WO 2010/ 044757PCT/ SG2009/ 000381 3. Method for encoding a digital

pi cture, encoder, and conmputer programelenent Field of the invention
5 Enbodi mWO0eeT5al |y relate to a nethod for encodi n@Ca/ssizgnotedss1

pi cture, encoder, and conputer program el enent Background of the
invention 10 Real -tinme H 264/ AVC and scal abl e video coding (SVC) are
chal I engi ng tasks due to their high conplexity. H 264/ AVC is a joint
proj ect of T. | EC.MPEG. Though it is simlar to
prior codi #%Qgggnﬁg%d%/%%dﬁggnésﬁ Jflts oFm- r(%dlgﬁ‘g‘o%?rpr%‘bﬁinc‘f?wter
errors, it includes many featureprbhasm| ebstdrot si gni fi cant codi ng
performance gain over previous video coding standards. Scal abl e Vi deo
Coding (SVC) is an onstandard and the current working draft is an

ext ensi on mield 264/AA¥Cintattgbnt hey are simlar to prior 20 coding
standards in using transformcoding of prediction error, real-tine

H. 264/ AVC and scal abl e vi deo codi ng (SVC) include many features that
lead to SIWJdim&sc%@h@&apw QEMBRE CLIa MAMRIY Ffro?cv!eﬂ%%déhgeg

codi ng standards. 25 According to H. 264/ AVC and SVC, in ordef to
fully expl®idliteHeid ctegtur e8cPgegai aAndpommltemtnradiverorfenant R- D)
performance, the encoder checks all possible coding nodes and sel ects
the best one. However, this exhaustive nethod is conputationally
expensi ve Baakgsoung bt kbdsinmantabhow a

10

Real - time H.264/AVC and scalable video coding (SVC) are
challenging tasks due to their high complexity. H.264/AVC is
a joint project of the ITU-T VCEG and ISQO/IEC MPEC. Though
it is similar to prior coding standards in using transform

15 coding of prediction errors, it includes many features that
lead to significant coding performance gain over previous
video coding standards. Scalable Video Coding (SVC) is an
on - going standard and the current working draft is aﬁ
extension of H.264/AVC. Though they are similar to prior

20 coding standards in using transform coding of prediction
error, real -time H.264/AVC and scalable video coding (SVC)
include many features that lead to significant coding

performance gain over previous video coding standards.

25 According to H.264/AVC and 8SVC, in order to fully exploit
thelr features to gain optimal rate - distortion (R-D)
performance, the encoder checks all possible coding modes and
selects-the best one. However, this exhaustive method is
computationally expensive. Encoding methods that allow a

30 complexity reduction are desirable to achieve real - time
encoding performance with minimal impact on optimal rate-

distortion performance. This has motivated many fast encoding



30 conplexity reduction are desirable to achieve real-tine encoding
performance with mnimal inpact on optinmal rate-distortion

per f or mancwo 20twm4Has noti vated many fast encodi ng WOPCT/SG2009/000381
2010/ 044757PCT/ SG2009/ 000381 2 net hods whi ch al | ow encodi ng

conpl exity reduction for sub-optiml R performance. These fast

al gorithnms work by testing only a subset of all possible nodes;

di o] . bahl i tted f R-D
R A A T A T

esti mat i orsut seppliayl arbb gogaférmandeduticie Fhetcanpbexitis Aoty
encodi ng process. These algorithns reduce the nunber of 10 search
poi nts by Y14 dW Py pr uBeetned abhreespidtle mestescarodénghooses o

result in edi.gtian.using p.chiteria during,searches_or
usi ng good stafﬁ%%gbggkﬁtggfgg %%ggc%ﬁgﬁa§1$sﬁﬁﬁ(?m&%tFﬁefBP@sén&% of
nuner obis efdeacttiivamsf.ast encoding 15 algorithns, it is difficult to

use these strategies to control the encoding process to achieve a
good arbitrary trade-off between conplexity and coding efficiency as

the rate- Cbia%ttorsteia%ho_falﬁaﬁﬂtﬁﬁﬁr@uﬁiﬂf Ko (MR- COMBYLBH estimation
i ndependent | y from nej ghbouring macro bl ocks. 20 Sonme encoder

conplexitfﬂ§%hFéﬁWéasEh§nﬁ§rha$% pe&giaus thehcomppespoyed! Foe
exanpl e, QyamieR bsfoe@séne&ﬁégée&'l@éﬁml&rﬁscfr%%;gh%}ésTE&%ePrg osed

for notion estimtion and discrete Tosine transtorm ese enabl e the
vi deol@ncé@iaxgh2popnbeeby follpeted W Ipratepfided sepoubr patinstiist rian
envi ronMentS shown to result in ‘good prediction using stop criteria

during searches or using good starting peoints for searches.

In spite of the presence of numerous effective fast encoding
15 algorithms, it_is difficult to use these strategies %o
control the encoding process to achieve a good arbitrary
trade - off between complexity and coding efficiency as the
rate-distortion of each macro block (MB) is computed
independently from neighbouring macro blocks.
20
Some encoder complexity scalable schemes have previously been
proposed. For example, dynamically parameterized
architectures have been proposed for motion estimation and
discrete cosine transform. These enable the video encoding
25 process to gracefully degrade in power - constraint

environments.

As another example, the complexity of H.263+ encoding is
controlled by pre - determining the proportion of the SKIP

30 coding mode (macro blocks are computationally less expensive
to code using SKIP mode) and restricting the search rangev

during motion estimation and assigning more sum of absolute



As anot her exanple, the conplexity of H 263+ encoding is controlled
by pre-determ ning the ptoportion of the SKIP 30 codi ng node (nmacro
bl ocks ar ewoanpwk&nst onal |y | ess expensive to code usi n@CIKIGRONIOUBS1
and restricting the search range during notion estination and
assigning nore sum of absolute WO 20104044757PCT/ SG009/000381 3
di fferences (SAD) conputations to regions that are predicted to have
hi gh notiq nt ent . exlt ntrol .may. al.so_be., achieyed by.
ormi 11 oal I IGRETTER 1D car By Akt b i Rsn EhBfen Y nhr ot el
di fferent twonpvexihtighpastdomocetdnt r ateapdfdfss t yThenexbdnaayealise lod
vari abl e bl ogk sizes for ,nmpti estimation in energing video coding
ayst o 1 AARLET S SR SBPAEL PR F D ST ST h o SiGagi FECRUEFon
esti mati ompelraitiibg HPpdie ahhargbve pdOPREtdron ceinpeeeediyAge t FoEmansk
notion_vectors are al so nore unpredictable in nature. Sophisticated
forward, BFRaPEdLEnd bidirectional prediction algorithns al so add
new di nensions to the notion estinmation 15 and node deci sion process.
The popul ar hierarchical - B coding structure also requires
predi cti oifsexéensivanisewhf creikabkedplera 15 zegr £REr maphen,
possi bly Ltatin f ectl .
not i on- es%%Cn%?%?fag’%eg?c?fn%gégg%ﬁ%€pclg%d;llgle% ﬁgsg%%t gtgibg%t(s)fl%nmde
encoder caedisicospueati thal égcouppteind grotd onewsitémadhon) atkige up
number gof _SAR. gper aLEABSEANT LE L O AU 111G, JTOLI0R SEAEChES o e ore
i nt er pol at’l oNS =1 0r “5ub "pi xel' AbtTon est1 mation and ttanst or m and:
i nver se t rArst apreopepatddasaldle | hy ddwixganput ati on of the nunber of
bits 25 required for each coding node during rate-distortion
conput ati ons. Any algorithmthat can reduce the nunber of these
oper at i on sphHikphieaeBtafbeRater Nvd cesrd haid edrispeetoha®MpuedLétion
concei vably i ngrease the sgged of .t he encoder. ?ﬁ% Sumyary of .t he

; g

! mary . .
i nvent i on OS¢ NBRHBUPReAtY PEREI HEIF S o &g ™At drPgi EaF PR TN e

havingsa Ry @loky a@biBi X8 Srofaed. PhxelpNRING 393061HAReHa1 - B coding
structure also requires prediction between frames which are

temporally further apart, possibly necessitating a large

search range for effective motion - estimated prediction.

20 A typical implementation of an encoder can be computationally
complex for a few reasons: a large number of SAD operations
carried out during motion searches, interpolations for sub
pixel motion estimation and transform and inverse transform
operations during the computation of the numbexr of bits

25 required for each coding mode during rate-distortion
computations. Any algorithm that can reduce the number of
these operation or implementation technigues that can speed

them up can conceivably increase the speed of the encoder.

30 Summary of the invention

In one embodiment, A method for encoding a digital picture

having a plurality of pixels, each pixel being associated



WO 2010/ 044757PCT/ SG2009/ 000381 4 with at |east one of a plurality of
groups of pixels is provided including associating each group of

pi xel s of wheoplwrat ity of groups of pixels with a fir PCTEGdINoIBIde
of a plurality of different codi ng nodes; determ ning, for each 5
group of pixels, a first encoding perfogymance |evel specifying an
encodi ng performance | evel of the group of pixels when encoded
according t.Q,it ssaoci ated first,coding node; determni.ng.,at.| east
one groupVH&mbi eﬁ§a3% PRe BFu?aP%?ﬁa%ﬁ r%ﬁhgﬁﬁuaﬁ glglég%ﬁ that the
first encadicvy.ded pexfladimaceskegbht dig tdwciatgdoedsiofopexdeses i ties

roup of pixels fulfils a predeterm ned ality criterjon;
deter i ni R 0Har & S ST EPREnGE. DLFOUD "B Cbidi i © b COSBAImaRR o 1y

per for ”aniﬂdx%\llﬁ_\tl;.ﬁ sFeah EybRrenanceatHsimgider iRrmneaihgyekoof cibie
group of pixels en encoded 15 according to a second codi ng node
whi ch Ps dTM@r &ft PRXEASyhe FiEsE %%Eﬁ¢&?9nﬂﬁ£fQ§@ﬁﬁ§@iﬁsvﬁﬁe first

per f or mance,daugl; nandnt Qﬁcéﬁ@ﬁ?dp@fﬂﬂﬁme.Lév%\!Le!o?f %ﬁ%pgkaﬁb nget he
second coding nmode with the deferm ned group of pixels if the result
of the comiaelsowhenl phredadprederdipy neal Hes g@saclanedr £L6AT opod g

20 encodi ac r pLxe i i L cqdi node.
Accor di ng 5E3tﬁggeg#ggg%ﬁe%?s¥ggﬁéé%%%é%%ngigﬁgkggﬁgﬁtg? Eg%gran1
product agdemdiligyt oft geonpt hédpipelenooch nghat 2hedifgirsél epoodime

Qescrhﬁedpgp%%% are pggviged Egbod% ntgtqfﬁfEkR%g Enethe fgllgﬁjng
in coffecti o WEREhESNEENEE FBF Bhettihy A G tarpeet 8F 8"Rr
anal ogousipixedlsi duflgi 1she ppeadeermited henomuteeri tepiragham product .
30 Short qgi%&%&%&%g,oéo&hghgigg{ggmined'group of pixels, a second
encoding performance level, specifying an encodiné
performance level of the group of pixels when encoded
15 according to a second coding modé which is different from the
first coding mode; comparing the first performance level and
the second performance level; associating the second coding
mode with the determined group of pixels if the result of the
comparison fulfils a predetermined association criterion; and
20 encoding each group of pixels using its associated coding

mode.

According to other embodiments, an encoder and a computer
program product according to the method for encoeding a

25 digital picture described above are provided.

Embodiments described in the following in connection with the
method for enceding a digital picture are analogously valid
for the enccder and the computer program product.

30

Short description of the figures




WO 2010/ 044757PCT/ SG2009/ 000381 5 Il lustrative enbodi ments of the
invention are explained belowwith reference to the drawi ngs. Figure
1 shows anweérngewde+7Saccordi ng to an enbodi nent. 5 Fi gur @C3/SG200990038K es
notion estimation according to one enbodi ment. Figure 3 shows a flow
di agram according to an enbodi ment. 10 ; Figure 4 shows an encoder
according to an enbodinment. Figure 5 shows a plurality of macro

bl ocks. 15 .Figure_6 sho ,deconposi t.i on of digital picture,into a
ol ural i ty O RS BRoBREONHBEAT P et die T BITTH 20 2 SPRIREI T e
enbodi nentyith GeFplrexickytscahablicawiigs di stortion encoding nethod is
provided that is, according to one enbodi nent, suitable for H 264/ AVC
and SVC (scal abl e video coding). Conplexity scalability, where the
conput at i ARurEOIPlBBEY aflf eABC&BE Ofl8Fo KB PR S Gl dbwhtRent 25
trade-of f in coding performance, may be a val uabl e tool. When

conmput &tional resources are linted but a fast inplementation of the

encoder i%i[?ga?lé bed1hRe-SPaR! Rt 1 ¥n Usd e 18RO FRY nher§cahed down

to ensure t encodi ng can be done on tinme to neet real-tine
encodi ng redpgidieweits or to 30 neet power constraints (e.g.
constraints with regard to the all owabl e power consunption of the
encodi ng process). Real-tine encoding may typically be required for
appl i cati arignseclB akolvsve bHiloaddbstrams roozddiancéocornyerdbodiment.

10 _
' Figure 4 shows an encoder according to an embodiment.

Figure 5 shows a plurality of macro blocks.

15 Figure 6 shows a decomposition of a digital picture into a

plurality of macro-blocks.

Detailed descxiption

20 According to one embodiment, a complexity scalable rate-
distortion encoding method is provided that is, according to
one embodiment, suitable for H.264/AVC and SVC (scalable
video coding). Complexity scalability, where the
computational complexity of an encoder can be scaled with a

25 trade - off in coding performance, may be a valuable tcol.
When computational resources are limited but a fast
implementation of the encoder is required, the complexity of
the encoder may be scaled down to ensure that encoding can be
done on time to meet real-time encoding reguirements or to

30 meet power constraints (e.g. constraints with regard te the
allowable power consumption of the encoding process).
Real - time encoding may typically be required for

applications such as live broadcast, surveillance or video



WO 2010/ 044757PCT/ SG2009/ 000381 6 communi cati on. Considering that

t hese applications may be built on a wde variety of conputing

pl at f or ns WO 2mak0a47801 | use of conputational resource WRATESGISW00G38]
t hat encoding conpletes on time would be difficult w thout an
effective 5 conplexity scal able solution. During scal abl e video
encodi ng, the encoding conplexity of each | ayer may be controlled

i ndependent | making the allocation_of ¢ ut ati qQnal ,resource across
| ayers posqICHS TRA - oREBALAS ALRSr Ty Tt ThELBIICAFHERT TPV diRbI o
scal abl e \Hdaa enrcedivigel Fade6Eyi HLdnpithithd @llaeiicgisWtbhmaRE ef€ICe

to figure 1. 15 Figure 1 shows an encoder,K 100 accqrding to an
embod] mentUSerid SrEEYEAT1002 1 eERFURECS Wiighd ANHrdtdr £h8kgERAREI 1D 1

i ncludi ng @myidls th efimtepbardl by & ferad WigidhdutPhat HEEScEB4S0
referred to as franes Or sllcesL as input. 20 The digital picture
A

sequenée IPMHlexdipplicadabseapobihi®itenent | ayer nodul e 102 and a
base | ayer nodule 103. The input of the enhancenent |ayer nodule 102
and the base 25 layer nodule 103 may differ in spatial resolution.
For exanplirimge sspdebdk viédebuenordbigt Healiqgiacslingi compéesetyerte

101 is reduced tial i L on, circul 4 before i1,.Ls fed
to the baseeacl%ayle e%o?f‘%?eb%oggggég%ér(?g(nadn%eé&egjtggéeglﬁ%gg %?%me si ze
i S one- quarlilercadfi ohhefsarpotaticenharcenerde laayerssf LagersFpossible.
exanp#g, QCl F-size (176x144) is used for the base |layer while

Cl F-sirZe (352x288) is the original frame size and is used for the

enhancenemn encoder according to one embodiment allowable scalable
video encoding is described in the following with reference

to figure 1.
15 Figure 1 shows an encoder 100 according to an embodiment.

The encoder 100 receilves a digital picture sequence 101
including a plurality of temporally ordered digital pictures
(also referred to as frames or slices) as input.

