| MAGE ENCCDI NG METHODS, | MAGE DECODI NG METHODS, | MAGE ENCODI NG
APPARATUSFS 201¢#8290WAGE DECODI NG APPARATUSES Techni cal FiPEX$G2010/000010

[ 0001] Enbodi nents rel ate generally to i nage encodi ng net hods, i nage
decodi ng net hods, . i nrage encodi ng appar at uses, and i nage decodi ng
appar at uses. Background [0002] Sof t war e- based real time vi deo encodi ng
is challenging on current desktop conputers due to the encoder
conplexity and the | arge anount of video data to be processed. The

i ntroduction of the H. 264/ AVC (Advanced Vi deo Codi ng) have
denonstrated significant inprovenent in video conpression performnce

over pr.evi j 95 =y A G4,
Rece nlto ly, %?@%&W mﬁiﬁ] ﬁ‘é‘& %%%B@@ME% MaGeG
S ized the Scal able Video Codin VC) as an

Qirgngg 2:’)1 OW&QB&N%‘H ROBAKESES, r@?@%@@i%‘jgﬂ(ﬂ"& )éﬁ'ﬂ’%'EHSESf or
spatial, temporal and quality scalability. Though video scalability
t echni ques have been proposed in the past, such as the scal able
profiles for MPEG 2, H. 263, and MPEG 4 Visual, they are |ess :
effircient and nore conpl ex t:han tHehbial Fiehdi ng ef fici ency gai ns of
H 264 and SVC conme with the price of high conputational conplexity,

whi ch i s [006]] enBiobgdifhtsselhlewRh&aRNRABRES eiBdinBen AR EOMMpe AOCHAMET S-
The H. 264 encoder is 8 tinmes nore conplex than the. MPEG 2 encoder,

and 5 t o pdéhddsRsagdRhE K& Bheranisha Bnd ﬁ%g@dgﬁu@%ﬂgﬁ&sefur thernore,

with the trend towards high!defin|t|0n~resoluiio vi deo,
Backﬂ,found

[0002] Software-based realtime video e.ncoding is challenging on current desktop
computers due to the encoder complexity énd 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 brevious
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 Vicieo Coding
(SVC) as an extension of the H.264/AVC standard to provide efficient support for spatial,
temporal and quality scalability. Though \;ideo slcalability techniques have been -
proposed in the past, such as the scalable proﬁ]és for MPEG-2, H.263, and MPEG—-";
Visual, they are less efficient and more coraplex than the SVC. Coding efficiency gains
of H.264 and SVC come with the price of hj.gh 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 enc_:oder, and 5 to 10 times more complex than the

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



current high performance uni processor architectures are not capable
of perforWPR81K/W82904t i e encoding using H 264 or SVC. | nPUTI/SE20100e0010/.
H Tan, J. Y. Tham IC Goh, and D. Wi, "Lacing an inproved notion
estimation franmework for scal abl e video coding”, in: ACM

I nternational Conference on Multinedia, pp. 769-772, Cct. 2008, a
met hod of parallel encoding macrobl ocks has been investigated. Brief

Descripti : i ngs..[0003].1n,the drawi ngs, ljke reference
char ac!tO ercgﬁgg{lhéé]gﬁ?rg r’?‘\éﬁ? er ntlé)m(feﬁ%olr ENECHRFE §ret“|r‘??82l§’§h]l5§ pf'ﬁmﬁ ‘Feé]tc’ient
views. The draw.ngs ar t neces Ly to _scale, enphasis instea
gener al. | ’%%?%ﬁd’ﬂggﬁlga%nm&vcﬁsﬁ’?‘&t $')r&ge°t BeHpfamdi pi BiampK. Ged, and D.

I nvent i'or’w In the foll owing description, various enbodinents of the

i nvention a’r‘@aa@g@muawvwl mRtipeesiimaien framepnek foo kdadabilargidelr eodingysin: i n
which: FIG 1 shows a flow diagramillustrating an inage encoding

net hod i M@¥dstemationalianference enthduliimmedip; pr-I769-772s0omB008, & kevhodiofigr am

illustrating an i mage decodi‘ng nethod in accordance with an
enmbodi memrallel encoding macroblocks has been investigated. :

Brief Description of the Drawings

[0003) In the drawings, liké reference c.haracters generally refer to the same ‘pafts
throughout the different view;, The drawings are not necessarily to scale, emphaéis_
instead generally being placed upon illustrating the principles of the invention. In,';he
following description, various embodiments of the invention are described with reference
to the following drawings, in which: |
|
FIG. 1 shows a flow diagram ilIustratiné an image encoding method in

accordance with an embodinilént;

N

FIG. 2 shows a flow diagram 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 imagle decoding apparatﬁs in accordance with an emboldir'n.é.nt;
FIG. 5 shows a diagram illustrating the data structure in Scalable Video Céd'mg in
accordance with an embodiment;
FIG. 6 shows a diagram illustrating a ﬁierafchical B-pictures coding structure in

accordance with an embodiment;

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

2.



FIG 3 shows an inmage encodi ng apparatus in accordance with an
enbodi nen¥O 2010882%4shows an i mage decodi ng appar at us i nPEFEG201900€010
with an enbodi ment; FIG 5 shows a diagramillustrating the data
structure in Scal able Video Coding in accordance with an enbodi ment;
FIG 6 shows a diagrani illustrating .a hierarchical B-pictures
coding structure in accordance with an enbodinment; FIG 7 shows a

bl ock di agram enc.odi n front encodin FI G 8
shg\(/:vs a d?agralir:nﬂcl'l ?SSBS‘? ﬁrgan}lﬁlgst@g’ﬁgmfedﬁg? nEEs BREEFrTHRATRPSekss :
FIG 9 shows ami | I ustr macr obI ock wawf r ont processi ng;
FIG 10A 10561:1%0%%[‘%%? dlfé@“aﬂﬂél“ﬁ%ﬂ blagkivaysirent@preeising, dat a
partitioning nethod; FIG 11A shows flowdlaraml!vlustratl.n.g_a

vi deo encodi ngFIﬁ;etl%leB 10C, 1in’ GOEped 18R ohosv sarldusweiingdatpartitioning

illustrating a video encoding method using functional partitioning;
method; :

FIG. 11A shows a flow diagram illusfrating a video encoding method;

FIG. 11B shows a ﬂ?\‘,v 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‘éi in accordance with various embodiments;

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

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

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

FIG. 17 shows a graph indicating -speedulla vs. number of processors for wavefront
encoding and temporal paralle;lization 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 speédup vs, number of processors if tasks across

quality layers are considered according to an embodiment; and



FIG 12 shows a task nodel for encoding each frane in accordance with
an enbodi Wer010/082904 F| G 13A, 13B, 13C, 13D, 13E and 13RCTISGROMANGIOUS
steps in a data and functional partitioning nethod in accordance with
vari ous enbodi nents; FIG 14 shows a graph illustrating the
nunber of concurrent macrobl ock tasks in accordance with various
enbodi nent s; FIG 15 shows a graph indicating speedup vs.
nunber of pro S for vef r.ont . encodj ng; .FIG 16 shows a
graph indi cat ﬁﬁé g?)%?&'{fﬁ“\} us U%gf}andpteﬁlaéfggg‘gampée gecordanes pathyvarious
encodi ng; . FIG 17 shows a graph indicating speedup vs. nunber
of procesTRYIRYS yavef ront encodi ng and tenporal paral | elization
according to an enbodi nent; FIG 18 shows a graph indicating
speedup vs. nunber of processors for wavefront encodi ng and tenporal
paral |l elization according to an enbodi nent; FIG 19 shows a
graph indicating speedup vs. nunbeDegdriptioacessors if tasks across
quality layers are considered according to an enbodi nent; and

FIG 20 q00dg aniniakiued érabdddments, calodidd 6 aniAdes R} 3TPbCoridddas eaIflance
wi th various enbodi nents. j o
steps, for example forward r'ri?tion estimation, backward motion estimation, and intra-
prediction. In various embodiments, the encoding is parallelized by performing any one
of the steps, for which the coi:responding input data is available, even if input data for the
other steps is not available, i]hercby, encoding of an image may be started before ail of
the input data is available, wh:ich allows for a higher degree of parallelization comp,'ared
to commonly used methods.
[0005] In various embodirlne'nts, 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?a;iled de-scriptioq refers to the accompanying drawiﬁgs that
show, by way of illustration, épeciﬁc details and ‘embodiments in which the inventién
may be practiced. Other embodiments may be utilized and structural, logi.c-al, and
electrical changes may be made without depafting from the scope of the inv‘ention. 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



Description [0004]1n various enbodi nents, encoding of an inmage may
be perforWR3VIP8U4| ous steps, for exanple forward noti BETSSLI1GE0000H,
backward notion estimation, and intraprediction. In various
enbodi ments, the encoding is parallelized by perfonning any one of
the steps, for which the corresponding input data is avail able, even
I f- input data for the other steps is not avail able. Thereby, encoding
of an i : - e _all e.lnput,. data i s aval,l abl e,
”ﬁgg\g\ g rdgtgllﬁcf «géﬁ%rrﬁa% R%e%t%rq, 18 noﬂq l%ee ken th.a llmigl.g%%nrs@ g0 81e

which allo egree of para I'Zati on

comonl y used t hods.. [ 0005].1 n various enbodi.nents, an inmage may be
an i nage Sf?PaetOtJiIEe HEFp %%’ergmgéﬁﬁﬁ‘fgbﬁkhel G‘Yég.drgraﬂ)‘ﬁ%] I n vari ous
enbodi ne an j nmage. . be an image of a video sequence. [0007]In
vari ous Qh@%i nekﬁ%ogls éﬁ'ggglf‘%?ﬁb‘é‘r?rﬁfw%%@rrdé}”a?ﬁ Yripparatustshend Yasayes i n
tenporal dinension, tenporal direction or tine. [0008] The follow ng

det ai | ed cE®9eiments asppiosided Sorractheris. diceidirhsamdenstpod thanbasispropertiesifaby

by way of illustration, specific details and enbodi nents in which the
i nvent i onlenmeys e Ipld by itcadeth@sdmd virbediamiheisforefobeke bl biezied and
structural, logical, and el'ectrical changes nmay be nmade wit hout

depar t i ngluplicue dderigvaps seh grigeriientiedminddle various enbodi nents
are not necessarily nutually exclusive, as sone enbodi nents can be

_(Il_ ﬁreTbi ned [goLop Onﬂlélﬁorﬁmé.@snﬂﬂl:h?f isRIEBPRUrER RS theh® " deRAif3 AW &QHBQ' ments.
instance, or illustration". Any embodimex:lt or &esign described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs. 3
[0011) The image encoding apparatus a.ccording to various embodiments may include
a memory which is for examﬁle used in the pljocessi.ng carried out by the imagé eht_:oding
apparatus. A memory used in the embodiments may be a volatile memory, for example a
DRAM (Dynamic Random A;:cess Memory) or a non-volatile memory, for example a
PROM (Programmable Read Only Memory), an EPROM (Erasable PROM), EEPRbM
(Electrically Erasablle PROM), or a flash memory, e.g., a floating gate memory, a charge
trapping memory, an MRAM (Magnetoresisti.ve Random Access Memory) or a PCRAM
(Phase Change Random Acce:ss. Memory). |
[0012] The image decodil;g apparatus 'according to various embodime;lts mal.y include
a memory which is for examp'le 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



followi ng detailed description therefore, is not to be taken in a
limting WOREH/083MWd t he scope of the present invention PETSHEGROIGHMY
t he appended cl ai ns. [0009] Vari ous enbodi nents are provided for

devi ces or apparatuses, and various enbodinents are provided for
met hods. It will be understood that basic properties of the devices
al so hold for the nmethods and vice versa. Therefore, for sake of

brevity, licate description o uch properties may be omtted.

[ 0010] The&&%@aﬁ%ﬁ&ﬁ%ﬁa?@ Of & HEShRFTEOT: ¢-&» AdaRinetsic mpmows a gharge
exanpl e, instance, or illustration”. Any enbodi nent or design

descri bedrpeMgitFuary: bR (MagnaorpgstivieFoadem i cesssMeheryy ons PERAY! as
preferred or advant ageous over other enbodinents or designs. .

[ 0011] ThelPheradghargedRatidon Agsps Memeraccor di ng to vari ous enbodi nents
niay include a menory whichlis for exanple used in the processing

carried d0013y tFHiG.ilnhges e AcadisgamnpatlaistisingsnTRARE ¥ndsdR@ rhéthddia
enbodi nents may be a vol atil.e nenory, for exanple a DRAM (Dynam c

Random Acgesdanve Mthyh cbodinted - 1O filst htidIR >
(Progranmabl e Read Only Ie/Ermr y), an RIO\/I ?%%%ga%ﬁ?@w%ﬁ%%ﬁg%%w

(Electri Clﬁfaké/ ddek ﬁ’ﬁ?m: Eefemaibasg& ofi‘ﬂfslt ﬂ'ﬁ)gh @*%&%ﬂeﬁ%& 1r’r]18§’t Jaltapﬁt i ng

gate nenory, a charge"trapping nenory, oresistive
o AR Y PR S0 R B AR R IR Y
ey | ! R B SR S aBLSESSE
O 28 A 4 hE oL LOre o) 8, DO (D e
(Progr amg?lct:)(ld%d ?rﬁa?g% d?‘?al r%aylvl?errgern%x)'dtedabr;selzdpwe (ﬁlfsrt ?}ir?it:;{lg elim imaEgEI?ll:g\:nd
the second partially encoded image data. |
[0014) In various embodiments, in the fll.'St partial encoding step 102, pértially
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 'lrn'ay be generated based on second input data after the entire
second input data is ::wa\ilable,i llaefore the entire first input data is available.
[0016) In various embodiments, the first inpﬁt data may include at least 6ne of
encoded image data of a preceding image and encoded image data of a suc.cessiv'e image.
[0017)  Invarious embodiments, a preceding image may be an image that, ina

temporal sequence of images to be encoded, is preceding the image currently to be

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



(Electrically Erasable PROM, or a flash nenory, e.g., ‘a floating
gat e nmenoWQ20H/@BERtge trappi ng nenory, an MRAM ( Magnet oPETISE2I10600010
Random Access Menory) or a PCRAM (Phase Change Random Access Menory).
[0013]FIG 1 shows a flow diagram 100 illustrating an i nage encodi ng
met hod in accordance with an enbodirrient. In a first partial

encodi ng step 102, partially encoded i nage data nmay be generated
based on fifsSt input. dat fter the fasf. input data js available, In
a second [hﬁﬁl al ﬂ‘e"’ﬁ‘%'ﬂﬁ ﬂﬁb@ﬁaﬁ%(&‘% seg putslare may mglude atjges ongelge
data nmay be gmerat ed based .on second input data after the second

i nput datﬂ&C?fg #0288 dafn of 2 pyaseding image md-encodedymegeidataof & suppessivatiinege. | n
an encoded inmage data generating step 106, encoded inmage data nmay be
gener at ed¥ ¥ ed Iryaripes ¢mbalimes. thefilsyinpuichtteday imalyde dadoded imhgekiata
second partially encoded i mage data. [0014]1n various enbodi nents, in
t he firstofpardckdihg nagedind ghedeemdliBpyt daarhiyaintydeacodetindgadeadaaa my
be generated based on first input data after the entire first input

data is auaebsihlimagt.0015] I n various enbodi nents, in the second
partial encoding step 104, second partially encoded i nage data may be

gener at eqomfed lﬁ%ﬁG&@é?ﬁb&dﬂﬂéﬁts,%igrs?i}l\{:lgt:dalfa%@?ﬂuuﬁ@eﬁc%ﬁ?&'&%gg@%a

data is available: before the entir t data I s aval

0016] | i . ' T ' t t i ncl -at
[ cast ond BP BanSeR P RhS sk REjeblf S bR o8 R R e

i mge datp%cgémgaimsgg%pesm Ve i-mage.

[0021] In various embodi.ilnents, the first ﬁartial encoding step 102 may include at
least one of a forward motion’estimation stép and a backward motion estimation step.
[0022) In various embodiments, the séco'nd partial encoding étep 104 may iﬁc]ude at
least one of a forward motion estimation step and a backward motion estimation step.
[6023] In various embodiments, the first-partial encoding step 102 may include a
forward motion estimation step and the seéond 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. o

[0025] In various embodiments, in a third.'partial encoding step, third I;oartiall'y
encoded image data may be generated based on the first partially encoded image data and
the second partially encoded -ifnage data. In various embodiments, in the encoded image

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



[0017] I'n various enbodi ments, a preceding i mage nmay be an inage that,
in a tenp¥PA1UBEWEnce of i mages to be encoded, is prec@@iTisG2019800010
I mge currently to be encoded, while a successive inmage is succeedi ng
the image currently to be encoded. WD 2010/ 082904PCT/ SG2010/ 000010

[0018] I'n various enbodi ments, the second input data may include at
| east one of encoded i nage data of a preceding i nage and encoded

| mage dat uccessive il e.@kpq%ﬁ% n _vari.qus epbodi pents,, the
first inpu ?%lgfeg%cr}r‘%@ ey gﬂ%’q@%@ﬁ of eenﬁ%f{eg_lﬁﬁgea A% FHYd nage
and the isecond i nput, dat&anay i nclude encoded image data of a
successiv%y?4u%f 9“§86§@¥q %Rari ous enbodi nents, the first input data
may include encoded i mage data of a successive inmage and the second
i nput datl@03Rly i Feraiies enbedivents hy hidarria tncedpgstpdingntindge.
[0021] I'n various enbodiments, the first partial encoding step 102 may
i ncl ude dt-directional motion estimation step.

[0027] In various embodiments, the third partial encoding step may include an i'ntra-

prediction step.

[0028] In various embodiments, the encoded image data generated in the encoded

image data generating step 10,:6 may include at least one of encoded frame data, encoded

slice data and encoded macroblock data. The various structures of frame data, slice data

and macroblock data will be explained later in more detail.

