[DESCRIPTION] [Title of Invention] SPATIAL PREDICTION METHOD, IMAGE DECODING METHOD,
AND IMAGE CODING METHOD 5[Technical Field] [0001]The present invention relates to a spatial
prediction method in coding and decoding an image, and in particular to a directional spatial
interpolation involving edge detection or to efficient implementation of such an interpolation. 10
[Background BEHORIFSPatl prediction methods, that is, spatial interpolation have been employed in
many applicagians. Ut qqxir\t)jEHlﬂbﬁﬁ)atial interpolation forms an essential part of many image and video
coding and processing applications.In %brid image or video codin% 15algorithms, spatiaflo‘glrediction is

typically emSEyed i REFR ] 8 NrddEdbsHAE: ahlfihdee dRfek BRSNS nNFT BISR ofdiidady

coded/decodggaatackso®n e etegrinans, spatial interpolation may also be used as a part of post
processing the decoded im_t%;é}? or video signal, in particular for error concealment. 20 [0003]The

majorityPof stafdatfisad VitlE Loding algorithms are based on hybrid video coding. Hybrid video
coding methpggtypjcally comiing segenat differamtiloasieskdrd lassyecappiteasipractienien in order

to achieve the desired.compressio in. . Hybrid video coding.is alsqQ th ' ITU-T.standards
(H.26x standgr%gh ﬁ@ sb%hcégs@%% g?d H%qgéwe%ﬁ a?sg%%ﬁ Ecé gtén%ﬁ?ﬁ?{ﬁé@é{:x t&:ﬁdards
such as MPEG-€SMPEG- 5 rpmid M PEG)D Flas ndst irevehy Bl addasced 8igssieddirgstifdard is
currently the siapdard denales as rA8HMPEG 4 asvanagdhvighaasing (AVC) which is a result of

standardization efforts by joint video team (JVT), a joint 30 team of ITU-T and ISO/IEC MPEG groups.
[0004]A% iméé@%@fﬂ%ﬁﬁﬁu%@nal or input video signal)
[0002] Spatial prediction methods, that is, spatial interpolation

have been employed in many applications. In particular, spatial
interpolation forms an essential part of many image and video coding
and processing applications. In hybrid image or video coding

15 algorithms, spatial prediction is typically employed for determining a
prediction for an image block based on the pixels of already
coded/decoded blocks., On the other hand, spatial interpolation may
also be used as a part of post processing the decoded image or video
signal, in particular for error concealment.

20 [0003] The majority of standardized video coding algorithms
are based on hybrid video coding. Hybrid video coding methods
typically combine several different lossiess and lossy compression
schemes in order to achieve the desired compression gain. Hybrid
video coding is also the basis for ITU-T standards (H.26x standards

25 such as H.261 and H.263) as well as ISO/IEC standards (MPEG-X
standards such as MPEG-1, MPEG-2, and MPEG-4). The most recent
and advanced video coding standard is currently the standard
denoted as H.264/MPEG-4 advanced video coding (AVC) which is a
result of standardization efforts by joint video team (JVT), a joint

30 team of ITU-T and ISO/IEC MPEG groups.

[0004] An image signal (input signal or input video signal)
input to an encoder (image coding apparatus) is a sequence of
images called frames (video frames), each frame being a
two-dimensional matrix of pixels. All the above-mentioned
35 standards based on hybrid video coding include subdividing each
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input to an encoder (image coding apparatus) is a sequence of images called frames (video frames),
each frame being a two-dimensional matrix of pixels.All the above-mentioned 35 standards based on
hybrid video coding include subdividing each individual frame into smaller blocks consisting of a
plurality of pixels. Typically, a macroblock (usually denoting a block of 16 x 16 pixels) is the basic
image elemént] fordulaicFr e eddity $speife rmiddckewe nerisibng  FanicuialiEpdifgpsres .may be

performed f ller | . den IS j size of,
for instance(,%mcﬁiisg,g 31 lﬁfnﬁ%gllg%@%%%z(ﬁ%r% }tﬁgélr%[?? go 'n8 iﬁf%gﬁa%\c%? \;a\l/ill% E%%E thECIBZ-4
AVC, spatiakprediBsitis ifeAefmed @M&ubhlofRE ohidiobibeks P tHBGiziss A RS Msd, 16 x 16

in order to regugrgRatial Erdyndansyr e Saatialquasictionds alse sfemed pascipatal imgrpolation,
intra prediction, or intra frame prediction. Spatial predicti sing a sPatl,aI dl[g]c%?n %referr dto as
directioral spANAl EledORAE FRlBTBRmSR, d5dVY S @“%M?é?éﬂ pradith REt8rtedR6 as intra

coding or spatiglaeding: antkaofimageiasadnesk thakig 15tintra cadet] i%an Btra-coded image or an

intra-coded Jntra-fame predicti S -predefing f intra: icti Qﬁ‘§é§2 tial
prediction mﬂggéﬁ Iudingr]n][e e@%ecitri?o%gl Sr%e%i@[iﬁ%m%g%g%va%éﬁ %a‘éfl?c{:gﬂyﬂp%g%? the curr%nt
(prediction t@r\g@) Blmgkiabing&ﬁ&b@mdar_y@fi@@bﬁﬂw@ﬁe@Hﬁ@Wﬁl@ﬁkﬁ‘eﬁﬁ‘é’&N@@&Qd@QO [0006]
FIG. 1 schematically lusteateg the eightdirscienal spafial prpriciigpdnqsles aisesdoniig supblocks of

4 x 4 pixels. The different types (modes) of directional spatial prediction refer to different edge

directibfs, i.8 RREBI QAR ki SpIRPVIBTARTERSIEN 7 ExtRpbiatidn FRMBLRERIY INRIE 1. There
are 25 eightsiitieret slirecipnal g digtion enqrlesiand sne DSperictippatecieder siplgeles of the
sizes 4 x 4 and %_x 8, and three differené directiopal predi _ti%rr%lnode asnd ne{ DC}}géedicttion mode for
the macroblGHRH 16 £61881s'T066 féf'g‘?#o thedirdi Gt SpadasialidlioR odes A 30
labeled by aFuatr SO2 of sangedihvdl, B i4.d o6 ch Spatde spoeadietinithi predfetived irteigist different
directions 30 e ining,.o ictj e tial predicti ) d I value of 2
and called ffggp;gr]eéﬁgﬁ(})%@nn({%egﬁﬁ Eﬁge]f D%%@%?&tié?ﬁo%ﬁ gﬂ g&%ﬂﬁfgg bléﬁ:{iacgfe%rﬂggig%d by a
singleMalue|nittizhdedieel msanBBvaliy of @eslsdrolinaag relsreAbe piddIa- v Rt ightatikectional

spatial predigfiep,megag, tiﬂﬁ,@g{&m,Qloglggsprgdig,eéi@mégthgé@feéqnqgﬁgeﬁr@@gg@wted along

the corresponding directions 301. For instance, the vertical mode that is a directional spatial prediction
mode labeleBRAR SotSRAERNP FESHE R TRERR 8 PiMEI S e sH RGN RERFD\R the
current blockn dlae horizental Bosiedhst isrdirecttrakspatialip(edistivornededabeled il
horizontally repeats, the reference pixels of the column.immediately to the left of the current block. The
remaining di éfi’@nﬁ%‘?p ﬁ)éfrbaé—:’d'igi%x%%dg fHbeld§ '\ﬁirt‘rrB\%W @O%%Sé g %?edalié%g%%e% intra

predictibn [0006] FIG. 1 schematically illustrates the eight directional

spatial prediction modes used for the subblocks of 4 x 4 pixels. The

different types (modes) of directional spatial prediction refer to

different edge directions, i.e. the direction of the applied

two-dimensional extrapolation as illustrated in FIG. 1. There are

25 eight different directional prediction modes and one DC prediction

mode for subblocks of the sizes 4 x 4 and 8 x 8, and three different

directional prediction modes and one DC prediction mode for the
macroblocks of 16 x 16 pixels.

[0007] Eight of the directional spatial prediction modes are

30 labeled by a value 302 of range {0, 1, 3, 4, 5, 6, 7, 8} and associated

with predictions in eight different directions 301. The remaining

one prediction mode (spatial prediction mode) is labeled by a value of

2 and called “"DC prediction mode”. In the DC prediction mode, all

pixels in a block are predicted by a single value, which is the mean

35 value of the surrounding reference pixels. In the eight directional
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10 modes, according to which the reference pixels are diagonally repeated in the respective diagonal
directions. [0008]In video coding, intra-coded blocks serve for refreshing the video sequence and
stopping the error propagation. However, the efficiency of the spatial coding is lower than the
performance of 15 the temporal coding (inter coding), which leads to a lower overall compression gain
as well as t@ pigtiatapataistod themresdsng bie rate:r§000b} ot bréfe moanirsase shetdwiing éfficiency,
an improve ' ediction i | f.extr [ irections: ictgpixels of a
block is not%i?nﬁ@elglbde %lgﬁﬁg@gsljgg\ggi%? segeag%mg%@ ﬁ?% R%a%ﬁjéﬁré, %%gg%ﬁggﬁgr%rfs%seﬁf%%geld within
the already Gecdastanighbdriny eréikalimoreltiBssidh decttnndrnatdal o RMAHPRd as

dominant, F%@B@'ﬁa@{ér@domhﬂ@exwml?é%qrég@ﬁ@@'@tﬂ@é peseiRbnirenpa@ub-pel gasition
between pixels b_elonglrflf to a neighboring block. 25 [

010]PTL, ]Een bles a more precise
determinatic® ¥ {HRBRRE Hir 8RR ThiS RUHLR NS prebite Eﬁﬂiﬁ?ﬁlr@c[i S5 SVHIGE on the
other hand, eyl te maliar piesticon esorctignalrditerardsebetivedtitiel Cuiveritiuadi And a
predicted block) and thus, to.a better campression. 30[0011] [P iterat R ropean
Patent Applrcea[ggﬂr%lgu i%a':[ﬁ)fﬁE NG %Eﬁﬁé}gﬁﬁf %ﬁ%&&‘ﬁ%ﬁﬁ%#ﬁ%ﬁ %nglﬁe%rlﬁ%gg P
[0012]Howelsee, the edge déteation afidhite rexireiolbtion dir eold (poiticiprtiBe dhidbitsithe
detected doppgaRterlgs e s L of rBIRes Camalel salsulaians SyRh ZS AdsorBphich

increases the complexity and reduces the easiness of implementation of the coding and/or decoding.

In a 10t®f appRdEdns A @ sdiacestaryWHES: 1688 (HETESEHER (IRIXFiTe@bRing BSRI&UY) has as

low complexifyras; pegsiplara padisslanamplaypant idgeviersyith a limited power supply and/or
processing methods requires low-complexity imglement tionsb?f alr(m encoderfalnd/orfa decoder.
[0013]The pr@SH InventiohhdddfeR i 2GRS A iPsoRE G DIOCKs serve for refreshing

the video sequence and stopping the error propagation. However,
the efficiency of the spatial coding is lower than the performance of

15 the temporal coding (inter coding), which leads to a lower overall
compression gain as well as to high variations of the resulting bit rate.
[0009] In order to increase the coding efficiency, an improved
spatial prediction in which the number of extrapolation directions for
predicting pixels of a block is not limited to eight is suggested (see

20 PTL 1). Rather, edge detection is performed within the already
decoded neighboring blocks in PTL 1. Based on detection of the
edge determined as dominant, the pixels of the block are
extrapolated or interpolated possibly from a sub-pel position
between pixels belonging to a neighboring block.

