Met hod for encoding a digital picture, encoder, and conputer program

el ement Field of the invention Enbodi nents generally relate to a nethod for
encodi ng woangva4ais7pi ct ure, encoder, and conputer progr 20TSIGRoN0381
Background of the invention Real-tine H 264/ AVC and scal abl e vi deo codi ng
(SVC) are challenging tasks due to theit high conplexity. H 264/ AVC is a
joint project of the ITUT VCEG and | SO°| EC MPEG Though it is simlar to
prior codi st.andards in  using transformcoding of prediction errors, it

i ncl udes H%%%]‘?}de%f’ﬂfr g qting & EIH FgRITEIR, RRFEIPDerans reORRIERY n
over previous video coding standﬁggérmﬁcghgggﬁtVideo Coding (SVC) is an on
-goi ng standard and the current working draft is an extension of H .264

/ AVC. Though they are simlar to prior coding standards in using transform

codi ng of PL éﬁé%itr%erﬁgr treal-tirre H. 264/ AVC and scal abl e vi deo codi ng
(SVO) inéiuég—ﬁaﬁyﬁieaiﬁF%g—%ﬂat l ead to significant coding perfornance
gain 6ver previous video coding standards. According to H 264/ AVC and SVC,
in order tqo fully exploit their features to gain optinal rate - distortion
(R-D) perfeRoients recepeddty ERbeks BPl appsthpfefesdengoddtiesaand sel ects
t he best one. A hi St 1.S atkanal ly expensive.
Encodi ng ng?ﬂﬁ%gwﬁhalu%$1o%?géggﬁb|%¥§t§8%€§g%¥i %8§?g%déggP§ e to achieve
real - tinme encoding performance with mnimal inpact on optimal
ratedi stqrti.on .. This _has notivated many fast encodi ngnet hods
whi ch al 15w OBt e Y S ELBUct i on for
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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 ISO/IEC MPEG. 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 an
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 SVC, in order to fully exploit
their 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



sub - optimal R-D performance. These fast algorithns work by testing only a
subset of all possible nodes; coding nodes that are judged to be |ess

pr obabl e woeomm4stsed from R-D operati ons. Fast search alPgorsiGRénymoasssi ng

bl ock-based notion estimtion also play a big part in reducing the
conplexity of the encodi ng process. The%e al gorithns reduce the nunber of
search points by follow ng a pre-defined search path that can be shown to

result in od,.prediction using stop criteria,during searches or using good
starting Hbegcﬂh?%é)f% l%éa?ﬁ%%@.e]%ﬁoébﬁg?ec%?‘p ﬁ’élEYegéa‘é@téPnnﬁﬁér ous

ef fect  vanidsbRnaadl RO AL d | difedll 1Al 40 1156, RS, 9i) at edl es
to control the encodi ng process to achieve a good ar ﬁrary trade 20f f

bet ween cuorgiiend tonlandh codb gt edfi gl ensysasbloensats; destionli 8paek each
macro bl ock (MB) is conputed independently from nei ghbouring macro bl ocks .
Sone encdd@&t il AISA sealksd| ke st henelkahbe eape eviiouses been Brdposed. For

exanpke, Ogyer}aa{gicoeggy paraneterized architectures have been proposed for
notion estinati'on and discrete cosine transform These enable the video

encodi ng process to gracefully degrade in power -constraint environnents .
As anot her exanple, the complexity of H .263+ encoding is controlled by pre
- det er mi HaRf 137 5o Fordq Gt Tets tHer Big o kerelk Tiep sod eng raern oe bt boksiane

conmput at i;anal Iy 4.£S5 1 ?h%'ieleiﬁ Q. code; usi SKI P ppde) and restricting the
search range &1“3};9 rmiggl0 n estimation larg g@%i%}%\?%gg}ﬁ%%% %gn#%?
absol ut egindfostien gsr (CSAR). mgak ad 1 omsi tlond e Onse tHiaé @igoF edf ct ed
10 search points by following a pre-defined search path that can
be shown to result in ‘good prediction using stop criteria

during searches or using good starting points for searches.

In spite of the presence of numerous effective fast encoding
15 algorithms, it is difficult to use these strategies to
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
indepéndently 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 range

during motion estimation and assigning more sum of absolute



to have high notion content. Conplexity control may al so be achi eved by
enpirically determning a set of encoder operation nodes that give

di ff er entwoanploaxisty- perf ormance trade-offs . The exten®crscasm/ood3syari abl e
bl ock sizes for notion estimation in energing video coding systens results
i n node decisions (and the acconpanying3nDtion estimation) taking up a

| arger proportion of encoding tinme and hotion vectors are al so nore

unpredi ctabl e in nature. Sophisticated forward, backward and bi directional
predi ct i HTfsFEdsTs(H 2o GRIPHAT ERRRNS? 0FRIT NS hel¥bt 767 BEEFHEEFON and

node decicy ofy W QLEAS mdhE P UUH A e&&ﬁﬁi‘&@ﬁ&y'c&@f@i r&ga§tay§5%§ al so

requires prediction between frames which are tenporally further apart,

possi bl y amddessicd dty regnei tiarajel ¥ edetdrmamieg f orsef f @ft ¢éveoderi on -
estimated _predi.ction, A typi.cal. inmplepentation of. an. encoder can_he
conput at 51 Y- Lo EE 1 aEi?%XSré%éE%ﬁgn%.?%W%k@%&ﬁ%ﬁ?eﬁgoﬁﬁfp%%erations
carrisd ewadqliHdargs notion searches, interpolations for sub pixel notion
estimation and transform and i nverse transform operations during the
conmput ati on of the nunmber of bits required for each codi ng node during

rate-dispﬁmgiég{é§ggygeﬁééngE fﬁ?&éﬁ rﬁi@@%tg egaﬁofeﬁgﬁ oﬁhe nunber of
5 g

t hese operation or 1 nplenentation techniques that can speed them up can
concei vakdsy iimedrieas et hemespeat ofidde endidersy Suemzmryesfiltbeinnmedéi on I n

one enbodj nent,, A nethod for encoding a digital piciture having a plurality
of pixel SCTRIPTS XA DATHy HTTRH LG (T GHOR CBSTIBRELOR) a praral Ty of
groupg Oofy Rix¥®)eY: iroportion of encoding time and motion vectors are

also more unpredictable in nature.

Sophisticated forward, backward and bidirectional prediction
algorithms also add new dimensions to the motion estimation
15 and mode decision process. The popular hierarchical - B coding
structure also reqguires 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 number of bits

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



provi ded incl udi ng associ ati ng each group of pixels of the plurality of
groups of pixels with a first coding node of a plurality of different
codi ng nosexpiudasmrm ni ng, for each group of pixels, a PCrsG2en®oEsng
performance | evel specifying an encodi ng performance | evel of the group of
pi xel s when encoded according to its asgociated first codi ng node;

determ ning at | east one group of pixels of the plurality of group of

pi xel s such that the first encoding performance | evel of the at |east one
det er ni néti gy Gifp ta i x@1e ¢4 3iP5uB2 bt B Er Y ARES qRhI PLyeLPi L&rion

det er mi ni vifofgdtﬂ@cﬂ%%ﬂé@goawypngfeg'eﬁelquouﬁ s£canderacod Age

performance | evel, speci g an encodi ng perfornmance Tevel of the group of
pi xel s wpenenddgde b aczoradbmngof opaxeksondtlkodi Agrabdecdhnghmpdedpff er ent

f the first codi - ing the fi forr level and th
econd pETEGD TEVETL TSESREI SrThS URGSSEt ot EBAL AG ROGE oW FRCEhe
det er Bl nefcAIOWr PBipxe) saifitbe sssdingf pbheoeaspaei sefeful fils a

predeterm ned association criterion; and encodlng each group of pixels
usi ng it SREEdYiRteR e Rl pderer ReEBrAFAgL eV bt AEr LBRLBEPHENPS, an

d [ - - - di
R e e S
the fol | awdig idetcammiacing®na 1datheonet hodupoofeptrdingoa dhgital picture

are anal ogously valid for the_encoder and the conputer program product.
Short deﬁﬂrﬁlﬂd}i’ AL tHeCYR gert eEH“H::%t?‘é?lﬂth%Fbgg?rrgﬁfgtogn?ﬂ@gpﬂventi on

are eypl aidiadh Bl AW level of the at least one determined group of

' pixels fulfils a predetermined gquality criterion;
determining, for the determined group of pixels, a second
encoding performance level, specifying an encoding
performance level of the group of pixels when encoded

15 according to a second coding mode 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 encoding a

25 digital picture described above are provided.

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

30

Short description of the figures




with reference to the drawings . Figure 1 shows an encoder according to an
enbodi nent. Figure 2 illustrates notion estimtion according to one

enbodi mrenwo.20fvgurse 3 shows a fl ow di agram accordi ng t opram/Sentnodnessnt .
Figure 4 shows an encoder according to an enbodi ment. Figure 5 shows a
plurality of macro bl ocks. Figure 6 shais a deconposition of a digital
picture into a plurality of macro-bloc . Detailed description According

to one enbodi nent, a conplexity scal able ratedistortion encoding nethod is
provi ded TlHats iz et rafirfineohe ehbdek nertentieor adre ¢plained/pg4EC%nd
SVC (scal ghlie v e eﬁé’iﬂgnthe(%¥§%§ﬁééy scal ability, where the
conput ati onal conplexity of "an encoder can be scaled with a trade-off in
codi ng performance, may be a val uabl e tool. Wen conputational resources
are limted but a fast inplenmentation of fhe encoder is requjred, the
conplexi@?gﬂrque%ﬁ%ﬁﬂégpﬁ%F?é?%m%ﬁ%ﬁFQRﬂﬁ t9 %%s%?%ogh%?néncoding can be
done gn tinme to neet real-tine encoding requirenents or to neet power
constraints (e.g. constraints with regard to the all owabl e power

consunpt ilgufe tthel ldnoodi e priocess) esRapptiomeaepedding bayongpical ly be
required for ap Ihgations such as |ive broadcast, surveillance or

vi deoco i dn: Considering that these applications may be built on a
wi de variety of conputing platforns to nake full use of conputationa

resource while ensuring that encoding conpletes on tinme would be difficult
Wit hout di®meectshevws a flow diagram according to an embodiment.

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 description

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 tool.
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 requirements or to

30 meet power constraints (e.g. constraints with regard to the

allowable power consumption of the encoding process).
Real - time encoding may typically be required for

applications such as live broadcast, surveillance or video



conpl exity scal able solution. During scal able video encodi ng, the encoding
conplexity of each |ayer nmay be controlled i ndependently, naking the

al | ocat i omoabiooamsat at i onal resource across | ayers possiPoirsG26w/0e0880der
according to one enbodi nent all owabl e scal abl e video encoding is described
inthe followwing wwth reference to figuge 1 . Figure 1 shows an encoder 100
according to an enbodi nent. The encoder 100 receives a digital picture
sequence 101 including a plurality of tenporally ordered digital pictures
(al so refRIMEIN IR O ¢ frarss e 51 ng eatasthapat aprheCat §PRal mpyY cPar e
sequence 101, .0 S i n .l ay 2 se

| ayer nn&ﬁ?%“%d%fqgﬁ%h%%5§%:§$kfﬂgﬁeﬁ a ceﬁ%ﬁtﬁ{ggggyﬁgd% em%g% gﬁ ilthe
base | ayarsemomil| eordf) B ateorth ¥ feesomrsparh al er esstningnth&or eexadphe, t he
spatial resolution of the digital picture sequence 101 is reduced by a
spati al SRR TOh U ricig Wéh#%é?%r%lgfl?g ?eﬂlFBO?FeaBaggg?ﬁ &' nodul e
103. Eoré@ﬁgmgg&tftgggghgfgmgojﬁgﬂgnsize is one-quarter of the size of an
enhancenent | ayer frane. For exanple, QClIF-size (176x144) is used for the
base | ayer while ClF-size (352x288) is the original frame size and is used

for the hanc nt [. n . exa , - sl ze .are fted to
t he base %%%ﬁéﬁgﬁaiégﬁééYg%a?f%%§§%%§§fpgﬁgseo%g?ﬁgédFé%?gF§ﬁ?%tB%e
sequence ddh Hopeyafay tihe enhansEnedt ihayeenasdtipe harenbayre may al so

differ in other podggg paranmeters and the spatial resolution may, be the
sanme for & rﬁomQ@Qgt%m@a%h@e%%ggcga§§Fpss layers possible.

