Met hods for encoding a digital picture, encoders, and conputer program
products Field of the invention Enbodi nents of the invention generally

rel ate t ovoephagds’stor encoding a digital picture, encod®C3/SGamd/0e@Tput er
program products. Background of the invention Recently, scal able video
codi ng (SVC) has been standardi zed as a scal able extension of the 1SQOIEC
international standard on H. 264/ MPEGY4 Advanced Vi deo Codi ng. I n SVC,
specific video bit streanms can be obtained by utilizing different
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Background of the invention

Recently, scalable video coding (SVC) has been standardized
as a scalable extension of the iSO/IEczinternational standard
on H.264/MPEG-4 Advanced Video Coding. In SVC, specific video
bit streams can be obtained by utilizing different
presentation functionalities such as spatial, temporal, and

quality scalability.

According to SVC, a base layer and multiple enhancement
layers are generated using similar video coding methods as in
H.264. In addition, inter-layer prediction is also exploited
in order to maximize encoding efficiency. For spatial
scalability in  SVC, each enhancement layer contains
information needed to construct a higher resolution frame

from the base layer.

In SVC, there are five macro block coding modes for P-macro
blocks and 23 macro block coding modes for B-macro blocks.
BEach of these modes corresponds to a certain spatial macro
block partitioning pattern and motion prediction direction,
i.e., forward, backward or bidirectional, for the macro

block.



(rate-distortion) cost is usually selected. Consequently, the encoder
conplexity may be prohibitively high for software inplenentation due to the
node sel ewvDi2on/@umaess. Thus, fast al gorithnms are neede@#ChsG2e0M00837 NDde
decisions. A variety of fast node decision approaches have been proposed
for H.264. They aimat reducing enc?ding conplexity wwth little PSNR (peak
signal to noise ratio) and little bit rate increase for single |ayer

codi ng. However, it is difficult to apply these nmethods to SVC, especially

to enhBRcEFERE Ity edShi¢Te vPRRAIBRLL Kioslinpasw  fpeenieti 87 08Val g&ditems for
enhanc Lrlaygrs.have sheen pr; : l e f ast .daci si on
for spE??gIrs%éﬁab?é§%od%ﬁgQﬁ§§9%ggﬁﬂpfgg%ggé%%ﬁergo?héﬁﬁac o%%Io§%

sub- bl me&eparni tah mpdro theoehhafibenewidd ayert ilsapr edechedifitvomRThe base
| ayer. This lLinits the, candidate predictio des for enhancenent | ayers to
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encodi ng net hod allow ng reduced conplexity of encogers . Sunmary of the

i nvent i8Rl eReBRetéABodURe O Hawtordel $oteehtodi pgoacdpgi Fauspi dawte of a
sequen i gLt pi as i ravi.de h i.qi;tal picture conprising a
pIuraI??%g%%ggﬁéegg? a%%gé?nf?%eeﬁﬁéb Iﬁ?&go Q%F%éPgsrs associ ated at | east
partially with afirst group of pixels and the plurality of pixels is

associ ated at | east gartially with at | east one second group of pixels. The
met hod® cHAp+FE8sCtef eF ki MPAG, L6 SELRE 8BPERACHESUPETE Bicedl £roROsECond

group pHrpPiXel ey COGNRY MES at reducing encoding complexity with
little PSNR (peak signal to noise ratio) .and little bit rate
increase for single layer coding. However, it.is difficult to
apply these methods to SVC, especially to enhancement layers.
In wview of this, fast mode decision algorithms for

enhancement layers have been proposed.

For example, a fast mode decision for spatial scalable coding
has been proposed where the macro block sub-block
partitioning in the enhancement layer is predicted from the
base layer. This limits the candidate prediction modes for
enhancement layers to a smaller subset and reduces the

encoder computational complexity.
An object on which embodiments may be seen to be based is to
provide an encoding method allowing reduced complexity of

encoders.

Summary of the invention

In one embodiment, a method for encoding a digital picture of
a sequence of digital pictures is provided, the digital
picture comprising a plurality of pixels, wherein the

plurality of pixels is associated at least partially with a



speci fyi ng whet her pixel information of the pixels associated with the
second group of pixels is to be predicted based on pixel information of a
di gi tal pwvotaroed4prsecedi ng the digital picture or pixel ipofisGrewmoos7of a
digital picture following the digital picture or pixel information of both
a digital picture preceding the digi%al pi cture and pixel information of a
digital picture followng the digital® picture; determning, for the first

group of pixels, based on the second group of pixels coding node, a first
group bfirptxekrsupodifnginede specitihg ﬁguM@&MﬁM ofi XS 1§ drsmati on of the

pi xel s_as Lated w th_the fir .o f _pixels.Js. to ' based
on pi x%?s?%fc[(%r%rergt fagln,l%fasg giaé:it?;:‘llqgi g’?&(r%e allE)yr éc;%ea Iﬂn;oq%eéégiog{af%r%ﬁt ure or
pi xel bAf pigatisonThk aecdhgid alompirdtsirse dealdraaimigid hefadi gitealseuicatdir e or

pi xel information of both a digital picture precedi %tthe igital picture
and pi QéPPPnPér Eéfﬁe&ﬁ"ofa é_eéﬁoélidt glroﬁ%ctoéré’ _ ]150\fﬁor?Bl S gital picture;
and enggebggy&% dingichal. RiiGlur 8 I RG thike Idf SthdnAuR 10 fselisieadi ng
node for the first group of'plxels. I'n anot her enbodi ment, a nethod for
encodi ngth dhgi sakopidcbuospofofa seglends dfo diggirtradisitadirtessdd quy ovi ded,
the digital picture_conpri,sin plurality of pixels, wherein.,the plurality
of pixels iggég O&PgPéggﬁﬂopeggﬁapgﬁﬁﬂgﬁhyRﬁ%‘ 5?13%%;6%%%%J}Q% pi xel s and
anot her pl ugakkty10bipi-geks oef another digital picture is associated at

| east partially wt

pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel informatioﬁ of a digital
picture following the digital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixei information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or |
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels.

In another embodiment, a method for encoding a digital
picture of a sequence of digital pictures is provided, the
digital picture comprising a plurality of pixels, wherein the
plurality of pixels is assoéiated at least partially with a

first group of pixels and another plurality of pixels of



at | east one second group of pixels, the nethod conprising determning, for
the second group of pixels, a second group of pixels coding node specifying
whet her pweebioivmafisanati on of the pixels associ ated w t hpPCisGewo®nas7gr oup of
pixels is to be predicted based on pixel information of a digital picture
preceding the other digital picture Qr pi xel information of a digital
picture following the other digital picture or pixel information of both a

digital picture preceding the qther digital picture and pixel information
of a dRBPHARTpfigdfelf BLCSWERy 1thE SsOFeR tedyifitall Sgistt wae:tiddtler midfing, for

the figst)groupoat Rexshs g%ﬁgdoqnpti&%l.%%%% e BPlcRipt8lss feodi ng node,

a first group of pixels coding node specifying er pixel information of
t he pidetsrassovoat Eédrwithk skeohidr Strogpowd ofixeilesl & isedcadoenongdi ct ed

based o ixel infarmation of a digi.tal picture precedi t he .di gi tal
pi ctur%P oﬁl%?ikél P %BPnﬁ‘PE‘ nSBchf gt Xﬁ')le%ﬁ“@ﬁupéxﬁgl I%’\%%ﬁalat &% t al
pi ct ureherppkyel hpkeeratieanwathbehl &edicaidt alroRipiod @ ieacedisngd he

digital picture and pixel information of a digital picture follow ng the
di gi t aPepPEEdietednBagREo@ing the digital picture using the first group of
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met hod for eticedi dfgatal picture or
pixel information of a digital picture following the
other digital picture or
pixel information of both a digital picture preceding
the other digital picture and pixel infofmation of a
digital picture following the other digital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixei information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels;

According to other embodiments, an encoder and a computer
program product according to the method for encoding a
digital picture described above are provided. Embodiments
described in the following in connection with one of the

methods for encoding a digital picture are analogously valid



digital picture described above are provided. Enbodinents described in the
follow ng in connection with one of the nmethods for encoding a digital
pi cture awe amal4etyausly validfor the other nethod for emrcosicGrepdoas7yit al
pi cture, the encoders and the conputer program products . Short description
of the figures Illustrative enbodinengs of the invention are explai ned
below with reference to the drawings Y Figure 1 shows an encoder according
to an enbodi ment. Figure 2 shows a group of pictures (GOP) for which a
h|erarcﬁ?%aﬁhﬁs%ﬁQ%@t%@bhpé Giesdenepging 38 ghowsad phowudeagthm accordi ng
an t i e ncoder ding to an enbodi nent.
Flgure %@9 daggaé%gng a§§?5ﬁg§?osg?§ ma?FSﬁBSﬁﬁnt of a frane and an
enhancenent | ayer macro bl ock arrangenent of the franme . Detailed
descrip |o scalable V|deo codlng) may be seen as very conpl ex because
; WY 2ol i ERE | ayers are encoded; and 2 ) the
advanced codlng nethods applled to H.264 are used. Addltlonally i n order
to achi eve optlnun1cod|ng efficiency, rate distortion optinmzation (RDO) is
used fcﬁlkkﬁﬁﬁﬁﬁxﬁ¢r@mbmﬁumgnhadeffbheeanheh@ﬁ@naare bkptk)nbdskdlon
i nt ensi 1 tlon pecificall al | possible coding nodes for a nmacro
bl ock ayg:e%%%?ne fd?ég?%edBﬁ% %%%dlng to the least rate distortion cost
is selected as the best codi ng node for the macro bl ock. Therefore-, SVC
may be seento achieve optinal coding efficiency at the expense of veryhlgh
conput diBHE kothwekiay. eneededi aecedbone eabadi emaedimenbdi ng et hod s
provi ded by ,

Figure 2 shows a group of pictures (GOP) for which a

hierarchical-B structure is used.

Figure 3 shows a flow diagram according to an embodiment.
Figure 4 shows an encoder according to an embodiment.

Figure 5 shows a base layer macro block arrangement of a
frame and‘an enhancement layer macro block arrangement of the

frame.