20
The digital picture sequence 101 is supplied to an

enhancement layer module 102 and a base layer module 103,

The input of the enhancement layver module 102 and the base
25 layer module 103 may differ in spatial resolution. For

example, the spatial resolution of the digital picture

sequence 101 is reduced by a spatial decimation circuit 104

before it is fed to the base layer module 103.

30 TFor example, a base layer frame size is one~quarter of the
size of an enhancement layer frame. For example, QCIF-size
(176x144) is used for the base layer while CIF-size (352x288)

is the original frame size and 1s used for the enhancement



WO 2010/ 044757PCT/ SG2009/ 000381 7 | ayer. As anot her exanple, ClF-size
frames are fed to the base |ayer for 4CIF-size (704x576) frames of

t he di gi t aWopooxas7 sequence 101. However, the enhancermvsd2espenozand
the base layer may also differ in other coding paraneters and the 5
spatial resolution may be the same for 4he enhancenent |ayer and the
base |layer. A digital picture fed to the base |ayer nodule 103 is

supplied to a first _prediction cjrcuit_ 105 that generates
predictio Y& ar Rkt Fglﬁ’%?’SF ?ﬁ%m%%%’l 'tj%#F psilc eu?g.a Sr aé)%a?r%?é?ot%%e
first predisgl aayeir Coirt 4¢05-deter (7 Mvess Tt iframeac bdr shbadiglital whi ch
the digital, picture may be proxi mat ed ysing.a previous or_a
f ol | owi ng BHCHIES! SERBEHFE HALt OB ERAn & Wb FUBAEESRETT FRECBLEHH(ENS
the first ypredieher #8Y b3sbeditfedSm JiHet JUdingt ba@EMEDEFH0and the
circuit 106 which generates a first coding bit-streanl1 for exanple a
H. 264/ AVCSPatati BEsopaseonafay e tEhe 3R Trite th6t FRPaBFoReR (13T
bit stream,codhRIpGeCHLL206 and the 20 digital picture is further
supplied to a first residual determination circuit 107 which
calculates the residuals of the prediction of the digital picture,
i.e. whic tes .l i f | r esLn the
appr ox] Mt Sy R e B G g Ear o p oY e R e iRl TRSeL
det er m nedupdl iked ather fwvwstspredipreysiirafitt A@oditgatageperatee i s
achi eyed by coding the_predjctio r.amet.er.s _(;such,as estinated
not i oxgve 8%)‘3‘3;}%& %ﬁ’ggﬁ?‘?l&?@n o#]of ﬁzehepr lcﬁléctailoﬁ’ TGRSy eLéBJéc?x?%th%e
original chgl tFalrspi eretect3on Sttddit Y105 dbitgirbdhepi abuienfedctard he
enhancenent | ayer dule 102 s, supplied to a second prediction
T et 10BeERaEng APty BESoLa AT Thi Sy et o PEPPRATGEER rSTLA%0
2010/ 044757 BeEvEe2@08+08088110wing digital picture in the picture
sequence 101. The output of the first predictor 105 is fed to

15 a first bit stream coding circuit 106 which generates a first
coding bit-stream, for example a H.264/AVC compatible base

layer bit-stream.

The output of the first bit stream coding circuit 106 and the
20 digital picture is further supplied to a first residual
determination circuit 107 which calculates the residuals of
the prediction of the digital picture, i.e. which generates
information from which the errors made in the approximation

of the digital picture by the prediction may be determined.

25
In other words, compression of the digital picture is
achieved by coding the prediction parameters ({such as
estimated motlon vectors) and the errors of the prediction
with respect to the original digital picture.

30

Similarly, a digital picture fed to the enhancement layer
module 102 is supplied to a second prediction circuit 108

that generates prediction information for the digital



8 picture. The output of the second predictor 108 is fed to a second
bit streamcoding circuit 109 which generates a second codi ng

bi t - st r earmwofzor/oexanpl e a H. 264/ AVC conpati bl e base | ayer/deize0o80038a M
5 The output of the second bit streamcoding circuit 109 and the
digital picture is further supplied toga second residual
determnation circuit 110 which cal cul ates the residual S of the

prediction,of the digita icture. 10 In the predict] of th

digital pPif P@erngt‘%eo %W%ﬁc%ﬁrsﬁle ISRFERI( PIE! ,lcgfjﬁ.#&@tl%iftgeﬁjgrto a
rﬁsog_uti ogl)acbﬁaebiar gdk@%mo%bdm?rdmtdu?m 103% fﬂhﬁlﬂht@enftfafﬁs:tai erecoihd
the digital picture in the base |ayer (i.e. .g., at | ower

resol uti oRPOREY Betusbacas ¥ Wsilifite® FhedARERmRRT RApase
predi ctionaial-opmRLLeR-gRY be determ ned based on the reconstruction
of the digifal picture fromthe coding information generated by the
base layer nodule 103, e.g. by up-sanpling the reconstructed base

| ayer pic g@eou%BuE%ft@ﬁe PEEAEd 107 RUAN BBaEhESEi PESH CldPRng
circuit 1 (r.e” the prediction circuit of the base layer) and the
second pr édectiigntelrpittud®sig ifurthere sppediieti ba @i sewond gfesidual
enhancene I i I mat | oder. :
supplied \?{\A%:[t ﬁa{'ﬁégﬁr e i‘g??%%aﬁ;ngtﬁ%rcga g‘é@ﬁlé?eé‘ﬁﬁ%ﬁ?ﬁ%%sﬁ%f
vectors) ahnd phediesidunabd {he eligirfadr metctameabout the differences
betme§$ the original picture and its prediction based on the
prediction 30 paraneters). Fromthis, the decoder may reconstruct the
digital pirgt dhe. pr¥@i2016n 0dd VP CRSGE200945000381i0 Typi @tldrysemantthi n
a video franme, the nature of the, video data.i,s ?ot uniform, i.e.,
there arelB¥RFufd: it 8dd- ede-119i8F resolution) inter prediction

information 111 from the prediction of the digital picture in
the base layer (i.e., e.g., at lower resolution) may be used.
15 For example, the enhancement layér prediction information may
be determined based on the reconstruction of the digital
picture from the coding information generated by the base
layer module 103, e.g. by up-sampling the reconstructed base

layer picture.

20
For the prediction, both the first predictian circuit 105
(i.e. the prediction circult of the base layer) and the
second prediction circuit 108 (i.e. the prediction circuit of
the enhancement layer) may use motion estimation.

25

A decoder may be supplied with the prediction parameters
(such as estimated motion vectors) and the residuals (i.e.
information about the differences between the original
picture and its prediction based on the prediction

30 parameters). From this, the decoder may reconstruct the

digital picture.



and honogeneous regions. Therefore, the levels of notion activity of
a digital picture with regard to another digital 5 picture that is
used as revenew@s4®Tane for notion estimati on nay al so REAYSG200280038he
regions of the digital picture. Therefore, according to one

embodi ment, a video frame (i.e. a digitqal picture of the digital

pi cture sequence 101) is partitioned into macro bl ocks and notion
estimation, is 10.carri.ed.out for the macrq.bl ocks i ndependently.

Fur t her norYPRira e "aE o8 fabt 6B I SRATG: ST S e BrockS Toresuizit

not i on estigrdtOmniiFoeal I L €6, PUERHEE BN HasfleaBs1 Tad), Sddpd f Ecansdy
i mprove coding performance. Using a snaller 15 bl ock _size requires
t he codi n@nest cneader reai ondrat TR PN warkher devedsheft@ethon i on

conpensat radi.cti-on, i Gadi regi.an 1 i gh
ot on st Ao P R RE L S e O I h e M e,
20 H. 284/ AiCtwey &halt dacusced| as krebal enpandidese dornmot don cosipbmsziad

predi ction _nay -be used, whergin each nod rrespaond 0 specific
barti ti on B & 10k Y ¥nlVBE bF SEk: CRRELT diing 50 (o ‘ERbBAFRERT, a
macr o bl ogher@fdre , devdediht to bboe kanfditfatq, al@x8eo8Xi&mandi 8x8 a

| um nance sanpl es. .25 Each_.8x8 sub-bl ock ,may be further tifioned
nto bl ookl F sgxBLCBRAE Ffel It HEFREYenES| Eﬁ{hame
sanpl e, OarFARE cBeBeiatbYmadrdi Xebchaldil nict 39S @ekahadivhths one
pi xel. In other words, a 8x8 sub-bl ock, for exanple, nmay cover 8x8

pi xel $0of & 1Gd ghkalodi fhe rapretRiecho pelepsasgaglyso wo

2010/ 044757PCT/ SG2009/ 000381 10 Figure 2 illustrates notion

estimati on according to one enbodi nent. .According to the notion

esti mat i oFunthehimorexathéeusa of redridigidlalcipi sipee QD IEIef Kllveks

digital picture sequepnce 101 s used for predicting,a second digital

i cture 26PToMPIFB HPGLERI =B EIHT oS kiuHId LRSL Odi RGEBER onvo Lranies

estimati oranl BilghiFieXatPyeimerdes reodimfloadFdrinainpart Usioges sadid e

first_sub. _block 204 and,a second sub block 205. Mtion vectors are
15 lock size requires the coding of more header information but

can provide better motion compensated prediction, especially

when coding regions with high motion activity.

According to one embodiment (and in accordance with

20 H.264/AVC)} several macro block coding modes for motion
compensated prediction may be used, wherein each mode
corresponds fo_a specific partition of a 16x16 macro block.
According to one embodiment, a macro block may be divided
into blocks of i6xl6, 16x8, 8xi6 and 8x8 luminance samples.

25 Each 8x8 sub -block may be further partitioned into blocks of
8x8, 8x4, 4x8, 4x4 luminance samples. A luminance sample, or,
more generally, a pixel value, is associated with one pixel.
In other words, a 8x8 sub-block, for example, may cover 8x8
plixels of the original digital picture to be encoded.

30
Motion estimation based on macro block partitioning is

illustrated in figure 2.



10 estimated such that the first sub block 204 is mapped to a first
bl ock 206 of the second digital picture 202 and the second sub bl ock
205 i s mappedowessrssecond bl ock 207 of the second di gi tPelT/SER@OA0381
202. The nmappi ngs (and correspondingly the notion vectors) are

sel ected such that the content (i.e. 1 he | um nance val ues) of the
first sub bl ock 204 matches the content” of the first bl ock 206 as

good as passihle (according to a predetermned matchi.n asure such
O e’ Bt o 385 kAP hy n kB R R Aekta e ane B he
second sulerboerikne2@5 mat ches the content of the second bl ock 207 as

good 20 as possible. As nentioned, a partitioning of a macro bl ock
may be used to achieve |l ow prediction errors for picture regions with

| arge not itaEting ty theMbbtoh I esBi sebras o iedisC bkaRpl 8] €4 entest25
frame to the picture to beggredlcted. On the ot her hand, the SKIP

node (AccdHdilt@lt #1AtEE2) 28hdeT aFlR Hroidelsipied vare seaneree vE0E ofs

codi ng st afdNatoy LegLh9REiMGyth Litdde d‘ﬂ?;f(:ﬂt%’l MLEY 20300 ULy
exploit the benefits of 30 variable bl ock-size notion conpensation,
t he encodeligiplagaptivel yeghonse i1he ymigty efftdon estpmeation onlsitde.s

during notj ti i f C C i . .

2010/ 044 SRR & BobrED8aB o6 #%ﬁ%&’g%t%u opets NES R nEt FDher
(correspoidioag 204t hedpessebtdrd psul ibliars 25 .aMoadoa kot&ystdmd are
avai l apl e faor, the encodi f,.each, macro.bl.aock.gi,ves, rise to

it DY CiAN B TEge SR e T Ra F B Gty Aldes r FERPERI th 3 he
5 encoder gimstchaosk aoecoadi fied i &aceid fingImpdesuirBaRop eadls it a
good conpressi gn %gr pos ig# i he bestagghpressio ug om agpng t he
avai | abl 6 S5GRAg SHBABLEBRbT Mot T BEIPRS i & FECRBRDELOBE LONEThatons
nmay be vergeddinghdiyheasebecthtd D2t e adihd ngRdqsntiokobhespdidihgly

bl ocks may be a tine 10 and chall enging optim zation task to be .
carried ottepyotheNeNEEHRFS) REDr R IRFESS cveheibédi fBfAt CoWERRthgll.e-

not i o5 estdHER @R naBcd- values) of the first sub block 204 matches the
. content of the first block 206 as good as possible (according
to a predetermined matching measure such as the SSD as
explained below) and such that the content of the second sub
block 205 matches the content of the second block 207 as good
20 aé possible.

As mentioned, a partitioning of a macro block may be used to
achieve low prediction errors for picture regions with large
motion activity from the frame used as prediction reference

25 frame to the picture to be predicted.

On the other hand, the SKIP mode (according to H.264) and

large block sizes are effective for coding stationary regions

with little motion activity. To fully exploit the benefits of
30 variable block-size motion compensation, the encoder may

adaptively choose the most effective partition size during

motion estimation for each macro block.



for determining the first block 206 in the second digital 15 picture
202 for the first sub-block 204, the encoder selects the notion
vector, fiwD=2pione47371/ 4] such that the cost function APETSG200SAD381
Ayact R(iii)(1) 20 is mnimzed where SAD is the sum of absol ute

di fferences between the original signal ?nd predicted signal, i.e.,
bet ween the bI ock to be mapped and the %) ock to which it is mapped
to, i.e cuyr yeen the first. .block 6 in the
second di gll-f aI pic u%#lé[%f(szoangggﬁngfl PLE° 26°% es[ﬁo&g‘%ngoﬁ %

di f f er encemsribfopaetdnpbeascat cal mtedo betysen dHwa lawal agaLBaMak UESY
of the t bl ocks. .l 4ii" i of bits re wred ode_t he
not i on v\gqil-ber HOfH G953 /Enﬁagi‘ mﬁcﬁgb%%c]igji‘ﬁes(f) % a muftlpll‘:lty
2010/ 0447 AP EHs3GHIR0/c00B8384 + 18nF0b+ eosdm MM Gisi LY q&l@m tAecroghag node
to be gsed for, the macro bl ock may, be chosen after notion estimation,

e.g. basedPIate Myt PGPSO F%‘be%??%?rhﬂ?r‘%é’%mtgh@oﬁiﬁér bhat obkads
it can bechi el fc%fap%e@@ﬁbﬁ' %f%%@%l‘@/ B %emérsééwﬁtf%

The rate distortion (R D E)g ormance may for exanpl e be expressed as
a rate di SS9 Gﬁlec@éfﬁlélﬂb c@@@}ﬂgﬁﬁéﬂ%&ﬁm@nﬁd@ﬂmy Béncdokkd such

that it |epds,d0 otfh‘:::‘:ombJ.nua.k:ﬂﬁ\fef@t %G%é:oéér}; ?‘{lr?glg: E%ﬁ%g}géﬁ’géﬁbé’f the

mnimzing the 10 foll ow ng cost nction:
AnpdR( nodepdid)ly modes for the macro blocks may be a time - consuming

10 and challenging optimization task to be carried out by the

encecder.