10

An 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 receives 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 layer 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 For 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 is used for the enhancement



A digital picture fed to the base | ayer nodule 103 is supplied to a first
prediction circuit 105 that generates prediction information for the

di gi tal pwvotwrean44B0er exanple, the first prediction circectr/SGaa9IMed3st m nes
notion vectors based on which the digital picture may be approxi mated using
a previous or a followi ng digital pi ctuje in the picture sequence 101. The
output of the first predictor 105 is fed to a first bit stream coding
circuit 106 which generates a first coding bit-stream for_ exanple a H

. 264/ AVClegfFat S @RS /A% - SHrieaih 2 THe BRDATDITTHe T 1T bi t
stream cadind 16l lido: Qe and e ¢ oilef6 Pl Slalés |5 fud hergsuppl i ed to a

first residua termnation circuit 107 which cal cul ates the residual s of

t he predidiitoreofsaduerdiegiltll. gicotamwss;, ithe ewhatceeset ataset ndod ngte on
fromwhich the errors mde in,.t approxi.mation,of the digital piect by
the predPeErort WF BEHardhithed o bt or st e g eadi o f i€
digital Ribekure i schitwed by ceditlig tdendresh cihonepeaar@miets (spysh as
estimated notion vectors) and the errors of the prediction with respect to
the ori gengl tdiggiage piatafie. Sinmilarly, a digital picture fed to the
enhancenment | ayer nodule 102 is supplied to a second prediction circuit 108
that generates prediction information for the digital picture. The output of
t he second dirddiadt @ricdlifrd sfefdectd dlee Secomdldyer stodahe cOAB ngsci rcuit 109

whi ch generates a second coding hit-stream for e le a H.264/ AVC
conpat i bFEPRAdEd dyRerd Hitte : 1O TH R b %@gn@?ﬁ%n%e%ﬂag?? eam

codifg CiheWil-tiQ anfkormation for the digital picture. For example,
' the first prediction circuit 105 determines motion vectors
based on which the digital picture may be approximated using
a previous or a following 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 motion 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



the digital picture is further supplied to a second residual determ nation
circuit 110 which calculates the residuals of the prediction of the digital
pi cture. wo 2btw4prsedi ction of the digital picture in thecersicanmosnesst | ayer
(i.e.,.e.g., at higher resolution) inter prediction information 111 from
the prediction of the digital picture i8n the base layer (i.e., e.g., at

| ower resolution) may be used. For exanple, the enhancenent | ayer
prediction informati on may be determ ned based on the reconstruction of the

digital preture-f f&m oEreddiofy ihe caranbPiRthisided By thd $hde 1Ayer
modul & 1Q3. 6405 1RY MSHMIdNG] f&ﬁ@%dy%ﬁ%kﬁ%é‘ s R ddighg For

the prediction, both the first prediction circult . the prediction
circuit obdihg bdse stayemn), dd tdmmgdeord Hrdd AVOre@ipauiktld d®gd . e. the
predictiqgn cir%uit f the enhancenent |ayer) may use notion estimation. A

decoder 8y SHe PdipSiitEd™ i th the prediction parameters (such as estimated

notion vectors) and the residuals (i.e. information about the differences

between the original picture and its prediction based on the prediction

par anet ef&p oukpyh O $he ke aRsebdert M 938t oA ¥ tCHHa g]icfélland
i cture. Typi cally,. Wi t:hi i de , . f i deo. -
N

not uniform re are texture -
honogeneaks erednents.onl idrrefidrte, 1 TthevHiste s lodu nmte ot fee tres tduadfs eofdi gi t al

picture with regard to another digital picture that is used as reference
frame forhRoPreRESHioRatGor i@ VA ot t he regions of the digital

pi ctyg e.

' In the prediction of the digital picture in the enhancement
layer (i.e., e.g., at higher 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 predictién circuit 105
(i.e. the prediction circuit 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.



Therefore, according to one enbodinent, a video frane (i.e. a digital
picture of the digital picture sequence 101) is partitioned into macro

bl ocks amstorotovoamrsesti mation is carried out for the nacPoTisiGaale00381

i ndependently. Furthernore, the use of variable block - sizes of the blocks
for which notion estimation is carried Qut bet ween two franmes can
significantly inprove coding performance. Using a smaller block size
requires the coding of nore header information but can provide better

noti on coFErFElet pHiddiidt ivrvidepekiamey Wrrmeaberagef efironsidpe iatgyh
notion activity. According to e enbodi nent. (and i.n .accordance -w

H. 264/ AV(J:)s §1eov%rua lff?arcn}’o o1 eo'qu%o%%%gajfr%d%esmf% o Jinlo]‘ne c’or?pogqnesa \é\%tlgd

predi cti ghdBoleydiiass @ik eapte FOLS- £0T 185 PPEES1E 0o A BPELHAIT C
partition of a 16x16 macro bl ock. According to one enbodi nent, a nmacro

bl ock nayp e i i defd & il ik kel @fuaBxaBih 16382 1 8x16 andtBxs digd hahce
sanpl e p'i};é}féscﬁa@ IAO'LPSC&? ki &&éf‘éﬁ@e‘”f%ﬁé' f%?”@?ti@ﬁ%@%%ﬁ&éi 8x8,

8x4, um nance sanpl es. um nance sanp nore generally, a
pi xel vals; dls@assnct aivedk Wid ongi ixedt the odlhegt tabrodsctar8x8 sub- bl ock,

for exanple, may cover 8x8 pixels of the original digital gi cture to be
encoded. TSt et iGRAGSH IFASEY FF Ry Hrek: par YFefonf i es(+1fustrated

in figurey:2 «.FEgul id lust ; i LAt i r ¢ one
embod et 2 AR Gr GRS T ot he i T Gath retton T ARSI 5 2T rst
di gital piectrsl @6 dgntthenatinp talopistand seguencesidbatsonses f or

pred gting & Serond dgl tale R & A0% 011 A 88 endent 1y .

Furthermore, the use of variablé block - sizes of the blocks
for which motion estimation is carried out between two frames
can significantly improve coding performance. Using a smaller
15 block 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 to a specific partition of a 16x16 macro block.
According to one embodiment, a macro block may be divided
into blocks of 16x16, 16x8, 8x16 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
pixels of the original digital picture to be encoded.

30
Motion estimation based on macro block partitioning is

illustrated in figure 2.



digital picture sequence 101 using notion estimation. In this exanple, a
macro bl ock 203 is partitioned into a first sub block 204 and a second sub
bl ock 205voNbtomamrsvect ors are estimated such that the fiPCIISGuly/obé3sck 204
is mapped to a first block 206 of the second digital picture 202 and the
second sub bl ock 205 is mapped to a SECﬁ@d bl ock 207 of the second digital
pi cture 202. The mappi ngs (and correspondi ngly the notion vectors) are

sel ected such that the content (i,e. the lum nance val ues) of the first sub
bl ock 20£ ¥Hithes thuglomtent ®Ptioe ¢sripabiockaooerdsngobd a8epossibl e
(accorm|%$g fP@%@deternlned mat chi ng neasure such as the SSD as expl ai ned
bel ow) and suc at the content of the second sub bl ock 205 natches the
content of the second bl ock 207 as good as possi bl e. A s menti oned, a
partitio a nacr bl ock, may be, used to,achi eve redlc Lon_errors
Por ' bi ot a2t Thato e IO G BoR T GHSCI P11 FRom ERETPPanet dEba hs
predlBtlQﬁ.fﬁéﬁfﬁﬁétdféﬂﬁni(bff%h@l@i%i@alOpbétﬁfédbéﬁﬁéncéhlbmelgther
hand, the | P node (according to H .264) and |arge block sizes are

ef fecti verigast %ﬂum@e%xcamrwna& ysep@@m@n@lmtﬁll pieteraoZPdnoactheity. To
full t
the encoqur i BRI Setioide oL a0 appebf Ve BLbar SATPEEE g

not i on e&t;ianmle),n d araeas b 1mek 02 03 otk. ﬁ@etiaigﬁeaumheo @ fiesdi sgbnodes
(correspondlng t o the pOSSIb|e partitions_o macro bl ock) that are

avai | abl @¥UFK 1Y ARDdt MPPHI e2th Prher b %@BckM@H/%ré YPSEOES o358
mul t1 9l 1 ddimfepsstblenLombioat] PO Qub SPLRI262AeS LagRLUNLEN,t he

first block 206 of the second digital picture 202 and the
second sub block 205 is mapped to a second block 207 of the
second digital picture 202. The mappings (and corfespondingly
the motion vectors) are selected such that the content (i.e.
15 the luminance 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 wvariable block - size motion compensation, the encoder may

adaptively choose the most effective partition size during

motion estimation for each macro block.



encoder may choose a conbination o f coding nodes that leads t o a good
conpression (or possibly the best conpression fromanong the avail abl e
codi ng noate 20owiaiTsat i ons) . Since the nunber o f conbi n®CTEG0M9AYOIS1E very
hi gh, the selection o f the coding nodes for the macro blocks may b e a
time - consum ng and chal | engi ng optiniE?tion task t o b e carried out by
the encoder. According t o one enbodi nent, during notion estimation, e.g.

for deterq%gtﬂgwthe first block 206 in the second digital picture 202 for
the firsttRRbEPHITTKIBACT tHE ePdoerPeeract SOrRBSRBR6RIVERt BRE m = [m x m

y] such t siﬁﬁéCﬁ@ftiﬂf@ﬁgngj£mha&98t%fo§ﬁg {hgng#%”Evg}iabiﬁnkBEniZEd

where SAD is the sum of absolute differences between the original signa
and preditdtedntehErg ¢f ecachenseen pheckl gtkesorbeembppedmahdiphéchtgck to

which it j o, i.e.. . for th r.rent_exanple, between the first

bl ock 206 rPrT?B%ngle%:o%%f“bd%%"f“f% 3 of F80L8 niaelheton, b ER Dt hPock 204,
The dbf f esraradsr aiey faioexanp! eotiod sat abgdobetvaengt hedkymnanceeygkues of
the two blocks. R (th ) is the nunber of bits required to code the notion
vector irFQrd J9RA COMPIPSDLien 1008 Pesilpgyethy Hepbt esmphesglant £zami on

par anet erg (&, 9.+ 195425 1 F951 s €ashy I ; : | Ngqk b e used
for the ﬁ%créggiock ﬁ%@ %ecﬁ%%g%?gﬁ?%g %%%P%%Qgé§ﬁggfi%gggg.égebased on
t he rat e rdingiaor to Dncperimrmhoee may bdevangrhibhpckha seiéctasnbo€ anbi eved

for a certain coding node b y notion estimation. The rate distortion (R D)
perforna@ﬂgﬁﬁﬁ/mQﬁes for thé macro blocks may be a time - consuming
10 and challenging optimization task to be carried out by the

encoder.

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 vector, @ =[mg,m,] such that the cost function
J(ﬁl, Amot) = SA.D "I' )\motR(fﬁ) (1)

20 is minimized where SAD is 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, 1.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 Anos = 0.92 . 2(-12)/6 (2)

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



exanple b e expressed a s a rate distortion cost (R-D cost) . The coding
node may b e chosen such that it leads to the lowest R-D cost for the macro
bl ock b ywoi2niom4zisng t he fol l owi ng cost function: J (noeer/SicGaad)os3sESD +
Xmoi R(node), (3 ) where SSDi s the sumo f squared differences between
the block to b e mapped and the bl ock t % which it i s mapped to, i ?(node)
Is the nunber o f bits needed t o code % e macro bl ock using node and If (m
oe,lmoefc ) i s the Lagrangian cost function o f the kth nmacro bl ock

that is cFo%I"eoe%Fl? et Paodcantifoaeding rREeNte Papreendasothe.  node i)
, where Ndco tiheodotRly niIbero9:h FReLP ll%eglsﬁ e@g%nycygnd' é [t haaeand

rate nmeasures may b e assuned such that the (optim codi ng de sel ection
my b e besetharrate Cﬂl)$’¢@mxngnoperﬁ®maanoa pfobhemmatkd Bibckn msoit de - J

(nDde’llg%%)be achleved %or cer&g?gegoégggeﬁo e gy %Otlo fe=0

5 estimation. The rate distortion (R-D) performance may for

example be expressed as a rate distortion cost (R-D cost).