25 [0010]} PTL 1 enables a more precise determination of a
prediction direction. This leads to a more precise spatial prediction,
which, on the other hand, results in smaller prediction error signal

_(difference between the current block and a predicted block) and
thus, to a better compression.

30 [0011]
[Patent Literature]
[PTL 1] European Patent Application Publication No. 2081386

[Summary of Invention]
[Technical Problem]
35 [0012] However, the edge detection and the extrapolation or

-
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10 problems, and the aim of the present invention is to provide a spatial prediction method that can
reduce complexity of the spatial prediction. [Solution to Problem] [0014]In order to achieve the aim, a
spatial prediction method 15 according to an aspect of the present invention is a spatial prediction
method for spatially predicting a pixel value at each pixel position within a current block included in an
image, and thetanddtimoiutedhde@ow iancaf shieatetedips tHe Gunemtbidy oy ebtairing a

norizontal aradient 19 AR A IARIE R RXAIRONLIBICH DiACkAJIRFERELO WRiEHent
block; calculating an integer slope based on at least one of the horizontal gradient and the vertical
gradient, thelMEEESSHS ﬁ]ﬁféﬁ?iﬁ?@éﬁh%‘érﬁ?ﬁ@é@ﬁ5@%6@%\‘Qﬁé%@ﬁgﬁ'ﬂé@@&@@?&ﬁéﬁﬂining a
sub-pel positign {ereeachdinfe phe) Bpsiiers Wit theaurgenidlogk, e sHbRebRGSItAN heing an
25 intersection between (i) a line t atl‘E the calculated integer 8'0 e and passes tl‘gou h the pixel
postion and (HCEB3AMIaty B b BASLAAREROHRT JidHR RS on CaHPoF PRATRERSGalEhe, the

pixel value atthéopixelpngitoxi based prsa ihike] valnepatdipalkedanthiosuhqret positoni determined
for the pixel ition, in,the oyn of ' Qck is,a olumn is

closest to théa%?}r%re%t [Ila)%{lfférgjm ﬁg\?gp—p%@%}/& Fo%ﬂﬁ%%r%%%d%oﬁ%@%@%x‘i‘#@%‘%ed in the
adjacent blo¢kWOOLSTTHEMNbY, tEiaByen bidhe v e etgenhatsreaasy thea detp@art.block (edge

entering the epsenplock) isrfyist aleulatedn 38 AR i 8ubERel ROSHIRRC O ESRINSHTg doreiach of the

pixel positions -4- within the current block is determined according to the integer slope. Here, the

sub-pel BosittiiPRIEEAEN B thé Hixai Positibhs WERRIAE LY ient RBde nfOH s RiRedti&hg the
integer slopep péthey!crdivigierh dhusiihe divisioneanuee prevengsd foreadt ofthe piehitdepositions
within the current,block. In other words, it is possible to prevent for each of the pixel positions within
the current b%rcef(ddf %ﬂiplication of the coordinate value horizontal or the vertical to the pixel position,
by one of thd Borizbital tonhroidatahd the vertical component of the edge, and (ii) division of the

result of the tiplicatio _ ther. i 0 . i nent. As
a result, ever’ta/vqlenjcalculagéﬁ%%eﬁg ﬁe%%ﬁtgcﬁygfgt%jgjgg%%cﬁégggé@%ﬁé%rﬁb%@g@the
division $or eaER@IdhR D@ IAibsiteRs WahitNBOcarentHIbYR BEP B provabt | PEHECEGRplexity of

the spatial pregigtiemicag e rarycesteldiether Words prBlIeeoReratiens pardewpRigssed.

[0016] In other wards, the spatial prediction method according to an aspect of theé:)resen invention is
characterized'Hy e8I Rlatirt) B htey@op8 OHAE ettt edFaafely Fotdhd RGrréRELRRE based
on at least onecdfia gerticatigtaditinicansia heoidzontalzgradient] Asanth detarmising ahdatergsction of

the line of the jnteger slope and a r r a column of.the ndary pixels.in the neighboring blocks.
pdiehclie it fubst i e o i il el
be scalddl byvai thinpavide ok 26 dircietiie déesioperanl bockcularitusaignbestdrtE2® one of the

horizontal gragient andthe yartieakaradisnt 6PENY AN9sHNEANtegsli @Ae imineKistoapiniag, the

sub-pel position for the pixel position may be calculated by multiplying the integer slope generated by

the scaling b§ "2 Ed8Rfindfee/ A€ BBfi-okBFot Ve ekl T RS piREEESSItGR e pRG@EE thin the
current blockhe detected edge; determining a sub-pel position for each of the

pixel positions within the current block, the sub-pel position being an
25 intersection between (i) a line that has the calculated integer slope
and passes through the pixel position and (if) a boundary of the
adjacent block; and predicting, for each of the pixel positions, the
pixel value at the pixel position based on a pixel value interpolated in
the sub-pel position determined for the pixel position, wherein the
30 boundary of the adjacent block is a row or a column that is closest to
the current block, among a plurality of rows or a plurality of columns
of pixels included in the adjacent block.
[0015] Thereby, the integer slope of the edge that overlaps the
current block (edge entering the current block) is first calculated,

35 and the sub-pel position corresponding to each of the pixel positions
4.



30 [0018] Since the integer slope is calculated by scaling one of the vertical gradient and the horizontal
gradient by a c-th power of 2, the precision of the integer slope can be increased by the scaling when
the integer slope is calculated by a division in which a value indicating a gradient to be scaled is used
as the number to be divided 35 (numerator). Furthermore, since scaling by a c-th power of 2 is
performed, thétatalitgecan e phdily plerferdent bynshidtihg bitsrofi the taltieadnhedeft. Fugrarmore, the

sub-pel positign calgujat this scaling ¢ ily. rescal shifting bits of the: valye to the
right. Furthel?r%g?é,@%ces &%)ygr%c F?)%Ltgfg%g gn&?g%?@l?éeﬁg%ﬂ)g%{l ég gw%?%rﬁlgs%rﬂ?%e%b-pel
position canchi tacredsed:K0020] Dite Gpbinmpreaittivn Aethde MdE dftherameude Eaeuhtmg the

value of ¢ uging g fictiarhpidhe 0869} b RobzeniskorRdioRTREd thervedien! sradigntpixel

[OOZO]Accordingt%, the scaling using an appropriate ¢ can be 10 implemented. For example, the

integer ZlopB & taROREAUN TR HigsiH Tehieafkval e AHEHRPIESgridiSnPRPBEEald is used

as the numhsrietpdierdpddedBHmsraier). pihen thesuatiedsuargen aveifloureétite biiteger Glppe can

b ted b fi b lied to th di ller. 15[0021]Furth '
coleuiting, BBLLR S hrt Noy  SUUHEa NS HEACA 15 AL B Eree 162

e store
memory, angditte iptegir slopd maniee abiliduated tiging tthe obtaiped eedult nfi thb @ivsioticeie division
using, as a diyj lue lndicatin one,qf the hori adignt the.vasticakgraclient, and

the 20 divis%%&%?eﬂ%gigaégg, o% e%c Sl’e e%ecgm?lr;nie% \?;?P?E t Itae p%ﬂmﬁ?esd value and a result of

a dividién ugmglthelzatnermiivedhaiuetbsa @liddrejovppireasadirenarecie @ivdiok Rble

indicating a yesyit-fi thesdiyiioneiRiwhiche aredetermined ¥alug isdisedasaldivisar & (derominator)
for each of the values is referred to, the result can be easjly obtained without a %Jgrl%_perfprming a

division in WIRERGEVaR]@ RFIICAIFORE BF tFe HOSSh I YrAHIN ST heVERic iR used as a
divisor (dengginatoch The ibtrgep stepesasi tie aslcuitathusing tharesuit obtlreciivisiom Wigh ease,

D S Sompledhy (e s Pemp My B sl B a5t o

15 reduced. In other words, complex operations can be suppressed.
[0016] In other words, the spatial prediction method according
to an aspect of the present invention is characterized by calculating
an integer siope of the detected edge solely for the current biock
based on at least one of a vertical gradient and a horizontal gradient,

20 and determining an intersection of the line of the integer siope and a
row or a column of the boundary pixels in the neighboring blocks.
[0017] Furthermore, in the calculating, the one of the
horizontal gradient and the vertical gradient may be scaled by a ¢-th
power of 2, and the integer slope may be calculated using the scaled

25 one of the horizontal gradient and the vertical gradient, ¢ being a
positive integer, and in the determining, the sub-pel position for the
pixel position may be calculated by multiplying the integer slope
generated by the scaling by a coordinate value horizontal or vertical
to the pixel position to be predicted within the current block.

30 [0018] Since the integer slope is calculated by scaling one of
the vertical gradient and the hdrizontal gradient by a ¢-th power of 2,
the precision of the integer slope can be increased by the scaling
when the integer slope is calculated by a division in which a value
indicating a gradient to be scaled is used as the number to be divided

35 (numerator). Furthermore, since scaling by a c-th power of 2 is
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prediction unit). Furthermore, in the result of the division indicated in the division table, the number to
be divided (numerator) is 35 advantageously an a-th power of 2, a being a positive integer. Still
preferably, the value of a is a function of the horizontal or the vertical gradient, in particular, a function
of the gradient applied as a divisor. This enables selecting higher a for a larger divisor and lower a for
a lower divisperfesulting, intacf gt irigeraasb inabsipyepietitor Bract rach ifd02g] bilishe fridee, a
maximum value of the pred in ndijcated.i IViSio a erof2,b
being an inte\'(ga(‘e?#“,i eartlp irE ﬁlﬁee?égféczlaﬁ%glyﬁ!wl%@r? %@VZ%E inm(?itc?a w% &é%ﬁ%r@f %lrﬁ%h%r%zt?r??a%\gradient
and the verticalggeadignausan deama s vivkera reb s Shd Tiagpbiverat thensahe diadd Borizontal

aradient and {3 vertia} okarift Faas he. soplerdpehifisng Bitsot herglue adhe rightiigreiain the

result of the division using, as a divisor, a value indicating the scaled one of the horizontal gradient and
the vertieal §H@IBRE ASTOD2BIALS EiyIP S RAP L RILEFUIPLIHYERE TF the horizontal gradient and
the vertical gradieat as a divises expeens apriuporenofddhabts, theapakimtine pradetkrdined value

indicated in the divisjon table, the bits of the value indicating the .gradient ar. i ight, and
the result of flzf’écd‘fi H?Qua@m?g ‘fl’?i%lﬂ% SYWWHESR g‘ﬁg #a{\(?e% b%‘eenﬁ's%ﬁtré‘g gge g%%ﬁ%ﬁ%%%ﬁ]ed from
the division tahieli#htisa pdetheith dinbitztiog iadherdivision table, the result of the division can be easily
obtained ovarfg ginit. (007Gl dahernerenl LRl kRGN IeaRtPRR 812 bepaleulated by

dividing a vatue indicating one 0 izontal 25 gradient and the vertical gradient by a value