[0029] FIG. 2 shows a flow diagram ZOO'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
_ l :

may be generated based on second input data after the second input data is available,

before the first input data is a\'failable. 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 embodﬁhents, the first input data may include at least one of

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

[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.



| east one of a forward notion' estinmation step and a backward notion
estimati OWO@BWSZE[(EOZZ] I n various enbodi nents, the secoRET{S&2050400010
encodi ng step 104 may include at |east one of a forward notion
estimation step and a backward notion estimation step. [0023]In

vari ous enbodi ments, the first partial encoding step 102 rnay incl ude
a forward notion estinmation step and the second partial encoding step

104 may i e t|o estinma n ste 0024]ln.vari
enbodi manl;ﬁsé heﬂ}\%?lgp Q'A%‘{é? uglemé’r%%@{ hﬁ‘pg ? Tﬁ%gﬁﬁ'{ﬂ |dﬁ94dﬁ@| gnage date
backwar d tion,estimati ste nd tdg’ﬁit second par tial encodi ng st ep
104 may, 1 APEIEIEEIBRRAT HotaBH Dov R o meh deqodes sptEs piEdeus
enbodi nents, iin a third partial encoding step, third partially
encoded iWEGE G Eray be generated based on the first partially
encoded i mage data and the second partially encoded i mage data. In
vari ous dﬂ@f%ﬂ meletgriohnembalimeadbelfiishinget dhet maychuatitaged tragpeHa6,
t he encoded i mage data nay be generated based on the first partially
encoded iafngeccdssii imaghand e aamdng inpat ddi@hlay iehededreod dageg kR0 and
the third partially encoded inmage data

preceding image. :

[0034] In various embodiments, the first partial decoding step 202 may include at

| .

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

[0035) In various embodiments, the second partial decoding step 204 may include at

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

[0036] In various embodiments, the first pértial 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 embodiments, the first partial decoding step 202 may include a

backward motion estimation step and the second partial decoding step 204 may include a

forward motion estimation step.

Y .

[0038] In various embodiments, in a third partial encoding step, third partially

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

the second partially decoded image data. In various embodiments, in the decod'ed_imagé

data generating step 206, the decoded image data may be generated based on the fﬁst

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

partially decoded image data,



[ 0026] I n various enbodi nents, the third partial encoding step may

i ncl ude aVEI20HY18&WHi onal notion estimation step.. [0027PCH/SGAIH0910
enbodi nents, the third partial encoding step may include an intra-
predi ction step. [0028]In various enbodi nents, the encoded i nage data
generated in the encoded i mage data generating step 106 nay incl ude
at | east one of encoded frane data, encoded slice data and encoded

macr ool oal0 ke & T eRobeuSm i % dieaiedimont TR aeianiid PiboSopRG 2

shows a f,| ow am 200 il l'ustratin i mage decoding nethod in

i agr : an g
accor dand@2&j 312 SReEaipR gicrene may include;af leastoae of decoded Bamp gatar degoded 2,
first partially decoded i mage data may be generated based on first
i nput datscedatesnddseodedmacroblpakidagiat a i s avai l-able. In a second
partial decoding step 204, second partially decoded i mage -data may be
gener at ed0®3ed HE. 3 sbondar inpagt enstdmgaippantus 560 freaomdiandpuith gata i s
avail abl e, before the first input data is available. In a decoded

i mge datembgdinehat inngristefnbodfientd @eaard: biRdRIph@ B Y0P hay eRBIRGE
based on the first partially decoded i nage data and the second

par ti al | ¥ird9aAREshcodB P92 ¢8hRourt PR3N Be R Hﬁill‘?%ﬁ%eﬁ?ﬂﬁ%’ da%ahﬁeasécf- rst
I I deco ata of a

i nput data may include at |east one.of ded”i mage

PSR st ICodRn o BUSSTIROMR R 2

| east On%oﬁﬁgured to generate second partially encoded image data based on second in._put data
after the second input data is available, before the first input data is available; a-nd an
encoded image data generatofl 306 conﬁgur;ed 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 'othexl‘, e.g. via an electrical connection 308 such
as €.g. a cable or a computer bus or via any other suitable electrical connection to
exchange electrical signals.
[0041] Although the first ﬁanial encoder 302, the second pértial 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 pamal encoder 304 and the encoded image
data generator 306 may be inté:grated 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 oﬁe of

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

10



decoded i mage data of a preceding i rage and decoded i mage data of a
successi WO2AH{B2904\WO 2010/ 082904 PCT/ SG2010/ 000010 [ 003RLTI5GRE0i000930
enbodi ments, the first input data may include decoded i mage data of a
preceding i mage and the second input data nay include decoded i mage
data of a successive image. [0033]1n various enbodinments, the first

I nput data may include decoded i nrage data of a successive inmage and

t he seco | Aput ta my, i pcl ude, decoded | mage da of recedj ng

i mage. [3@%44 I n I\?araingﬁsselﬁlﬁﬂﬁmﬂ@ﬁt’%fm?murfc}afas‘%ab’aﬁci gr“vm&@é@a}% faeg
202 may include,at .| east .one of forward nptjon prediction step an
a back%aro 2 ppeordine mags wdithsesoninpyislagananinglide gucodediveniediaiaoda t he
second partial decoding step 204 may include at |east one of a
forward rfBEICERYPIRAEFCti on step and a backward motion prediction step.

[0045] In various emboc'ii'il:nents,' the first input data may include encoded image data
of a successive image and the;:‘second inpu_t data may include encoded image data of a
preceding image,

[0046] In various embodiments, the first inartial encoder 302 may be conﬂgulred‘ to
perform at least one of a forw‘_ard motion estimation and a backward motion estimation,
[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 configuréd to
perform a forward motion estimation and the second partial encoder 304 may be |
configured to perform a backward motion estimation.

[0049] In various embodi{nents, the first partial encoder 392 may be configured to
perform a backward motion estimation and the second partial encoder 304 may be
configured to perform a forwa:rd motion estimation.

[0050] In various embodim|ents, the ixhage'eﬁcoding apparatus 300 may further
include a third partial encoder (1_10t shown) configured to generate third paﬁiallyr encoded
image data based on the first pa'rtially 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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[0036] I n various enbodi nents, the first partial decoding step 202 may
i ncl ude VP3P MDti on estinmation step and t he secondPEESGREN0/000010
decodi ng step 204 may include a backward notion estimation step.
[0037] I'n various enbodiments, the first partial decoding step 202 may
i nclude a backward notion estimation step and the second parti al
decodi ng step 204 may include a fonvard notion estimation step.

[0038]In jyOUS ' t I.n t hird, parti,al encodi step,, third
partial | J\dggei(! oded | ngggeglgg?d;u?ﬁ%tff tﬁ%a&gﬂgﬂrl ;58 dﬁta;ﬁ&ﬁfﬁtﬁzpﬁ g’;fel;lF%dced
partial ly._decqded i nage ta'and t second, partially decoded inmage
fat o | n DRE G018 SO0 01, DHHOE Haebebeanrofke S exodn ivg
step 206, , the decoded i nage .data may be gener ated based on the first
partial | faﬁﬁ?éﬁéaoqeﬁﬁ%r@g@b{,dﬂahe second partially decoded i nage data
and the third partially decoded i mage dat a. V\D. _ ' -
2010/ 082d6%ET/ SEHD Hohowe a1 indze 0BG ding appriatussiOQ b actordantswyitti bie -
decoded i mage data generated in the decoded i mage data generati ng
step 206 embpdimait.ubtevasious emisddinaes,ahe degodeshdidrdadaka00 4R 4
slice data and decoded macrobl ock data.
first partial decoder 402 configured to generate first partially decoded image data based
on first input data after the fu&t input data is available; a second partial decoder 404
- . .
configured to generate second partially decoded image data based on second input data
after the second input data is available, before the first input data is available; and a
decoded image data generator}406 configured to generate decoded image data based on
the first partially decoded image data and the second partially decoded image data, The
first partial decoder 402, the‘sécond 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 €.g. a cable or a computer bus or via any other suitable electrical connection to
exchange electrical signals.
[0053] In various embodifnents, the first iﬁput data may include at least one of
decoded image data of a preé-édmg image and decoded image data of a successive image.
(0054} In various embodiments, the second iﬁput data may include at least one of
decoded image data of a preceding image and decoded image data of a sucéessive 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.



[ 0040] FIG. 3 shows an i nmage encodi ng apparatus 300 in accordance with
an enbodi WER010/483904ar | ous enbodi ment's, the i mage encodi RGTHGRL0A0WI0
300 may include a first partial encoder 302 configured to generate
first partially encoded i nage data based on first input data after
the first -input data is available; a second partial encoder 304
configured to generate second partially encoded inage data based on
second |n Hks dat agr}oelr ltgse secong h_%gut d@ﬁa i s,avail abl e, before
the first nd aQimgpip dhe Ly mpnt %B’&é&@‘%ﬁ&g’éc@&ﬂ&nage data
gener at or 06 confl ur generate encoded i nage data based on the
first par(f 4UFSP Sféﬁ"c&‘?f@ﬂ ér&&ée@& fl anpavh date e ydadudaidssedad imk by dasmadaled

i mage data. The first partial encoder 302, the second partial encoder
304 and thiEccdigdenage i mage data generator 306 nmay be coupled with each
other, e.g. via an electrical connection 308 such as e.g. a cable or
a corrpute[ 05Us o varmuseybatiments,ahd fiabpartisl decoder 26 ma9 BBESH AR S
exchange el ectrical signals. [0041] Although the first Partial encoder
302, the reefoondt lpastbhabf ACREAMAMA paetlctioAng Q%@E&@dar& HRY6n g%ﬁﬁ:tlon.

generator 306 are shown as being separate in FIG 3, any t
of the fi[oes8)par td akioBNGASRTMARE thd 126 &@9@{*&1 ¢
t he encoded i mage dat a generl,lgtor 306 ?m |c%?%&e¥a4l§% Q$ggn%9

el ude %%@E{“e%%‘éhﬁ?ﬁeﬁ%‘d3*4??%53?“0‘-“{521 oy o ivagf**‘ﬂp(imoﬁat awﬁﬁéoand
cmbod: mer1e o eBonfeNERAER, 1 4T Foal sy HELbe trasprea t
cuccessi '&*Z%?%g m%na&s@vﬁr%%d' 2 TRt BOP DTG D BBIEN 06 ar | 0US
embodi rreré%nfigurf? ’cofpler orm IanFc:a)éjlctwa?éle Itnaotugrng51 greldlré%l)xllj de encoded i mge data
[0060) In various embodiménts, the first partial decoder 402 may be configurad to
perform a backward motion p!rediction and the second partial decoder 404 may be |
configured to perform a forward motion prediction. |
[0061] In various embodlments\ the i unage decoding apparatus 400 may further
include a third partial decoder (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 decodod image data based on the first pertialiy
decoded image data, the second partially decoded image data and the third partially-l _
decoded image data.
[0062] In various embodiments, the decoded image data generated by the docoded

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

data and decoded macroblock.data.
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of a preceding i nage and t he secondi nput data may incl ude encoded

i rragepdat‘gocﬁlgﬁéosé??gcessi ve image. [0045]In various enbodCA&2810/00¢0e
first input data may include encoded inmage data .l of a successive

i mge and the second input data may include encoded image data of a
precedi ng i mage. [0046] 1 n various enbodinents, the first partial
encoder 302 may be configured to performat |east one of a forward

embodi mert S e s aasng RS HHES, HRblseEe SR R mhr b et o
e o b3R5 ARSeE) B TS, TRl SRR
ot on” Gt HEER SAA T (R BRI 5eFR45ahe Gt e} A<504 aveilblsoa second
configured t ? perdf orm a bac.kvvar d.noti oln, esti ‘m@t ion. [0049]1n various
embodi merRagtial ehrodingsésp, pheieinaiecandasitinlly3000dedymbee daomisiggnarated based on
second input data as soon as the second input data is available; and an encoded image
data generating step, wherein encoded imége data is generated based on the first partially
encoded image data and the sécond partially .éncoded image data.
{0064] In various embodiments, an image‘ decoding method may be provided,
including a first partial decoding step, wherein first partially decoded image data is
generated based on first inputldata 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 iniagé data
generating step, wherein deco'ded image data.is generated based on the first partially
decoded image data and the ;e;cond partially &ecoded image data.
[0065] In various embodiménts, an inﬂage encoding apparatus may be provided,
including a first partial encolder conﬁgul'éd'to generate first partially encoded image data
based on first input data as sc.alon 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 parltially 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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perform a backward notion estimtion and the second partial encoder
304 may D¥OCBHIWBged to performa forward notion esti nRETEG2010/000010
[ 0050] I n various enbodi nents, the irnage encodi ng apparatus 300 may
further include a third partial encoder (not shown) configured to
generate third partially encoded i nage data based on the first
partially encoded i mage data .and the second partially encoded i nmage

data. In i Qus _enbqdi pents, t ncoded, i mage |, a generator, may be
confi gur ebé?{doong@ﬁtelp%@gla{g%g s ?fb%?ggﬁgﬁﬁﬁ‘&&t dta ’Q%B%‘gagﬁf; agectng peitipk
artially, encoded. i e data, the second partially encoded i mage data
PRd t he. TR pERERIL EoEORatrorh Ry G odedigpagd dara based on second

2010/ 082904PCT/ SG2010/ 000010 [0051] I n various enbodi ments, the
encoded PR daigat spogas dheascaendopputisletadnavadiable andpedadoded igegedais or 306
may include at |east one of .encoded frame data, encoded slice data
and encodeuveratet caibigursk ta gereratf 00952k dinGge datatbave carthe fimgpard etodicoded
apparatus 400 in accordance with an ' enbodi nent. In various

ermbodi nerinsge ddwearidrthgsscded pattinily dgepéddaiiage 4410 may include a Tirst
partial decoder 402 configured.to generate first partially decoded

| mage datjgodIqs edsdFivakd-baded kilithe dRbReRLERE n&clwoeféhgﬁ%ngir%éﬂ#cuﬁ%ha s

avai |l abl e; a second partial {decoder 404 configure 0 erate second

parti al | yedegrdatuleings tg%%j:@@&ﬁ&g%?lg%ﬁ'ﬁgﬂftﬂe@ YL arqg‘%rﬁ g?tntd% LR

second input data 1s avalla rrsternp ata’is
avai | abl g; ' enerator 1406 confiqured to
gener at e%gggcg: Sesgd'?%glggg%é a }%a?g%gsgaﬁ:g?rﬁglgfatf’ r S’{“"Baeﬁq%ar? %8t0ded
i mage dat a. ﬁg&d etah‘fe seconcg3 gar t i1 al ]I?_‘%( decoded, iﬁ&ge dat?a. The first
partial GELOUES 2A3H0 PRAEL L FPIPY Flé‘forﬁ%reg‘éeeffw Busealsdisshgsddecoded
i mge dat an\c enerator 4 may be coupled with each other, e.g. via an
el ectric&F cleiaypl r§&‘?ﬁ°1&sw.@d? andanppEatyses ICCOniREIOSRTIONSS or
via any other, suitable el ectrical connection to exchange el ectrical
si gnal s. *POpETIeNts MaxcPBbincdaadfangtionalidseompasition; ta yisld afamanynay
include at |east one of
© 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 ofAhigh
computational complexity, \vhiph may be 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, current high performance uniprocessor
architecture may be not capable of performing real-ti:ﬂe encoding using H.264 or SVC,
[0069] Various speed perfofmance enhancing methods may be used for the H.264

encoder. In an example, complexity reduction algorithms may be used to minimize

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



decoded i mage data of a preceding i rage and decoded i mage data of a
successi WEO2AiHgB29080054] | n vari ous enbodi nents, the sepBATSGAPNNIWAL a
may i nclude at | east one of decoded i mage data of a preceding i nage
and decoded i mage data of a successive inmage. [0055]In various

enbodi nents, the first input data nmay include decoded i mage data of a
precedi ng i mage and the second input data may include decoded i nmage

dat a of o ' ' ) 05611 n various enbodi nent,s, the first
i nput da’iie ga#ag}/&?%%ﬁﬂjg gﬁ%@%& g{ i g?or%rlﬁ]é]%ay& ArRTOTEPe SOTaRY, 8§§g§ g q‘i’ﬂ’é’é&’rand
t he second_ipput ta_may, i ncl ude, decoded i e data_ of a preceding
mge © Loues] T it e B hiate ey R SrnllaReq & prube atelbaet ki)
may be conéﬁﬁured to pefformat |east one of a forWard notion
predi cti di0Hd aABdbreEIoEMRROEioBHMiFREeR Bethods fordbEE) may bernndigeble to
enbodi nents, the secondvparﬂial decoder 404 may be configured to
per f or m a1V .eHewermiethoBVE may baatdeasba fodhmorechinghitasionalhodamdndini thar d
notion prediction. o o
H.264 due to its additional qoding modes specifically for inter-layer prediction, and the
need to process multiple layers of video data. This added complexity to the SVC also
may offer new task and data structures that are exploitable for encoder performance
enhancements in terms of parallelization.
[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 cdding structure that is _iritroduced in SVC. By exploiting the HB structure, the
methods according to various embodiments may maximize the number of concurrent
encoding task in SVC, and thus may allow a parallelized SVC encoder that may scale
well with additional processors,
[0072] FIG. 5 shows a diagram 500 illustrating the data structure in Scalable Video
Coding (SVC) in accordance with an embodiment.
[0073] Video layers 502 at different resolutions may be provided, for example a first
layer 504 (which may also be referred to as Layer 1) and a second layer 506 (which may
also be referred to as Layer 0).
[0074) Each layer may include one or more groups of pictures (GOP). For exaﬁple,
for the second layer 506 the group of pictures in the layer are shown in FIG. 5. A first

GOP 508 (which may also be referred to és GOP 0), a second GOP 510 (which may also
I
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[0059] I n various enbodi nents, the first partial decoder may 402 be
confi gur eYOL2810482904r m a forward notion prediction and t RETSECUNH00010
partial decoder 404 may be configured to performa backWard notion
predi ction. [0060]1n various enbodi ments, the first partial decoder
402 may be configured to performa backward notion prediction and the
second partial decoder 404 may be configured to performa forward

o e CAETHEH D ROt SRR BePS GP o
' ased on

tho. 1 so ot S0P Bt ot dibe lerha it SR 3 Bed RaPRcHary

decoded i.npge data. In various enbodi nents, the decoded i mage data

gener at ofNUEHEdRKATES Ko Athgt SO s tep e e dded. tAehonele fuve §ORreage shiertodn

based on the first partially decoded i mage data, the second partially
decoded iFlegh adaitea maydnelide anlyinuchbpaef GAPS, \eitbkedixdé dori alid gygers] ak sarying
[0062) I n various enbodi nents, the decoded inage data generated by the
decoded ifnagiayeead daygener at or ' 406 may i.nclude at | east one of decoded
franme data, decoded slice data and decoded nacrobl ock dat a.
[0075] Each GOP may include one or more frames. For example, for the first
GOP 508, the frames in the _GOP are shown in FIG. 5. A first frame 518 (which may also
be referred to as Frame 0), a second frame 520 (which may also be referred to as Frame
1), a third frame 522 (which  rr1_ay also be referred to as Frame 2), aﬁd a fourth frame 524
(which may also be referred to as Frame 3) may be provided. Although four frameé are
shown in FIG, §, a GOP may include any ﬁumber of frames, either fixed for all GOPs, or
varying from GOP to GOP. s
[0076] Each frame may iﬁclude one or mé;re slices. For example, for the first
frame 518, the slice; in the frame are shc;wr; 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 Slicé 2) may be provided.
Although three slices are shown in FIG. 5, a frame may include any number of s}iceé,
either fixed for all frames, 01; varying from fr_amé to frame. In various embodiments, the
number of slices may be limited by the number of macroblocks, i.;a. the nu;nber of slices
may be smaller or equal to thg ﬁumber of macroblocks.
[0077) Each slice may include one or more macroblocks. For example, for the first

slice 526, the macroblocks in the slice are sﬁown in FIG. 5. A first macroblock 332

(which may also be referred to as Macroblock 0), a second macroblock 534 (which may
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WO 2010/ 082904PCT/ SG2010/ 000010 [0063] I n vari ous enbodi nents, an

i mage encW@iiy/M$2Mod nay be provided, including a firs®PCP&GRIRI000010
encodi ng step, wherein first partially encoded inmage data is
generated based on first input data as soon as.the first input data
is avail able; a second partial encoding step, wherein second
partially encoded i mage data is generated based on second input data

as soon as t.he secqnd input_data is .avail able; and an encoded i nmage
dat a -gené€ %tqeﬁﬁtsegteg e as\,\ﬂig?rgpﬁgléﬁc g maugloghsds (hiduner dlsebe shred
on the first Parti al |y encoded i nmage data and the second partially
encoded i tRagRlageblock 2pomteprth magioblogk Sahhuwkirhmay slso &a r¢fnlmg£t0dlec odi ng
met hod ‘'may be provided, inclluding a first partial decoding step,

wher ei n fMpeseblpele 3), alfifip mavddecd S4idybiclatay ds tganferat adasddsaoblosk 4),
first input data as soon as.'the first input data is available; a
second pardixthimadesbietkig2gtvhith malyalseibe referodth Raidreblbok Hes edegni mage
data is generated based on second i nput data as soon as the second

i nput  datrRacréblesked d4akihesh il staeRded b Mau8cdelak BLAgERRhINT Step,
wherei n decoded i mage data is generated based on the first partially

decoded ims@oxga&smsqméhhﬁafﬂ&me%& ahd M &8518 % 1 dai a.