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, Apoa) = SSD + Agog 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-12)/3 (4)

mot
20
If Ji(modek, Amode,) 1S 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
min Z Ji(mode, Amode,) = min Ji,(modeg, Amodey, )- (5)

mode 5 modey,

2
A

e
i

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

that gives the best R-D performance.



That is, for each macro bl ock the coding node may b e sel ected that gives
the best R-D performance. |l n one enbodi nent, the coding nodes for a subset
of macro wWwbhaolks4mwmsy be optim zed concurrently wherein CcEOPSGRMIONEEST
resources are channelled to those macro bl ocks that have the worst R-D
performance. This is explained in the following with reference to figure 3
Figure 3 shows a fl ow di agram 300 according to an enbodi nent. The fl ow
diagram 300 illustrates a nmethod for encoding a digital picture having a
plurality of pixels, each pixel being associated with at |east one of a

plural ity of o0 AUPRSH PfmdtXel She | BodPly £888s9FQUP,05uREX el §£0hathe
plurality of groups of plxels IS aSSOC|ated with a first coding node of a

pl uralitylofciks friay drs mumgzemd@@nctmeeﬂtlst whedehy AodpuAylbaadn
initial codin nnde equ for s_of |er iffe

(e.q. in JHer St d%% Qﬁ?%@ |ng nD %S%s%ocrgtﬁ%ﬁC%Foﬁggg Haye.{:ﬁ?ter
sone 5temﬂhhgp%§ bobé@ff&%kgﬁkagroups of pixels. In 302, for each group of
pi xel s, a first encoding perfornmance | evel specifying an encodi ng

performance | evel of the group of pixels when encoded according to its

associated first codi n de i ete ned. |In other words, the f t
encod! ng HEH ob e 1 SV Chelcht | ESLLFELBSr YoF RaRGEoTEUEr EB. g. an R-D

perfornmancgjuas 3t would arise if the group of pixels was coded using the
first coding node.ln 303, at |east one group of pixels of the plurality of
group of pixels such that the first encodi ng perfornance

10 Figure 3 shows a flow diagram 300 according to an embodiment.

The flow diagram 300 illustrates a method for encoding a
digital picture having a plurality of pixels, each pixel
being associated with at least one of a plurality of groups

15 of pixels.

In 301, each group of pixels of the plurality of groups of
pixels 1s associated with a first coding mode of a plurality
of different coding modes. The first coding mode may be an
20 initial coding mode equal for all groups of pixels or may be
different (e.g. in later stages of the coding mode
association process, e.g. after some iterations) 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.



| evel of the at |east one determ ned group of pixels fulfils a
predeterm ned quality criterion is determned. In 304, a second encodi ng
per f or marwe 2bevh757s det erm ned for the determ ned groupCoiSGRicemhE&ss1

speci fying an encodi ng performance | evel of the group of pixels when
encoded according to a second codi ng g which is different fromthe first
codi ng node. In other words, the second encodi ng perfornmance | evel

speci fies the performance |evel (e.g._an, RD performnce) uld arise

: as, it
if the déterfined®tgrGifs o »BTVRRE Jotfed! BisP hgt i h P e EdRT X ott ng node.

In 305, thedd ot JPerder mapae digwel (0 de hee second: perd o papsentevel are
conpared.” 1 n 306, 'the second codi ng node is associated with the determ ned

group of lgivedl o1 fthehaly dnadat oing ietorminédoprdwp fof spbxptedeebfnd fed

association crjteriaon. |n 307, each group of pixels is encoded using its
associatéHF5§|%%fﬁﬂﬁﬁ§4 q%?(ﬁ?%ﬁcﬁiﬁésléﬁrﬁ%wgf%f %ﬁi%@ht, t he group of

pi xels for which the performance of a second coding node is tested is
determ ned based on its relative performance for a first coding npde with
respect td e otheevuphidingk et fEorarsanbtecl jisidetestegef of°¥F he

group of .pi t WoF St 4 rf.0 C a group of

pi xel s f&&ﬁ%ﬁ%&%ﬁaﬁsﬁ%encog%lngfl%eér?%\(‘rjﬁg%ceé r%\?efn?cgd%ré?ow a

pr edet er merd drtareshdlalIc arfr édpongif awgp t of thex el 2-wederemoededual ity

criterion) how.the second codjn de perforns (i, e. is the second

per f of S AHEUAG, £O T ay b Lo et EhirheiTi o 6rEehe FEBUF LSS

avai ] @bl eifrart (RR1GRAIMHBLOAS other words, the second encoding
performance level specifies the performance level (e.g. an R-

D performance) as it would arise if the determined group of

pixels was coded using the second coding mode.

15 In 305, the first performance level and the second

performance level are compared.

In 306, the second coding mode is associated 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

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



association to the groups of pixels with, e.g., currently | owest
performance. In one enbodi nent, the second coding node is or is not
associ at esownton4stse det ermi ned group of pixels dependi ngcorsGebmw/onessul t of a
conparison of the first (encoding) performance | evel and the second
(encodi ng) performance | evel. For exanpi , the second coding node is
associated with the determ ned group of %ixels in case that the second
performance | evel is higher (or, in one enbodinent, at |east as high) as

t he firstwhgdr figr i sd@red . P GitairCcoworaEst heT 19 sRa oo ngeaDBd@sSi 3

repl aced | e d : d i I ter (or,
in one eﬁ%%ﬁ%%%ﬁ?&ﬁgggig%g%n%% godﬁ%ga%gghgg§?€s?ggg%?%ggﬁgggéST?géhould be
not ed t hatsddciiegirot tecgssayyoupmtodl pigedapsioh, pe xel s eanerencbded after
301 to 306. F%% exanpl e, a group of pixels may be encoded (e.g. in course
of the detREANMASTHPHERGRe first performance |evel) while 301 to 306 are
stillgcarried out for other groups of pixels. 301 to 306 may be seen as a
codi ng node associ ati ng process for the groups of sub-pixels. For exanple
301 to 3(8 fomremeored it i orhofsecendi eod bdanads ot$ a®¥ ngs preEess t hat

i nclud I | i Qf, i ' . h f_pi |
2 cont | naBTC AL i Uit kea cs Pk of AR lagin GIRTTRS Covere

cont i nuouheanRFBUTRY de Ltbthpd o sdh | o Br oSt OF s Pi XehSodThe) pl urality of
groups of pixels may cover the digital picture conpletely or may al so be a

sub- gr oupSeTE caMFANGcal iake bfarf oy ot geR@| sencoding) performance

10 level. For example, the second coding mode is associated with

. the determined group of pixels in case that the second
performance level is higher (or, in one embodiment, at least
as high) as the first performance level. In otherAwords, the
first coding mode is replaced by the second coding mode if

15 the second coding mode i1s 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 associating 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 continuous

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



covering the digital picture conpletely. For exanple, theplurality of
groups of pixels may be a plurality of groups of pixels arranged in a
certai n paoteron4ers7t he digital picture (e.g. in accordamrce/Seedy/oao3swayve
front” as explained below . The codi ng node associ ating process nay for
exanple be carried out for a plurality of groups and pixels and, after it
has been conpleted for this plurality 0]f69roups and pi xels, be carried out
for a following plurality of groups and pixels. In one enbodi nent, the
groups ofplpinedlisvaref lifomksy @&f goixels ondy ooksa Ppberakanyl ef | praeesrdance
with H.264/ AVC._ I n one, enbodi nent,.the first encodi ng., performan | evel
fulfils THESQTad Ty eq et dh T9° T8I bardr & HPashot &t ge dprotire

pre- det er gd.Red itthrRsholdhndd wigh eabogdhv@ntrohhe 44 rstp BALHEH Nge ek f or mance
level fulfils the quality criterion if it is a |owest encodi ng perfornmance
| evel of Rhife a1y emaRianf Pekd ol rarRECFevel B2Y | FobreXanpbYi fent, t he

resul t of_t i £ e i Latlen iterion if
t he séconc I}e}ﬁce%irgr:%r per oatr %ln%%é}ie%lﬁsgﬁ(}gégr&? alﬁ%t?ﬁjé:é ?%llrl(g‘t gﬁ%%gi ng
per f or manide Haav éleer rcamnesl erdbdioenthis heluesllty obf t eogpspandson ful fils

the predeterm ned association criteriop jf the second. encodiLn erf ormance
| evel is B%9 stdbeaé:arﬁ@r?%sm’%e%‘??r%tp%iﬂi%‘m%% %ﬁ??%}%ﬁc%kl %EE?PSI n one
embodi mentny thigAncodi ng performance |evel of a group of pixels when

encoded according to a coding node is the rate-distortion performance of
t he group of pixels.In one enbodinent, the nethod includes carrying out a

10 In one embodiment, the groups of pixels are blocks, e.q.

macro blocks, for example in accordance with H.264/AVC.

In one embodiment, the first encoding performance'level
fulfils the quality criterion if.is below a threshold, e.g. a
15 pre-determined threshold.

In one embodiment, the first encoding performance level
fulfils the quality 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 association 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.



plurality of iterations wherein in each iteration a current encodi ng
performance level is determ ned for each group of pixels specifying a
current ewmoadiong41ser f ormance | evel of the group of pixelPsTisiceonodnessded
according to its currently associ ated codi ng node; at |east one group of

pi xel s of the plurality of group of pixl s for the current iteration is
determ ned such that the current encodi’ng performance | evel of the at |east
one determ ned group of pixels for the current iteration fulfils the
predeterm ned quality criterion; a test encoding performance |level is

det erm nad Qi the MRLRHE N I & RBlged Uadhpicyrg@ntaiteration,

speci fying an encoéji ng perfornmance | evel of the group ot pixels when
engoded @gwradmtgr tod & tegstt icodi ndhamsdien vl cdedls digfatriermt fromthe current
coding node; the current perf.ormance. |l evel and the tes erfarmance | evel
are conpared; % Ffélrf‘(?&% EH Mo S 5O AR &% hJWthsh Ciehtj‘gerd%%neerrg;ﬁf\%% gr oup
of pixel @afcdr JdtRi LW @itkdieradd O ing he destdit dndd@iggnpari son ful fils
the predetermned association criterion. In other words, the nethod

descri bedeafovaanesr &y egr qUp BFe FI5RIB 4% RicteksrimRn FeSecond

e o ISR NS, 15, SOPNEL MUY B jsctoge apmeni ey and possnl
The first codiang lrede waye thusihe Seekes tde the eEhtralodi ng fgeodor  a
SpeCIflngngfﬁgfg1f§yjéﬂgacurrent iteration is determined such that

10 the current encoding performance level of the at least one
determined group of pixels for the current iteration fulfils
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 performance 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 if 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



second codi ng node may be seen as the test coding node for a specific
iteration. It should be noted that even if the second coding node is
associ at esownton4stse det ermi ned group of pi xel s the codi ngcmsdeomssassi at ed
with the determ ned group of pixels may change again in one or nore |ater
iterations. The coding node that is assggiated with a group of pixels
finally, i.e. after the last iteration has been carried out, is for exanple

used for the encoding of the group of pictures. Al exanples and possible
conf i gur RIS oFPe HPHIRS 1R RS ABHetand ik EkeodAatesninrginggeuar e

anal ogously yald € i, t e o4 204 3 £08hngn 804 @BH.t gL Lest ccodingngnde. 1n
one enbodi nent, the dat |east one group of pixels of the plurality of group
of . pi xel®hd grodireg cwrdenthat et atavnocsatdedeviithed pyoapcofippiksdn of

' ! i f I f.th l i f ,of pi ls. |
curren sncer g perd orymnce Jevel siof Lhe.pluraliLy,ol, dretl. o pLyels. 1T

condi 6i oni d seduldstdiheTe sedther vBEdSncedihgesattve §odihpgornde
associ ating process is carried out (including iterations as described
above) umittwraser Mhht$eAmebndli anénPessihlei Fpefionrabhenanbédihent, the

term nati q:%? i t4 i e 1. ned i e '
resourcesiﬂ er}?de#im adtl?%% %:rgéri]gi} 1??0%@?21’? o(?g%%ﬁpljlngg%h%%ggg }r%;%)hg%%znber
of iteratvainsd hizsr bden cwacdred- codimg@necéaband menté, téhe tedimygaihbda.
condition is based on an estinmation of conputational resources necessary

for encoding the digital picture. The term nation condition nay be based on
an espi mat] YhOfembodiment, the at least one group of pixels of the

plurality of group of pixels for the current iteration is
determined by a comparison of current encoding performance

levels of the plurality of group of pixels.