Detailed description

SVC (scalable video coding) may be seen as very complex
because of the following factors: 1) different layers are
encoded; and 2) the advanced éoding methods .applied to H.264
are used. Additionally, in order to achieve optimum coding
efficiency, rate distortion optimization (RDO) is used for
deciding the coding mode for each MB (macro block) based on
intensive computation. Specifically, all possible coding
modes for a macro block are examined before the one leading
to the least rate distortioﬁ cost is selected as the best

coding mode for the macro block. Therefore, SVC may be seen



which a | ower conplexity than the one of conventional SVC may be achieved
while causing only little quality degradation with respect to conventi onal
SVC. Fi guwe imiaersd an encoder 100 according to an enbo@cmsGRo09Dhes72ncoder
100 receives a digital picture sequence 101 conprising a plurality of
tenporally ordered digital pictures (also referred to as franmes) as input.
The digital picture sequence 101 is s@pplied to a (spatial) enhancenent

| ayer block 102 and a (spatial) base |ayer block 103. The input of the
enhancehengchagee dpbérRalozodndaot kéfhasenkayet hheclkxpedseayfdivifgr in

spati al o] Lon. . For exanmpl the spatial resolution of the digital
picturehggguéﬁééggﬁﬁ;ggaie §§8§é§§tg'spatial decimation circuit 104 before
it is fed to the base layer block 103. For exanple, a base |layer franme size
is one-quarter of the size of an enhancenent |ayer franme. For exanple,

QCl F- siZeCPaFsxd4%y PReusBROfdNenhe Basediagemelhiteiel Provided3byx288) is
the orig r i kS U f t enha | r not her
exanpl 6 O . 31 S277E angnBlne Py fian, oo, a0 Phy SERTER PR sy 138570
frames lo¢ adkiedvegdtehipectaneingquenygeli@tlA digiltial piegtudetfied to the
base | a er b_I ock 10@ IS Sﬁgg%Led go ? first prediction circuit 105 that
gener at &5 br EEFRE Font? nFoP oR%%4r Sthe digital picture. For exanple, the
first prediction circuit 105 determ nes notion vectors based on which the
digital picture may be approxi mated using a previous or a follow ng digital
pi ct ur F1FERel psledwip 2R eguender1090 Fheowvdipgdt tof anhembpddémeptedi ct or 105
is fed to

The encoder 100 receives a digital picture sequence 101
comprising a plurality of temporally ordered digital pictures

(also referred to as frames) as input..

The digital picture sequence 101 is supplied to a (spatial)
enhancement layer block 102 and a (spatial) base layer block
103. -

The inpuf of the enhancement layer block 102 and the base
layer block 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 block 103.

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
layer. As another example, CIF-size frames are fed to the
base layer for 4CIF-size (704x576) frames of the digital

picture sequence 101.



a first bit streamcoding circuit 106 which generates a first coding
bit-stream for exanple a H 264/ AVC conpati bl e base | ayer bit-stream The
out put ofwohe1oid4nmsts bit stream coding circuit 106 and t IreT®iGgoAaDO3IT Ct ur e
is further supplied to a first residual determ nation circuit 107 which
calculates the residuals of the prediction of the digital picture, i.e.

whi ch generates information fromwhich the errors made in the approxi mation
of the digital picture by the prediction my be determned. Simlarly, a

di gi t alApdcgicel fetictoréhfednhantepebtskayearechl betkck020i3s isuppbipededo a

second prediction circuit, 108 that ,generates prediction information for the
digitalg i Tt %?tTﬁﬁegh?Eﬁ?noFlFﬁBl e&ﬁﬁdtBPEdEEPSFaiﬁg PLefd@tiona second

bit stream Rt N6 CEseULhe 1899 WMakehpgengrat egoa £868RA<¢0dHRAT RSt ream
for exanple a H.264(AVC.conpa?|bIe Base | ayer bit-stream The output of the
second BFredseibam ebdfnytclPoufeteoninnd mheidhgivegtopischased onf urt her

supplie C . i determpation circuit .110.whi ch cal cul ates

t he reé?%%%?gtﬁg ?ggléggdggg%gﬁgoPathedPBPFgﬁl%F%Fgr8§lpﬁ fhe prediction
of the gigvriaks pbetareolbothrgeahgneemept ckayer iGi tBe gtchiugher resol ution)
inter predictioninformation 111 fromthe prediction of the digital picture
in the PREETESetVti . BReapPutBier Of ebBRuUEiL6AF RESGIBELAZed0oFdE EREnf5Pe, the

enhancediepl LAyl ¢ PLEALERI 00ak ALOETRELOY HBY Qﬁigg_t geiLadcRase¢onl he
reconstruction of the digital prcture fromthe coding informati on generated
by the ¢Q@En¢aWEt—@tnekmAOBpresgampyeup-ﬁa@ﬁﬂVﬂgcthempatdbﬁbrbased base

layer pi§§g£ebit—stream.

The output of the first bit stream coding ciréuit 106 and the
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.

Similarly, a digital picture fed to the enhancement layer
block 102 is supplied to a second prediction circuit 108 that
generates prediction information for the digital picture. The
output of the second predictor 108 is fed to a second bit
stream coding circuit 109 which generates a second coding
bit~-stream, for example a H.264/AVC compatible base layer

bit-stream.

The output of the second bit stream coding circuit 109 and
the digital picture is further supplied to a second residual
determination circuit 110 which calculates the residuals of

the prediction of the digital picture.

In the prediction of the digital picture in the enhancement

layer (i.e. at higher resolution) inter prediction



For the prediction, both the first prediction circuit 105 (i.e. the
prediction circuit of the base |ayer) and the second prediction circuit 108
(i.e. thewpnretimiisan circuit of the enhancenent |ayer) mray/SGE9w0E370N
estimation. In scal able video coding, notion estimation is one of the nost
conputationally intensive nodules. Profiling results (e.g. using Intel
VTune profiling tool to analyze the J8wM 8. 10 software) reveal that the hot
spot functions such as SAD (sum of absol ute difference) cal cul ation, search
posi t i oRnékaEMrhathoR ]l letfeomatéehipghidy atdloat ed t-benwvitiigrn ads iratiren iand ar e

conput atj,onalLy 1 ensive due.to the nuuber of coupurati on steps for each

search positron. cording"to on 'oﬁkﬁbnplexity

i's reduesdmphéchthentnhbutemenitgnilicgapireyite i6adYeirdG e BV &f-d] heencoder
conplexitg. | n one enbaodi nent, the digltal‘pictures of the digital picture
sequenceSiBiNLred gPBEped ONnthec sRseBSEIrMEtdPBupE Bhepidduidites Edorurand a

hi er ar chi-gal S o ETG =T i,n i 0 0 ictures. ,.Such a
hierarcﬂ%%ﬁl?g%s%éﬁ%%grgngﬁfgégqgh g%ggg%?egrg&eﬁﬁgtkgﬁeo#g g&p&ﬁgﬁk

scal abil03y.eUnlikg thesemdinapytBef ranenshirabteadnbakebaaysed to predict

ot her frartgsr hi erarchi cal -B frames can be used as referencefranes . One
exanplép%? A%t erarchical -B structure is illustrated in figure 2 . Figure 2
shows a group of pictures (GOP) 200 for which a hierarchical-B structure is
used. The GOP 200 conprises a plurality of frames 201, 202, 203. An I-frane
201, a M¥frighe QBthgglanplbpéhitpeofiBStraﬁegi2®3onThérnudmeﬂ§50f the

B'fra”9§i9§P0Eﬁ§'ﬁPgdfégﬁgniQi%@b% LBeYhe base layer) and the

second prediction circuit 108 (i.e. the prediction circuit of

the enhancement layer) may use motion estimation.

In scalable video coding, motion estimation is one of the
most computationally intensive modules. Profiling results
(e.g. using Intel VTune profiling tool to analyze the JSVM
8.10 software) reveal that the hot spot functions such as SAD
(sum of absolute difference) calculation, search position
examination, etc. are highly related to motion estimation and
are computationally intensive due to the number of
computation steps for each search position. According to one
embodiment, motion estimation complexity is reduced which
contributes significantly to reducing the overall encoder

complexity.

In one embodiment, the digital pictures of the'digital
picture sequence 101 are grouped into consecutive groups of
pictures (GOP) and a hierarchical-B structure is used in
coding a group of pictures. Such a hierarchical-B structure

allows an elegant presentation of temporal scalability.

Unlike the ordinary B~frame which cannot be used to predict

other frames, hierarchical-B frames can be used as reference



are encoded. Arrows indicate which frames 201, 202, 203 may be used for
predi ction of another franme 201, 202, 203. An arrow starting froma first
frame 20Iwo020R)04233 and endi ng at a second frane 201, 2@2T/SEA@9onas’Tat es
that the first frame nmay be used for predicting the second frame 201, 202,
203 in the GOP by notion estimation. This prediction hierarchy is for
exanpl e used by the first prediction9circuit 104 and the second prediction
circuit 108 for a digital picture (frane) of a GOP to be encoded. For
exanpl erafieamreoB2 étasmpiei odt ed hbhyreehdicedwd) stamclieiner édi ct ed usi ng
frames, | _and Bl. Frame B5 can be predicted using frames Bl and B2 . Wil st
seven Bl %P%ﬁﬁ%tﬁgelﬂggﬂguﬁet%e exanpl e, GOPs using anot her nunber of
B-frames can be used to produce a different nunber of tenporal.|ayers. It
can be seen that, when conpared to traditional B-franes, hierarchical-
franeanayrﬁaQeShuwﬁ Ai giFOUDTSE & CEsTEPatiGOR ) c8RPl &t Yhded o t he Iong

t enpor al t ance bet ref.e frames and the current frane to be
coded. ﬁ %Ca%eg W%%ﬁfkg%e 1 ?%gggh B-frame 203 may be predicted using

two ot her franes 201, 202, 203 mhereln one of the other franes is a frane

201, 202, 203 preceding the B-frane 203 a d t he qt he a 201,
202, Zﬁhepg‘égegpﬁg‘?@ﬁ@%ﬁﬁaﬁr@ ?@@rali&rtyeé%fh %1055’ %O%'SL?TCC{? Lframe

203, | YmBe28xamned shigthein of arpard ﬁﬁ@ﬂ(&ttl r&)ﬂ'B—era@(feeﬂ'ZU3 on based
on preélggsm rame in the GOP), bacﬁWadegfedlctﬁgn (i.e. prediction based
on a following frame in the GIF% , or bi directional prediction (i.e
predlc&hgnngggersogfb%%% %h%rames denotes the order in which they

are encoded.

Arrows indicate which frames 201, 202, 203 may be used for
prediction of another frame 201, 202, 203. An arrow starting
from a first frame 201, 202, 203 and ending at a second frame
201, 202, 203 indicates that the first frame may be used for
predicting the second frame 201, 202, 203 in the GOP by

motion estimation.

This prediction hierarchy is for example used by the first
prediction circuit 104 and the second prediction circuit 108

for a digital picture (frame) of a GOP to be encoded.

For example, frame B2 (as indicated by the arrows) can be
predicted using frames I and Bl. Frame B5 can be predicted
using frames Bl and B2. Whilst seven B-frames are used in the
example, GOPs using another number of B-frames can be used to
produce a different number of temporal layers. It can be seen
that, when compared to traditional B-frames, hierarchical-B
frames may have much higher motion estimation complexity due
to the long temporal distance between the reference frames

and the current frame to be coded.
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directional prediction (i.e. prediction based on both the

preceding and the following frame in the GOP)‘should be used.
This prediction mode for a macro block of the B-frame 203,
i.e. whether forward prediction, backward prediction or bi-
directional prediction is used, is also denoted as the coding

direction of the macro block.