indicatify théoEHernoe tHe AorizGatal GradiemiteandiBe UEiaes galMes:, §hea el phadvAvedt each of
the pixel positjgns ¥ithin fhei eHreprt blnckeisipdicted) weiohis manbe selaseandind sasdistance, in
the boundary, between the sub-pel position determined for the Rixel 30, position and each of full-pel
positions adREdNEHEEH- 9 Bﬁsﬁ%éﬁ‘\?ﬁ M PRERLEIE at E%E fel\Fusifioly ri%@gl%’
interpolated by sefting a¢ortaspendingostgfdheareiktstocaanttpidebyalsetbirtige duktgpdipositions

and calculating a weighted averagge of the pixel values. 35[0027]Accordingly, the pixel value at the
sub-pel posiﬁ'ﬁrﬂlﬁs gcoec%e gra%esent sng)a)a%r.
15 [0021] Furthermore, in the calculating, a result of a division

may be obtained with reference to a division table stored in a memory,
and the integer slope may be calculated using the obtained result of
the division, the division using, as a divisor, a value indicating the
one of the horizontal gradient and the vertical gradient, and the
20 division table indicating, for each predetermined value, the
predetermined value and a result of a division using the
predetermined value as a divisor.
[0022] Accordingly, since the division table indicating a result
of the division in which a predetermined value is used as a divisor
25 (denominator) for each of the values is referred to, the result can be
easily obtained without actually performing a division in which a
value indicating one of the horizontal gradient and the vertical
gradient is used as a divisor (denominator). The integer slope can
be calculated using the result of the division with ease, that is, with
30 low complexity.
10023} Here, the memory may be either an internal memory or
an external memory of an apparatus that predicts a pixel value (intra
prediction unit). Furthermore, in the result of the division indicated
in the division table, the number to be divided (numerator) is
35 | advantageously an a-th power of 2, & being a positive integer. Still
-



-7- be appropriately interpolated. [0028]Furthermore, in the calculating, the integer slope may be
calculated solely for the current block, and in the determining, the sub-pel position may be determined
for each of the pixel positions 5 within the current block, using the integer slope that is common to the
pixel positions. [0029]Since one integer slope is calculated for the current block, the computation load
can be supppesseda 0930 The plasenf imveriiburtai®e Mmiplmbatdd Motahnt 46 eo0/ardica kpatial

prediction mgthod bt 3l50,25 AR GRPAFHSRASAN drterigrcliet eashipf yvhich Risdigisra space by

the spatial prediction method, as a program causing a computer to predict a space according to the

spatial predichion i S arRl 86 ARG dRINANET S8 Fed MHE Pr s M fihErtidre? the

present 15 inygriiond¢aisbe, alse dnpieraentied as an-thage noctas spparatts ang eadntegsated circuit
each of which codes an image using the space predicted by the spatial prediction method, an image
coding meth®&#8F&0%ing the image as such, a program causing a computer to code the image
according tofhedrhpge codgrtiethonlpead a recaxding 80 mediemothatstoppethetprogiaad
‘Furthermore, th inventi an. impl t 1 ] %g:g,gg qli aPpatas and an
integrated éfédﬁéejgﬁaﬁgfg &%@ﬁ&%ﬁ%d@spgsn?éﬁaﬂgem ugsrlﬁgg;ﬁeg gl)%éckg gﬁedlctedp&/ thé spatelal %Irediction

method, an BmaiEtdeeddiag thithbadaralcedaing dhevimagetis suehia prifami taddiey @S

computer to gegpde s ipaaeAccHrding it thainagrdecading methasiand ageeordingemedium that
stores the program. [0031]A spatial prediction device according to an aspect of tI}(}ePpresent Tventlon is
a spatldl preditisPrdEXSE AT sbARalN BRedRIYE bixd vgihjetgfae%epb‘gfl bO&HSHPWARR Beurrent

block includegtael Rthardmaas andsthecde\ire idndesi aydetectionl aditispriigifterdotsigtectfan edge

e A AR N SRS SRR R aCael Yafles Betyeen pics

based on atdéaismneofie:hoiizoitak B5g rbdie sicand dho vertidat headioni zthetinkegier dlepéd indicating

an and the vertical gradient.

15 [0025] Accordingly, when a value indicating one of the
horizontal gradient and the vertical gradient as a divisor exceeds a
b-th power of 2, that is, the maximum predetermined value indicated
in the division table, the bits of the value indicating the gradient are
shifted to the right, and the result of the division using the value

20 whose bits have been shifted as a divisor is obtained from the
division table. Thus, even with limitation in the division table, the
result of the division can be easily obtained over the limit.

[0026] Furthermore, in the calculating, the integer slope may
be calculated by dividing a value indicating one of the horizontal

25 gradient and the vertical gradient by a value indicating the other of
the horizontal gradient and the vertical gradient, when the pixel
value at each of the pixel positions within the current block is
predicted, weights may be set according to a distance, in the
boundary, between the sub-pel position determined for the pixel

30 position and each of full-pel positions adjacent to the sub-pei
position, and the pixel value at the sub-pel position may be
interpoliated by setting a corresponding one of the weights to each
pixel value of the full-pel positions and calculating a weighted
average of the pixel values.

35 [0027] Accordingly, the pixel value at the sub-pel position can

T



-8- integer value of a slope of the detected edge; a determining unit configured to determine a sub-pet
position for each of the pixel positions within the current block, the sub-pet position being an
intersection between (i) a line that has the calculated integer slope 5 and passes through the pixel
position and (ii) a boundary of the adjacent block; and a prediction unit configured to predict, for each
of the pixel jesitippsothe pbadlyvihie Er dhetgidel position based on a pixel value interpolated in the

sub-pet positipgiefermined (Rt e AEOORI AR Carel SeRpuRanRGE ALRISal blggk s a row

or 10 a colu is closes current block, among a p ty of rows™or a plurality of columns of

pixels included fiatheadpda BIbeko [0DB2]qrABER RS h e B8l di dioh dRRETRY S Borfiitfured to
scale the ong gf 1he hBHZMNEH IR ipTS andidherwertiedl gradienthy srorieppwesioh3sand salculate the

integer slope using the scaled 15 one of the horizontal gradient Td the vertical gradient, c being a
positivelinteYyBEMARE fHe BetdmmhiRGAG HE K HoRAGHRARE SARREafd fe 'SUBHBIPEEER for the
pixel positiopryy piukiplyingithenigteger slope generated by the scaling by a coordinate value horizontal

or vertical to ixel position to be predicted within the 20curre ck, [QQ33]The ial prediction
device may Fég:ﬁ?gﬁnclude §i@oce€?fié}|§n égl%c%?a%fbnsuor#t%cojr?fig%ﬁe%" %%%lﬁjcﬁeg\?e %Eeé vgﬁﬁéﬁlg}j @ using a
function of tintaamg dhibechoniporteigradizad (Gyh dnel tunmrasakgtadient (Gx). 25 [0034]Furthermore,
the Ca'CU'at;gﬁd@Byi“ay be ERRBHECLIR oI A Ul ddisioNINiB dRiRiengt (9 fiysion table

stored in a memory, and calc integer slope using the obtained result of the division, the

divisichQusirgy &R @ dRRsSi2A PAIRE iFkratRMaHEShO Bl 1k HRrEd ) GRERAE L) AR A8 vertical
30 gradient (&pg grRtdhe division @hteingicalinge formachi predetespines puetbe predesermined

value and a resujt of a diViSiOB,tlpJ]ain ‘the predetermined value as a divisor, [0035]Furthermore, a
n

maximum vALBHFHEhradet 2’ PIRETRHCARH T He UiGRIBIPHAERE H2yHE S Sk oower of
2, b being 35an integarcadthyhien the wpadimdpatngrtheroneaiftbd harizbatalagradaerdi(@y) and the
vertical gradient (Gx) used as the divisar, exceeds the b-th p the cal tio [ y be
configured 3! seccélgﬁe%o%%gz)f %ﬁ% rhéosrizoci):rntal g)ﬁé%ﬁe%fhd th?@ggﬁéa@r%%?ént yg shﬁtlll%%ﬁg of the
value 1Fthe irigtndiobtaiantesredan onthécsartiend @simy) 45'@ RSO i YahRPiptRéatihg fe scaled

one of the hgrizonfal-gradientand, iPevelicat ¥afi8itcodes an image using the space
predicted by the spatial prediction method, an image coding method
for coding the image as such, a program causing a computer to code -
the image according to the image coding method, and a recording
20 medium that stores the program. Furthermore, the present
invention can be also impiemented as an image decoding apparatus
and an integrated circuit each of which decodes an image using the
space predicted by the spatial prediction method, an image decoding
method for decoding the image as such, a program causing a
25 computer to decode the image according to the image decoding
method, and a recording medium that stores the program.
[0031] A spatial prediction device according to an aspect of the
present invention is a spatial prediction device that spatially predicts
a pixel value at each pixel position within a current block included in
30 an image, and the device includes: a detection unit configured to
detect an edge that overlaps the current block by obtaining a
horizontal gradient and a vertical gradient between pixeis within a
block adjacent to the current block; a calculation unit configured to
calculate an integer slope based on at least one of the horizontal
35 gradient and the vertical gradient, the integer slope indicating an
-8



[0036]Furthermore, the calculation unit may be configured to calculate the integer slope by dividing a
value indicating one of the horizontal gradient (Gy) and the vertical gradient (Gx) by a value 10
indicating the other of the horizontal gradient and the vertical gradient, and the prediction unit may be
configured to set weights according to a distance, in the boundary, between the sub-pel position
determined fotdyepixa pasitidnaardapenhadt flilepelgiesitions adjgesna tel ¢ 506 PeIHogiidn, and
interpolate t i e -pel pQsitio iR S In ft ights to
each pixel vgﬁuﬁﬁéﬁg%#%eﬁég%ﬁgﬂggné c%?"c%lgz[%z E%V%E%ﬁ?ggr g?/e‘ré%lg{ Q%ﬁﬁ;i%(elﬁv%%is.
[0037]Furth@sdk fise WalRURtIBRGIMUNEBe biflgurtidgo Talkubgb PRSHI ErRIPTsERIY for the

current block, and the 2, deteiRingnibmayDerpniigiyadio detenmine thenturel plegiton for

each of the pixel positions within the current block, using the integer. slope that is common to the pixel
positions. [ARVEnRARHRS ERERKIY Iﬁ@@ntf&ﬁ%d%%?ﬁ%@pﬁf?&i grgai&io%%é‘tﬂaﬂya& rdiltg to the
present 25 igvgatien Edy seducertbezcpmplExitycot spatiat prefiintiond[Brigh i2elictipfon afdatawings]
[0039] [FIG. 1] FIG. 1 schematically illustrates eight, directi (Gt f

Subblocks o9 SIS BBSHATS) RIet PIEe B S Gls st e U
according tpErethodirhenti b ifthe ipvesdnirintbatisa G| 3 eati Bnisdehiok tidgtdia biths image

decoding aRPYIAISATCRIRNG IR FRIRUBH S dngarlf bF e Elifadedtustinies an eeae yector and

its projectio the or‘th_ogonal axes X and Y according to Embodiment 1. -10- [FIG. 46] FIG. 45
showd 8 rastecet arax iHkeis s easbdoid he é%&féﬁél’étg’(ﬂ%ﬁt i§ BBk fo B FRéHi¥&d by

extrapolatiopageasdingie; EModiment dmns of pixels included in the adjacent block.
[0032]} Furthermore, the calculation unit may be configured to
scale the one of the horizontal gradient and the vertical gradient by
a c-th power of 2, and calcuiate the integer slope using the scaled

15 one of the horizontal gradient and the vertical gradient, ¢ being a
positive integer, and the determining unit may be configured to
calculate the sub-pel position for the pixel position by multiplying the
integer slope generated by the scaling by a coordinate value
horizontal or vertical to the pixel position to be predicted within the

20 current block,

{0033] The spatial prediction device may further include a
coefficient calculation unit configured to calcuiate the value of ¢
using a function of the one of the horizontal gradient (Gy) and the
vertical gradient (Gx).