15 In one embodiment, the iterationé are carried out until a
termination condition is fulfilled. In other words, an
iterative coding mode associating 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 iterations 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 necessary for encoding the digital picture.



the tinme necessary for encoding the digital picture.In one enbodi nent, the
second coding node is determned fromthe first coding node in accordance
wi th a prweodetoanwisned rul e. The second codi ng node may acIscGhersmdetsst m ned
based on a test coding node of a previous iteration. For exanple, the
second coding node is deternmned fromtyg first coding node in accordance
wth a pre-determned rule. In one enbodinent, the digital picture is
encoded according .to. a base | ayer and accardin to an thancene t _|ayer,

wher ei n tHe C6di TP HHHRERE 5 0ER Gt BICWE e LR delerifi h2ddgFeapi PRt hE°

enhanceneite |@yedt | SodELEMbNET: f r 9Bt 8r 898E 80w IPHE 35 80CHaLBGMWLER the
determ ned group of pictures to be used for encoding the digital picture in
accor dancdld ¢ hehesdreerd | @9@ing Mmede Jravngdsai ph depeendeedr hfed pul e.

For exam e digital picture j e rding to a base | ayer and
accordin&lﬁﬁﬁgﬂcgﬁﬁgkigﬁ%ﬁ% #gy%rééﬁﬁggggngFﬁgggfggf codi ng node associ at ed
wi th the determ ned group is a coding node to be used for encoding the

digital picture in accordance with the enhancenent |ayer and the second
codi ng nodF iSTE & ni el FFOMA oM RY Hede assoeFarBangit hroBethst er mi ned

Oroup of MiGIUIES: L o usedy f 2coReediatytbg di gitakieplehiheal fuagcor dance

with the base layer Tn accordance with a pre-determned rule-. I'n other
words, the digital picture may be encoded into base | ayer data and

cach or oud: 6P ST TS an S8R oyt BB CBAFRGTRDUE TREPINdySBESASLBE, at ed
i ndependey lay dam thes otded dayerdindheo ses088hs08ENEnADIEELN Ot her words
' wherein the coding mode associlated with the determined group
in the enhancement layer 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

15 layer in accordance with a pre—détermined rule.

For example, the digital picture is encoded according to a
base layer and according to 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 secornd 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 associlated 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 mode that is currently associated with



t he codi ng node being tested) for the enhancenent | ayer may be based on the
coding node that is currently associated w ththe- group of pixels for the
encodi ng wo 20tve4lsEse | ayer. This codi ng node nay for exaopise2wmw/o0é381 codi ng
node that is (finally) to be used for encoding the group of pixels in the
base | ayer. In one enbodi nent, the firsbocoding node and the second codi ng
node specify, for a group of pixels, a partitioning of the group of pixels.
The partitﬁoning of the group of pixels may be used as a basis for a
predi cti oh*of IpPRRI OV aPhés L6 TPRe tHP0BPCEALBOX s tihe Bacsdilayethe THi6up of

pi xel s (i c8dihQ mOBeIEYNGoeNEQdnPdct B8 GHRUR QN nB %8l thakni@ne
enbodi ment, the partitioning of the group of pixel's Is useg as a basis for
a predict (bnatlpl xep bal uesdoforhengedipgothpi welosipi wfempdadilisg ihhéhgr oup
of pixel s, by nPé'gn estimation. The nmethod illustrated in figure 3 is for
e . . . . .
exanpl e carried ut by an encoder as illustrated in figure 4 . Figure 4
shows 5an encoder 400 according to an enbodi nent. The encoder 400 is an
encoder for encoding a digital picture having a plurality of pixels, each
pi xel bei Ay AR oTRPLENANEN Bhel Eagstoreddnoamprer anct Fhef sgeongs of

pi xels. T 4 Lhelud a_fj assoghatihng ci it .confi-gured
to associgﬁgﬁg%gﬁ§g?og eggfgfxgﬁg gfb%ﬁéppﬁgrghg%&géf%gbgﬁgétgg%ﬁl%epg wth
a first code ngrowodeobfpaxplacal ity of different codi ng nodes. The- encoder
400 further includes a first- determning circuit 402 configured to

determ ne, for each group of pixels, a

10 The partitioning of the group of pixels may be used as a
basis for a prediction of pixel values of the group of pixels
in encoding the group of pixels (i.e. for or during encoding

the group of pixels).

15 1In one 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 a 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.



first encoding performance | evel specifying an encodi ng performance | evel

of the group of pixels when encoded according to its associated first
codi ng nowe.20la4mncoder 400 further includes a second ®ETSGRVMAONEGSTI rcui t
403 configured to determ ne at |east one group of pixels of the plurality
of group of pixels such that the firstdf?coding performance | evel of the at
| east one determ ned group of pixels f ils a predeterm ned quality
criterion. The encoder 400 further includes a third determning circuit 404

confi gur &ket engederm4td, Terthaie Maltidshead gkt SFEHFRELERY aCEECHHY
encodi ng 4per f rqaﬁ& : L yd n £Nepdi € ce lgvel of the
group of 4@%(30?? e%elélﬁ\é:?ded accolrryl'ngf(?f(; a seg%ﬁn%u%o(g%g%%d% which is

di f f er entf iforsdmetntte diings tp ecoth mp mozl el e Vide syeodey ik Oat uendedingcl udes a

conmparing circuit 405 configured to conpare the first performance |evel and
t he seco%&ﬂﬁQ@WﬁHﬁh Wé&éﬂ?*§ﬁ%€5ﬁ§5ﬂéF @ﬁféﬁﬁt?&ﬁni%%?%%% a second
assocs at iaRG HJI1GHY t AQR £ U d Gl £k d OF BESO A End hfogecond coding node with

the determ ned group of pixels if the result of the conparison fulfils a
predet erm ned association criterion. The encoder 400 further includes an

encodi Ng £l Qido Y7 LRNT AR L, ONEOLe LAIHRUPOLRIXENSG HPEOGILLS
associ at ed coding node.1n an enbodi ment, a "circuit” nay be understood as
any ki nd 40f3 adnficu g limeidtidgmant idty, 1eds tchomaygbeus petipd xels pose
circuitry or a processor_executing software stored in a penory, firpware,
or any coSi PAITEH HerfofIroMRST it S such that the first’encoding

10 perfdrmance level of the at least one determined group of

pixels fulfils a predetermined quality criterion.

The encoder 400 further includes a third determining circuit
404 configured to determine, for the determined group of

15 pixels, a second encoding perforﬁance level, specifying an
encoding performance level of the group of pixels when
encoded according to a second coding mode which is different

from the first coding 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 if 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.



enbodi ment, a "circuit" may be a hard-wired logic circuit or a progranmabl e
|l ogic circuit such as a progranmabl e processor, e.g. a mcroprocessor (e.g.
a Conpl exwOnstwodersion Set Conputer (Cl SC) processor or aCRSdaa®®00381
Instruction Set Conputer (RISC) processor) . A "circuit" may also be a
processor executing software, e.g. any kjnd of conputer program e.g. a
conputer programusing a virtual machine code such as e.g. Java. Any other
kind of inplenentatjon of the respectjve functions ich will be described
in nmore dét & SHOIGWIRRF raldso D ,ré‘iao‘b %su%‘g]elé? %‘Eﬁltasi?P%c]éJoI?%ance
with an alg @r naljive 1eRMdTBNn g ASONRYL 8Fh RO UEAM 1 oslbiet i 43 poFpexanpl e a
conput er readabl’e nmedium on which instructions are recorded which may be
execut ed ddycaicapwers Hacasemplexe it vl rep Btyroe esboredalmemory, i nput

/output devices ef.c. ln one e i , 1.0 re |0t ern=..sy I
redundan8i®es ¥4 gftéLr G djlrgir‘r%gf Cfm C lur}ae@lrrgari/ eeelf)ér%%i C %%gug?lﬁga%t her

part s5 of et din@irttgl Pidiaiii” enay g a piecd-etiosd neygbe earcaed ont, for
exanpl e by the predictor. 105, 108. The intra prediction is_for exanple
carried GuPHOYTREEHIhdC W IF1 T H S Viied RO P Bhdard. Intra

predi cti opdcsdlesi oned, { o, explold.spaldal £org el Alégo ik hinsfrpietane by

predictively coding p val ue ased on nelghbouring pixel values, e.qg.

by predi SeitngcanpeeE- (@K asetessra orighmindced Iestoubt bek. Teie

redictign of the pixel values of a macro block, based pn nei ghbouring macro
bl ocks. allBRRaRT 1 (ST ST Hth 1 ok | TRE TSt odieh HHERr R F gure &

showsp a plridlddor AxdmarigqPlRcksyd), e.g. any kind of computer

' 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 also 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 other 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 exploit spatial correlation
within a picture by predictively coding pixel values based on
neighbouring pixel values, e.g. by predicting a macro-block

30 Dbased on a neighbouring macro block.



In figure 5, the plurality of macro bl ocks 500 is shown corresponding to
its arrangenent on the digital picture to be encoded. A current nmacro bl ock
501 i s t hwormovma4tsiock to be encoded using a predicti onpPoasedommnotdse ot her
macr o. bl ocks 502, 503, 504, 505 of the plurality of macro bl ocks 500. In
this exanple, all the other macro bl oc 3502, 503, 504, 505 are used for
intra predicting the current macro bl ock” 501. Further, in one enbodi nent,
the notion vectors estinated for,thﬁ ot her macro bl ocks 502, 503, 504, 505
are used 6 BrEfiGt i dotthm RigiebrVatiee 5t3 mrerC BFoeheP288 e nmacr o

bl ock 50%c iYL RXAY Enad e PRGN YELLLHiAQ P& 581 BRbE4: foRtthg current

macro bl ock 501 1s predicted based on the nedian of the notion vectors of
t he ot herd l(weitgtedme iimg)fimere b ocks 502, 503, 504, 505. Due to strong
correl ati on anong nei ghbouring notion vectors, the difference between an
estimated notion vector and its prediction has |ower entropy than the

esti nat edhigRideOns v d tiselfal fhpsef hhghes soopressoon of the digital
pi cture may be achieved by coding the difference between the estimted
notion vector and its prediction instead of the estimated notion vector

itself. didsi lyy, .0l I ryaat i e. of ot her
(nei ghboﬁ'?ll r%) macr% b Oéé%l%&%%é@%%%ﬂ?ﬁf%%tﬁ?dé %aga?r%?‘gnof t he
nmacr o bl eck rs@pdralirte tefitofattengenesrentomache &l 9ikab0diatdreftd hee macro
bl ock 503 to the top of thecurrent cro ock 501) may be_used for
encodingeEHQQEﬂﬂwﬁncqﬁﬁ9QFtﬂ%ﬁﬁp O?%i?éﬂi+§IE%%_%%%%%C?%ﬂﬁkfF?t%?ing. I n
one egbodi®Riod WREMEA £ YWFEM IR G agKoh St L egi gt BUnYstHILEE8RE (€. 0.
nei ghbouring) macro bl ocks, reconstructed

502, 503, 504, 505 of the plurality of macro blocks 500. In

this example, all the other macro blocks 502, 503, 504, 505

are used for intra predicting the current macro block 501.

