The present invention relates to a picture coding method, apparatus and a program for executing
these methods in software. In particular, the present invention relates fo applying of filtering

during intra prediction.

BACKGROUND OF THE INVENTION

Spatial prediction has beern emploved In many applications.  In particular, spatial pradiction
forms an essential part of many image and video coding and processing applications.  In hybrid

image or video coding algorithms, spatial prediction iz typically emploved for determining a
prediction for an image block based on the pixels of already encoded/decoded blocks., On the
other hand, spatial prediction may also be used as a part of post processing the decoded fmage

or video signal, in particular for ervor concaalment,

The majority of standardized video coding algorithuns are based on hybrid video coding, Hybrid
viden coding methods tvoically combine several differant lossless and lossy compression
schemes in order 1o achieve the desived compression gain.  Hybid video coding is also the
Basis for TU-T standards (H.28x standards such as H.261, H.283) as well ag ISCAEC standards
(MPEG-X slandards such as MPEG-1, MPEG-2, and MPEG-4Y, The most recent and advanced
video coding standard s currently the standard dencted as H.284/MPEG-4 advanced video

oding (AVO) which i3 a result of standardization efforts by joint video team (JV'T)}, & joint team of

TULT and ISOAEC MPEG groups. A new vi ity codding siandard s curre antly being {jggaggrﬂ&é i:;};
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t Collaborative Team on Video Ccdiﬂg {(JCT-YC) under a name High-Efficiency Vidso
Coding (HEVC), aiming, in particular at improvements of efficiency regarding the high-resoclastion

video coding.

A video signal input to an encoder is a sequence of images called frames, each frame being a
two-dimansional matrix of pixels.  All the above-mentioned standards based on hybrid video
coding include subdividing each individual video frame into smaller blocks consisting of g
olurality of pixels. Typically, a macroblock {usually denoting 2 block of 18 ¥ 16 pixels) is the
basic %ma & element, for which the encoding is perormed.  However, varicus particular

encoding steps may be pedormed for smaller image elements, denoted subblocks or simply



plocks and having the size of, for instance, 8x 8, 4 x 4, 16 x 8, ete. The largest possible size for
such a block, for instance in HEVC, is 84 x 64 pixeis. 1f is then called the largest coding unit
(LCLH. A subdivision of 2 LU inlo smaller blocks is possible in HEVC, One such biock s called

a Coding Unit {CU}. A CU is the basic image elemant, for which the coding is performed.

Figure 1is an axample of a typica
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WMPEG-4 AVE standarg compliant video encoder 160,
A subtractor 105 first determines differances Detween a current block 1o be encoded of an input
video imags {(nput signal) and a corresponding prediction block, which s tsed for the prediction
of the current block 1o ba encoded.  In H284/MMPEG-4 AVE, the pradiction signal is obltained
either by a lemporal or by a spatial prediction. The type of pradiction can be varied on a per

frame basis, per sice basis or on 8 per macroblock basis.

Macroblocks or Cls predicted using temporal prediciion are called inter-encoded and
macrobiocks or Clls predicled using spatlial prediction are called intra-encoded.  The type of
orediction {or a video frame can be sat by the user or selecled by the vides encoder 80 as o
achiave a possibly high compression galn.  In accordancs with the selected type of prediction
an intrafinter switch 175 provid c@z'resgpémﬁmg prediction signal 1o the sublractor 108, The
prediction signal using temporal prediction is derived from the previously encoded images, which

are slored in 8 meamory 1400 The orediction signal using spatial prediction s derdved from the
values of poundary pixels in the neighborig tocks of the same frame, which have baen

oreviously ancoded, decoded, and stored in the memory 140, The meamory unit 140 thus
operates ags a delay unit that allows a comparison betwaen current signal values 10 be ancoded
and the gprediction signal values generaled from previous signal values. The memory 140 can
sicre a plurglity of previously encoded video frames. The difference between the input signal
and the pradiction signal, denoted predicion error signal or residual signal, is fransformed
resulting in cosefficients, which are quantized 110, Entropy encoder 120 is then applied o the
quaniized coefficients in order to further reduce the amount of data in 2 lossless way, This is
mainty achieved by applving a code with code words of varable fength wherein the length of 2

sdd on the probabiiity of iis ccourreng
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Infre~encoded images {(called also Hype images or | rames) consist solely of magroblocks or

CUs that are intra-encoded, Le. ntra-encoded Images can be decoded without refergnce o any

other praviously decoded image. The infra-encoded images provide error resifience for the
encoded vidao sequenca since they refresh the video sequence from errors possibly pmmga’{%ﬁ

from frame to frame due fo lemporal predia@.iﬂm bMorecver, | framss ensbiz a random acce

within the seausnce of encoded vig

~framg prediciion uses a predefingd sel of



intra~-prediction modes. Some of the intra-prediction modses predict the current block using the
boundary pixels of the neighboring blocks already encoded.  Other intra-prediction modes, as
template malching for exampls, use a search area made of already encoded piels belonging o
the same frame. The predsfined sst of intra-prediction modes includes some directional spatial
tra-prediction modes. The different modes of directional spatial amr‘augréd%m%an refer to different
diractions of the applied two-dimensional prediction. This allows efficient spatial intra-prediclion
in the case of various edge directions. The prediction signal oblained by such an intra-prediction
is then sublracted from the Input signal by the subdractor 1058 ag described above.  In addition,
spatial intra-prediction mode information indicating the prediction mode s provided 1o the
entropy encoder 188 (not shown in Figure 1), where it is entropy encoded and provided together

with the encodad video signal.

In the H.284MPEG-4 AVC intra coding scheme, the spatial predicion is perfonmed for
subblocks of sizes 4 x4, 8 3 8 or 18 x 18 pixels in order (0 reduce spalial redundancy. Intra-
frame prediction uses a predefined set of infra-prediction modes, which basieslly pradict the
current block uging the boundary pixels of the neighb a‘iﬂg blocks already coded. The different
typas of directional spatial prediction refer (o different edgs directions, Le. the direction of the

applied two-dimensionsd extragaistion.  There are eight differant directional prediction modes

2

nd one DO prediction mods for subblocks of size 4 x4 and 8 x 8, and thres different direclional
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rediction modes and ong DO prediction mode for he magroblocks of 16 x 16 pixels. In HEVE,

Sf:z'a‘%?ai orodiclion ¢an be perlgrmed for Cls of size 4x4, 8x8, 16018 or 32432, Tharo are 34

different directiona! prediction modes for all CU sires,

Wihin the video sncoder 100, a decoding unit 8 incosporated for obtaining a decoded video
signal In comphiance wilh the encoding steps, he desoding sleps include invarse quantization
and inverse transformation 128, The decoded prediclion error signal difers from the origingl
pradiction error signal due o the cuantization eror, called also quaptization noise. A
reconsirucied signal is then oblained by adding 125 the decoded prediction arror signal io the
pradiction signal.  in order fo mainiain the compatibility between the encoder side and the
dacoder side, the predicton signal is oblained based on the encoded and subseguenily decoded
video signat which is known at both sides the encoder and the decoder. Due to the quantization,
quantization noise s superposed o the reconsbructed video signal.  Due o the block-wise
coding, the superposed nolse often has blocking characteristics, which result, in particular for
girong {;uan’iiza?zi{m, ire visibie block boundaries in the decodad image.  In order (o raduce these

artifacts, & deblocking filtar 130 is applied to every reconstructed image block,
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In order 1o be decoded, Inter-encoded images requirs previously sncoded and subsequently
decoded (reconsiructed) image(s). Temporal prediction may be performed uni-direchionally, L.e.,
using only video frames ordered in time before the current frame to be encoded, or bi-
directionaily, i.e., using also video frames following the current frame. Uni-directional temporal
prediction results in inter-encoded images calied P frames; bi-directional temporal prediction
resulis in inter-oncoded images calied B frames.  In general, an inter-encoded image may
comprise any of P-, B-, or even {-tvpe macroblocks.,  An inter-encoded macreblock (FP- or B-
macroblock) or an inter-encoded CU is pradicted by employing maotion compensaled prediction

150, First, a best-maiching block is found for the current block within the previously sncoded
and decoded video frames by a motlon estimator 185, The bast-matching block then becomes &
prediction signal and the ralative displacement betwean the current block and its best malch is
stgnalized as motion data in the form of three-dimensional {one temporal, two spatial) motion
within the bitstreamn comprising also the encodad video data. In order o optimize the prediction
accuracy, motion veciors may be delernined with a spatial sub-pinet resolution e.g. half pixel or

auarter pbaef resclulion, This is enabled by an interpolation filier 150,

For both, the intra- and the inler-encoding modes, the differences belween the currerd input
signal arud the prediction signal are ransionmed and guantized by the unit 118, resulting in the
guantized cosflicienis, Genma%égg an orthogonat ransgiormation such ag g twodimensiongd
discrete cosing transformation (I or an integer version thereof is emploved since i reduces
the correlation of the natural video images efficiently.  After the fransformation, jow frequeancy
componenis are usually more important for imags quality than high frequency components so

that more bils can e spent for coding the low frequency components than the high frequency

componants. i the eniropy coder, the onat matix of guarntized coefficienis is
converied into & one-dimensional array.  Typicaily, this conversion is petformed by a so-called
zig-Eag scanning, which stans with the {}{}meﬁ%s:iem m e upper left comer of the two-

dimenstonal array and scans the two-dimensional array In a predetermined sequence ending
with an AC coefficlent in the lower right comer. As the energy & typically concertrated in the left
upper part of the two-dimensional mairix of cosfiicients, coresponding o the lowsr frequencies,
the zig-zag scanting resulls In an arcay wihere usually the last values are zers. This aliows for
sfficient encoding using run-length codes as & part offbefore the actual entropy coding.
M.284MPEG-4 AVC employs scalar quantization 110, which can be sontrolled by a guantization
pararmeter (GP} and & customizable quaniization matrbx (OM). One of 52 quantizers is selectac
for each macroblock by the quantization parameter. In addition, quantization mablix is