According to one embodiment, during motion estimation, e.g.
for determining the first block 206 in the second digital
15 picture 202 for the first sub-block 204, the encoder selects

the motion vecﬁor, m = [my,my] such that the cost Ffunction
J(1A, Aot) = SAD + Apou R(10) (1)

20 is minimized where SAD 1s the sum of absolute differences
between the original signal and predicted signal, i.e.,
between the block to be mapped and the block to which it is
mapped to, i.e., for the current example, between the first
block 206 in the second digital picture 202 and the first

25 sub-block 204. The differences are for example calculated

between the luminance wvalues of the two blocks.
R(m) is the number of bits required to code the motion vector
m and

30 Aoy = 0.92 - 2<9f12)/6. (2)

Here, q denotes the gquantization parameter (e.g. g=42).



where SSD is the sum of squared di fferences between the block 15 to
be mapped and the block to which it is mapped to, R(node) is the
nunber of WwWDte1reeded to code the nmacro bl ock using nodeTaGiowIGSE
ALt =0.85. 2(qg-120.(4) 20 If Jk(nodek, nodek) is the Lagrangi an cost
function of the kth macro bl ock that is;eoded with node nodek and
node is the bf-tuple (rnockonntodely 1), where Nis the total nunber

of macro blocks, .additive.distortion agnd rat asures may. be, 25
assuned su%?Ft?ﬁﬁP‘Fﬁ&IFbg%Pﬁ%r)t%SdFﬁ lﬂ%d@“@%ﬁ%ﬁ ebﬁsﬁgy%ﬁﬁ Bﬁ?ed on
t he fol | owharoptlicuk atziyobepehbkem aied N doid 6rA g83ae,t1ipn;, Madg, Nbased
Tk, (nodek, Ampdek) .. ( 5,.) ,nodenodek k=0k=0 WO .
20101 0447 STPEHSERI S0 HBE L L8 PR-ERERaRbR i MAsEoc BAPRY ABabS
for a subsein ofe MR VRIOEKS EBYeReaORt ESHZRY R Wy aRkhynWher ei n
conput ati onal, resources are channelled to those macro bl ocks that

have tRe SHFtIRID goer EAEnEeSEPRE LM s (Rl v Taneremryl Foli ng
W th ref eronaIed el hitedsed0abl QUbSLS SWMErdd QYT A8-BM:30D) .

according to an enbodi nment.
The coding mode may be chosen such that it leads to the
lowest R-D cost for the macro block by minimizing the

10 following cost function:
J(mode, Apoq) = SSD + Anoa R(mode), (3)

where SSD is the sum of squared differences between the block
15 to be mapped and the block to which it is mapped to, R(mode)
is the number of bits needed to code the macro block using
mode and
Amoa = A2, = 0.85 . 2(a"19/3, (4)
20
If Jy(moder, Amode,) 15 the Lagrangian cost function of the k¥
macro block that is coded with mode mode, and mode is the
N - tuple (modey,...,modey_1), where N is the total number of
macro blocks, additive distortion and rate measures may be
25 assumed-such that the (optimal) coding mode selection may be

based on the following optimization problem:

N-1 N-1
,ﬂ:ﬂt kz_% Jk (rnode, /\modgk) = kz ;I‘};E]; Jk(modek, /\madek)- ) (5)

30 That is, for each macro block the coding mode may be selected

that gives the best R-D performance.



The fl ow diagram 300 illustrates a nethod for encoding a digital
picture having a plurality of pixels, each pixel being associated
wth at | eaotzomed’d8T a plurality of groups 15 of pixel LCTIIG280MD)038AChH
group of pixels of the plurality of groups of pixels is associated
with a first coding node of a plurality,ef different coding nodes.
The first coding node may be an 20 irnitial coding node equal for al
groups of pixels or may be different (e.g. in later stages of the
codi ng node associ ation process, e.g. after sone iterations) for

di fferent I aups enfoopliinehs, 2bel nodfg Mode=afdr gr cupsett piExmbhsyoa
first encqdjn erformance.l evel, specifying an.encadin erformance
level of CHEGFOIEYoPep REF L fREnCERCOHET Sot ot 1t GorPETaESORT bt ed
first codirgsdmied ardetBaAhBeded! oothese W Elsy Ble:Ks hhtengodi fige
performance | evel specifies the performance level 30 (e.g. an R D

per f or fFancd®r s R t Dwpetrfcwmareeif the group of pixels was coded using
the first coding node. WD 2010/044757PCT/ SG2009/ 000381 14 In 303,

at | east one group of pixels of the plurality of group of pixels such
t hat the fihnid ienexgilngnpdr far thacéol baelnpfwitie mifdreast boe

det er m ned groggzpf pi xels fulfils a predeterm ned quality criterion
is determ e ‘I'n 304, a second encodi ng performance |l evel is
determ ned for the determ ned group of pixels specifying an encodi ng
performance | evel of the group of pixels when encoded according,to a
second9codi i 4o de SRRIEN 2 §18Ff FéRSRE™ f + ¥ dFRETH NI (8t 2RoBT R HBRMRE -
In other words, the second encadi ng performance | evel specifies the
performance |level (e.g. an RD performance) as it would arise if the

det er mi ned'hyr duprorlipoxams 3RAsitbueBrate P REhak dvd esarAgnavde. 15
In 305, t Qﬁg:ﬂﬁa’it p{i%%%%%”ﬁ%?nbeé{eﬂalﬁn?gliw éﬁgﬂ%ﬂ%‘?r fe%HH?%ei evel

are conpar ed. n , the Second coding node 1s assocliated with

t he det er madaw gissopietedi wérth Rt 1oest exng tobfa trHarredapar PEoarQ@s
fulfilg a(gggg%% r;m ned association criterion. In 307, each group of
pi xel S i s encoded using its associated codi ng node. 25 In other
words, in one enbodi nent, the group of pixels for which the

perfor mancg, 0;018’. %%%8”83:888' 8¢ 8998115 Sof eﬁ%ee%lilﬁrality of groups of
pixels is assoclated with a first coding mode of a plurality
of different coding modes. The first coding mode may be an
20 dinitial coding mede equal for all groups of pixels or may be
different (e.g. in later stages of the coding mode
assoclation process, e.g. after some ilterations) for

different groups of pixels.

25 In 302, for each group of pixels, a first encoding
performance level specifying an encoding performance level of
the group of pixels when encoded according to its associated
first coding mode is determined. In other words, the first
encoding performance level specifies the performance level

30 {(e.g. an R-D performance) as it would arise if the group of

pixels was coded using the first coding mode.



determ ned based on its relative performance for a first codi ng node
with respect to the other groups of pixels. For exanple, it is tested
for the greopiwf4psxkel s that has the 30 worst or a | owPREFISIGR00%A003E]
e.g. a group of pixels for which the first (encoding) perfornmance

| evel is below a predeterm ned threshold; (corresponding to the
pre-determned quality criterion) how the second codi ng node perforns

(i.e. WD 20 /04%15P SG&2009/ 000381 15 at_ he. secon
performanclé1 I%g\‘?él z iﬁ%én%r§gb€r£ue%n°% laxe\é%ar?r#el% %n l%"Fa?HEejy ot
resour ces gavapl alfl pikelst beclkeochay thoel ef iasso@nabddngt petfiermaocps of

pi xel s wi th . Q. ,eurrently I owest performance. 5 |ln one enbpdj ment,
Phe. second 5760 15 hBfe Faleist S S atiRh dtarBno EraL Reb o bl He s
group of pi yeksecdepantdeaggealithe ¢estddicf ix cempamisen.of the first

(encodgng) performance | evel and the second (encoding) performance 10
| evel . “For exanple, the second coding node is associated wth the

det erm nedgnoyp af sRL¥BESchdodAs® dddtodliheqendlpesf 95 fBARENdEVRIr
is hi gher@&or, In one enbodi ment,” at | east as high) as the first

per f or mandéel 8¢ERPTMEASEt HEPUROM 1S faRani fydapngnneaecding epl aced
DY e Sep¥adorndhig NR9EL e 1ohd NE RSO AAA0NBAC hoRed ter (or

in one e Iment, at |east as good) rst coding node. It
shoul d be agoredinpatei & ssced eaetiassarode hitichl Esgdbbpsrefit pfxeh sthe
are epgod f.ter 1 0 For, e | r 2 f phxels may
be enggde %Fggoﬁﬁggoﬁﬁgg- %nt??ntehe e?Y'Jergr)rrﬁ'%n'atq’lhc%n(g%gg O?%eglfl?‘?% g

per f or mangerifevabhcehiibeeBOdpdmi Bl adrtes siddflormanceetieosl {orgotdrerR-

groups of pixel.s. 301 to_ 306 nm seen a codi npde_associ ating
o oobes 1 O PERESTPANRS! oS st BYUET S5 e bif BeSBTTLUCS0R T Hong
i terationpikeas2hagodbigd Masien@snei fiddrgl poedegsmbhat i ncl udes a
plurality of iterations.

15 In 305, the first performance level and the second

performance level are compared.

In 306, the seceond coding mode is aséociated with the
determined group of pixels if the result of the comparison

20 fulfils a predetermined association criterion.

In 307, each group of pixels is encoded using its associated

coding mode.

25 In other words, in one embodiment, the group of pixels for
which the performance of a second coding mode is tested is
determined based on its relative performance for a first
coding mode with respect to the other groups of pixels. For
example, it is tested for the group of pixels that has the

30 worst or a low performance, e.g. a group of pixels for which -
the first (encoding) performance level is below a
predetermined threshold (corresponding to the pre-determined

gquality criterion) how the second coding mode performs (i.e.



Each group of pixels for exanple covers a continuous area of the
digital picture. The size and shape of the continuous 30 area may be
equal for wbRogatrps of pixels. The plurality of 4roupeaafsGicesb@smay
cover the digital picture conpletely or may al so be a sub-group of a
plurality of group of pixels covering t digital picture conpletely.
For exanple, the WD 2010/044757PCT/ S 9/ 000381 16 plurality of

groups of pixels be a Iur ou pi xel s arranged_ in a
Qoo pabebs SohbEnseargh: br Fhrtiance St o Raknte areh b o
"wave fromhanaslexphyabfedhbetoydurdde @ﬁhmalra)@@ra&aeccaam@ BEEE eSS

may for exanple be 5 carrjed out for a pluralit roups and pixel s
and, afte@ssPcﬁé§lBBeﬁ°cBHﬁl%%%Ep?cﬁftﬁﬁ%ﬁ GF&%vt? gf r gFBEPE,

pixels be gkt gdredtmbAkea following plurality of groups and
pi xels. 10 I n one enbodi ment, the groups of pixels are blocks, e.g.

macro Bl ocks, for exanple in accordance with H 264/ AVC. I n one

enbodi mentr, thg Ehbstis RBARAI B PELEQLARALE Ao HBlael LT bS 1L hgogual Tty
criterioni1f 1Is belowa threshold, e.g. a pre-determ ne
thresholdaSBnconbednbédhnbhe deberfined @mmudmﬁgppaeﬂardapc@dikwehl

fulfils th §¥ 8%' er| n |fsoﬁ of % ?”SSQdEH erfornance
|rs

| evel of t e enco |ng ar 1T matice evé1 I'nonée~embodi nent ,
t he resul@e@ﬁothancenmave$oanﬁutﬁeI§e¢$ﬁdp&ﬁﬁmﬁ&mQInpdrﬁssmamaéion

crlter on if the_second epncodj.n erformance | ev IS h| r th e
oot aEvRy SERF o RemaLSy Sl BELLE TROE S Sk, 13, RaOPElat o8 i
t he conmparhsoBetukhihsdt B@oﬁ%eﬁlﬁtlﬁiﬂmdﬂﬁm atbentBei kecdonm i f the
second encodi ng performance level is at .least as high as the first

encodi ng PEFFBFRAREE feVel. 1f nhbieentfi idhtons ﬁ@béﬁ(’:‘ﬁﬂ?ﬁg at least

per f or mangg h@&ﬁL 8t angr eupsOf i Xohsahen frA0ded 8658EHEHIEO the

coding node isthe rate-distortion performance of the group of

pi xel s. first coding mode is replaced by the second coding mode if
15 the second coding mode is better {or, in one embodiment, at

least as good) as the first coding mode.

It should be noted that it is not necessary that all groups
of pixels are encoded after 301 to 306. For example, a group

20 of pixels may be encoded (e.g. in course of the determination
of the first performance level) while 301 to 306 are still
carried out for other groups of pixels. 301 to 306 may be
seen as a coding mode assoclating process for the groups of
sub-pixels. For example 301 to 306 form one iteration of a

25 coding mode associating process that includes a plurality of

iterations.

Each group of pixels for example covers a continuous area of
the digital picture. The size and shape of the continuocus

30 -area may be equal for all groups of pixels. The plurality of
groups of pixels may cover the digital picture completely or
may also be a sub-group of a plurality of group of pixels

covering the digital picture completely. For example, the



WO 2010/ 044757PCT/ SG2009/ 000381 17. In one enbodi nent, the nethod
includes carrying out a plurality of iterations wherein in each

i teration wocurnesvs7 encodi ng performance | evel i1s det ermrorrsadomo003s
each group of pixels specifying a current encodi ng performance | evel
of the group of pixels when encoded acgﬁiding toits currently
associ at ed codi ng node; at | east group of pixels of the
plurality of group of pixels for the current iteration is determ ned
such t hat PLereRétyupteAtoBRE odf Nl elrd didthmee § 8radityhel grouprsiet
one det er ig;ned s95URNRGEAPE XL Sch Prai AWML BN on tREALE gL Yl fidsudde
predetermned quality criterion; a test encoding Ee(fornance

| evel is det-@rniinedctordanesdeieh nd nbth vy digerdf” pisxekplasoped feelow) .
current itgration, 1 ecLiyi ' f of the
aroup of mroreoangn oS BoRe e By TR R e B i ch 15
di f f er &nt dararietiheutufpent pbdirabinpds, groupst Redcpikehs pedf oxfience

| evel and .the test perfor C evel, are .conpared; 20t he test  codi ng
mode i 5 asdolPa: BHM PRIPHECHRL EF i TF GHOURIar SpPRePeorBr Tk
current i tExellispnbef chbeieastht Hbr thefclamdmics @nuirulitlsof heroups
predeterm ned association criterion. 25 In other words, the nethod
descri bed 3oPd*GhEre a group of pixels is determned and a second
performance | evel is conpared with a first perfornmance | evel and

possi bl y associated with the determ ned group of pixels nmay be
i teratPvellp papeambadimpats e gveiny Todlsrdy eREsPheCseert 3D as

the currenf ¢gdng-pRdesher e 2awPeE! fd Gl RN and hheeserpnd
codi ng node nay be seen as the test coding node for a specific
iteration. It should be noted that even if the second coding node is

ggigfBzzsgygé¥?8%§§8gﬁ%gég%Efgegff&ﬁ%(gncéggng performance.level

fulfils the qguality criterion if is below a threshold, e.g. a
15 pre~determined threshold.

In one embodiment, the first encoding performance level

fulfils the guality criterion if it is a lowest encoding

performance level of the first encoding performance levels.
20 '

In one embodiment, the result of the comparison fulfils the

predetermined association criterion if the second encoding

performance level is higher than the first encoding

performance level.

25
In one embodiment, the result of the comparison fulfils the
predetermined assoclation criterion if the second encoding
performance level is at least as high as the first encoding
performance level.

30

In one embodiment, the encoding performance level of a group
of pixels when encoded according to a coding mode is the

rate-distortion performance of the group of pixels.



18 pixels the coding node associated with the determ ned group of

pi xel s may change again in one or nore later iterations. The coding
node that weem®acisated with a group of pixels finally,rdrsszomiobesst
the last iteration has been carried.out, 5 is for exanple used for

t he encodi ng of the group of pictures. fyl exanpl es and possi bl e
configurations of the first coding nodé ‘and the second codi ng node
are anal ogously valid for the current coding node and the test coding
node. 10 In one enbodi nent, the at | east one group of pixels of the

plurality mef cgeoupbefiipexe) sthormdied Uaniddst eaatiyongi sutes er ni'ned
by a conparison of current encoding performnce |l evels, of the
pluralityPdfrgloly Bf pFxERsions e b G ReAt e L EhEC t er at i ons
are carried oul BAtkbn® LESANRY Iy GMndeOn elve1f UET hét &ftniddh otdier

words, an iterative coding node associating process is carried out
(i ncl uBli n@aichegaPrBnst aBl Febe r SRR BbdVR )2 WHTTENE PBFATHRAZI on

condi ti Onp!e§rf%'ﬂ'nghl:leeg V%Q P ORe | ety chhehen nbpabaan
condition®i's eternlne% ased on aval ['abl e "conput at 1 onal resources.
The tern macioodiogntot ibe terfentkx@gdeiaiad sogdrumedes nunber of

terations has beeg.Leaghed,. L, ofte ATRad mentpol e bel M pald Uhoup
condition is based on an ésti i Oh “of conput atro ar- Fesources
necessary dfopigetedifog the digrémt jPietairien 3¢ déOermined such that
2010/ 044757PCT/ SG2009/ 000381 19 In one emhodi ment, .t he_second codi ng
tode 18 Gt HEREETFr SRCONET | PEt EETTIAE HodE s A EatbSr BArLensl (3%

pre- det er @cReemivk8. gFBep SEEOPTkEDSli Mgy ridie oy calks ot beatieder MiNid. s
based on a_test coding, node of_ a previous iteration
the predetermined quality criterion;
a test encoding performance level is determined for the
determined group of pixels for the current iteration,

15 specifying an encoding performanée level of the group of
pixels when encoded according to a test coding mode which is
different from the current coding mode;

the current performance level and the test performance
level are compared;

20 the test coding mode is associated with the determined
group of pixels for the current iteration 1f the result of

the comparison fulfils the predetermined association

criterion.