25 [0034] Furthermore, the calculation unit may be configured to
obtain a result of a division with reference to a division table stored
in a memory, and calculate the integer slope using the obtained
result of the division, the division using, as a divisor, a value
indicating the one of the horizontal gradient (Gy) and the vertical

30 gradient (Gx), and the division table indicating, for each
predetermined value, the predetermined value and a result of a
division using the predetermined value as a divisor.

[0035] Furthermore, a maximum value of the predetermined
value indicated in the division table may be a b-th power of 2, b being

35 an integer, and when the vaiue indicating the one of the horizontal
-9



[FIG. 4C] FIG. 4C illustrates an example in which an edge enters the block to be predicted from the left
side according to Embodiment 1 [FIG. 4D] FIG. 4D illustrates another example of an edge direction
according to Embodiment 1. [FIG. 5] FIG. 5 is a flowchart indicating processes performed by the
10 intra prediction unit according to Embodiment 1. [FIG. 6] FIG. 6 is an example of a system
according tocrandiastimel G ) [fd 7§ Gy éisiadlowebateindicgBng auseatiah predietialivistinod
according to an aspect of the present invention, 15[Fl 8. 1llustrat o) I iguration of
a content prg\%g%%ocgsy;tt%?n SrPPm% e"vm‘l'érntgl r?g?do‘%e[ie%nf: acirsctﬁ{)%%r? s%b%?cé‘%sg%% é\ﬁ%gi.%elﬁugtrates an
overall confifjaratieneothaligital ivbabeabingzaRtaingradfeis. aoFiBelvantisirigsadiesk diagram

of an exampig: of g ;2Aconfigucafion atajeleyision dRICH FHIG - di1isia Hlqek diagrany flygizating an

example of a contiguration of an information reproducingfrecording unit that reads and writes

informafton oM BPEN YSIBELrAiIRENTENILRA AL MedH 9 PIEdFadR D58 BIRa O e AushStes an
example of egnfigHEfionratidgeqiding mediem fbat igraniaptieal disc. [FIG. 13A] FIG. 13A illustrates

an example cellular phane. [FIG. 135] FIG. 135 illustrates a hlock diagram of an example of a
configuratiorfégr-laﬁgjcellular%]% ?ﬁ’%‘[ﬁfé{ fEeFR?}Tﬁ fl Qtpafég’g %thr% Sp%ﬁﬁiﬁfé%(g]'%ata. [FIG.
15] FIG. 15 setiemigttenlty dlustratpsrheie pach stcdaid is gnaltipddxed iimdivdtiptexedheataf RS, 16] FIG.

16 ustrates B YISTOSEATIE IOV na SR ARFES ensiiede e iRh Bife 171G

17 illustrates a structure source -
10 indicating the other of the horizontal gradient and the vertical

gradient, and the prediction unit may be configured to set weights
according to a distance, in the boundary, between the sub-pel
position determined for the pixe! position and each of fuli-pel
positions adjacent to the sub-pel position, and interpolate the pixel
15 value at the sub-pel position by setfing a corresponding one of the
weights to each pixel value of the full-pel positions and calculating a
weighted average of the pixel values.
[0037] Furthermore, the calculation unit may be configured to
calculate the integer slope solely for the current block, and the
20 determining unit may be configured to determine the sub-pel
position for each of the pixel positions within the current block, using
the integer slope that is common to the pixel positions.
[Advantageous Effects of Invention]
[0038] The spatial prediction method according to the present
25 invention can reduce the complexity of spatial prediction.
[Brief Description of Drawings]
[0039]
[FIG. 1] FIG. 1 schematically illustrates eight directional prediction
modes used for the subblocks of 4 x 4 pixels.
30 [FIG. 2] FIG. 2 is a block diagram of an Iimage coding apparatus
according to Embodiment 1 of the present invention.
[FIG. 3] FIG. 3 is a block diagram of an image decoding apparatus
according to Embodiment 1.
[FIG. 4A] FIG. 4A illustrates an edge vector and its projections into

35 the orthogonal axes X and Y according to Embodiment 1.
-10 -



packets in the multiplexed data. [FIG. 18] FIG. 18 illustrates a data structure of a PMT. [FIG. 19] FIG.
19 illustrates an internal structure of multiplexed data information. 5[FIG. 20]FIG. 20 illustrates an
internal structure of stream attribute information. [FIG. 21] FIG. 21 illustrates steps for identifying video
data. [FIG. 22] FIG. 22 illustrates a block diagram illustrating an example of a configuration of an

integrated dir1@ ferBhplEF@ntE) she wdeo tasteding methodtapikels wifiéh gediedikgtmeBRod
according t%fz?r%‘ %l;e%g%%?tsﬁéﬂi ﬁlﬁl 5IG 23 |Bgstr3;%%§cggaﬂgggati@&{pé gwitshipg between

driving frqugnm S. | ustrates steps for identifying video data and 15 switching
between dr@iepirdbuericieENHIGd ZBERIGL 25 illustrates an example of a look-up table in which the

o exaple G SO T 20 B ousasing Wyt [FIC, 28] FIG. 265
illustrafes aHBtbl @&KriBIOBIRT €§ﬁﬁWafr§%F%ﬁdﬁﬁb § ﬁ%gﬁlﬁ%?ﬁfi%ﬁgl%%ggﬁﬂé%%fm 208
[Desc.riptionqu Embodiments] [0040]Embodiments for implementing the present invention 25 will be
described V\fghr:;e.fei%n]ce I:olgra\évg]qﬁu[gg% %n%bnogémgpte%?ample of an edge direction
according to Embodiment 1.
[FIG. 5] FIG. 5is a flowchart indicating processes performed by the
10 intra prediction unit according to Embodiment 1.
[FIG. 6] FIG. 6is an example of a system according to Embodiment
1.
[FIG. 7] FIG. 7 is a flowchart indicating a spatial prediction method
according to an aspect of the present invention.
15 [FIG. 8] FIG. 8 illustrates an overall configuration of a content
providing system for implementing content distribution services.
[FIG. 9] FIG. 9 illustrates an overall configuration of a digital
broadcasting system.
[FIG. 10] FIG. 10 illustrates a block diagram of an example of a
20 configuration of a television.
[FIG. 111 FIG. 11 is a block diagram Ilustrating an example of a
configuration of an information reproducing/recording unit that
reads and writes information from or on a recording medium that is
an optical disc.
25 [FIG. 12] FIG. 12 iliustrates an example of a configuration of a
recording medium that is an optical disc.
[FIG. 13A] FIG. 13A illustrates an example of a cellular phone.
[FIG. 13B] FIG. 13B illustrates a block diagram of an example of a
configuration of the cellular phone. |
30 [FIG. 14] FIG. 14 illustrates a structure of multiplexed data.
[FIG. 15] FIG. 15 schematically illustrates how each stream is
multiplexed in multiplexed data.
[FIG. 161 FIG. 16 illustrates how a video stream is stored in a
stream of PES packets in more detail.

35 [FIG. 17] FIG. 17 illustrates a structure of TS packets and source
<11 -



FIG. 2 is a block diagram illustrating an example of an encoder 100 according to Embodiment 1. The
encoder 100 includes a subtracting unit 105, a transform quantization unit 110, an inverse 30
guantization and inverse transform unit 120, an adding unit 125, a deblocking filter 130, a memory
140, an interpolation filter 150, a motion compensated prediction unit 160, a motion estimation unit
165, an intr@@@@g@omuﬂﬁel?@umgmﬁaéateymuch unit 175, a post filter design unit 180, and an
entropy codl nit . 042]The subtracting unit 105 first determin ifferences -19- (prediction
error signal, %u&?%%nﬁégr éﬁd’lﬂ%"@ﬁ%% lﬁog%]tge%v%%ﬁtg"c%ég block'to be coded of an input
video signal[(figut digrial) Eiel. a Xoridssimdirgs pestlidten: btk spredittion signeipitriieeidor the
current bloc?'a-E?ei Fﬁ%q,lﬁ{@ﬂ g}g.nal (predicted 5 block) is obtained either by a temporal prediction
(inter prediction) or by a spatial prediction. The type of prediction can be varied on a per frame basis,
on a peb sliddbasis, 28 on P& madroblnal Frises [Gonsj iR Prddietive atiRg asing @ mporal
prediction isygfekedL0iasdpiaizeasing, and the predictive coding using the 10 spatial prediction is
referred to as intra coding. The type of prediction for a yideo framti-;s can be set by the user or selected
by the encoliEF200?ddl as t@)%‘cl%yfv@%{%%fﬁﬁ/ ?ﬁ&l‘? Eorﬂﬁr%@% é’éﬂﬁ T’Hgﬁ}rﬂr T switch 175
provides a cirIespandingRiedizion sistralttestizetsiohtkadiagaadtestirg todrerseteate rediction
type. The 15 predictign signal using tempqr iction is derived fr ile) images
which are st3ted ﬁ?fﬁg%gﬁ%?yﬁlﬂ%g? h{j%?g é%%é s%qrn&; %Sf{r)]g[e ﬂég{glﬁg%g{ﬁ}gntﬁ%gﬁggg from the
valued 6f bormding pinelshindham@itiheoriteblstke @i the samidfeshas seidhigate sseenpedviously
coded, deco@%&a%@g@g’in the memory 140. 20 The memory 140 thus operates as a delay unit
that allows a comparison between current signal values (pixel values) to be coded and the prediction
signal valueERxeRAlue Sl §endmiet Foia 1@\l 68 BN aAIGEs Fohe WEMRI 4 APENE&Bre a
plurality of p@@y@qﬁgyﬁ;g tand €lecoded) frames. The transform 25 quantization unit 110 transforms
the differences between the input signal and the predictign signal jnto.coefficients (frequenc
coeﬁicients){%%'qgaﬁzé:slgﬁe léée%é%g@%ﬁ% g%&?énﬁ%‘é E%P&ﬁ\é%té/d ?/oa g?g%cﬁg error
signalids a residitet signdle The entapy icoglifgegriet@0geerforms entropy coding on the quantized 30
coefficients d.yjideo imag ideo 0 Qeder 1o fur I’I’aq(?lér, t unt of
data in a Iosﬁ%gg'W%@eTh@% Snzgnﬁ@%%%%%% ﬁ%ﬂﬁ%tg g(lfddge ttg)%clg(}gﬁ Wtor S o?r\‘/g}rsialﬂbﬂ?length
wherein the tbrgtistd adat@svapll is/ifesendsdsd dFtha PRABIRY of WetBcctir@ncd 'Y HaSentropy
coding unit X990 scdibe coded signal 35 (bitstream) including the entropy-coded video. - 13 -
[0044]Intra-coded images (called also I-type images or | framegg ?(;onfsist solelf;é(‘ of macroblocks that are

intra-coded, ifd GnedfPa cotild intdfed KA (RS GHRSRRTBE! FefdheR BAB ARY AN Tor

20 sharing a module of a signal processing unit.
[FIG. 26B] FIG. 26B illustrates another example of a configuration
for sharing a module of a signhal processing unit.
[Description of Embodiments]

[0040] Embodiments for implementing the present invention
25  will be described with reference to drawings. |
[0041] (Embodiment 1)

FIG. 2 is a block diagram illustrating an example of an encoder
100 according to Embodiment 1. The encoder 100 includes a
subtracting unit 105, a transform guantization unit 110, an inverse
30 quantization and inverse transform unit 120, an adding unit 125, a
deblocking filter 130, a memory 140, an interpolation filter 150, a
motion compensated prediction unit 160, a motion estimation unit
165, an intra prediction unit 170, an intra/inter switch unit 175, a

post filter design unit 180, and an entropy coding unit 190.