specifically designed 1o ksep cerfain frequencias i the source to avoid losin
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Cuantization matrix in H.2B4/MPEG-4 AVC can be adapted to the video seguence and

signalized together with the video data,

The H.264MPEG-4 AVE Includes two functional lavers, a Video Coding Layer (VCL) and a
Metwork Abstraction Layer (NALYy The VCL provides the encoding functionality as briefly
describad above. The NAL encapsuiates information slements info standardized units called
NAL units according to their further application such as transmission over a channa! or storing in
siorage. The irformation elements are, for instanes, the encoded pradiction error signal or other
information necessary for the decoding of the video signal such as type of pradiction,
guantization parameter, molion veclors, eic. There are VCL NAL uniis containing the
compressed video data and the refated informalion, as well as non-VCL units encapsulating
additional data such as parameter set refaling 1o an entire video sequence, or a Supplemental
Enhancerment Information {SE) providing additional information that can be used lo imprave the

decoding performancs,

In order o improve the Image quality, a sc-called post liter 280 may be applied at the decoder
side 200. The H284/MPEG-4 AVC standard enables sending of post filter information for such
a post filter via the BE! message. The post filter information is determined at the encoder side
by means of g post Hiter design unit 184, which compares the locally dacoded signat and origing
pud signal. in general, the post filter information is an information allowing decoder 1o set up an
appropriate fiter. i may include directly the filter coefficients or ancther information enabling
selting up the filler. The filter information, which is oulput by the post Bler desior unit 180 is
also fed 1o the entropy coding unit 180 in order o be encoded and inserted into the encoded
signal. Such an adaptive filter may alsc be used as a second postiilter, as for examnpls in the
HEYC standard.

Figure 2 fluslrales an example decoder 200 compliant with the M.284MPEG-4 AVC video
coding standard, The encoded video signal (input signal 1o the decoder) bitstrearn first passes

i ontropy decoder 200, which decodes the guantizad coefliclents, the Information slements

P

'n@ce%ary for decoding such as motion dats, mode of prediction eic., and the post filter
information.  in the entropy decoder 280, spatial infra-praediction mode information is oxtracted
from the bitstrear, indicating the type/mode of the spatial prediction applied o the block 1o be
decoded, The exiracted information is provided to the spatial prediction unit 270 {not shown in
Figure 2). The guantized coefficients arg inverssly scanned i arder to oblain a two-dimensional
matrix, which 8 then fed (o Inverse quantization and inverse transformation 220, After inverse
aTe
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rmation, 8 decoded {gquantized} prediclion eror signal i



obtained, which corresponds to the differences obtained by subtracting the prediction signal from

the signal input to the encoder in the case no quantization noise is introduced.

The prediction signal is obtained from either a temporal or a spatial prediction 260 and 270,
respectively, which are switched 275 in accordance with a received information element
‘signalizing the prediction appiied at the encoder. The decoded information elements further
include the information necessary for the prediction such as prediction type in the case of intra-
prediction {a spatial infra-prediction mode information) and motion data in the case of motion
compensated prediction. Depending on the current value of the motion vector, interpolation of
pixel values may be needed in order to perform the motion compensated prediction. This
mterpolation is performed by an interpolation filter 250. The guantized prediction error signal in
the spatial domain is then added by means of an adder 225 to the prediction signal obtained
either from the motion compensated prediction 260 or intra-frame prediction 270. The
reconstructed image may be passed through a deblocking filter 230 and the resulting decoded
signal is stored in the memory 240 to be applied for temporal or spatial prediction of the following
blocks. The post filter information is fed to a post fiiter 280, which sets up a post filter
accordingly. The post filter is then applied to the decoded signal in order to further improve the
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 filler 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.

Embodiments of the present invention provide an improved and more efficient intra prediction for

encoding and decoding of an image.



According to a first aspect of the present invention, there is provided a method for decoding, on
a block-by-block basis, encoded image data partitioned into a plurality of blocks, said method
comprising: deriving characteristics between image data of each of a plurality of previously
decoded blocks spatially adjacent to a current block, the previously decoded blocks being used
for intra prediction of the current block; deciding on the basis of the derived characteristics
whether first filtering is to be applied or not to the previously decoded blocks; predicting the
current biock from the image data of the previously decoded blocks by intra prediction, wherein
in said predicting of the current block, intra prediction is performed using filtered image data of
the previously decoded biocks to which the first filtering is applied, when said deciding decides
that the first filtering is to be applied to the previously decoded blocks.

According to a second aspect of the present invention, there is provided an apparatus for
decoding, on a block-by-block basis, encoded image data partitioned into a plurality of blocks,
said apparatus comprising: a processor; and a non-transitory memory having stored thereon
exscutable instructions, which when executed, cause the processor to perform: deriving
characteristics between image data of each of a plurality of previously decoded blocks spatially
adjacent to a current block, the previously decoded blocks being used for intra prediction of the
current block; deciding on the basis of the derived characteristics whether first filtering is to be
applied or not to the previously decoded blocks; predicting the current block from the image data
of the previously decoded blocks, wherein in predicting of the current block, infra prediction is
performed using filtered image data of the previously decoded blocks to which the first filtering is
applied, when said deciding decides that the first filtering is to be applied to the previously
decoded blocks.

Embodimenis of the present invention 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 characieristics of the image signal adjacent spatially to the current image area.

Disclosed herein is a method 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 biock from image data of previously decoded blocks.
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Disclosed herein is 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.

Disclosed herein is an apparatus 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.

Disclosed herein is a method 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 encoded
and decoded blocks.

Disclosed herein is a computer program product comprising a computer-readable medium
having a computer-readabie program code embodied thereon, wherein the program code is

adapted to carry out the above disclosed method.



The above and other aspects and features of the present invention will become more apparent

from the following description and preferred embodiments given in conjunciion with the

accompanying drawings, in which:

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5

Figure 6

E;"Egure'T
Figure &
Figure 9
Figure 10

Figure 11

Figure 12

is a block diagram illustrating an example of a conventionai H.264/MPEG-4 AVC

video encoder;

is a block diagram illustrating an example of a conventional H.264/MPEG-4 AVC

video decoder;

is a block diagram illustrating an intra prediction unit in accordance with an

-embodiment of the present invention;

is a flow chart illustrating a method for intra prediction filtering according to a first

embodiment of the present invention, using edge detection;

is a flowchart illustrating a method for intra prediction filtering according to a first

embodiment of the present invention, using variance calculation;

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;

is a schematic drawing illustrating application of filtering according to a third

embodiment of the present invention;

is a schematic drawing illustrating application of filtering according to a fourth

embodiment of the present invention;

is a schematic drawing of an overall configuration of a content providing system

for implementing content distribution services;

is a schematic drawing of an overall configuration of a digital broadcasting

system;
is a block diagram illustrating an example of a configuration of a television;

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



Flgure 13

Figurg 144
Figure 148
Figure 15

Figurs 18

Figure 17

Figure 18

Figure 12

Figure 20

Figure 21

Figie 22

Figure 28

Figure 24

Figure 25

Figure 26

is a schematic drawing showing an example of a configuration of a recording

medium thai is an optical disk;

is 2 sehematic drawing illustrating an example of a cellular phone;

is a block diagram showing an example of a configuration of the cellular phone;
is a schematic drawing showing a structure of multiviexed dala;

is & schematic drawing schematically ilusirating how each of the streamizs is

multiplexed in mulliplexed daia

ig a schamatic drawing Wlustrating how & video stream is stored in a stream of

PES packats in mare detail;

iz 2 schematic drawing showing a structure of T8 pacileets and sowrge packels in

the muitiplexed data;
is a schematic drawing showing a data structura of 2 PMT;

8 g schemalic drawing showing an intemal struciure of multiptexed data

information;

i a schematic drawing showing an internal struciure of stream attribute

frormation:
is & schematic drawing showing steps for identifving videc data;

is a block disgram Hustrating an example of a configuration of an infegrated
cirouit for implementing the video coding method and the video decoding method

according o each of embsgﬁmemgg

I8 g schematic drawing showing a configuration for switching belween driving
frequencissg;

s a schemalic drawing showing steps for identifving video data and swiiching

between driving frequencies

a schematic fjf&w%z'zg showing an example of a look-up table i which th



Figure 274 is a schematic drawing showing an example of a configuration for sharing a

modute of a signal processing unit; and

Figure 278 Iz a schematic drawing showing another example of a configuration for sharing a

muodule of 7 signal processing unit

DETAILED DESCRIPTION

The problem underlying the present invention is based on observation that If a low pass filter is
applied o reference pixels or to prediction signal, sharp edges cannoct be predicted efficiently.
Therefore, il is necessary lo distinguish whether a low-pass fiter has to be applied v the

refarence pixels or to prediction signal or not.

A possible solutlon is o signal by a flag transraitted for each block whather to smooth {low-pass
fitter) or not. However, this approach will kaly result in an increased bit rate and thus Hmit the
overall coding efficienay.

cordance with the present invention, a method lor decoding and/or encoding on a blockeby-
biock basis inage dala partiloned info a pluralty of blocks s grovidsd, whersin the moethod
comnprises the steps of: predicling a current block from Image data of praviously decodad biocks,
deriving statistics of previously decoded data adjacent to the current biock, such as the presence
of edges or the variance of the signal; and deciding on the basis of the derived siatistics whether

fittering is 10 be applied or not during intra prediction.

One of the advantages of the present invention is that the soplication of fltering used during

intra oradiction is adaptive with resp

T

ect io the content of the image signal and thus, higher

Praferably, fiftering i applied o the pixels used for the prediction. However, the present
invention s not fimited thereto. In accordance with another embodirent, filtering is applied to

the prediction signal,

Advantageously, the derivation of stafistics 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 signaf is performed by applying an edge detection method

such as calculaling gradients using a Sobel operator or any other matrix suitable for th
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caloulation of gradients In a 20 signal, and comparing the nomm of these gradients 1o a

n particular, the fikering may be applied if the variance of the signal of the surrounding blocks is
Deiow & predefined threshold; and no ‘Eiiiezérwg‘; ey be applied it the varance of the signal of the

surrounding blocks is above a predelined threshold,
3]

Aftermatively, the Titering mav be applied if no edge is detected; and no fillering may be applied if

............... AR Y

an edge is detectad,

I accordance with an embodiment of the present invaniion, filtering is apelied only for the pixels
located in a region that is not intersecied by the line calculated by extending the detected edge.

in particutar, the Hiter s not appiled o pixels in a line of reference pixels, which are closer than

predefined number of pixels from the intersection of the detected edge with the fine of pixals.

