WO 2011/ 134641PCT/ EP2011/ 002089 1 Filtering node for intra prediction
inferred fromstatistics of surroundi ng bl ocks The present invention

rel at es twoaopictane codi ng nmet hod, apparatus and a pro@CarmP2@n/0e208¢ut i ng
these nethods in software. In particullar, the present invention relates to
applying of filtering during intra prediction. BACKGROUND OF THE | NVENTI ON
Spati al prediction has been enployed in many applications. In particular,
spatial prediction fornms an essential part of many i mage and vi deo codi ng
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of ITUT and | SO | EC MPEGBAGKGBOUNDOW THEIINVENTBON) st andard is currently
bei ng devel oped by Joint Collaborative Team on Video Coding (JCT VC) under

a namg lgh&hpljéB{C{&* ?Bgybe\éhd&ﬂgﬁg rﬁﬁvﬁgllcﬁldﬁkr‘g‘n ?%i@@é?i QT %r'éblctlon

| mprovenent IClency r rdlng reso I on Vi deo co
vi deo fermgnan esseptial past @trm@rmlmme angl \edmmm@r\d)propmampaMSf rlarhybrld

h f f.
S hor o TAGE o Udks Bodith- Aot CSHRkial Bickicod s RysiEiy: erbibydd for determining a
each ipretlictiopar aniniage blogkbased on dhapixels db labierdy e@ﬂ%ieg:tdeﬁ@desif blgcks. uPaIthe y
of pi é%é ‘ha ﬁpé;%"ﬁbll éﬁedu@tu&%ﬁ?%is%% &%é%‘%% Vé]?‘a’%pﬁ‘%t @nco g% QécoE@deég

pi xel st mage el ement I's performe
Howev @r videasignak lrpraartlctd@nfare@wmce@msﬂbps may be perfor med for smaller
I mage el enents, denoted subbl ocks or sinply

The majority of standardized video coding algorithms are based on hybrid video coding. Hybrid
video coding methods typically combine several different lossless and lossy compression
schemes in order to achieve the desired compression gain. Hybrid video coding is also the
basis for ITU-T standards (H.26x standards such as H.261, H.263) as well as ISO/IEC standards
(MPEG-X standards such as MPEG-1, MPEG-2, and MPEG-4). The most recent and advanced
video coding standard is currently the standard denoted as H.264/MPEG-4 advanced video
coding (AVC) which is a result of standardization efforts by joint video team (JVT), a joint team of
ITU-T and ISO/IEC MPEG groups. A new video coding standard is currently being developed by
Joint Collaborative Team on Video Coding (JCT-VC) under a name High-Efficiency Video
Coding (HEVC), aiming, in particular at improvements of efficiency regarding the high-resolution
video coding.

A video signal input to an encoder is a sequence of images called frames, each frame being a
two-dimensional matrix of pixels. All the above-mentioned standards based on hybrid video
coding include subdividing each individual video frame into smaller blocks consisting of a
plurality of pixels. Typically, a macroblock (usually denoting a block of 16 x 16 pixels) is the
basic image element, for which the encoding is performed. However, various particular
encoding steps may be performed for smaller image elements, denoted subblocks or simply



WO 2011/ 134641PCT/ EP2011/ 002089 2 bl ocks and having the size of, for
instance, 8 x 8, 4 x 4, 16 x 8, etc. The largest possible size for such a
bl ock, fovoiabtidmed in HEVC, is 64 x 64 pixels. It is tREMEPaINORBNe

| argest coding unit (LCU). A subdiviskon of a LCUinto smaller blocks is
possi ble in HEVC. One such block is called a Coding Unit (CU. ACUis the
basic image el enent, for which the coding is performed. Figure 1 is an
exanpl e of a typical H 264/ MPEG 4 AVC standard conpliant video encoder 100.

A subbfks Qhd hEving thessizélst, %r%sﬁ@ﬁced fofaamweﬁs VeI NS MhE IFgdst ®6§3|Blb%¢ié fbp be
encoded of an input video inm (Lnput s)ﬁﬁqnal and a corres%on in

pr edi ét’?fbﬁ ede IEO" ipptaRee insHEY| d 'ST 64 thﬁep' ditdsiten eqlledrbe dergpet o gddﬂﬁblérk't to
be engagigy A édbaﬁ.@&%ﬂ\ﬁ@tﬂnte\éamamehsnoewﬂlp"o%s.elé i HEVS. Ofe SINI66Cisallder

by a tenporal a _spatial prediction. The pe of predi ctlon can be
vari e@ Grfling dait (@Vgﬁec‘ldétﬁ@ Dagigrimage e@%.fgrwcweacoem IBREFIMISEK basis.

Macr obl ocks or CUs predicted using tenporal prediction are called

l nlt Ier g@lﬁ?dasi aarestaﬁ%r & Bpleal HrzaﬁkamaﬁAvc%mrmeoraﬂant auheoreadwém@o are
called Intra-enc

ype. of prediction for a vide set

by 1 heh Hacir 108 IER KelpMBineb Rifarrios BoheRA cUgbnbIqds b rpBoed phak ety
hi gh ¢RIEBNMage qnpmasngﬂaal)ldhdaé;wréb@aﬁ@n@fptdmdnbﬁ biekewhieH i gi fof trrer @du@mbmn

an intra/inter swt 175 provi des cor{@ig % r edi tlon Si b&@ (5;
bt ok it Clrgant BlodkC3, e Prbacai: oincri 2B MRS A AV e prpfictr senl 2 otldipdd) o
from tehRePt\editompbial 8N BP Aeshatiapgregictidhi crheay@ ot priedidtibm can Berirgd bhla péhe

si gnal usi nglﬁspatl al predlqcg 3 IS derived fromthe val ues of

predictio
boundglr eB?%?éﬁ ey sfice hasisar RFRETRAX? 45#5-t he same frame, which have

been previously encoded, decoded, and stored in the nenory 140. The nenory
uni t MrémsopereUeSpmﬁuoaediaJsmg uanborbhqireabﬂumm calmuairiter@endodedveem

t de d .t |
oy Srasiorlods SRalE utden] nmeUsrlalPslelon Bi Fofed, GaHneafts « TheTVes o1 ¢
of dp{ Evemmgyofacmé@dframdeag fbeasmt ::xy tffélgxsdlt of selected bbehef\mdleotdmeoderpsud astagnal
e _predicti S enot e edi cti,on _er.ror s r._resj
o e BonBYS & e Bl o YPorf SRS I e den St g e, Bl i Brtidon, o
Ent r opy iatnafrder svitth 176 pfwrdeammespbrtdmg bedqmemtsigmﬂto:tmf $ubtiaetor S105N Teler
to furth r reduc t.he, amount of. dat.a |

honi PP SIeS pHES 1SR YRR S de P BB ol PalBr en e
| engt arettored iz nvmaiy i1€0c hireeprelisierd signalt dsingospeiiabptedicyioniis dériveddfoam tieence.

of et ot O BB R R fhe ey aHEREr in e FAHE oL pR 22

be deposiéalisi ehcoded; ebeodst; eantostared it ther mpnmvy dd8! yThbe cneredryi urtyd40 Thes

sequenpaats st R YR REAIBRE CveiRbh BB Qnshl'SoFRBIES W ef¥hcoded
pr opagatdbe prestiction asignal salies genehatedt foorh @nevious sigmad dakes.or. hel\memowemo tan

| AT GE Wbl HRRTLAGE RSodid e HaReSCHENGR Ao BERREN b IRsLY SHFS
2011/ hﬁd&heaﬁ@dlﬁmﬂsbhéomme@ predictiop rezadir cigrah qm&ts@ualSs;gaaloﬁs traasformed

intra n I s
of t naSHHEHgh RIS aPEn B ol Rag 550 EntbRE BnotRleP Ao 1€ RV e 18 18
t enpl guentizedodoeffigicnts meomaptoefurmeereaius@are:amaumztaofrmaroa I@st@ad@aye n'Elmdesj