[ 0065] I n vari ous enbodi nent’s, an e encodi ng apparatus may be
provi ded,. 1 i anfhr St pant i oder, conf i gL e 0 generate
first parwécgﬁl?/we%égle’jcg . n?r%’gée?% ﬁrgeggggodasg%a¥r9$§ Ex ?):ﬂﬁget"tt ata as soon
as the first .inp! ata.is available, .a second parfial encoder
conf i gur &FFY l%cg‘;gépgfvbwgé%%‘n%sopbcfrr#egﬁi P %ﬁc’%ﬁ@@oaﬁ@géﬂ gsventihased on
second in utq@%%% gs ogn as .t fLe second input data is avail able; and
an encodéfcf 3] t(}i’f’i;f ARV Dedsisred i asdMagsobleste Q) endenesHfdl | mage
data based on the first partially encoded i mage data and the second
parti al | ynasHbdskd S klichaeayaalso tposh]ed taesVMawsbleek bhimmrieprovded. nage
decodi ng apparatus may be provided, including a first partial decoder
conf i gur edthopglyarpbyeamacrpbloglts arashomalih F1@et adéck mapgeldatay number of
macroblocks, either fixed for all slices, or varying from slice to slice.
[0078] In H.264 the same data 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) encoded, 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 may be down-scaled in order to oBtain the
pictures for all different spatial layers, which may result in spatial scalability. In each
layer, a hierarchical B-pictures (HB) decomposition, which may also be referred to as a

motion-compensated pyramid decompositibm may be performed for each group of

pictures to provide temporal scalability.
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based on first input data as soon as the first input data is

avai | abl e¥ORUHA83NA parti al decoder configured to gener BCESG2EI0/00010
partially decoded i nage data based on second i nput data as soon as
the second input data is available; and a decoded i mage data
generator configured to generate decoded i mage data based on the
first partially decoded i mage data and the second partially decoded
i mge dat 006 war e-.based _real tinme video encodi ng may be

chal | engilﬂgjs‘%n c ﬂqug oWy A JIag é@ﬁ‘gﬂf@@gGL?éer?IGﬁ‘f’ﬂeB'éwgﬁﬁserdmg
conpleXity and the |arge anmount of video data to be processed. .

Met hods ISR ASTIdREe FeRongmhgdimeny o ifistiPictus 687 fukick inveayious
parall elize a video encoder- to exploit nulti-core architecture to
scal e it srbpdisenpanpnplsahesiteddy as Fabled) pr sscesbpicmre Mist(hith iamarious
appar atuses according to various enbodi mrents nmay conbi ne data and

f unct i onambddirmmEonay dlombe efariaditd agBramarly, cihird pion@s 60§ slkish &Svarious
possible to maxi m ze processing scalability, i.e. the performance of

the vi deantodioskats anyldebodterradyo BEFRARENCLRUIE pRurd 5OP IR RA kYL
al nost proportionally, as nore processors becones avail able. -

[ 0068] CodhibgdRidntCh& Yo Bdfehsreafio bt Blheand, W%gﬂfﬁvﬂﬁ 1 vhB&us

price of high conputiational :conplexity, Wwhi engi ng for

s o e ST P ETGRAR s AT Sl il 80 (FRER i

conpl ex t ] H 263 encoder .. Furthernore, wih the trend towards
hi gh def ie%[%gfi‘%‘{rﬁsen&%‘f %f?% refRrgd o @ PR %ﬁ%?P“%BP%‘%‘F 6l Gion &
uni processor archi.tecture -be .not. capabl e of performng real-tine
encodi ng ARPHEIOSBICTS MEY AIS0 POTELI0AP A Lme et SEHh BiciiR 665 (which
enhanci ng net hods _may be used for the H 264 encoder. In an exanple,
conpl exi t%"?%ﬁé'ﬂ’i"%%ﬁd?%tﬂ?%beﬁﬁf}mﬁé tquaselfyame 7hind aminth Wefetist i ons
in the encoder. Exanples_ are fast node decisions and fast notion
est.i mat i dwhichéhyiripue smbytimsats meaytrdsederrefpried bprsdirame Sk anmpshess elifferabe o
quality for speed. In another exanple, the encoder may be
par al |'el ikindd of pistopg tlay be pewpledi Redexantple; I-, POMAG-Alckurthaapbe providedde
optim zation nmethods for H 264 may be applicable to

may denote an intra-coded picture, which may be coded independently from other

pictures. Both P and B may cllenote inter-coded pictures, which may have dependency on
previously coded pictures. In .various embodiments, a P-picture may denote a pic_ture that
may have dependency on only a previously coded picture (for example a temporally
preceding picture or a teﬁporélly 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 ar_ld a temporally succeading pic@e).

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

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

length 8,

19



SVC. However, the SVC may be at least a fold nore conputationally
demandi ngVPREW/AR2PE4 due to its additional coding nodes PEFSE201008901y
for inter-layer prediction, and the need to process nultiple |ayers
of video data. This added conmplexity to the SVC al so may offer new
task and data structures that are exploitable for encoder performance
enhancenments in terns of parallelization. [0071] According to various

mbodi i ] { Il elize the hi hi cal
b pi ct r ol ¢ ) "aheony MR ETE SRR pampE el A RE0PF Fothd e
detail b { hat ‘ysed in the SVC far t | labjlity.
[ty bt aee RSB fe e i hriesens UK Aoded | n

SVC. By exp] oi "»R‘?g t%e E.structure, the nethods according to various
embodi nent! “‘FF‘eéfj 3 PA & 8-Pigiwreivhen ependfome Bigauie views GORc biliendset tis iritn
SVC, and thus may allow a parallelized SVC encoder that nmay scal e

wel | wi t hPisER ¢i8anan baxansidsise e L-pip Qi rhGpresens KEWS on ad [-apnaa(HOte
illustrating the data structure in Scal able Video Coding (SVC) in
accor dancicgietting £FORTod examile, thoGta]dpicac: 6Cyetise S@Rh plcndt bl @rgRbe
resol utions may be provided,: for exanple a first |ayer 504 (which may

al so be rRfpimires I oaritfs eBib6dinichtspedh af SRARNGDidrades02 206 tHe Witk BidkRY
al so be referred to as Layer. 0). [0074] Each |l ayer may includé one or

mor e gr oups (eHe 1t Blcl® n thSAOR) S ik %&I&{n oﬁprlgcﬁgs.‘iﬁ@?ﬁ&xer 06

the group of pictures in the l'ayér are sh Irst GOP

508 (whi clnyRlméhst st £4RE bAe ikt BOBTR, Blve 85855 2L FRsBLQu MR o

may . al so
the choice of I-picture or P-picture for the ninth picture 618 may be up to the encoder

runtime configuration of the eincoder. In v'arioué 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 icurren‘c and né);t GOP. Examples of such a si.tuation r;lay be
during scene change (for example for efﬂciquy purposes) and due to encoder’s
parameter such as IDR Refresh Interval.

[0084) Thus, the second p:"icture 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 the first picture 602 as shown by arrow 636 and on the fifth
picture 610 as shown by arrow 638. Fuﬂﬁerrrioré, the fourth picture 608 may depend on
the third picture 606 as shown by arrow 624 and on the fifth picture 610 a§ 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



be referred to as GOP 1), a third GOP 512 (which nmay al so be referred
to as GOPVOROIA$E04 fourth GOP 514 (which may al so be r 8CESGH006004%
GOP 3) may be provided.. As indicated by dots 516, further GOPs nmay
be provided. Although four GOPs are shown in FIG 5, a |ayer may
i ncl ude any nunber of GOPs, either fixed for all |ayers, or varying
fromlayer to | ayer. [0075]Each GCP may include one or nore franes.
For exampl the f t he frane GOP are shown
GG YAd?PeP%Pn?*r I G e O e B0 Pk 8 IS ibPiR S e
a secong ne 520 %a ich may also be referred to as Frame 1), a
th| rd fraATEReYD mpw ﬁuwwowh@ér@rb@et%ﬁ%mw densnd pn thesaventh
fourth frame 524 (which may al so be referred to as Frane 3) nay be
provi ded. Pigipeeridgh show by wzae §3hansd ahibanintinpiFtug: 6 £ asshooR binarowta#ude
any nunber of frames, either fixed for all GOPs, or varying from GOP
to. GOP. [IoGtheinkeethé n'mﬂepima;e 6Ir80ha5d®pemreommerfmst@icshﬂecﬁes as Horwndyanpl e,
for the first frane 518, the slices'in the frame are shown in FIG 5.
A first sdnoee6826 (which may al so be referred to as Slice 0), a
second slice 528 (which may: al so be referred to as Slice 1), and a

third slijgggs330 Tl’i@ﬂﬁﬁlaﬁ@ﬁﬂe@éﬁﬁe BR¢ pRERE BE&TioliRe ﬁﬁltﬂ&lg% 67-1§ r?gﬁybe%l

provided. Al though three sli:ces are shovmin

'fb Pé:m“??a?é”t%m” oL r‘ﬁ“%%‘??%‘ﬁ‘?*%‘ﬁlﬁ‘o%me@ﬁeﬁ%' B OP: ool rmy
my be Zﬁ@arﬁ?éréo%?“%éﬂ?’ﬁ e %%%%ﬂﬁ@%?ﬂfwhﬁﬁ%%%e%b DOR APl

slice may, | ude one.or . nore robl ocks r the first
Slico 526" ¢ heiier 5?038@1%%6@% G e SRS o o iR tﬁs At piciwe
nacroblnéﬁ 532 (mh y al g0 be referred to as Macrobl ock 0), a,
second pé‘EﬂYd??léh %‘\ﬂﬁﬂh@ K pigfureaths sixBepipret anay be disolnedmb Bledtk
1), athird nacroblock 536 (which may al so be referred to as

Macr obl odHeteg, thy sevsnixnictdldmartie Bgtaedis te GTmjctates thetsighthafieturestd 6t o
as Macroblock 3), a fifth nacroblock 540 (which may al so be referred
to as ‘Madradiadtitolayed asthei Rigictnmc arsbtho pitEgiznutari SGhayrby displhgd abehe 8¢
referred to as Macrobl ock 5), a seventh nmacr.obl ock 544 (which may

al so be mefrerered to as Macrobl ock 6), an eighth macrobl ock 546
(which may also be referred to as Macroblock 7), a ninth macrobl ock

548 (whi qb0sey' Bhamdbg drédreftedikGiatre\ae e Meafikth$loturd 618 fak be 0, 5
macr obl ock 550 (which nay al so be referred to as Macrobl ock 9),

el event h amacr, gbk otk | HE 2he ki Iﬁ&uf%oz%a%%e%dé@&se@‘* Bk tRSseMART %&&n@c k

10), and a twel fth nmacrobl ock 554 (whi'ch may al so be referred to as
Macr obl 0G4 1daly Mdaﬁasp"lw&rdﬁdthe third picture 606 may be coded as 3" picture, the

fourth picture 608 may be coded as 6% plcture, the fifth picture 610 may be coded as 2™
picture, the sixth picture 612 ﬁ'lay be coded as 7‘1; picture, the seventh picture 614 may be
coded as 4 picture, the eighth picture 616 may be coded as 8® pieture, anrl the ninrh
picture 618 may be coded as .i“ picture.

[0087] In the embodimenr shown in FIG. l6, the pictures may be coded in four’
temporal levels: In the 02 ter_J;:poral 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 2™



Al t hough twel ve macrobl ocks are showmn in FIG 5, a slice may include
any nunbeWOgP10/82%0dbl ocks. either fixed for all slices, PET/SGadi0nig10
fromslice to slice. 100781l n H 264 the sanme data structure as
illustrated in FIG 5 nmay be used, but w thout the video |ayers.

[ 00791 SVC may organi ze the conpressed file into a base layer that is
H264/ AVC ( Advanced Vi deo Codi ng) encoded, and enhancenent |ayers that

may provi i.f1,0 1.nf.qQr Lon.t,o scal.e the e o recedi d
vi deo | aﬁéejlﬁp (lﬁ‘%ﬂag% ﬁﬂ%‘%‘fds%%ﬁg?ﬁb Gpd Ehgr?ﬁ‘éﬁnéh pltcg:g%gﬁfxp%lge ‘El)eﬁ]ég'o&l tg?ﬁal
i nput video seguence may be-down-scaled in order to obtain the

o ot ur o TFOPOEIER B BEohnd Ficfioy Py 45 Picfies 05, Ot Blsce P2, and
spati al scal,abLI ity. In each layer, a hierarchical B-pictures (HB)
decorrposiﬂﬂ‘??iﬁl?t RHITER A ynaxbeeodsd. referred to as a noti on- conpensat ed
pyram d deconposition, may be perfornmed for each group of pictures to
provi de teM$dr al InswwsibabémbadimentsMhe20mhil/ed PPGHPETESHRANIRY €00AT 0
[0080] FIG 6 shows a diagram 600 illustrating a hierarchical -

B- pi ct ur dismicddiyniye mehbarof pictrdsin adiOp. don eariplé, et be Alabér o Bicturés in
first picture 602 (which in!various embodinents may al so be referred
to as Fr imp.0hen theR@td o DiembiiaPle0QndWah £ rbR MBI, QiSreeMDagkopient s

may al so be referred tb as Frane 1), a third picture 606 (which in

various eahadhiiesd Suhtd bR B defleiihREet 0 as Frame 2), a fourth
pi cture 608 (whi chl iun vari ou% errtgoglgtr%en 5 may al so be referred to as

3. it . _ ok i nhodi
L o
enbodi me?t S

. al b . t F 5 . t h, pi ct
Sy et B CATR R e
6), i ght h pjct 616 (which in vari mhodi t ay ' al b
) o oL BRSSO ST TEILS, it e

enbodi mrents, may also be referred to as Frane 8) are shown. Different
ki nds of 'PiSBEiiopalesidualsng prgaigning gfoamation|of the lowerspatigl dayBrsgp pragice s
may be provided. | may denote an intra-coded picture, which may be
coded i n@eliraaeraentlayef pishrest Néhengnist-lavesprediotion i useibfoBa mayrobénbt @ly

i nter-coded pictures, which:may have dependency on previously coded
pi ct ur es thelmsidueal signs! (erpredictiendrsor) maPbpemdoded Suwch ademodtdock ipsighaled
that may have dependency on only a previously coded picture (for
exanpl e &y tlenyyomalelement base diodg flpg.cThe prediction inecipmisal ds¢d 54 acaediang
picture), while a B-picture may denote a picture that may have

dependeneiedictalmaRbilot i A=BARInEd BY tHRUsdde TP eBir&pehdifes{d BIbciemanp! e a
tenporally preceding picture and a tenporally succeeding picture).

10081] I t refrehcddgydgnder st ood. that in various enbodi ments, a picture
may be
[0090] An Inter-Layer Intra Prediction may be applied as follows: When the
corresponding 8x8 block in the reference layer is 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



consi dered as being equivalent to a frame. [0082] The second picture
604 to t NWOOHYMS2¥Mct ure 618 may for a group of pictur e®CEHSG2ENGOIV1IS.
WO 2010/ 082904PCT/ SG2010/ 000010 10083] For exanple, the first picture
602 may be an I-picture. It is to be noted that, for exanple in case
where the first picture 602 preceding the present GOP, the first
picture 602 may be a P-picture when seen fromthe previous GOP.