-]

he iine of pixels may be row and/or colummn of pixsls,

Difterent fillers may be applied (o pixels degending on their position relative o the line calculated

by exdending the delected adpe.

In particular, a first filter s applied © pixels In & ling of reference pikels, which are closer than

283

i

edefined number of pixely from the infersection of the detecied edge with the line of pixals
e

And a second filler is applied lo remaining pixels. However, the present invention s not imited
thereto and more different fillers may be applied depsnding on the position of the refarence pixe
o be filered with eegvpecl o the prolonged detected edge. Advantageously, pixels In prosimily of
the edge ars fitered in the direction of the edge. Advaniageously, pixels that are not In proximity

of the edge are fillered using a fow-pass filter,

the benefits of the present invention s that both sharp edges and smooth areas can be

sredicied and encoded efficlently, without increass of overhaad bit rats.
{

i accordance with a first embodiment of the present invention, an image coding apparalus s
provided, which has, In place of the H.284/aV0 intra prediction unit that caloulates directional
orediction based on reference neighboring pixels, a new inkra prediction unit that analyses the

stalistics of the neighboring signal {(by perdorming edge prediction or variange calculation for
: LY 4

example} and applies filtering afier or before caloulating dirsctional predictior

Figure 3 s a block diagram for expiaining a specific construction of the intre prediction unit 300

irst embodiment of the presend inveniion. This intra prediction unit 300



has a calculation unii {in this case an edge detection unit) 310 to determine if an edge is present
in the reconstructed neighboring signal and to determine its direction andfor location if an edge
5 present; a first filtering unit 320 to filter the refarence pixels used for directional prediction
{using, for example, a filler such as the low pass filter applied in H.284/MPEG-4 AVC for 88
intra prediction or such as defined in the first version of the HEVC standard in document JOTVC-
HB205_dratiGl7, output docurnent to the JCT-VO meeting in Geneva, CH, 21-28 July, 2010
depending on the outpul of the edge detection unit 310, a directional prediction unit 350 o
pradict the block according to one given directional prediction, similar to the H.284/MPEG-4 AV
intra pradiction unit in the encodar 170 and/or in the decoder 270 or similar lo the intra prediction
as described in EF 2 081 386 A1, and a second fillering unit 340 to fiter the output of the
directional prediction unit 330 depending on the output of the edge detection unit 310

in order o increase the coding efficiency, EP 2 081 388 Al provides an improved spatial
prediction in which the number of prediction directions for predicling 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 detarmined as doeminant, the pixels of the Block are
predicted possibly from a sub-pal position within the line of pixels belonging 1o a neighboring
Hlock.

Altermatively, the cadouiation unil 310 ean be a variance caloulation unit to calculate the variance
of the neighboring signal. In that case, the two filtering units filler the reference pixels or the
output of tha directional prediclion unit depending on the output of the variance calculation unit.

The reconsiructad neighboring signal here refers 1o decoded pirels {samples) in the biocks

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 0 perform the method, this intra prediction unit has an edge defection
unit which is capable of determining 410, 430 whether an edge is present in the reconstructed
netghboring sigral; a filering unit for fillering 440 the reference pixels used for dirsctional
prediction in case no edge is detecied (stap 410 and "no” in step 430) in the edge detection unit
and & directional prediction unit for predicting 450 the block according to one given directions!
prediction, which may be similar (o the H284/MPEG-4 AVC directional intra pradiciion methods

as described above ar sirnilar o the inlra prediction as describad In BP 2 081 388 AT

I’y

Figure & is a block diagram for explaining another example of a specific consiruction of the inira
prediclion unit and a method for performing the present invention. This intra prediction unit has a

calcutation unit {a variance caloulation unity lo determine 510, 530 # the varance of ihe



reconstructed neighboring signal is below a predefined threshola; a fillering unit o filler 540 the
reference pixels used for directional prediclion in case the varance of the reconsirucied
neighboring signal is below a oredefined threshold; and a directional prediction unit 1o predict

550 the biock according 1o one given directional prediction.

As desoribed above, thae firgt embodiment inciudss a method and an apoaratus for efficlenty
gncoding both shamp sdyges and smocih areas withoul Indreasing the overhead DIt rafe by
deriving the necessary information from the reconsiructed neighboring signal. This may be

parformed in the sams way by both the encoder and the decoder,

it Is noted that the above mathod steps describad with reference o Figures 4 and 5 may aiso be
narformed by any olher apparatus having a structure ditferent {or the above described example.

n warticuiar, the steps of the flow charts may aiso be performed by any kind of processor or

£ B
devite

One of the oroblems thal may arnse with the embodiment deseribad above Is thatl the anailysiy of

the characiernstics of the nelghboring signat has o be perfonmed for each block at the encoder

140 and the cecoder 200 side independantly from the seiecied directional intra prediction mods,
This increases the complexity of infra grediction it a decoder or In g welboplimized enaoder. To
avoid performing this analysis Tor overy ook, a second embodiment of the present invention

inroduces a new indra predicticn mode in addifion fo the HE284MPEG-4 AVC directional intra

predicion modes, such as the indra prediction method disclosed in 2P 2 081 388 A1 Th
analysis on the naighborng signal s pedormed only when the new infra prediction mode is

sefected. The intra prediciion unit as described with reference to Figure 3 is used only if the new

intra grediction mode is sm*sc’%e,a‘%, For all the olhar modes, the HL2B4AMPEG-4 AV intra
prediciion unit 170 and/or 270 in encoder and gecoder, respectively, is usad.

This new intra prediclion mode relies on edge detection in the neighboring signal. Filtering
applied € no edge s delected and fllering s nol applied H an edas is detecled,

Figure & shows g flow chart describing the process 1o caloulate the prediciion according to this
new intra prediction mode. The first slep 5 lo perform edge detection 610 In the already
reconsiructed neighboring slgnal. One possibility Tor edyge detection s to apply the Sobsl

operaiors on biocks of 3x3 pixels in the nelghboring signal
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Orher matnices that are suitable for the caloulation of gradients in a 2D signal ray also be used.

vactor. To detgrmine the main edge divection, the edge veclor with the musdmum norm can be

considered, or & combination of the edge vectors with the biggast norms.

]

in general, %d{.}_es in an image may be datected by determining a gradient vector field of the

image. A gradient veotor ig largey on an edge and is perpendicular theretn, One of the most
nompdar appreaches o detecting ihe gradient field is convolvtion of the image with vertical and
£

[

horizontal melrices such gs the Sobel operators, given by the above masks Sx and Sy,

i@

rparticular, a verfical gradiant vector coordinate G and a horironial gradient vector coordinate

Gy in a parlicular pixel pHe, vy are then oblained by filtering the nixel ply, vy with the verticst Sy

o}
ey

nd the horizoniad Sy Sobel mask, respectively.
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el arerator o abisining the gradient feld. Howsvar the pregent
invention is not imited to detecting the gradient field by means of the Sobel cparator, In gés‘ie?aé,
any edge detection mechanism may be employed that provides the gradient field. For instance,
rmasks with other sizes than Scbel operator may be used such as 2x2 or 4x4, or even larger

asks may be used. The selection of the parlficular mask depends on the desired results.
Emmploving farger masks may add on precision of the edge defection and supprass detection of
amall ocal edges, but on the other hand, it incressss the compuiational ﬁCFi‘i”t{}i-@}(ii}’.
Miternatively, masks other than Scobel mask may e used for sdae delection, s

Y 3 . i e
pnarptor. of onaraiors based on b

After oblaining the vertical fx and the horizontal Gy coordiraies of the gradient G, for & plurality
of pixels of blocks surrounding the block to be predicted, a dominant gradient may be
datermined. dorminant adge vecior £ with s horizontal and verlical coordinates By and By,

respecively, 8 pemendicular on the gradisnt vector G. Qwrﬁsgtsﬁmﬁmgiy the sizaes of the
hortzontal £x and vertical By components of the dominant edoe correspond 1o the sizes

of horizontal Gy and verfical Gx gradient, respectively {for

countar-clock rotation).



Typically, the dominant edge for a current block is determined to be an edge with a maximum
norm out of edges that intersect the current block. However, other methods may De used as
well, for instance, taking a weighling average of the sdges, or the sdge dirsction detectad for a

majority of pixels, eic. It should be noted that the caiculation of gradient is not necessarlly
perormed for the entire acjacent blocks. In general, it is advaniageous to select & sub-set of
pixels near (o the boundaries 1o the block o be predicted and calculating the gradient only for
these pixels. This approach reduces the number of operations necessary for convolution of the
adiacent blocks wiih the edge deieclion masks. Moreover, for the prediction, only the edgas
linely to be similar fo the actual edges inside the block to be predicied are of imporiance, thus

edge detection near {0 the boundaries aiso reduces the risk of detecting a useless edge.

The norn of the final adge vecior o ihe norms of each calculated edge veclors can be
comparsd to a predetined threshold. If one norm is above the threshold, an adge is delected, in
that case, ihe edge veclors 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. H no

riorm g above the threshold, no stdge is defected.