15 Further, in one embodiment, the motion vectors estimated for
the other macro 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 the motion vectors of the other (neighbouring) macro blocks
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 vector 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



pi xel values of the other macro bl ocks are required for intra prediction of
the current macro bl ock. Therefore, the other macro bl ocks are encoded and
reconst r woediongfisre the current nmacro bl ock i s encodedPCEsG2ewansse, in
one enbodi nent, carrying out the R D process (i.e. the coding node

associ ati on process) of the current ma%[g bl ock 501 requires that the R-D
process of the other macro bl ocks 502 3, 504, 505 is conpleted. To all ow

parallelized proce55|n on e processors_in s of this data
dependen&}lr&r‘? qﬂéﬂglr'rui r%aﬁs%ed L?%e‘gac%%lf d‘?‘ﬁ ‘% BBt PRht
that is based motd]@ soﬂlealscm‘nga iansod rl o Otingcr D1 b pcks. This is

illustrated in figure 6 . Figure 6 shows a deconposition of a digital
picture 600 into a plurality of macro-blocks. The digital p| cture is

di vi‘ded f RSt o, b |
tvided iptoa %h [t hOf RG] O, bl it trﬁgexa??? Qkxfé Cro %tféjéig' ta

picture i's, 1n I's exanpl’e, associ a y one ock. Each
macr o5 bl Gm;linlgs o&&ﬁxgn&d@. mﬁbﬁfbcﬁmm inmadrgusrobks, t haton st thetadinber of
a sub group Wj the macro bl ocks. The macro bl ocks of each_sub, groups of

macro bl é’ék@laf"é‘lé’@%&%dt%d?#t%tmat‘?@ RARCKF rargetP il e Pat e erHistRh

thatthe. 3ub:;graup By Ok SAEAASt NS BT100E . 1TRYELBHAY, Thge dbghdAl
picture as for exanple indicated by line 601. A s can be seen, the

sub- gr oupscafo Pk shlaook srarelst| vt ete st thated heyf ey bee epieovent | n

t he order accorq_fo t.0 thei i Ty n&mberl ng while the data dependencies as given
by figur &3 a?r«? i19 ed'c°
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 the other
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



Thus, the wave front approach is in one enbodi nent used for macro bl ock

| evel partitioning to overcone the problem of excessive data dependency
that is pweerwoswisthin a frame. Further, the sub-groupsPars8Ga@lomeesd such
that at various stages, all pmacro bl ocks of one sub-group (one "wave
front") can be processed i ndependently. én one enbodi nent, macro bl ocks
bel onging to the sane wave front underd% the RRD optim zation (i.e. the
codi ng node associ ating process) concurrently. In the follow ng, an
encodi ng Hhetd SECVRIITRY the RO MEdTe | SraescEraearsme ehtodi ng

schere Tsydpseri hed o bes based opibee uaye: Lroos BppLogehedescri bed above..

(S
However , so be based on other groups o ro blocks instead of a
wave front, for exanple for all macro blocks of a digital picture. The

di h d i bed.,in t fol |l ow is f I jed oyt b
The.encodit 00 Ehat T FIQUTE 1057 P hes Brtads B00CERoWRS| FoHTGirS 3

. The- sencadima: reaheife ety ihe et b@yg therit HrgoAPHtadraMmeftbhenhyideo
encodi ng process t o be carried out i n a conplexity scal able fashion . Let

MBi j be thElemingacie i ddle idata eenpndenebm® §§ @hdeli by (hbdere| frode) the
R- D cost__of ﬁﬁiffhlegWere J {nmode, Inpbde ) = SSD + Xnode R(node) . (6) To
Ice (I1.e.

encode a §17 a frame or digital picture), the wave fronts Wj are

processed in an order of ascending j , starting fromj O (or starting from
1 in the nunbering used in figure 6 ) ., K For each wave front VVé , .all macro
bl ocks aﬁ?qﬁﬂtﬁgﬂlxﬁve front "approach is 1n one embodiment used for

10 macro block level partitioning to overcome the problem of

excessive data dependency that i1s 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 encoding 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.



assigned with a first coding node that may be seen as an initial candidate

coding node. This initial coding node is for exanple the SKIP node

accordi ngvoaott/o4264. After this initialization, the encedesGepviondzses the

assigned coding nodes iteratively. In each iteration, a nmacro block is

selected in Wj to be processed (i.e. tg.conpute the R D cost). The

sel ection of the macro block MB* to -be processed is for exanple done such

that MB* = arg max Ji (nodejmn(MBi ) , Imode ) , (V) MBij where

rmdej m n(%%lerC@dslnmeS@minmgi&md@ll@@fﬁ rahidys asbegRed vanputeat bl ok MBI
. The qgflqgﬁgnde nDd mn{M Bi J t he nacra bl pck codln gn |V|ng

currently $he ?93?1 P ??%%s of ¢ KBF PP ot hmbRg? tﬁ8 Bod codes

t hat havesdqeenpiesteshiot. MB i .I1n other words, for the next nacro bI ock

to be processed MB*, the nmacro block of the wave front is selected that

has, with regard to its currently assigned codi ng node, the worst R-D cost

of Ik, the.ymagng blocks. o the veue Srpny, Fpr M. . ca gRoye bhgck me

node Test e§fed f or or exanple € dependert “on the coding

node thatth(aﬁ RERN, Py 8¢ eugl }Rigsgggtf gF WBB, . €. Gndhe coding node that has
been preV|oust tested for MB* (e.g. in a pré &li’ous iteration) , if any, or.

that may be dependent on the coding node currently assigned to MB*. For

exanpl e, est el ed_ accqr di to table 1 depending on the coding
mode previ ﬂsWdFe)‘s'P@z.: ?‘%st'hémddgET@O e (69

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 j=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 ]glgx] Ji ;(mode_min(M B; ;), Amode) (7)

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,;.



noted that 8x8 coding node is in this exanple the node | eading to the |east
distortion. Wien this coding node has been tested for a macro bl ock, no
codi ng noate 2n/mested for this macro bl ock. previous nmaeco/Sokavkoassdi ng
next macro bl ock codi ng node node tested for MB* to test for MB* SKIP 16x16
16x16 16x8 16x8 8x16 8x16 8x8 8x8 end Tabhle 1 : Next macro bl ock node to
test In one enbodi nent, in each iteration, only one macro bl ock node is
tested. This is also referred to as one R-D operation.Let . MB = MB*, | f
Ji >j{nodet est, node) < Jv j (node jnin(MBy j), Inode ) ( 8 ) then the

tested madelsled s,dized teyundal eudihe £adi D0 TR LYrEEntidoassogi ated vi th

the macro bl ock according to node jmin(MBy; ) = node t est- ( ) In other
wor ds, i fMBie tbstmdcrodidgchndd Fiheesaaehdincert dodised guareidoramricddsavel
(inthis_examl e rate-distortion) for the nmacro block, the tested coding
node is 5@% d%ﬁ%ﬁf%&%Q1ﬁﬁﬁaQHﬁﬁ%?ﬁﬁgxﬁfsﬁgﬁﬁ?t%&%&?@ém%ﬁ%té% ©of°%%tecting
the ngxt RAECIRIH @ek 410 behPracassasidskd o5 £ exadpheve optbmyed until a
predet ermi ned nunber of R - D operations for the wave front Wj have been

carried out.
For MB*, a macro block mode moder.: 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 Dbeen previously 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 pre#iously 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 block coding mode
mode tested for MB* to test for MB*
SKIP lex16
16x16 : 16x8
16x8 8x16 -
8x16 8x8
8x8 end

Table 1: Next macro block mode to test

In one embodiment, in each iteration, only one macro block
mode i1s tested. This is also referred to as one R-D

25 operation.



Thi s nunber may for exanple be given by where \Wj\ denotes the nunber of
macro blocks in Wj and y is a control paraneter. After the processing of a
wave fromwoharm/daemsn conpl et ed, the process continues w POTiSGROMBRAISNAY E
front. Wien all wave fronts have been processed, the encoding is finalized
(based on the determ ned codi ng rmdes)z.8 Accordi ng to one enbodi nent, the
encodi ng process is carried out in accordance with the foll ow ng
pseudo-code:%ﬁé whi e _not all wave fronts conpleted R D conputation do 2
Conput e SREPMEéeé =T 8fBal | 1hacro bl ocks in wave front 3 : while
predet erm ned nunber of R-D operations has not been done do 4 : identify
macro block with the worst current R-D perfornmance 5 : carry out next state
of R-D opt Vi (zedlens, dh.dt)hat/y peeede_bind8kBy ondnd)D operation) 6 : updéile R-D
costt 7 : end while 8 : conplete current wave front, nove to next 9 : end
while The notivation for the macro bl ock selection strategy in equation (7)

may be se@Bnagnkotdisvedt nfeleplll atd aidd res ausdLr d ocHmCES M PaksdaM th the
worst R-D performance during the R-D optim zation of a wave front. Since a
typi cal Wa¥sehitdit aspaes ad ddamjd harde aerwss alnck meerding qikely to
cover both areas with high and | ow notion activities. Macro blocks in the
nore conplex regions of the image tend to have hi gher

mode-min(M By ;) = moderest. T(9)

10 In other words, if the tested coding mode gives a better
coding performance level (in this example rate-distortion)
for the macro block, the tested coding mode is associated

with the macro block.

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 - |W;] (10)

where |W;| denotes the number of macro blocks in W; 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 is 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:



priority in the selection, thus benefiting fromthe extra R D operations.
The encoder 100 descri bed above with reference to figure 1 includes an
enhancenew0 20ayoan75smodul e 102 and a base | ayer nodul e 10BCTiSGROM®M0ANBSL € i N
accordance with scal abl e video coding (SVC) . Scal able video coding is an
extension of H 264/ AVC and is used to 8 duce bit streams that can fulfil
different spatial, tenporal and SNR.(si‘ghal to noise ratio) requirenents

t hrough appropr.i ate extraction. The- spatial and quality scalability can be

achi eved ft*hrBligt étodildy YA dePTit CIWR ] RPAsETRY A4 She or nore
enhancement | aygrske SN 12dd Ao ofy highers nesalid i on Uy bettsiy quality

is desired, a client can request and decode enhancenent |ayers that contain
i nformatidon f ethidef pmieds tawhierddhnoimze t et Bade et it dras,nét e. the
pi ctures reconstructed fromonly the base |ayer information. In the base
layer, notion el §°8m&> be predicted from other notion vectors (e.g. from

noti op vectors det eugnkedf alactdeflodk Gitteighdarsidty, cumedrt R-arks) to
exploit the correlation between the notion vectors of nei ghbouring nacro

bl ocks. For exanpl erfREmM@BtGeon vectors of a partitioning of a macro bl ock

(see figure 2 ) capabe predi cluel o foded based, an d e rdk o vaghors of a

Ty, ;o
partitioning of a neighbouring nacro as already been coded. In
an enhancenent | ayercaonmbtlicark viecteorR-fbropeeddtckn)may further be predicted
based on the notion vector for a corresponding block (e.g. a block covering
the same &egi on of update R-D cost

10 7: end while
8: complete current wave front, move to next

9: end while

The motivation for the macro block selection strategy in

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 typical 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 seélection, thus benefiting from the extra

R-D operations.