Li kewi se,_the ninth picture 618 nmay be considered a P-picture (for
the preseffY Eif—%a e(sirangqud_J%r @FGP]%"“G%B?“@%@’ ayeRbiogkn§rideyaily, gugyter-pel
exanpl e, the second picture 604 to the eighth picture 616 may be

B- pi ct ur QURTSI-RP%HL) HOUCTEYRSEMS WY Pe corppted #7d qoded farrefinepient simes tB92 and
the ninth picture 618 (the l[.ast picture in the GOP) may either be a
hpi ct ur e BPLN Pickw of the previgusrlayse gaSecmb:odp el 5pel preeisidnria tthe quamrt lagert he
first GOP may have to be an |-picture. Subsequently, the choice of

| - pi ct ur edwgrto Bpagpiaktesoletidrodiffeleacani nt h pi cture 618 nay be up to the
encoder runtinme configuration of the encoder. In various enbodi nents,

a P-pictoesrey be IueelaydrRevianil Pusti@MEAGH BRI Upplic RS follBkE ISHER] be
used when the encoder desires to renove any dependency between the

current apd sy re§#Ral pﬁéﬂ?d'ﬂ?.’h ?ﬁg,%t_e?-!d&ﬂ‘d%&iréﬁf@éﬂs 21? thg%éh%ggq?rgila%r

scene change (for exafnple for efficiency purpose

second pi oy UESY b&&*fﬁ%@éﬁﬂ.ﬁdﬁ?ﬁ?ﬁ%ﬁ ?ﬁ?ﬁfﬁ%ﬁﬁéﬂ :éo%@%a‘%%?%*ﬁ%%#“@w
620 j i 604 . N.622.
Fur t her moF N R cphifor Ml SriirE K08 fpediiting: Bl e e teropsectamet
602 as sho by .arrow 636 and opn the fifth picture 610 as shown by
e Sa0ES e o

arrow 638" ERRECRIUIWAT pi ct ure 608 may depend on the
third picture 606 as _shown by arrow 624 and on the fifth picture 610

as shown [BYP3r r olp B8 four gdditianahspding medes inpy he psedispeafielly famy depend
on the first picture 602 as shown by arrow 644 and on the ninth
pi cture enrekdodksymieisphanceent dusrs. Furalserpepiosned dreths iSviChshpiwes that o 12
may depend on the fifth picture 610 as shown by arrow 628 and on the
sevent'h pncedmptvelspatd lsros (B (Gommen GGmddinté Ratmmrfer exah@ls event h
picture 614 B ‘
' corresponding to a resolution of 352 pixels x 288 pixels) and QCIF (Quarter CIF, for
example corresponding to a resolution 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 |comple.\; than without the inter layer prediction. In'view
of the complexity assessment in 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. H;)\ﬁvever,
with multiple-processors or multi-core technologies becoming increasingly common in

consumer desktop computers, parallelizing the SVC encoder may be a feasible wa\; _fo

enhance its performance,



may depengo%gididasedyi fth picture 610 as shown by arrow 6
ninth picture 618 as shown by arrow 642. Furthernore, ﬁ@T@E‘Jw@ﬁo&o%'

pi cture 616 may depend on the seventh picture 614 as shown by arrow
632 and on the ninth picture 618 as shown by arrow 634. Furthernore,
the ninth picture 618 may depend on the first picture 602 as shown by
an: ow 648. [0085] The display order of the first picture 602 to the
ninth pi c{994] 61S\thynahbe Oonsideredss aid extnsibn 0fH,264. Fhud paalleliig first

pi cture 602 may be displayed as Oth pi-cture, the second picture 604

may be di sphiyed fasHES eddidenhs} MEEbe ifpdichtlb Elit IOTHé Hr2%4 @%:1
di spl ayed as the 2" picture, the fourth picture p ayed

as the 3" ﬁar@l’léﬁzb’d Bithelr B? tdskfid 3] &'@a&é’%@elgi%go snﬁﬁn fﬁalsﬂ-ge&gll as the 4th

picture, the sixth picture 612 na pi cture,
the sevengh

ei ght h pict 3?1:38%%1? tﬁelﬁ 2%3 P%%P%P% egg&%hgg ?mwgﬁ?egtlﬂ&’éﬁé%%‘gd“?gggﬁi nt h

pi cture 618, may be di s ed as .the 8th picture. [0086] The coding
order of T84 Jpotng {W’ét“gb@dt”&t”’tﬂ'@dmlﬁ’[‘h picture 618 may be 0, 5,
3, 6, 2, e first picture 602 may be coded as. G h

Lol e. .
pi cture, {Oﬁgﬁsecgﬁg %flﬁ)ﬁ‘ﬁﬂé’lmlﬂw 80 dbykatingenseding fvithovayefremie
third picture 606 may be coded as 3rd picture, the fourth picture 608

may be cofhsadigs 6~mhnm4tc*tclmaéramerreayrbersupplpaddparreaq&t@magsoba)_cdaaednmr
2nd, picture, the sixth picture 612 may be coded as 7th picture, the
sevent h pprocessar 7924nayehe doefiged th @atrdl hfist piobessor 108 as trididatdd by slosise
616 may be coded as 8th picture, and the ninth picture 618 may be

coded as X a pécond pracesshODB7dslindit el Briesti TS, asdWitiydiphodzider 718 ast he
pi ctures nmay be coded in four tenporal levels: In the Oth t enpor al

level , thiadihted by pir6Hs70. 60 detdMndtnbY Be PLrEdriie b9 LB BN d.
I n the 1st terrpo}r al level, thcg@f |efth pi ct u?g 61oema€ %@dg ﬁjep%%?

2" tenpomabrsd t?.\é%hzatfoﬂ%éﬂé }Qtf@hﬁéd"ﬁg Ein00%e ﬁﬁ‘ﬂut&&e]() eéﬁ% L cg% i€ 614

may be coded. the 3rd "t enporal veI secon Ut & t he

fourth pi &)rsfﬂé &af3rm HAG b8 bé&%‘d%&%&r&%&r&g BodiliEr & g%@r P CtALcllrdFtlogsll6

may be code
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 infra predic::tion.
[0096] A speedup may be achieved with wavefront encoding. The encoding of a
frame may start only after the éncoding of the pr;.evious frame is finished.
[0097])  Each task may represent a processing stage of the data and maif be qésigned to
different thread/processor. There may be se'.veral difficulties of using task-level
decompositiqn 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



(0088] I n vari ous enbodi nents, the nunber of possible tenporal |evels
may be |iWP8H/§5% he nunber of picthres in a GOP. For E%&FGRE0/00&H0N
be nunber of pictures in GOP. Then the nunber of tenporal |evel may
range fromO to T, where T = log2(N) and T may be rounded down to the
nearest integer. [0089] SVC may use sinmilar intra and inter-prediction
techni ques as in H 264/ AVC for each plcture frane Addltlonally, in

SVC, inter-layer edlctl used.to redu

- edundandiPIsa LR R G SRR PoR ey Shsi RO gt B PRirolg
notion, residual, and partitiaoni n(% |nforrrat|on of the | ower spatial

| ayer s . t degAnaREon maydesire gufea ay@hroai@tlm&dcwanququsks
prediction is used for a macroblock, only the residual signal (or
predi ct i éor ragving Jatarirgmpnepnesseiies stagedh the otberr dwiothsk factor stayrrallend by

t he syntax el ement base node flag. The prediction nechanismused by a
inter-| aymbalprued[tcncecbermmoctbmdo Kistributtewenkravey atrpss theeaddptecators ts
correspondi ng 8x8 block in the reference |ayer. [0090] An |nter-Layer

I ntra PreaddidblookingeaskheHappvdr oflisagayf  teppsiffidiiestciRe teaskeanipntigicfor
8x8 block in the reference layer is |uta-coded, the reconstructed

data may cR& thRSRPRIR @n(tﬁ@ﬁat@ﬁé%@rﬁlaﬁ bbitg &Sﬁdc@&e@ afit 3Bt FldRm{ 4 lblml‘t €Thus
i npul se response) for |tuna.sanples and bilinear filter for chrona

T R AR,
o Lol otgnblieosslag tﬁsg%éfap%z%%m?@eﬂg? SHEMFAbPLE
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 ﬁe
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 &ajca'
partitioning, i.e. GOP, frame, ‘slice and mécroblock, each representing a successively
finer data granularity. |
(00997 On a GOP-level, video sequencés may be processed and encoded as a series of
GOPs in order to minimize rﬁémory load and exploiting inter-frame redundancy for
compression. When the key 'frames of eacl'l GOP is an IDR (Instantaneous Data Refresh)
picture, the GOPs may be independent and may.be processed concurrently. This may be
the coarsest grained parallelisxln for H.264 encoder. This approach may result in high-
latency and memory consumi:),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

[}
h



may be scal ed and used for the enhancenment |ayer nacrobl ock.

Opt i onal I%YO 280A82W# - pel (quarter-pixel) notion vectors RBEF/SH010/000010
conputed and coded for refinenent since the notion vector of the
previous |ayer has only up to half-pel precision in the current |ayer
due to spatial resolution difference. [0092] An Inter-Layer Residual
Prediction may be applied as follows: Signaled by the syntax

resi dual predjction f]| i nt er-coded crobl ocks in the ephanc nt

| ayer naynqsﬁﬁfi psige %@%ﬁ%a@wgaﬁaﬁr%@e B GRS PTG oI BoH e
co-located 8x8 block (intra or inter-coded) fromthe reference. | ayer
as predi ey bspreaeascd angurrendy after thaiiqeaesranging refesspcesel-pisdes.i n t he
enhancenent |ayer. [0093]1n'SVC four additional coding nodes nay be
used sped0fldEial |Gn 4 slicertencal, abHhddsencodin g eagnpiamoefrant nlagpe partitidnal ysi s
perfornmed on the SVC shows that,, for encoding two spatial |ayers at

Cl F ( Comime ohabranore @liedsén balert prefent ereoraniagatia soessp aiediraige naha
resolution of 352 pixels x 288 pixels) and QCIF (Quarter CIF, for

exanpl e gRIERS ROAGHVBEL fhsidsRRQdld, Whcef witififl cRiXRirie ¥iad H4 iley@ldet,
resolutions, the intra and iinter-frame codi ng may be respectively

13,04 - ?.ﬁ 99%1{{%\58';{ a %]%:e%ﬁ%b%g% %r@%ﬁté %%&t?é%tﬁ&‘éﬂcesjié %r}e%t%ﬁ% nor e

conpl ex than w't e 1nter | Iction. In viewo

conpl exi S . 1n e r. Lgh f it

Vi deo coltTe: TReAD -tise e 2iinty E0olSER Ballel R Btk
resolutiqn, .t be .i.npossi bl e for, SVC encodi ng_ to.achi eve .
ol - 1 miA PRSBARIGH RN & AFARUTR Pty b8 Jgted oS feymbar of SHEE Histeares apf fhis
mul tiple-processors or pulti-core technol ogi es becom ng increasingly
common i M AR A VaEs RiBY CRSAEHWTHON PHFUTMABIS 2i ng, the SVC encoder
may be a feasible way to enhance its performance. WO S
2010/ 0826 T/ Swonerubbokdevebead Byrmenpe procewad itlelpels odd 6ulf pixels

extension of H 264. Thus parallelismtechniques for H 264 encoder nay

al so be appdinmbivdodks. The nibreblbolls iR@slicrwer be proeyssbdinpmambidet, i.z.ethp

ei ther by task-level or data-Ilevel deconposition. For task-I|evel

- to bottom and left to right. Ee?ch macroblock may use information from the previously

encoded macroblock for motion vector predic;cion, intra prediction, and deblocking;
[00103] FIG. 8 shows a dia{gram 800 illustrating the dependencies, for example data
and tas;k dependencies, between macroblocké. A first macroblock 802, a second .A .
macroblock 8§04, a third macrc:,\bloc-k 806, a fourth macroblock 808, and a fifth |
macroblock 810 may be provilded. The first macroblock 802, the second macroBchk
804, and the third macroblock- 806 may be provided consecutively in a line, whille the
fourth macroblock 808 and the fifth macrdbldck 810 may also be provided consecutively
in a line below. The fifth mac.roblock 810 may be the current macroblock. The task
performed on the current macroblock 810 rﬁay be dependent on the decoded/

reconstructed macroblocks, for éxample the first macroblock 802 as indicated by arrow

812, the second macroblock 804 as indicated by arrow 814, the third macroblock S06 as

26



| . deconposition, the I-1.264 encodi ng process nmay be partitioned
into i ndeWeROWYB2204sks such as the notion estimati on an®8CT/SG2010/000010

i ntra-prediction. [00951FIG 7 shows a block diagram 700 illustrating
encodi ng with wavefront encoding. An input video frame may be
supplied to a nmaster processor 702. The master processor 702 may be
configured to control a first processor 704 as indicated by arrows

726, a secQnd process 712 .as. i ndicated .b rr.o 728, and third
pr ocessortdraEd Ry gy ggﬁ(’ éﬁ‘fw%%ﬁff‘ Cr‘?‘g@‘?k %Sdﬁ%%%@\’ﬁ‘ﬁ‘&"ﬁ@ Eoé‘
performed by entrqgpy decoder 706. Inverse quantization nay be

per f or medxappleribe fisst maprehlock 802 oy proyifle depsrdensy Withe Futadt pgerchiock
transform may be performed by inverse discrete cosine transforner
710. Addisif b imeayprisdicpen drek metibrgyredickiar:  For 4xarmedp the facaed magrobleck 804
perfornmed by deblocicing filter 716. Mtion conpensati on may be

per f or neandyyprovaté depeadenpe Rkt ourrdh? dnactoblack Spo detiistra predictign, eotion
performed by intra predictor 722. Selector 720 may sel ect one of the

not i on copgeeReal drdNoailitdriigl FopE-eepl, e third nlRRBECR SO e ypovity t 4
achi eved with wavefront encodi ng. The encoding of a frame nmay start

oL ey Al Y RO O AR o

to For example, the fourth macrbbiock 808 may provide dependency to the curent
macroblock 810 for intra pré&ip_tion_. motion prediction, and loop filtering. Thus, for
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 d:ialgram 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,
026 and 932). Un-processeci_ macroblocks are shown by a plain background (for example
macroblocks 928, 930, and 934 Ito 050).
[00105] For example with th;z: dependencies sk.lown in FIG. 8, currently procéssed
macrobléck 920 may be dependent on already processed macroblock 908 ‘;:15 indic.ated by

. arrow 954, dependent on already processed macroblock 910 as indicated by arrow 952,

and dependent on already processed rnacrc:)block 918 as indicated by arrow 956.

Furthermore, currently processed macroblock 926 may be dependent on already

processed macroblock 914 as Zi_ndicated by arrow 966, dependent on already processed



different thread/ processor. There nay be several difficulties of

usi ng taswolzélﬂélszg’écorrposi tion in parallelizing the vi d26TEG2HEOP0010
Scalability may ‘be a problemin the task-1evel deconposition
approach. Scalability may denote the quality of an application to
expand efficiently to accombdate greater conmputing resources so as
to inmprove application performance. One of the inhibiting factor to
scalability may be that task-level deconposition may desire

si gni fi cantrobioek9i6rs rwlidatsd barrovdifidudipenddnban plasadis processs mapipblock
novi ng data from one processing stage to the other. Another factor
may be | 088lad inbrhied b .anbtv G6Ryandeicpeomiznt @andlrebdy plios¢ssédombaoloclk92vasn| y
across threads/processors to avoid bl ocking tasks. However, this may

be very ghididatddytarRAE 968 EFiriherneore ey priobssédmacalsibek Pikmalepends on
the nature of data being processed and is not known a priori. Thus

for theseeﬁﬁnﬁéﬂt%p:aiée. prbéssked! RYEAL168CRMR iR HBMrdAEoSRnga. popul ar

approach to paralleliZe the H 264 encoder. A parallelization nodel

for SVC %ncoag%o%pﬁ%aewo&gggaing&%.ﬁ)?{)%eérﬁeastﬁﬁ& Angsglat a- I evel

deconposi th 0l i SCusse bel ow. ' 0098]1n"a further

approach usi ata-|evel. deconmposition i dea a1 e :
oort et o088 wRbEbLEERATER aptins Heb e 3Rac (7, B aviagon e
same task. The data structure used in the H 264 vjdeo. codi my
of fer di MRFefdeneve? @aﬁp}»&%@at |°eluagar%vamsrtt°ﬂﬂ<§wh@ AT Bt e
slice and macrobl ock, each r'epresenting a successively finer data
gr anul ar idegatesresgoarprafitammbenet!l] maprgblocksewite HiesampsipvefEony PEIBS sed
and encoded as a series of GOPs in order to minimze nenory | oad and
expl oi t i mgmbetreay be proeessetiumdamoylyf ddaceaignke suiydw progeesed itherdricsf
frames of each GOP is an IDR (Instantaneous Data Refresh) picture,
t he GOPs ingesasing wavefrperdefile nandersay be processed concurrently. This
may be the coarsest grained-parallelismfor H 264 encoder. This
appr oach [pEY7] eSRY brocBsstigdhe madrebloyksind weshon cedarsiepipled anFIG.00100]
On.a frame-level, the nunber of frames that can be coded concurrently
may Dbe d%&&{p%f\ﬁqcﬂemoua%nW&Qm@t\meﬁ%trmma% béiprdieBse@ asdep 5dRptly N
H. 264, frames may be encoded using an |1 BBPBBP... structure where the
B-pi ct ur iR e &d 18RSyt TR, RS BEREE S Alud
concurreﬁ‘?fh%??y?ﬂ]&dr%%@r@%spgﬁgi ng rg? er ncec}BP- pi ctur éls.e [00101]
Oh a S! PG lro%\{eclks i deﬂegpéarg&g%ﬁ?s%herﬁgmﬁmsgtbg Egllgdrﬁ@a{;@yonperhe
partltloneﬁ 1Mo Ohe or hore slices Tn:order to prevent error
propagati on .agro t frame in the presence of twark fransm ssion
b rore sprludfhiitBeg 15 s h aihy Mg Moty RS DAl ) A bR BREET,
of a slice maybe used tQ predict ele s of other slices in the sane
rame. THHG DRRE cBF9dee s ThREIpiTe 01 rafFIOR A HRS T Cobe BRFHir op ARRIF RS
The exploitable spatial data dependency within a picture may be
limted agshieesitipidhe motion peasch 4rep rdurtogaysryersplya sl the Eie S er se
effect on rate-distortion performance. o

. performance. Furthermore, in the case of SVC, where hierarchical B—pictqres prediction

structure may be used, the 3D wavefront l;nay 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 approach 10 parallelisrp may not offer good scalébility 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 processors
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[ 00102] On a nacrobl ock-1evel, each slice may be processed in bl ocks
of 16x16 WM2B10088UK| ed macrobl ocks. The macrobl ocks in RCIISGEL0HA801He
processed in scan order, i.e., top to bottomand left to right. Each
macr obl ock may use information fromthe previously encoded nmacrobl ock
for notion vector prediction, infra prediction, and debl ocking.
[00103] FIG 8 shows a diagram 800 illustrating the dependencies, for
exanpl e data and task dependencies, between macrobl ocks. A fjrst

macr obl ockorRUBIMD §Hogadnsimetian MdtplgData) instraction sehevhithi aekelBos, a
fourth macrobl ock 808, and a fifth macrobl ock 810 may be provided.
The fi rstmultipde disth eleineBGXp bt pcswedomhcnmentlybyide & siggle insimatiar Pixdhilewsl
macr obl ock 806 may be provi ded consecutively in a line, wile the
fourth mpeRnbieckH081apddy b énflehédatimroblemeind Slifiayrby depksdenben the
provi ded consecutively 1n alline below. The fifth rnacrobl ock 810 may

be the CWpERthPRAOBlEEKN, 1 ENehd Ak pRRI-QEIRAalNsinhecHaluE &y not be
macr obl ock 810 nmay rbg adepe'nldént on the decggg?j/ reconstructgd

macr obl O%Eﬁ%eﬁlfea[\al 2L Qg tfdﬁﬁgsgugﬁi&r o P&Ker@@én@%hé 0di GatathbYy

arrow 81 e 'second macr obl ock 4 as indicated by arrow 814, the

third ma c S,k NE-C \ . - fourt h
macr-obl ogﬁ(ﬁggg ;FSI%P ﬁggcg@eg%gﬂgﬁﬂg\%agﬁgﬁw o&é@#&@g%‘ hae&%t% rst
macr obl ock 802 nmay provjde dependency ta.the current robl ock 810
for intr é’a‘ﬁ#‘@mn&t‘?%ﬁodgn%cﬁ‘?ﬁﬁi’gw tg‘? @ﬁ(ﬁ%/ B?’Tlﬂ?ﬂl“&&eﬁ’é’ga?ﬁgﬂzoﬁ) PRECEEBNnd
macr obl ock SO4 maye(;pr ovi de dependency to ‘;%\) curr.ent ma&r obl ock, 810
for intra@gsesmeenedrmapingmnagpiaccMBhwavignt Jdependent frapgs mey pe
exanpl e, the third macrobl ock 806 may provi de dependency to_the
current rpamessbﬂGmmﬂtlf-oEadhmfdleﬁﬂbd%/%meﬁ@ﬁFHﬁ}dlOrﬁgﬂi%ﬁheﬂ\ﬂ@éﬂicbl@?](ﬁt For
exanpl e, the fourth macrobl ock 808 may provi de dependency to the
current mpgwebtatikg 8h@nfrein dcabrdangerveath atdngrdimettias shayneidiFdGi ®n, and
| oop filtering. Thus, for exanple, loop filtering on current

macr obl octhe@ifte Malyere applicabletiat sarie eferére ciead asadind6 mearsed land HuB4te
and from decoded fourth Macrobl ock 808. [00104] FIG 9 shows a

di agram %@g}[{ghbygdlﬁ%@%ﬁacrobl ock wavefront processing. In FIG 9,
macrobl ocks 902 to 950 are shown. Each nacrobl ock that has al ready

been pro i BiReSbBERY 10BLAQRIUGFIM M dRBAL &RAE that
backgr ouﬁg@??gr 2@%@}%@?0  ocks 902-to 918, and 92% and 924)3.