For example, as in SVC, the coding direction and the motion
vectors ieading to the least (optimum) cost for the macro
block are set as the optimum coding direction and the motion
vectors and are used for the encoding. Further, the possible
inter coding modes (i.e. prediction using other frames of the
GOP) may be compared with the intra coding mode (i.e. coding
the frame without prediction using other frames) to decide
whether to choose inter coding mode or intra coding mode as

the optimum mode for a macro block.

The hierarchical~B GOP structure and motion estimation using
forward, backward, or bi-directional prediction may be used
in the base layer and in one or more enhancement layers.
Since these features highly contribute to the complexity of
the whole encoding process, a way to reduce the motion

estimation complexity is provided in one embodiment.



of pixels. In 301, a second group of pixels coding node is determ ned for

the second group of pixels specifying whether pixel information of the

pi xel s aswochmrmd’swi t h t he second group of pixels is toprog/Seredioosssd based
on pixel information of a digital picture preceding the digital picture or
pi xel information of a digital pictu&g following the digital picture or

pi xel information of both a digital picture preceding the digital picture

and pixel information of a digital picture followi ng the digital picture.

In 302, a first group of pixels coding node is determined for the first

group f;pi X8l sxbagedeon ihhenseeand g aup ,Qf Hpi e Sfefht%% tr{%ermde speci fying

whet her pixel information of the pixels associated w first group of
pi xel sfigure Be predicted based on pixel information of a digital picture
preceding the digital picture orpixel information of a digital picture
following the digital picture or pixel information of both a digital

pi ct ur pigueeedi BEolBeadifgbivaldipigehtr 8 08N& cRiXel nighfter 1B icdbdRfin . gi t al
picture following the digital picture. In 303, the digital picture is
encoded using the first group of pixels coding node for the first group of

pi xel Swé@i&}@ﬂ%h%tﬂ@@g% i'tfﬁ'gu%c%“&%é%%r%%e%”%o%%q]h%%f 1%t he second
group of pixels coding node for the sécond group of pixel's .

encoding a digital picture of a sequence of digital pictures,

the digital picture comprising a plurality of pixels, wherein

the plurality of pixels is associated at léast partially with

a first group of pixels and the plurality of pixels is

associated at least partially with at least one second group

of pixels.

In 301, a second group of pixels coding mode is determined
for the second group of pixels specifying whether pixel
information of the pixels associated with the second group of
pixels is'to be predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture‘or |
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital

picture following the digital picture.

In 302, a first group of pixels coding mode is determined for
the first group of pixels based on the second group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on

pixel information of a digital picture preceding the

digital picture or



In an alternative enbodi nent, the second group of pixels is not a group of
pi xel s of the digital picture to be encoded itself, but is a group of

pi xel s ofwanotdnas7sdi gi tal picture, e.g. a digital pictureTsiGtmoessguence
of digital pictures preceding or following the digital picture to be
encoded. In this case another plurality of pixels of another digital
picture is associ ated at | east partiéply with at | east one second group of
pixels. In this alternative enbodi nent, in 301, a second group of pixels
codi ng nodepisgetletafoirmadibar otfthe siégandlgpdupusk @Foddloyingpedief yi ng

whet her pixgl lgfgrnation of the pixels associated with the second group of
pixels is tBrBe preBirCt8d®na%ed on pixel information of a digital p icture

precedi ng thexether reirgiatabnPbgt Wo@hok Bii%ek alniaoratrico b refcariidigi t al
picture follTowi ng the other digital picture orpixel information of both a
di gital pictheedppétedi pgcthscorher pdikgilt anfprdaidenamd F ¥d94i%f or mati on
of a digital.piLcture fol i.n he,.at.her di.qi pi cture. Follow ng 301
accordi ng tglgkgr§lﬁggﬁgkggl g%%o?ﬁ%%ﬁ%} g&%%g%%'SOS may be carried out as
descri bed above. The other digital picture may for exanple be the digital

picture directly preceding.the digital picture to be encoded in the digital
pi ctur énséaéenééeoﬁltgﬁéadi FLCHULS dtsuteélcﬂidteéjct‘ﬁ}nfgolq}}ﬁmﬁg‘stdtheglﬁ?‘iﬁ t al

pi CturSf:TgiQ‘éngn%%@‘?qugj hoidae [ gitRl AL GHUIE gAuaNGa xihe, ot her digital
picture may also be adigital picture in the di'gital picture sequence that
may be used for notion estimation of the digital picture to be
Additionally, the digital picture may be encoded using the
second group of pixels coding mode for the seqond group of

pixels.

In an alternative embodiment, the second group of pixels is
not a group of pixels of the digital picture to be encoded
itself, but is a group of pixels of another digital picture,
e.g. a digital picture of the sequence of digital pictures
preceding or following the digital picture to be encoded. In
this case another plurality of pixels of another digital
picture is associated at least partially with at least one

second group of pixels.

In this alternative embodiment, in 301, a second group of
pixels coding mode is determined for the second group of
pixels, specifying whether pixel information of the.pixels
associated with the second group of pixels is to be predicted
based on

pixel information of a digital picture preceding the

other digital picture or

pixel information of a digital picture following the

other digital picture or



encoded. In other words, for exanple, the coding node (also referred to as
coding direction node) to be used for a first group of pixels is determ ned
based on wbeotvmsersti on node used for one or nore secondPgrEGReI®D3ET Xel s,
for exanple one or nore spatially neighbouring groups of pixels, one or
nore tenporally nei ghbouring groups gf pi xels (i.e. groups of pixels of
other digital pictures preceding or éllomﬁng the digital picture to be
encoded) and/or groups of pixels of another coding |layer, such as a base
layer in caséxehelpifpsmagionp oéf bpitkebs diigigagr @u;@tcblfrepm(ﬂ@déﬁlgan

enhancement . +8y8Ehe§°56§§ ggugggnglogngs Iy thggé %gpl%X|ty in the

enhancenent 1 ayer by "usi'ng“know & not i on
prediction ﬂDdESa&npb@thrbhEobasalh@yeheabdhbhed&@h&nﬂe@ﬁmﬁutayer (e.qg.
fromspatially or tenporally neighbouring groups of pixels) such that
notion estimation node trials can be avoi ded. Each group of pixels for

examp! o $PYRE fqa 30ANEIRUGLE B §3 Ol Be hgilal Pictidifinetite Fme and shape
of the continuous area is for exanple equal for all groups of pi xel s. The

groupsanfl pPRemhgyabe b@mn@@ﬂn@u¢ blsodlescrifreshebemvisodi nent, each group of
pi xels is a macro block. In one enbodinent, the plurality of pixels is
associ ated at |least partially with a plurality of second groups of pixels,

wher ei mhéhetBeeond gareup mafctRingehSyi Foaneseimdike Hl whal idiygiefalsecond groups
of pixels. In this enbodinent, the nethod may further conprise determ ning,

for eaBhchbRrehdizecshd gregssion ﬁlhﬁeldslglé?aéle@é{ﬁ%ﬂ-@ éfe FinEs19%¢ % odi.ng
mode spgecifyi B9 Whethel Rixel Jfmation ofe g Rixels Assci ated with the

directly following the digital picture to be encoded in the
digital picture sequence. The other digital picture may also
be a digital picture in the digital picture sequence that may
be used for motion estimation of the digital picture to be

encoded.

In other words, for example, the coding mode (also referred
to as coding direction mode) to be used for a first group of
pixels is determined based on the direction mode used for one
or more second groups of pixels, for example one or more
spatially neighbouring groups of pixels, one or more
temporally neighbouring groups of pixels (i.e. groups of
pixels of other digital pictures preceding or following the
digital picture to be encoded) and/or groups of pixels of
another coding layer, such as a base layer in case the first

group of pixels is a group of pixels of an enhancement layer.

For example, motion estimation (ME) complexity in the
enhancement layer may be reduced by using knowledge of the
motion prediction modes in both the base layer and the
enhancement layer (e.g. from spatially or temporally
neighbouring groups of pixeis) such that motion estimation

mode trials can be avoided.



second group of pixels is to be predicted based on pixel information of a
digital picture preceding the digital picture or pixel information of a

di gi tal pwvotroe4fiTshl owi ng the digital picture or pixel ipofisGrewm0os7of both
a digital picture preceding the digital picture and pixel information of a
digital picture following the digital picture; and the first group of

pi xel s codi ng node may be detern ned bdsed on the second group of pixels
codi ng nodes determ ned for the second groups of pixels. A plurality of
second groups of pixels may anal ogously be used in case that one or nore of
t he seﬁggghgroqﬁg of leels are not of the digital picture to .be encoded

i tself oI ARt Rer PHEGLEaf Opi BEEFRL8sCPHeB012a60BEdRHgUE0aERE OF

al t er naghyeqepbosti neat: descr rhedsabevana! ks ¢aghe 886RAM,EAdI ng modes
may be determned for the second groups ofpixels as gescrl ed above for the
second reuplof Lpr xekamplet hgualhéprdadit akoppst nfepikaleneTarbodi nent, at

| east o t second groups_of pixels is of the digital picture to be
encode éﬂ%g%Igfé%%¥eg egﬁ? EHE E%%%ﬂgeg?%ﬁﬁgsof pi xel's is of the other
digital picture.” Second codi ng nodes may be determ ned for such second
groups of pixels as described above. In other words, the enbodi ment and the
al t er nath V& iBRP FEREN HeserFhedrampvel winet ef éFeacwatsof bgarck.3 may be
conbined using a plurality of second groups of pixels. It should be noted
that a group of pixels being "of" a digital picture nay be understood to
mean that dre guoeghimént, the plurality of pixels is associated at

least partially with a plurality of second groups of pixels,
wherein the second group of pixels is one of the plurality of
second groups of pixels. In this embodiment, the method may
further comprise determining, for each of the second groups
of pixels, a second group of pixels coding mode specifying
whether pixel information of the pixels associated with the
second group of pixels is to be predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or 4
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture;
and the first group of pixels coding mode may be determined
based on the second group of pixels coding modes determined

for the second groups of pixels.