I _ , 7 ot
odes MalaY G4dieVe b ehHing Bode A code RoRi Al 3 Minekdh ift RinGiH 64 °
di f f eccede mnﬂss:ho‘serdbawtordhalprd}wﬂitmf itsroccurrgncedi ction refer to different
directions of the applied two-dinensional prediction. This allows efficient

t h

P2t Mk REeARES [l 68 el YT hisaeneicishR: bORSeoRBKe or
from tQ\ds ihapalte intraneatoded, mentmrlenc@dﬂddmagesca@ be glecodaskwithasd veferenge to any
addi ti &l 4 | Chy i i i ;
predi Gien Praagldly deBbddy RS, CrRAnRERcodtodiniies Mol crf rBRICIIS, for & ure
1), weseedad videp egnuenps sivne ttydetiesh the yidegsgauensst fram evrptsrpqsa@lmeb@nﬁie

Vi deo s3f0ftane to frame due to temporal prediction. Moreover, | frames enable a random access
within the sequence of encoded video images. Intra-frame prediction uses a predefined set of



In the H 264/ MPEG 4 AVC intra coding schene, the spatial predictionis
performed for subbl ocks of sizes 4 x 4, 8 x 8 or 16 x 16 pixels in order to
reduce spaioi2all/wBédundancy. Intrafranme prediction uses aPprdd®eqiifgenwsset of

i ntra-prediction nodes, which basical By predict the current bl ock using the
boundary pixels of the nei ghboring bl ocks already coded. The different
types of directional spatial prediction refer to different edge directions,
i.e. the direction of the applied two-di nensional extrapolation. There are

ei ght isttd-pretRAbn mo“d@@t sgmalofnn@mtfatgbr@a.cfmﬁ@dag rédikﬂ tRE cRFresl Iibtio 0sigdre f or
subbl ocks of size X and three di ﬁr ent directional

pr edi OOHBIANRIELS ahweomﬁég@snag @éqq'fﬁ.aéfﬁa%aach@ﬁi t Hiberintfaspedicien g1odes. 85 16
pi xel semblatﬁﬁé(féhmgﬁa.‘t &xdimé, et séa?cwaﬂéabﬁammfeaaﬁ eh@dded\fixel bélbagméxé

8x8, 16x16 or 2. There are di fferent directional redjctio

for ailhe eAne imgie. (e MSACIA) At GhTarRrBHEHoN DRI S ILRRR S o TEE I SPatia

i ncor parapediction mwbglmerwﬁ&eﬁﬁﬁ@d@ﬁof\dl@eﬁbr@l §hial intra-predi@ionaere towiffbrérhe
encodi ng st eps, decodin St. e%}] i ncl ude_j nver se uant | Zatl on and | nver se

t r ansTHPAIANS M t'i%épp"ﬂﬁ’etweé% gRLIONA R digtionn TRis AHPWS iefficiant §payal rira-prsfichif

ori gi hthelyaRdidt Vafsuseddger diretiishal Tﬂé'@récﬁbt'bh%lﬁﬁﬁ&italﬁéﬂ b9rsueui BAlintraspledrtbonl so
quanti zati on noi se. A reconstructed S|gnal i's then b Qy addi 125
Hhapoa. inadih

the détBgacUBacted fioshther PRyt signahBy the Sulieackyr JB0AS oo

nai nt patidl hﬁtrﬁib?@tﬁétlohl oty iRRIrMERdh tidmaqaﬁgqﬂerpr%uﬁﬁorarrdod&% @wmtﬁr t@ltd@
the prediction mg(sl i s obtai ped based on t he encoded and subsﬁ%y r}/
decod@&“@?ld%c%qeg 99 (Rt shewn I RIgUREn aVNefs:His Sntrary epeoder @9daroy ms er

decodw.thtﬁy@n&@g‘dhﬁuw@gﬁmzatl on, quantization noise is superposed to the
reconstructed video signal. Due to the bl ock-w se coding, the superposed

St ond dhaneiEAMERG A IR cooBing poiStmaita soata kel Shae ol 7,

or der subblbekbiofesizdes & 418 x Bamt 16 x d6¢mbdiokomer fo ietdece $péarial $edlmdbnqd tmra-

t ed 11/ 134641 / EP2011/ 00208
or e " BARUON ifS oy DERtPL ] ITgeeoilith Moo v egiealt Bt e
subsequesht Modeosid@d:he( b@mam pikels @f the nmyet(dﬂ)wg chmkp@lrehd)pcmh&tTMdmfe;erbe
pmfowmd eo..frames or %ym

Dot b eyt ity spafhR ardigfioncreter B difbuB dapél Gl TR, il SRl
al so \dpghsd fwmdmerfsminlabmrapotduenc UThezataré reight duftdmentdnhreeﬂebmatrmédut’omrpmoﬂbs

P ermporid $hpUE iR sheleer FPEIGRRE of BREACAE BGL andtiE afrpl bl fir™

gener gredictioni modes amt onkeDC preget|asramode fiqr the enaongbladksf ,16B¢ 16 pixelsv EmHEMOy pe

o] A b
ot er AT qrateio S pEREPERe ST O Sirs ko TeHBnC e’ grefh 2t 34
160. [iffesént direbiatal pmﬁcchormmoklbsﬁkallﬁu siges] for the current bl ock within the
previously encoded and decoded video frames by a notion estimator 165. The
best
di pi UL R0 el bl O 2 BESoqh L 1 e Opory T, Adininde etddd faso
not i orsighat. aln conplante mith diie ehecaginglstepnshe nacoc( ng etepe inptude] inverae qslpatnaa&bw
o 0l Lo RS i SR © AR dcBbA Blobfbalbl rR SRR aiefieRofiEhe: ordhal
or der ction accura e m ned
with aprscpetnqnaleerUMQnakeduer é@dhatqmtleatg)n leebf, ¢Alled| alsp quaﬂtrzemorplrwae A

resol YhidiindiBh Jidrd RIAEH gﬁ%&& 5Bl A2k h¢ A8cdded fibatfith ofiBf siBRkIo thi

intra erences between e-cur

i nput pseédjetwin sigualt hin prdeditetmaintag mnompetihilﬁmm\mammeaadcmamdezedd tipet he
uni t Jd%@od«{r%?dé' 'tﬁé“;grebf&ti6$§aoﬂéi$‘ébtéﬁ€d‘B%ﬁéé b b rod&E BRA t‘)ééqu Huﬂid{-é&%@&”a'
transfor ion’'such as a I mensi onal discrete 003|ne rans ormat1on
(DCT) visteozsigriahwbigbris kireave atrbatimsides thei encerigl anyibie sleaederi Duedd theeguartiigation,
corr el abhenigh rH?e %aELgSe%oéé'ddf?)otHe”Pe@Sﬁstﬁfciéoc \/iﬁ@&lﬁf nefl t[9ue td%he block;wise

t ransf rnatlon w f uenc onponents are usual % I mportant for

i mage cgdiagi the smnpcmegmq‘iseeqﬂmbys @mblogmasacmsmﬁatwhm eeStuitt i particyar tosent
for  CatloRg clidfiidafih ih L0 Bibck BBRAREALS IMAledohEa Thadh | eHENcaRIPRRRD! -
In the enfropy coder, e [Wo- |nen5|ona matrix o uantized coefficients
i s coraféfacteda deblockingfiter dBismanpiadto evanayecomstyicted imagetiiock. conversion is
performed by a so-called zig-zag scanning, which starts with the
DC-coefficient in the upper left corner of the two-dinensional array and
scans the two-di mensional array in a predeterm ned sequence ending with an
AC coefficient in the lower right corner. As the energy is typically
concentrated in the | eft upper part of the two-dinensional matrix of
coefficients, corresponding to the | ower frequencies, the zig-zag scanning
results |n an array mhere usually the Iast values are zero. This all ows for