Then the result of he aelection is evalualed 630, | an edge is detecied (Myves” in sisp §30), the
orediction iz parformed by interpolation 820 of sub-pel reforence pixels depending on the
direction of the sdgs as described in EF 2 081 388 A1, In particuiar, the prediction signal is
calculated by linsar extrapolation of the intersection betwaen the line of reference pixels and the
fine having the direction of the delected adge and passing through ithe pixel to be predicied. f no
edge is detected {("no” in step 530), the next step includes applying 840 a low pass filter on the
reference pixels o ordsr to smooth the signal used for pradiction. Here, the reference pixels
may be a row of pixels of the top naighbouring biock, the row being closest to the boundary with
the current block.  Alternatively, the referance pixels may be a column of pixels of the lek
eighbouring block, the column being clogest fo the boundary with the current block. The
reference pixels may also be a set of pixels from the top row and the lsft column. The following
step includes sslecling 850 ons given pradefined direction, Tor exampls, the direction that Is
ciosest t¢ the direction of the edge vecior with the biggest norm. In particular, it may be direction
espording fo generai direction of the neighboring pixels, which may be delenmined during
the edge deteciing slep 610, The prediction is then performed 860 using the prediction method

as defined for the selected pradsfined diraction,
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Adternaiively, the direction of the edge vecior with the strongast nornm could be selectad instead
of one of the predefined directions. In that case, the pradiction siep could use the method
described in EF 2 081 386 A1

According to a third embodiment of the present invention, 2 low pass filier is applied for some

reference pixels and no filter is applied for other reference pixels, resuliing in switching the use
ot the smoothing filter on a pixel-by-pixel basis for sach block.

This embodiraent is schemalically Hustralad in Figure 7.1 adge detection is used, 1T is possibie
o extend the edge through the line of referance pivels and through the block to be predicted as
shown by the adge 780, In that case, fillsring may advanfageously be switched off {or the o
pixels, with n egual o 1 or 2 for example, located around e edge. On the olher hand, the
{tering may be applied 10 the olher pikels, Figure 7 shows a row of reference pirels 730 used
for ntra prediction of the current Dlock V00, In accordance with this embodiment, the reference
pixels in the row of reference pixels 730 and near o the adge 780 are not filtered. The muambern
of the pixels not o be filtered may be defined with regard to the length of applied low pass filter

in such & way that the pixels used for filtering do not cross tha edge.

According o a fourth embodiment of the present nvention, different kinds of fltering ars anplied
for the n plesls aroundd the edge and for the other pbels belonging o Hal arsas. This
arnbodimant 18 Huslrated in Figure 8, in that case, FILTERT is a low pass filker similar 1o the ow
pass filters used fo filter the reference plkels in the prior art (H.2840AFEG-4 AVC slandard or
HEVC working draft JOTVO-B205_drafl007). FILTERZ 5 advaniagecuslty a smoothing fitter in
ihe divection of the edge only, FILTERZ i3 preferably not smocth in the direction perpendicudar

he effect of FILTERZ I1s to sharpen the edgs.

In accordance with g Hith embodiment of the presant Invention, 2 decoder applies the sams
technigques as described i the first embodiment. The only difference i Figure 3 s that the

selgciad divectional grediction mode s ransmitied as input o the directional prediction undl

Geﬁem{%y, a decoder may apply the same inra prediction lechnioues as desoribed b

bodirnents one O four

Hereinalier, the applicalions {o the video coding method and the video decoding mathod

gescribed in sach of embodiments and systems using thereof will be described.

Figure 9 llustrales an ovarall configuration of a content providing system ex100 for implementing

cortent distribution semvices, The area for oroviding communication services i divided into oalls
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of desired size, and base stations o008, ex07, ex108, axidg, and ex1i0 which are fixed

wirgless stations are placed in sach of the ¢elis.

The content providing systam ex100 i connected to devices, such s a compuier exiii, a
perscnal mc;zn::xé assisiant (PDA} ex {12, a camera ex113, a celiylar phone ex1i4 and a gams
machine ax118, via the Internet ex101, an Intermet service providar ax102, a telephone network

cH04, a5 well as the hase stations ex {6 o ex 110, raspectively.

However, ine configuration of the cormtent providing systern ex i) is not limited o the

nfiguration shown in Figure €, and a combination in which any of the elements are connected
is acceptabls.  In addition, each device may bs directly connaciad 1o the telephone nebyvork
ewi4, rather than via the base stafions exi06 o axti0 winich are the fived wirsless siaiions.
Furthermore, the devices may be infarconnected 0 each other vig a shorl distance wireless

comrmunioation and othars

The camera ex11d, such ag a digital video camaera, is capable of capturing video., A camera
axT16, such az a digial video camers, iz capable of caphwdng both still images and video.

Furthermore, the callular phong ex114 may be the one thal meets any of the stendards such a3

Cackwal Syaten for Mobile Communicalions (GSM), Code Division Multinle Acoess {(CDMA),

i M

- ‘or
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Midebandh-Code Divislon Mullicle Accass (W-COMA), Long Term Bvelution 0.TE, and High
Speed Packel Access (HEFAYL  Allematively, the cellvlar phone ex114 may be & Persongl

Hangyphone System (PHS).

v ihe content providing system ax104, a sireaming server exi03 i5 connscied o the cameng

ext1l angd others via the lelephone network exlid and the bese slal

n

in such a disgtribution, a content (for axamnla,
video of a music lve show) captursd by the user using the camers ex113 g coded as described
abuve i each of ermbodiments, and the coded content s transmitied {o the sltreaming server
axt0n, On the other hand, he streaming server ex10% carres oul stresm distibution of the
transmilted content dala 1o the cllents uoon their requaests. The clients include the computer
gxiti, the PDA ext12, the camera ex11d, the celivlar phone sexii4d, and the game machine

ext15 thal are capable of decoding the above-mentioned coded date. Each of the devices that

{F

have recelved the disibuted date decodes and reproduces the coded dala.

The captured data may be coded by the camera ex113 or the sireaming server exi0d that
transmils the dala, or the coding processas may be shared belween the camera exti3 and the

streaming sarver exti3. Simiary, the cistributed dala may be decoded by the clienis o the



sireaming server ex103, or the decoding processes may be shared belween the clisnis and the
streaming server ex103. Furlhermore, the data of the stlll images and video capiured by not
only the camsrg ex113 bt also the camers ex118 may be ansmilled o the streaming server
ex 103 through the compuler ex111. The coding orocesses may be performed by the camers

ex116, the computer exiti, or the streaming server ex103, or sharad among them.

Furthermore, the coding and decoding procusses may be performed Dy an LS exB00 generally
inciuded in each of the computer exi i1 and the devices. The L5 ex800 may be configured of a
single chip or a plurality of chins. Software for coding and decading video may be integrated inlo
some type of a recording medium {such as g CO-FOM, a flexible disk, and a hard disk) that ig
readable by the computer exlit and others, and the coding and decoding processss may be
performed using the software. Furthermore, when the ceflular phone extid iz eguinped with g
carnera, the image data oblained by the camera may De transmitted. The video data Iz data

coded by the LS exB0U inchuded in the callular phone ax114,

Furthermore, the streaming server ex 103 may be compesed of servers and compiters, and may

dacentralize dala and process the decentralized datg, record, or distribute dala.

As described above, the clients may receive and reproduce the coded dala in he confent
iy other words, the clenis can regeive and decodes indormation
transmitted by the user, and reproduce the decoded dala in real time in the content providing
system exi(l, so that the user who does not have any parlicular rght and equipment can

impiament personal broadeasting.

Aside from the example of the content providing system ex100, at least one of the video coding
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apparatus and the video decoding apparatus described in gach of smbodiments may be
implemented in g digital broadeasting svslem ox200 Hustrated In Flgure 10, More specifically, a
broadoast station ex207 communicalas or transmils, via radio waves {0 a broadeast satelile

T

ax20e, multintexad data oblained by multiplexing audio data and others onto video data. The

video data (s data coded by the video coding method described in each of embodiments. Upon
receipt of the multinlexed data, the Droadeast salelite ex207 ansmils radie waves for
broadeasting. Then, a home-use antenna ex204 with a satellile broadeast reception function

recetves the radic waves.,

Maxt, a device such as a television {receiver) ex300 and & sat top box (BTB) ex217 decodes the

recaived mulliplexed dala, and reproduces the decoded data,



Furthermore, a readei/recorder ex218 (i) reads and decodes the muitiplexed daia recorded on &
recording media ex215, such as a DVD and a BD, or (i} codes vidso signals in the recording
medium ex215, and in some cases, writes data oblained by mullipleding an audio signat on the
coded data, The readerfracorder exZ 18 can include the video decoding apparatus or the video
coding apparatus as shown in each of embodiments. in this case, the reproduced video signals
arg displayad on the monitor ex218, and can be reproduced by another device or system using
the racording medium ex215 on which the mulliplexed data is recorded. I is also possible o
implarment the video decoding apparalus in the set fop box ex217 connected to the cable ex203
for & cable television or to the antenna ex204 for sateilile and/or terrestrial broadeasting, 50 as lo
display the video signals on the monitor ex219 of the islevision ex300. The video decoding

apparatus may e implemeniad not in the sat fop box but In the television sx300.

Figure 11 lllustrates the television {recelver} ex300 that uses the video coding method and the
video decoding method described in each of embodimenis. The lelevision ax300 includes: a
tuner ex301 that oblaing or provides multiplexsd data obtained by multinlexing audio data onto
video data, through the antenna ex204 or the cable ex2(03, efc. that recelves g broadcast; a
medulation/demodulation unit ex302 that demodulates the received muliiplexed data or
modulates data info mulliplexed data to be supplied oulside; and a mulliplexing/dermultiplaxing
unit ex303 that demultiplexes the modulated multinlexed dala inlo video data and audio dala, or

multiplexes video data and audio data coded by a signal processing unit ex3086 inlo data.

Tne television ex300 further includes: a signal processing unit ex308 including an audiv signal
processing unit ex304 and a video signal processing unit ex305% that decode audio data and
videa data and code audic data and video daia, raspectively; 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 {elevigion ex300 includes an
interlace unit ex317 inciuding an operation nput unil ex312 that receives an inpul of a user
operation. Furthenmore, the slevision ex300 includes a control unit ex310 that controls overalt
szch constituant slement of the television ex300, and a powsr supply ciroult unit exd11 that
suppties power {0 each of the slemenis. Other than the operation inpul unit ex312, the interface
undt ex317 may includs: a hridge ex313 thal s connecled 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 30 card; a driver ex315 1o be connected 10 an external recording rmedium,
such as a hard disk; and a modem ex3168 to be connecled io a telephone network., Here, the

recording medivm ex216 can elecirically record information using a non-volatilefvolatile



semiconductor memory elernent for storags. The constituent elements of the television ex300

ara connected o each other through a synchronous bus.