A plurality of second groups of pixels may analogously be
used in case that one or more of the second groups of pixels
are not of the digital picture to be encoded itself but of
another digital picture as in 301 according to the
alternative embodiment described above. In this case, second

coding modes may be determined for the second groups of



pi xels is associated with pixels of the digital picture. The second groups
of pixels are for exanple associated with different pixels of the plurality
of pi xel swolanioci4lesns wor ds, the second groups of pixels &Ce/SGadav/0v3Se
different with regard to the pixels that are associated with the second
groups of pixels. For exanple, the second groups of pixels are associ ated
with disjoint subsets of the pluralitySof pixels. For exanple, the second
groups of pixels disjointly cover a part of the digital picture. The first
group obipekel sscodsnginpdeabayef Gorexaspkecbaddet-enn pedphased oF a
conparison of, the secon [O of pixels codi ng nodes. For exanple, it is
checked" e?E%?roﬂ%g%Bﬁfnglﬁggﬁefs equal to a majority of second group of

pi xel s codi ng nodes and wherein, if one coding node is equal to a majority
of second group of pixels coding nodes, this coding node is selected as the
first gfoupnofeppPeélserbdi a hedet Pneoné ehbodement, gtrbepsi p$t group of

pi xel s i roup.ef . pLx . a_first codi | ayer. corresponding .to a
first é%%ﬁ%%gq%§|? ytg%dgiﬁégé%08ﬁ8£5¥8ugooggpFQéPgegsaﬁggggugeBgtpiers of
a seconshe oalf nghé ayetosdr gesppsdbAgpi Redssesond eadi B@nawali by tafor

exanpl e,, the second coding |layer is a base |ayer and the first coding |ayer
is an émfditetrentefaercodhng nagepenaraPageateyningdciss Fucheach of a

pl ur al 133 Bl S9RORT, 05 PUpS: O o PLYChS 351 9bQVELL one enbodiment, ¢ he

second group pixels i's associated wt east partially the sane
pi xel s as the first group of pixels.

In other words, the embodiment and the alternative embodiment
described above with reference to figure 3 may be combined

using a plurality of second groups of pixels.

It should be noted that a group of pixels being "of" a
digital picture may be understood to mean that the group of

pixels is associated with pixels of the digital picture.

The second groups of pixels are for example associated with
different pixels of the plurality of pixels. In other words,
the second groups of pixels are pair wise different with
regard to the pixels that are associated with the second

groups of pixels.

For example, the second groups of pixels are associated with
disjoint subsets of the plurality of pixels. For example, the
second groups of pixels disjointly cover a part of the

digital picture.

The first group of pixels coding mode may for example be
determined based on a comparison of the second group of

pixels coding modes.



In an enbodi ment where the second group of pixels is a group of pixels of
another digital picture and not of the digital picture to be encoded
itself, twe emoamrb4gr oup of pixels may be associ at ed w POTSHG200484377
partially the pixels of the other digital picture that correspond to the

pi xel s of the digital picture with which the first group of pixels is
associ ated. A pixel of the digital piébure nay be seen to correspond to
anot her pixel in the other digital picture if it has the same |ocation in
the di gital ephmples as fbechebkedpivkether bhe ebBengdimgdkal spiegiane. In an
enbodi nent where t{he second group of pixels is a group of pixels of another
di gi t al tPi @tHFECEREYnBE BECPHE dF§rPaPipPérglé £o8ing BRESSed i sel f, the

second @ioHp 0f PEX6hs EBBYiRG A63RCHA! e RAPLXRLS o0f tine OLeL i gi tal
pi cture nei ghbouring the pixéls thatcor espong to the pixels o tﬁe di gi tal
pi ct ur egwpeih whi ehxehe todinggmodpsef thigekbsdisgamedei asedelkerntedeas

enbodi ngnt , -t he, second oup_of pixels is associated with pixels adjacent
to theng? e %r%%s%€?3Peg%mP$ﬁeﬁﬁecPsﬁgg 8P§8p of pixels. This may be
anal ogously the case for a plurality of second groups of pixels for which a
second codi ng node is determ ned (see above) . In one enbodi nent, the

second i oUpF ofpptEnentoding fbHeti grauBeesnBinetFohsest BratiPorfcodi ng
di rection opde,speckfyLpg g@fﬁgei pxel i I he.pixel s
associ&?ed Wit h t%e second group 8?é%i§8%gggégﬁg&§§ g%e%igﬁeé%based on a
mot i on esdimatdwal isyngngi xeé satondayronpobfapdikgilkal spactubappoécedi ng
the digital gic%ure or pixel information of a digital picture follow ng the

qplxel of a second coding layer corresponding to a second

coding quality. For example, the second coding layer is a

base layer and the first coding layer is an enhancement

layer. This may be analogously the case for each of a

plurality of second groups of pixels as above.

In one embodiment, the second group of pixels is associated
with at least partially the same pixels as the first group of

pixels.

In an embodiment where the second group of pixels is a group
of pixels of another digital picture and not of the digital
picture to be encoded itself, the second group of pixels may
be associated with at least partially the pixels of the other
digital picture that correspond to the pixels of the digital
picture with which the first group of pixels is associated. A
pixel of the digital picture may be seen to correspond to
another pixel in the other digital picture if it has the same
location in the digital picture as the other pixel in the
other digital picture. In an embodiment where the second
group of pixels is a group of pixels of another digital
picture and not of the digital picture to be encoded itself,
the second group of pixels may be associated with pixels of

the other digital picture neighbouring the pixels that



digital picture or pixel information of both a digital picture preceding
the digital picture and pixel information of a digital picture follow ng

t he di gi twb 2picot4urse. | n an enbodi mrent where the second @rosg2ei/0piRel s is a
group of pixels of another digital picture and not of the digital picture
to be encoded itself, the second group of pixels coding node may be a
second notion estimation coding directi’/on node speci fyi ng whet her pi xel
information of the pixels associated with the second group of pixels is to
be predisiedspasadtontnenptkensesii Kkl @A gushngppxelrel Rfiehmahiien of a
digital picture preceding the other digital picture or pixel information of
a di gi t&he pttE8F eIFBIPORENG1ERE S0t RePSEPG§EEERpI ct ure or pi xel i nformation
of both a digital picture preceding the digital picture and pixel
information of a digital picture followng the digital picture. In one
enbodi nEmt one¢ hembpdimnegipuphef spicretsgrodibngfnpdeecils asf assbcrivttieon

timat | di ng_directi d i fyi ng wheth i i nf ti f
the. i X8T O dBLETFar BHS RFER Tt RE. FPPobLyPp BRORTREES e o BE Brediet ed
based ogr-aupDEOpiRsLEMTheB HaNgephxah obhbhanfathanakeardi-giht al picture

preceding the digital picture or pixel information of a digital picture
f ol | owi ¥ Rb1EY gPf aPepprbupBoBPSpPkePirafer frari ohieh Boskcandi git al

pi ctureccp(ﬁﬁg&%ggetkﬂg QEQEEﬁHnBECt(EES gggvgi){(el information of a digital

In one embodiment, the second group of pixels coding mode is
a second motion estimation coding direction mode specifying
whether pixel information of the pixels associated with the
second group of pixels is to be predicted based on a motion
estimation using
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital

picture following the digital picture.

In an embodiment where the second group of pixels is a group
of pixels of another digital picture and not of the digital
picture to be encoded itself, the second group of pikels
coding mode may be a second motion estimation coding
direction mode specifying whether pixel information of the
pixels associated with the second group of pixels is to be
predicted based on a motion estimation using

pixel information of a digital picture preceding the

other digital picture or

pixel information of a digital picture following the

other digital picture or



picture following the digital picture. The nethod illustrated in figure 3
may for exanple be carried out by an encoder as illustrated in figure 4.

Fi gure 4 wbaws/mmsencoder 400 according to an enbodi mentct/Alceommoader 400
is configured to encode a digital picture of a sequence of digital

pictures, the digital picture conprising a plurality of pixels, wherein the
plurality of pixels is associated at L8ast partially with a first group of
pi xel s and the plurality of pixels is associated at |east partially with at
| east one secioxell gtwfprodtpoxebs. bdbe &neogetas0piceonpei pescadihgst
determining circuyjt, 401 configured to determ ne, for the second group of

pi xel s, a secdndHFbpl P prREFs2ROdPhEShodricpBaEL 9P nginAethgital

pi xel i nf o e o0l $Oe1PxeLSLASSLLated WiLhytbe second group of pixels
is to be predicted based on pixel information of a digital picture

preceding the digital picture or pixel information of a digital picture

fol | ow i.gital picture or_pixel information of hoth a digita
picturéﬂgréggd%ﬁ%o?ﬁ%egﬁgiE%? g%ﬁ? r e 3HY BFXBFXFEFoFﬁéﬁPgnm8gealaiaita
pi ctureffobt anbingorh hesdight abnptetivhg. dEuethebn hBaceppedery4Ag conprises a

second determning circuit 402 configured_to determne, for the first group
of pi xefRethrE et vnl t hefeBBahéchr efipthe pixels ssapryarvdevwitbf £hst group

assoct ot 50w TR T | PEFe L T Ao e e e B SR OB E e on i e
i nfor reestoimafien diginhal picture preceding the

pixel information of a digital picture preceding the

digital picture or

pixel information of a digital picture following the

digital picture or

pixel information of both a digital picture preceding

the digital picture and pixel information of a digital

picture following the digital picture.

The method illustrated in figure 3 may for example be carried

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

The encoder 400 is configured'to encode a digital picture of
a sequence of digital pictures, the digital picture
cbmprising a plurality of pixels, wherein the plurality of
pixels is associated at least partially with a first group of
pixels and the plurality of pixels is associated at least

partially with at least one second group of pixels.

The encoder 400 comprises a first determining circuit 401
configured to determine, for the second group of pixels, a

second group of pixels coding mode specifying whether pixel



digital picture or pixel information of a digital picture follow ng the
digital picture or pixel information of both a digital picture preceding

t he di gi twb 2picot4urse and pi xel information of a digital pCcTiSGeefoodd’owi ng
the digital picture. The encoder 400 further conprises an encoding circuit
403 configured to encode the digital picture using the first group of

pi xel s coding node for the first group®of pixels. In the alternative

enbodi ment mentioned above with reference to figure 3, in which the second

group ofnpoxehsibs 6Ot tﬁegp@ﬂél@f apbseliatell whendiget akcphat gi-eupoolte
encoded jtself, but is a roug pi xel s of another digital picture, e.g. a
dlgltapr¥%%%réso?ot?% REgdeAE_0 PaaﬁalPa| pi ctures precedingor follow ng

the digital pigdireForhe: eR0YRda higifhs £ASERPROLDEL DL HEALLLY OF PiXels

of another digital picture Is aSSOCIa ed at" Teast partially" wth at | east
one second gﬂn@ptaﬁ pixehse According to such an alternative enbodi nent |,

the first determining circuit 3 onfi gured t det er e a second
group of plx%+§g%oﬂ? %fm%ﬁ%o?o?gtﬂggggﬁgﬁg B?Sgﬁrﬁffﬁ 8W§ngn%88|fying
whet her plxeﬁlgfﬁgg i ton-Of othe pi xel s associated with the second group of

pixels is to be ﬁ i cted based on EIX6| information of a digital picture
pr ecedi ng th@l%@ e#nﬁﬁﬁmﬁﬁ}o@l@fub@ brapikeltahf piaavrenpsecaddngi t al

pi cture ol |owng: dhe. Other: 9101 LAk BIELY" el RLEEbnT BEOLTRLLRD,G both 2

digital picture pr
picture following the digital picture.