35 [0042] The subtracting unit 105 first determines differences
-12 -



previously decoded image. The intra-coded images provide error 5 resilience for the coded video
sequence (coded video image) since they refresh the coded video sequence from errors possibly
propagated from frame to frame due to temporal prediction. Moreover, | frames enable a random
access within the sequence of coded video images. 10 [0045]The intra prediction unit 170 uses a
pr(_adeftikr]lecé) §9F§ﬂi@%ﬁ:@4§bﬁnmﬂfﬁ- Someof thel inis-predictierdiaties gradict thiocloyent block
using the boundary pixels of the neighhoring blocks alre 0 intra- ICHL des, as
template m&?ﬂ%@%ﬁr%ﬁ%ﬁ%}Eﬁé%c%ezg?c eargg%rr%édg %%‘aﬁrgﬁgy gélggg %ix%@ﬁ%g g%%g to the
same framesi[f}046)] The preaefinettaep ohititrag pre tintisi enbdekoiak|ule EesbieE @lire GGk 9patial

intra-predic%’gg @%&?B@ different ,rpgﬂr%s&ﬁgi@ctiqq@é i%r@@rg@ﬂgﬂq@@f% oy diffespptdifections of

the applied Two-dimeéensional prediction. This allows efficient spatial 20 intra-prediction in the case of

variouSeddel diristisne PtRéNRMRIERR 1Oy SUTRABRARR! pre@ielich Ay AN EBfaR&HESHABR an

intra-predicien,omdRa inpubpieRRias slesaried pbever byaremere ciie ibiraaredistion anit 170
outputs intra-prediction mode information (not shown in FIG. 2) indicating the |ntra rediction mode
to the entroP@CEERTG BI85, FH @ritidpy 'Eo8iIRG aHit 10 %ﬂtr‘%aﬁgor&g% t?eb“ﬂf:ﬁé?peao%%on mode

iryfornratirc:n,[@@d; gatputs thgtpatrmdtoted intaHprgdictiorgmdoe teforpatih poget e awthithe coded
signal. The intra prediction unit 170 according t im further S istinctive spatial
30 predictio'heggrgg ‘ffo sch b?gggss%%g]?ﬁé (ﬁgiélnc%%% s_ggt%a lggékglgctigg%vﬂﬁ%eﬁgzﬁb%glater.
[0047]Withinphéiahcpded1otondésodiekpureds fittoRsoratdddorcsistingng a teeodéd§ig®dl (local

decoded sigpall i ARfNoIdn e FRERRPTCAOPIRCLEIES herBuges Giasiratiaacpy loerse 35
transform 120 so that the decocfmg Is performed according to the -14-
encoder 100 so as to achieve a possibly high compression gain. The
intra/inter switch 175 provides a corresponding prediction signal to
the subtractor 105 according to the selected prediction type. The
15 prediction signal using temporal prediction is derived from the
previously coded images which are stored in the memory 140. The
prediction signal using spatial prediction is derived from the values of
boundary pixels in the neighboring blocks of the same frame, which
have been previously coded, decoded, and stored in the memory 140.
20 The memory 140 thus operates as a delay unit that allows a
comparison between current signal values (pixel values) to be coded
and the prediction signal values (pixel values) generated from
-previous signal values. The memory 140 can store a plurality of
previously coded (and decoded) frames. The transform
25 quantization unit 110 transforms the differences between the input
signal and the prediction signal into coefficients (frequency
coefficients), and quantizes the differences. The differences are
represented by a prediction error signal or a residual signal. The
entropy coding unit 190 performs entropy coding on the quantized
30 coefficients (coded video image or coded video sequence) in order to
further reduce the amount of data in a lossiess way. This is mainly
achieved by applying a code to code words of variable length wherein
the length of a code word is chosen based on the probability of its
occurrence. The entropy coding unit 190 outputs the coded signal

35 (bitstream) including the entropy-coded video.
-13-



coding processing. The inverse quantization and inverse transform unit 120 performs inverse
guantization and inverse orthogonal transform (inverse frequency transform) on the quantized value
obtained by performing orthogonal transform (frequency transform) 5 and quantization on the
prediction error signal. As a result, the inverse quantization and inverse transform unit 120 generates

and outputs podecotled predietion eraesiond al9e48 e derodpsbpredigtien emiergsignas differs from
the original prediction error si nalfi etgcfthe quantization error called 10 also quantization. noise. The
adding unit T58MA50 FANRISLEQ ﬁhd tigﬂae(fFébf%ﬂﬁ ENRS FrStib R s AP R dbtairt§e
reconstructeﬁ&gnab@e&bmsﬁwgm meagéer Id@a{deirad m&hhghmtthet@mpﬁéoiﬁw be'wvgﬂhﬂrre encoder
100 (image cading, ARparafiuah At e drgoder (e fecodiga prpacais). dhs cpnstleg 15

elements of ﬁwe m%arpoYatlon ?ﬁter 50, E[%16‘%Céi)ntra prediction unit _ otion compensated
prediction uniie3ib@ obtifiahd prediotsisigits baseausinge dsastRany islddauesty deidbded input

signal (decotled,sigpafhudyichis &nuimaLbOY i dhe Ssadsi OO Btk helespeler Due: the

guantization, quantization noise is 20 superposed to the reconstructed signal. Due to the block-wise

coding, the RIFHPESKEE Aoiseifer FREEIodRNd @A e GicS WHIEMBSIRL, iRTRAEENS for strong

quantizationMp pgiblerblpg havmelasiestinehe racansiricieddvageitimagetiadicatedbycthef
reconstructed signal). In order to reduce these artifacts, the 25 deblocking filter 130 performs
deblocking fﬁt%é%&aél d:%‘érw&%ﬂgtructed image block. The deblocking filter 130 stores the
reconstfucteD€igidl on whith ¢hérdeblqukérdjdittering hifs béén peeformeet adeditdesbdit sifnal in the

memory 140. [004 r de i by |ng; datar- images)
require prevfci%%y %Jck%gcggaﬁn%&%lﬁﬁgﬁ%%nﬂ?é@iézﬁa@c%?n%age im?ﬂ@kﬁg@%@ b%gtjﬁgeE c?erc%%ggédsignal).

emn
Temporal predfc 6o aMériY Reicich) ey b pe ﬁ@@ﬁ@&lﬁﬁﬁéﬁré’%mlﬁ@iE@f‘hﬁiH@%ﬁWﬁEﬁ\es

ordered in time befere thesclrrepiramedabehadadi R bire beionalyd @ pustedralseckames
35following the current frame. Uni-directional temporalé}]g‘rgr%iction -15- resultsfiéa inter-coded images

called P framBE (BXAERREY); AREbhisirReA6Rl BAfDr Bicfn PEEGRS I iRRH COdEPtMEges called
B frames (Bipigtiieshdnteeriesak amintiragnded image may be composed of any of P-, B-, or even

I-type macroblocks. An 5 inter-coded rohlock, (P-.or B- macrohlock) is predi oying the
motion comé@@sﬁ%d prediéﬁgg it f[f?gic ir t,sae Be% -r%ni;éﬁi"r%rg%gg iié ?o&%q#c%stﬁe'p ééluﬁr[rg‘l(]e% block
within the previmeslydioeletiand ide%:p&éiﬁfra’rﬂé&’ib}w@éiiﬁbm eRdsRBN unﬁm$.5d1ﬂf@ﬁ;‘:‘ﬂh% motion
compensateqd, Brediction ynit 160 o4tois-the, 10 besiinaielyag RIock fre AdEdFHOR RNl o f

Furthermore, the motion estimation unit 165 outputs, to the motion compensated prediction unit 160,

motion data th&: ARRIRESIRIJEARPRBERERT BEIREGT e EhiR AT BB BHIGIE HegPRERhing block
and is gigta haviag fhe theeeodimensienal fema onsrtenpatliaxiadye seatiatlip axes) withia the

resoluion o RAEHEE Misoe KLUt o U A GhE e PIEUEHR & 3oPr Bl or
quarter-pel rasalatione th afiter wdrdsythetingerpiolatian fikeg 180 inderpotitessbiepixeidinvhe
reference imﬁgﬁ‘hermo_re,.the intra prediction unit 170 outputs intra-prediction
mode information (not shown in FIG. 2) indicating the intra
25 prediction mode to the entropy coding unit 190. The entropy coding
unit 190 entropy-codes the intra-prediction mode information, and
outputs the entropy-coded intra-prediction mode information
together with the coded signal. The intra prediction unit 170
according to Embodiment 1 further performs the distinctive spatial
30 prediction aside from such processing. The distinctive spatial
prediction will be described [ater. '
[0047] Within the encoder 100, a decoding unit is incorporated
for obtaining a decoded signal (local decoded signal). In other
words, the encoder 100 includes the inverse quantization and inverse

35 transform 120 so that the decoding is performed according to the
14 -



20 Accordingly, the motion estimation unit 165 estimates a motion vector of sub-pel precision.
[0050]The transform quantization unit 110 performs orthogonal transform (frequency transform) on and
guantizes the prediction error signal indicating the differences between the current 25 input signal and
the prediction signal, in the intra- and the inter-coding modes, resulting in generation of the quantized

value that is-guantizedsaeticiets (raquaneyceetigientsyderneratiy an\ﬁéﬂg@g@mh gemaiorm such
as a two-dimensional discrete cosine transform ﬁm%@r an intege ver5|on thereqf |s e r\%a yed since

it 30 reducedftfe dotfLidthf BF TRE ntRYEI Yfued E\‘ﬁaerﬁ ATBY HE trafd requency
componentsagdfauaty (mm@grrggomqtmmnageraw&yrthah kigh Er&ﬂuqu@nd‘.mﬁﬂonmfts@o that

more bits ca pent for co the low f C

Component G PH S5, oAt LS e s T o e T S otz
values into ahé- @Lcmetdaaﬁnaonaﬂ ahay prasitalip nhigreemveigor is pdfornéé by b séhlled
7ig-229 SCafIG WNCh R W hEAGHR9efern 48 YpPBrRf ol dberue disensional

array and scans o- dlmenS|onaI arl;{g/ in a predetermined sequence ending with an 5 AC

coefficient |@tﬁ?@wiﬁe@ GEeEARD P bRy R thRAM-concentrated in the upper left part of the

two-dimensigygh BTptrix of quediciRIs.iresREBIIBL I Bertowver @ﬁaﬂleﬂiﬁﬁéyihérﬁgﬁza@scanning
results in an array whergélsually the last values are zeyo. This allow forg icient codln

run-length OAELNR! PR 16 ST ETTR e AAIa &Y Byt&%l%’a[ {Hh&Hh8le S % ransform
quantjzations tanit lqllﬁhﬂnmlatfmscafmmaantlfmmm\dhEGt@amrbé dcmﬁ"oﬂi@tﬁlsy theuaittizates parameter