Each | i
ach curr. %Qgéyyygpg%%ﬁzg&gsm LR bg ( arfid ﬁidﬁ‘g&% fﬁa}it}:e?g@c@%éﬂﬁ%&mngs

nagrobloc ackgLFun or eﬁanp I | ocks 9 2

932). Un- ) i

(for lexérpﬁ?c?es%rﬁt?ﬁas@gﬂ@‘: Sho el g 3l %t%%%f%d?hﬁﬁf@%? ,oe?””d
! =9 D EG

ot bl odk0B3b " EE Mo \oHD af Postrng i SEER shteeBle 5587 08

as' i ndicated by arrow 954, dependent on alr a%g roce ged crobl ogk
910 as i rrdpealeslgcedinglir shpvon AN hefysi Rl d§anthe St yape YREPLYEf®
macr obl ock 918 as indicated by arrow 956. Furthernore, current]
proceed rEwrestmhplslenoBdnenfonexampiredrdednd).ovhasstyearigeissidisidene 1002
macr obl ock 914 as indicated by arrow 966, dependent on already
pr-ocessecnayircgenbiatalk 1816 fist stepdi00fs thel nbipberaf ovn@Grent jebpmayibameqush

al ready processed macrobl ock 918 as indicated by arrow 962, and:

depend | K ar '
R T e e T e

dependent on al ready processed macrobl ock 922 as indicated by arrow

958 and q%gﬁlg%p&tﬁ%ﬁh{]mysi&{.ocessed .macrobl ock 924 as indicated by
106] In't

arrow 960. e macrobl ock wavefront exanple shown in FIG

oot AR, P 0 BTy SOOGS0t S, o o

col um-r itihon (X, y), ar _ enot es
waver ronte a:gl?){el cie%oc?ﬁig i%rsl)ndwﬁllﬂnt esCe-Ec(J)n s?é:pkf‘olw, Eh@ ngn%a ﬁ%%@%lg\%ﬁfb{a?m



support SIMD (Single Instruction, Miultiple Data) instruction set,

whi ch mayWaIPH0sAMMHt i pl e data el ements to be processed EOHEGROIGHDIOGO
with a single instruction. Pixel-level parallelismmy be |largely an
i npl enentation problemand it may be dependent on the CPU
architecture platform i.e., the same pixel-level parallelism

techni que may not be applied equally across different CPUs such as
x86, Power PC and the Cell processors [00109] FIG 10A, 10B, 10C, 10D,
10E and pidBesstbiforvmminplessnsodedsor fior exachpleadgoadad)s hased ergdateeftbeiprocessed
According to the data partitioning nethod, each job may refer to
processi Agt AR 106018 U8icaed BRarebl1 0Lk WikBEbywarefesedininth fidepdtmay
frames may be processed concurrently. Each of the sub-figures of FIG
10 shows &, | GBbndBrdY M1 BS n&:ABe chdudehtjoBs mby BEsfuatlance
with an g%ﬁbéglgfgtrfgn?ﬁgﬁsg sﬁd(')v\n eimn FIG 6. Therefore, t\ﬁ/her ea}éppie?%abl e,
the sane reference signs as in FIG 6 are used, and duplicate

descri pt lohxCsvaeni tted here, [00110] ‘Throughout the sub-figures of
FIG 12, a dotted frame indicates a franme that has not yet been
processe

d sol.i ol d fra i ndicates a fr that,is_curr |y
bei ng pr H@éi@ed,h‘ gh@ @%’?ﬁ{?ﬁﬁﬂ ﬁ@af‘_’&B_FPé‘e?SH}ﬁ?@grteé(gmglefepéorfﬁﬂgt’ ﬁgtorhas
al ready been processed. [00111] In FI G A a_first step 1Q00 of
processi AP Accadingpisshey o ¢ @Fm‘és‘eﬂ’owilzgx%ﬁﬂﬁb f@g&)({]lﬁﬁ%y °s shown.
In the first step 1000, the:first frame 602 nmy be processed (f.or
exanpl e ercentedi(forexample encadnsh er e vy decphed)ebppedon e e%@samms%f!
frame 1002 may be generated. In the first step 1000, the nunber of
concur r effiitst fiatns 108y abiediequd by toow 19246ea¢ basdenala@rfhapypcesesdarintht he
maxi mum macr obl ock concurrency in a frame and may be a constant

di mensi ofkamk Q012 24 shoamMlyGrrodOR)2 6awbeennidpeteped Gfih frafe j 02T mepberg (f or
exanpl e encodi ng, or for exanple decoding) is shown. In the second

step 101Q@endidted NinRhdihiddarp 1036, iReyuriter opt@mRasfdols miy exajpl e
encoded, or for exanple decoded), basecton data of the processed

first frame 1002 as indicated by arrow 1014, whereby a processed
ni nt h .f r &b {ode- may be generated. In the second step 1010, the
nunber of concurrent jobs nmay be equal to 1 X Cwav. [00113] In FIG

1oc e TS ISy PRSI0 e BT SRR
C10,1RY SE.BLRSERIRD f Bl AL SR the A SRR IR0
1026, 0 Daced o dalg, oL e PLOSCRSSL,DLIN, LTS, A0LE s o
the thir %nssttfg%ell%%g as %%?ca?eﬂ%?’%;rog 10% 8,na(§1 rbragergi:[ orl r?att)as ot[TtEX ppoeces%gcfj t?ij‘th
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 aﬁow 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.
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to 1 x Cwav. 1001141 In FIG 10D, a fourth step 1030 of processing
(for exaniPaltB88Wi#ng, or for exanple decoding) is showRCTISG2010800010
fourth step 1030, the third frame 606 may be processed (for exanple
encoded, or for exanple decoded), based on data of the processed
first frame 1002 as indicated by arrow 1036, and based on data of the
processed fifth frame 1022 as shown by arrow 1038, whereby a
processed third frane 1032 may be generated. Furthernore, in ttge
fourth sl®d13n3dn FAGel (epdibrstapr VTR obngcssaipefior rypRE SRYPIRePT i8% anpl e
encoded, or for exanple decoded), based on data of the processed
fifth franenglod&oding) sdhoaneth ty fifhstey 100A0he savand feme Sehm@nba of t he
‘processed ninth frame 1012.as shown by arrow 1042, whereby a

pr ocessegrgesed!fbr éxaaipbe dR3dedreyfobexgele datoded), based he diof the pyicessed
1030, the nunber of concurrent jobs may be equal to 2 x Cwav.

[00115] Igpsflae 180Eas RdichickbyaheR 1586 Qnabasidamedsd clthé processadairio €
encodi ng, or for exanple decoding) is shown. In the fifth step 1050,

f
th -
exinf)?é"?}%g%r U7 SRR HoPIRRLIRGELL L BlocBX BB ERAALT052 BEy bOT

ata of the processed first frame 1002 as
i ndi cated by arr 1060, a : )
|t cat S EAA0s, F0f BARS TPss Bk B CROORATIE Bt

1052 may be generated., Furthernore, -in. the fifth st t

fourtht (e e prapdss opreicassil Gegaal ioetob e Sl PG if
exanpl e decoded), based on data of t rocessed, third fr 032 as
i ndi cat edrapie lé)ﬁl)l aindisaied by o0, @Hebaqua{? atg %fe‘LE)PE?E%‘?é%CE’SE‘F %f“i“ﬁ
frame 1022 as shown by arrow 1066, whereby a processed fourth fra
1054 may 1982 geshewatbedirorytQsfevhercly 2 piacessed foprth prameelo+ Iz G senpsated.
sixth frame 612 may be processed (for exanple encoded, or for éxanple
decoded) ,Fubthaetbre in thetfiithoftert HISOptho siedsfatné 613 may bamocesyed(fasexample

i ndi cated by arrow 1068, and based on data of the processed seventh

frame 103fcaiedsdravmexaypiy deoudetf, Masedrnatatbyf the prooessd Btth Sime 4023 ame
1056 may be generated. Furthernore, in the fifth step 1050, the

ei ght h. f rigaRa&dBy &Pty PE6H LAE BESEdn Qhiebf thiPrpesscdBeatiedirams 1G3dras
exanpl e decoded), based on data of the processed seventh frame 1034

as indi Cas%@@n 'B)é’ aR6% 9078, 0fiere AN hrobRSA%HAR fidRka 096 mih@cRERSRE&Ed ni nt h
frame 1012 as Shown by ‘arrow 1074, whereby a processed ninth frane

1058 . j ; ¥ X e
concu ;nri)e/ n@%hg%ébqéfg{l/ &%eﬁf’(ergsl}é? ?('g %y’ %,%;3 lggi\}gf\i/)ar&?ggsﬁ%? g? E%lei@%éd %rl.:?\agpl :

state 1080 aft.er Hrocessi fQr ' Jofl JoRi XAk e
decodi ng)SPFeIedo gg\agﬁ%ﬁ&&g@r%a?n %E&ea??)?fg@gg}sde%gssf ?%este E‘?r ans 1002,
t he processed cond f 52, the prgcessed t.hi.rd frar he
proc essednglﬁﬁfﬁ Y ?’F%%B?:g%ﬁ%g?ﬁg °B :38"3&%‘ g&f ToRFE thr% {T%(r)@ &%9%%’8“&1
processed sixth franme 1056, - the processed evenih fra 034, .4.h
pr ocessed ¥t H 7y ‘éfhifeﬁbSSm&ﬁﬁegﬁ’é‘t ‘H‘E"e%@dn?ﬁ \i ﬁenﬁfaér%e ]L‘IgT{lfhéieé’
been gener at ed. : ' _
1050, the number of concurrent jobs may be equal to 4 x Cyay.
[00116] In FIG. 10F, a state 1080 after pro;:e.ssing (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

1054, the processed fifth frame 1022, the pro‘ces.sed sixth frame 1056, the processed
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[00117] FIG 11A shows a flow diagram 1100 illustrating a video
encodi ng WEOZAYPS2904 FI G 11A, the key tasks in processi RETSGRI1A/H80020
illustrated. In 1102, forward notion estimtion nmay be perforned
(which nmay also be referred to as LO_1\41). In 1104, backward notion
estimation may be perfornmed (which may al so be referred to as Li
_ME). In 1106, hi-directional notion estinmation nmay be perforned
(which may al so be referred to as Bi_Pred). In 1108, intra:predictjion
may be pevearmibang W che nenpessed sizbt Fame} %&n@&%ﬁoqqﬁfqd@ﬁhg@ﬁe 1882
shown in FIG 11A the steps may be perforned sequentially, i.e. one
af t er thbawtbeen geded@dd8] FIG 11B shows a fl ow di agram 1150
illustrating a video encodi ng nmet hod using functional partitioning.
The st ep3oEign FIG. 1 he shdvayw flowdicarani 151 ilnarating asides casodinposeheh dun
in FIG 11A, and therefore, duplicate descriptionis omtted. As

shown i nQe ﬁA%L@Hy&&k@mﬁ%@&siﬁga@am%nam Thass forvaed fbadre may
be paralleli zed. For exanple, the forward notion estimation step 1102

TRy D¢, DELARNTR L AREBLhE! (iiBc ey DaGbURIG L boRoS | TRILOR St ep

1104. [O scusse , parallelization methods for

e AR SR eSS R
o TBR o 6 R R RSB P AR L

hi erarchi cal B-pictures (HE) prediction structure as illustrated,in
FIG 6. PRseTeblp a58itkiedlnda d o cnrrrrgiaion Bep bF Bpfeimed SRk Doy e
in the HB structure. The first approach may be to copcurrently
process akreferahossBeraRydhgAs shaveinddfe | Horhoftaps may bt pyfommed ¢ hey
have no inter-dependency. Mire concurrent tasks May be generated by
i ncor por atquegtislhei.concefitr th othask partitioni ng, where tasks w thin
each nmacrobl ock nmay be decoupl ed. For exanple, forward and backward
nmoti on eq0é118} i OFIGIAaYB bkovees flow rtkrim d Ejikilldstrating a vVideoreaf wlieg methed e
may be nultiple wavefront processings for each frame, in which each
wavef ro ntusﬂ%)fmﬁ@ibﬁ:ﬂ paRi0hingS MBS kfepEshonaaf iegfldvadiagrahnl 159 aandic Bame as
pictures, the ultra-prediction nay be perforned after notion

predi cti qRod-Qneled 81 EIGNE1 A heldrih&epad agpivagatscripioh i mited aAgERRA in t he
wavefront of intra-prediction tasks nmay be decoupl ed without

affectin TR Rind I RRY PLORNG § b ROAR e FhSHelibed ShAVS a
t ask mdgpéqg\b&%?garrmerﬁ%gg‘feﬁg& a@% ?raama in acco?")-)(;ianllgér v?;ilth an

enbodi nent , | er CELG f ol Af=1 & dhLame
t ask. Theelxgmﬁgey@l%gorfvﬁ};&éﬁégﬁr%rﬁ%g%%&g?trég?re@Igg%ls)?ﬁéer?déﬁl% ?ﬁ% deenoti ng
intra-predictign, ~LO ME". denot.i notion estimation using LO

r ef erencggacgh?fg'“lqt?ﬂ/ﬁmra@}?&bfeﬁglIﬁg‘ti on estimation using Li

references, In various enpbodi pents, LO and, Li e ,a zeroth
st 0 arld01i9) st Ap pligady dseusebataseraerAle] pion iR dsHer B 204 BT PP ot may
i nclude indexes of reference frames for fhe current frame. List O may
be used fappli¢ablaiarSy Grobeasrdiag tq Yanonspmbadipenisgnethads willhgpriddeddad f or
backward ME. Hence, frames in LO are in the 'past' relative to
current fexphot SVEd nEwandisg ismudthrea ireorider to limprofveite seatabilil dnrpcassipg) on
current frame. [001221 In 1202, an intra prediction frame task (which
may al so @eltretesdgshting phsfolrhame_Task(Intra)) may be started.. In
1206, a forward notion estimation task (which may also be referred to
as Frame_hasio] LOrMEporalRYabinp i8¢ @ @haP/ b8 pR2ded by thaBlevvastdealBt i on

estimati on task (which:may al'so be referred to as Frane_ Task(Ll _ME))

may be st . - ' ; I 1165, B RWIpSRiblE N
1556 pr ocobfil (15 BN Wichicds IPLOARERIG. BB thay e RYpRRILLL

(which may be;al) %Qra'ilglfp%cre%éjfr&%esaﬁn the HB structure. The first approach may be to



MB_Tasko(0,0,Intra Pred)) May be spawned (in other words: started).

[ 00125] IWORP1P08eMH| dr en t asks (which may al so be ref er PEW/SGA01AH00010
children Frane_task), for exanple, tasks, for which input data is now
avai |l abl e, may be spawned. In 1208, a forward notion estimation task
(which may al so be referred to as MB_Tasko(0,0,LO_NLE)) may be
spawned. In 1222, a backward notion estinmation task (whi ch may al so
be referred to as MB Task0(0, 0, L1 1\126)) be spawned. | n 1218, a
bi - di r ecﬁpwen%m%wégtfﬁaﬁﬁ@ pelangiag ko eRIas eﬁwraﬁ 6l Becerthechavedot o
as MB_TaskO(O0, 0, Bi _Pred)) nay be spawned. [00126% In 1210, it may be
checked vinter-fependaney.f N@n@cqngumemtﬁﬁamy be aenseated by inperparatingthe copeny |
(yes), processing maY Continue in 1204, where an intra prediction
task (whiofkeskpsrtitieniap seharefasitsneihin @acﬂﬂna@omadkméﬁb@ddcnuplad PFed) ) may
be spawned. In case it is not a P- frame (no), processing may

cont i nue ewdrhple! fopvarh @Bk bdck@rd ﬂa@@d@e?shrdaﬂml%@ be pbrfovaed edpbeikad,
whet her backward notion estimtion has been done (e.g. whether LI _ME

has been 19@nedre, théte %?a%z%e%ﬁhﬂ}@ Rﬁv@%m%c%ﬁﬁggw &Bh hame niﬁtwlﬁﬁleéhcﬁlone
(no), processing ends'in 1214. In casé backward notion estimation has

been don a@Xﬁ@tma?fp% @ﬁ:? Vﬁ@ dsﬁé’d?hé Bt ﬁmariaslzzé:gr P%&B%l&ugg L GGt 1 onal

noti on es I on-ta so“be réeferredt

MB_Tas ko(p?éd?dtl%lnmav %);)erfnpxxeéj fieF B‘lo\{wan prediction to determine their encoded modes.

