded image data and the second partially decoded

image data.

11, The image decoding method of claim 10,
wherein the first input data comprises at least one of decoded image data of a

preceding image and decoded image data of a successive image.
12.  The image decoding method of claim 10,

wherein the second input data comprises at least one of decoded image data of a

preceding image and decoded image data of a successive image.
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13.

14.

16.

17.

The image decoding method of any one of claims 10 to 12,
wherein the first partial decoding step comprises at least one of a forward motion

prediction step and a backward motion prediction step.

The image decoding method of any one of claims 10 to 12,
wherein the second partial decoding step comprises at least one of a forward

motion prediction step and a backward motion prediction step.

An image encoding apparatus, comprising:

a first partial encoder configured to generate first partially encoded image data
based on first input data after the ﬁfst input data is available;

a second partial encoder configured to generate second partially encoded image
data based on second input data after the second input data is available, before the
first input data is available; and

an encoded image déta generator configured to generate encoded image data
based oﬁ the first partially encoded image data and the second partially encoded

image data.
The image encoding apparatus of claim 15,
wherein the first input data comprises at least one of encoded irnagé data of a

preceding image and encoded image data of a successive image.

The image encoding apparatus of claim 15,
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18.

19.

20.

wherein the second input data comprises at least one of encoded image data of a

preceding image and encoded image data of a successive image.

An image decoding appératu's, comprising:

a first partial decodé% conﬁgured to generate first partially decoded image data
based on first input data after the first input data is available;

a second partial decoder configured to generate second partially decoded image
data based on second @put data after the second input data is available, before the
first input data is available; and

a decoded image data generator configured to generate decoded image data based
on the first partially decoded image data and the second partially decoded'image

data.

The image decoding apparatus of claim 18,
wherein the first input data comprises at least one of decoded image data of a

preceding image and decoded image data of a successive image.

The image decoding apparatus of claim 18,
wherein the second input data comprises at least one of decoded irnage data of a

preceding image and decoded image data of a successive image.
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