o o o Y o



Quanti zation matrix in H 264/ MPEG 4 AVC can be adapted to the video
sequence and signalized together with the video data. The H. 264/ MPEG 4 AVC
i ncl udes waaofunseddional | ayers, a Video Coding Layer (VECK/EX2@l1a0248? wor Kk
Abstraction Layer (NAL). The VCL provi#des the encoding functionality as
briefly described above. The NAL encapsul ates information elements into
standardi zed units called NAL units according to their further application
such as transm ssion over a channel or storing in storage. The information
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fed to a post filter 280 whi ch sets up a post filter accordingly. The post
filter is then applied to the decoded signal in order to further inprove
the inmage quality. Directional intra prediction nodes are very efficient to
predict sharp edges, but are not adapted to predict snooth or out of focus
regions. For such regions snoothing the references with a [ow pass filter
|s partlcularly approprlate and prOV|des galns |n terns of codlng
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SUMMARY COF THE | NVENTI ON The probl em underlying the present invention is
that if alow pass filter is applied to the references, sharp edges can not
be predi cwoosffBu@iient | y. The ai m of the present invent iPOM/EP011008DVI de an
i nproved and nore efficient intra prediction for encoding and decodi ng of
an image. This is achieved by the features of independent clains. WO
2011/ 134641PCT/ EP2011/ 002089 7 Further enbodi ments of the present invention
are subject matter of the dependent clainms. It is a particul ar approach of
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applied to reference pixels or to prediction signal of a current inmage area
or nosignaked tegetberwth BAVigoidatdrased on characteristics of the inage signal
adj acent spatially to the current inmage area. According to an aspect of the
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decodgfbrdded Clfe information elements are, for instance, the encoded prediction error signal or other
information necessary for the decoding of the video signal such as type of prediction,
quantization parameter, motion vectors, etc. There are VCL NAL units containing the
compressed video data and the related information, as well as non-VCL units encapsulating
additional data such as parameter set relating to an entire video sequence, or a Supplemental
Enhancement Information (SEI) providing additional information that can be used to improve the
decoding performance.

In order to improve the image quality, a so-called post filter 280 may be applied at the decoder
side 200. The H.264/MPEG-4 AVC standard enables sending of post filter information for such
a post filter via the SEI message. The post filter information is determined at the encoder side
by means of a post filter design unit 180, which compares the locally decoded signal and original
input signal. In general, the post filter information is an information allowing decoder to set up an
appropriate filter. It may include directly the filter coefficients or another information enabling
setting up the filter. The filter information, which is output by the post filter design unit 180 is
also fed to the entropy coding unit 190 in order to be encoded and inserted into the encoded
signal. Such an adaptive filter may also be used as a second post-filter, as for example in the
HEVC standard.

Figure 2 illustrates an example decoder 200 compliant with the H.264/MPEG-4 AVC video
coding standard. The encoded video signal (input signal to the decoder) bitstream first passes
to entropy decoder 290, which decodes the quantized coefficients, the information elements
necessary for decoding such as motion data, mode of prediction etc., and the post filter
information. In the entropy decoder 290, spatial intra-prediction mode information is extracted
from the bitstream, indicating the type/mode of the spatial prediction applied to the block to be
decoded. The extracted information is provided to the spatial prediction unit 270 (not shown in
Figure 2). The quantized coefficients are inversely scanned in order to obtain a two-dimensional
matrix, which is then fed to inverse quantization and inverse transformation 220. After inverse
quantization and inverse transformation, a decoded (quantized) prediction error signal is
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image quality.

Directional intra prediction modes are very efficient to predict sharp edges, but are not adapted
to predict smooth or out of focus regions. For such regions smoothing the references with a low
pass filter is particularly appropriate and provides gains in terms of coding efficiency. Thus,
applying a low pass filter on the reference pixels for intra prediction is a known technique to
remove the quantization noise added to the reconstructed pixels and to improve intra prediction,
especially when the region of the image to be predicted is blurred or out of focus.

SUMMARY OF THE INVENTION

The problem underlying the present invention is that if a low pass filter is applied to the
references, sharp edges can not be predicted efficiently.

The aim of the present invention is to provide an improved and more efficient intra prediction for
encoding and decoding of an image.

This is achieved by the features of independent claims.



Figure 2is a block diagramillustrating an exanple of a conventi onal

H. 264/ MPEG 4 AVC vi deo decoder; Figure 3is a block diagramillustrating an
i ntra prewslpebilon4amit in accordance with an enbodi ment ®CTIERROIPOERENT
invention; Figure 4is a flow chart ilFustrating a method for intra
prediction filtering according to a first enbodi ment of the present

I nvention, using edge detection; Figure 5is a flowhart illustrating a

met hod for intra prediction filtering according to a first enbodi ment of

the prGRREH erhBBHRNEAS B tHESHrBSert MVeRfiGiPareublécfinh ey of thaldEerBeht daiflsOW chart
illustrating a nmethod for intra prediction filtering according to a second

enbodi nent of the present invention enploying a special predictign node;
It is a particular approach of the present invention to distinguish whether a low-pass filter has to

be applied to reference pixels or to prediction signal of a current image area or not. This
distinguishing is based on characteristics of the image signal adjacent spatially to the current
image area.

According to an aspect of the present invention, a method is provided for decoding, on a block-
by-block basis, encoded image data partitioned into a plurality of blocks, said method comprising
the steps of: deriving statistics of previously decoded data spatially adjacent to the current block;
deciding on the basis of the derived statistics whether filtering is to be applied or not during intra
prediction; and predicting a current block from image data of previously decoded blocks.

According to another aspect of the present invention, a method is provided for encoding, on a
block-by-block basis, image data partitioned into a plurality of blocks, said method comprising
the steps of: deriving statistics of previously decoded data spatially adjacent to the current block;
deciding on the basis of the derived statistics whether filtering is to be applied or not during intra
prediction; and predicting a current block from image data of previously decoded blocks.

According to another aspect of the present invention, an apparatus is provided for decoding, on
a block-by-block basis, encoded image data partitioned into a plurality of blocks, said ‘apparatus
comprising: a calculation unit for deriving statistics of previously decoded data spatially adjacent
to the current block; a judging unit for deciding on the basis of the derived statistics whether
filtering is to be applied or not during intra prediction; and a directional prediction unit for
predicting a current block from image data of previously decoded blocks.

According to another aspect of the present invention, an apparatus is provided for encoding, on
a block-by-block basis, image data partitioned into a pllurality of blocks, said apparatus
comprising: a calculation unit for deriving statistics of previously decoded data spatially adjacent
to the current block; a judging unit for deciding on the basis of the derived statistics whether
filtering is to be applied or not during intra prediction; and a directional prediction unit for
predicting a current block from image data of previously encoded and decoded blocks.

In accordance with still another aspect of the present invention, a computer program product is
provided comprising a computer-readable medium having a computer-readable program code
embodied thereon, wherein the program code is adapted to carry out the above described
method.