By this arrangement, the wavefront of mtl'a-predic.tion tasks may be decoupled without
affecting the rate-distortion p:erfonnance.

[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 us'mlg L0 references and “L1_ME” denoting motion |
estimation using L1 rEferences.‘f.n various‘ embodiments, L0 and L1 may denote a zeroth
List 0 and first List 1. These terms may be uééd where each list may include indexes of
reference frames for the curre:nt frame. List 0 :may 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 (\f.rhic;,h
may also be referred to as Frame Task(L0_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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[00128] In 1214, it may be checked, whether fonvard notion estimation
has been W881YW2Y4+ whet her LOVE has been done). |n cas&CTSGA0$00010
notion estimati on has not been done (no), processing ends in 1226. In
case forward notion estimation has been done (yes), processing
continues in 1218, where a bi-directional notion estimation task
(which may al so be referred to as |vLB Task0(O0,0,Bi _Pred)) may be
spawned. (00129) It is to he noted, _that int predi ction task

spawni ng [QUZRAT 1364214, SrUSFEPEHDEY A LUise 1Tol7 26 REIEPRMPAYE ask

1208, bi-directional notion.estimation task sBawni ng task 1218 and
backwar d [#2#bn ladPhaniieire pradirtiasasiniwiach maxba 2lsoreieirdde 28 onsi der ed
as macrobl ock wavefront tasks. 100130) FIG 13A, 13B, 13C, 13D, 13E
and 13F { t j ; Whls rtitioning

ot hod | 3SR R RS, B R e ok B Gance w o
various enbodi ments, data and functional partitioning may be applied,
wher ei n qadiRs] et 1083 Kigldréh Qaswhichiay@so boferndd td &y dhiildren Frame_task),
dependenci es, and the tasks for which the dependency is satisfied may

be execu?%xaﬁﬁﬁbtaﬁis, F QvIBUPmMbh 4SS n6Y aFhifable]l Fra§ BWFavint@. In 1208, a

hi er ar chi B-pi ctures coding structure in accordance with an
enbodi ne L : ; , ‘ | i cabl e, the sanme
ref er encZ%‘%E%%@W%*‘E]@’%ﬁfgF‘Smgg5’5‘? %gsﬁg eﬁ%’gﬁg%gﬁg description is
omtted here. 1001311 Throughout the codi ng exanpl e using the task
nmodel i n MiB CPaskgfO.0pMIE)) arydrtspaimentin e backvrirdmotign estingfpion gk,
13D, 13E and 13F, a dotted frane indicates a frane that has not yet
been processed, a bold dashed frane indicates a frame that is -
cur rent | YwhRBmdyaldoibal rbferdd araIaBdTadkh(00)L] ey madreipetaddy In 1218, a
processed, a light dashed frane indicates a frane that has been
partially processed (i.e. afrane that is partially conpleted), a
sol i d bolibitdrectiopalimetlancastimatiorf iasipevhietamay glse be radprrddjioei ng processed
so as to be conpletely processed, and a.light solid frane indicates
a frame that e o ely processed. [00132] In
vari ous é\’ D’B{lﬁé@ﬁélé&@ﬁﬁfﬁbﬁeﬁ’%' lave a set of data which may
record results fromdifferent stages of processing. This nay be for
the purpqeei2a] pinclkil0gt tag bbekdckedstitthenthe framk is B dassalycyse itdes 8 ng
stage is conpleted. Two of the key infornmation recorded may be
' di stort ifRne ¥d)i FiBcdiBiMg HRFTHA®IERS 1 908 itk Bfinkdprepicaeeask (diclamdy
‘rate’ (which " may neasure fhe cost of resource required to achieve
the corresponding level of 'distortion' ). Oher par ters,may depend
of the prhsakesTied e Bukisn0dsiunL st yarhys sPRENGALN GP dris beral
derived fromthe processing stage that may |ead to the correspondi ng
"distortign’ and 'rate' . Fo have ' notion vector'
t%tnfeoﬁf)ﬂ arorcrzg%fglg ma éon%éﬁMktﬁ tlllre%hej:\@b’ﬁ%y

and ' par tTtroni ornati on; ra_Pred stage nmay have.
'ntra- pr{ﬁﬁ'iz%ﬁ ! Oﬂx 1”:‘?9,6 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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information. [00133] In FIG 13A, a first step 1300 of processing
(for exanPPelu¥8eWitng, or for exanple decoding) is showRCTISG2016600010
first step 1300, the first frame 602 may be processed (for exanple
encoded using intra codi ng usi ng macrobl ock wavefront, where each
macrobl ock is intra-predicted (for exanple by execution of a task
Intra_Pred, for exanple a task Frame_Task(Intra)), or for exanple.

decoded i intraspredictian wher eby. a pr.ocessed.first, franme, 1302
mmy be. gUTEER: edn 12T be St BRGERY R A HTRE St D e b
jobs may be equal _to 1 x v, where Cwav ngy denote the maxi qum

hacr obl SERECHN FaME h%(@géarf dopsd Iaﬁa%w%g mptiop FemaHondHBAGEER
[00134] In FIG 13B, a second step 1310 of processing (for exanple
encodi ng,doug (nph prasgssinsd endg e bifion gy cass farmguthmotien esimagae birdbesn dpne1 310,
t he second frane 604 may be partially processed (for exanple encoded
usi'ng f ony), gravessingroattueran il O1F, wdireg bi-dimctioll motiomestiafatiomtask {which
exanpl e by execution of a task LOVB, for exanple a task Frane_Task(LO

ME)), or decoded ing, f orwar ot on. predi ction), ed on data of
the procdé °$°FF§§“?‘?5’$ I\\é\%egasggéoiOg%'i—géet%gdnfﬁ/g%grp?‘g\gv&ﬁ320, wher eby a
partially conpleted second frane 1312 may be generated. Furthernore,

in the s¢ARY) SULR i Bd Hotel NBarliftid Sedib@ERtaAOsgRRMiddRadhA0k AokWard motion

&
pi tocessed (for exanpl e encoded using forward notion estination using

xampl ¢ SPARER R b ARk ER R B R AR Sl bk R b o

predictign), sed on data. of the processed first frane 1302 a .

P cat e ey 2 b8 REh SRy 8 fyin s SaRetatty Siry el 2o 2Ry bE R e,
1314 may be geperated._ FurtHernore, i'n the second step 1310, the
fifth fréﬁﬁ‘a%f ORI WUfASKSI |y processed (for exanpl e encoded using
forward notion estimation using nacrobl ock wavefront (for exanpl e by
execut i on0Y80h 6K 13NEB. féF: %@érﬂﬁﬁé&“m?]@lﬁwwwgﬁé‘iﬁgkﬁ $4and  or
decoded using forward notion prediction), based on data of the

pr ocessedurfctipeal phrtisigping 3asthakinjapefirdaic e withy aripusrmbrgimentsyfie pespidapce
partially conpleted fifth frame 1316 nay be generated. Furthernore,
in the sedtndristepni@ifents,HatarndtfimctiopalpaBit®nimgymdydempplies sddrefs or
exanpl e encoded using forward notion estimation and intra prediction
(for exariffeetyastxicaath dfameimdydskes diffednt dsykndeticiea, FAdehk taflarfoexhiohl e a
task Frane_Task(LO ME)), or decoded using forward notion prediction
and i ntr ahgdepehidehi PR)satidIRE achyHt etaduted Eabh of eReLSigaRRds bf FE3. 18 Isheves
1302 as indicated by arrow 1326, whereby a processed (for exanple

conpl et elyy. GOGRURE) BIHitHfds EEAAE sthRABe Wc&%aﬁ%nﬁﬂﬁ&tﬁaﬂbddﬂniﬁigs md

step 1310, the number of concurrent jobs may be equal 'to
encoa hg, DE P St MTE ol Bl e roR OSSR TG AT o,
the part ia%tli hé{plﬁ:g%eseén% ioIl iis]c 3nfllmfe& 2%
| [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
cuirently 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 jndicates a frame that is currently being processed so as to



1316 nay W 2pr@8zsed (for exanpl e encoded using backwardrisGtiiomooo1o
estimati on Using macrobl ock wavefront and intra-prediction (for
exanpl e by execution of tasks LIiIE and Intra Pred, for exanple a
task Frane_Task(LlI _ME)), or decoded using backward notion prediction
and intra-prediction), based on data of the processed ninth frane
1318 as indicated by arrow 1338, whereby a processed fifth frame 1332
(for exambecaupappippicbstachrontl (AP RYiBEs IRART %A Tas already heen
f1 rame o6 2 may ¥)e

Furthernore, in the third step 1330, the sevent

partially giRnassethdlrn, exanpl e encoded using backward notion
estimati-on using macrobl ock wavefront (for exanple by execution of a

task LI ME, 41€X sk _Frane Task(LI , _or .decoded using
backwar d n{?tfoli)%' pfﬁ{eml ct ?81?11%? %ggde%h%(ﬂ’%ém%%%%@s?}roégétgé’g‘ﬁ&r@m Fgcord
frame 1318 as. indi ed by arrow 1340, erehy a partially conpleted
seventh fr¥ ‘Sf@%gﬁflﬁgﬁﬂbé‘%%ﬁé%&%ﬁm% I Ay e t?lP RupRée ¢liniekingthep
1330, the ei h'g}g. frane 616 may be partially processed (for exanple
encoded usPesbrepicRbEnl nAsessany Rratcssiag stage is sompletedcTublobthie ke b muation
(for exanple by execution of -a task LI Mg, for exanple a task

Fr ame_Tas kigeardad may he *distortien ofddchusangetsackhe noalivpbf ta ppocesking) aed) ;
based on data of the processed ninth frane 1318 as indicated by arrow
1342, wher'sdly’ (whishmbdyahkasurahpbet efiresiugbd faqiifsd e add3& thaYoB&ponding
generated. In the third step 1330, the nunber of concurrent ]obs may

be equal tleved oR‘didsation ) 00thdbparhiiebls@haylRBPendPofiRé/proRessing Ra 5%1%
processing (for exanple encoding, or for exanple decoding) is shown.

I'n the foukidntigityemayl BRfudetph@nRadid i o :
be pr'ocessesd (1f or eeq)l(arrpl gtpenc-odéd %&%?%E%@%“‘%#@ﬁ‘@ HYé%ijdé?lﬁ%y
usi ng macrgy WAV ; b 0f FA- pred ot i fon exanple by |
execution g?% %gls&?(lys@ﬁﬁ%ﬁ)/%mgn , r#titrga%glf%&% %ieoéb-g\g%(%ncfédmﬁ iﬂ%mﬁa"fﬁ\ﬁ’éra&d
noti on predj ol J:0kra-predicti,on) based op data of the |
processed g %rﬁlﬁﬁ% gﬁge 1@%51%3@&}’ g%‘f%afegcft%? 4 TREyPredistire pipde
processed iﬁf&%ﬂifram 1352 (for exanple a conpletely encoded frane)
may be genera e Furthernore, in the fourth step 1350, the fourth

franme 608 e processed (for exanple encoded using baci cAvard
Mbt i on est[ﬁ%rorﬁﬂ&n? biter k3 QRepf erqesssing (forexanplysnecdiye, or for
execution of tasks LI _ME), or decoded using backward notion ,
predi ct i orfj P8 4eidng) imthavar Inthe finst sfep 4 3N thfel Arstfrdmea6l? maBRe pocessed

i ndi cated by arrow 1362, wher‘eby a partially conpleted fourth frame
1354 nay BET geimenie eragdednsing mtrawoding using hacfobluck vastfemni18hés cidhe
sixth frame 612 may be processed (for exanpl e encoded using forward
not i on estriaseablask ivsimgradiced hoetanpbe/isf oetition da teskaaph Pr&Y, for example

execution of tasks | &VE), or decoded using forward notion

pr edi ct i on)tasktfaanel Task(@atA), of firkeanplo desded udihd hﬂ'afﬂr@cﬁﬁiqk")‘,‘?\@he?@og a
rane

i ndi cated by arrow 1364, whereby a partially conpleted siXth
1356 may heocgasefint 6dmeRB0L hRRbe kenerkiBd.t BELE BHE

partially conpleted seventh f?‘anegeﬁe§34- may %@gp%tﬁzgs‘ggéﬂﬁ‘g}be}eiﬁm e
encoded using forward nption estinmation using macrobl ock wavefront
and i nt r a*pRFERLIPRIINEY Be cquehivpl ¥ Copv.ederuCivanmol denwk heln@xiuand
Intra Pred), or decoded using forward notion prediction and

intra-prediction), based on data of, th rocessed fifth frame 1332 as
i ndi cat ed a)%mlgg)r‘%\ﬁloﬁ%g?cw& BYe Q’ddp%e%‘g%%%’s%R/gWH51P?-am 1358 (for
exanpl e a ete encoded frame) may be generated. In the fourth
st ep 1350,[&{‘132]' nhﬁﬁ?" ﬁ%eééﬁ%%fdrsmlﬁl%agprﬁwswé (5 examnle eucodingnervfor
[00137] In FIG 13E, a fifth step 1370 of processing (for exanple
encodi ng, Mg decedimgpisshawnoln thgpedond stapial0, Itxe sehend frirh66t mpy 8370,

the partially conpleted second frame 1312 may be processed (for
exanpl e enediddyiprosisaes (ackwanptt emobdxinsgtforvetrd atios edgnatde ek ock
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[00138] IWORPW®/0B1BE, a state 1390 after processing (for PETSHG®/000010
encodi ng, or for exanple decoding) is done is shown, wherein the
processed first franme 1302, the processed second frane 1372, the
processed third frame 1352, the processed fourth frame 1374, the
processed fifth franie 1332, the processed sixth frame 1376, the
processed seventh frame 1358, the processed eighth franme 1378 and the

processed Madibblod RERIbALENBYSpRARLXBARBH AL S sk TN . een
conpl etel y encoded. [01613 (]) FI Gp E1‘5§’n€;\hovvs a g?ﬁ%f@f{hﬁ%%ﬁ? ?\gﬁf%g

the nunberpghe COREY N ﬁrﬁi{)% TRALRAL OGN %&ggﬁg%ﬁg{ogﬁéﬂﬁgoﬁlﬁ’izb%%ﬂa & 8

franmes in accordance™w varl ous e ntal axi s

1402 denot h i te d.the vertical | S .,denotes the nunper
of concur r‘ﬁ%ﬁ‘)ﬁ%@%ﬁﬁ%@? ! #%asnlﬂ%g?f@f AITRH m é%r%@rpﬁﬁfa@é' gmpleted
according to v3§iOUﬁlgnbog%nent§ S s&omn in a first curve 1410. The
number of SCHCUFARHE Irepdis ssarated pihaimeyetip the sveend stens 1 HY: thajird
dat a- partiftri oniqr%pi s, shown in second curve 1408. The nunber of

concur r entTRELWTpBERGPaid b RIPFRgSaddTon exprarlp enssidad using Jormant mbtiac k
wavefront is shown in curve third 1406.- [00140] For the graph 1400
is may be cadmaistbstgmacrbdedk wevefiont (fon cxamplrbyexetitmnruiabek 1af ME, for
processors and each macrobl ock only requires a unit time to conplete
pr ocessi ngxafibleraghdrRramé oFask@OhMB)), tor Hédvdedsisiny foihardansiingiredictioaf, al |
concurrent - rmacrobl ocks that are being processed may be assuned.

[ 001411 | rbabdaeont duid of thelpnoCestdDinst frhvge MI0DE]s inGEREH anomgmmh%by a
wavefront may show a periodic sawtooth pattern. This nay be observed

and .i nf er nRAiAIY caRpRIAANCE int 13 T2 Hlai 969 %é;rféfat&f.( ARIHSrAdre ! ih T s%gt%xﬁnslt%

t he macrobl ock 908 and t he nacr obl oc may be concurtent;

time=5, o rl|3¥0,ttﬁ'@ﬁﬁﬁgﬁﬁﬁlal69 § %1&3';0(3 ip.a{'t%gy Eﬁo%&&gc!l &8#(?0 %léag'rgcohpf using( ﬁqléward

macr obl ock 922 may be concurr.en € vvave progress,
nunber of : rob may. _peak..and may ,decline. FEor
exanpl e atm{i%%;eg{fég%tgn y%ﬁrﬁ%r@%F%kC Xv§g‘§ma d eﬁ?ﬁ’@?%bblyoeéfc'gﬁ’& ohdyske
concurr ent. 42) 1n the second. cyrve, 1408, because of the _
dat a- part iItoi—g%i? %%r YaRle %ﬁ?}‘sﬁﬁ?’& %g{{-&}%},pr proced using fsward petion) e
i ndependent fra , the distrjbution of total nunber of concurrent
i nacr obl o@ﬁ@%\?gﬁ%f’?eﬁémﬁgiﬁ %Jéf“? prResssedding frams (A anpdiensedhbyparavel 324,
since the nunmber of concurrent frame increases in time (wthin each
GOP). It (“derdvidaniilzgompleted fihsirame 53 bonainle ganerséxts i Fvgtharsnore, in the
represented by the second curve 1408 nmay take only half the time to
process t lecosdetend 3 o ilpaniath framgd Bovsishanyocwpdd farexentpleyent dzdiuking d
curve 1406.
forward motion estimation and intra prediction (for example by execution of tasks
LO_ME and Intra_Pred, for example a task Frame_Task(L0_ME)), or decoded J..lsi.ng
forward motion prediction and intra prediction), Based on data of the processed first

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

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

concurrent jobs may be equalto 4 x Cyav-

[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
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[00143] Simlar for the processing represented by the first curve
1410, metWOIBIABEWdi ng to vari ous enmbodi ments may be aBCESG3019{56600
nore concurrent macroblock in each unit tine for the processors to
consunme (hence explained by the higher peaks and steep slope of the
sawtooth graph). Therefore; processing represented by the first
curve 1410 nmay take even less tine to conplete processing the GOP

t han processing represented by the second curve 1408. [00144] To
denonst r 23 & mhebephestediforgsmeplatcnemgledusing batihenrd Brotay pLimagigh gsing
scal abl e video encoding, a-sinulation was set up as follows: [00145)
- A t askpjaebleek eiabéfeont and Biraaieiiaionifes kxanygle by edéatiponf faghts Id_ME
macr obl ock. [00146] - A task for a particul ar macrobl ock nay be ready

for exec H@d B2 Wied;: ol SeniBcs Bt Pake Tatkiiie MEWEoretaiRd ubial badkevard
required for the intra-prediction for the current macrobl ock have

o B R0 M ey

frames for ave finishe their tasks. [00147) -

EZEE ;??rié’f '5??&8{?8?? @%é\;l 1 a%,ﬁi;'ljbérel}voa Gi%((?e%&tdﬁifg} %%B%f'?%sgofb&aﬁl goStart of

f ocessor na front the task

pool for execution ring.the cycle. [00149] - At fhe. (o) PAN=Y
cycl e, t&eRelete ?ncﬁg‘ftéeé“ﬁﬁ?@l{@d’ t};?tgef’ﬁéteét g?‘fth%?mf%én f/gliugdkg?pnbé ﬁ’aﬁ@
execution, possibly may enabl e the st a&% of previ ot@l é un v%i;vl abl e
tasks. [60Es®]framegldmey eaepréallymrecesserhiionerRhple CRRPIEA BERE AT T
conputed as: No. of cycles required to encode a GOP / Tota% nunber of
t asks. ( 1)motion estimation using macroblock wavefront (for example by execution of a task

L1_ME, for example a task Frame_Task(L.1_ME}), or deceded 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 ﬁéy 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, whe-reby a partially'completed eighth frame 1336 may be -

generated. In the third step 1330, the number of concurrent jobs may be equal
to 3 x Cyav.