25 In other words, the method described above where a group of
pixels is determined and a second performance level is
compared with a first performance level and possibly
associated with the determined group of pixels may be
iteratively repeated. The first coding mode may thus be seen

30 as the current coding mode for a specific iteration and the
second coding mode may be seen as the test coding mode for a
specific iteration. It should be noted that even if the

second coding mode is associated with the determined group of



5 For exanple, the second coding node is determ ned fromthe first
codi ng node in accordance with a pre-determned rule. In one

enbodi nentwotzhw/ods7g7 t al picture is encoded accordi ng 1PATIBGRI9A8ES]

| ayer and according to an enhancenent |ayer, wherein the codi ng node
associated with the determ ned group ingg§he enhancenent |ayer is
determ ned from a codi ng node associ-ated with.the determ ned group of

pictures to. b d for encodlng t he di ure, i.n_accor.dance
with the b2 ase%ﬁ%stl aeyé:rOdiln acﬂgor daﬁ%%c%ma]?%& Jp@bg%bet edr%eﬁa‘&nﬁfh & °®dr
exanpl e, tde pdixgilisamag @hamgelagemnodﬁdomaomdeJmptﬂaﬂarbaserhayehsand

accordin 0 an nhance a wherein the first codi
recott at e b HEE, ARk LS, BaRCr L BT g e CEaPhEe b ed

for encodifighding, leglet alafmaezt Uhe LasBcoessanics Wdd Heke eahaneensat,
| ayer gnd t he second coding npde is determned froma codln% node

associ tedL%MQQ¥tﬁﬁ?m@éﬁePﬁFﬁegoﬁrEB% BRI e 9EoyBeaf or

encodi ng tﬂ&e:tdu@st alp1qi ‘ék%lfnﬁlé@ 8660p88H08 M ddh iR 1RRIBRAYE! the 25
accordance W th re-determned rule. In other words, the digital
éﬁ@gdéd

pi cture moReo apds Ehe ageeortht T m@éﬁeﬁpaﬂagéﬁisly
data and fv%{l cggolza%ﬁe! %mgeﬁedcwaﬁgggaﬁgm&ﬂeg%t %39{,3 R68e of

pi xel s has an associ ated codin e assocl a
i ndependently fromthe other Iayer The second codlng node (in other

wor ds . the codi n d bel g ste for t he enhance er be
based gn tiﬁe cdagle% Ergl‘laii'E r?%n?l%/neas% Oé‘llpat(%ceplea‘;g e
2010/04475%Rﬁﬁﬂ3@@0@&7@&eaﬁloEOpihelsgfmmuthﬁ duireeing ﬁﬁérbhﬁoﬁnﬁ@dlng

in the bas Ia er.. This codi ng node MRy for xanpl e .be the _codin
mode that GRS Y PoCBUPAERHOR of L VT Hy THEGTUBSOFOPPIBSR i n
t he base U&M&ﬂs 9f ‘the plurality of group of pixels.

15 1In one embodiment, the iterationa are carried out until a
termination condition is fulfilled. In other words, an
iterative coding mode assoclating process is carried out
(including iterations as described above) until a termination
condition is fulfilled.

20 ©
In one embodiment, the termination condition is determined

based on available computational resources.

The termination condition is for example that a maximum

25 number of lterations has been reached.

In one embodiment, the termination condition is based on an
estimation of computational resources necessary for encoding
the digital picture.

30
The termination condition may be based on an estimation of

the time necéssary for encoding the digital picture.



In one enbodi nent, the first coding node and the second codi ng node
specify, for a group of pixels, a partitioning of the group of

pi xel s. 10WDRePa476T t 1 oni ng of the group of pixels nay PE&/SGI@/ 08831
basis for a prediction of pixel values of the group of pixels in
encodi ng the group of pixels. (i.e. fori®r during encoding the group
of pixels). 15 In one enbodinent, the partitioning of the group of

pixel's is i‘f'ls%%ea.%n%ol&iﬁgﬁtf OEHQ Qé@&{&téfcg%gﬁir%;ln?d%sliQ’éEES?m?ﬁe&h TOm

group of pixels in encoding the group o mot' 1 on” estr nmatTon
20 The nettiwd fildststcedtied nndéi jurec@idarfor wldnpl preadetednbued by

an encoder il bustrat in.figu 4. Figure sho an_encoder . 400
Secor i ng A ok SaRRER, BILhY hSad ndy i et U R p el C8TE o 5
encodi ng a diegitt alodinet mbeeha¥i agpeeplaualiter-afiopi.xel s, each pi xel
bei ng associated with at | east one of a plurality of groups of

pi xel s The encCQder 400 includes a first associating circuit 401 30

confi gur ededr0 ca3:@0leqt @heashclh@UodinPineis i&f dherpliveal £kymothe
groups of pixels with a first coding node of a plurality of different
codi ng no st Weﬁ2@90W9@375?F%ﬂ?@ﬁ%@ﬂ@?O@U@Bf—@feTﬁé?eéﬁéBﬂ@rruﬁﬂ}
further includes a first determining circuit 402 configured to
determ ne, for each group of pixels, a first encodi ng perfornance
| evel spedﬁ#Fmﬁge@hoéhméﬂﬁngtg%r¢%ﬁ#ﬁﬂﬁxP4Q§nme éfs eneogrdupcoPrPinl s
when ggcoded _5,aceordi A [ ASHAGd i I The
encoder 40 Fﬁrt%er ?kc?u gg %é%ecoﬁgig%fg¥%iﬁﬁﬁﬁ%gﬁkggiggggﬁ'
confi gur edthesedet Ehei nedangl made asmograigy ofithi xélesdetetrhingd ugedug y
of group %5 Qhéegﬁhgﬁggmégétl£§§3fiés eé¥¥ﬁ¥¥é¥3from a coding mode
associated with the determined group of pictures to be used
for encoding the digital picture in accordance with the base

15 layer in accordance with a pre—détermined rule.

For example, the digital picture is encoded according to a
base layer and according tc an enhancement layer, wherein the
first coding mode associated with the determined group is a

20 coding mode to be used for encoding the digital picture in
accordance with the enhancement layer and the secorid coding
mode is determined from a coding mode associated with the
determined group of pictures to be used for encoding the
digital picture in accordance with the base layer in

25 accordance with a pre-determined rule.

In other words, the digital picture may be encoded into base
layer data and enhancement layer data and for the base layer
and the enhancement layer, each group of pixels has an

30 associated coding mode that may be associated independently
from the other layer. The second coding mode (in other words
the coding mode being tested) for the enhancement layer may

be based on the coding mede that is currently associated with



10 performance | evel of the at |east one determ ned group of pixels
fulfils a predetermned quality criterion. The encoder 400 further

i ncl udes awohir@4d#8t erm ni ng circuit 404 configured topdasermonen3ss or
the determ ned group of 15 pixels, a second encodi ng perfornmance

| evel , specifying an encoding performangg |evel of the group of

pi xel s when encoded according to a second codi ng node which is

di fferent fitst, di e. 20 The encader .400 further
i ncl udes a{%%:%)%é]l&ngd%i%rl(% s %g)gwgg‘ﬁf ?%ﬁ?‘gjdn? ol%oﬂbeatbé—"st%elaﬁfefst This
per f or manceodzve|maird nzhe foec exdmpeef be nelne ecd@Mel .mohke tegoder 400

further in¢clud econd _associ atin ircuit 25 406 configured to
associ at e f#enag-?c‘/ n%ocgjcﬁ ﬁg%?grwepﬁoﬁh%g deRRr I MR (Pdﬁ%gﬁ pRxEle
if the reswdde dfastdre conparison fulfils a predeterm ned association |
criterion. The encoder 400 further includes an encoding circuit 407

30 conﬁ%gured to encode each group of pixels using its associated

codi ng Moden oD ARBLA:AAATS7RGE S62009.99038 I | hARreMhadbagnt . 2

“circuit” may be understood as any kind of a Iogib inplenenting
entity, wWEftHithypwe SPeSidl phPpodetetvr bt r3ixlsa pr pessddioning of

executing sQf PR HOLRGHR a menory, firmware, or any combination
t hereof. Thus, iﬁ&hn 5%%n§o§inent, a "circuit" may be a hard-wred

logic circuit or a programmable logic circuit such as a programrabl e

processor, : A rocessor (e, g. a.Conplex Instructiqn_Set
Corrpufigr (Téres%}argrl?é%éggl %(r% %R eéﬁ% ?%s‘fquge 5 Si¥seF Eoftpuier®
(RISC) prdmessorfpr A beieddoictibnmay plsal bexlaidd g ates gebupXe€ubi el s

software, €.4d. any king of conpu%er, rogram e.g. a conputer program
usi ng a vff{% co@é@ﬁiﬁ Scg589Bug 8§£%ﬂg.aﬁéVaﬁgﬁhfrogﬁ AOgi Facefing
i npl enent atheoryrofupt bE pespeetive functions which will be described in
nore detail below rnay al so be understood as a "circuit" in accordance
15 In cne embodiment, the partitioning of the group of pixels is
used as a basis for a prediction of pixel values of the group
of pixels in encoding the group of pixels by motion

estimation.

20 The method illustrated in figure 3 is for example carried out

by an encoder as illustrated in figure 4.
Figure 4 shows an encoder 400 according to an embodiment.

25 The encoder 400 is an encoder for encoding a digital picture
having a plurality of pixels, each pixel being associated

with at least one of & plurality of groups of pixels.

The encoder 400 includes a first associating circuit 401
30 configured to associate each group of pixels of the plurality
of groups of pixels with a first coding mode of a plurality

of different coding modes.



15 with an alternative enbodi nent. A conputer program product is for
exanpl e a conputer readabl e medi umon which instructions are recorded
whi ch may Wo 2ew@e4rsed by a conputer, for exanpl e i ncl udCTEGa009/600381
processor, a menory, input/output devices etc. 20 In one enbodi nent,
to reduce inter-syubol redundancies, a part of a digital picture may
be predicted using other parts of the &igital,picture, i.e. intra
prediction,may be carrjed_out, for ex | e t he edictor 105, 108.
The i nt r aToPalrcortn 2001 crttienine iah By tbaet: ACReChr HEne & HHY
the 25 H 264 v¢bd€ageoddngo sdensaithe,l HoraepeadgebupnoEspiiesighed to
exploit spatial correlation within a picture h Eredictiveléﬁfoding
pi xel val Gé<ShasBHCOh AP YRHVXMANMG pisvE @3?6&%? B9gaNp§Rpr ettt i ng a
nacr o- bl ogkr38rhaged o8vai NeF RO WA BECHAxBLaCkhenVhcoded

2010/ 044757PCT/ SG2009/ 000381 23 The. prediction of the pixel values
of a nmacr @CBPrEeknBakedibn FeFePbRAd fd HdccOIBREcRSd8ecording to one
enbodi nent is illustrated in figure 5. 5 Figure 5 shows a plurality
of macro blocks 500. In figure 5, the plurality of macro bl ocks 500

i s shown Gber espodding0® ofutisher rizmgerest aosecheddigteshiping Wieaudt

be encode A Len ro,bl ock 501 .i r Ck-t.0. .
encoded ugpggcégé%§5%% i on %E%%kgﬁi%ﬁéﬁg%ggrgﬁ%cggggﬁoéﬁ§8§%%f}gﬁé,
504, 505 ahet peuphliayiofy ofoumosD dilxedles sh@d@. thatt hhs Ekasplencaling
t he oi&er na%ro blockf 502, EO%B 5qg, 505 are Es§d for iintra £
predi t¥i ngSERETRAPFENI S VAL IO btER I8 502 5Ts OBgr EREPII Ao ©
enbodi menpixkhe HOLFONSs VECHHESettsin iR duboh tiherotbeiofrncro bl ocks

502, 503, 504, 505 are used to predict the notion vector to be :
estimated for the current macro bl ock 501. For exanple, the notion

vector toghe %ﬁbbﬂ@keﬂoéOfuffﬁéﬁlﬂﬂdﬂﬁde@aﬁrQh&k@cheégimiﬁiﬁﬁEﬁﬁﬁadﬂi
based on the nedi an of 20 the notion vectors of the other

(nei ghbourPAgFoRrhéFBref oeR sAskprniss, ﬁﬂ§4Fh§09?tEE@iP%ds?¥%ﬁ%>°f

correl ati @nx@iRBNg, NeL OBRQULL RIS I Aeekgke. 16be1di Epeeepsampaineen
an estimated npflon vector and its ‘prediction has |ower_ entropy than
t he esti mgREAdiBEi DAL fRENIRCT t LVl cfhdde Brgker O25PEBRHP 6% of

the digi t%hcgheauaecgfai@& @5l eved, by cgjsa%ggmbhg dhi£RY £OCE: belugen
the estimated notion vector and its prediction instead of the
esti mat ed frromi dhevétror ¢oddrd mode.

20 The encoder 400 further includes a comparing circuit 405
configured to compare the first performance level and the

second performance level.

The encoder 400 further includes a second associating circuit
25 406 configured to associate the second coding mode with the
determined group of pixels i1f the result of the comparison

fulfils a predetermined association criterion.

The encoder 400 further includes an encoding circuit 407
30 configured to encode each group of pixels using its

associated coding mode.



Additionally, pixel information fromone or nore of the other

30( nei ghbouring) macro bl ocks 502, 503, 504, 505 (in this exanple of
t he macr o wbaeio/03057t0 the left of the current macro blramscGih/eosdl of
the macro block 503 to the top of the WO

2010/ 044757PCT/ SG2009/ 000381 24 current,gmacro bl ock 501) nmay be used
for encoding the current macro bl ock 501 using in-loop debl ocking
filtering.. In_one enbodi pent, when a.current macro hlock [s_predcted
5 using otIf?etan( 3?“5.0 ﬁ%‘fﬂg1 bo ricr:llg cun%fcr(gﬁ% (?gkélfl%reé:ggﬁg r%%:taelgygl?lxne
val ues of dfhe abhdér tmplembhdiks atteltgquilkiedt may bet spepiadi ptimrsaf

the current, nagro bl ock. Therefore, the .other cro blocks are
encoded afd5FECGHYt PEcFeBIB%?%?%rt%e%%AF%tSO JPGSpf Bﬁegs”én?:oded..

10 For exammlogy,i Fi@RRaeMpogi BNy , candsind figrotthetrbe FR- Phips pCES San
(i.e. the coding node association process) of the current nmcro bl ock
501 requi FEPOCREEIERe 2R BLEF LS MY Rh& SaFErViEEFo 1 BPoEKSIBPRLE 5193,

504, 505 iz ceuRPLek8E1e1P0doc 3kl AV Paraldieldsz @d pRbgeasHABge ON
mul tiple processors in spife of this data depengency an encodi ng
mechani smPXOCESEQL nCade of dihEr R RS Wthodi 1Pent CREPLEE BaskEl@H Ahe

i dea of ag " e T 1 S S, bl i i,gure
206. Fi gursee\gg&gﬁ%\%g Q% égigengg%???%%o 0ar E g}et aclegi gtﬁ E?gﬁg{gb&?nét%ga
pl ural ity Compmiiero-BL8Cksprage Ther di di t"aligmudttlr maysadivi dedai nto

o PGl TR QL OEkRy Ry BRED B ) SR b lale o
' . program, e.g. a computer program using a virtual machine code

such as e.g. Java. Any other kind of implementation of the

respective functions which will be described in more detail

below may alsoc be understood as a "circuit™ in accordance

15 with an alternative embodiment. A computer program product is
for example a computer readable medium on which instructions

are recorded which may be executed by a computer, for example

including a processor, a memory, input/output devices etc.