Further, the encoder 400 comprises a second determining
circuit 402 configured to determine, for the first group of
' pixels, based on the second group of pixels coding mode, a
first group of pixels coding mode specifying whether pixel
information of the pixels associated with the first group of
pixels is to be predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital

picture following the digital picture.

The encoder 400 further comprises an encoding circuit 403
configured to encode the digital picture using the first

group of pixels coding mode for the first group of pixels.

In the alternative embodiment mentioned above with reference
to figure 3, in which the second group of pixels is not a

group of pixels of the digital picture to be encoded itself,
but is a group of pixels of another digital picture, e.g. a

digital picture of the sequence of digital pictures preceding



the other digital picture and pixel information of a digital picture
followng the other digital picture. The encoder 400 nay for exanple have
t he strucwonelofi4tshe encoder 100 shown in figure 1 , wheceiSc200e®00377 St
determning circuit 401 and the second determning circuit 402 nay be part
of the first prediction circuit 105 or the second prediction circuit 108,
dependi ng on whether the first group 8D pixels is a group of pixels of the
base | ayer or a group of pixels of the enhancenent | ayer and dependi ng on
whet hero# hfaoz_sla@@m?gﬁ@apds)@l@axeb§ctara ghodp ehcBhxal s1af thhe base | ayer
or a group of pixe of the enhancenent |ayer. In case that the second
group oﬁn%?&%¥sPl%rélgFEu%foPlb?%él§foﬁHPh ebagdégiagér Pasdurkeifirst group
Of Pixeyssdoidegnonp ofabtxghs:eliihe,ephanceneolel ayer okigql ghapmat | on
about the second group of p xe s codi ng nD e is for exanp € pa t he
inter ppedbttebs. i nformation 111.1n an enbodinment, a "circuit" may be
understood as any kind of a logic inplenenting entity, which nay be speci al
purpose circuitry or a processor executing software stored in a nenory,

Fi r maargs coFd ey @@r@u@@ta@naihgfﬁ'gﬁ1vghgﬁboamméﬂteﬁteﬁ@' FBRLy @ "circuit”
may be a hard-wred logic circuit or a programmebl e [ogic circuit such as a
programﬁﬂﬁﬁm¥n%%@s@b¥cuktg30é.mazrbprgeegsgnréé o deCempliee Bnstruction

Set Conp EOCES 48 Reduce uction_Set Conputer (RISC)
processé%%ggdﬁgi &% tpln%§£a 1pe %O§?058§s% ©eXECOY n8r88Ptﬁé
any ki rph;oél@,orﬁp:é@ifpm@rmtmg pﬂxé!Dn’@ﬂf@fm@ﬁ@@ﬁaﬁfu’éhégp@xé&étUa'

machi ne code such as e. Java. Any other kind of inplenentation of the
respectQ%%Pq{ﬁE§¢d%%tQWﬁ ? SEFPRBeTBRYRr PBheBikAlfDEE Het Pl predicted
based on

pixel information of a digital picture preceding the

other digital picture or

pixel information of a digital picture following the

other digital picture or

pixel information of both a digital picture preceding
the other digital picture and pixel information of a

digital picture following the other digital picture.

The encoder 400 may for example have the structure of the
encoder 100 shown in figure 1, wherein the first determining
circuit 401 and the second determining circuit 402 may be
part of the first prediction circuit 105 or the second
prediction circuit 108, depending on whether the first group
of pixels is a group of pixels of the base layer or a group
of pixels of the enhancement layer and depending on whether
the second group of pixels is a group of pixels of the base
layer or a group of pixels of the enhancement layer. In case
that the second group of pixels is a group of pixels of the
base layer and the first group of pixels is a group of pixels
of the enhancement layer, the information about the second
group of pixels coding mode is for example part of the inter

prediction information 111.



bel ow may al so be understood as a "circuit" in accordance with an
alternative enbodi nent. A conputer program product is for exanple a

conput er weadsi4e7saedi um on whi ch instructions are recordescamomhoiTay be
executed by a conputer, for exanple including a processor, a nenory,

i nput /out put devices etc. As explained above, the picture sequence 101 may
be supplied to the base layer block 183 at a | ower resolution than to the
enhancenent | ayer block. This is for exanple done according to a dyadic
spatial scalability, such that a macro block M'. positioned j row and
colum of a frame with time index t in the base |ayer (layer index 0 )

cor r espohdd? t FUPRTHHREr 02bl' 6EKSUEM ' 2lam be+undrrEEQoM 28 #nY) kilhdt he
enhanc j 1, me, . ndex ) racr

cor espondensey rel St Lenn EO Y G Vo Bass Tayertandorhe chhaRESRent

| ayer iciiddifsty abedaiprécgaserbexfcgtiingbssliowara baseeHayar amacro bl ock
arrangenent 50 a frane _and an ﬁghancenent | ayer. macro bl ock arrangenent

1_of
502 of W?ﬂ??¥%ﬂéﬁ%mﬁﬁﬁebagﬁ faY el “HREFrBEHPBckPEFFRAgenERtS6010f 8P exanpl e

forms acmesdimdndj ghtebipbaiurentlreaed AS-htvisegupBkiedctochhe Base layer
coding block 103. It conprises nine base |ayer macro bl ocks which are
arr angedt RYPI AR sl andict ot beutbl wns sach phagremcabhacro bl ock may be

i denti fj ifs row n i gmj-1to +1 in_this _exanple) and
its cméﬁﬁ%%ﬁﬁ%e? %d%en%m$§%ﬁ§§?égg%gl31(%hgth?sb898 Fe?n?t?ﬁgggﬁﬂancenent
| ayer et cChhmeotkear t@Ngeepto582sbor oexanpbeuéeamenat pactioh digit al

picture (frame) as it is supplied to the base |ayer coding block 103. | t
conpri FHET neE o bl BERSE#F Q1) ; MR 2 Garcwpt” onayvplso1be a correspondi ng

to the processor executing software, 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
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.

As explained above, the picture sequence 101 may be supplied
to the base layer block 103 at a lower resolution than to the

enhancement layer block. This is for example done according

to a dyadic spatial scalability, such that a macro block M%§
. r
. .th “.th L . .
positioned j row and i column of a frame with time index

t in the base layer (layer index 0) corresponds to four macro

1,t 1,t 1,t 1,t .
blocks {M232i’M252i+1’M2}+L2i’M2}+L21+1} in the enhancement

layer (layer index 1, time index t).

The macro block correspondence relationship between the base

layer and the enhancement layer is illustrated in Figure 5.



base | ayer macro block M positioned at the j row and Jr 1- i colum of the
base | ayer macro bl ock arrangenent 501. Note that because of the double
resol uti omoabiwdiersenhancenent | ayer in both rows and colPUmss2009/00687%
exanpl e, the base layer macro block M'. positioned at the j row and

colum wi Il correspond to the enhancenent |ayer macro bl ocks positioned at
the 2 j rowand 2i colum, the 2 j + 28 h rowand i colum, the 2 j row and
2i + 1 colum, and the 2 j + 1t hrowand 2 i + 1t h colum. Since each
quad- seti ghr&asr shbliackspiBet hayerhaneeBeBh okay 8k ribs geplhectsioneloy @ hi gher
resol ution version of the correspondi ng bl ocks at the base |ayer, the
not i on E5aNfRENOnaRoBRAGNERRERE dRYEE MkEPy bLocke agsrnaeaead BERweEN
thesemacy o plogks across the layers as well as in the spatial vicinity.
Therefore, 1n one enbodi ment, when perform ng notion estimtion for macro
bl ocks in the enhancenent |ayer, the encoder 100 perforns directional
estimation based on the notion estimation codin% directions _of the

cor r espORdi NYSHatF¥hl BEREC) RILRE BALETPSYERT PUE. L0&n SKGFPeLarHrdSski p
motion gspipatbengegding E&E%ﬁk'eogs%r%%!? det ermini Rgpphilely ¢edipg direction
to use dependi ng on"which codi‘ng direction have been used in the

cor r espoasie navetr oocBingkblonkt A€3basé kayerisEar nhee, baseodayemrbodi nent

in order_to i ve the robustness_of .encoding schene, the, notion
o5t 1B RO i PHCErOR PR ELEBAER: A atBAGoner DB E BFocks
(rel atiyeltung heuelr trat BREhOmBLREeKb1atkt heybase ibawern raed at, tihke
enhancenent |ayer is exploited. .

row number (going from j-1 to j+1 in this example) and its

column number (going from i-1 to i+l in this example) .

The enhancement layer macro block arrangement 502 for example
forms a part of digital picture (frame) as it is supplied to
the base layer coding block 103. It comprises four macro

1t 1,t 1,t 1t

base layer macro block M%E positioned at the jt
. 14

h row and

ith column of the base layer macro block arrangement 501.

Note that because of the double resolution of the enhancement
layer in both rows and columns in this example, the base

layer macro block ngf positioned at the jth row and ith
- r

column will correspond to the enhancement layer macro blocks

th . th 1th

positioned at the 27 row and 2i column, the 23 + row

.th th

and i column, the 27 1th

row and 2i + column, and the

2j+1th row and 2i + 1B column.

Since each quad-set of macro blocks in the enhancement layer
is collectively a higher resolution version of the
corresponding blocks at the base layer, the motion estimation

coding direction is likely to be correlated between these



For exanple, let DM denote the notion estimation direction of a macro

bl ock M. Then the notion estimation coding direction node for the

pr edi cti omofero/ams4macr o bl ocks of the enhancenent | ayercrscraopbaok
arrangenent 502 is given, according to one enbodi nent, by the follow ng:
D(M 21 ) Gl (DM ),D(M1),D(M1 1), QMl))(D[)Ma 1,2i) =1 (D(M
),D(M 1), qul)[XMl))(a' Dﬂhﬁ4zlll(uM)IXM+1),uMl
),D( 1 +1)) (4) where G_ is an adaptive cross-layer notion estimtion
codi ngngi-rechiopkdestsbes theciiagersSam Wwaflly ast he #bie ewpagsttilmti on codi ng
direction nbde can b e determ ned based on the codingdirection nodes of
spatlaVlﬁéFQHBourlng macr o bl ocks according to where G3 - is an adaptive
spatial -tenporal notion estimation coding direction decision function (and
n,mis used as an index instead of j , i ) . It should be noted t hat
accordThgréﬁoequatnonn€5pmb@§l@@@¢ngW@ﬁ@e@@ﬂéﬁrﬁﬁ@@'GFﬁélﬁhcro bl ock n'm
anot her pi.ct ure tha di. i %Qﬁpd s taken as
t he bagPElg‘Bl’L’lPﬁefaécf@F&ﬁ r?%g(fan%l tt%T‘aor n%tdé np egltgﬁoai ce fgérjlébot h g _ and
GS - i sncBBEer iby" peRde rdecidirent ithad reanimattiatn st edi dtted ot i on
estimation coding direction node is selected such that t he same as of
nost ofothen REERTRA}EFY PG RSN SH& g ﬁorﬁfq?é’cor%é %cks. In the

case where nBlo%]sollht Y1 eColiNd 1 Re can e et erd¥ nadm 1 Isidig ection

sear ch"f§ Por 8xanpl e used as def where forward, backward and bi

di rect m@nabncedtmgamdas cwtie.rtgesile:dacmlcnh@t e«mﬂmeietﬂ@rmptmﬁmmw ng

dlreCtEgglggdglrectlon to use depending on which coding direction
have been used in the corresponding macro bloqks in the base
layer. Further, in one embodiment, in order to improve the
robustness of encoding scheme, the motion estimation coding
direction relationship among neighbouring blocks (relative to
the current macro block) at the base layer and at the

enhancement layer is exploited.