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

and Intra_Pred), or decoded using backward motion prediction and intra-prediction),
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[00151] FIG 15 shows a graph 1500 indicating speedup vs. nunber of
pr ocessor¥O2810/682%0df r ont encodi ng. The hori zontal axis PSUSGIEHRED0
t he nunber of processors available for parallelization, and the
vertical axis 1504 denotes the speedup. Results are shown for a GOP
of four pictures (GOP4) in the curve 1512 with di anonds, for a GOP of
ei ght pictures (COPS) in the curve 1510 with squares, and for a GOP
of sixteen pictures (GOP16) .in.the curve 1508 wth tri | es. For
conpar i s8psegiopriatapd ‘kterié’%?eéﬁid(fg\hl gj;afﬁee 533258 é%ql‘{'ﬂt%g a3y zfq%z é’Yi‘F‘i‘} Yaa
linear curve 1506 is also plotted. FIG 15 shows the speedup that is
possi bl epuacessedhehindsfranm 1363 ¢ foaliexanigle o completelpensioded Gamne) Mebegragdicdg

of a franme may start only after the encoding of the previous frane is
fi ni shedFufth@fton, iFh&foukth ssdpodds 0t tha foudbHr ane@Smayy bheoprecdsiad (fe | npact
on the possible speedup of the wavefront parallelization technique as
frames aecargple efdedngn@bickivadinnbdar estiiattoshgng Bhatblapk ebvifmt {fbr st
P-frames where the nunber of concurrent tasks are limted is nore

pr onounced, (e By tR&uEFoSh e II1SMEYRS faecoc[e(a%ﬁélba&h@rd Btishpvaictioy, aph

1600 i ndi cati ng” speedup vs. nuitber of processors for wavefront-

encodi ngy, TH, HAL A 2ot am IPNOl S Tudi - WRES B RLAERE S

avai |l abl e para I'zat1on, a _ vertical axis denotes the
speedup. Results are,sho for.a. . esoluti f i jn_the
corve Depstal PR TR R L OAE0RnBher FRplmlsE S the e e
curve 16 i th squares, .and for resal ytion qf 4ClF, (f.or .exanple.

cor 1 osponarthia 5l TRmE 12 iy PegrolsEsdsior R ngle 870 BURESOT A RGion

curve 1608 with triangles. For comparison with the th?oretically best
possi bl e epipEiomasingaRacmblock wavaBant (Careyamnls by crecusipa o1 Bl kY ERPIG

16 shows the speedup that is possible with wavefront encodin%: The
encodi ngdedodad fisingrforvard metianpredifjorashased erhdateeichel pragewed fifib figmevi ous
frame is finished, [00154] FIG 16 shows that the size of a video
frame may33d dcodicttedbprtrewtl 364 witerebly a artidly comppesedadixth fiamed 356may be
the size of wavefront may be |l arger when a franme is |arger, there may
be nore fgasdtsed hbdrthemioleginphofash ettp d6nd uhy partid!ly cohpldiebievEitibiraing
shows a graph 1700 indicating speedup 'vs. nunber of processors for

wavef r ont3engagdbegrasded gMaﬁipl@afcaﬁédeisir%dbhﬁid anGion ditfigation vaing
enbodi ment. The graph 1700 shows the speedup vs. the nunber of.

Pr 0CeSSOhg Aol RN R Mng ixﬁ?&-pr&h@ti&?(f@)@@{l‘xﬁie WdxScukibR2r eRROLEME he

nunber of processors available for parallelization, and the vertical

axis 17044 tﬁ&dg,%m gg@ﬁlﬂn Reslda 'tm}ﬁmﬂa iR c@bn)Shast£en
pictures 1n g cufve 1 vmt% triangles en pertormhg wavef ront
encodi ng a;a%ta}og?i?eo rr%?%}[tﬁilﬂ @4{}95 44,011 @ﬁ&ﬁéﬂﬂ&&@ 16 Ry a

embodi meRts el g pictures i n e curve

squares when perform vefront encodin dte al

par al | of PREETER SRty Lo (PP BUES & Bulsn ee okt ek may bop- of
four pictures in the curve 1712 wth di appnds when perform q )
wavef.r onBeRATEe I dheaiRnrth 8rp b7 24 thetumhesp ORI e R h@gequ Q&r ous
enbodi nents. For conparison, the curves 1714 corresponding to the
curves SQR&RPQ the results with wavefront encoding only as shown in
FIG 15 are also plotted. For conparison with the theoretically. best
possible parallelization, a linear curve 1706 is also plotted. FIG
17 shows (061375 peRdIp. 1 3Ata fifd pgski 0o praceisingafafaxempleencating gr fond
tenporal parallelization at CIF resolution. 1001561 FIG 17 shows

that t he .gsapRBctdding) o sHolvg. BIAPasREpaB), ied parasliyoremprichdstcmy fritge
superior (closer to a |linearspeedup) conpared to using only wavefront

encodi Ng.;3Th &4l g?éceé’sieg €0 @;R\S%(lié B o BBy udde @ck’@ﬁﬁtlﬁ&ti&%sﬁmhﬁéﬁ%iﬂg

nunber of procéssors efficiently as a big nunber of concurrent tasks

"y be OSNELANSH Whelohf i TRHIRURAGRIE! Bk HALIONRHRATL FENE
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[00157] FIG 18 shows a graph 1800 indicating speedup vs. nunber of
pr ocessor¥OZ8H/Aga04f r ont encoding and tenporal paral | el PE&Sa#10/000010
according to an enbodi ment.’ The graph 1800 shows the speedup vs. the
nunber of processors at resolution for a GOP size of sixteen
pictures. The horizontal axis 1802 denotes the nunber of processors
avai | abl e for par allelization, and the vertical axis 1804 denotes the

speedup. ho or.a . resolutio ACI F,resol ut.ion.in the
curve 186’?91%“ rg r%@q %E’ﬁ a4 moﬁ‘@nﬁb‘a\%écii’lpﬁﬁ{‘d RFEH! QAN
tenporal parallelization acecording to various enbodi nents, for, a
resol ut i baseden datz of thedrenerss third avee biidias Indiestest i a1FPve il wdetsh¥A
perform ng wavefront encoding and tenporal parallelization according
to vari opocesstibstcomhframe 3K (gasre\mple@@bumhbﬁy encodelt fFameswkyib¢ on in
the curve 1814 wi th di anonds when per form ng wavefront encodi ng and

t enpor al g@eradd, durthatnare, indedifii siep 1370y the iponially ntroplieted fowth fFome 1354
conparison, the curves 1812, 1816 and 1818 corresponding to the

curves 16Q8be bikessad ol bp0ith i st PHesall hbtivh bhinalosfusingt
encodi ng only as shown in FIG 16 are also plotted. For conparison

Wi th thenﬁtaﬁ%gfoﬁfc e Jiéﬁﬁ?@@ﬁlt&%e%&ioﬁ (RRGRAhSk b?%{écﬁlﬂon 8f bR MAUIr ve

1806 is so plotte shows the speedup that is possible with
L e WERIRED, P Rt sl BT R e,
11 wh ATh i th '
\é\ﬁCOdl ngg% at@l B rﬁgqc%%ﬁ% Hu{'d% ‘%ﬁ '@1&%@@%{'%@%8 F‘?hgl}e I%ggsorg
b hi | - ti FI G, 19 sh
o o aph TGERHARER %w'@eé'ﬁééfﬁﬁmﬁ?mm@e”C pre en&%@é%g%@eaayfbet asks

across quality layers are considered accordin an enmbodi ment, FIG
19 - shows 2eEateds GAIrHBIRATE,y R I BEstembt 70y ba prrtia Bﬁ@’@?kgﬂt““tﬂégﬁ@eéa%ss
quality layers are considered, for exanple for a GOP of sixteen

pi‘ct ur esmatitie prasedsay Hos sxamipte tnspdedonsing bagkward nogRngsiBation usg nunber
of processors available for !parallelization, and the vertical axis
1904 denotaeebiokk vepeierupnd Mtplrifs'ct'améfcsh&ammﬁdw eaccutien of aslksdnl_dfE 4CI F
resolution in the curve 1908 with triangles, for a resolution of CIF
resol uti e infrat Pred,cotideeodtd hfingbidkwacimbien predidtidwandintrepmdittion)y; of
QCIF resolution in the curve 1912 with di anonds. For conparison with

the theopglel 6aldhid JPaRtprossdRbRnAfAhd €3 IsZRtihdiBatedby hfdal 38U kwhereb P06
is also plotted. [00160] FIG, 19 shows that nore concurrent tasks may

be gener Qg?&eésfed LRaKSah &8s (&&rexmﬂ@%%éhﬁwetapeﬁéa)«ae&ﬁia@ gepd | ayers
are consi dered. [00161] FIG" 20 shows an”illustration 000 of an

oar 3 Z)'L “the hﬁ.ﬁ?f”ﬁl B oA gLt %ﬁe“r&ﬂ‘éﬁl‘?@ﬁ%“?@‘%"é i 3%’5‘?3‘%‘%?
win Zf&?&;@%ﬁﬁ%ﬁ%ﬁ%ﬁi‘gtﬁﬁm?Eﬁc‘éﬁtﬂ%ﬁ Kine iy ”gf%&&“%n#%?gm}s%%f82b?2ce
FI.G 6
P e N R AP S N e

I n various enbodi nents, in case the optional_inter-layer prediction
i s al | owerd Inrat Pred) ondesodeiwig foryad motignprediqtioa as@e)tra -RUpcdqryhpsed
(indicated by the dotted arrow lines 2002 to 2018) nay be used to

i ndi cat e ohdatarofithegprocesied\seventh frdmae 13%@*0@?@@%@1@?‘%@ 1¥$61Nvé1§reb}1 alLayer
0 is conpleted and that the corresponding franes in Layer 1 nmay
begi n pr paresedgighth @mmmﬂslié)rhegﬂplehlmoinplepaipemdedjﬁamb).raay Ry begin
performng its key tasks (i.e. it may be begun to performthe key
tasks of ot@arb@IRBE Atestly m) the @MbEXFBhQIAS! PUS Iaped cipinl FI G 11A
and FI G 11B. [00162] For exarrpl e, a signal indicated by the first

arrow 2002 may indicate to the first frane 6021 i

n f_ t hat. t he
cor r espofift kg wavr E¢r sampis, Gth sep.lldffangesiage completely heoded.
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conpleted and that first frame 6021 in Layer 1 may begi n processing.
For exanpV@20H/82¥ial indicated by a first arrow 2002 nRGTSHANIAM14 o
the first frame 6021 in Layer 1 that the corresponding first frane
0020 in Layer 0 is conpleted and that the first frame 6021 in Layer 1
may begin processing. For exanple, .a signal indicated by a second
arrow 2004 may indicate to the second frane 6041 in Layer 1 that the

correspondi ng sec frame 6 ip-Layer .0 js conpleted.and that the
second flloﬂllr%g%ojllgpqgr @%y%?ta"fqﬁgglaﬁeé@r eﬁ%‘%@%‘?ﬁﬁ“ﬂ%&“&%%%& a
signal indicated by a third arrow 2006 may indicate to t%g %hird
frame 606wmme deppding)isydnng isshevovhesap Bsdireryssodiire Hamens 06080 i n
Layer O s conpleted and that the third frane 6061 in Layer 1 ma

begi n pr poesssthspcorbitams 232, the paoeshsgd ahird fatne 43 Bd theyrecepssd fousthelianagy
2008 may indicate to the fourth frame 6081 in Layer 1 that the

cor r esponsi4 ehefppovesdedffifdnfeantOBG 2] the baocessed sixth franpl Etogtheprabesshdt t he
fourth frame 608i in Layer 1 nay begin processing. For exanple, a

si gnal i RdichmtiRehdd358, thi bidtetd Sgh@Fkeha BBy Siand iieaireccb@dtniieh fraft 318
frame 6101 in Layer 1 that the corresponding fifth frame 6100 in

Layer 0 k3, GR0p gé‘}e&g?cﬁ‘@& ek BAbletde bdehlchmbleddIp «fchddd.i n Layer 1 may

begi n processin exanple, a signal indicated by a sixth arrow

L o P TR 0 s

t he! cor r éspondi ng 51 x I's conp and t hat
the sixth fra 6121 in r may_ .begi n.proc 1.0g. I a
si gnal i mh\gﬁﬁprggesamg ﬁ%‘f Bt S’Lgf‘llf‘lnghgi%d & ‘ﬁﬁﬁj(sj‘%acg g?seé:n?%c’dﬁﬁ%ﬂge%nt h
frame 6141 .in Layer 1 that the corr esg&r]}d?i n?[. seventh franme 6 400%;;
Layer 0 Derizagbpiie dd0hianoten e i sten ¢at iy YFuRb a8 A50ofs HeRpOL
begi n processing. For exarrﬁl e, a signal indicated by an_ei (IZJht h, arr ow
2016 nmay churgiteriireacrepledks. &heRembenodfencomeat marrebloeks ageqrding 1q yagious
correspondi ng eighth frame 6160 in Layer 0 is conpleted and_ t hat
ei ght h f embedi6EstE i shown in a first curve 1410. The number of concurrent macroblocks
according to 2 model using only data-partitioning is shown in second curve 1408, The
number of concwirent macroblocks according to a model using only macroblock -
wavefront is shown in curve third 1406,
[00140]  For the graph 1400 is may be assumed that there is no limitation on the _
number of processors and eaqh macroblock only requires a unit time to complete
processing. Therefore, for each unit time stcp,_' the completion of all concurrent -
macroblocks that are being processed may be assumed.
[00141] In the third curve 1406, the model using only macroblock wavefront may
show a periedic 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 914 may 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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Layer 1 may begin processing. For exanple, a signal indicated by a
ninth arr ézﬂﬁg@z??ﬁy indicate to the ninth frame 6181 i RCE&{E2P10P0q0AR ¢
the corresponding ninth frame 6180 in Layer 0 is conpleted and that
the ninth frame 6181 in Layer 1 nay 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 °

illustrati 2000 t b o 163 .din ri
ermboai moFYTE FETRP Ay oAt FRLd b P S LS bRNCE uat s

(for exanple t hod, for parallel vjdeo encoding; for exanple a

met hod f&a%’&l%&pg@ ang 1&@‘{50@_3&'6%‘#%@)‘1}_' LMY TRt a and task partitioning
approach, for exanple a data and functional partitioning, approach,
for exanfd42) ddethesaerndasrie 1988 dbeceuse phthedalarpaaionirg meged ppy HP¥ )
predi ction structure in video coding, the nethod nmay naxim ze the
nurber otomanentprerssitgskeultiple indepeationyframey; thepligfibwtioned tdtalameder of
obtai n good performance scalability of video encoder with additional
pr ocessoksncfrefiResicuks 00&raine hag batikdo cumwlytive-avatpth mttetnaindeghe

hi erarchi cal coding structure that is used in Scal abl e Video Codi ng

(SVO) st anglakdhe bRALEAH] rAGSRERRNE il BmY¥ W itRH 2NN . TER i be pREDIHE! | SM
in SVC s hierarchical Br pictures (HB) coding structure nmay be
utilizedy, ' LPYSHeRRRdl BERAL 3408 Rey RUBBRK 1aff
concurreﬁ?gggﬁgﬁﬁgﬁﬁ@gﬁﬂgggw%@g a?fgﬂfﬁhe HB structure:yby us?ng dat a
porti oni on a fra ABELL I I i :

partiti oftr ?i?sar%%s%?r a- pése" I %F%lr}jg\é%%?sg%qg@é fgr?n%%&ﬁéjr{ﬂgg%rg ).

[ 00166] Accorgélﬁr;g to various enbodi nents, a good speedup vs. nunber

of CPUs [¥FFdiffance may be achi eved. [00167] Wiile the invention has
been particularly shown and described wifh reference to specific
enbodi med0843] ¢ Simden far the RupRFEYRY @a&sweﬂ[ WoLE EEE PV T A0S ¢ ¢ hat
various changes in formand detail may be nade therein w thout :
depar t i n@cdording toheariops pnbodipagnts emydesblertn S04V BATE GACHSIHRAFRRIGCHR

t he appended cl ains. The scope of the invention is thus indicated by
t he apperaedindd tmerir drecbroddssarh rrpasmhibenc o paingd lyithe higker peaksiang and
range of equival ency of the:clains are therefore intended to be

enbr aced steep slope ofRBT 45020110 £GHH0 TherBfece ipreedssirg ijresantasiby2bd 6rs€l ai ns

curve 1410 may take even les§ time to comﬁlete processing the GOP than procéssing
represented by the second cur;re 1408.

[00144] To demonstrate thei effect of generating more tasks for multi-core scalable
video encoding, a simulation .‘iwas set up as follows:

[00145) - A task may be cither a forward or be;cl\ward prediction for a macroblo'c‘.k.
[00146] - A task for a particular macroblock may be ready for executiox;. whe‘_n: The
macroblocks in the séme slice that are requirea 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 tagks.