20 In one embodiment, to reduce inter - symbol redundancies, a
part of a digital picture may be predicted using othex parts
of the digital picture, i.e. intra prediction may be carried
out, for example by the predictor 105, 108. The intra
prediction is for example carried out in accordance with the

25 H.264 video coding standard.

Intra prediction is designed to expleoit spatial correlation
within a picture by predictively coding pixel values based on
neighbouring pixel values, e.g. by predicting a macro-block

30 based on a neighbouring macro block.



Each macro bl ock is assigned a nunber (given in figure 6) 30 that is
t he nunber of a sub group T/175 of the macro bl ocks. The macro bl ocks
of each suwogowwpssDf nmacro bl ocks are sel ected such t lrat/sGhang/oen3el
arranged in a pattern such that WO 2010/ 044757PCT/ SG2009/ 000381 25
the. sub group nay be seen as a wave frpnt traversing the digita
picture as for exanple indicated by line 601. As can be seen, the

sub- gr oups,.of _nmacro, bl ock e selected 5 su that th y, be
encoded | ehE BRUGH RBCOE PTG o Ther 4L IRAE: Ad BRI SLPHE BATe o
dependencined gabogiryes hyckbgbleckhs axacdrdifid tedone embdHiment hes wave
front appgﬂ ch.is ia one enbodigent used for 10 macro bl ock | evel
partitioni 3u§5r8§8 coRe T EABEBrobl em of excessive data dependency
that is present within a frane. Further, the sub-groups are

sel ected such that at various stages,_ all macro bl ocks of one

sub- gr 8up FLENES" vaFBOFEOAL PTUEE Elan e TG ddegkend@Bendent Iy, In
one enbodi nent, nmacro bl ocks belonging to the sane wave front undergo
the R-D optim zation (i.e. the coding node associating process)
concur r entlny £ig0ren St heheoplevi bty f atrcsw bdoskrerBlacaorlivwy to

one enbodi I rLpe T. i C LS. Cl.k :
based on F%ggagbéngﬁgﬁthgng%d%ﬁmﬁg§%?#ﬁg§&5%§§§§h§%§§§eé?9??r%gvp%e
al so be basedded.ohhenrgentpsacfo neloryak Hcks ithst madr35bbdbch wavee
front

for_ex l e for all cro. blqcks of a.,digital picture.. The
ooty SERSRE R eLRp L BT AR R T AR £ P OPt BearbF e R B ITER out
by t he engoder 5000 Sheywns50h &f gihie diwaraltihg 3E anerdebl30Rs SHOMWN Im
figure 3., . ¢ example, all the other macko blocks 502, 503, 504, 505

are used for intra predicting the current macro block 501.

15 Further, in one embodiment, the ﬁotion vectors estimated for
the other macrd blocks 502, 503, 504, 505 are used to-predict
the motion vector to be estimated for the current macro block
501. For example, the motion vector to be estimated for the
current macro block 501 is predicted based on the median of

20 'tﬁe motion vectors of the other (neighbouring) macro blecks
502, 503, 504, 505. Due to strong correlation among

‘neighbouring motion vectors, the difference between an
estimated motion vector and its prediction has lower entropy
than the estimated motion vector itself. Thus, higher

25 compression of the digital picture may be achieﬁed by coding
the difference between the estimated motion vector and its

prediction instead of the estimated motion wvector itself.

Additionally, pixel information from one or more of the other
30 (neighbouring) macro blocks 502, 503, 504, 505 {(in this

example of the macro block 505 to the left of the current

macro block 501 and of the macro block 503 to the top of the



WO 2010/ 044757PCT/ SG2009/ 000381 26 The encodi ng schene descri bed
allows the R-D conputation of the video encodi ng process to be
carried ouwoizmog4&0npl exity scal abl e fashion. 5 Let Al Bidd/dsz20a9/0e0381 h
macro block in the wave front 1475 and Ad@mwode, Anw&0O be the R-D cost
of Aflkd , where Jij(node, Anode) = SSBs AnpdeR(node).(6) 10 To
encode a slice (i.e. a frame or digital picture), the wave fronts

T4rl are @%%%%%eﬁabgeaﬂl%geﬁoi’f ur??aééfi:{?ed'\%%d £o %Hc}gﬁﬂné Piﬂ%lcuﬂ»e(r&r

starting fromlin't ering ure 6) wave
front T/ 17@croablopkchOlblietkg dmeldan tda:lﬂqckaw gnédewind. a first
codi ng node that may be seen as an 15 initial candi date codi ng node.
This initial coding node is for exanple the SKIP node according to
H. 264. Af tTer ohbi embniiﬁ.inahtzaﬁrham,atclfLe:mmd@rcx@pbﬂ.nsbke$stﬂ3Ee®:BcSﬁ@iled

di d t t | I h it, t bl
o eodan i ing BhREE  Thotecetotbow S biikne LTRRE R PoCoRT Sruciias

sel ecti on fakettheamaekook! eBK &ueertxﬁcb@ mm&sa&el &e&air@dafm& el rtane
such that MB* = arg max Jid (node _m n(M Bi_.n), (7) where

méde nln(WBEdﬁFtﬁgntﬁé EBIIﬁ@rﬁ%ﬁgI@Hﬁ?éﬁﬂpﬁkasgpﬁﬁééoﬁFthtm%CQEPer
bl ock M Bigjacrbhg16e8kngrB088-5888_ AN (MIH)strfickBE before the current

macro block is encoded.

10 ' ' '
For example, in one embodiment, carrying out the R-D process
(i.e. the coding mode association process) of the current
macro block 501 requires that the R-D process of fhe othex
macro blocks 502, 503, 504, 505 is completed.

15
To allow paralielized processing on multiple processors in
spite of this data dependency an encoding mechanism is used
in according to one embodiment that is based on the idea of a

"wave front" of macro blocks. This is illustrated in figure

20 6.

Figure 6 shows a decomposition of a digital picture 600 into

a plurality of macro-blocks.

25 The digital picture is divided into a plurality of macro
blocks, i.e. each pixel of the digital picture is, in this

example, associated with exactly one macro block.

Each macro block is assigned a number (given in figure 6)
30 that is the number of a sub group W; of the macro blocks.
The macro blocks of each sub groups of macro blocks are

selected such that they are arranged in a pattern such that



30 macro bl ock coding node giving currently the best (mninun) RD
cost for kiiki fromanong the codi ng codes that have been tested for
MAJ. WO 280001044457 PCT/ SG2009/ 000381 27 I n ot her wor deCTiSGRoMie@3sIEX
macro bl ock to be processed MB*, the macro bl ock of the wave front is
selected that has, with regard to its rently assigned codi ng node,
the worst R-D cost of all the nmacro bl ocks of the wave front. For

ALB*, b k d d t i tested f ALB* t hat f
ol o b ST e B e K SO8 et o 2 YEE TreBCh5ERYar SURS TS
tested fordidiBsl @igiubbeagotbngesmnsld hialdias ckObheenngr evi ously

tested for ALB* (e.g. in a previous iteration), if any, or. that may
be dependent on the coding node currently assigned to ALB*: For

exanpl e, mdenst peSseehgcire EEOFEbUKE toX AR bidekdepeadiameaird he
codi ng_node previously tested. It should be noted that 8x8-coding .
node i3 i FUM FhekafpPE TRE Podentedrf g ttde Redegasrcarding tf@heir

Wien thi s GaRg nEDER 1 NEStRECHA L £SE &5 dRIn A RGO ghl8F Kyy NE; SO N
node is tested fggnth%s macr o %%oaﬁ. 20 6}eviou§ gacro %?ock codi ng
node t est eéfef dulMBLiladxt nmacro bl ock coding node to test for MB* SKIP

16x16 16x8 8x16 8x8 16x16 16x8 8x16. 8x8

Thus, the wave front apprcach is in one embodiment used for
10 macro block level partitioning to overcome the problem of

excessive data dependency that is present within a frame.

Further, the sub-groups are selected such that at various
stages, all macro blocks of one sub-group (one "wave front®)

15 can be processed independently.

In one embodiment, macro blocks belonging to the same wave
front undergo the R-D optimization {(i.e. the coding mode
associating process) concurrently.
20
In the following, an encoding scheme according to one
embodiment is described. The encoding scheme is described to
be based on the wave front approach described above. However,
it may also be based on other groups of macro blocks instead
25 of a wave front, for example for all macro blocks of a

digital picture.

The enceding scheme described in the following is for example
carried out by the encoder 100 shown in figure 1 or the

30 encoder 300 shown in figure 3.



end Table 1: Next nmacro bl ock node to test In one enbodiment, in
each iteration, only one macro bl ock node is tested. This is also
referred twoasiwemesRD 25 operation. WD 2010/ 044757 PCT/rSEXNGAMOMBSC 1
28 Let. MBild = MB*, if Jvj (MddeTest Anwde) < Jici(node_rnin(M
BAnode) (9) then the tested nodenst is qﬁid to update the codi ng node
currently associated with the macro -bl according to node_m n(M
Bit,i) = denst.(9) 10 In other words, if the _tested codi ng npde

gi ves a bet1erG lﬁ’(jf BEPFBE naRter HR%RI2 19T ihe aRpFemputation of
rate- d'St(HHé‘¥Iﬁé%p%nbgalﬂgcﬁ909é9§ktotﬂgaéé?%f%é R 29 gngﬁm#§e31ty

associated wth the macro block. 15 The iterative process o

sel ect i ng a9 akdet fagdienbl ock to be processed is for exanple
continued until a predeterm ned nunber of R D .operations for the wave
front VIT.i have been carried out. 20 This nunber may for exanple be
gi ven By Neg(W/B); be 2he iA]fd€rd block in the wave front W; and

J;j(mode, Amoge) be the R-D cost of MB;; , where
Ji j(mode, Mnode) = SSD + ApogeB(mode). (6)

10 To encode a slice (i.e. a frame or digital picture), the wave
fronts W; are processed in an order of ascending j, starting
from §=0 (or starting from 1 in the numbering used in figure
6). For each wave front W; , all macro blocks are initially
assigned with a first coding mode that may be seen as an

15 initial candidate coding mode. This initial coding mode is

for example the SKIP mode according to H.264.

After this initialization, the encoder optimizes the assigned

~coding modes iteratively.

20
In each iteration, a macro block is selected in W; to be
processed (i.e. to compute the R-D cost). The selection of
the macro block MB* to be processed is for example done such
that |
25
MB* = arg max Jij(mode.min(MBig), Mmode), ' (7)

Had

where mode-min(MB;;) is the coding mode currently assigned

with macro block MB, ;. The coding mode mode-min{MB;;) is the
30 macro block coding mode giving currently the best (minimum)

R-D cost for MB;; from among the coding codes that have been

tested for MB;;.



where n451 denotes the nunber of nmacro blocks in W' and y is a 25
control paraneter. After the processing of a wave front has been
conpl et ed, wDheiopaersess continues with the next wave fr @aI/SGHN00mB1
wave fronts have been processed, the encoding is finalized (based 30
on the determ ned coding nodes). WO 20j0/044757PCT/ SG009/ 000381 29
1: while not all wave fronts conpleted R- D conputation do 2: Conpute
SKIP node for all macro blocks in wave front 3: while predeterm ned
nunber of R-D operations has not been done do 5 4:identify macro

bl ock wi t lrt heehwor sordar r ok £ pexd aramnc dlpckcabr peoptotexdedt at e

of R-D opt,m,.zatjon ontht cr EJOCK oeRéD,oper tion . _update
R D cost 18557 chBEWFTES dlaitoteoe UAvent TRRb oL f P oSSl £ 16 Rese
with regard to its currently assigned coding mode, the worst

5 R-D cost of all the macro blocks of the wave front.

For MB*, a macro block mode modep.: is tested for MB* that
may for example be dependent on the coding mode that has been
previously tested for MB*, e.g. the coding mode that has

10 beén previousiy tested for MB* (e.g. in a previous
iteration), if ény, or. that may be dependent on the coding

mode currently assigned to MB*.

For example, moder.s is selected according to table 1

15 depending on the coding mode preﬁiously tested. It should be
noted that 8x8'coding mode is in this example the mode
leading to the least distortion. When this coding mode has
been tested for a macro block, no coding mode is tested for

this macro block.

20
previous macro block coding next macro bleock coding mode
mode tested for MB* to test for MB*
SKIP léexl6
16x16 . 16x8
16x8 Bxl6 -
8x16 8x8
8x8 end

Table 1: Next macro block mode to test

In one embodiment, in each iteration, only one macro block

mode is tested. This is also referred to as one R-D

25 operation.



9: end while The notivation for the macro bl ock selection strategy in
15 equation (7) may be seen as to divert conputational resource to
macr o bl ocwowntop44iye wor st R-D performance during the RAD/SG2009/000381
optim zation of a wave front. Since a typical wave front spans a

| arge area across the image, it is likelgy to cover both areas with
hi gh and | ow notion activities. Macro blocks 20 in the nore conpl ex

regi ons o he,bnage d.t.o have higher priority in the sel ection,
t hus bene?ﬁ%fﬁgb%%on$¢%2 é%tra R-D operations. The encoder 100
descri bed above with reference to figure 1 25 includes an enhancenent

| ayer nodul 02 .and a base_l ayer np 3, for exanple in
accor dance &ﬁv%ﬁw@‘fﬁ%ﬁ*m@?\ﬁ %’é@%‘@d‘?ﬁgﬁ%@%m‘@ial abl e video codi ndSi's

an extension of 1-.264/AVC and is 30 used to produece bit streans that
can fulfil different spatial, tepporal and SNR (signal to noise

ratio)°redliEPeRBAt eERPR UHAaELr bPrIsd Wk IPsRtPokRe ggsiing mode
2010/ 0447%&?9@6@%@%9@% 30t &nes Raldcdl bépekqgéééfdi@ad@bi lity

can be achi eved through encoding a video into layers (a base |ayer

and one or nore enhancenent |ayers). Wien a video of higher

resol ution . gual i is desired, a client can request and g
decode 5 en gﬁ%ﬁ%@@%Bﬁgyek%M%ﬁﬁf contain information for refining(a%d

enhanci ng the base |ayer pictures, i.e. the pictures reconstructed
fromoply the base |layer ipnfarmatiqn., In the base |ayer, t.i.on

vect ofd Wy BRRF cupEYen 1 SHciRAEerh ok PgnRoas B ST & PRy

nmot i on veebahagdpteroinated arewiherin ehds reb@bbeursbBg-disoyma ikimcks)
to exploit the correlation between the notign vectors of neighbouring

macro bl odRE. TR MaRBEAPPEOCE hehfpthisitarfe COGLBYoNOGE pif (I BHATT Df  a
macr o bl ogk+tSerefhaure Blo&an be predictively coded based

15 The iterative process of selecting the next macro block to be

processed is for example continued until a predetermined
number of R-D operations for the wave front W; have been

carried out.
20 This number may for example be given by
Nop(W;) = |2y - Wy (10)

where |W;| denotes the number of macro blocks in Wj; and y is a

25 control parameter.

After the processing of a wave front has been completed, the
process continues with the next wave front. When all wave
fronts have been processed, the encoding i1s finalized (based

30 on the determined coding modes).