The encoder 100 described above with reference to figure 1
25 includes 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 wused to produce bit streams that can fulfil different
spatial, temporal and SNR (signal to noise ratio)

requirements through appropriate extraction.



the picture) in the base layer. A s expl ained above, the testing of al
macro bl ock nbdes with and wi thout residue prediction and notion vector
predi cti omoto10ded M ne the set of notion informtion tirar/Sg2ewoadse best
rate-di stortion performance is conputationally expensi ve. Accordingly,
notion estimation for an enhancenent ¥§ macro bl ock may al so be tine
consum ng and conputationally expensive rf the w de range of coding options

avai lable is used to %ﬁyrove coding efficiency. In one enbodinent, in
accor dance'Si SRR I i G471 HeY ehEadrRyLbEY afcBnRaneeheAVeFayBFOUBRG. t he

encodi ng Gardd edoul vfaéégfh@@hf§§gfgnkalﬁ%gé odul €3 102nEhe - mpdee Of

i nterlayer predlctlon used (as represented by the inter prediction
i nf or mat i @rharidgmerdy leyeon) + dihed. a Thedeodef ohigheer reagéntppedpeti on used

in the enc call has d|r ct _effect,on _both the conp l exity and the
codi ng o R s MR T or B obb o EoraBybRarBst s RBBCAERYP can
sel ech t erdtndseednt BiydayefhPt edost4 00 aRdotRaenendeceaehrliaygy and
separately. It this case, a relatlvelé poor coding performance can be

A

expect ed FHRAC P e 13aserukdy e BdRRARAESS | s1pPesthe BnBRYreRe |ayers. The
encoder %ﬁ%&@&éeﬁﬁ %H@%%H&%é?& ﬁ?é‘g&'fe‘%{fér E gp_information for
ng a out pre

t he enhancene ayer codi carry SI dua c fon. This may
show better coding efficiency conpared to coding |ayers separately.
However, the performance of the encoder can still be inproved since copying

base IayéF‘ ?(ﬁ?§§1 ¥rek i P ahen r BeF HRGP %?Xd?%tPBﬁdhﬁ§eﬁofrB@ 8pPE#al in
a rage- mﬁ%ﬂ¥6d(¥b§@ﬂ§§(e.g. from motion vectors determined for

other, e.g. neighbouring, macro blocks) to exploit the

correlation between the motion vectors of neighbouring macro

blocks. For example, the motion vectors of a partitipning of

a macro block (see figure 2) can be predictively 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



According to SVC, notion information and residual prediction may be carried
out adaptively at the nmacro block level. A residual prediction flag may be
used to iwbanmwvises7decoder whet her residual prediction lpagsd2en/obase | ayer
residuals is carried for a particular macro block. Simlarly, notion
vectors in the enhancenent |ayer can be3 redi cted based on the base | ayer
notion vectors. A base |ayer SKIP node also may all ow an enhancenent | ayer
nmacro bl ock to inherit the m)tigln informatjon of its corres ondiggrbase

|l ayer mad¥d RYodiie ADGHTE Hed AP0 oWt e wiie BrfayCbf 1RbEFAg
options, 488 PAINGINS, oplddala £ ol phe fRde§ Oy each MRELP PLogkc-rRyRe

conputation resource intensive. To assess the ratedistortion w se

ef f ect i vemeeyrmeft igae h Wodenaarbeneodero hbed t ol'keiceedsi ¥&| yntedelayaacr o

bl ock with al.l .possible, comi.natio of codin des_so.that th

rat e-di stpgretgilocn 13511 e rg% %n%rllgné T'o% %%%l‘g%fg% AT W T h%gif eGhy
heuristi e teurediee ddgpTawbey aid comdi dedinnsetoibeetegt €6 thet his way,
to deci de whether to use interlayer prediction may involve the repetition
of the nSICHFSEARIPETH and wit hout each available inter-layer prediction
mechani sm (e.g. notion vector prediction frombase |ayer and resi dual
prediction from base | ayer) . Al though adaptively selecting the node of

i nter | ayer predicctd onHorereaodermacan ot bekt Ny nocresseindte-dageéorti on

performance, it can al so be expected to increase conputatjonal , conplexity.
Ther of or &F SESEHGAD et Tkt , LA A" oreoRt REE bthe HRLEr TBRD: above

withygefer %’&Léaﬁi%étliyglﬂ@qﬁ dSdUsebd Pformance 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 may show better coding
efficiency compared to coding layers separately. However, the
performance of the encoder can still be improved since
copyling 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 motionh 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 block.

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

determining the optimal coding mode for each macro block may



enhancenent | ayer encodi ng. The encodi ng process for an enhancenent |ayer
may be carried out simlarly to the encodi ng process descri bed above. The
process maQ 2ow/mwts’fi ed to take advant age of the observaCirse2oteanoian
enhancenent | ayer macro block (i.e. a macro block of a digital picture as
it is input to the enhancenent |ayer nngyle 102) is often nore finely
partitioned conpared to the correspondi g base | ayer macro b | ock in case
that base | ayer and enhancenent | ayer are of the sanme resolution (i.e. in

case that°% PR R T AT R HBER DRV R r ERi 259935 ALRBr 8RRt 0 one

enbodi menti,s ddia 1RO 9 Of rMBYENEEONL £ i Bathen8abaNSENBAL ch8Y ehabegbns by
computing the SKI P, I'NTRA and base [ayer SKIP node for all nmacro blocks in

t he wave suaaftssiTsly i sade nmacnachd dekombdel tlese Bl possianlenhancenment | ayer
macro bl ock .i. sed on-the node associated with the correspondi ng base

| ayer naéF%mﬁﬁég}éﬁ%wO%m%ﬁ%ﬁ%gd%%%?%i%% E%aYaB?% EaFebﬁéﬁégﬁgé?nnﬁ8?g next
macr o5bl ek eeeti Reprimidea it Dot eS4n i e bboBkutodi Nng node enhancenent | ayer for
MB* SKIP .16x16 16x16 16x16 16x8 16x8 8x16 16x8 8x8 8x8 Table 2 : Next
macro bl ock node to test (enhancenent |ayer) The rule according to table 2

ensures Gfatdfie AAPANGEEN: LAVES FBELOe PLRCK bR 8L VB Scahnl §2810AS finely

partitioned as
to be tested in this way, to decide whether to use inter-

layer prediction may involve the repetition of the motion

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

15 Dbe 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 block (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 layer and enhancement layer are of
30 the same resolution (i.e. in case that there ié no spatial

decimation circuit 104.



its correspondi ng base | ayer macro bl ock and reduces the nodes that have to
be tested to a subset of all possible coding nodes. Simlar to the base

| ayer, thworewro4ersihancenent | ayer macro bl ock to be pro®essedoinoesst er m ned
by the current R-D performance (i.e. the R-D performance according to their
respective currently associ ated codi ng de) of all macro blocks in the
wave front. The macro block with the current worst R- D performance is

sel ected and the next coding node is tested for it. This process is, for
exanpl e ACECHIEAIMT [O1E IRRRE nurserensio Ry operat Yo HeRRt been
carried Quly Actardiat 0 L LTROMAEH,y ddieancasli itk PERPESSTiPka Ahd
enhancenent Iayern i's car r]i d out Tn acc%rd(%ﬁi:e with the follow ng

pseudo- cbhdese 1ayewhiSKE thotodd | faraveel ¥ motro doingpt ket eth R compait Btémwhn. do 2
Comput e | P,..I.NTRA _and se .Laye KIP npde for all, macro bl ocks in wave
Front 3 AL by RGPS el MR TR B peha TENE FHEP0r [BEEh done do
4 @ islentdaforomeaior kbliack addd ddhecnomsdde Wit 434 peidioremace 5 @ carry
out next state of R-D optim zation on that macro bl ock (one R-D operation)
6 : updaCerREBPrEFSH Y bagfd diige MCre i @te EUF rEmMNEY A$¢RFELNdove to
next 9 :.end_while In one enbodi ment, for applications where conputational
power ‘

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

SKIP 16x16

lexle 16x16

16x8 16x8

8x16 16x8

8x8 8x8

Table 2: Next 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. ﬁhe R-D performance according to their

20 respective currently associated coding mode) of all macro
blocks in the wave front. The macro block with the current
worst R~D performance 1s 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



is constrained or variable, the encoder conputational conplexity may be
adaptively adjusted, for exanple to neet a certain (power) constraint.

Consi der ,wban10edarspl e, a group of pictures (GOP) of sizeCHWSGRowgoesito four
including one P franme ‘and four B franes. A target GOP encading time T f can
be conputed to ensure that a required fﬁane rate can be attained Using the
encoding tine for the P frame TQ as<in§ication of the current conputational
resources and the conplexity of the frane, the tine required to encode each
of the shbsegdény Bof paresrogdiperndst ithet &fcafdnhegRafetiar 21 hat

control s R - . t per (568, aguat i on
(10))can?kggnggﬁggﬁeggygreﬁEL?%&%ﬁ§¥P?%g gﬁb%@#ﬁﬁi%gﬂﬁigégg}ried out in
time. |t feanohengeesetidorcexgeri nents that in one enbodi nent, a value of y
equal to_1 reduces the _encoding tine of a B frane to 0 .6 - where T is the
encodi nglti HBIhPt RO&x RadsAVE é’ioé’&isstct?ﬂglt‘fr?eccgr}?ﬁtﬁ aﬁ‘?“?ﬁiﬁ(aﬁ]ec?n eXhausti ve
test pf godi n@pﬂ[ﬁ@%ecgﬁPDat}iN@‘@ and! Ba@EIR e 2palmhiRe Rvalue of y
equal to O (which can be interpreted as coding all macro bl ocks as SKI PPED
or I NTRA) givescan bhcc#sngnt weweofframdund 0.6Tj. Since the tine left to

de a,GOP he P, f b ded | T i
avai | abl & 1 or "BRQBAPRGIFGF BAT B PIERE of the GBBoF ISTA AT TP given by

rprpl t - lpeenldbharget - = - . {H, - VGQP -1
4: identify macro block with the worst current R-D
10 berformance
5: carry out next state of R-D optimization on that

macro block (one R-D operation)
update R-D cost
end while

15 complete current wave front, move to next

O W 3 o

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) constraint.

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 Tp as indication of

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

frames can be estimated and the parameter y that controls the

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



| nthis case, y be sinply chosen a s (I T- bbTtahrget - 0.1 . (12 ) where
Tis the estimated tinme to exhaustively code the next B - franme .

Est i mat i omoabioidae7sencodi ng ti nme of the next frame can alPswo/Sleodasedl on t he
| ast frame that is being encoded. Typically, encoding tine of a frane is
likely to be simlar to the previously encoded frame of the sane tenporal

| evel . Encoding tinmes of frames of diffef®ent tenporal levels are likely to
differ when a stop criterion stops the notion searches when SAD is small er
than a t heeshel dddssftrane iandsure |[tOwer thenporaddireyetaariee teapored | y
further apart,. Cenerally, a |larger search range and nore search points are .
requi red et *dM&s are tenporally further apart and frames becone |ess
simlar. As the encoding of a GOP progresses, the value of y can be

adj usted before the encoding of each franme to ensure that encoding can be
conpl et edti gam fpe SEeomisgreradReRtiglents ddrtbel B exre t¢podHeerhc idli ng

sche descri bed above all.o codi o b i it b 40%
conplrr\r)gxi tvfcirueedl?%t iyor?%at%h tloy\?l %Qgéuoé;}gi%hecoeg?%g&{pﬂé %ﬁn%n%\%ggr enrlermre,
it can becseern IhathsidCR, GIMiatdrafbd i ¢ hanmelveth texHdes tbes ordt ek
currently having the highest rate-distortion cost, the encoding schene
descri bediatiowe iain ewsnmadudiary tihe r atsshalistiores ittestost ofdangweredd r ont
significantly faster (in course of the optim zation process) than

convent i @R HEHEFS) “The ability to decrease the total R-D cost of a wave
front nore quickly :

.lO Through extrapolation, a wvalue of y equal to 0 (which can be
interpreted as coding all macro blocks as SKIPPED or INTRA)
gives an encoding time of arouna 0.6Tp. Since the time left
to encode a GOP after the P frame has been encoded is Ty -Tp,
the time available for encoding for each B frame of the GOP,

15 TpTargetr is given by

Ty —To
T ot = ————— 11
bTarget NGOP_‘l ( )
In this case, y be simply chosen as
20
2(5@,&?—0.1). (12)
Ty
where T, is the estimated time to exhaustively 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



i nproves the performance of the encoder in two ways:

according to the enbodi nent descri bed above can attain the coding
per f or marwe 208a4150 t hat of an exhausti ve search encodePCESGR0@/000381

significantly smaller

of conputations per wave front, the conplexity of the encoder can be

control |l ed. The conputati onal

worst performng (in an R D cost sense) macro bl ock. O her than

denonst r pheag@ihhetiadycbifol riamethe fnuiti€e reh tf weaipoar Icdldve ldursimeg t he

encodi ng_process it can be shownthat the reduction is ?fros .all macro
bl ock opét&EtBnECaflthernHELs Bl SCRP EVSIESTHRE Sonpl%e

schene aggordhng {Rchheagnhadispant destihinbed rahwe RN fe tuseldd @s it can
be expected to work well with other conmplexity reduction techniques. An