Firgt, the configuration in which the television ex300 decodes mulliploxed dala oblained from
ouigide through the antenna exZ04 ano olhers and reproduces the decoded dala will be
dascribed. In the television ex300, upon a user operation through a remaote controller ex220 and
others, the muliplexing/demuliplexing unit ex303 demultipiexes the mulliplexsd dala
demoduiaied by the moduiation/demoduiation unlt ex302, under contral of the control unil ex310
including & CPU. Furthermore, the audio signal processing unit ex304 decodss the
demultiplexed audio data, and the video signal processing unil ex308 decodes the demultiniexed
video data, using the decoding method described in each of embodiments, in the television
x300. The output unit ex309 provides the decoded video signal and audio signal oulsides,
respectvely.  VWhen the oulput unit ex309 provides the video signal and the audio signal, the
signals may be temporarity stored in buffers ex318 and ex319, and oihars so that the signals are
reprocdiuced in synchronization with each other.  Furthermore, the {elevision &x300 may read
rruliiplexad dala not through a broadeast and others but from the recording media ex215 and
o218, such as a2 magnelic disk, an oplical disk, and a S0 card. Next, a configuration in which

tha tefevision ex300 codes an audio sional and a video signad, and transmits the data oulside or

writes the data on a recording medium will be desoribed. in the elevision

operation through the remote controller ex220 and others, e audic signal processing unit

Qx

ex304 codes an audio signal, and the video signal processing unit ex3085 codes a video signal,
under conirol of the control unit ex310 using the coding methed described in each of

ambodiments.  The mulliplexdng/demultiplexing unit ex303 mullinlexes the coded video signal
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ruitiptexing/aarmutiipls f% unit ex308 multinlexes the video signal and the audio signal, ithe
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signals may De temporarnily stored in the buffers ex320 and ex321, and others so that the signals

are reproducsd in Es}@’%i:i‘%ﬁjf‘iiz. ion with each other. Here, the bulfers o318, ex319, exd20, and
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siural as ilustrated, or at least one bulfer may be shared in the elevision ex300.
Furihermore, data may be stored in g bulfer so that the system overtiow and underfiow may be

avtiderd be

fie
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waen the modulgtion/demodulation undt ex302 and the mulliplexing/demultinlexi

unit ex30d, for exampie

Furthermore, the television ex300 may include a configuration for receiving an AV inpust from g
microphong of a camera olher than the configuration for obiaining sudio and video data from g
oroadeast or & recording mediur, and may code the obiained data.  Although the lelevision

ex300 can code, mulliplex, and provide oulside dala in the descrintion, & may be capable of only



raceiving, decoding, and providing outside data but not the coding, muliiplexing, and providing

cuiside data.

Furthermore, when the reader/recorder ex218 reads or wiites multiplexed data from or on a
recording medium, one of the television ex300 and the readerfrecorder ex218 may dacode o
code the mulliplexed data, and the television ex300 and the readerfecorder ex218 may sharg

the decoding or coding.

Az an example, Figure 12 llustrates a configuration of an information reproducing/recording unit
ex400 when data g read or wiitten from or on an optical disk.  The information
reproducing/recording unft «x408 includes constituent elements exd(1, exd(R, axdll, exdls,
exdlh, axdlo, and exd(7 1 be described herainalter. The oplical head ex407 kradiates a lassy
spot i1 & recording surface of the recording medium ex218 that s an oplical disk to wrils
information, and delects reflected light from the recording s.urféce' of the recording rmediun
ex215 o read the information.  The modulation recording unit ex402 eleciricaily drives a
semiconductor lager includad in the optical head ex401, and modulates the laser ight according
o recorded data. The reproduction demodulating unit ex403 amplifies a reproduction signal
obiained by electrically detecting the reflected light from the recording surface using a photo
detector included in the optical head 20401, and demcdulates the reproduction signal by
separating a signal component recorded on the recording medium ex218 o reproduce the
necessary information. The buffer ex404 temporarily holds the information to be recorded on the
recording medium ex215 and the information reproduced from the recording medium ex215.
The disk motor ex408 rotates the recording medium ex215. The servo conirol unit 2x408 moves
the opiical nead ex401 10 a predetermined information track while controlling the rotation drive of
the disk motor ex405 s0 as to follow the laser spot. The system conirol unit ex407 controls

overall the information reproducing/recording unit ex400. The reading and writing processes can

o

be implemented by the sysiem control unit ex407 using various information stored In the buffer

404 and generaiing and adding new information as necessary, and by the modulation
recording urdt exdde, the reproduction demodiuiating unit ex403, and the serveo control unit
exd06 that record and reproduce information through the oplical head ex401 white being
operaled in a coordinated manner. The system control unit ex407 inciudes, for example, a
MICroprocessor, and execuies processing by causing a computer o execute a program for read

and writg
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ough the optical head ex401 iradiates & taser spot in the description, it may perform high-
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Figure 13 dlustrates the recording medium ex218 that is the optical disk. On the recording
surtace of the recording medium exZ15, quide grooves are spirally formed, and an information
frack ex230 records, in advance, address information indicating an absolute position on the disk
according 10 change in a shape of the guide grooves. The address information includes
information for determining positions of recording blocks ex231 that are a unit for recording data.
Heproducing the information frack ex230 and reading the address information in an apparatus
that records and reproduces data can lead to determination of the positions of the recording
plocks. Furthermore, the recording medium ex215 includes a data recording area ex233, an
inner circurmference area ex232, and an outer chicumiference area ex234, The data recording
area ex233 s an area for use In recording the user data. The inner circumierence area exga2
and the outer circumierence area ex234 that are Inside and oulside of the dala recording ares
exZ33, raespectively are for specific use except for recording the user data. The informetion
reproducing/recording unit 400 reads and writes coded audio, coded video data, or muitinlexed
data oblained by multiplexing the coded audio and video data, from and on the data recording

area ex233 of the recording medium ex215.

Although an optical disk having a layer, such as a DVD and & BD is described as an example in
the description, the optical disk s not imited o such, and may be an optical disk having a
muliilayer struciure and capable of being recorded on 2 part other then the surface.
Furthermore, the optical disk may have a structure for muliidimensional recording/reproduction,
such as recording of Information using light of colors with different wavelengths in the same
podion of the optical disk and for recording information having different favers from various

angles.

Furthermore, a car ex210 having an antenna ex205 can receive data from the saleliite ex202
and cthers, and reproduce video on a display davice such as g car navigation system ex2171 set
in the car ex210, in the digital broadeasting system ex200. Here, a configuration of the car
navigation system ex2ti will be a a::m‘;f%guz"a-‘a n, for example, including a GPS receiving unit
from the contiguration liustrated in Figure 10, The same will be trug for the configuration of the

computer extit, the cellular phone ex114, and others.

Figure 14 {g) fiusirates he csllular phone ax114 that uses the video coding method and the

video deceding method described In embodiments.  The cefiular phone ex114 includes: an

antenna ex350 for transmitling and receiving radio waves ihmugh the base station exi10; a

camera unit ex385 capable of capturing moving and still mages; and a display unit ex358 such
d
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the data such as decoded video caplured by the camera
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unit ex365 or recelved by the antenna ex?80. The celiular phone ex 114 further includes: a main
body unit including an operation key unit {zx@% an audio culpul unit ex357 such as a speaker
for output of audio; an audio hpot enlt ex386 such ag & microphone for iInput of audio; & mamaory
unidt exG387 for storing capturad video or still pictures, recorded audio, coded or decoded data of
the recetvad video, the stil pictures, e-mails, or others; and & slot unlt ox364 that s an nterface

unit for & recording medium that stores dats in the same manner a3 the memory unit ex3567.

onflguration of the celiular phone exti4 will be desoribed with reference

Bhmerd  wmew oxa
Ay, o

ta Figure 14 (b). In the celivlar phone ex114, a main control unit ex360 designed 1o control
overall each unit of the main body including the display unit 8x358 as well as the operation key
unit ex366 is connected mutually, via a synchronous bus ex370, (o a power supply circuit unit
ex361, an operaiion noul confrol unlt ex362, a video signal processing unit ex355, a camera
interface unit ex383, a liguid crystal display (LGDY control unit ex389, a modutation/demodutation
unit ex352, a mulliplexing/demultiplexing unit ex383, an audio signal grocessing unit ex364, the

slof unit ex384, and the memory unil ex387.

Whern a call-and key o1 a power Kev is twimed ON by a user's operation, the power suoply oiroult
urit exd81 supplies the respective unils with power Irom 2 battery pack 50 58 10 actlvate the cell

ohone axiig,

in the cellular phone ext14, the audio signal procassing unil ex384 converds the audio signals
cotlected by the audio noput unit ex386 in voice conversation mode into digital audio signals
under the contrct of the main controt unlt &x3880 including a CPU, BOM, and RAM. Then, the
racdulation/dermodulation unit ex352 performs spread spectrurn processing on the digital audio
signais, and the tansmitting and receiving unil ex351 periorms digital-io-anaiog conversion and

frequency conversion on the data, so as to ransmit the resulting data via the antenna 2x350,

,.)

s cotivlar phone exiid, the ‘m:ie”zs;mié‘iéﬁgg and re-ce‘wim{; unit ex3s1 amplifies the data
raceivad Dy ing antanna exdbl in voice conversation mode and performs fraquency conversion

and the analog-o-digital convarsion an the dala,

parforms inverse spread speclrum processing on the data, and the audio signal processing unit
ax354 convarls I into analog audio signals, so as to outpud tham vig the audio outpul unit exd56,

Furtherrnore, when an e-mail in data communication mode s fransimitted, text dals of the e-mall
inputied by opersting the operation key unit ex388 and others of the main body s sent out 1o the
main control unit ex380 via the oparation DUl control unit &x382, The main control unit ex360

causes e modulation/demodulation unit ex352 to perform spread spectrom procassing on the
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shen.

text data, and the ansmitting and receiving unit ex351 performs the digital-to-analog conversion
and the frequency conversion on the resulling dale o ransmit the daia to he base station ex110
vig the antenng exdB0. When an g-madl s received, gmcgaséﬁg that is approdimately inveiss o
the processing for ransmitling an e-mail is pedormead on the recelved data, and the resulling

data is provided o the display unit ex3568,

when video, stll images, or video and audio in data communication mode Is or are transmitied,
e video u!()zhﬁ pra{;esssiﬂg unit ex355 compresses and codas video signals supplied from the
carnera unit ex385 using the video coding method shown in each of embodiments, and iransmils
the coded video data 1o the muliiplexing/demuliiplexing unit ex353. In contrast, during when the
camera unit ex385 captures video, sl images, and oihers, the audio signal processing unit
exdh4 codes audio signals collected by the audio inpul unil 2x388, and transmils the coded

gudlio data o the mullivlexing/demulliplaxing unit exd353.
f b ped

The muliiplexing/demultiplexing unit ex3583 multiplexes the codad video data supplied from the
video signal processing unit ex355 and the coded audio data supplizd from the audio signal

orocessing unit ex354, using a predetermined method.