According to one embodiment, the encoding process is carried

out in accordance with the following pseudo-code:



15 on the notion vectors of a partitioning of a neighbouring nmacro

bl ock that has al ready been coded. In an enhancenent |ayer a notion
vector forwe:z2plo@ekstay further be predicted based on t IPETraeR2009/000381
vector for a 20 correspondi ng block (e.g. a block covering the sane
region of the picture) in the base | ayers As expl ai ned above, the
testing of all macro block nodes with and wi thout residue prediction
and notion vect.or. prediction 25 1o determ.ne t.h et of tion
infornatigﬁ Fﬁgteggsgsag%ew %%tf¥%ﬁ25(ﬁ%s &F%anﬁﬁér or: u#%%&?% do
conput ati @anal | YoegpeassNepP redorfbhngllyl, mmtrooblesksnhhi wavd afrart
enhancenent |ayer.macro. bl ock, may al so be ti consupi ng and

comput at | oal | YREXBeREPIEE FHRIHEY P S ande "oP CBAFRG-ORT | 1 S
avai | abl e i s ugednt ach&pia®ve coding efficiency. In-one enbodi ment, in
accordance with SVC, durjing the encoding ,of an enhancenent |ayer,

e.g. tRe éicodi ng chf¢ReHLY iEr P G losky B2PETF B U057 BoosRae™ ot . by
the enhancement | aygér fOdtd @02, the node of inter-layer prediction
used (as represented by the inter prediction information 111) nay be
control | ed: The nodea®ty iHlernesy atafcedfcRrBnontedl satiofe ®hddditng
typically has direc&a&%ﬁ‘%ﬁoékoﬂnQQt-{5% e98€?5§¥ity and the codi ng
efficiency of the encoding process. For éxanple, the encoder can

sel ect toé&mot use iwpdatd B gusdi ction and to encode each | ayer
separ@ge . It-%gishc se, 10 a rel atively poor codi-ng performance can
be expeéected si "C Yyﬁlcally, much redundancy is present anong the

| ayers. Tige encefipletancuatsenichaose fronal, wapseuse héetbase | ayer
motion informatio .Hor t he enhancenment l.ayer coding and carry 15 out
resi dual 6?e&?@tV8ﬁ.eThis may show better coding efficiency conpared
to coding |ayers separately. However, the performance of the encoder
can still be inproved since copying base | ayer notion informatjon and

resi dual FREIFOLABATHRY HOT BRE JPRFIRIPLAT R SPAPET4PEL BFER L% elte.

15 equation (7) may be seen as to divert computational resource
to macro blocks with the worst R-D performance during the

R-D optimization of a wave front. Since a typilcal wave front

spans a large area across the image, it is likely to cover

both areas with high and low motion activities. Macro blocks
20 in the more complex regions of the image tend to have higher

priority in the selection, thus benefiting from the extra

R-D operations.

The encoder 100 described above with reference to figure 1
25 dincludes an enhancement layer module 102 and a base layer
module 103, for example in accordance with scalable video

coding (SVC).

Scalable video coding is an extension of H.264/AVC and is
30 used to produce bit streams that can fulfil different
spatial, tempoxral and SNR (signal to noise ratio)

requirements through appropriate extraction.



20 According to SVC, notion information and residual prediction may
be carried out adaptively at the macro bl ock |evel. A residual

predi cti orwOI2009/0847§7 be used to informthe decoder whet RET/SGRENHLEE1
predi cti on based on base | ayer residuals is 25 carried for a
particular macro block. Simlarly, nmotign vectors in the enhancenent

| ayer can be predicted based on the-base | ayer notion vectors. A base
| ayer SKIR,.node al.sq nmay, all ow an enhan nt_| ayer ¢cro hlock t
heri ¢t FETTOBA S PO AP ShE B = 11 Laeb 100 sty 208 vy EFEpidh o
30 bl ock. enModAhH0/a044dedPTALSQRAPSFH0BHask? g aorpdt 3hk0Br RSO Ce
i ntensive. To assegi &he ra e-d%stortio w se ef ectiveniﬁs of each

mode, an € Rt 8YEhEEesEReRI F & | GEROWFROR| PT

possi bl e asyidiaiguanstof i60desgrandes spidiatcadhectabatdhitionttdde
cost 5_of each conbination can be conputed. Wthout any heuristics to
reduce®t h&ETHARNSSeHE daWBrRatRdhsCoRt B tiavfargatdophiferwagLintngeide

whet her t 4 a p Loty invQl v he . Ltion of
the moti o 1D Santok e PRt i { Hoor SatH ava) Shrearar o ayer

pr edi ct i orrarsgisdavskHede fgomnerlvnthedrase prasic tindprhabirhase | ayer
and residual prediction frombase |ayer). Al though adaptively

sel ecting the node of inter layer prediction for each macro bl ock may
i ncrease rit &ldi Seset lepeperhothancescidramyakso ptbdhetend pEcom dotler

embodi fonto TS GRGoAr g eRonb dbety ot e SwiPRer e BFanEE" t o
figure 3 icthesgdefar ashgncenediyg) ayefrendadika]. to exploit the
correlation between the motion vectors of neighbouring macro
blocks. For example, the motion wvectors of a partitipning of
a macro block (see figure 2) can bebpredictively coded based
15 on the motion vectors of a partifioning of a neighbouring

macro block that has already been coded.

In an enhancement layer a motion vector for a block may
further be predicted based on the motion vector for a
20 ~corresponding block (e.g. a block covering the same region of

the picture) in the base layer.

As explained above, the testing of all macro block modes with
and without residue prediction and motion vector prediction
25 to determine the set of motion information that gives the
best rate-distortion performance is computationally
expensive. Accordingly, motion estimation for an enhancement
layer macro block may also be time consuming and
computationally expensive if the wide range of coding options

30 available is used to improve coding efficiency.

In one embodiment, in accordance with SVC, during the

encoding of an enhancement layer, e.g. the encoding carried



20 The encodi ng process for an enhancenment |ayer may be carried out
simlarly to the encodi ng process descri bed above. The process may be
nodi fi ed twotel@igdvant age of the 25 observation that aCTSchenmoersent

| ayer macro block (i.e. a macro block of a digital picture as it is
input to the enhancenment |ayer nodule 12) is often nore finely
partitioned conpared to the correspondi ng base | ayer macro block in

case that base | er _and _enhancenment_ | ayer. ar,e.of .30 the_sape,
resolutioﬁn%T%Q.%ﬁﬁ case tRAr t heT éfém%lﬂ§b&$galtgchﬁg?i%%E%?F% It
104. WO 2@1@x044e81BEILEGILE/ (06 3Bdp B35 dActear Biynghtointer epbed areiin

t he encodi,ng of a.wav ont i,n the enhanc t layer hegips b

conput i ng €r§R%¢PH| 37% %%s%??%ﬁéiﬁ9§ir§%ﬁoﬁgéFoPQangﬂﬁiféVer

bl ocks i ngheaiwavenf neal. idhené i ésdodbed @ ieek 1§0H8st 88k 66t f OF fart
enhancenent Ia¥er 5 macro_bl ock is based on the node associated with
the correSFok@ithg thgsEoTRYB¥ L HACHRA PHIRICOH Y efarplanarcof dih)y t o
table 2. RagediayeprBBekg. bl ock coding node next nacro bl ock coding
node to test in énhancenent |ayer for MB* SKIP 16x16 16x16 16x16 16x8

For example, the encoder can select to not use inter-layer
prediction and to encode each layer separately. It this case,
10 a relétivély poor coding performance can be expected since

typically, much redundancy is present among the layers.

The encoder can also choose to always use the base layer
motion information for the enhancement layer coding and carry

15 out residual prediction. This ma? show better coding
efficiency compared to coding layers sepafately. However, the
performance of the encoder can still be improved since
copying base layer motion information and residual prediction
may not be optimal in a rate-distortion sense.

20
According to SVC, motion information and residual prediction
may be carried out adaptively at the macro block level. A
residual prediction flag may be used to inform the decoder
whether residual prediction based on base layer residuals is

25 carried for a particular macro block. Similarly, motion
vectors in the enhancement layer can be predicted based on
the base layer motion vectors. A base layer SKIP mode also
may allow an enhancement layer macro block to inherit the
motion information of its corresponding base layer macro

30 Dblock.

As explained above, with the wide array of coding options,

determining the optimal coding mode for each macro block may



16x8 8x16 16x8 8x8 8x8 Table 2: Next macro bl ock node to test
(enhancenent |ayer) 10 The rule according to table 2 ensures that the
enhancenermvolzayaasmacr o bl ock is always at | east as fi reETy8G2009/000381
partitioned as’its correspondi ng base | ayer nacro bl ock and reduces
the nodes that have to be tested to a sybset of all possible 15
coding nodes. Simlar to the base | ayer, the next enhancenent | ayer
macro bl ogk t e.praocessed is determ ned by the current R-

bor f or mande (PEERATR: BegekF 6P EEPREtDr dhthd 6 EhEPe BBEe-

respect i velimmorgiidny vdssoeifdtedicotesg dbdejcipDinoalel, amceacblesksad Nnco

the wave front. The_macro block with the current. worst R-D
per f or mancB9E S8VEdYe §°5Rd 3t ﬁ@cﬁgx?l%%]ﬂi“h’d:qrﬁgé POSCELLEd for it.

Thi s processbihaftoneX3Fpkedihgr abeds ust i ha predebiceed i BURbE] o@f i
operations have been carried out. WO 2010/044757PCT/ SG2009/ 000381 34

Accor dPng %fo SGFE SPFRANAEAPT ERB BRCOUMPILYH-ocess for an enhancement
| ayer is carried out in accordance with the foll ow ng pseudo-code:

Without any heuristics to reduce the number of combinations
to be tested in this way, to decide whether to use intei-
layer prediction may involve the repetition of the motion

10 search with and.without each available inter-laver prediction
mechanism (e.g. motion vector prediction from base layer and
residual prediction from base layerxr}. Although adaptively
selecting the mode of inter layer prediction for each macro
block may increase rate-distortion performance, it cén also

15 be expected to increase computational complexity.

Therefore, according to one embodiment, the encoding scheme
described above with reference to figure 3 is used for
enhancement layer encoding.

20
The encoding process for an enhancement layer may be carried

out similarly to the encoding process described above.

The process may be modified to take advantage of the
25 observation that 'an enhancement layer-macro bloék {(i.e. a
macro block of a digital picture as it is input to the
enhancement layer module 102) is often more finely
partitioned compared to the corresponding base layer macro
block in case that base laver and enhancement layer are of
30 the same rescolution (i.e. in case that there i; no spatial

decimation ecircuit 104.



1. while not all wave fronts conpleted R D conputation do 5 2: Conpute
SKI P, I NTRA and Base Layer SKIP node for all macro bl ocks in wave
front 3: WWDI2e10fs&det er mi ned nunber of R-D operations PE£I/S6G30091986881
done do 4: identify macro block with the worst current R D
10performance 5: carry out next state of3 R-D optimization on that
macro bl ock (one R-D operation) 6: update R-D. cost 7: end while 15

8: conpl et rr r ve t ext 9: |Ie

enbodi mant% dgﬂ%p\l%cafl:éo%@ﬁ%ereﬁ%oﬁcphu aetnict())ﬁial powe':F'L ‘l“%v%onrs?r%tallr{led
or vari ablthe ehbasnendai tappntbﬁgnma&uz&om@mmhegltyenaylbe INTRA and

adapti vel y adj ust ed, npLe to power

constrain ?EELEQFSErS&EEr gﬁn%?ﬁ a é%ﬁﬁﬁ %ﬁ Etﬁg gh?(%?ﬁecﬁr%ﬂaé
Ar Gop equdihet @ifretr manebudiagk oned® Hdarml and faﬁuénﬁaﬁééﬂ"[@ﬁt Paydr
target _GOP encogé gktlne Ti an be conputed to ensure thatha required

frame ﬁatgaggﬁ tépngase on the mode associated with
coxresponding base layer macro block, for example according

to table 2.

base layer macro next macro block coding mode to test in
blockhcoding mode enhancement layer for MB*

SKIP 16x16

16x16 16x16

16x8 16x8

8x16 16x8

8x8 8x8

Table 2: Nexi macro block mode to test (enhancement layer)
10
The rule according to table 2 ensures that the enhancement
layer macro block is always at least as finely partitioned as
" its corresponding base layer macro block and reduces the
modes that have to be tested to a subset of all possible

15 coding modes.

Similar to the base layer, the next enhancement layer macro
block to be processed is determined by the current R-D
performance {i.e. éhe R-D performance according to their

20 respective currently associated coding mode) of all macro
biocks in the wave front. The macro block with the current
worst R-D performance is selected and the next coding mode is
tested for it. This process is for example iterated until a
predefined number of R~D operations have been carried out.

25



Using the encoding tine for the P frame To as indication of t he
current conputational resources and the conplexity of the 30 frane,
the tinme requirneds’®sd encode each of the subsequent B f rramss2am00d361
estimated and the paraneter y that controls the nunber of. RD
operations per wave front (see equatio 4( 10)) WO

2010/ 044757PCT/ S&009/ 000381 35 can-be~adjusted to ensure that the
encodi ng can be carried out .in tine. Ialscan be.seen from experinents
that i n oRECERBHRRNER(ONS SRRATE e faPotnd PERTEs 1o =@
encodi ng EhABneEmanB i%@é&e 19 hbvikd Wher enThckSrdfgceneDth nthd | ne .
w th exhaustive rate- distortion conputation (i.e. exhaustive test of
codi ng nodeléewbnaapPserd9Tcad® Thr ough extrapol ation, a value of y
equal to 9.(yhieb £8P el iR PERIRG 3enpadiBE RLD- 8BRS DAk HAS
SKI PPED or | NTRA) gives an encoding tinme of around 0.6Th. Since the
time 1%ft2: toCenpwee SKIZP BITRSy ande Beser hagehaSKbRarrdmdotedlils To
-Th, the tine I or, e i r each B frame of the GOP, 15
TbThrg. 70 is g%éel#ﬁ%i%]{%ol%%g%gggohg v1IGOP In this case, y be
simply chasen aisiPe (diedsigamihel) nuib2y of R-D operations has not

been done do

4: identify macro block with the woxrst current R-D
10 ‘ performance
5: carry out next state of R-D optimization on that

macro block {(one R-D operation)

update R-D cost

ib

6

7: end while
8 complete current wave front, move to next
9

end while

in one embodiment, for applications where computational power
is constrained or variable, the encoder computational
20 complexity may be adaptively adjusted, for example to meet a

certain (power) comnstraint.

Consider, for example, a group of pictures (GOP) of size Ngop
equal to four including one P frame and four B frames. A

25 target GOP encoding time Ty can be computed to ensure that a

required frame rate can be attained

Using the encoding time for the P frame Ty as indication of

the current computational resources and the complexity of the
30 frame, the time required to encode each of the subsesquent B

frames can be estimated and the parameter y that controls the

number of R-D operations per wave front (see equation (10}))



where rib is the estimated tinme to exhaustively code the next B -
frame. Estimation of the encoding time of the next franme can al so be
based on twebmuu476T ane that is bei ng encoded. Typi cal IpCT/Sen@odia3st
time of aframe is likely to be simlar to the previously encoded
frame of the sane tenporal level. WD 2010/044757PCT/ SG2009/000381 36
Encoding tines of franmes of different F@hporal | evels are likely to
differ when a stop criterion stops the notion searches when SAD i s
smal | er tlean Bet Redvhbhd Be $nHes that fae enepdisgperal be exarifde
tenporal |y fuctheg apart. 5 Generally, a larger search range and nore
search points are reqU|red when frames are tenporally further apart
and franes becone |l ess simlar. As the encoding of a GOP progresses,

t he value n be ad ust e th codi ng-o to
ensure th% gégoglnﬁe%an e COH%'J#Mé 5 %P%% 9918gﬁr%%§§§£E§4§2§%5L

it cansbevadten btifay EQEabnnmdirmpduduan&h@es@cnuedgabmme af | ovs frame
encoding to be6§grr|ed oyt with about 40@6conp|$§% y reductjon w.th

little dr & Pn @dWH&rﬁe bot SRR rolE G N
15 | k
Sice 15, SUBMLELANCLi GGl | £ 40 LS IROYR DLOEKSFULLEI hoae

descrlbedc&hbneaﬁhbna&.redUC|ng the rate-distortion cost of a wave
front significantly faster (in course of the optim zation process)
t han conventional nethods. The ability 20 to decrease the total R-D
cost Df aThaveghr éﬂtrﬁpéBa‘qiti:IC,klay “alreoeEs vt keuper tor oamgleicd daie be

encoder in tw wa ncod g sche ordln to the e nt
descrlbedl§58€8r8§ﬁda?Fa?ﬂ nﬁﬁﬁF n@@ ELFPRD ?%ga%@¥*an

25 exhausiyiyessgar eﬂcsam?ieflm& tdE aar%@ﬂa fo.gamy.| wiseal LRE Duaberenf
conputations; by controlling the nunber of conputations per wave

front, theocenpbexi tyGoP sfieeenduder fxammebkacobtenl krdoddtiels Ty -1,

conputatlonal resources are channelled to the currently worst 30
perfor m nghei Hima RVpLisRte stz noatking Bicgcrach: Refr#Ranct *the GoP,

denong yh eggqghogyln the nunber of function calls during
t he encodl @g’Focess It ban“be shown

Ty — 1o
Torarget = Noop — 1

(11)
In this case, y be simply chosen as
20

2(?%3—0.1). (12)
T

where T, is the estimated time to exhéustively code the next
B - frame.