- The encodi ng schene

nunber of conputations; - by controlling the nunber

resourcesbare channelled to the currently

i'tSy "Ca14bl e encodi ng

encodi ngtBehénwerhaemppired tlevednirs! tempoderl lyomplrdhiary apardontrol ling the

not i

effective
bot t | enebRCPHEt hESENEHHILRG LopdBatihEn $NCEHTDIAG Fg Ge REGFFASHS ondl

estinmation search range_can b pected tao hec le . ffective

if aTtas %]Pe?:ﬁ% gmefit afi*df "o etaﬁ:g%sﬁ & peraadfénr?l]es%ljegeg ( gos%tﬁﬁ %I{ehrough
the use @&qgSt MB4( sheal € riapslsr uell armpdiialilve fattded RaUIC AN ramesOMe

?ast search al gorithmnms) and the SAD operations are no Ion%Fr t he

e

resour ce. all,acati gn as, desetihed aboKe J:ends.d achannel Jd e fasaurce to

macr o bl ocC

at “benefit no

can]QF conput ational ly conpl ex
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From experiments, it can be seen that the encoding scheme
described above allows encoding‘to be carried out with about
40% complexity reduction with little drop in coding
performance. Furthermore, it can be seen that since
computation is channelled to the macro block currently having
the highest rate-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
to decrease the total R-D cost of a wave front more quickly

improves the performance of the encoder in two ways:

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

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

t fromthe extra conputations. Since a RD
conput at tonefienra pasati enlcadipar tdatni e icoxipieasdiiff ériert. operati ons t hat



(e.g. notion estimation, transfornms and inverse transfornms for the
conputation of rates and distortions), good conplexity control can be
expect ed woeniwds4tshese sub - operations of the R D conpRCasiGamnnest

i npl emented with | ower conplexity. The effectiveness of the encoding schene
according to an enbodi nent can al so be observed in the scal abl e extension,
i.e. used for an enhancenent | ayer as ddscri bed above. It can be seen from
experinments that the encoding tine on the sanme conputing platform (or
equi val ehhky the pedertdonsuspiicawssf atlAe maicdeo bdresdd@persdiidye @dnt rol | ed

by a sing|le paraneter (e.q. ) . Ihe- _abi ||, t 0. _control_the.. | exity of
t he encogkﬁgBQFrgagﬁoF%y&gvgﬁsoTSFoﬁpﬁggeﬁﬁ%%bﬁ%?ﬁgﬁﬂf%éﬂgfr%gngon of
conput at seAahel 88BUKEE naC @S Ehichenbaye men tWiess dfid ehhansenerdn Iayer al ways
reuses the base | ayer notion information, coding _perfornmance at the

enhancenBAefHAy8F iy Colf Per caPetednbO RS tatiidh &t ed at the base
Iaye% !SC?ﬁF%8%%E§'égguEQEOBh%e%%ﬁﬁ cement |ayer. Encoding the enhancenent

layer  in : I's however, relat vel'y | ess conplex as no RD
conputation is carried out in the enhancenent |ayers. Al conputational

resources may be.invested in_ a iring an optimal notipn vect field f
t he baseAPa§éF9d?ﬁ@ &R &W@eﬁ@ﬁ&qﬁﬁ9§§gﬁﬁeﬁ4%§ﬁ§i;%qﬁ%§%9$/ ré%#ﬁ%nd o

refines gol xohheonesihduahd HoRHBRA 101 nB) 1981 tdit-ch valdies daidependently in
different | ayers, the conputational resource allocation to each | ayer can
be expected to become less effective if a faster implementation
10 of the SAD operation is used (possibly through the use of
' SIMD (single instruction multiple data) instructions or some
effective fast search algorithmé) 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 of the R-D computation are implemented with
lower complexity.

25
The effectiveness of the encoding scheme according to an
embodiment can also 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. ¥).



controlled leading to a nore efficient use of resource. A s can be shown by
experinment, channelling resource frombase to enhancenent |ayer is likely
to | ead twoletoras7sper f or mance conpared to only opti m zi RGTSGROOM00381
infarmation in the base layer. Optim zing the base | ayer and then reusing
the nmotion information in the enhancenent |ayers is a possible | ow
conplexity option. However, when there-is a constraint in conputational

resource, experinment results show that it is not the best way to allocate
linited Fosoabddisndtineesticed $hee acawdexddy whi Héa emanrshisit a3 9@t on

information in_th nhancene | rs w Lk _pr | 0 better overall
codi ng peraflgfcrrgt%gg. ﬁgogé(ré]l% ur%ﬁé@%es s(jﬁfo&/r?e{)rlag@aoﬁ%nlﬁggosé resource are
i nvest edcdtpungttibaalate soudicet @dricas apis Mazatdon Whert hehdbase | ayer, the

codi'ng efficiency at _the enhancenent |ayer al so be affected. Wen the
base | ay8RhABCEBRMNLEYREL P AYS é‘leé?ss@rsy ttt.}alegg{aisr?alsl,aycﬁfe BG%He hi gher

nunbey of ,eaNRULALHONS HRAL YRS HANHRE AW dHe tdithGmlaN tharGalah) e
schenme, the base layer notion information available for reuse nmay also be
better ssuféedrf as the swhdooenefionmardon despiitred tathdily e niassyr for a
lower bit - rate) .. As the bit . -rate between the base, | ayer t he
enhancenefit npgyé?%)t\ﬁnééﬁg, %toﬁe% ie&ﬁla\?eccefr}%n | for et ?Eonnc%/(%lymf)lgcgloene | ess
opti mal Eﬁhah&@m%man@?@&n_tinl aydrs ardid e erdidig: merdSrdmnesl yreye s¥r sen
relative to the case of using exhaustive R-D optim zation. . Being able to
separ at ebympdetkr als te Rcobptexptiyabfiosndéedicagried out in the

10 enhancement layers.

All computational resources may.be invested in acquiring an
optimal motion vector field for the base layer. The
enhancement layer then reuses this information and refines

15 only the residual information.

By setting y 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.



at each layer allows the encoder to optim ze each layer to different extent
dependi ng on the inportance of each |ayer or the requirenents of the

recei ver wb 2vtv4erscoded digital picture sequence. \When eOFSGREMI000381
resources are limted, channelling resource to the R-D operations in the
enhancenent | ayers at the expense of bagﬁolayer may be a good idea,
especially when the bit - rates of the | ayers are significantly
different and the base |ayer notion information is far fromoptim zed for

t he enhardderf@it fwgidier e cdralithg-hat onkeenbows neasourcartheditpested

| exit cal ahl id oding is pr.ovided including determning a rate.
di storti GHICRD)RT 2A°T oSut Lare Tk P8 HIGAR TP Gt GUIF 012 Fadr/ Birocks. of

a franme, mher@idy dde Mol pcks Ohe tHS SROMRf 1RGP ﬁégcgﬁér@eadi acent
to each other. The groupof macro bl ocks 1s selected such that 1t spans

across t e facdsl ( dtheol dthe daso beyencodeton Mucforbhotes st hlosar gtoup
part1 Sul BT o T Ear i QUS| ERATT Ve o GMRP S THET BNt Habr 878 ocke i n
the grougdrarietl padetrerdAdesbripidel t 9f s @PEA18L & 08Sheh®, OFRe EPROdi IBPEr t he

R-D conputation for each macro block of a group of macro blocks is
per f or me PEFHREUATELRIBA LI HiGHheaP ehbbel nedidse thry R sbeebethehed for

each macrQ,; C o] i t . R- P of
adj acent n&?regptﬁog}; Izés&gfeg{ Ee ge?%engPo é)“\rjréé%r ggi?fgic%sl {ﬁikg%lg%? ngp%%ﬁ%%%&)
enbodi memlor coMuMet iinal raesources are directed accordingly to the nacro
bl ocks that require the nost processing. This further permts the

comptR ation of R-D
As the bit - rate between the base layer and the enhancement
layer widens, the motion vector information may become less
optimal 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
layers at the expense of base layer may be a good idea,
especially 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



in a conplexity scal abl e fashion w thout degrading the codi ng performance
too drastically in the AVC (advanced vi deo coding) or SVC schene. In

addi ti on,wohelmahmct i on of a group of macro bl ocks acr o®PsT&GRom@vBO3sOVEr s a
| arge area of the image and it is likely that areas with high and | ow
notion activities are considered.Clains 1 . A nethod for encoding a digital
pi cture having a plurality of pixels, edth pi xel  being associated with at

| east one of a plurality of groups of pixels conprising associating each
group of ofi welcrcofbltdukplir adatgetofd grunipstivdt piikedmanms tacwoss rghhe codi ng

node of lurality .of different cadin S;_determ nin for_each group
of pi xel g,I%gl i ia(rosrt % ct&ﬁﬁ*?getpoe:l?eor%%%‘ge%%?ég%:%f?%%gwg?]h%rrl]c%d?]ﬁ%ug
per f or mares bevelpaafatdie @ duicertioed By whed esncogdeckaerer iy to its
associ ated first coding node; determ ning at |east one group of pixels of

the pl ur STPRIGCigrodiPofa Radhicwhath SHHP the $3F5Ee@rEdding perf or mance
| evel 5 of ikté%gactidﬁQ%topcgl%ﬁq{geréﬂ & %’Po&Zs pi%eékﬁ%f%%%%é %f(?}:éda group of

predeterm ned quali‘ty criterion;, determning, for t

pi xel s, @recedrdremesdimoniper fof st swed, specifying an encodi ng
performance | evel of the group of pixels when encoded according to a second
coding node which is different fromthe first codi ng node; conparing the

first pemhopmNegRMeledNd de B8¢ BKhRerd O FRNES: | 848 imacro block
of a group of macro blocks is performed concurrently. In
10 another eﬁbodiment, 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.



associ ating the second coding node with the determ ned group of pixels if
the result of the conparison fulfils a predeterm ned association criterion;
and encodvogomenahrsgr oup of pixels using its associated eowiSegommdesst2 . The
met hod according to claim1l , wherein each group of pixels covers a
continuous area of the digital picture.3 . The nethod according to claim 2
, Wherein the size and shape of the corftli nuous area is equal for all groups
of pixels . 54 . The method according to claim1 , wherein the groups of

pi xel s acéahhecks. 5 . The nethod according to claim4 , wherein the groups
of pixels are macro blocks. 10 6 . The nethod according to any one of
clains 1 to 5, wherein the first encoding performance |evel fulfils the

quality qriteni garhbd Fohekawaa ity eshalg tald pictuklte HEtihed aaccording to

any one of claims 1 to 6 , wherein the first encoding perfornance |evel

ful fils phargddltivt picmiterlison gaich pixal Peiguesis Wby YerlF rance | evel
r

i
o e’ Py SIS0 FILIIGE deplay 20,8 5 S TELA gepr g Lo,
predet er m nedaassetbatingn eaicht @ricap idf thiecesler ol teéree qulinga lpisryf arfmance
level 1s g@lo%g%r otfh%r:{;eq% fwI:'LrtSht aenfciordsltngc c?irrIgormrroao?é:eo% eayepll'urzalSity of
different coding modes; 4
determining, for each group of pixels, a first encoding
10 perfoimance level specifying an encoding performance level of
. the group of pixels when encoded according to its associated
first coding mode; '
determining at least one group of pixels of the
plurality of group of pixels such that the first encoding
15 performance level of the at least one determined group of
pixels fulfils a predetermined quality criterion;
determining, for the determined group of pixels, a
second encoding performance level, specifying an encoding
performance level of the group of pixels when encoded
20 according to a second coding mode 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
25 group of pixels if the result of the comparison fulfils a
predetermined association criterion; and

encoding each group of pixels using its associated

coding mode.

30 2. The method according to claim 1, wherein each group of

pixels covers a continuous area of the digital picture.