Then, the modulniion/demodulation urdl ax352 performs spread spescium provsszing on he

ﬂ*%z’%zg:;éexed data, ard the wansmiling and recelving unlt ex351 perionms digliai-io-analog
nversion and {requency convarsion on the dafa so as to ransmil the resulling dala via he

srdenng ex350.

Whaen racelving data of a video file which g linked o a Wab pege and others in dala
commmunication mode or whan recelving an e-mall wih video snd/or audio aliached, In order o
i

decode the multiplered data racelved via the anienna ex380, the multivlexing/demuitiplexing

ot Sy b IE b g g s - ISV
a4 video data bit alrearm and an audio data bil

unit ax353 demullic

he coded video data ang the

g coded audio data, hrough the synehronous Dus

L,

ard70. The video signal processing unit exB55 decodes the video signal using & video rji'ec&&ing
aihod corrasponding fo the coding method shown in each of embodiments, and then the
display unit ex888 displays, ko ingtance, the video and $¥ll imagss included in the video file

finked 1o the Web page via the LCU control unit ex358.  Furthermors, the audio signal

procesging unit ex3B4 decodes the audio signai, and the audio ouipul unll ex357 provides the



I
]

Furthermore, similarly to the ielevision ex800, a terminal such as the cellular phong axil4
probably have 3 types of implementalion configurations including not only ) a ransmitting and
receiving terminal including both 2 coding apparatus and a decoding apparatus, but also (D) a
fransmitling terminal including only a coding apparatus and (i) a receiving lerminal including
only & decoding apparatus.  Although the digital broadeasting systemn ex200 raceives and
fransmits the multiplexed dala oblained by multiplesdng audio dala onto video data in the
description, the mulliplexed data may be dala obtained by multinlexing not audio data but
characier data relaled o video onto video dala, and may be not mulliptexed data but video data

Haelf.

Ag suchy, the vidso coding method and the video decoding meithod in each of emhbodimeants can
be used i any of ihe devices and systems described. Thus, the advaniages described in each

of ambodiments can ba obtained,

urthermore, the present invention is not imited to embodiments, and various modifications and

revisionsg are possibie without departing from the scope of the prasent invenion.

Video data can be generaled by ewilching, as necessary, botween {é} the video coding method

i3

or the video coding apparatus shown in asch of embodiments and 30 2 video coding mathod o
g video coding spparatus in conformily with o different stangard, such ag MPEG-R, MPECL-

AV, and VO-1,

Hare, whan a plurality of video data that conforms to the different standards is generated and is

then decoded, the decoding methods need 10 be selected to conform w the different standards.

Mowaver, sinoe 1o which standarcd each of the ol

cannot be delected, there is a problem that an aporopriate decoding method cannct be

in order to solve the problem, mx.ﬁ?igsiﬁmd jata obtained by multinlexing sudio dab others

fras & g tandarg
the vidoo data confonms, The specific structure of the muttinlered data Including the video data
generated in he video coding method and by the vidso coding apparatus shown In each of
empodiments will be hereinafier described. The mulliplexed data is 2 digilal stream in the

MPEGE Transoort Siream format,

Figurs 15 illustrates a structure of the mudtiplexed data.  As ilusirgled In Figure 18, the

multivlexed dala can be obtained by multiplexing at least one of a video siream, an audio

o+

straam, a presendation zam. The video



siream represents primary video and secondary video of a movie, the audio stream {{G)
rapresents a primary audio part and & secondary audio part io be mixed with the orimary audio
cart, and the presentation graphics sbream reprasents subtitles of the movie, Mers, the primary
video is normal video o be displayved on a soreen, and the secondary video ig video o be
displaved on & smaller window in the primary video. Furthermore, the inferactive graphics
stream represents an inferactive screen (o be generated by aranging the GUl components on a
soreen. The video stream is coded In thes video cading method or by the video coding apparatus
shown in sach of embodiments, or in a video coding methot or by a video coding apparatus in
sordornmity with a convertionat standard, such as MPEG-2, MPEGA-AVC, and V-1, The audio
stremyn s codsd i accordance with a standard, such as Dolby-AC-3, Dolby Digitad Plus, MLP,

D15, BTS-HD, and linear POM,

Each stream included in the mulliplexed data is ideniified by PI. For sxarnple, G i011 i
aliocaied to tha video stream o be used o vidseo of 2 movie, 01100 1o Gut 11 are allogstad o
the audie streams, OxI200 o Ox121F are allccated o the pressniation graphics shreams,
Gu1400 o Oxi41F arg allocaisd o the interaclve graphics streams, Ox1800 to Ox1BIF are
aflocated 1o the video streams to e used for secondary video of the movie, and Ox1ACD o
Ox1ATE are aficcaled o the audio streams (o be used {or the secondary video 1o he mixed with

the prirnary audio,

Figure 16 schematically illlustrates how data s mulliplexed.  First, a video stream ex235
coraposed of vides frames and an sudio stream ex238 compossd of audio frames are
ransformed inlo a stream of PES packels ex238 and 2 stream of PES packsts ex239, and

turther inic 75 packels ex237 and TS packels ex240, respsctively.  Similarly, data of a

oreserdalion graphics stream ex241 and data of an interactive graphics siream exP44 arg
transformed intc a stream of PES packels ex242 and 4 stream of PES packets exP45, and

further into T3 packets ex243 and T8 packet

rudiiplexed indo o slroam 0 otlain mudliptexed dala ex@47.

]

Figure 17 iustrates how a video stream is siored in a stream of PES packets in more detall,
The fiest bar in Figure 17 shows g video frame stream in a video strearn. The second bar shows

packets., As mdicated by arrows denoted as wyl, vy2, yy3, and yyd in Figure
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17, the video stream ig divided info pictures as | pictures, B piclures, and P pictures each of

which is a video presentation unit, and the pictures are stored In a pavicad of each of the FER

- . o £ = P - . . o N Jrop—— . s B - 4 . .
packets. Each of the PES packets has a PES header, and the PES header stores g



Presentation Time-Stamp (PTS) indicating a display tme of the picture, and a Decoding Time-
Stamp (DTS indicating a decoding time of the piclure.

Figurs 18 lilustrates a format of TS packels to be finally written on the multiplexed data. Each of
the TS packets is a 188-byte fixed length packel including a 4-byte TS header having
information, such as a PID for identifying a stream and a 184-byte TS payload for storing data.
The PES packets ars dividad, and siored in the TS payioads, respectively. When a BD FIOM is
used, sach of the TS packets is given a 4-byie TP_Extra_Header, thus resulting in 192-byle
source packels. The source packels are written on the multiplexed data. The TP_Exira_Header
stores information such as an Arrival_Time_Slamp (ATS). The ATS shows a transfer start time
at which each of the T8 packets is 1o be transferred to a PID filter. The scurce packels are
arranged in the mulliplexed dalz as shown at the bottorm of Figure 18, The numbers

incremsnting from the head of the multiplexed data are called source packet nuimbers {SPNs).

Fach of the TS5 packels included in the multiplexed dats includes rot only streams of audio

video, subtifles and others, but also a Program Asscciation Table (PAT), a3 Program Map Tabls
{(FMTY, and & Program Clock Reference {(PCHYL. The PAT shows what a PID in a PMT used in
the muliplexsd data indicates, and a PID of the PAT itself is registersd as zero. The PRMT storss
Pilts of the streams of video, audic, sublitles and othars included in the mulliplexed data, and
attribuie information of the sbreams corrasponding to the PlDs. The PMT also has various
descriptors relating 0 the multiplexed data. The descripiors have information such as copy
conirol information showing whether copying of the mutliplexaed data is permitted or not. The
BOR stores 3TO tme information corresponding o an ATS showing when the PCR packet is
transterred to a decoder, in order o achisve synchronization between an Arrival Time Clock
{ATC) that iz a Hme axis of ATSs, and an System Time Clock 8TC) that is a time axis of PT8s
and D Ss

Figure 19 llustrates the dala structure of the PMT in detall. & PMY header is disposad at the top
of the PMT. The PMT header describes the length of data includad in the m%"“f and otherg, A

plurality of descripiors relating o the mulliplexed data is disposed after the PMYT header,
information such as the copy condrol information is desoribed in the descriptors. Afler the
descriptors, a plurality of plecss of stream information relating to the streams included in the
multiplexed data is disposed. Each pisce of stream information includes stream descriptors
each describing information, such as 2 stream type for identifying a compression codac of a

stream, a stream PiD, and stream atribute information (such as & frame rale or an aspect ratio).

%

Tl tream i i i I ime g
i LETLE

m descriptors are equal in number 1o the number of sireams in the mulliplexed data,



When the mulliplexed data is recorded on a recording medium and ofhers, it I8 recorded

tngether with multiplexed data information files

Each of the multiplexed data information files is managemaent information of the multiplexed dala
ag showrnt in Figure 20, The multiplexed data information files are in one 1o one correspondsnces
with the multiplexed data, and sach of the fiss includes ftiplexed datla information, stream

attribute information, and an entry map.