Figure 7is a schematic drawing illustrating application of filtering
according to a third enbodi nent of the present invention; Figure 8is a
schemat i cwOrRaW/I3¢e4ill | ustrati ng application of filteringPa@BFEFRAILANRBD a
fourth enbodi nent of the present invehbtion; Figure 9is a schematic draw ng
of an overall configuration of a content providing systemfor inplenenting
content distribution services; Figure 10is a schematic drawi ng of an
overall configuration of a digital broadcasting system Figure 11lis a bl ock

di agr Rk idobis bhalothitd obfbctXand feat@es af @R plegbrtahbention wilk bb&dry infdr@Aipparent
from the following description and preferred embodiments given in conjunction with the
accompanying drawings, in which:

Figure 1 is a block diagram illustrating an example of a conventional H.264/MPEG-4 AVC
video encoder;

Figure 2 is a block diagram illustrating an example of a conventional H.264/MPEG-4 AVC
video decoder; '

Figure 3 is a block diagram illustrating an intra prediction unit in accordance with an
embodiment of the present invention;

Figure 4 is a flow chart illustrating a method for intra prediction filtering according to a first
embodiment of the present invention, using edge detection;

Figure 5 is a flowchart illustrating a method for intra prediction filtering according to a first
embodiment of the present invention, using variance calculation;

Figure 6 is a flow chart illustrating a method for intra prediction filtering according to a
second embodiment of the present invention employing a special prediction
mode;

Figure 7 is a schematic drawing illustrating application of filtering according to a third
embodiment of the present invention;

Figure 8 is a schematic drawing illustrating application of filtering according to a fourth
embodiment of the present invention;

Figure 9 is a schematic drawing of an overall configuration of a content providing system
for implementing content distribution services;

Figure 10 is a schematic drawing of an overall configuration of a digital broadcasting
system,

Figure 11 is a block diagram illustrating an example of a configuration of a television;

Figure 12 is a block diagram illustrating an example of a configuration of an information
reproducing/recording unit that reads and writes information from or on a
recording medium that is an optical disk;



WO 2011/ 134641PCT/ EP2011/ 002089 9 Figure 13 is a schematic draw ng show ng
an exanple of a configuration of a recording nediumthat is an optical

di sk; Fi gupeolisB4é4e a schematic drawing illustrating anprexarpdia/oafosa

cel lul ar phone; Figure 14B is a bl ock9di agram showi ng an exanpl e of a
configuration of the cellular phone; Figure 15 is a schematic draw ng
showi ng a structure of nultiplexed data; Figure 16 is a schematic draw ng
schematically illustrating how each of the streanms is nultiplexed in

nul ti plrgyieél 192t & 5 Sdrdvitic Hfawifg 8hewing raatéxan@_reawar@ningwa%ﬁ 8t & regoRag @ Vi deo
streamis stored in a streamof PES packets in nore detail; Figure 18 is a
schemati c dr awi Agdimdinahis ap Rticaldiskie of TS packets and source packets in

the nultiplexed data; Figure 19 is a schematic drawi ng showi ng a data
struct wigur®h4” R\ schematic drawing illustrating an example of a cellular phone;

Figure 14B is a block diagram showing an example of a configuration of the cellular phone;
Figure 15 is a schematic drawing showing a structure of multiplexed data;

Figure 16 is a schematic drawing schematically illustrating how each of the streams is
multiplexed in multiplexed data;

Figure 17  is a schematic drawing illustrating how a video stream is stored in a stream of
PES packets in more detail;

Figure 18 is a schematic drawing showing a structure of TS packets and source packets in
the multiplexed data;

Figure 19 is a schematic drawing showing a data structure of a PMT;

Figure 20 is a schematic drawing showing an internal structure of multiplexed data
information;

Figure 21 is a schematic drawing showing an internal structure of stream attribute
information;

Figure 22 is a schematic drawing showing steps for identifying video data;

Figure 23 is a block diagram illustrating an example of a configuration of an integrated
circuit for implementing the video coding method and the video decoding method
according to each of embodiments;

Figure 24 is a schematic drawing showing a configuration for switching between driving
frequencies;

Figure 25 is a schematic drawing showing steps for identifying video data and switching
between driving frequencies;

Figure 26 is a schematic drawing showing an example of a look-up table in which the
standards of video data are associated with the driving frequencies;



Figure 20 is a schematic drawi ng showi ng an internal structure of

mul tipl exed data information; Figure 2lis a schematic drawi ng show ng an

i nt ernal Worotiyd@1of stream attribute information; Fi gBC&EP2011£02089
schematic drawi ng showi ng steps for identifying video data; Figure 23 is a
bl ock diagramillustrating an exanple of a configuration of an integrated
circuit for inplenenting the video coding nethod and the video decodi ng
met hod according to each of enbodinments; Figure 24 is a schematic draw ng
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25 is a schematic draw ng showng steps for identifying video data and
swi t chi ng bet wediodie of gjgnaldierassingsnitrangire 26 is a schematic drawi ng
showi ng an exanple of a | ook-up table in which the

Figure 27B is a schematic drawing showing another example of a configuration for sharing a
module of a signal processing unit.

DETAILED DESCRIPTION

The problem underlying the present invention is based on observation that if a low pass filter is
applied to reference pixels or to prediction signal, sharp edges cannot be predicted efficiently.
Therefore, it is necessary to distinguish whether a low-pass filter has to be applied to the
reference pixels or to prediction signal or not.

A possible solution is to signal by a flag transmitted for each block whether to smooth (low-pass
filter) or not. However, this approach will likely result in an increased bit rate and thus limit the
overall coding efficiency.

In accordance with the present invention, a method for decoding and/or encoding on a block-by-
block basis image data partitioned into a plurality of blocks is provided, wherein the method
comprises the steps of: predicting a current block from image data of previously decoded blocks,
deriving statistics of previously decoded data adjacent to the current block, such as the presence
of edges or the variance of the signal; and deciding on the basis of the derived statistics whether
filtering is to be applied or not during intra prediction.

One of the advantages of the present invention is that the application of filtering used during
intra prediction is adaptive with respect to the content of the image signal and thus, higher
prediction quality may be achieved.

Preferably, filtering is applied to the pixels used for the prediction. However, the present
invention is not limited thereto. In accordance with another embodiment, filtering is applied to
the prediction signal.

Advantageously, the derivation of statistics of the previously decoded signal is performed by
calculating the variance of the signal of the surrounding blocks. Alternatively, the derivation of
statistics of the previously decoded signal is performed by applying an edge detection method
such as calculating gradients using a Sobel operator or any other matrix suitable for the



standards of video data are associated with the driving frequencies; WO
2011/ 134641PCT/ EP2011/ 002089 10 Figure 27A is a schematic drawi ng show ng
an exanplwoab1ia3¢@mf i gurati on for sharing a nodul e of aPETrgRa011/p2908€SSi ng
unit; and Figure 27B is a schematic ddaw ng show ng anot her exanple of a
configuration for sharing a nodule of a signal processing unit. DETAI LED
DESCRI PTI ON The probl em underlying the present invention is based on
observation that if a |low pass filter is applied to reference pixels or to
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bl ock,ansga@b i©8etebredpr esence of edges or the variance of the signal; and
deciding on the basis of the derived statistics whether filtering is to be

appli ?dagéor aor%cedvb“hI anrgemggcrn?neﬁ{ efqhe present invention, filtering is applied only for the pixels
located in a region that is not intersected by the line calculated by extending the detected edge.
In particular, the filter is not applied to pixels in a line of reference pixels, which are closer than
predefined number of pixels from the intersection of the detected edge with the line of pixels.

The line of pixels may be row and/or column of pixels.

Different filters may be applied to pixels depending on their position relative to the line calculated
by extending the detected edge.

In particular, a first filter is applied to pixels in a line of reference pixels, which are closer than
predefined number of pixels from the intersection of the detected edge with the line of pixels.
And a second filter is applied to remaining pixels. However, the present invention is not limited
thereto and more different filters may be applied depending on the position of the reference pixel
to be filtered with respect to the prolonged detected edge. Advantageously, pixels in proximity of
the edge are filtered in the direction of the edge. Advantageously, pixels that are not in proximity
of the edge are filtered using a low-pass filter.

One of the benefits of the present invention is that both sharp edges and smooth areas can be
predicted and encoded efficiently, without increase of overhead bit rate.

In accordance with a first embodiment of the present invention, an image coding apparatus is
provided, which has, in place of the H.264/AVC intra prediction unit that calculates directional
prediction based on reference neighboring pixels, a new intra prediction unit that analyses the
statistics of the neighboring signal (by performing edge prediction or variance calculation for
example) and applies filtering after or before calculating directional prediction.

Figure 3 is a block diagram for explaining a specific construction of the intra prediction unit 300
in accordance with the first embodiment of the present invention. This intra prediction unit 300
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pi xel ?n rg% er ?o r|r?cvrveéasrcled/thoer coglng m}‘hcnencg/, 4‘:‘1’3081 386 A1 provides an improved spatial
prediction in which the number of prediction directions for predicting pixels of a block is not
limited to eight. Rather, edge detection is performed within the already decoded neighboring
blocks. Based on a direction of the edge determined as dominant, the pixels of the block are
predicted possibly from a sub-pel position within the line of pixels belonging to a neighboring

block.