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



AL i | ai ted is: An image encodi ng nmet hod, conprising: a
first paﬁ%péﬁuéw%%ﬁing step, wherein first partially en'G@@@ngﬁﬁﬁguo
data is generated based on first input data after the first input
data is avail able; a Second partial encoding step, wherein second
partially encoded i mage data is generated based on second input data
after. the second input data is available; before the first

I npet : datg.4,9, avaj l.abl.e. and.an encoded, i e_dat t,i p,
wherei n dURLG T Rnat of Son M BRERLRGY. BRES A REVBIR B BT

encoded |fngg. 031 7,200 12 3550R] ALt 1 ol Iy encoded i mage data

[00149] - Atthe end of each cycle, tasks that were picked at the start of the cycl.e finish
execution, possible may enaBle the start of previously unavailable tasks.
[00150] - Atthe end of the. simulation, the speedup is computed as:

Ne. of cycles reqﬁired to encode a GOP / Total number of tasks. (1)
[00151] FIG. 15 showsa g:.;*aph 1500 indicating speedup vs. number of processors for
wavefront encoding. The horizontal axis 1502 denotes the number of processors
available for parallelization, and the vertic.:al. a:xis 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 <;urve 1510 \yith squarés, and for a GOP of sixteen pictures
(GOP16) in the curve 1508 w,ith triangles. For comparison with the theoretically best
possible parallelization, a linear curve 1506 is also plotted. FIG. 15 shows the sl..:oeedup
that is possible with waveﬁon't 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 théé GOP size may have little impact on the possible spegdup
of the wavefront parallelization technique as frames are encoded one after another (the
slow startup of the first P-frames where the numk.)er of concurrent tasks are limited is
more pronounced when the GOP size is small). |
[00153]  FIG. 16 shows a graph 1600 indicating speedup vs. number of processors for
wavefront encoding. The horizontal axis 1602 denc;tes 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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wherein t fir nput data conprises encoded i mage data of

precedi ng ﬁgﬂgﬁa%ﬁd the second input data conprlsgs en@S@@ﬂn?ﬁﬁﬁﬁno
data of a successive inmage or : wherein the first input data

conpri ses encoded i mage data of a successive inmage' and the second

i nput data conprises encoded i mage data of a preceding inmge. 2-The
I mage encoding Met hod of claim1, mherein the.first partial encoding
step co

or o1 ¢ vaFPRGo B clSRRG e Bt éﬁ’ﬁ%ﬁah“%é%%ﬁéEJF%%%HE@@?”" ]
Conpr i S dloR PP oGRS TGHREO R GFALHHEn Chatd DRE RSt Y RPN T PER o
backward notion estimtion step, 50
with triangles. For companson with the theoretically best possible parallelization, a
linear curve 1606 is also plott'ed. FIG. 16 shows the speedup that is possible with
wavefront encoding. The enc;oding of a f_lrame may start only after the encoding of the
previous frame is finished. |
[00154]) FIG. 16 shows that the size of a video frame may affect the extent t6 which it
may be parallelized. Since th.e size of wavéfront may be larger when a frame is larger,
there may be more tasks that Amay.be processed concurrently.
[00155] FIG. 17 shows a gtaph 1700 indicating speedup vs. number of processo,z-‘s for
wévefront encoding and temporal parallelization according to an embodiment. The graph
1700 shows the speedup vs. tile number of prcl)cessors at varied GOP size. The horizontal
axis 1702 denotes the number of processors availgble 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 whenl performing -w'a'veﬁ'ont encoding and temporal
parallelization according to various emb'odiments., and for a GOP of four pictures iﬂ'the
curve 1712 with diamonds when performing wavefront encoding and temﬁoral
parallelization according to various embodim_ents. 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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The i mage encodi ng nethod of any one of clains Ito 3, Werein the
first parwOab1o@azwdi ng step conprises a forward noti on ETISGAH0M0010
step and the second partial encoding step conprises a backward notion
estimation step. 5.The i mage encodi ng net hod of any one of clains |
to 4, wherein the first partial encoding step conprises a backward
notion estimation step and the second-partial encoding step conpri ses
a forward Mdtion estiination step. The inmge encodi ng ‘Pod of, any
one of chalidizhtions adinegrisuried708 srabsa Woted: FAG: hi ?ktﬂ’“ﬁélﬂec PEPIURTBYdS ng’
step, wherein third partially encoded'imge data is ener at ed based
on the fpostblpaith vabéoreeooded andegepdalmraichztive aE@B:gWéP lpaeni al |y
encoded i mage data; wherein in the encoded i nage data generating
step, thgoepelodeiG Mhgavdaha thescalghiliey off thelpiopsed penalieliztibn nethod may
partially encoded image data, the second partially encoded image data

i parl thee biberier (@ﬁfs&ﬂ @ldl l}heﬁ"s?@éiﬁlﬁ) J:d'i%ecﬁl@tu@mg oflyTheveiivnpcediagdThy
nmet hod of any one of clains erein the encoded i mge data

gener at egoblﬁvse%ggggbgﬂgggw bIBER M a g@ﬁuﬁﬁﬁe%f PloBRs G A&y 23k

| east on ane data, enco slice data and encoded
macr obl O%l number of concurrent tasks may be generated with the method according to various

embodiments,

[00157] FIG. 18 shows a g;aph 1300 indicatinglspeedup vs. number of processors for
wavefront encoding and temporal parallelization according to an embodiment. The
graph 1800 shows the speedu;) vs. the number of processors at resolution for a GOP size
of sixteen pictures. The horiz‘ontal axis 1802 denotes the number of processors available
for p;rallelization, and the velr'tical axis 1804 denotes the speedup. Results are shown for
a resolution of 4CIF resoluti(')n in the curve 1808 with triangles when performing
wavefront encoding and temporal parallelization according to various embodiménts, fora
resolution of CIF resolution m the curve 1810 with squares when performing wavefront
encoding and temporal parallélization 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 wavefropt encoding only as shown n FIG. 16 are also
plotted. For comparison with the theoretically best possible pg‘rallelization, a linéar

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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51 _ PCTI S 2010/ 000010 Received 15 Novenber 2010 An i nmage
decodi ng WeRHR@S29énpri sing: a first partial decoding sPepSGu1eLeion
first partially decoded inmage data i s generated based on first input
data after the first input data is available; a second partial
decodi ng step, wherein second partially decoded inage data is
generated based on second input data after the second input data is
avail abl e, before the first:input data is va%hagle; apd a .decoded
gereadh ;

i mage daf®@188IneFai hpshomephat fireisorihragaydegie v SIS Yerns deed

based on the first partial)? decoded i nage data and the secongd-

partiall Jhid emaycheddéakagduriftthg encoding of video of high resolution, a large number of
processors may be required to achieve real-time encoding.
[00159] FIG. 19 shows a;g_raph 1900 indicéting speedup vs. number of processors if
tasks across quality layers are considered a;:cording to an embodiment. FIG. 19 shows
that scalability may be impréved if concm;rent tasks across quality layers are considered,
for example for a GOP of si‘xtleen pictures _and two layers. The horizontal axis 1902
denotes the number of processors available for parallelization, and the vertical axis 1904
denotes the speedup. Results-are shown fdr a‘resolution of 4CIF resolution in the curve
1908 with triangles, for a resqlution of CIF resolution in the curve 1910 with squa’ré_s, and
for a resolution of QCIF resoliution 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 concurréht tasks may be generated if tasks ready for
processing in the enhancement layers are conéidered.
[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 paft of
the illustration each show the ihierau'chical B-pictures coding structure in accordance with
an embodiment as shown in FIG, 6. Therefore, \;\rhere applicable, the same refe-renc;e
signs as in FIG. 6 are used with index 0 for Layer 0 and index 1 for Layer i, and
duplicate description is omitted here, In varim..ls einbodiments, in case the optional inter-
layer prediction is allowed in the video eﬁcoder (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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wherein the first input data conprises decoded i nage data of a

pr ecedi ngwoi2nmgps2amd t he second i nput data conprises de€gusc2e10mymio
data of a successive inage or wherein the first input data conprises
decoded i mage data of a successive inage and the second input data
conpri ses decoded i mage data of a precedi ngi mage. 9. The i nmage

decodi ng nmethod of claim@8, wherein the first partial decoding step
conprises at |east one of a forward notion prediction step and a
backwar d fismes brlayer Himsyibsaingregsssingi® e Thay berbrgande bopioarsse: o Magt any
one of clains 8 to 9, wherein the second partial decoding step ‘
conpr i sedegih pedastingiiekef tasksi(ion vamal trotagon tppattirntthoke)ystaghs cift a
backward notion prediction step. 52 PCT/ SG2010/ 000010

Recei ved rdpedioy &iahrl, f80dQAmple as outlined in FIG. 11A and FIG. 11B. '

[00162] For example, a signal indicated by the first arrow 2002 may indicate to the

first frame 6021 in Layer 1 that the corresponding first frame 602¢ in Layer O is .
completed and that first frame 6021 in Layer 1 may begin processing, For example, a
signal indicated by a first arrow 2002 may indicate to the first frame 602 in Layer I that

the cotresponding first frame 602¢ in Layer 0 is completed and that the first frame 6021

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'ilgnal indicated by a third arrow 2006 may indicate to the

third frame 6061 in Lgyer 1 that the conésponding third frame 606¢ in Layer 0 is |
corpleted and that the third frame 606 in Layef 1 may begin processing. For e).cample, a
signal indicated by a fourth arrow 2008 may igdicate to the fourth frame 6081 in La-yer 1
that the corresponding fourth frame 608( in Layer 0 is completed and thét the fourth
frame 6081 in Layer 1 may b’ejg'm processing, For example, a signal indicated by a fifth

arrow 2010 may indicate to the fifth frame 6107 in Layer 1 that the corresponding fifth
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11. An image encodi ng apParatus, conprising: a firsrpartial encoder
conf i gur eslonologsemrat e first partially encoded i nage datreTise3ew/ 000910
first input data after the first input data is available; a second
partial encoder configured to "generate second partially encoded

i mage r data based on second input data after the second input data
is available, before the first input data is avail able; and an
encoded i mage data generator configured to generate encoded |inage

data basgg,a rab]ﬁegj Iha}ar&s@ isRAdplédd éﬁd%%ﬁ‘ﬂ@ﬁ’fﬂi FREE 616 i a6  hay segend

partially enc age data; wherein the first input data conprises
encoded i nage data of a preceding i mage and the second input data

conpr i segrReRA@eRor sxagplefatignalfindicasitnesskheniona?(H 2onayihdica? thhe
first input data corrprl ses encoded i mage data of a succe55| ve i mge
and the second in ata c i ses-en oded recedlng
i mage. 13iXthaEames la Hﬁllnﬁaté ?)%ﬁuéﬁsﬂ@ L%qﬁqagm ?ye part| al
decoder configured to generate first partially decoded i mage data
based on' first input data after the first input dta is avallable

a second cpapletedlanddwbthesizd frmg ¢l %ﬂntléygfeh@ﬁ}igéglﬁ PEVBRLINERF P pMpIe, 2
decoded |inage data based on second input data after the second i nput
data is available, before.the first input data ii available; and. a
decoded k%ﬁﬂﬁn&iaéted Beass@hranooriligumaydndicaty ente atenteooedl 4] nageyer
dat a base ‘ ‘

[
,

1 that the corresponding seventh frame 614g 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 6167 in Layer 1 that the

: ;

corresponding eighth frame 616¢ in Layer 0 is completed and that eighth frame 6161 in
Layer 1 may begin processing. For exampl'é, a signal indicated by a ninth arrow 2Ql 8

may indicate to the ninth frame 618 in Layer 1 that the corresponding ninth frame 618¢

in Layer 0 is completed and that the ninth frame 6181 in Layer 1 may begin processing.

In case inter-layer prediction is not active in the {fideo encoder, such signals may ot 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 examiale a method for parallel video encoding; for examp'le a
method for parallel video decoding). Using data and task partitioning approach, for

} o
example a data and functional partitioning approach, for example a data and task
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on the fiWORIHEIB2| | y decoded i nage data and the secon#Cp&GRéaiongo10
decoded i mage' data;. 53 PCT/ S02010/ 000010 Recei ved 15
Novenber 2010 wherein the first input data conpri ses decoded i nmage
data of a preceding image and the second input data conprises decoded
| mage data of a successive inmage or wherein the first input data
conprises decoded i mage data of a successive inmage and the second

I nput dat r@l@tﬁéh@ﬁ@odfe&é@dﬁﬁaﬂchﬁg@ré&tt&m@ﬁuamm imcedtorngdingphe metl®d

Anended Sheet | PEA/ AU
may maximize the number of concurrent.tasks for encoding a group of video frames to
obtain good performance scalability of video encoder with additional processo;'s or
processor-cores, The method may be applied to the hierarchical coding structure that is
used in Scalable Video Codinjg (SVC) standard.
[00164] According to various embodiments, parallelism in SVC’s hierarchical B-
pictures (HB) coding structure may be utilized.
[00165] According to various embodﬁnents, the number of concurrent jobs may be
maximized from the HB structure: by using data portioning (on a frame, macroblo.ck
level) and by functional partitioning (using intra-prediction, motion estimation, etc.).
[00166] According to variqﬁs embodiments, a good speedup vs. number of CPUQ
performance may be achieved. |
[00167] While the inventi_oén has been particularly shown and described with reference
to specific embodiments, it should be underst;)od 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 embraced.
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‘ ' - h : . . Received 15 November 2010

' Claims
What is cleimed is:
1. An image cneoding metliod comprising'

a .first partial encodmg step. wherem first part:ally cneoded unage data is
| generated based on first i input data after the first input data is available;

. a second partial encodmg step, wherem second pamally encoded u:oage data ;s
gcnemted based on second input data aﬁer the semnd input data is. avsulable
before the first input’ data is ava:lable, and
an encodcd nnage data generatmg step, wherein eneoded unage data is generated '

‘ based on the ﬁ.mt parnally encoded nnage ‘data and the second parrially encoded
_xmagc data, l . |
wherem the first mput data compnses encoded mmge data of a preceding mage
and the second input data compnses cncoded 1mage data of a successive mmge or |
‘wherem the ﬁrst inpit data compnsee encoded Image data of a suecess:ve Lmage‘

" and the second mput data compnses cncoded unage data of a preeedmg u:nage

.2, Theimage encoding method of claim 1,
. wherem' the first partial eneoding step ebm;irises at least one of a forward motion

estimation step and a beckward motion estimation step.

3. The image encoding.method of any one -of elaiims .1 to 2,
wherem the' second partial encodmg step oompnses at least one ‘of a forward _

motion esumatlon step and a backward motxon cstimation step.
| D ﬁ
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‘ The ix;:ziga .eﬁcod.ing'mcﬂwd of any one -of ;::laims 1to 3 g
whcrcm thc ﬁrst parhal encodmg step compnses a forward mouon estlmat;on step_ _ no
and the second parnal encodmg step compnses a backward motion estimation . |

. 1}
r .

The image encodfn'g.n{ethod of any ane of ciaims 1 to'4

' wherem the ﬂrst parnal cncoding stcp compnses a bac.kward motion esimation

.Step and the second partial emodmg step compnses a forward mouon estzmanon

sep. . ST

' "I-'he;-_in!agé eﬁéod{né méthod' of any one of claims 1 105, ﬁ.\rtﬁe_r coﬁmpﬁsing:
| a'.third paﬁial elicod'jﬁg step, wherein third parti'allyfenc':odéd' .ima.ge"ﬂata is
- ge.nemtcd bascd on'the ﬁrst partially encoded image data and the second parually ‘
: encoded nnagc data, '
- wherein in the encuded image data generaung step, thc cncodcd image data is .
: gcncrated bascd on thc ﬁrst parhally encoded 1mage data, t.he second parually_

encodgd_;mage dgta and the-ﬂurd_parnally encoded image data.

. The imé;;e-coding method of any 6ne of cl'aims‘ 1t06, '
wherein the. cncodcd nnage data generated in the encoded lmage data gencraung
step compnses at least one of encoded frame data, encodcd slice data and cncoded

. macroblock data
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" An imagc decoding method, comprising:

a first partial decudmg step; wherein first parnally decoded image data is

gencrated based on. first inpur, data after the ﬁrst input data ig available;

‘a second partlal decoding step, wherein sccond partially decoded i n:nage daﬁ- is

'~ generated based on second input data after the second mput ‘data is avallab]e,

before the ﬁrst mput data is avazlable, and .

a decoded 1mage data- generatmg step, ‘wherein decoded 1mage data is generated

'based on the first parually decoded image data and the' second partially decoded'

tmage data,

whersin the first input data compriscs dccoded image data of a pfcccding image -

a.nd the second input data comprises decoded i image data of a successive :mage or. ..

wherein the first input data compnscs decoded image data of a succwswc image

arid tlic second input data comprises dcchcd image 'dam of a preceding 'image.

" . The image df:coﬂing method of claim 8,

wherein the first partial decoding step comprises at least one of a forward motion

prediction step and a backward motion prediction step.

The image décoding method of any one of claims 8 to 9,

‘wherein the second parﬁal decoding step oumprisé*:" at least one.of a forward

motion prcdic‘:tidn step.and a backward motion prediction step.
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An im:fg'é enéo_ding ap;bh:atus,'corﬁprising'

a first parual encoder conﬁgured to generate ﬁrst parnally encoded unagc data ) -

- based on first mput data aftcr thc ﬁrst mput data is avaxlable

a second pamal encoder conﬁgurcd to generate sccond partially ebeoded xmage:'

. data based on second § mput data after the second mput data is available,. before the

ﬁrst input data is available; and

an encodcd Jmage data genemtor configured to gcnarate'onoodcd iinégc data.

r'based on the ﬁrst pamally encodcd image data and the second pamally encaded

\
.

:mage. dara;

’ whmin the ﬁrst inpot dafa compriscs eo‘codod imagc data of 2 preceding imége

'and thc second mput data compnse:s encoded i image data of a successive 1mage or

wherein the ﬁrst input datn compnses encoded i unagc dara of a successive image

“‘and thc sccond mput data comprises encoded unnge data of a precedmg unagc.

An lmage decodmg appatatus, compnsmg

+ a_first pamal decoder conﬁgured to generate ﬁrst parually dccodcd unagc data
'bascd on ﬁrst input data afier the ﬁrst mput data is aval]able,

a second partial decode:p ounﬁgumc_l 0 geocmte soconc_l partlally decoded imege

data based on second input data after the second input data is 'avail;bie, before the
ﬁrst input data i 1s avzulable, and

a decoded image data gcnerator conﬁgured to ge:nemte decoded i mmge data based

.-ont the fj_rst partially decoded image d_z_ita and the second pamally decoded u:n_age'

dato;.
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wherein the first input data compnses decoded image data of :1 preccdmg mage
and the second input data comprises decoded i 1mage data of a successwe nnage or
wherem the first input dita compnses decoded i image data of 2 successive :mage

_ and the sccond mput data comprises decoded image data of a preceding image.

1
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