As Hlustrated in Figurs 20, the multiplexed data inciudes a system rate, a reproduction start tme,
and a reproduction end ime. The system rats indicates the maximum transfer rate at which a
systern farget decoder to be described later transfers the multiplexed data to a PID filler, The
intgrvals of the ATSs included in the mulliplexed data are set 1o not higher than a sysiem rals.
The reproduction start time indicaies a PT5 in a vides frame al the haad of the multiplexed data.
An interval of one frame is added to & PTS in a video frame at the end of the multiplexed data,

and the PTS is sei to the reproduction end time.

Az shown in Figure 21, a piece of alribude information i regisiered In the stream aflribute
information, for each PID of each strearn included i the multiplexed data, Tach plece of
atiribute information has different information depending on whether the comresponding stream i
a video steam, an audio stroam, a presentalion graphics sirear, o an nfsractive graphics
stream. Each plece of video stream atiribute information carries information including what king
of comprassion codec i used for compressing the video stream, and the resolution, aspect ralic
and frame rate of the pieces of picture data that is included in the video stream. Each plece of
audio stream atiribute intormation carries information including what kind of compression codee
s used for compressing the audio stream, how many channels are included in the audio stream,
which language the audio stream supports, and how high the sampling frequency fs. The video
stream atiribule information and the audio stream attribute information are used for Inttalization

of & decader belore the player plays back the information,

The mullivlexed dala (0 be used is of a stream lype includsd in the PMT. Furthermors, whan the
muitiplexad data is recorded on a recording medium, the video slream attribule Information
included in the multiplexsd data information is used. More specificaily, the video coding method
or the video coding apparatus described in each of embodiments includes a step or a unii for
allocating unique information indicating video data generated by the video coding method or the
video coding apparaius in each of embodiments, 10 the stream iype included in the PMT or the

wides siream alirbute information. With the configuration, the video data genevated by the video
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coding method or the video coding apparatus described in sach of embodimenis can be

distinguished from video data that conforms o another standard.

Furthermore, Figure 22 llustrates steps of the video decoding method.  In Step exS 100, the
streamn type included in the PMT or the video stream atiribute information is obiained from tha
multiplexed data. Next, in Step ex8101, it is determined whether or not the stream type or the
video stream altribute information indicates that the muliiplexed data is generated by the vidso
coding method or the video coding apoaratus in each of embodimenis. When it is determined
that the stream type or the video siream attribute information indicates that the muttiplexed data
is generated by the video coding method or the video coding apparatus in each of embodiments,
in Slep ex3102, decoding is parformed by the video decoding method in each of embodiments.
Furthermore, when the stream fype or the video siream attribute information indicates
conformance 1o the conventional standards, such as MPEG-2, MPEG4-AVC, and V-1, in uie;}
exs 103, decoding is periormed by 2 video decoding meihad in condormily with the conventiona

standards.

Ag such, allocating a new unique value 1o the stream type or the video stream afiribute

information enables determination whether or not the video decoding method or the vidso

ey

decoding as,;”svgcsafams tha

ot

s described in each of embodiments can perorm decoding.  Even
when mudtiplexed data thai conforms 1o a different standard, an appropriate decoding method or
apparaius can be selecied. Thus, it becomes possible to decods information without any arror.
Furthermore, the video coding method or apparatus, or the video decoding method or apparatis
can be used in the devices and systems described abave,

&

Each of the video coding methed, the video coding apparatus, the video decoding method, an
the videa decoding apparaiug in each of embodimenis is %ypécai%y achigved in the Torm of an
integrated circuit or & Large Scale Integrated (LS cirouit. As an example of the L3I, Figure 23
dlustrates a configuration of the LS ex500 that is made into one chip. The LSI ex500 includes
clements exB01, exB0Z, exB03, exil4, axB05, exbl8, axB07, exb08, and 0x500 o be dazoribad
below, and the elements are connected 1o each other through a bus @x510. The powear supph
cirouit unit exb05 is activated by supplying each of the elemenis with power when the power

supply circult unit 8x505 is tumed on.

For exaimgle, when coding is perfformed, the LS1 exB00 receives

o

an AY signal from g
microphons ex117, a camera ex113, and others through an AY ¥ ex509 under control of a
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control unit ex801 including a CPU ax502, a memory controller ex503, a stream controlier
ex504, and a driving requency controf unit ex512. The received AV signal is temperarily stored
inan extermnal memory exB811, such as an SDRAM. Under control of the controt unit exB01, the
stored data is segmented into data portions accarding to the processing amount and speed to be

transmitied to a signal processing unil exB07. Then, the signal processing unit ex507 codes an
audio signal and/or a video signal. Here, the coding of the video signal is the coding described
in each of embodiments. Furhermore, the signal processing unit ex807 somstimes muliiplexes
the coded audio data and the coded video data, and a stream [0 ex506 provides the mulliptexed
dala ouiside. The orovided muliinlexed data is ransmitted (o the base stalion ex107, or writien
on the recording media ex215. When data seis are multiplexed, the daia should be temporarily

stored in the bufier ex508 so that the dala sets are synchronized with each other.

Although the memory ex811 is an element ouiside the LS exb00, i may be included In the LS
exB00.  The buffer exBO08 is not fimited to one buffer, but may be composed of buffers.

Furthermore, the LS ex500 may be made into one chip or a plurality of chips.

Furthermore, although the control unit ex510 includes the CPU exB02, the memory controller
2xB03, the strearm controlter ex534, the driving frﬁqueﬂay control unit ex512, the conflguration of
the conirol unit exB510 is not limited fo such., For example, the signal processing unit exB807 may
further include a CPU. Inclusion of ancther CPU In the &:ig@'sai j&f(}ﬁﬁssiz"ig wnlt exB07 can
improve the processing speed, Furlhermoreg, as ancther example, the CPU ex502 may serve as
or be a part of the signal processing unit ex507, and, for example, may include an audio signal
processing unil. In such g case, the control unit ex801 includes the signal processing unit sx807

ot the TPL exB02 including a part of the signal processing unit ex8G7.

The name used here is LSI, but it may also be called IC, system L3I, super L3I, or ulirs L8

depending on the degree of integration

Morgover, ways t0 achieve integration are not imited to the U8, and a special clroult o a
general DUrpose processor and 30 forth can also achieve the integration. Field Programmable
Gate Array (FPGA} that can be programmed after manufacturing L3Is or a reconfigurable
processoer that allows re-condiguration of the connection or configuration of an L8] can be used

for the same purpose.

in the fulure, with advancement in semiconductor technology, a brand-new technology may
replace L1 The funclional blocks can be isgrated using such a technology. The p@gsibiié‘iy i

=

that the present invention is applied to bictechnology.



When video dala generated in the video coding method or by the video coding apparaius
described in each of embodimenis s decoded, compared 1o when video data that conforms o a
conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1 is decoded, the processing
amount probably increases. Thus, the LSI ex5800 needs to be set 1o a driving frequency higher
than that of the CPU exb02 1o be used whan video data in conformily with the conventional
standard is decoded. However, when the driving frequency is sel higher, thers is a problem that

the power consumption increases.

in order to solve the problern, the video decading apparaius, such as the felovision x3006 and
the LEI exB00 s configured to determing to which standard the video data conforms, and switch
between e driving frequencies according to the determined standard.  Figure 24 iflusirates a
cordiguration ex800. A driving frequency switching unit exB03 sets & driving frequency fo a
higher driving frequency when video daia ig generated by the video coding method or the video
coding apparatus described in each of embodiments, Then, the driving fraquency switching unit
ex803 instructs a decoding processing unit ex801 that execules the video decading method
described in each of embodiments to decode the video data. When the video data conforms to
the conventional standard, the driving frequency switching unit ex803 sets a driving frequancy 1o
# lower driving frequency than that of the video dala generaied by the video coding melhod or
the video coding apparatus described in each of embodiments. Then, the driving fraequency
switching unit ox203 instrucis the decoding processing unil exf02 el conforms o the

conventional standard to decode the video data,

More specifically, the diiving frequency switching unit exB03 includes the CPU ex802 and the
driving frequency conirol unit ex512 in Figure 23. Here, sach of the decoding processing unit
ex801 that executes the video decoding method described in each of embodiments and ihe
decoding processing unit ex802 that conforms io the conventional standard corresponds to the

signal processing unit exB07 in Figure 230 The CPU exB02 datermines to which standar

i

.
the

video dala conforms. Then, the driving frequency conteGl unil @x812 determines a driving
frequency based on a signal from the CPU exB02. Furthermore, the signal processing unit
exs507 decodes the video data based on the signal from the CPU exB02. For axgmpla, the
wentification information described s probably used for ideniiving the video data.  The
identification information is not imited 1o the one described above but may be any information as
fong as the information indicates to which standard the video data conforms. For examele, when
which standard video data conforms to can be defermined basad on an exiomal signal for
dgetermining that the vidso data is used for a television or a disk, ¢lc., the determination may be

made based on such an external signal.  Furthermore, the CPU exB02 selects a driving
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fraquency based on, for example, a look-up table in which the standards of the video data ar
associaled with the driving frecuencies as shown in Figure 260 The driving frequency can be

selacted .i.’}y storing the look-up table in the bulfer exB808 and in an internal memory of an LSl

S

and with reference 1o the locleup table by the CFPU exBG

Figure 25 ilusirates steps for executing a mathod. First, In Step exS200, the signal pfc}casséng
undt exB07 obtalns identification information from the multiplexed dala. Nexd, in Siep ex8Z20

the OPL ex502 determines whether or not the video dala s gensrated by the coding method
and the coding apparaius described in each of embodiments, based on the identification
information. When the video data is generaied by the video coding method and the video coding
apparatus described in each of embodiments, in Bisp exB202, the CPU exb0Z transmils a signal
for setting the driving frequency to a higher driving frequency to the driving frequency conlrot unit
ax512. Then, e driving frequency control unit ex512 sets the driving frequency 1o the higher
driving frequency. On the other hand, when the identification information indicates that the video
datz conforms 1o the conventional standard, such as MPEG-2, MPEG4-AVC, and V-1, in Step
2x8203, the CPU ex502 fransmils a signal for selting the diving frequency o a lowsr driving
freguency o the driving frequency cordrol undt ex812. Then, the dilving freqguency contrel uni
exil? sels e driving frequeney o the lower diiving frequency than that in the case where (he
video data is genarated by the video coding method and the video coding apparstus described

in each of embodimant.