Alternatively, the calculation unit 310 can be a variance calculation unit to calculate the variance
of the neighboring signal. In that case, the two filtering units filter the reference pixels or the
output of the directional prediction unit depending on the output of the variance calculation unit.
The reconstructed neighboring signal here refers to decoded pixels (samples) in the blocks
surrounding the current block.

Figure 4 is a flow chart for explaining an example method which may be performed by the intra
prediction unit. In order to perform the method, this intra prediction unit has an edge detection
unit which is capable of determining 410, 430 whether an edge is present in the reconstructed
neighboring signal; a filtering unit for filtering 440 the reference pixels used for directional
prediction in case no edge is detected (step 410 and “no” in step 430) in the edge detection unit;
and a directional prediction unit for predicting 450 the block according to one given directional
prediction, which may be similar to the H.264/MPEG-4 AVC directional intra prediction methods
as described above or similar to the intra prediction as described in EP 2 081 386 A1.

Figure 5 is a block diagram for explaining another example of a specific construction of the intra
prediction unit and a method for performing the present invention. This intra prediction unit has a
calculation unit (a variance calculation unit) to determine 510, 530 if the variance of the
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Figure 6 shows a flow chart describing the process to calculate the prediction according to this
new intra prediction mode. The first step is to perform edge detection 610 in the already
reconstructed neighboring signal. One possibility for edge detection is to apply the Sobel
operators on blocks of 3x3 pixels in the neighboring signal:



Figure 4 is a flow chart for explaining an exanple nethod which nmay be
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particular, the steps of the flow charts may al so be perforned by any kind
of pr Utp@'g@ular@p vgdicabgradient vector coordinate Gx and a horizontal gradient vector coordinate

Gy in a particular pixel p(x, y) are then obtained by filtering the pixel p(x, y) with the vertical Sx
and the horizontal Sy Sobel mask, respectively.

Many applications employ Sobel operator for obtaining the gradient field. However, the present
invention is not limited to detecting the gradient field by means of the Sobel operator. In géneral,
any edge detection mechanism may be employed that provides the gradient field. For instance,
masks with other sizes than Sobel operator may be used such as 2x2 or 4x4, or even larger
masks may be used. The selection of the particular mask depends on the desired results.
Employing larger masks may add on precision of the edge detection and suppress detection of
small local edges, but on the other hand, it increases the computational complexity.
Alternatively, masks other than Sobel mask may be used for edge detection, such as Scharr
operator, or operators based on higher derivatives.

After obtaining the vertical Gx and the horizontal Gy coordinates of the gradient G, for a plurality
of pixels of blocks surrounding the block to be predicted, a dominant gradient may be
determined. A dominant edge vector E with its horizontal and vertical coordinates Ex and Ey,
respectively, is perpendicular on the gradient vector G. Correspondingly, the sizes of the
horizontal Ex and vertical Ey components of the dominant edge vector E correspond to the sizes
of horizontal Gy and vertical Gx gradient, respectively (for instance, Ex=-Gy, Ey=Gx for a
counter-clock rotation).
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The norm of the final edge vector or the norms of each calculated edge vectors can be
compared to a predefined threshold. If one norm is above the threshold, an edge is detected. In
that case, the edge vectors give the direction of the edge and the position of the 3x3 blocks of
pixels where the strongest edge vectors have been calculated give the position of the edge. If no
norm is above the threshold, no edge is detected.

Then the result of the detection is evaluated 630. If an edge is detected (“yes” in step 630), the
prediction is performed by interpolation 620 of sub-pel reference pixels depending on the
direction of the edge as described in EP 2 081 386 A1. In particular, the prediction signal is
calculated by linear extrapolation of the intersection between the line of reference pixels and the
line having the direction of the detected edge and passing through the pixel to be predicted. If no
edge is detected (“no” in step 630), the next step includes applying 640 a low pass filter on the
reference pixels in order to smooth the signal used for prediction. Here, the reference pixels
may be a row of pixels of the top neighbouring block, the row being closest to the boundary with
the current block. Alternatively, the reference pixels may be a column of pixels of the left
neighbouring block, the column being closest to the boundary with the current block. The
reference pixels may also be a set of pixels from the top row and the left column. The following
step includes selecting 650 one given predefined direction, for example, the direction that is
closest to the direction of the edge vector with the biggest norm. In particular, it may be direction
corresponding to general direction of the neighboring pixels, which may be determined during
the edge detecting step 610. The prediction is then performed 660 using the prediction method
as defined for the selected predefined direction.
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Alternatively, the direction of the edge vector with the strongest norm could be selected instead
of one of the predefined directions. In that case, the prediction step could use the method
described in EP 2 081 386 A1.

According to a third embodiment of the present invention, a low pass filter is applied for some
reference pixels and no filter is applied for other reference pixels, resulting in switching the use
of the smoothing filter on a pixel-by-pixel basis for each block.

This embodiment is schematically illustrated in Figure 7. If edge detection is used, it is possible
to extend the edge through the line of reference pixels and through the block to be predicted as
shown by the edge 750. In that case, filtering may advantageously be switched off for the n
pixels, with n equal to 1 or 2 for example, located around the edge. On the other hand, the
filtering may be applied to the other pixels. Figure 7 shows a row of reference pixels 730 used
for intra prediction of the current block 700. In accordance with this embodiment, the reference
pixels in the row of reference pixels 730 and near to the edge 750 are not filtered. The number n
of the pixels not to be filtered may be defined with regard to the length of applied low pass filter
in such a way that the pixels used for filtering do not cross the edge.

According to a fourth embodiment of the present invention, different kinds of filtering are applied
for the n pixels around the edge and for the other pixels belonging to flat areas. This
embodiment is illustrated in Figure 8. In that case, FILTER1 is a low pass filter similar to the low
pass filters used to filter the reference pixels in the prior art (H.264/MPEG-4 AVC standard or
HEVC working draft JCTVC-B205_draft007). FILTERZ2 is advantageously a smoothing filter in
the direction of the edge only. FILTER2 is preferably not smooth in the direction perpendicular to
the edge. The effect of FILTERZ2 is to sharpen the edge.

In accordance with a fifth embodiment of the present invention, a decoder applies the same
techniques as described in the first embodiment. The only difference in Figure 3 is that the
selected directional prediction mode is transmitted as input to the directional prediction unit.

Generally, a decoder may apply the same intra prediction techniques as described in
embodiments one to four.

Hereinafter, the applications to the video coding method and the video decoding method
described in each of embodiments and systems using thereof will be described.

Figure 9 illustrates an overall configuration of a content providing system ex100 for implementing
content distribution services. The area for providing communication services is divided into cells
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By= GxGflc% IaSys l?’nntfgrr Nﬁ)lbcfe k(.‘,orrcl)rtma}ﬁ|'cé:1)t|c)ns (GSM), Code Division Multiple Access (CDMA),
Wideband-Code Division Multiple Access (W-CDMA), Long Term Evolution (LTE), and High
Speed Packet Access (HSPA). Alternatively, the cellular phone ex114 may be a Personal
Handyphone System (PHS).

In the content providing system ex100, a streaming server ex103 is connected to the camera
ex113 and others via the telephone network ex104 and the base station ex109, which enables
distribution of images of a live show and others. In such a distribution, a content (for example,
video of a music live show) captured by the user using the camera ex113 is coded as described
above in each of embodiments, and the coded content is transmitted to the streaming server
ex103. On the other hand, the streaming server ex103 carries out stream distribution of the
transmitted content data to the clients upon their requests. The clients include the computer
ex111, the PDA ex112, the camera ex113, the cellular phone ex114, and the game machine
ex115 that are capable of decoding the above-mentioned coded data. Each of the devices that
have received the distributed data decodes and reproduces the coded data.