For example, let D(M) denote the motion estimation direction
of a macrb block M. Then the motion estimation coding
direction mode for the prediction for the macro blocks of the
enhancement layer macro block arrangement 502 is given,

according to one embodiment, by the following:

D(M53) = G1<D(Mg’,t> podrSy ) o0 5 e )y (1)
b0y ) = G100 ) oo 008 5Ly e ) (2)
D51, 01) = Gl(D(Mg,t) Dy E ) X M9 1-1) - DO ) (3)
D0y g 4q) = a0y, o EL ) 0 5, 0T 5 ) (4)

where G 1s an adaptive cross-layer motion estimation coding

direction decision function. Similarly, thg motion estimation

coding direction mode can be determined based on the coding



Accordi ng to anot her enbodi nent, the encoder 100 carries out the follow ng
for encoding a franme: 1) Initialize a matrix for recording the notion

est i mat i omocotioagrsdi recti on of each macro bl ock of the Prarss2em/0bése7 base

| ayer; 2 ) After notion estimation for each macro bl ock at the base |ayer,
select the notion estimation coding direction for the block and record the
sel ected notion estimation coding di Péction in the matrix. For exanpl e,
record a value of O forforward estimation, 1 for backward estimation, and 2
for bidflreetibonabdest bffaspeniald nelighbloa réengameerentoUckesr , f or each macro
bl ock of the, enhancenent |ayer, look up the entry in the matrix for the
corres%ﬁﬁaFabnﬁa Po bl ock of the base layer (i.e. the base |ayer nmacro

bl ock conprising the pixels of the enhancenent |ayer nmacro block) . If the
val ue is Olhbchoose fopgard@g;gdictioqh;or thgaﬁgrancenent | ayer macro

bl ock. | valge ivs 4 se ba rd rehi on for the enhgncenent

| ayer nagg%hﬁpock@SF@éTﬁ%méaFUébﬂgngﬁ”gﬁﬁgggnﬁﬁ-&irectional pred??tion for
t he enhancenent | ayer macro bl ock. The encodi ng net hod descri bed above nmay
be i npl enented using JSVM (Joi nt Scal abl e Video Model ) version 8.10

sof t wawkertt Ghas izeem teakted wsisop t 1wl ttestpaoniding ohsn aesoiméhgoh o table 1
. Table 1 Testing has been perforned using five standard test sequences:

" For emandingBdérectdionydecicion' fam¢tisscdend nie iGOmssid @shad) been set to

be 32..,The_ codi ty of all the se nces is " " i ion
par amet B, GG REST Pemiz S0 40 HGE becs USHES EoR RS SRE S Sl ari ty,
only tbBgubwobaygb) the coding direction mode of a macro block

Dﬂi%rl of another digital picture than the digital picture to

be encoded is taken as the basis for the decision.

An example for a simple choice for both G and Ggy is

"majority" mode decision. This means that the predicted
motion estimation coding direction mode is selected such that
it is the same as of most of the inter-layer/spatial/temporal
neighbouring macro blocks. In the case where no "majority"
coding mode can be determined, full direction search is for
example used as default, where forward, backward and bi-
directional coding modes are tested to determine the optimum

coding direction mode.

According to another embodiment, the encoder 100 carries out
the following for encoding a frame:

1) Initialize a matrix for recording the motion estimation
coding direction of each macro block of the frame at the base
layer;

2) After motion estimation for each macro block at the base
layer, select the motion estimation coding direction for the
block and record the selected motion estimation coding

direction in the matrix. For example, record a value of 0 for



case is considered, in which the same quantization paraneter val ue has been
used for both the base | ayer and the enhancenent |ayer. Al the five
sequencesweanelidd4fsnames | ong, and the sequences have beenTseea®moessd7refl ect
both | arge and snmall notions. The perfornmance netrics adopted in the
testing include average tine conplexity reduction, PSNR Y and bit rate
reduction. Tinme conplexity reduction 23CR) is used to neasure the average
time saving in the encoding processes: TCR = Tanch r op osed ¢ 100% (b ;
Manchoreomhier@l Tedt idat Soh el enspdbagkth pe of+ ordgisal dSYM8£40 gncoder and
pr OpGSec is encoding time of the nodified encoder according to the

appr oadh rE&ordianly ¢t et &Mbodi nent descri bed above. Fromthe test

resul t i ro. e i Lfie f ively reduce
t he enggdﬁﬁbqﬁgﬂgﬁgéﬁggghgg{2%%??%’agggag%éﬁgﬁé%%%rﬁ%§§? §£e€§%proach
descri kedhaalmaments Vayyr r obosk apdths eapapl en othachatvirgfoérnmeheonpl exity
reduction over different bit_ rates_and tion content wthout nuch PSNR
degr ad &9t SHf qgr%ﬁ%F?h%}%%Ed?ﬁ E%%ggﬁ ¢ 13Y%% hbtRd EREtPBFE rate is

rel ativelped anpero f9ro SIEAUERSESs SHEN 188 1 BRETET of ae "BYSanatmsaAr! | er
quantl zatl on par anet ers. Th,e reason i s because these seqguences conpri se

hi gher lmyeromagich Bieekdet B | she Ivabuehisa@eschebee nbeieardi recti on
correl atj t ween t ba | aver and, enhancenent, | ayer n, become
o T e e e o Y e P AR TR o L BYE L R RS o
est i matiaQmelsing aldhddiee dbdi€lehd £dSp seighc@soh Of ¥Ar the baskyasemantd bi
layer macro block. If the value is 2, choose bi-directional

prediction for the enhancement layer macro block.

The encoding method described above may be implemented using
JSVM (Joint Scalable Video Model) version 8.10 software. It
has been tested using the test conditions according to table

1.

Resolution. | Base layer QCIF
Enhancement CIF
layer

Frame Rate 15 Hz

Coding Options TZSearch ME used

MV search range of + 32 pels
RDO on
One reference frame uséd

Quarter pel MV resolution

Software JSVM 8.10
Table 1

Testing has been performed using five standard test
sequences: "Foreman", "Bus", "City", "Crew" and "Soccer". The
GOP size has been set to be 32. The coding type of all the

sequences is "IBBBB". Quantization parameters ranging from 28



directional indiscrimnately for base |ayer and enhancenent |ayers. This
exhaustive approach results in very high conputational conplexity and thus
requi res wonsiodauabl e processing tine for encoder. |n ordeErsGeaoreatace t he
conplexity w thout much quality degradation or bit rate increase, a sinple
yet effective and efficient notion estimation direction decision schenme is
provi ded accordi ng to one enbodi nent £6r fast notion estimation while
encodi ng the enhancenent |ayers of spatially scalable SVC. Not all the

codi ng b r £St heRS BEEnex@BdNEd ! e fnhanceneNirlayeroatgotdengwbo one
enbodi ment. The schenme can al so be conbined with other fast node deci sion
met hodsL3YRT r €@lSSi A§ aCPRalderas, SV@ erbbebr .the sm@enEsankeAetianmet hod
of pregéé?}é dhe il on §SEéQ§t hQQddH}fCl};bwgﬂ PhedplB r?aEEQCEnHStREOV' ded
conprisin ernlnlng, For a first base ayer nacro Ioc of a plurality
of nacrenﬁﬂmm&memm hapase Ahyetheafivessequehoaseaténﬁﬂlﬁmameseabngn of the
macro bl o and det erm ni a secon noti on est tion dlrfctlon of a
frst ditnteionearayEromeys ik ¢4 Rk hath o Egkanfn an
enhancesmni | Ryeropased on the flrst notion estimation direction. The first
enhancenment | ayer macro bl ock may correspond spatially to the first base

| ayer macro block (e.g. may be associ ated, at least partially, with the
sanme pixels he first base. ayer block Lrst enh enent

| ayer &é%ro r% SR havBS B R herd%ﬁﬁ%gr of pri glsQ?ngng ﬁncﬁ g

r esol utaxfmbacjélantirh@ fd:dsxaplbzaﬁeyl ayesusresn, bl pgkrThe aﬁahodlﬁayréuét her
i nclude determning a third notion
reduction. Time complexity reduction (TCR) is used to measure

the average time saving in the encoding processes:

Tanchor — Tproposed

TCR = x 100% (6)

Tanchor

where Tiypnchor 15 the encoding time of original JSVM 8.10

encoder and Tpreoposed 18 encoding time of the modified

encoder according to the approach according to one embodiment

described above.

From the test results, it can be seen that the proposed
simplified can effectively reduce the encoding time by around
20% in average. Furthermore, the approach described above is
very robust and is capable of achieving time complexity
reduction over different bit rates and motion content without
much PSNR degradation and bit rate increment. However, it is
noted that bit rate is relatively larger for sequences such
as "Soccer" and "Bus" at smaller quantization parameters. The
reason is because these sequences comprise higher motion with
fine details. In such cases, the motion direction correlation
between the base layer and enhancement layer can become

relatively lower.



estimation direction of a second base |ayer macro block of the plurality of
macro bl ocks in the base | ayer wherein the second base | ayer macro block is
adj acent wo fw4fiisast base | ayer macro bl ock. The net hog#cmmg26a9r0béser
include determning a fourth notion estimation direction of a second
enhancenment | ayer macro bl ock wherein the second enhancenent |ayer macro

bl ock is adjacent to the first enhancénent |ayer nmacro bl ock. The second
notion estimation direction nmay be determ ned based on the first notion

esti matjan diFeotd Kcaldiel s hidesntb@MmESherBbLAY Mbtechi eptandtobnt he
fourth notion estimation direction. A notion estinmation direction may for
exanmpl &19gF lvartdre HAEkSREHONanteR »F - Bpreridonapckarasanrd. bA-net hod for
encodi ng: A Al Q18] PAELUEL:0]n 2 SPAULIL QLo 0L QULA! 2 BLCLHAG R kBRI g1 tal
pi cture conprising a p urailty 0 %ixe S, Wher & n t%enp urality oF pi xel s

I s assdaated. dihieasthpastiad | gpproaicha fessitgrbupvetyphxghs and the

plurality of pixels is assocjiated at |east partially with at_| east one
secondcﬁﬁ&ﬁ?%%l?ﬂ%&ﬂ%SmEi%xh%Yh% c_ﬁ%?iE?&@%H%@e?%?ﬁ?ﬂ@??%%ﬁ t he second
group gfrfiedd Sng a SRS ONE- 9EQEPASE . PiXebsaspdi HUraBEeesPRE! fYi Nng whet her
pi xel information of the pixels associated with the second group of pixels

is to beommleHicted basedt onuph xehal Wt vrdegranabion drgbihl rpreture

ol | owi AT of eamor € ire SreBriere: edRarLonegr Bebidh Gighia " °
pi ctur eqyeeetidy direction decision scheme is provided according to
one embodiment for fast motion estimation while encoding the
enhancement layers of spatially scalable SVC. Not all the
coding directions are examined at the enhancement layer

according to one embodiment.