(QP) and a custé)mézagle qu I;izag;%r}_ll t #{heﬂfé T ?é@[ﬁ%ﬂ" qg%‘ﬁléﬁtl ) unity} 19,selgcts one of

52 15 quanf?zaet arameters act oeffiCients to be quant zed or each macroblock. In

addition, a qmmzﬁr&rch%inﬁ!@@bdlf @éﬂ%ﬂ@é‘é@f&ﬂtdm@éﬁﬁéertalﬁ f@fﬁj@ﬁd‘lés Maretsdlrce to
avoid losing jmags 4y @%i@f}a'ﬂ@ﬂﬁ@éW@H@%@EM@?Q@Qz‘i@xﬁlﬁé@gé%\@dﬁééﬁ%@@? and

signalized together with the bitstream. 20 [0052] The bitstream (coded signal) includes two %mctlonal
layers, a VidsHicdtiRg E‘%Féﬁ@’f:d‘iﬂé%ei\le%ﬁSFWA‘Bgtra'i‘:ﬂaﬁL%E}éﬂNAr})eTk@Vﬁtﬁsﬁ es the

coding functipaalibhas Briethedenerirs ahioveriTiee NAD eahapstates ieidrotasinruelniends into

standardized units called NAL units accordln to their further 25 applicati nsmjssion over
a channel OP%I’I fn S'EB% 8”Th‘éqﬁ?(?rﬁ{§ X erﬁéﬁfihgiéo?orl (gnc?egﬁwe co%%cf%rzg:%tlon error

signal (codgsreidiad icTage) oa bﬂm@mméhm@m@mﬁfsuﬁ%mdﬁg ofedddd Mitleo image
(for example, tyne of prediglion <FyARIZ N ARRAMERIWANS MBIAR VSEteRR)- diesuare 100
and the decoder. Due to the quantization, quantization noise is
20 superposed to the reconstructed signal. Due to the block-wise
coding, the superposed noise often has blocking characteristics,
which results, in particular for strong guantization, in visible block
boundaries in the reconstructed image (image indicated by the
reconstructed signal). In order to reduce these artifacts, the
25 deblocking filter 130 performs deblocking filtering on every
reconstructed image block, The deblocking filter 130 stores the
reconstructed signal on which the deblocking filtering has been
performed, as a decoded signal in the memory 140.
[0049] In order to be decoded, the images coded by inter
30 coding (inter-coded images) require previously coded and
subsequently decoded image (image indicated by the decoded
signal). Temporal prediction (inter prediction) may be performed
uni-directionally, i.e., using only frames ordered in time before the
current frame to be coded, or bi-directionally, i.e., using also frames

35 following the current frame. Uni-directional temporal prediction
15 -



30 VCL NAL units containing the coded video image and the related information, as well as non-VCL

units encapsulating additional data such as parameter set relating to an entire coded video sequence,
or Supplemental Enhancement Information (SEI) providing additional information that can be used to

improve the decoding performance. 35[0053]The post filter design unit 180 designs post filter -17-

information, suelyRs filter gaatficierie for imawuinadhrdmage pualusbased it tiredpcodad signal
and the input signal, and outputs the post filter information to the entropy coding upit.190. The post
filter design GIEBLERNE khESTHRMRY IRERRETANid S8 B f tRe Hﬁg%&ﬂ‘%ggl MB&HgR). In other

WOI’SS, tue pest ]}@%%ﬁ%gﬂ@@l( B.86 ﬁemwpfsl thg I?@alb/rfé@p?dedﬁi@ﬂéd@;]@ddhmmma?mut _sigr)al
so that the epcoder etermines the post filter information. eneral, the r infgrmation is
information fEFaI?&mﬁog%gecggeFfby seq?ug ah Eﬁpr&ﬂriﬁg?iﬂegﬁgﬁg%o@ﬁi Egg%s%gfma i(ﬁ: may be
directly fhe filterecoeflidiettsronanotiiedkfotmation eBablimesenintpgp ihdFiltoreskficent®yThe post
filter informat] ich is . fl j i is al e eptopy coding unit
EAL1EYGRAS WP HhBY e ROA E}%ﬁﬁi%@%‘ﬂ%’f&&?&fa SodRd i the epirapy 60

190 in order nd inserted int 15[0054]FIG. 3 is a block diagram
illustrating alPeganprt6hindecbtrelotstnbe wh iffdgd AecHaiig epbaPiREactdrily tshe

Embodimentsl.oThg asoesn2e0dn andanpsaiysriaghdecades cornrdciigaat ganeratedbytthe

encoder 100, and includes an inverse quantization and jnverse transform upjt 220, an adding unit 225,
a 20 deblockirferrilter 80 e Mgty Q%OC,%WF?\%}BB@%H fiel %Bﬁaurﬂbl‘tig# @o%@ﬁ%%‘tgh%rediction

unit 260p an ingrerpradictiomunit23bkamintra/inteesidtib 275 grist filtéuz80eambas enttopy
decoding unit 290. The inverse. guantizati d.in transf: i t i it 225, the
deblocking filfeP 3(5', tﬁé%‘gﬁ%gj"g}rﬁ} %1(?‘ %?n?e%pﬁgi%dni%te?ggoﬁke% %%tigﬁ @éﬁ%%@%éd
prediction uriitr2gl¢ therintai pre@igrionaiin 2 7B Enthhé inddaatassteict X pepbreantesdme
processing as the Inverss AN Ao AN RIS LEABRIRFTHINE R2A M Selking i1 3 ihe

deblocking filter 130, the memory 140, the interpolation filter 150, the motion 30 compensated

prediction unitado ahERtd pretidivERRtaTal #f HrtARRrSMerial 325 n S SiRakiatd in the
encodes1005esppclivehn0058] Mererseeciicallyntherertropy depedinpzenit290mtidingion a
bitstream that is a coded i%n_al R%\put siglnal to the dﬁ(]Beder 200f). 35 Tl'ﬁ?eni;ro%/ 8 gcoodin ténit 290
entropy-decGfdd iR dudhifzda FiRgay gn (%!) ARt S ARG RS iNRSrhs NG ReRTs necessary
for decoding rstfeiras motioredata deadeiethpicdegen énd.oandstha pastdiltbr rdrnesidnitihe entropy
decoding unit 290 extracts, from the bitstream,.the_intra- iction mode informationsindicating the 5
type/mode o t}é sﬁ%iﬁﬁ%diﬁon%ﬁ%ﬁéﬁ? t%le ?Jrl%% tlggbﬁgﬁdeco ed a%&ﬂfgéres?a?& %hecgﬁ\?ropy
decoding unitrtGU pOtpLLe Ah8I b trddédi e pRdal@ ARodS A SIS NatioR & IRESAFE prediglon unit

270. The inversefjantiaationandiyese tEansiarpigRIt A0ohtgins deienartized vahrsmiranged in
a one-dimensional array, o
vector of sub-pel precision.
[0050] The transform quantization unit 110 performs
orthogonal transform (frequency transform) on and quantizes the
prediction error signal indicating the differences between the current
25 input signal and the prediction signal, in the intra- and the
inter-coding modes, resulting in generation of the quantized value
that is quantized coefficients (frequency coefficients). Generally, an
orthogonal transform such as a two-dimensional discrete cosine
transform (DCT) or an integer version thereof is emplioyed since it
30 reduces the correlation of the natural video images efficiently. After
the transform, low frequency components are usually more
important for image quality than high frequency components so that
more bits can be spent for coding the low frequency components than
those of the high frequency components. The entropy coding unit

35 190 converts the two-dimensional matrix of the quantized values into
-16 -



10 and inversely scans the quantized values in order to obtain a two-dimensional matrix. Furthermore,
the inverse quantization and inverse transform unit 220 performs inverse quantization and inverse
transform on the quantized values to obtain a decoded prediction error signal corresponding to a
difference obtained by 15 subtracting the prediction signal from the input signal of the encoder 100.

[0056]The aglding ugitseR ABtRINSAREgdictigr A from- taeriBedratios pepRstaRIEdRrediction
unit 260 or the intra prediction unit 270. The intra/inter switch 275 Wléch etw&gfé] 20 the temporal
prediction p@rﬁﬁﬁf@fi&ﬂtﬁé%&ﬁ&@rﬁﬁéﬂgatm%%iﬁ)"r{:%ﬁ?f'ﬁéot frd B&HLIG Rl dfictibn

performed bykeipa predictionrueit 230. theotbarovdidse prsidintonasrawitehed acamdingh® switching
information for signalizing.the prediction applied he encoder The switching | jon further
25 incIudes{mgﬁgﬁmﬁ&%ﬂ@cgga& ¥8r r@&%%éée(fﬁ)@Tp]%%eicst%c?f]%t?/pe?n%g tca e{%i%ﬁ?éﬂprediction
(intra-pEedictiGh coadfé aitormatiort) calmnErmagon dateniathe Sasthef Moo Yoimgatisiaedprediction.
Depending t i [ lation_of: Rl ded in
order 10 per e T b e T Th e o by e

interpolatiorciedf ZBONTHe 8dIRFDAIR dPBhd tHacdemden FrefsRneddr ShRalBHESatial

domain to the-predigiprsigned obtained qitieniwarehe suehiop erengssaiedipsedicior8hd.260 or the
intra prediction_ unit 270. 35 [0057]The deblocking filter. 230 obtains reco#wstructed - 19- é age

th
(reconstruct®l SigAHS WistalREd B HE BHdRRE B S the! YEbISTRAG filt&l g o thEinPJ&, and
stores| the resyitiagadeceded:zignal iatheopenuny 249. The decoded signal is applied to the temporal

tial pregdictiqn of the fallowing blocks. T, i 80 obtai t filtey i tion f
cetting up L0 GG, The KOS THEN S tneh e oS e Hoe L 2 e e e
order to furteen frhpysve sita iemage yaalitiz Xcoordivghicihne iBpot sighal GRRIsMEEodEY sighal is
decoded, and iR decerigErUie QUIRY 85 1 ORI sianAl kD (AR Ao ieepiagessing

performed by the intra prediction units 170 ahd 270 according to Embodiment 1 will be described in

detail. [0059]R)problEReukERNFHR] e BrBBRIAANENRON BTbadddors fHE TissePRftioR that4he
efficiensy ofj{ia ApAtiaiGRraberesicion ks applieddoran imegetaed Videsomting sartbe inereased by

mproving quantized, for each macroblock. In addition, a quantization matrix
is specifically designed to keep certain frequencies in the source to
avoid losing image quality. Quantization matrix can be adapted to

the coded video sequence and signalized together with the bitstream.