The captured data may be coded by the camera ex113 or the streaming server ex103 that
transmits the data, or the coding processes may be shared between the camera ex113 and the
streaming server ex103. Similarly, the distributed data may be decoded by the clients or the
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implemented in a digital broadcasting system ex200 illustrated in Figure 10. More specifically, a

broadcast station ex201 communicates or transmits, via radio waves to a broadcast satellite
ex202, multiplexed data obtained by multiplexing audio data and others onto video data. The
video data is data coded by the video coding method described in each of embodiments. Upon
receipt of the multiplexed data, the broadcast satellite ex202 transmits radio waves for
broadcasting. Then, a home-use antenna ex204 with a satellite broadcast reception function
receives the radio waves.

Next, a device such as a television (receiver) ex300 and a set top box (STB) ex217 decodes the
received multiplexed data, and reproduces the decoded data.
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multiplexes video data and audio data coded by a signal processing unit ex306 into data.

The television ex300 further includes: a signal processing unit ex306 including an audio signal
processing unit ex304 and a video signal processing unit ex305 that decode audio data and
video data and code audio data and video data, respectively; and an output unit ex309 including
a speaker ex307 that provides the decoded audio signal, and a display unit ex308 that displays
the decoded video signal, such as a display. Furthermore, the television ex300 includes an
interface unit ex317 including an operation input unit ex312 that receives an input of a user
operation. Furthermore, the television ex300 includes a control unit ex310 that controls overall
each constituent element of the television ex300, and a power supply circuit unit ex311 that
supplies power to each of the elements. Other than the operation input unit ex312, the interface
unit ex317 may include: a bridge ex313 that is connected to an external device, such as the
reader/recorder ex218; a slot unit ex314 for enabling attachment of the recording medium
ex216, such as an SD card; a driver ex315 to be connected to an external recording medium,
such as a hard disk; and a modem ex316 to be connected to a telephone network. Here, the
recording medium ex216 can electrically record information using a non-volatile/volatile
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communication mode or when receiving an e-mail with video and/or audio attached, in order to
decode the multiplexed data received via the antenna ex350, the multiplexing/demultiplexing
unit ex353 demultiplexes the muitiplexed data into a video data bit stream and an audio data bit
stream, and supplies the video signal processing unit ex355 with the coded video data and the
audio signal processing unit ex354 with the coded audio data, through the synchronous bus
ex370. The video signal processing unit ex355 decodes the video signal using a video decoding
method corresponding to the coding method shown in each of embodiments, and then the
display unit ex358 displays, for instance, the video and still images included in the video file
linked to the Web page via the LCD control unit ex359. Furthermore, the audio signal
processing unit ex354 decodes the audio signal, and the audio output unit ex357 provides the

audio.
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frequency conversion on the data so as to transmt the resultlngldata Vi a
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Here, when a plurality of video data that conforms to the different standards is generated and is
then decoded, the decoding methods need to be selected to conform to the different standards.
However, since to which standard each of the plurality of the video data to be decoded conform

cannot be detected, there is a problem that an appropriate decoding method cannot be selected.

In order to solve the problem, multiplexed data obtained by multiplexing audio data and others
onto video data has a structure including identification information indicating to which standard
the video data conforms. The specific structure of the multiplexed data including the video data
generated in the video coding method and by the video coding apparatus shown .in each of
embodiments will be hereinafter described. The multiplexed data is a digital stream in the
MPEG2-Transport Stream format.

Figure 15 illustrates a structure of the multiplexed data. As illustrated in Figure 15, the
multiplexed data can be obtained by multiplexing at least one of a video stream, an audio
stream, a presentation graphics stream (PG), and an interactive graphics stream. The video
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Figure 16 schematically illustrates how data is multiplexed. First, a video stream ex235

composed of video frames and an audio stream ex238 composed of audio frames are
transformed into a stream of PES packets ex236 and a stream of PES packets ex239, and
further into TS packets ex237 and TS packets ex240, respectively. Similarly, data of a
presentation graphics stream ex241 and data of an interactive graphics stream ex244 are
transformed into a stream of PES packets ex242 and a stream of PES packets ex245, and
further into TS packets ex243 and TS packets ex246, respectively. These TS packets are
multiplexed into a stream to obtain multiplexed data ex247.

Figure 17 illustrates how a video stream is stored in a stream of PES packets in more detail.
The first bar in Figure 17 shows a video frame stream in a video stream. The second bar shows
the stream of PES packets. As indicated by arrows denoted as yy1, yy2, yy3, and yy4 in Figure
17, the video stream is divided into pictures as | pictures, B pictures, and P pictures each of
which is a video presentation unit, and the pictures are stored in a payload of each of the PES
packets. Each of the PES packets has a PES header, and the PES header stores a
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and DTSs.

Figure 19 illustrates the data structure of the PMT in detail. A PMT header is disposed at the top
of the PMT. The PMT header describes the length of data included in the PMT and others. A
plurality of descriptors relating to the multiplexed data is disposed after the PMT header.
Information such as the copy control information is described in the descriptors. After the
descriptors, a plurality of pieces of stream information relating to the streams included in the
multiplexed data is disposed. Each piece of stream information includes stream descriptors
each describing information, such as a stream type for identifying a compression codec of a
stream, a stream PID, and stream attribute information (such as a frame rate or an aspect ratio).
The stream descriptors are equal in number to the number of streams in the multiplexed data.



Figure 18 illustrates a format of TS packets to be finally witten on the
mul tipl exed data. Each of the TS packets is a 188-byte fixed |ength packet
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descri bed bel ow, and the elenents are connected to each other through a bus
ex510. The power supply circuit unit ex505 is activated by supplying each
of the elenents with power when the power supply circuit unit ex505 is

turned on. WD 2011/ 134641PCT/ EP2011/ 002089
Each of the video coding method, the video coding apparatus, the video decoding method, and

the video decoding apparatus in each of embodiments is typically achieved in the form of an
integrated circuit or a Large Scale Integrated (LSI) circuit. As an example of the LSI, Figure 23
illustrates a configuration of the LSI ex500 that is made into one chip. The LSI ex500 includes
elements ex501, ex502, ex503, ex504, ex505, ex506, ex507, ex508, and ex509 to be described
below, and the elements are connected to each other through a bus ex510. The power supply
circuit unit ex505 is activated by supplying each of the elements with power when the power
supply circuit unit ex505 is turned on.

For example, when coding is performed, the LS| ex500 receives an AV signal from a
microphone ex117, a camera ex113, and others through an AV 10 ex509 under control of a



30 control unit ex501 including a CPU ex502, a nenory controller ex503, a
streamcontroll er ex504, and a driving frequency control unit ex512. The
recei ved wWo 20i1gi3ad41i s tenporarily stored in an external PCEMAPRYI1O9HEL, such
as an SDRAM Under control of the comdrol unit ex501, the stored data is
segnented into data portions according to the processing anount and speed
to be transmtted to a signal processing unit ex507. Then, the signal
processi ng unit ex507 codes an audi o signal and/or a video signal. Here,
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processing unit. In such a case, the control unit ex501 includes the signal processing unit ex507
or the CPU ex502 including a part of the signal processing unit ex507.

The name used here is LSI, but it may also be called IC, system LSI, super LSI, or ultra LSI
depending on the degree of integration.

Moreover, ways to achieve integration are not limited to the LSI, and a special circuit or a
general purpose processor and so forth can also achieve the integration. Field Programmable
Gate Array (FPGA) that can be programmed after manufacturing LSIs or a reconfigurable
processor that allows re-configuration of the connection or configuration of an LSI can be used
for the same purpose.

In the future, with advancement in semiconductor technology, a brand-new technology may
replace LSI. The functional blocks can be integrated using such a technology. The possibility is
that the present invention is applied to biotechnology.