The scheme can also be combined with other fast mode decision

methods for realizing a real-time SVC encoder.

In one embodiment, a method of predicting the motion
estimation direction of a macro block is provided comprising
determining, for a first base layer macro block of a
plurality of macro blocks in a base layer, a first motion
estimation direction of the macro block, and determining a
second motion estimation direction of a first enhancement
layer macro block of a plurality of macro blocks in an
enhancement layer based on the first motion estimatibn
direction. The first enhancement layer macro block may
correspond spatially to the first base layer macro block
(e.g. may be associated, at least partially, with the same
pixels as the first base layer macro block). The first
enhancement layer macro block may have a higher number of
pixels (e.g. a higher resolution) than the first base layer

macro block.



the digital picture and pixel information of a digital picture follow ng
the digital picture; determning, for the first group of pixels, based on

t he secormognoup4ii pi xel s codi ng node, a first group oPCpiSGeI®/00EIT Ng node
speci fyi ng whet her pixel information of the pixels associated with the
first group of pixels is to be predicted based on pixel information of a
digital picture preceding the digital2picture or pixel information of a
digital picture following the digital picture or pixel information of both
a di gi tale RIS PEGCEEE A E hendi gt ahe PEELLEEngNd PhXeh hBforAation of a
digital picture followng the digital picture; and encoding the digital

pi ct ur esusimafidre dirsttyenupt ok péxehd kadengayedensiorot héotkref group of

pi xel s..2 . The thod accordi to,claiml ,, wherein th lural] of
b1 xel 5 T RUGATH Y of Taasr Tarersl b Wi acs) ordrt e jrBFESBebhY or oups
of pixedsconhasesd 1dhge Beao080 OpDUPKk 0f s phAehSehs boethE Ehespl brakity of
second groups of pixels, wherein the nmethod conprises determ ning, for each
of the lsStIhdrafferpelofk pi Kee smeghaechrd frotpebf iprkefs eebrrginbae
speci f i ng, et hese piXebs L Dhor 1Bhi n-0Lc1Be PExel scassackahedcbhLhyt he
second group o ﬁ?xe S %% togge pregfctedgﬁased onep?xel ?n?o?nat?on of a
di gi t allaprect uraecpo dokotlhgrhéee thh gthal spcohdr enbanpexehti hhpemanaonoof a
digital, Pt ye 19110 the, T giLal BLELNEE e tayer macro block.

The second motion estimation direction may be determined

based on the first motion estimation direction, the third

motion estimation direction and/or the fourth motion

estimation direction.

A motion estimation direction may for example be forward,

backward, and/or bi-directional.



pi xel information of both a digital picture preceding the digital picture
and pixel information of a digital picture followng the digital picture;
and wher evo 20toe4fiisast group of pixels coding node i s detemsicred/ obessed on

t he second group of pixels coding nodes determ ned for the second groups of
pi xels. 3 . The nethod according to claim2 , wherein the second groups of
pi xel s are associated with different 38 xels of the plurality of pixels. 4 .
The net hod according to claim3 , wherein the second groups of pixels are
associ aghedm th disjoint subsets of the plurality of pixels. 5 . The nethod
accordimg to any one of clains 2 to 4 , wherein the first group of pixels
coding node is determ ned based on a conparison of the second group of

pi xel s.codi .The;. 0d; .96 i | ai m 5 incit is
checke&'\/\%e?r%g%gﬁzfo%o |nnég;OdrrlD ehc} gjl%ﬁg%ﬁt%%aé%aﬁcoﬁ% 6 q%%g%(%d&gr oup of

pi xel sdeeditag nodesimd, Wer eligitdl guectnod ngommdies isy egualutal Btyraj ority
of second group of pixels codin des, this coding node is selected as the
first Gfolp*6r i %@%r%lfﬂ}be _rﬁ)nger.rg)lﬂt.yﬂfg R@f% Ja%c%?%f?(ﬁjga?%dai one of
claim Lt §arthane) nydhie 4 i4Sts9ruyOfoPigelst 4 Sadg gfoaip of pixels of a
first COSI ng 'l ayer corresponding to a first coding quality and the second
group oflupiedélty isf @igreolp of grsa@tintefd atsekbaric d@iljltt}‘galgbyé@l@@)r&‘@spondi ng

(7,7, 250%, GRUDB IR e e L SpOLd) gl 7 herei
enhancereRirnlid)i@lg, for the second group of pixels, a second group
of pixels coding mode specifying whether pixel information of
the pixels associated with the second group of'pixels is to
be predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels.



9 . The nethod according to claim7 or 8 , wherein the second group of

pi xel s is associated with at |least partially the sane pixels as the first
group of woxelo447@. The nethod according to any one of pclraicnehodsa7 9 |,
wherein the second group of pixels is associated with pixels adjacent to
the pixels associated with the first group of pixels. 11. The nethod
according to any one of clainms 1 to B® wherein the second group of pixels
coding node is a second notion estimation coding direction node specifying
whet her pixel information of the pixels associated with the second group of
pixels is to be predicted based on a notion estinmation usingpi xel
information of a digital picture preceding the digital picture or pixel

i nformati of digital pj.cture fagll.owi-ng the digital picture or pixe

i nf or mat'i gﬁeofne%&%\gfcﬁogrﬁlé}g ﬁoctc(t}raelmprlécewd}enrgedjlrge digital picture and

pi xel icnkopTRiraon tof oF digidial i clasoe:ifaald Dl e dagitiall pf otinte. 12.
The net hod according to any_one of clains 1 to 11, wherein the first group
of pi xél Plesailddy SeC G i GEUAFD G To P 18R Srat TR ot T ASHS on node

speci f yi ng Wit et Nixels idHOTSRLIRN Hfy L4168 R} X8 S ASHRE idh the
first F%%B o? i%éls ig fgkﬁe pre%?é?éﬁ; agg% on a nntié%&gg%ination usi ng
pi xel ipdkelwati on of a digital picture preceding the digital picture or

pi xel iw?lfe?:rerjr_%t it%% (I)rfet%od. gcic;[m%)lripsiecst lg:{eecgr?rllilnoﬂél,g thre edaic:c‘ljl to% ﬁjleCt ure or
second groups of pixels, a second group of pixels coding mode
specifying whether pixel information of the pixels associated
with the second group of pixels is to be predicted based on
pixel information of a digital picture preceding the
digital picture or &
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture;
and wherein the first group of pixels coding mode is
determined based on the second group of pixels coding modes

determined for the second groups of pixels.

3. The method according to claim 2, wherein the second groups
of pixels are associated with different pixels of the

plurality of pixels.

4. The method according to claim 3, wherein the second groups
of pixels are associated with disjoint subsets of the

plurality of pixels.

5. The method according to any one of claims 2 to 4, wherein
the first group of pixels coding mode is determined based on

a comparison of the second group of pixels coding modes.



pi xel information of both a digital picture preceding the digital picture
and pixel information of a digital picture followng the digital picture.
13. Encodwo 20mwo4etseodi ng a digital picture of a sequencecofsGdomiones77
pictures, the digital picture conprising a plurality of pixels, wherein the
plurality of pixels is associated at |east partially with a first group of
pi xel s and the plurality of pixels i3Jassociated at |east partially wth at
| east one second group of pixels, the encoder conprising a first
determning circuit configured to determ ne a second group of pixels coding
mode for the second group of pixels specifying whether pixel information of
t he pi sl Shas swditatcedadartdine secomigroupldreixels 18 ehe®eedredi cted

based onpixel informtion of . a digita i ctur i Lgital

pi ct ur é‘”h%rt &S ffor i%ondeoflsagea‘?ug%]t gc}o p%lcrﬁ%jr%effg)?lg% “Lﬁ%??rg% di gi t al
pi ct ur guryupdioelp iy iy redd oty afodrsd hamed dilgé tedn pi Tf usee peedaay ngodde
digital picture and pixel information of a digital picture follow ng the
di gi t alispie@unle;th & EBBIRE Het ¥ SRR FEMR bt ¥et 2dC2E ¥t er i ne a

first of.,pi codi drode fi r foPbXs! Sgbased on

t he seg%%ge%dr gﬁ%ﬁﬁlﬁsﬁ%di ng grré[))%ee&s%%c%% 31%}#]% %E?ﬁegp%%ge?fi nf ormati on
of the mixedlss @asbiony atatewith the first group of pixels is to be predicted
based on pixel information of a digital picture preceding the digital
picture or pixel information of a digital picture following the digital

picture OfThe method according to any one of claims 1 to 6, wherein
the first group of pixels is a group of pixels of a first
coding layer corresponding to a first coding quality and the
second group of pixels is a group of pixels of a second

coding layer corresponding to a second coding quality.

8. The method according to claim 7, wherein the second coding
layer is a base layer and the first coding layer is an

enhancement layer.

9. The method according to claim 7 or 8, wherein the second
group of pixels is associated with at least partially the

same pixels as the first group of pixels.

10. The method according to any one of claims 1 to 9, wherein
the second group of pixels is associlated with pixels adjacent

to the pixels associated with the first group of pixéls.