Furthermare, along with the switching of the driving freguencies, the power conservation effect
can be improved by changing the voltage fo be applied to the LS exSC0 or an apparaius
including the LBT exB00. For sxample, when e driving frequency (s set lower, the voitage to be
apphied 1o the L3I ex500 or the apparatus including the LS ex500 is probably set to & vollage

lower than that in the case where the driving frequency is set higher.

Furthermorg, when the orocessing amouni for decoding is arger, the driving frequency may be

a1 higher, and when the pf‘zmmsérzg amount for decoding is smalier, the driving frequency may

kf

be get lower as the method for setting the driving freguency. Thus, the setting mathad is not
fimited 10 the ones described above. For sxample, when the processing amount for decoding
video data m conformily with MPEG 4 -AVO is larger than the processing amount for decoding
vidao dala generated by the video coding method and the video coding apparatus described in

sach of embodiments, the driving frequency s probably sel in raverse order o the selling

5

degoribed ghove,



Furthermore, the method for setting the driving frequency is not limited to the methed for setling
ihe driving frequency lowsr. For example, whan the identification information indicates that the
video dala is generated by the video coding method and the video coding apparatus described
in wach of embodiments, the vollage 1o be applied lo the LSI exB00 or the apparatus including
the LS exB00 is probably set higher, When the ideniification information indicates that the video
daia conforms o the conventional slandard, such as MPEG-2, MPEGLAVG, and VC-1, the
voitage o be applied o the 181 ex500 or the apparatus including the 1.8 exS00 is probably set
lowar. As another axample, when the identification information indicates that the video dala is
generaiad by the video coding method and the video coding apparsius described iy esich of
embodimenis, the driving of the CPU axB0Z2 does not probably have 1o be suspended. When

the ideniification information indicates that the video data conforms 1o the conventional standard,
such as MPEG-2, MPEG4-AVC, and V-1, the driving of the CPU exB02 is probably suspended
gt a given tme because the CPU exbUZ has extra processing c;ap-az:ity. Fven when the
identification information indicates that the video data & generated by the video coding method
and the video coding apparalus described in each of embaumen?& it the case whera the GPU
2x502 has extra processing capaciy, the driving of the CPU oxB02 is probably suspendied sl a
given Hme. In such a case, the suspending tima is probably sel shorter than that in the case

where when the identification nformation indiceles that the video dala conforms o the

. bt b el e apabe s BATITET Y R ATID
conventions! standard, such ag MPEG.2, MPEG4A-AVE, and WC-1,

Accordingly, the power congarvalion effect can be imoroved by swilching between the driving
froguencies In accordance with the standard to winich the video dala conforms.  Furthemorg,
whien the LS exB00 or the apparatus including the L3 exB00 is ditven using & ballery, the

battery e can be extendad with the powsr consarvation sffect

et

There are casss where 3 plurality of video data that conforms 1o different standards, is provigaed

o the devices and systems, such ag a felevision and a mobile phone,  iIn order o enable
H - Foy e oy Ei S = sty dey Sl s omrn ey ~ iy e S LT o o e N PR JUR Fe [ J——
decoaing the pluralily of video data thal conforms W the differemt standards, the signal

srocassing unit exBU7 of the LB ex800 neads o conform 1o the diferent standards. However,
e pmbieme af inoreass in the seale of he crodit of the LB exB00 and Ingrease in the oost
afse with the individua! use of the signal processing unils exBO7 that condorm o the respeciive

il emn gy e e
standards,

In order o solve the problem, what is conceived is g configuration in which the decoding

processing unit for implementing the video decoding method described in each of ambodimenis

s
I

e
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asnd the decoding processing uni
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MPEG4-AVG, and VO-1 are partly shared. Ex800 in Figure 27{a} shows an example of the
configuration. For exampla, the video decoding method described in sach of embodiments and
the video decoding method that conforms to MPEG4-AVE have, partly in comimon, the celalls of
orocessing, 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 ex802 that conforms o MPEG4-AVC.  In contrast, a dedicated
decoding processing unit ex801 s probably used for other processing unigue o the present
invention. Since the prasent invention is characterized by a spatial prediciion, for example, the
dadicated decoding processing unit exB01 is used for spatial prediction in accordance with the
present vention. Otherwise, the decoding processing unit is probably shared for one of the
entropy coding, inverss fransiormation, inverse quantization, and motion compensated
prediction, or all of the processing. The decoding processing unit for implementing the video
dacoding method described in each of embodiments may be shared for the processing o be
shared, and a dedicated decoding orocessing unit may be used for processing unigue to that of
MPEG4-AVE.

Furtharmors, ex1000 in Figure 27{(b) shows anoiher example in that processing is partly shared.
This exarmple Uses a contiguration including a dedicated decoding processing unit ex 1001 that
suppons the processing unicue to the oresent invention, a dedicaled decoding processing uni
211002 that supports the processing unique 1o another conventional standard, and a decoding
processing unit exd003 that supports processing 1o be shared between the video decoding
method in the prasent invention and the corwentional video decoding method.  Here, the
dedicated decoding processing unils exi001 and ex1002 are not necessarily specialized for the
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respectively, and may be the ones capable of mplementing general processing.  Furthenmors,

the corfiguration can be implemenied by the 1.51 exb00.

Ag such, reducing the gcale of the circuit of an LB and reducing the cost are possible by sharing
e decoding progessing unit for the processing o0 be shared betwesn he video decoding
mathod i the present invention and the vidso decoding method In conformily with the

conwventional standard,

Summarizing, the present invention relates (0 intra prediclion which may be performed during
encoding and/or decoding of an image signal. in paricular, the present invention refates o intra

oradiction of a current block, during which fitlering is appiied 1o the prediction signat and/or to



signal used for the prediction. The filtering is applied in accordance with a decision based on

characteristics of image signal included in block(s! spatially adjacent fo the current block,
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A method for decoding, on a block-by-block basis, encodad image data partitioned into a

piuraiity of blocks, said method comprising:

deriving characteristics between image data of each of a plurality of previcusly decedsd
blocks spatially adjacent to a current bleek, the previously decoded blocks being used for

intra prediction of the current block;

deciding on the basis of the derived characteristics whether first filtering is to be applied

or not to the praviousty decoded blacks;

pradicting the current block from the image data of the previcusly deceded blocks by infra

pradiciion,

wherein in said oredicting of the current block, intra prediction is performed using filtered
image data of the previously decoded blocks to which the first filtering is applied, when
said deciding decides that the first fitering is to be applied to the pravicusly decoded

blooks,

The method according to claim 1, wherein sald derving of the characteristics inciudes
calculating a variance betweaen the image dafa of each of the plurality of the previcusly
decoded bipcks.

The method according to ciaim 2, whersin said deciding decides that the first filtering s o
be applied to the previously decoded blocks when the variance is below a pradefined

thrashoeld: and

wherein said deciding decides that ne filtering is o be applied fo the previously decoded

biocks when the variance s above the pradefined threshold.

The method according to olalm 1, wherein in said oredicting of the current block, intra
prediction is parformed using filtered image data of the previously decoded blocks to
which second filtering is applied, when said deciding decides that no fitering is © be

apphed 1o the previously decoded blocks.
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The method according to claim 1, further comprising detecting an edge,

wherein sald deciding includes deciding, according fo the detected adge and a position of
a pixel, which one of the first filtering and a second filiering is to be applied o the

orevicusly decoded blocks, and

wherein in said predicting of the current block, intra pradiction is performed using the
filtered image data of the previcusly desoded biocks o which the decided one of the first

fitering and the second filtering is applied.

Accomputer program adapled to carry out the method scoording to any one of claims 1 1o

3.

An apparatus for decoding, on a block-by-block basis, encoded image data partitioned

into a plurality of biocks, said apparatus comprising:
a processol;, and

a non-transitory memory having siored thereoin exsculsble insbuctions, which when

executed, cause the processor to perform:

deriving characteristics between image data of each of a plurality of previously decoded
blocks spatially adiacent to a current biock, the previously decoded blocks being used for

intra prediction of the current biock;

deciding on the basis of the derived characteristics whether first flitering is to be applied

or not to the previcusly decoded blocks;
predicting the current block from the inage data of the previously decoded blocks,

whnerein I predicting of the current block, infra prediction is performed using filiered
image data of the previously decoded blocks to which the first filtering is applied, when
sald deciding decides that the first filtering is {0 be applied to the previcusly decoded

blocks.

The apparatus according to daim 7, wherein the deriving of the characteristics includes
calculating a vartance between the image data of each of the piurality of the previously

decoded blocks.
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The apparatus -according o claim &, wherain the deciding decides that the first filtering is
to be applied to the praviousiy decoded blocks when the variance is below a predefined
threshoid, and

wherein the decading decides that no filtering is to be applied fo the previously decoded

blecks when the variance is above the predefined threshold,

The apparaius according to claim 7, wherein in the predicting of the current blosk, intra
prediclion is performed using fitered image dala of the previously decoded blocks to
which second filtering s applied, when the deciding decides that ne filtering is o be

applied to the previously decoded blocks.
The apparatus according to claim 7,

whersin the exescuiable nstructions, when executed, further cause the processor to

perform detecting an edyge,

whersin the deciding includes deciding, according to the detected edge and a position of
a pixel which one of the first fillering and a secund filtering is to be anplied fo he

previously decoded blocks, and

wherein In the predicting of the current block, infra prediction is performed using the
fiterad image data of the previously decoded blocks to which the decided one of the first

filtering and the second filiering is applied.