When vi deo data generated in the video coding nethod or by the video coding
appar atus descri bed in each of enbodinments is decoded, conpared to when
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MPE&4- AVC, and VC-1 is decoded, the pYlocessi ng anmount probably increases.
Thus, the LSI ex500 needs to be set to a driving frequency higher than that
of the CPU ex502 to be used when video data in conformty with the
conventional standard is decoded. However, when the driving frequency is
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VC-1, in Step exS203, the CPU ex502 transnlts a signal for setting the
driving frequency to a |ower driving frequency to the driving frequency
control unit ex512. Then, the driving frequency control unit ex512 sets the
driving frequency to the lower driving frequency than that in the case
where the video data is generated by the video coding nmethod and the video




WO 2011/ 134641PCT/ EP2011/ 002089 33 Furthernore, the nethod for setting the
driving frequency is not limted to the nmethod for setting the driving
frequencyWP@O134@adr exanpl e, when the identification i BCHEPAILONBNCI cat es
that the video data is generated by t3e video codi ng nmethod and the video
codi ng apparatus described in each of enbodi nents, the voltage to be
applied to the LSI ex500 or the apparatus including the LSI ex500 is
probably set higher. When the identification information indicates that the
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I ncr erseachrofteimdodimsdntari se with the individual use of the signal processing
units ex507 that conformto the respective standards. In order to solve the
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Convemchﬂﬂ@ thﬁtL"S\'qu%db. ﬁd*cer}aﬁﬁle%gh %he driving frequency is set lower, the voltage to be

applied to the LSI ex500 or the apparatus including the LS| ex500 is probably set to a voltage
lower than that in the case where the driving frequency is set higher.

Furthermore, when the processing amount for decoding is larger, the driving frequency may be
set higher, and when the processing amount for decoding is smaller, the driving frequency may
be set lower as the method for setting the driving frequency. Thus, the setting method is not
limited to the ones described above. For example, when the processing amount for decoding
video data in conformity with MPEG 4 -AVC is larger than the processing amount for decoding
video data generated by the video coding method and the video coding apparatus described in
each of embodiments, the driving frequency is probably set in reverse order to the setting
described above.



WO 2011/ 134641PCT/ EP2011/ 002089 34 MPEG4- AVC, and VC-1 are partly shared.
Ex900 in Figure 27(a) shows an exanple of the configuration. For exanple,
t he vi deowoegtdids@inet hod descri bed in each of enbodi meRCI/ERA10298%i deo
decodi ng net hod that conforns to MPEGS- AVC have, partly in comon, the
details of processing, such as entropy coding, inverse quantization,

debl ocking filtering, and notion conpensated prediction. The details of
processing to be shared probably include use of a decoding processing unit
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when the LS| ex500 or the apparatus including the LS| ex500 is driven using a battery, the

battery life can be extended with the power conservation effect.

There are cases where a plurality of video data that conforms to different standards, is provided
to the devices and systems, such as a television and a mobile phone. In order to enable
decoding the plurality of video data that conforms to the different standards, the signal
processing unit ex507 of the LSI ex500 needs to conform to the different standards. However,
the problems of increase in the scale of the circuit of the LS| ex500 and increase in the cost
arise with the individual use of the signal processing units ex507 that conform to the respective
standards.

In order to solve the problem, what is conceived is a configuration in which the decoding
processing unit for implementing the video decoding method described in each of embodiments
and the decoding processing unit that conforms to the conventional standard, such as MPEG-2,



35 signal used for the prediction. The filtering is applied in accordance
with a decision based on characteristics of inmage signal included in

bl ock(s) wWpabliasikigsladj acent to the current bl ock. WD PCT/EP2011/002089
2011/ 134641PCT/ EP2011/ 002089 36 CLAIM8 1. A nethod for decoding, on a

bl ock- by- bl ock basis, encoded image data partitioned into a plurality of
bl ocks, said nethod conprising the steps of: deriving statistics of

previ ously decoded data spatially adjacent to the current bl ock; deciding

on t hePass-Aves dnbevdar dpeesary ahacbi CExgdoeihfﬁgurtel D18y bhevd §ntéiahfpléibplhe9d

or not during intra prediction; and predic a_current bl ock frominage
dat a @pnfmuga}q%guﬁcy edgr@gl@e@eb\pmgecodmg method dgscrlbed in each of em odlmentsI an

the video decoding method that conforms to MPEG4-AVC have, partly in common, the details of
processing, such as entropy coding, inverse quantization, deblocking filtering, and motion
compensated prediction. The details of processing to be shared probably include use of a
decoding processing unit ex902 that conforms to MPEG4-AVC. In contrast, a dedicated
decoding processing unit ex901 is probably used for other processing unique to the present
invention. Since the present invention is characterized by a spatial prediction, for example, the
dedicated decoding processing unit ex901 is used for spatial prediction in accordance with the
present invention. Otherwise, the decoding processing unit is probably shared for one of the
entropy coding, inverse transformation, inverse quantization, and motion compensated
prediction, or all of the processing. The decoding processing unit for implementing the video
decoding method described in each of embodiments may be shared for the processing to be
shared, and a dedicated decoding processing unit may be used for processing unique to that of
MPEG4-AVC.

Furthermore, ex1000 in Figure 27(b) shows another example in that processing is partly shared.
This example uses a configuration including a dedicated decoding processing unit ex1001 that
supports the processing unique to the present invention, a dedicated decoding processing unit
ex1002 that supports the processing unique to another conventional standard, and a decoding
processing unit ex1003 that supports processing to be shared between the video decoding
method in the present invention and the conventional video decoding method. Here, the
dedicated decoding processing units ex1001 and ex1002 are not necessarily specialized for the
processing of the present invention and the processing of the conventional standard,
respectively, and may be the ones capable of implementing general processing. Furthermore,
the configuration can be implemented by the LS| ex500.

As such, reducing the scale of the circuit of an LSI and reducing the cost are possible by sharing
the decoding processing unit for the processing to be shared between the video decoding
method in the present invention and the video decoding method in conformity with the
conventional standard.

Summarizing, the present invention relates to intra prediction which may be performed during
encoding and/or decoding of an image signal. In particular, the present invention relates to intra
prediction of a current block, during which filtering is applied to the prediction signal and/or to



2. A nethod for encoding, on a bl ock-by-block basis, imge data partitioned
into a plurality of blocks, said nmethod conprising the steps of: deriving
stati sti csoab1ipi3essiiousl y decoded data spati al | y adj acenPCr@®pPéig/06208¢ ent

bl ock; deciding on the basis of the d¥rived statistics whether filtering is
to be applied or not during intra prediction; and predicting a current

bl ock fromimage data of previously decoded bl ocks. 3. The nethod accordi ng
to claim1, further conprising the step of, when decided that the filtering
IS 10 gRaPRRdd RF ’thef bu‘ebﬁ:'hbﬁ‘g ﬂterfmeang Eeabpﬂbﬂf‘m BEQAUAHCeOWith WRLCRIdh bd¥Rd on

filterrng 1s appli | ready” decoded reference pixels used for the
pr edi @ha@ﬁtenatlcs*m@nm ﬁgaalar&téﬂediun lock(s} pRatidliv adjpeant kR thecensPt RIPFKY t he step
of , when decided that the filtering is to be applied, filtering during the
intra predi ction, wherein the filtering is applied to the predicted signal.
WO 2011/ 134641PCT/ EP2011/ 002089 37 5. The nethod according to any of clains
1 to 4, wherein the derivation of statistics of the previously decoded
signal is perfornmed by calculating the variance of the signal of the
surroundi ng bl ocks.