25
Estimation of the encoding time of the next ffame can also be
based on the last frame that is being encoded. Typically,
encoding time of a frame is likely to be similar to the
previously encoded frame of the same temporal level.

30



WO 2010/ 044757PCT/ SG2009/ 000381 37 that the reduction is across al
macro bl ock operations at the macro bl ock | evel. The conplexity

scal abl e ewoadiorwgs7sThene accordi ng to the enbodi nent dexarsiGhexd/ oed3sy e
can be useful as it can be expected to work well with other 5

conpl exity reduction techniques. An encoding schenme that tries to
control encoder conplexity by controll?ﬁg the notion estimation
search range can be expected to becone |less. effective if a faster

i npl ement BeéoRing oimeheoSATanper #fi ALEsranbdt¢ppesi bliewiso@de t he
use of Sl ' €] |0 |t ' ' :Qf, SOne
effecti ve%éjts&gg%r%#%%%gﬁ%%%B;Sl&g%deltr Egggiﬁk 0%32?:%% iu%{nés ngr%é%?\lo

| onger t hsebothéenmendn i AR hiss emeddieng tbper at thongshdEd Gontiwsinieisngnt he
conput ati pnpal , resource all.ocatiqgn _as scrib apove tends..to channel
T ted r SR8uHREST oAl b el Rg: PBBRRFRE oot T e Gt 1 a
conputmt i eeserSige & Riyoomusrahi eanbier aadpasté cadarctpardiintisomre
includes different operations that can be_conputationally co ex 20
(6 g, ot FEACLER MRSIo Ao eFG: e RATLAY oF BELEF AR o P PGS
conput at i pacGhe I 8des ek 08! A itORS bncBa@HgCONPA eBb ] Yo rstid@esGamhbe
expected even if these sub-operations of the R-D conputation ar.e

i npl ement BALYR 1 AF | BuRAn dehEkIstpd PSTPRE EheetRrodie Lok frame
encodi ng E?hé’:@uf&%ﬂ NShd Qu:a1y SHROBEMeBhE8P4! 59 @fmé).bserved in

the scal abl e extension, 1.e. used for an enhancenent |ayer as
described above. It can be seen from experinents that the encoding

e
par anet erdégcgibgd.above allows encoding to be carried out with about
40% complexity reduction with little drop in codiﬁg
performance. Furthermore, it can be seen that since

15 computation is channelled to the macro block currentiy having
the highest raﬁe—distortion cost, the encoding scheme
described above allows reducing the rate-distortion cost of a
wave front significantly faster (in course of the
optimization process) than conventional methods. The ability

20 .to decrease the total R-D cost of a wave front more quickly

improves the performance of the enceder in two ways:

- The encoding scheme according to the embodiment described
above can attain the coding performance near to that of an

25 exhaustive search encoder with a significantly smaller number
of computations;
- by controlling the number of computations per wave front,
the complexity of the encoder can be controlled. The
computaﬁional resources are channelled to the currently worst

30 performing {in an R-D cost sense) macro block.

Other than demonstrating the reduction in the number of

function calls during the encoding process it tan be shown



WO 2010/ 044757PCT/ SG2009/ 000381 38 The ability to control the
conplexity of the encoding at each |ayer also provides insights on

t he al | ocawpeaioi475Dput ati onal resource across the | aysEsG2ifeensshe
enhancenent | ayer always reuses the base |layer notion 5 information,
codi ng performance at the enhancenent ggyer may suffer as the notion
information acquired at the base | ayer ~“i's not optim zed for the
enhancenment | ayer. Encoding the enhancenent layer in this node is

however, FEBRAtFDeljereeiion ixARANSE 441nB2RID RLABK R I T ALr i ed

out in the,10neRRaNGESERT1 dAYES SI‘heb‘léomEﬂ@R'ﬂ:?t b@&@ébi@s&%&ﬁ&gmy be
invested in acquiring an optinmal notion vector field for the base

| ayer. Thechamanserenditayier EirerrmboddasnthilssrribeAatPere &Rk R8f i nes
15 only the tesi dualy i fonuatdon..d2 $6! {,hhg ¥eYa! yesni fdapendent |y

in differént ﬁa ers, tﬁg onputatlonal resource al Vocatlon to each

| ayer &ancbmp&enitplteﬂh¢tzmhrtpahnlq@eﬁnre ef ficient use of resource.
As 20 can be shown by experinent, channelling resource from base to
enhancenent |ayer is likely to lead to better performance conpared to
only opti EhZkngotibhg oschaforitetti aries thecbaseolayecod®d Eptnlndityg

t he base | ayer and hen reusin the mat i on |nfor ion in the

enhancemeRY FEPEFLL+EPE TR AY & TCBREEER; ?aﬁ | BRIV S when

there is éx ee&éaatatbé@orﬁ@nma@témlﬁ;@swr aefagwﬁrm@mmmfaﬂlm
show t hat is not the best way to allocate |Iimted resource and

i nvest® ngO§ot§@n§APe%%¥%l?rh kherssst i (RessaPlyf thoereh T dtifatdfon in

the enhan%@‘cﬁ%”%\@iﬁ%ﬁé%ﬂ%f ud Qhak di ,%q@ tdatagt § 85t OYEE Bbds cdisRghe
per f or mance 10/ 044757PCT/ SG2009/ 000381
effective fast search algorithms) and the SAD operations are

no longer the bottleneck in the encoding operatioﬁs.

15 Controlling the computational resource allocation as
described above tends to channel limited resource to macro
blocks that benefit most from the extra computations. Since a
R-D computation for a particular partition includes
different operations that can be computationally complex

20 (e.g. motion estimation, transforms and inverse transforms
for the computation of rates and distortions), good
complexity control can be expected even if these
sub - operations cf the R-D computation are implemented with

lower complexity.
25
The effectiveness of the encoding scheme according to an
embodiment can alsc be observed in the scalable extension,
i.e. used for an enhancement layer as described above. It can
be seen from experiments that the encoding time on the same
30 computing platform (or equivalently the power consumption of

the video encoder) can be controlled by a single parameter

(e.g. vy).



It can further be shown that when | ess resource are invested during
the rate-distortion optimzation in the base |ayer, the coding

ef fi ci encywat2otoi@4®nhancenent | ayer may al so be aff ect edT/Sthen/oodse:
base |l ayer notion information is closer to 5 optimal, due to the

hi gher nunber of conputations that vvas3%arri ed out in the conplexity
scal abl e schene, the base layer notion~informati on avail able for
reuse nmay_al so_be better suited for the_enhancenent |ayer j%géas ite |t
bei ng opt FAEzERLELFY a5 FRATIRY -tha SPTPISXALY RE BRE- TR \ﬁ%er? h‘e

base | ayen  ga¢ hheocepheRCes®ind ifls Wndens, at hecsvidb@oyect or
informati on may becone | ess optimal for_the enhancenent |ayer and the

codi ng peFPBPHEAEEOHRY TRTIVIFS CHASFe thE LRA¥SEasMRe™ g

exhaust i vgnﬁal?cégeﬁeti%r}@@tm&ys 43Ry ahkephgeseraL Aty sontrol
the conplexity of encoding at each layer allows the encoder to

opti miZe éadhrinaydeni occeiiterrenfayease apshai aAphancemnt npoiarafed

of each | r_20 | reERMS, Qfnt LV t

di gi tal p?;%:ﬁ?l%reg g%qﬁ%%?%§@%{enl conputtgtolno%gflﬁrﬁgggugée@%réﬁeﬁ%%sgg,d

channel | i ag nesouptinized hoR-heopahaticemsntnlafier enbacedimgntteayer s

at the expense of base |ayer . be goqd. i dea, especiall en, .t he
D1 t-r at o8 SBRSTRENED Taya olou tish TeRghts: PRAERS= 6 P ot ant nd Tt
base | ayeEoH{?ﬁ_anab niorgR %nétp%tﬁﬁﬁ.oﬁri?én eptitdgashd om the
enhancenent .Tayers. According to one enbodi nent, a nethod for

conpl Exi t gnbeakabent vliagerencodi ng is provided includi ng determ ning
a rate 30 distortion (R-D) of at |east one nmacro block in a group of
macro bl ocks of a frane, wherein the macro bl ocks of the group of
macro bl oakd apmpathtcentl t:esactva ey, behéngeetipd WD acquiring an
2010/ 044757PCT/[ SG2009/ 000381 40. of ro,.blocks is_selectéed such that
it spans QE’F&@??tﬂ%t:l‘?rérﬁée%o?r oSt &% 8R8e33%80 %Hsrl\/gfg}eo bl ocks

w thin a ghbtpcemanbel oper atiech aredsrede paddenhify raaticonaud resfines R-D
corrpuﬁation f% a gartic ar group.s carried out by 5 iteratively
oper at? ngBAYmiBF ot BF oKR! i IPANEGr'Sip for a predet ernined number of
oper ati ons.

By setting vy values independently in different layers, the
computational resource allocation to each layer can be
controlled leading to ‘a more efficient use of resource. As

20 can be shown by experiment, channelling resource from base to
enhancement layer is likely to lead to better performance
compared to only optimizing motion information in the base

layer.

25 Optimizing the base layer and then reusing the motion
information in the enhancement layers is a possible low
complexity option. However, when there is a constraint in
computational resource, experiment results show that it is
not the.best way to allocate limited resource and investing

30 some resource in the refinement of motion information in the
enhancement layers will probably lead to better overall

coding performance.



In one enbodi nent, the R-D conputation for each macro bl ock of a
group of macro bl ocks is performed concurrently. In 10 anot her

enbodi mentwotzhm/0R7B7 i s determ ned for each nacro bl ock rafr/schecsgomep
of macro blocks with respect to the R-D of adjacent macro bl ocks of
the group of macro bl ocks. According to gne enbodi ment, conputati onal
resources are 15 directed accordingly t% the macro bl ocks that

require t nost roglgsshng. This further permts the conputation of
RDin a aé&ift%}t | 361 BhPUR hFRAT WS U e Je2asG et REScoaYpREed
per f or mangg,A; stigal.l y; d : .d | SvC
Cohene, | oadad THE RS Mt ot e aaatesy Lpoote M o,
across a filmneocddwer efditaegeyareatind eftemnomgmtaddyetr wayl aked ybd hat

areas with hi nd_low nption activities are .aqnsidered., 41 d ai
ot et R sih, B PRt it i I RS 1 %G B
. ]Pl ur a{si ty:igﬂirr@il;seldae each?@i ze@?@ﬁimmw@ﬁ_ o deppbutathonk 5hh€ﬁx$és one
of a plurality of groups, of pixels conprising. associating eac rou
of pi Qel s W%‘ﬁg Bl%ffrr &Bi Weo‘fgom%}%’ér’pgyng?cﬁ}i%%es SweRea ’Fbgs]?a%% %ﬁ@?rp
node of a il iih¥oefhadhbhese51 1 890k N8 maydat 86NMbAI BrtdOr
each group of pixels, a first'enceding. . 10 performance :

| evel . spediFifisdg fan EheoBNhgnprreRE ey | CRspide diebgintpept priasds

when enco C i.hg.tq jts ,associated .first.codi ng node;
& ﬁ%lrr 81k L

.. | ted . . .
determ ni ng at ['east .0one ‘grodp of pixels O the. plurality. of
groupl®f pixels such that the first encoding .15 performance

| eVel . of -t he at | east one deter.ni ned %roup of
As the bit - rate between the base layer and the enhancement

layer widens, the motion vector information may become less
cptimal for the enhancement layer and the coding performance
may worsen relative to the case of using exhaustive R-D

15 optimization.

Being able to separately control the complexity of enéoding
at each layer allows the encoder to optimize each layer to
different extent depending on the importance of each layer or

20 the requirements of the receiver of the encoded digital
picture sequence. When computational resources are limited,
channelling resource to the R-D operations in the enhancement
leyers at the expense of base layer may be a good idea,
especlally when the bit - rates of the .two layers are

25 significantly different and the base layer motion information

is far from optimized for the enhancement layers.

According to one embodiment, a method for complexity scalable
video encoding is provided including determining a rate

30 distortion (R-D) of at least one macro block in a group of
macro blocks of a frame, wherein the macro blocks of the

group of macro blocks are adjacent to each other. The group



pi xels fulfils a predeterm ned quality criterion relative to 4 the
first encoding performance |l evel O the other groups of pixels of the
plurality WO 20m008587 O pi xel ai det er m ni ng, PCASGR6D8/000381
determ ned group of pixels,-a 20 H second endodi ng performanca | evel,
speci fying an encoding performance |evel of the group of pixels when
encoded according- to a second codi ng de which is different' from
the first .coding made; ., co arindg the first performance | evel and
the secon@t. m??;”p@??%kﬁaﬁ%es? ed’ spghy GPAE ﬁg PRBNSERGFRET ddishg

node witheybhe qetepitpgfegrodibdfeRios MactkBepligsibtwotnida group
conmparison fulfils a predeterm ned association criterion; and
encodi ng €&8hbgr eRpreFedi xel sndensiglently assoerarsareattndi P node.

2. The ne i t i , in.ea F QUD, i xel s
cover's 5 CoNTRISS Ay 05 o The dl T o Poiay soroiggPoft D
met hodS acésedingvedy coperaRingimr alacuchéloicks andthhapecws fdwe a

cont i nuoug,, 36eR. s S ahuA0L: A4 GRS B P xel's. 5

In cne embodiment, the R~D computation for each macro block
of a group of macro blocks is performed concurrently. In

10 anbthér embodiment, the R-D is determined for each macro

- block of the group of macro blocks with respect to the R-D of

adjacent macro blocks of the grbup of macro blocks.

According to one embodiment, computational resources are

15 directed accordingly to the macro blocks that require the
most processing. This further permits the computation of R-D
in a complexity scalable fashion without degrading the coding
performance too drastically in the AVC (advanced video
coding) or SVC scheme. In addition, the selection of a group

20 of macro blocks across a frame covers a large area of the
image and it is likely that areas with high and low motion

activities are considered.



4. The method according to claim1, wherein the groups of pixels are

bl ocks. «. 5. The nmet hod according to claim4, wherein. the QVOPQ?/sQizt}bQ/OOUB
'pixels are macro blocks. 6. The nmethod according to apy.&n4 I@N vember 2010
claims 'l to St' wherein the first encodi ng perforMnce | evel ? l.nl

the Tiality criterion if is below-a thmgshold. 15 7. The rrethod
according to any one of claim 1 to.6, wherein the first

encdi ng. per Caeimsce | evel fulfils the quality criterion if it is a

| owest encodi ng perfornance .. level of the first encoding

performance | evels. 20 '8. . The-nethod according to any one of

clains 1 to #r whRmsthedhor engeding a Hégtoapapictomef batirgs at he

predet er m neg1agsPLiRIdOR1 RE1 4, ClebOR [slxetlhse%&%o%@swa Wen at
performange evel is hlfg er_than the first encodi n 5 pertornance

| evel . AaShet o PLalcBtHidtd oY PhfFosRe of Rix&: ﬁsc‘imch}ssng
wherei n the resulassﬁclathegoawhagr&@oﬁubixéss e thergriel=anpined

G Teast a5 REoR T RE T oY BT MCer o aze%Yech "
- di fexent_codlng modes, ' .
determining, for each group of pixels, a firgt’ encoding"
.10 performance level specifying an encodlng pexformance level of
the - group of plxels when ericoded accordlng to its: aSSOclated
fflrst codlng mode ) '
determining at least one group of plxels of the.
plurality of group of pixels such that the first encodlng
15" performance level of. the at least one determined group of
' pixels fulfils a predetermaned quality criterion relatlve to
-the first encodlng performance level of the other groups of
pixels of the plurallty of groups of pixels; ’
determ:mingr for the determlned group of pixels, -a
ZQ'-second encodlng performance level, spec;fylng an encoding
performance level of the group of pixels when eficoded
) accordlng to a second codlng mode which is dlfferent from the
flrst codlng ‘mode; )
comparing the first performance level and the second
25 'performance levels _ L o
asSocieting'the second coding mode with the detecmined
group of plxels if the result of. the comparlson fuifils a
predetermlned association crlterlon, and ) .
encoding each group of plxels using' its aSSOC1ated

30 coding mode.