20 [0052] The bitstream (coded signal) includes two functional
fayers, a Video Coding Layer (VCL) and a Network Abstraction Layer
(NAL). The VCL provides the coding functionality as briefly
described above. The NAL encapsulates information elements into
standardized units called NAL units according to their further

25 application such as transmission over a channel or storing in storage.
The information elements are, for instance, the coded prediction
error signal (coded video image) or other information necessary for

the decoding of the coded video image (for example, type of
prediction, quantization parameter, and motion vectors). There are

30 VCL NAL units containing the coded video image and the related
information, as well as non-VCL units encapsulating additional data
such as parameter set relating to an entire coded video sequence, or
Supplemental Enhancement Information (SEI) providing additional
information that can be used to improve the decoding performance,

35 [0053] The post filter design unit 180 designs post filter
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the precision of the edge detection and subsequent prediction. On the other hand, improving the edge
detection and prediction requires more computational power and applying more complex operations
such as divisions.This may cause difficulties in efficiently 20 implementing such more complex
approaches.For instance, employing only integer arithmetic for image processing speeds up the

coding and degcoding.and enables efficient impl ] op ge e arac rs, digital
signal proce's%f)orgfn o%rfifwagﬁec%glf:j‘édao% pﬂ%égmﬁégéﬁéﬁvaiﬁHg%gW%%rﬂji%gqgﬁ%t ée
25precision gtithiétintehars egecionb sudieas daultigligaivnaatt §vsidne Haysidkiblo odBHlows

and/or decr%ﬁﬁlﬁ@e@ﬁ@%g%‘%%lmrﬂ?faﬁiﬁ]&f?@ﬁet@ecﬁee%@a periasaansesfitha 9o.

intra-prediction, the mtra&rﬁ? iction units 170 and 270 loy an improvedintraprediction.Inparticular,

em
the improved 36 RR&LJicBEIER 7B UN eddtldeRR AN B5 RaRUEIE. aiNFREBAi6R bdtveen a
block bgundayr (e a plnlitytpbthem)srd the sdgecdetediedan glomiopas, Tiheiniersestioarmay be at

CormespondiAE SR b RSP TAFebaHY ESESit BONARALE ThATY 10FRY inra

prediction - 2Aputnigsglvdi and 2_&03¢amhﬂorer&ftbmiemly1@érfaﬁ&tmm’dimioﬂaesmiﬁl prdthetion with

lo-complex . semipayisoridhe jayoiiecisige REPdFariRRRIdn AL ArRRRBIgeneral
for allowing a decoder to set up an appropriate filter. The post filter

10 information may be directly the filter coefficients or another
information enabling setting up the filter coefficients. The post
filter information, which is output by the post filter design unit 180 is
also fed to the entropy coding unit 190 in order to be coded and
inserted into the coded signal.

15 [0054] FIG. 3 is a block diagram illustrating an example of a
decoder 200 that is an image decoding apparatus according to
Embodiment 1. The decoder 200 is an apparatus that decodes a
coded signal generated by the encoder 100, and includes an inverse
quantization and inverse transform unit 220, an adding unit 225, a

20 deblocking filter 230, a memory 240, an interpolation filter 250, a
motion compensated prediction unit 260, an intra prediction unit 270,
an intra/inter switch 275, a post filter 280, and an entropy decoding
unit 290. The inverse quantization and inverse transform unit 220,
the adding unit 225, the deblocking filter 230, the memory 240, the

25 interpolation filter 250, the motion compensated prediction unit 260,
the intra prediction unit 270, and the intra/inter switch 275 perform
the same processing as the inverse gquantization and inverse
transform unit 120, the adding unit 125, the deblocking filter 130,
the memory 140, the interpolation filter 150, the motion

30 compensated prediction unit 160, the intra prediction unit 170, the
intra/inter switch unit 175 that are included in the encoder 100, :
respectively.

[0055] More specifically, the entropy decoding unit 290 obtains
a bitstream that is a coded signal (input signal to the decoder 200).

35 The entropy decoding unit 290 entropy-decodes the quantized values
-18 -



5determining a gradient vector field (gradient vector or gradient field) of the image (between pixels). A
gradient vector is larger on an edge and is perpendicular thereto. One of the most popular approaches
to detecting the gradient field is convolution of the image with the vertical and horizontal Sobel
operators. The operators are 10 expressed by the following masks (Equations 1 and 2). [0062] [Math

1] (Equatio [0063] 15[ -2 uai In i a ! i t
coordinate Cejcr}t?éea? co%é%réte%&%éal%%d .ﬂ?ﬁ@ E%'?(? él hcﬁ%&%&%adﬁfrﬁ%c%?ﬂﬁ%ﬁgtg r
(horizontal CRECIRENG ST Z6h I eHBLB) TH 0% QRASHEHINE BEEv)aDE tHed 89Elined by

filtering the RixelRctrap isRilhe. vertical Seelpyask Sxand the horgonsslisebes NTaskSyne
respectively. Many applications employ a Sobel operat(a'éor_ o%t)ainin the gra ien(tatfield. owever, the

present inveH ik RaiB lirkit8d 16 HaekiRg HdYradBRifeld B H@éﬁ.éod? tHE €558 28 opaFator. In

general any\pslggrAeigstiait method thti aropideditigorl applied to the block to be
decoded as necessary. The entropy decoding unit 290 outputs the
extracted intra-prediction mode information to the intra prediction
unit 270. The inverse quantization and inverse transform unit 220
obtains the quantized values arranged in a one-dimensional array,
10 and inversely scans the quantized values in order to obtain a
two-dimensional matrix. Furthermore, the inverse quantization and
inverse transform unit 220 performs inverse quantization and
inverse transform on the guantized values to obtain a decoded
prediction error signal corresponding to a difference obtained by
15 subtracting the prediction signal from the input signal of the encoder
100. |
f0056] The adding unit 225 obtains a prediction signal from
either the motion compensated prediction unit 260 or the intra
prediction unit 270. The intra/inter switch 275 switches between
20 the temporal prediction performed by the motion compensated
prediction unit 260 and the spatial prediction performed by the intra
prediction unit 270. In other words, prediction is switched
according to switching information for signalizing the prediction
applied by the encoder 100. The switching information further
25  includes the information necessary for predicting (i) a prediction type
in the case of intra-prediction (intra-prediction mode information},
and (ii) 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
30 compensated prediction. This interpolation is performed by the
interpolation filter 250. The adding unit 225 adds the decoded
prediction error signal in the spatial domain to the prediction signal
obtained either from the motion compensated prediction unit 260 or
the intra prediction unit 270.

35 [0057] The deblocking filter 230 obtains the reconstructed
-19.



gradient field may be employed. For instance, masks with other sizes than the Sobel operator may be
used such as 2 x 2 or 4 x 4, or even larger masks may be used. The selection of the particular mask
depends on the desired results. Employing larger masks may 5 add on precision of the edge detection
and suppress detection of small local edges, but on the other hand, it increases the computational

complexity. Alterpati k r h m e for tign, such as a
Scharr operclslrt]ﬁ)(?r"],é;)gr1 gpﬁg:a?@r%é%ggég%%or%h ﬁg ééfc?eféiglgaltrﬁ\;éea";@5[%%‘%5%%&0‘%&&%%&%&
coordinate Gheahelakingofizbatangoonlitate iGladahegaEEar s ey pRialiner pireRGrblocks

surroundingdhgnaipain (448 Rigiiry afrminant graiiesli @ dngHBRNLeegn ROt gaRHe

determined. A"dominant edge vector {simply referred to as edge) E with the horizontal coordinate 15

(horizontal CEPPBAEAISY) ERRAH 3h® (RichId Sl plrikHl edHRents] B RerbpdhRTcular to
the gradjent yegtasKeaGrosrepRORBEIYI I the SizRs-of edfeental kompaenenis Sx e theg/ertical

fth i d d .Sl f hari I di G d
vertcal oracldlk PSS TEEARE NER ATEH o DRhAS) T LRIt LB G etk
Typically, theidorainant@diferfdthie ctivent mmombmemmim@winedm@mﬁn@ﬂge with a
maximum naf e et edas{edase hehevedaRd"a SHEPTS kieedos) 'aireeerkiae cdusg block

However, other m _@o ay be used as well, fc nstance, taking a weighted average of the
edges, or theasdyé threutitptdetsctet for EPvbjdiay 8f-pixels, etc. [0066]It should be noted that the

calculatipn afrgagient is notrpecessarilyqeviormae fusall pixels ofihenaeincesy biasks (peighboring
blocks adjacent to the current block to beﬁﬁredlcted n general, it j[s agvantageous Ilﬂ qg?%/ calculate
e

) i ] .30 |r
the gradient RERHF FP Pixeid teat i BOGh IR s HHEREHEGhBEr %‘?%?er}t 't ck to be
interpolated dewteridtbck tadagspiredicted). By calculating the gradient vector only for a subset of

pixels in the adj t block ,the complexity is reduced. In particular, the ns
directly adjaféjé?’%fhe curr ﬁ%BEfE%ﬁ%ﬁ% nﬂ% Hm%ﬁ;sr}tﬁteedj for égpnplﬁ'ic!:é?{\ogr% g%%aﬁ‘gg/bcglgrggéﬁ (or other
gradient veotor tletectiraemssiis)rsitivetthearefficionizy oyt parsaptvetiaithe adpdieiionck.

Therefpge, Eé‘?@f?é’éy £ %ﬁ‘%‘%ﬂ%‘g} anghoy {1 BRAATHEP W0 SALURB I RIXRISRAIRGBRLIP e current

clock are u o calculate the %j?dient vector. However, the present invention’is not limited thereto

and other pikBR Rree sfaceft HIGcRARE Hetaddonr aal PBIRISRBYR M HEHediddBn, only the
edges enterigete ek &n e nesieietharent imnestanae dhidhesios eetestiandieae g thes
DoLndaries oo e e ek S ISR 21158 SRRSO LS hlhtrates iRl veetor
and its projel@fdis P P PP
such as divisions. This may cause difficulties in efficiently
20 implementing such more complex approaches, For instance,
employing only integer arithmetic for image processing speeds up
the coding and decoding and enables efficient implementations on
general purpose processors, digital signal processors, or in
specialized or programmable hardware. However, depending on the
25 precision of the integer, operations such as multiplications and
divisions may lead to overfiows and/or decreased precision.
[0060] In order to increase the prediction performance of the
intra-prediction, the intra prediction units 170 and 270 employ an
improved intra prediction. In particular, the improved
30 intra-prediction relies on edge detection and calculates an
intersection between a block boundary (or a plurality of them) and
the edge detected as dominant. The intersection may be at a
sub-pel position, and the interpolation is performed based on such a
sub-pel position. A corresponding example of intra-prediction