6. The nmethod according to claim5, wherein the filtering is applied when
the variance of the signal of the surrounding bl ocks is bel ow a predefined
t hr eshol dwoant/13es4fii | tering i s applied when the vari anc®CaofEPeéig/ogioghal of
t he surroundi ng bl ocks is above the p¥edefined threshold. 7. The nethod
according to any of clainms 1 to 4, wherein the derivation of statistics of
the previously decoded signal is perfornmed by applying an edge detection
met hod. 8. The nethod according to claim?7, wherein the filtering is
applied when no edge is detected; and no filtering is applied when an edge
is detected. 9. The nethod accordi nguamms! aim 8, wherein the filtering is
applied only to al ready decoded reference pixels located in a predeterm ned
di stance fromthe line cal culated by extending the detected edge. 10. The
met hod according to claim8, wherein different filters are applied to

pi xelhs. : n Arhétlned i&fr degbgihg,rmea Di:?bﬁlb?-bltmkh misngnMeghmhge datai partitionedlintbiase
to the line calc t extendi ng t he detected edge. 11. A conputer
program prBW[J%'fy %ﬁ?ﬁ?‘?s“f’%@m&s%ﬁﬂ?ﬁ&sﬂgé £158%P8 %hedi um havi ng a

conput er -r eadabl e program code enbodi ed t hereon, the program code being

adapt ed t odedvingy statidtict lbeprewiobsly decodedidang spatiatiy ydjaternt|tathescutrenbblbk; WO
2011/ 134641PCT/ EP2011/ 002089 38

deciding on the basis of the derived statistics whether filtering is to be applied or not
during intra prediction; and

predicting a current block from image data of previously decoded blocks.

2. A method for encoding, on a block-by-block basis, image data partitioned into a plurality
of blocks, said method comprising the steps of:

deriving statistics of previously decoded data spatially adjacent to the current block;

deciding on the basis of the derived statistics whether filtering is to be applied or not
during intra prediction; and

predicting a current block from image data of previously decoded blocks.

3. The method according to claim 1, further comprising the step of, when decided that the
filtering is to be applied, filtering during the intra prediction, wherein the filtering is applied
to the already decoded reference pixels used for the prediction.

4, The method according to claim 1, further comprising the step of, when decided that the
filtering is to be applied, filtering during the intra prediction, wherein the filtering is applied
to the predicted signal.



12. An apparatus for decoding, on a bl ock-by-block basis, encoded inmage
data partitioned into a plurality of blocks, said apparatus conprising:. a
cal cul at iw0 20n/134d40r deriving statistics of previously #EToPedl16H621089
spatially adjacent to the current blo¥k; a judging unit for deciding on the
basis of the derived statistics whether filtering is to be applied or not
during intra prediction; and a directional prediction unit for predicting a
current block fromimage data of previously decoded bl ocks. 13. An

appar gt us frag n%lﬁéuﬂhé&rd.ﬁ@ téaky @ﬂ&aiws plt@ gk whagirsthel dmgatuaawstmbsu eveed
into a plurality of blo , sal aratus conprisin

for derivi REPVIQUSY %QCPQ%d 8@"6‘( @\R"(ﬂ%’ﬁ?d By SHiptiagthe é’gﬁ?’?c&l ¢ t?‘ﬁcﬂ' ; H’fm t

the currengyRb@Hdfig Hlodkeddgi ng unit for deciding on the basis of the derl ved
statistics whether filtering is to be applied or not during intra
prediction; and a directional prediction unit for predicting a current

bl ock from i mge data of previously decoded bl ocks. 14. The apparatus
according to claim12, further conprising a filter, wherein the apparatus

i s cosf i gumad mMahepadcordifgtd dlaitred, wheréinghd hieeringtis applied dvheni the varartckef the

al ready decoded reference. pixels.u or t redi ction when the judging
uni t deci d&9ngkRfthg ﬂ'é’rqqnﬁ’tn@rq)ﬁ?%si'ssg?qBW@eor%%ﬂeB&h esRold-dd o hpar at us
according to claim12, further conprising a filter, wherein the apparatus
is confi gunedntémgappipphedm/_héh theevartmce rof) thensignal tof ehepsiettiundingrbloakstiiabove
glrogfl: géed ?hegpredefme%r}hre ﬁolh.Udg' ng unit deci des.that the filtering is to be

7. The method according to any of claims 1 to 4, wherein the derivation of statistics of the
previously decoded signal is performed by applying an edge detection method.

8. The method according to claim 7, wherein the filtering is applied when no edge is
detected; and no filtering is applied when an edge is detected.

9. The method according to claim 8, wherein the filtering is applied only to already decoded
reference pixels located in a predetermined distance from the line calculated by
extending the detected edge.

10.  The method according to claim 8, wherein different filters are applied to pixels in a line of
reference pixels depending on their position relative to the line calculated by extending
the detected edge.

11. A computer program product comprising a computer-readable medium having a
computer-readable program code embodied thereon, the program code being adapted to
carry out the method according to any of claims 1 to 10.



WO 2011/ 134641PCT/ EP2011/ 002089 39 16. The apparatus according to any of
clains 1 to 15, wherein the calculation unit is configured to derive

stati sti cg0oab1113¢s4pr evi ousl y decoded si gnal by cal cul at iPag/FPRE1WE208ANCe Of
t he signal of the surrounding bl ocks.3817. The apparatus according to claim
16, wherein the filtering is applied when the variance of the signal of the
surroundi ng bl ocks derived by the calculation unit is below a predefined
threshold; and no filtering is applied when the variance of the signal of

the sypr OUAﬁlarwamt@s;m de‘éodﬁth@n ahslodk-BEBbEK BHsit hémgdel dmads dateh pasipesacht us
according to any of clainms 12 to 15, wherejn the calculation unit is

conf i gur edQ3@ alheolhlaghss $aid @PBAralusLORIESINGUs| y decoded si gnal by

appl yi ng an edge detection nethod. 19. The apparatus according to claim18,

wher ei n t ha daldulatibh @it fér pplingestaviétRs o1 prédaissly Sectricacdats spatidipeadjacent to
cal culation unit; a\ oLno filtering is applied when an edge is detected by
the cal cul S HTeIhPIPCK 20, The apparatus according to claim 19, wherein the
filtering is applied only to al ready decoded reference pixels located in a
pr edet er m agedgig Lainfoe detidmgt drethiel basiscetl thalldetivstl Statistics eviddithey filtbengl &t teddecd

edge. 21. Th us according to claim19, wherein different filters
are appl i e8PR @%pﬂ? "8?@“'1"}9 Intrg P?‘?éjcg? MW ence pixel s depending on their

position relative to the line calculated by extending the detected edge.
a directional prediction unit for predicting a current block from image data of previously

decoded blocks.

13.  An apparatus for encoding, on a block-by-block basis, image data partitioned into a
plurality of blocks, said apparatus comprising:

a calculation unit for deriving statistics of previously decoded data spatially adjacent to
the current block;

a judging unit for deciding on the basis of the derived statistics whether filtering is to be
applied or not during intra prediction; and

a directional prediction unit for predicting a current block from image data of previously
decoded blocks.

14.  The apparatus according to claim 12, further comprising a filter, wherein the apparatus is
configured to apply the filter during the intra prediction to the already decoded reference
pixels used for the prediction when the judging unit decides that the filtering is to be
applied.

15. The apparatus according to claim 12, further comprising a filter, wherein the apparatus is
configured to apply the filter during the intra prediction to the predicted signal when the
judging unit decides that the filtering is to be applied,



16.

17.

18.

19.

20.

21.
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The apparatus according to any of claims 1 to 15, wherein the calculation unit is
configured to derive statistics of the previously decoded signal by calculating the variance
of the signal of the surrounding blocks.

The apparatus according to claim 16, wherein the filtering is applied when the variance of
the signal of the surrounding blocks derived by the calculation unit is below a predefined
threshold; and

no filtering is applied when the variance of the signal of the surrounding blocks is above
the predefined threshold.

The apparatus according to any of claims 12 to 15, wherein the calculation unit is
configured to derive statistics of the previously decoded signal by applying an edge
detection method.

The apparatus according to claim 18, wherein the filtering is applied when no edge is
detected by the calculation unit; and no filtering is applied when an edge is detected by
the calculation unit.

The apparatus according to claim 19, wherein the filtering is applied only to already
decoded reference pixels located in a predetermined distance from the line calculated by
extending the detected edge.

The apparatus according to claim 19, wherein different filters are applied to pixels in a
line of reference pixels depending on their position relative to the line calculated by
extending the detected edge.