2. The method according to claim 1, wherein each group. of
pixels covers a continuous area of the digital picture.
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10. The method according to any one of clains 1 to 9, wherein the

encodi ng performance | evel of a group of pixels when encode®CT/8G2009/001323
according to a coding node is the rate-distortion perfqz[eaang@lmo{;g&g,ergom
group of pixels. 5 11. The Method according to any one of clains 1

to 10, conprising carrying out a plurali4?d -of iterations wherein in

each iteration a current encoding performance | evel is determned for:

10 éach group of pixels specifying a current encoding performnce

| evel of the 3grouph@fme;tmelscddialn@nwdﬂdlﬁcﬁ,oml'eﬁglnotﬁé Ssi%r E\ﬁﬁ't'y

associ ated cQ east .one i xel s of e
plurality of rgup ﬁiepfgréfmufogx FhE® At Fgﬁ"l'l L‘%t%& ﬁf‘?o‘ﬁ“‘i&s of
det er m ned sﬁ’éheiﬁat 15 the eurrent encodi ng perfornmance | evel of the
at | east gne determ ned group of pixels for the current iteration
fulfils the predeterm ned quality criterion; a test encoding
performance fevel Th% &P AGreddidy ﬁ%&laéme}-wheaemm gfroppx et
for the currehkels$esmt bdacks 20' specifying an encodi ng performance

| evel of the group of pixels when encoded according to a test coding .
node which is different fromthe current codi ng-node; theperformance
| evel and the-teathepartbrdrarcordisevisl caasm conpbestin 2iechgroess ot
codi ng nygle psx@§§%eahggrgmﬁllackge det er m ned group of pixels for -
the-current iteration if the result of the conparison fulfils the
predeterm ned assocCiation-.criterion.-30. 12. The .net hod accor di ng to
claim 11, wheérei rii'lieheteahd:cemOmmg)rte gnpwheobfpd:mﬂ& ‘af tbhs

pl uf.al i ty of AU PhePEXelS eLesdHaep%%J;ﬁﬁgnc PLA B fil %er'm ned:

by a conpari son_ of
) quality criterion if is below a threshold,

15
T, The method éccofding to any one of clains 1 to.6,
whereln the flrst encodlng performince level fulfils the
’ quallty criterion if it is a lowest encoding performance
. level of the first encoding performance 1eve15.
20 ) '

{8. . The -method according to anf one of qlaimn 1 te 7,
wherein the result'of-the comparison - fulfils the - Cr
pradetexmined assoc;atlon crlterlon 1f the second encoding
performance level is higher than the first encoding -

25 performance level.

.9. The method according to any one of clalms 1 to 8,
wherein the result of the ccmparlson fulles the )
predetermlned assoczatlon criterion if the second encoding
30 performance level is at .least as hlgh as the first encodlng
.‘performance lEVel-
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99 current encoding performance |levels of the plurality of group of

pi xel's. © 13_ The nethod according to claim 1l or 12, wherei BCIV8G2009/001323
Iterations are carried out until a term nation condl ti Mecdised 18 NovemberZOlO
fulfilled. 14. The method according to claim 13, wherein the.

sterm nation condition is determ ned ba%2d on avail able 10

conputational _resources. 15: The nethod. according to clains 12 or

13, wherein the Ther AERERY GFceBRing itonatys cpe of claims 1 to 9,

maxi-mim nunbekefir B:aéaéﬁ@fb&ngebé‘&cﬁﬁaﬁé@dlevel 52 a grou I%'B{
according to_any one of clalms 13 to ; erelnt% tpe ation
condi tion i s*pEl SRS RRRY Frﬁ?ltc?naofw‘éjd?ﬁ)m"’éﬁl dhalhe éééar ces
necessary foﬁlmmdpngpem:dlagceaif tpecdrg of. gdzels’. The net hod
according to any one of claims. 13 to 16,. .wherein the termination
condition .i s based on.an estimation of the time necessary for'

encodi ng t hetti gith&l mp¥radiascopding) 8o arme omet hbd-keiasr di by 100 any one

of . cl ai s Whesngiriisting seagndgCom RpIRAS ity Qet%ﬂmgnfsf&m% ffrst
codi ng node |ncha(i%ord nce wth a pre-determned rule. . he
met hod accorcang t6°3 y one of clains 1 to 17, . 30 wheiein the

. digital picture escgrmgnﬁe@nca@xnn’dengprmanaebae€21 is determined for
' . 10 each group of pixels specifjing_a current enccding -
performance level of the group of plxels when encoded

according to its currently asscc1ated coding mode;
‘at least one ‘group of pixels of the plurality of group.
of pixels for the current iteration is determined such that

15 the curreﬁt enccding performance ievel of.tﬁe at 1east cne~
determined group of pixels for the current 1terat10n fulfils
the predetermined quality crrterlon. _ ) _

- a test enccdlng performance level 15 determined for the
,‘determlned group of plxels for the current iteration,

20 speclfylng an enccd;ng performance level of the group of -
pixels’ when encoded accordlng to a test.coding mode whlch is
different frcm the current coding mode; ]

the- current performance level and the test performance .
' lével are compared; _ O o

25 the test codlng ‘mode 15 associated Wlth the determ;ned

' ‘group of pixels for the current iteration if the result of
the comparisorn fulflls the predetermrned assucmatlon'

crlterlon.

30 12 The method acccrdlng to claim 11, whereln the at least
one’ group of pixels of the plurality of group of pixels for
- the current iteration is determined by a comparison of =
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-layer and according to an enhancenent |ayer, wherein' the coding
nmode ass$ociated with the determned group in the . enhancempmI/$@089/001323
.is deternined froma ' codi ng node associated .45 w tIRebéied 18 November 2010
det er mi ned group of pictures.to be used for encodi ng .the digital
pi cture in accordance.w-th the base | aye$d i n accor dance W th
a_pre-determ hed rule. 5 20. The nethod according to any one of
claims 1 to FATIfRErertPding ertfiararnge cienedsi of etfvodddratioy difngrbop a
base | ayer anst @ﬁ&eldj ng to an enhancenent |ayer, wherein the first
codi ng node associated wth the determ ned group is a coding node to
be used for encoding the digital picture in 10 accordance with the
enhancenent |1&@yer Thaddnethedseomniiogdtang laimdel Saﬂ&Qel’mhéMrf EBE a
codi ng node t r d_.g ictur
used for gncg%%%gh%ﬁg a\{ALdleg?aE{1 rﬁj g%ﬁr%ﬂﬁﬁ' gc%%#nglélﬁgégw ?%ncﬁa:é‘oﬁaé%
layer in accd¥d&rée®hith a pre-deternined rule. 21. The nethod
according to.any one of clains 1 to 20, wherein the first codi ng node
and the seco co |n d eC|f for p of -pixels, a
partiti oni ngrigf t he %Fgﬁpg B ¥‘§ lgzﬂj’rﬁ’g thdd*®accor ding to
claim 21, whé&eshhnaticompgenditiion ng @étetxhrengdqu&edf opi xedislabdeused as
a. basi s i@r omBhiesk dia@nr&doRicyel , val ues. of the group of pixels in
encodi ng the group of pixels. 25 23, The met hod according.to claim
.22, wherein the partitioning of thel group of pixels is used as a -
basis for a pEedi THe mtbédmocelrdizmtjtmscmﬁiﬁdnangeupa Ofwrirs@hsthd -

encodi ng t he@LQup: Ol PLEEES sRY- Epti(ﬁlxl%Lﬁrgﬂﬂber of iterations being

reached.
15 . . _ .
16. The methed accordlng to any one of clazms 13 to 15,
wherein the terminatxon condition is based on an estimation
of computatlanal resources necessary for encodlng the digital -
. piecture..
.20

17. ‘The methed accordlng to any one of clalms 13 to 16,
_whereln the - termlnatlon condltion is based on_an estimatlon

of the time necessary for encoding the digital plcture.

25 ‘ 18. The method according to any one of claims I.to.i7,
wherein the second coding mode is determired from thé first

coding mode in éccordanceiwith_a pre~determinaed rule.

19, .The method according to any one of éléims 1 to 17

) 30’ wherein the digital picture is encoded. according to a base
»layer and acdeoirding to an enhancement layer, whereln tha
.coding mode aSSOC1ated Wlth the determlned group in the

enhancement layer .is determlned f;om a ‘coding mode associated

Aﬁ:ended Sﬁect -
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30 24. An encoder for encoding a 'di gital picture having .a
pl ural i ty of pixels, each pixel being associated with at |e®XI/®GRO0SF001323

a plurality of groups of pixels; conprising: 96 a fiRestived 18 November 2010

associating circuit group of pixels of the plurality first coding
nmode of a plurality a first determning4sircuit configured to

associ ate each of groups of pixels with a of- different codi ng nodes;
confi gured t ¥igBt Eheridrtermired gxgoh of quptotepiteelbe, uaecﬁl:ﬂ'cﬁ:t eﬂas@ﬂrhd\g

performance kewekiSpas prb@Qr@rlneQEQ&leﬁtheHQ{ %@Cﬁa% \éie e3f ;4he
group of pixels when enc;oded according to its assocla H¥FstPcodi ng:
. node; 8CCOTGAaReR FRdh d%t%‘renFﬁFﬁ’ﬂmé’ieFicﬁﬂe-conflgured to determ ne
at ' 10 |l east one group of pixels of the plurality of group of pixels

et eri nedl fap. B HTArS UPPLLLS o PBdort finggaine 35 29
wherein the digital plcture is encoded according to a base
layer and according to an enhancement layer, wherein the
flrst coding mode associated with the determined group is a
coding mode to be used for encoding the digital picture in

‘10 accordande with the enhancement layer and the second coding
mode is determined from a coding mode associated with the
determined group of pictures to be- used for encoding the
dlgltal picture in accordance with the base layer in '

accordance with a pre-determined rule.

15
. 21, The method accordlng té any one of clalms 1l to 20,
‘wherein the first coding mode and the second coding mode
spoolfy, for a group .of pixels, a partltlonlng of the group
of pixels. :
.20 .
22. The method according to claim 21, wherein the
partitloning of the group of pixels is used as a basis for a
prod&ctlon of pixel values of the group of pixels in encodlno
the group of pixels.
25 _ .
23. The method according to claim 22, where;n the
partitloning of the_group of pixels is used as a basis for a
_ predlctlon of plxel values of the group of pixels in encoding
the- group of plxels by-motlon estlmatlon.

30
' 24. "An encoder for eoooding a digital picture having a
plurality of pixels, each pixel being associated-witﬁ at

least .one of a plurality of groups of pixels, comprising:
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IPEA/AU

’



quality criterion relative to.the first encodi ng perfornmance
| evel of the other groups of pixels of the plurality of , 1PCTE®DS/001323

of pixels; athird determning circuit configur @dedifed 18 November 2010
deternmine; for the determ ned group-of pixels, a second encodi ng
per f or mance | evel , specifying an encodnag perfor mance | evel of the

group .of : pi xel s mhen encoded according to 'a second codi ng node 20
whi ch.ia differentd fioat tdrsoictating edirngi trogerfigufed AP AkBELEEL i
confi gured t ogeQEPze e d IgrSthe RS nce. | evel and the second
per f or mance ngseeieg) a’csecond as?s%ufgtg?ggy ccl’efr 50?13%07#@@&1%8 ¥bh 2
associ ate t he*t¥st ?Q&B%d“@@dPﬁga rdEalith athdifdermt wedigy aupded;

pixels if the 25 .ar esnbt cRfcethenBRALESAN doillihSeR LRf %%%%F:E{He”ego;

associ at i cLit.e q,;a0,gnco circujt configured to end
each gr ou(|3'srlof‘£é":1£h Fe?gp ucgfl1 §EEEE g&&?‘ét%’&"&'&ﬁ? n@erﬁﬁf@anse bavel
A. conput er prﬁbﬁ%rfﬁéh@rmhtenceﬁmg Qewgorniaﬁcrwabv@n&ﬂ\ﬁthehgrwrbf

executed by spmaMRuLRe dRkEckNERAML oy RELT Lh "
encod,ﬂg a di a._| plcture hgylng a p#%réi % £§50c1ated glrst coding
PCT/ SG2009/ 0 Recei ved 18 Novenber 2010 4 97- pixels, each p| xel

bei ng associ at ed wi $dcaid Beaefnu@ﬁagoélﬁctﬂituhazhﬁgmr@fﬂ 95 &nge P Xgls
o= 18 ssmes SR e oy L L e T
' sueh’ that the first encodlng performance level of the at
-least one determined group of pixels fulfils a predetermlded
quality crlterlon relatlve to the fzrst encoding performance
level of the other _groups of plxels of the plurallty of
15 groups of pixels; ' o
a third determining ¢circuit configured to determiﬁe} for
the determined group of pixéls, a -second encoding performance
level, specifying an encod;ng performance level of the group
- . of! plxels when encoded accordlng to a second coding mode .-
20 - which is dlfferent from the first coding mode;
a comparing circuit conflgured to compare the first
. performance level and the second performance level- |
a Second associating circuit configured to associate the.
second coding mode with the determined group of pixels if the-
25 .rESUlt of the comparison fulles a predeterm;ned -assoglation
crlterlon, and '
an encoeding CerUlt conflgured ‘to encode each group of

_pikels_usrng its assocmated coding mode.

320 '25.. 4 computer program element comprlslng 1nstructlons
which, when executed by a computer, make the ‘computer- perform
a method for encodlng a digital picture having a plurality of
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5 different coding nodes: . - determ ning, fer each group of

pi xel's; sa first encoding- performance | evel specifying an eneegidisr009/001323
performance-1evel of the group of pixels when encoded @GEQUH TEWNoYehber 2010
its associated first coding node:. ' 10determ hing at |east one group

of pixels O the plurality of group.ofquers such. that the first
encodi ng performance | evel of the at |eaSt one determ ned group of "~

pi xel s ful fi |p$.x§l§[ eé:kiil—ﬁbﬂl:@ﬁd:a@,ﬂ@' &é’s&&'aﬁ:%&' Py ehaibys: toqlet P? %I' rst
encodi ng perfq roups, of 15 pixels o

ce, lavel o, the oler' g
plurality of Pgr&ipstof g§8$%§ Of PixeifuC&PRIHTIRP for the deter nined
group of plxels aﬁgan@mdn@nﬁmﬂlggmpemﬁbpmnanecﬂrwaé_pﬁﬂﬁautylag an -

Ehcod ng ber ool Rl Glsehlc B0 chkofl A WO SICBIEE, o

‘according_to a second “codl ng ‘node
first codPng@tbderent 996Hﬁ%ﬁFW€5the first perfornmance Ievel and t he

\second perfor rram:ln&mehg, for sach group oﬂ%%h@t'élgfltﬂ%% encoding
lsecond codin up of pixels'if.the

Wi t
result of th Nané? EeY%ﬁﬂﬁPﬁglé¥ﬁﬁ$ ﬁpeag?%ﬁﬁﬁgngarfﬁiﬂiﬁF&tF%NPl of
criterion; ahle group 0§netxhl$gwhanrenqodap Eﬁcqrd&ﬁbst¢ﬁﬂﬁ%gaBESclated

associ at e@ Cedi-8 cdMY]’ mode;

.;0 , determining at least one group of pixels of the
plurality‘of'group-éf pixéls'suqh'rhat-rhe first encoding
performance level of the at least one determiﬁéd group of
pixels fulfils a predetermined quality criterion relativé to
'the flrst eéncoding performance level of the other groups of

15 plxels ‘of the pluralrty of groups of plxels,

determlnlng, for the’ determlned group of plxels, a
second encodlng performance level, SPEC1fy1ng an encodlng
performance level of the group of plxels when encoded
accordlng to a sacond codlng mode whlch is different from the

20 - first coding mode ;-

' comparlng the flrst performance level and the second -
performance level; '
associating the second codlng mode with the determlned
‘group of pzxels if the result of the comparison fulfils a
- 25 _-predetermlned assoclation crlterlonf and )
- encodxng each group of pmxels using. its associated

codlng mode .
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