9 . The nethod according to any one of clainms 1 to 8 , wherein the result
of the conparison fulfils the predeterm ned association criterion if the
second ernwoadnrig4pmrf or mance | evel is at | east as hi gh agcrise26d9ro8a3sencodi ng
30 performance level. 10. The nethod according to any one of clains 1 to 9
, Wherein the encoding performance | eve|_ of a group of pixel swhen encoded
according to a coding node is the rat edi%storti on performance of the group
of pixels. 11. The nethod according to any one of clains 1 to 10,

conpri si Bg caffhgi mgtbot acglomddina yEcofcliadier &/ ol nmiey &he i 2adnd terati on
a currentencodin erfor.manc evel_ i.s de m r roup of pixels
speci fyi r?él% ' ecgffr grlllf% ecr?c(1):n%ﬁléj%péerafrgerarralnscge(%l%\(/leI]c'po?fj %%e Qgfraoo psgoc&]pi xel s when
encoded pdgendi.ng to its currently associated codi ng node; at |east one
group of pixels of the plurality of group of pixels for the current
iteration is determ ned such that the current encodi ng performance | evel of
the af Teast ofie AELALH BRLHAMy Ao RIEIS f Ot GHIIRNIGIdRIAldON
fulfils the predeterm ned quality criterion; a test encodi ng perfornmance

| evel i spdetedsmamed bflockishe det ermi ned group of pixels for the current
iteration, specifying an encoding performance | evel of the group of pixels
when encoded according to a test coding node which is different fromthe
current oqdi nghavpdeihbhie seoreiingerd yrmncel | el rand dhe desippesd or mance

| evel are conpared;
pixels are macro blocks.

10

' 6. - The method according to any one of claims 1 to 5,
wherein the first encoding performance level fulfils the
quality criterion if is below a threshold. .

15 7. The method according to any one of claims 1 to 6,
wherein the first encoding performance level fulfils the
gquality criterion if it is a lowest encoding performance
level of the first encoding performance levels.

20 8; The method according to any one of claims 1 to 7,
wherein the result of the comparison fulfils the
predetermined association criterion if the second encoding
performance level i1s higher than the first encoding
performance level.

25

9. The method according to any one of claims 1 to 8,
wherein the result of the comparison fulfils the
predetermined association criterion if the second encoding
performance level is at least as high as the first encoding

30 performance levél.

10. The method according to any one of claims 1 to 9,

wherein the encbding performance level of a gfoup of pixels



the test coding node is associated with the determ ned group of pixels for
the current iteration if the result of the conparison fulfils the

pr edet er woedioagsmci ati on criterion. 12. The net hod accecaisegowmoeisai m 11,
wherein the at | east one group of pixels of the plurality of group of

pi xels for the current iteration is determ ned by a conparison of current
encodi ng performance | evels of the pluﬁglity of group of pixels.13.- The
met hod according to claim11l or 12, wherein the iterations are carried out
until a veem eacpdadcandbrilongi sof al FrPfed. mede THe tREt B8dSaccording to

| aim 13,. in_th ] [ dijt [ i ned based :
cvai | abl 8 ERpatar: BRarSFEelhcag 0B oRRER oF BT G ng to claims 12 or

13, wherein the term nation condition is a naxi mrum nunber of iterations

bei ng reached. 16. The nethod according to any _one of clains.13 to 15,
wherei n Lthe tER#i AEEROA RoRaFeiBH £ B§¥e8n8n¥§nciéﬂpﬁa i &R 3#’

conput at Lgnal; LegQUESESyRRGessar ¥ banraneed Bg tikerditdichal whietleuhe.inl?7. The
met hod a%co?g%ng ?o anyyong of cIa%nB 13 tg|16, wherein the term nation
condi ti omack basedtbanan estimation of the tine necessary for encoding the

oL Phet e ASen T e TeAEE, ST ARG RO oss St pitRglan 1
accordanggcwi thoappbe- gekel Bl Bepadcliflyeng a current encoding ‘ :
performance level of the group of pixels when encoded
10 according to its currently associated coding mode;
at least one group of pixels of the plurality of group
of pixels for the current iteration is determined such that
the current encoding performance level of the at least one
determined group of pixels for the current iteration fulfils
15 the predetermined quality criterion;
a test encoding performance level is determined for the
determined group of pixels for the current iteration,
specifying an encoding performance level of the group of
pixels when encoded according to a test coding mode which is
20 different from the current coding mode;
the current performance level and the test performance
level are compared;
the test coding mode is associated with the determined
group of pixels for the current iteration if the result of

25 the comparison fulfils the predetermined association

criterion.

12. The method according to claim 11, wherein the at least

one group of pixels of the plurality of group of pixels for
30 the current iteration is determined by a comparison of

current encoding performance levels of the plurality of group

of pixels.



19. The method according to any one of clains 1 to 17, wherein the digital
picture is encoded according to a base | ayer and according to an
enhancenmewO 2bsayEs757Wher ei n t he codi ng node associ at ed wPCh/SGheowea3st m ned
group in the enhancenment |ayer is determ ned froma codi ng node associ at ed
with the determ ned group of pictures t9 be used for encoding the digital
picture in accordance with the base-layér in accordance with a
pre-determ ned rule.20. The net hod accordin%&:o any one of claims 1 to 17,

wher ei n ife- dT§Pt BEtHCSt @cecirsliagt sdedl@debridi R tiera "H%?_s%ellrhﬁ”re and
accord'”QEEQaQQO%%h%Q%P%EH&&%QVS%: wheral iy thedi {8t Spdi gy feden associ at ed

with the determned group is a Ing node to be used for encoding the

di gi tal fdudtfufléeidn accordance with the enhancenent | ayer and the second
coding node is determ ned froma codi ng node associated with the determ ned
group of pictures to be used for encoding the digital picture in accordance

wi th 4 he 1haseThay el thdReeAaNeR Wd feia Bl e-Feteidndied tnde. 21. The
met hod according to any one of clains 1 to 20, wherein the first coding

node and tefeiseddon codidid imsdd spaigyninest RRIFDWN FVPkdPke a

partitio%i%%u%%tgggagr%%% Q&; Egels. 22. The nethod according to claim 21,
wher ei n the partitioni ng of € group of pixels is used as a basis for a

predi ction of pixel values of the group of pixels in encoding the group of
pi xel s. 23. The nethod according to claim 22, mherghy Rﬂg Partitﬁoning of

the groupof PPReMELIOSEFFS IR DAY Lhpmsy 12 o erein the

10 termination condition is a maximum number of iterations being

reached.

16. The method according to any one of claims 13 to 15,
wherein the termination condition is based on an estimation
15 of computational resources necessary for encoding the digital

picture.

17. The method according to any one of claims 13 to 16,
wherein the termination condition is based on an estimation

20 of the time necessary for encoding the digital picture.

18. The method according to any one of claims 1 to 17,
wherein the second coding mode is determined from the first
coding mode in accordance with a pre-determined rule.

25
19. The method according to any one of claims 1 to 17,
wherein the digital picture is encoded according to a base
layer and according to an enhancement layer, wherein the
coding mode associated with the determined group in the

30 enhancement layer 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

accordance with a pre-determined rule.



predi ction of pixel values of the group of pixels in encoding the group of

pi xel s by notion estimation. 24. An encoder for encoding a digital picture

havi ng a wounali4srs7of pi xel s, each pixel bei ng associ at edTwiGkénsavoidseast one
of a plurality of groups of pixels, conprising: a first associating circuit
configured to associ ate each group of pixels of the plurality of groups of

pi xels with a first coding node of a pVU?aIity of different codi ng nodes; a
first determining circuit configured to determ ne, for each group of

pi xels, a first encoding perfornmance | evel specifying an encodi ng

performance | eyel of .th roup,.of npixels when encoded accordi toits
associ at gg‘fi &g’te Eﬁ&i}jr‘?éjer?g:d:ém?dlél%gccoonad“ﬁe%%er rﬁﬁi%gajé?sr gjtcjﬁo configured to
det er m nghat-dieasiheong GHeup wictiinel ss dnddeplac@didin®ftgroupaoé pi xel s
such that the first encoding performance | evel of the at |east one

det er ni nédvgro@nbRrqiokding fF ia% RS HRFHuarresetr i teeion; a
thirds de%%@t“'a&%igue Gilde %%Hd&%[@éﬂd oeks gic Ol &@aeérﬁ{né@egfi@w% ned group

of pixels, a secon ncodi ng performance [evel, specifying” an ‘encodi ng
per f or mapoeingyelode ttchébegrume ofopiered sd e ntlenchidetc @t coidiwmge tna second

coding node whjch is different fromthe first coding node; a. conparing
Circuit CORPEGETSE (4 oriphh EHHBTTICIE A Y e FoveTcamd the Scond
per f or mapegel g\elie iSOG ASKOH Alddith&idsdd ta SOt GUE@dy16n aggoci ate the

second coding node with the determ ned group of pixels if the result of the
conpar i seethuitfinesl gyadetferyigtetressozika iwsed for encoding the

10 digital picture in accordance with the base layer in

accordance with a pre-determined rule.

21. The method according to any one of claims 1 fo 20,
wherein the first coding mode and the second coding mode
15 specify, for a group of pixels, a partitioning of the group

of pixels.

22. The method according to claim 21, wherein the
partitioning of the group of pixels is used as a basis for a
20 prediction of pixel values of the group of pixels in encoding

the group of pixels.

23. The method according to claim 22, wherein the
partitioning of the group of pixels is used as a basis for a
25 prediction of pixel values of the group of pixels in encoding

the group of pixels by motion estimation.

24. An encoder for encoding a digital picture having a
pluralify of pixels, each pixel being associated with at
30 least one of a plurality of groups of pixels, comprising:
a first associating circuit 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;



criterion; and an encoding circuit configured to encode each group of

pi xel s using its associ ated codi ng node. 25. A conputer program el enent
conpri si NyoiznEXa4uTsi ons whi ch, when executed by a conputrer/SGaelo®otsse
conputer performa nethod for encoding a digital picture having a plurality
of pixels, each pixel being associated with at | east one of a plurality of
groups of pixels conprising associatin %ach group of pixels of the
plurality of groups of pixels with a first coding node of a plurality of

di fferent codangimsdesietedeterimonicigcuisr coadh aprsub tof Jsibesimines fiaist

encodlng e fornance evel eC|f M) £n .Qdi n ormance. level of the
group of ©piRePs el e§36§%5pacco¥'lng%% ln%i (ﬁ?@ﬁ |$%‘Jcod|ng node;

det ermi nbpgcatfyll@@’sfanoléelogfdilm; @‘er@@t@iaﬁqdﬁ It plaf alid wradumgreaup of

pi xeél s such that the first encodi ng performance | evel of the at |east one
det er mi nBAX§AEUPHER FMEOIOSH AFGATIR D T ditet ATRAFIRIRT (i 1§ 1R F 6
deter§1nhgg .for the determ ned group of pixels, a second encodi ng

per f ormance [evel, specifying an encodi ng performance |evel of the group of
pi xel s when eaceée@n@cd@m@tmgnd@gaQQanmﬂi(nmﬁﬁﬂyunﬁﬁaudﬂdﬁtéﬁmiﬁéf%hent

fromthe_first codin nDde conmpar i e first fo mance | e t he

second p&FPSFNRREe I %6% H:g tttk}?e rrﬁ)%% t%“f%

det er m ngdcar eua tof nal xalrs feﬂcf&%llrr@lﬂérﬂifrrﬁahﬁ:élol%i som dnd fdd s a
least one determined group of pixels fulfils a predetermined

10 qualify criterion;

' a third determining circuit configured to determine, for
the determined group of pixels,'a second encoding performance
level, specifying an encoding performance level of the group
of pixels when encoded according to a second coding mode

15 which is different from the first coding mode;

a comparing circuit configured 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

20 result of the comparison fulfils a predetermined association
criterion; and

an encoding circuit configured to encode each group of

pixels using its associated coding mode.

25 25. A computer program element comprising instructions
which, when executed by a computer, make the computer perform
a method for encoding a digital picture having a plurality of
pixels, each pixel being associated with at least one of a
plurality of groups of pixels comprising

30 associatiné each group of pixels of the plurality of
groups of pixels with a first coding mode of a plurality of

different coding modes;



predeterm ned association criterion; and encodi ng each group of pixels
using its associ ated codi ng node.

10

15

20
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determining, 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;

determining at least one group of pixels of the
plurality of group of pixels such that the first encoding
performance level of the at least one determined group of
pixels fulfils a predetermined quality criterion;

determining, for the determined group of pixels, a
second encoding'performance level, specifying an encoding
performance level of tﬁe group of pixels when encoded
according to a second coding mode which is different from the
first coding mode;

compéring the first performance level and the second
performance level;

associlating the second coding mode with the determined
group of pixels if the result of the comparison fulfils a
predetermined association criterion; and

encoding each group of pixels using its associated

coding mode.