11. The method according to any one of claims 1 to 10,
wherein the second group of pixels coding mode is a second
motion estimation coding direction mode specifying whether
pixel information of the pixels associated with the second
group of pixels is to be predicted based on a motion

estimation using



pi xel information of both a digital picture preceding the digital picture
and pixel information of a digital picture followng the digital picture;
and an emnwodbrg4eisacuit configured to encode the digitalPcpisczemmoess? ng t he
first group of pixels coding node for the first group of pixels. 14. A
conput er program product conprising instructions which, when executed by a
conputer, nake the conputer perform &82vethod for encoding a digital picture
of a sequence of digital pictures, the digital picture conprising a

plurality of;pexelsromhareion e pladiakily @icmiselsrdsedseoaiad ed at | east
partially with a first group of pixels and the plurality of pixels is
associ at ed dtigfisadt ppatvicgl oy with at | east one second group of pixels, the

nmet hod conpri.si ng.det erm.ning, r{. C u f1 i second
group of pigéﬁgﬁc& %ﬁémﬁnéégéﬁgi??§%E§j%ﬁégﬂgﬁg%%§¢d%%#%ﬁ ??5% of t he
pi xel s assogiigtiedWdtikktiulte second group of pixels is to be predicted based

on pixel information of a digital picture preceding the digitiﬂ icture or

pi xel i nf or Ra&Pen 1L oxM@itdiracHiatly & B dah1Fe d Fisie ure or

pi xel 1 nfor gabl en 0k 0L A\ Hidldal g RLeeAdidg dhe digidall picture
and pixel information of a digital picture followmng the digital picture;
det er mi ni ngpitaurkehe oflilostingr dine ofigdibed] idiasel on the second group of
pi xel s coding node, a first group of pixels coding node specifying whether
pi xel information of the pixels associated with the first group of pixels
is to Be. The method according to any one of claims 1 to 11,

wherein the first group of pixels coding mode is a first
motion estimation coding direction mode speciﬁying whether
pixel information of the pixels associated with the first
group of pixels is to be predicted based on a motion
estimation using
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital

picture following the digital picture.

13. Encoder for encoding a digital picture of a segquence of
digital pictures, the digital picture comprising a plurality
of pixels, wherein the plurality of pixels is associéted at
least partially with a first group of pixels and the
plurality of pixels is associated at least partially with at
least one second group of pixels, the encoder comprising

a first determining circuit configured to determine a second
group of pixels coding mode for the second group of pixels
specifying whether pixel information of the pixels associated

with the second group of pixels is to be predicted based on



predi cted based on pixel information of a digital picture preceding the
digital picture or pixel information of a digital picture follow ng the

di gi tal pwvotaaroe4etrs4pi xel information of both a digital pcriserepn@cedi ng
the digital picture and pixel information of a digital picture follow ng
the digital picture; and encoding the digital picture using the first group
of pixels coding node for the first @3up of pixels. 15. A nethod for
encoding a digital picture of a sequence of digital pictures, the digital

pi cture conpti.shng & Rhukabint b ofy RivEhS1 Wieheir: thedddingl idne of pixels
i's associ a?g% at gagt parti al l yavvi tl)r?ela fi\rﬂgt group of pi xrg s and anot her
plurality oflipgixells pdfctauret logr digital picture is associated at | east

partially with at .| east one_second gra of .pi.xel s, 1 ; conpri si ng
det er i ni ng,plf(f?raL tll’i%%%‘@%ﬁ&ngro ug & gplll{%é Qlcécugeecgr?dﬂgardéﬁ{pdqg%epi xel s
codi ng nodegspeeiafiyipigturet ker pi xel information ofthe pixels associated
with the second gr%&p of pixels is to be predicted based on pjxel

GO

i nf or mat i onpPéked dingiowar tiogr @le Rntee ediHgithd i R Pi ure or
oo o 5 B el sl oy il st
pi cture andppicxelrel fodrimatingn thfe alidjidgigtlalpipitotngre fol | owi ng t he ot her
drgital B ot e s I ST N S L8 & Mol St K WP Rl LIXBLS 5 DRSS on the
group of pixels coding mode for the first group of pixels
based on the second group of pixels coding mode specifying
whether pixel information of the pixels associated with the
first group of pixels is to be predicted based on '
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
an encoding circuit configured to encode the digital picture

using the first group of pixels coding mode for the first

group of pixels.

14. A computer program product comprising instructions which,
when executed by a computer, make the computer.perfofm a
method for encoding a digital picture of a sequence of
digital pictures, the digital picture comprising a plurality
of pixels, wherein the plurality of pixels is associated at
least partially with a first group of pixels and the |
plurality of pixels is associated at least partially with at
least one second group of pixels, the method comprising
determining, for the second group of pixels, a second group

of pixels coding mode specifying whether pixel information of



second group of pixels coding node, a first group of pixels coding node
speci fyi ng whet her pixel information of the pixels associated with the
first growp20fo/@irsel s is to be predicted based on pi xel pcmisScromtonax7 of a
digital picture preceding the digital picture or pixel information of a
digital picture following the digital picture or pixel information of both
a digital picture preceding the digita picture and pixel information of a
digital picture following the digital picture; and encoding the digital

prctur ‘Eh%%’l%etl%e Jédsfo%' ALUR 1 IRl e LA N JBAG F i ddies 714 Sio group of
pi xel s.”"I6. An enco er for encoding a digital” picture of a sequence of

di gi t abepiprtadriesed hesidyidral picture conprising a plurality of pixels,
wherein the plural,ity of pixels is assqciated . at |east rtially with a
first groupPdfSHi %é’lféréﬂ?&lé)ﬁbt el SHEFA Y PISEHSEE D C{;‘larEnél')t Aeér/ di gital
picture is as3aei-at ed Atudeeast partially with at least one second group of
pi xel s, the encoder conprising a first determning circuit configured to

det er ni ne aPde&€dnd nficamr taforpiodelas ety RIFE IS N BRI RF oup of

pi xel s, speci f.yj. t ixel information of the pixels associated with

t he second €#§h§%8¥qﬁixe3§£f§gto be predicted based on pixel information of
a digital pipdtxerie iprifeceditigrt ke didtgr aidigidlalpigtairerorppaedinionf or mati on
of a digital picture following the other digital picture or, pixel

i nf or mat i on t&E H&ﬂ%?ﬁ%ﬁ&ﬁQQﬂr%ﬂ%ﬂanQ%ﬁ%é@%% ation ‘'of 2 afgftal

picture following the digital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels.

15. A method for encoding a digital picture of a seqﬁence of
digital pictures, the digital picture comprising a plurality
of ﬁixels, wherein the plurality of pixels is associated at
least partially with a first gfoup of pixels and another
plurality of pixels of another digital picture is associated
at least partially with at least one second group of pixels,
the method comprising

determining, for the second group of pixels, a second group

of pixels coding mode specifying whether pixel information of



the other digital picture and pixel information of a digital picture
followng the other digital picture; a second determning circuit

confi gur estot2o1odaemam ne a first group of pixels coding modsGkam/opdse7 fir st
group of pixels based on the second group of pixels coding node, specifying
whet her pixel information of the pixels associated with the first group of
pixels is to be predicted based on pi3el information of a digital picture
preceding the digital picture or pixel information of a digital picture

fol | owicRg theedisgitdlodiHldl & fh Rineelsd o ratd g of potdia dégesal
picture preceding the digital picture and pixel information of a digital
pi ct ur bef plregiatgd fasticgiaml picture; and an encoding circuit configured

to enCOde. tg‘é‘txgilgiith%l .acr,ti o oLFi_;{'gi'tgt}Lecglir tctq,{roeufproéc&ﬂ Stf?é)di ng .m)de
for the fir group of piXel's. "17. A-Lcorrputer program product conprising
i nstructi onstweirchiigien. execuird dxy a conputer, nake the conputer perform

a nethod for encoding a digital_ picture of a sequence of digital pictures,
the digital PgEcturéd GighPh apl%rgdﬁat]y R)‘fCtdﬁiﬁelé‘?lWé]r n-%%e plurality

of pixels igiagsogyiafied @tyd8apte Rrtially with a first group of pixels and
another plurality of” pixel's of another digital picture is associatedat
| east parti @ik lwitf camdtsiast ohdadtendligicigl of i givesd pre¢rdiheg hod

Bi xel 5 coi RESmEA SEpeHiFShy NHSUHET Bret LAt RRTBH 7 (7o Bi xels.
associ at ed wilgh tihe psiesant FOUbWIingi e Sotitfet Migital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels.

16. An encoder for encoding a digital picture of a séquence
of digital pictures, the digital picture comprising a
plurality of pixels, wherein the plurality of pixels is
associated at least partially with a first group of pixels
and another plurality of pixels of another digital picture is
associated at least partially with at least one second group
of pixels, the encoder comprising

a first determining circuit configured to determine a second

group of pixels coding mode for the second group of pixels,



be predicted based on pixel information of a digital picture preceding the
other digital picture or pixel information of a digital picture follow ng
t he ot herwdixgioiak7spi cture or pixel information of both acaisgromloogsrct ure
preceding the other digital picture and pixel information of a digital
picture following the other digital picture; determning, for the first
group of pixels, based on the second 38oup of pixels coding node, a first
group of pixels coding node specifying whether pixel information of the

pi xel s s%%%%ﬂrﬁf_wﬂé{hébepiiéﬁtim&wa@io@i €l gné SpiLebe psedichedqbased
on pixel information of a digital picture preceding the digital picture or
pi xel iwiftdr rdtd Feednd girgip a0f ppictete il towwadgoredidigitaespiceure or

B pi xel T KRGt o ar S o o SR HTE R Er T o TRe KB AR pl ot ure:
and encodi ngtiker diigyiedl pprdtues ust ng the first group of pixels coding
node for the first group of pixels. , | . ,
pixel information of a digital picture following the
other digital picture or
pixel information of both a digital picture preceding
the other digital picture and pixel information of a
digital picture following the other digital picture;
a second determining circuit configured to determine a first
group of pixels coding mode for the first .group of pixels
based on the second group of pixels coding mode, specifying
whether pixel information of the pixels associated with the
first group of pixels 1s to be predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
pictdre following the digital picture; and
an encoding circuit configured to encode the digital picture

using the first group of pixels coding mode for the first

group of pixels.

17. A computer program product comprising instructions which,
when executed by a computer, make the computer perform a
method for encoding a digital picture of a sequence of
digital pictures, the digital picture comprising a plurality
"of pixels, wherein the plurality of pixels is associated at
least partially with a first group of pixels and another

plurality of pixels of another digital picture is associated



WO 2010/044754 PCT/SG2009/000377

37

at least partially with at least one second group of pixels,
the method comprising
determining, for the second group of pixels, a second group
of pixels coding mode specifying whether pixel information of
the pixels associated with the second group of pixels is to
be predicted based on
pixel information of a digital picture preceding the
other digital picture or-
pixel information of a digital picture following the
other digital picture or
pixel information of both a digital picture preceding
the other digital picture and pixel infofmation of a
digital picture following the other digital picture;
determining, for the first group of pixels, based on the
second group of pixels coding mode, a first group of pixels
coding mode specifying whether pixel information of the
pixels associated with the first group of pixels is to be
predicted based on
pixel information of a digital picture preceding the
digital picture or
pixel information of a digital picture following the
digital picture or
pixel information of both a digital picture preceding
the digital picture and pixel information of a digital
picture following.the digital picture; and
encoding the digital picture using the first group of pixels

coding mode for the first group of pixels.