35 method is disclosed, for instance, in PTL 1. The intra prediction
- 20 -



Ex and Ey (corresponding to gradients Gy and Gx, respectively) into the orthogonal axes X and Y.
FIG. 46 shows a raster of a 4 x 4 pixels of the block to be extrapolated (predicted). In particular, white
15 circles and a black square 440 represent pixels of the block to be extrapolated. The black square
440 represents a current pixel p(x, y) whose value is to be extrapolated in an example below.
Orthogonal gxi % g t f gﬂl ng,toa.b &T lock to be
predicted onB?i‘sPE %é%s?gg ?g p?éﬁs@%%gg@vcgre [ us?rgfﬁ %% gltg%ké?ripgng éﬂ;ﬁ: §rp %Egt@%iﬁles. _
Orthogonal BxEAYCldads thigiigh an @t MgHEdiYmn o pixetd BElsHERRY to aWisbk adfééent to the

block to be predicief:o H8 Mt gidenbhe pixels st ihgceemn are illustrated as black circles. [0069]An
arrow 430 illustrates the edge detected as a 25 dominant edge (dominant edgga\:/éegc{ﬁgff %ntering the
t t

block to be pRifctdd. A dalRe@EREAILSASBSElY BxFAbdlFieS e BaMINR & current
pixel p(3, y) dEhedaminagtzcdge & enters the bfogkitd deaprrdicted et an @nglead mtrec Subidgl 450
between two fu]l-pets (integeyr,pel) 410 and 420 (illustrated as two black triangles). 30 The_sub-pel 450
needs to beqﬁtérﬁ%lééa%gséﬁeo i?se@ispa{ﬁgistz)'ea%h %ﬁﬁ%‘%\pv (\:"Igg%eg{ f&ﬁ.%%@f{o%ﬁdajgo_
[0070]In orded gepreservéstheshpamesy, jsositiieeeid. dirétien of thehedge asfapagpdssible, the
current pixe IS ext a ireckon thevaluessr fath gt 3gthe full-pels
410 and 42&?%0@1??!\%%3 E}%E’%é r&?ﬁ’%ﬁaﬁ %ﬁgg? reggs(‘)%d%bjgﬁo% 3)5 [0072]I-!|ere,gw./ and w2
are weights WilichhérevgrdfsiabRriteatines se e Bal tRO 8IFARES fron R OREIRER ISRl Ib-pet)
450 tq gachef tha dyb-gats 40and AR digsraaswaqa Hiah the point £6,@) ligs near to the top left
corner of the block to be predicted. In Equation 3, the value multiplied by the weight w1 of the first right
10 side indi&8%the pixel value of the full-pel 420, and the value multiplied by the weight w2 of the
second right sidérindicates the pixel value of the full-pel 410. Furthermore, 6x indicates a positive
value when an edge is along a direction from the upper left to the lower right as the edge 430 as

illustrated in FIG. 46. Hurth rmor@hﬁ X indicates a negative value when an edge is along a direction
from the upper right tojthe léwer [eft. Far ihstance, the weights 14/1 and w2 may be calculated as
Equation 4 belqy. [0073]
$=2 0 2
-1 0 1
" " (Equation 1)
[0063]
15 [Math 2]
-1 =2 -]
S,=[0 0 0

(Equation 2)
100641} In particular, a vertical gradient vector coordinate
(vertical coordinate or vertical gradient) Gx and a horizontal gradient
vector coordinate (horizontal coordinate or horizontal gradient) Gy in

20 a particular pixel p(x, y) are then obtained by filtering the pixel
p(x, y) with the vertical Sobel mask Sx and the horizontal Sobel
mask Sy, respectively. Many applications employ a Sobei operator
for obtaining the gradient field. However, the present invention is
not limited to detecting the gradient field by means of the Sobel

25 operator. In general, any edge detection method that provides the
-1 -



[Math 4] 201 = rex] ox and 14/1 = Ox - Li5x (Equation 4) [0074]Here, Ox is distance between the X
coordinate of the current pixel 440 and the X coordinate of the intersection 450. The 25 operator
indicated by Expression 5 denotes the "floor" operation, which returns for a real operand its nearest
smaller integer (in this example equal to 1). The operator indicated by Expression 6 denotes the "ceil"

10075) (Vb e oS P A ) Hr e &) 00 A e Bk e BE G, s,
the slope k ofi#es ddgadBoenzyiel eikanated 48 B baite 2 bSYRN [8678]% 2 or 4 X 4, Or
~even larger masks may be used. The selection of the particular
mask depends on the desired results. Employing larger masks may
5 add on precision of the edge detection and suppress detection of
small local edges, but on the other hand, it increases the
computational complexity. Alternatively, masks other than the
Sobel mask may be used for edge detection, such as a Scharr
operator, or operators based on higher derivatives.

10 [0065] After obtaining the vertical coordinate Gx and the
horizontal coordinate Gy of the gradient G, for a plurality of pixels of
blocks surrounding the block to be predicted, a dominant gradient or
a dominant edge vector can be determined. A dominantedge vector
(simply referred to as edge) £ with the horizontal coordinate

15 (horizontal components) Ex and the wvertical coordinate (vertical
components) Ey is perpendicular to the gradient vector G.
Correspondingly, the sizes of the horizontal components £x and the
vertical components £y of the dominant edge vector E correspond to
the sizes of horizontal gradient Gy and vertical gradient Gx,

20 respectively (for instance, £x = -Gy, £y = Gx for a counter-clock
rotation). Typically, the dominant edge for the current block to be
predicted is determined to be an edge with a Eﬁaximum norm out of
edges (edges that overlap the current block) that intersect the
current block. However, other methods may be used as well, for

25 instance, taking a weighted average of the edges, or the edge
direction detected for a majority of pixels, etc.

[0066] It should be noted that the calculation of gradient is not
necessarily performed for ail pixels of the adjacent biocks
(neighboring blocks adjacent to the current block to be predicted).

30 In general, it is advantageous to only calculate the gradient vector
for pixels near the boundaries of the neighboring block adjacent to
the block to be interpolated (current block to be predicted). By
calculating the gradient vector only for a subset of pixels in the
adjacent block, the complexity is reduced. In particular, the rows

35 and/or columns directly adjacent to the current block are not
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[Math 7] 10 [0079]Thus, the distance Ox may be calculated as Equation 8 below. [0080] [Math 8] y
Ex 5x Ey (Equation 8) 15[0081]Thus, the calculation of Ox requires a division. In general, for each
pixel of the block to be predicted, the distance Ox from the X coordinate of the pixel to be predicted to
the X coordinate of the intersection between the edge and the row of pixels of the top neighboring

block (i [ [ 2d_he [ [ [ i
calculated JHRCL N ER PR b 210 el & e el Rl o e L hron e 440 i,

y) is predictge Ech{R gy reasiksdxs 0) chlidrenisaiktiaothsi cament pieliady @essilebvaiiR of the
current pixel 449) is-extrapelated a8 alipef thednisrolated sub-pelAse: 25{AP8RIAGRREing to
Embodiment 1, all the above parameters are typically integer values with a given precision and the
operations nearest row or column of pixels adjacent to the current c{ock are
5 used to calculate the gradient vector. However, the present
invention is not limited thereto and other pixels in the adjacent block
may be used as well.
[0067] Moreover, for the prediction, only the edges entering
the block to be predicted are of importance, thus edge detection near
10 the boundaries also reduces the risk of detecting a false edge.
[0068] FIG. 4A iliustrates the edge vector £ and its projections
Ex and Ey (corresponding to gradients Gy and Gx, respectively) into
the orthogonal axes X and Y. FIG. 4B shows a raster of a 4 x 4 pixels
of the block to be extrapolated (predicted). In particular, white
15 circles and a black square 440 represent pixels of the block to be
extrapolated. The black square 440 represents a current pixel p(x,
y) whose value is to be extrapolated in an example below.
Orthogonal axis X leads through a bottormn row of pixeis belonging to
a block adjacent to the block to be predicted on its top side. The
20 pixels of the row are illustrated as black triangles or black circles.
Orthogonal axis Y leads through an utmost right column of pixels
belonging to a block adjacent to the block to be predicted on its left
side. The pixels of the column are illustrated as black circles.
[0069] An arrow 430 illustrates the edge detected as a
25 dominant edge {dominant edge vector) £ entering the block to be
predicted. A dashed arrow illustratively extrapolates the dominant
edge up to the current pixel p(x, y). The dominant edge £ enters the
block to be predicted at an angle « at a sub-pel 450 between two
full-pels (integer pel) 410 and 420 (illustrated as two black triangles}.
30 The sub-pel 450 needs to be interpolated based on its distance to
e.ach of the two closest full-pels 410 and 420,
[G6070] In order to preserve the sharpness, position and
direction of the edge as far as possible, the current pixel 440 is
extrapolated along the edge direction based on the values of both of
35 the full-pels 410 and 420.
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applied are integer operations. For instance, parameters Ex and Ey may be represented by
corresponding 8 bits long variables. In such - 25 - a case, the distance Ox is also calculated using
integer arithmetic by performing an integer multiplication y x Ex and then by dividing the result by Ey.
In integer arithmetic division, the result is also an integer, thus, the integer division may slightly reduce
the precisio rg Igf‘fneral, the reduction of precision gets higher for smaller values to be divided (y x
Ex) and forg; Qte alues of a divisor (Ey). [0083]In order to reduce the number of operations
performed foripeddiclihg a block of pixels as described above, the number of divisions to be performed
is reduced by calculating first the slope k of 10 the edge E which is comme#n for all pixels of the block
to be predicted.p(@scygm:atwgo}ﬁk iswtéﬁﬁ ar}sd*a’ﬂz’gwig?{@’er-sl gﬁf(x@}nt(Ex/Ey) with a
predefined precision. The computed integer slope K is then used to calculate the distance 5x for the
current pixel(tgf}l)gdag@g{cg?d as Equation 9 below. 15 [0084] [Math 9] -y ()EXEy(Equation 9)
[00851Here, the notation "It" emphasizes trg fact that the op rEmd IS an H\tegqrer Wi'[rh ‘a,leorrggfefined
precisioﬁ. AJ(Q)Q(Yi%éIy, the 2050Risidh eﬁ}B yg‘éefoﬁr@oﬁ%%'t tHe gfﬁﬁ% S nﬁ/ doer?orme dnce for
the entire blapkiefrpixels do hesarédinted hiotdsiven inecthe Yheodrdiease ofia pixel ud bpgljedicted
remains the e.inth me row. of nixels, st nly Qﬁ@&: e per row
of pixels in tr?é%goié% tg%dé’?}ﬂcg&ﬁ%"étgg} g;%eédggd%ST%SQgrgéisigﬁ E%jfﬁgsmteger Ei%cgﬂg selected
according to pieénin pladehiagdreamniitobirehent efyass neF PEHIRE BeltLawhR T ditt @specially

inImage progasgigsings HecHLyNsel FOTIBRIREES BUetRIESAINSABPIALYVSS pilstiowever

the precision may be also higher such as 12, 16, or any other number gf 30 bits, qr even If)wer than 8
bits. [ObB6]HOWEY R HERSRRING henhtehel BNISIORTEXE) HHN il $éPbIcRR dntl el BbtSining
row-wise therglistersiee@xpayteadveight w, of the second right side indicates the

pixel value of the full-pel 410. Furthermore, dx indicates a positive
value when an edge is along a direction from the upper ieft to the
lower right as the edge 430 as illustrated in FIG. 4B. Furthermore,

15 &x indicates a negative value when an edge is along a direction from
the upper right to the lower left. For instance, the weights w; and
wz may be calculated as Equation 4 below.

[0073]
[Math 4]

w, = |6x |- ox

20

and

W, = O0X — Lﬁx_]

2 5 : (Equation 4)

[0074] Here, 6x is distance between the X coordinate of the

current pixel 440 and the X coordinate of the intersection 450. The
25 operator indicated by Expression 5 denotes the “floor” operation,
which returns for a real operand its nearest smaller integer (in this
example egual to 1). The operator indicated by Expression 6
denotes the “ceil” operation, which returns for a real operand its
nearest greater integer (in this example equal to 2).
30 [0075]
[Math 5]

.24 -



- 26 - to reduction of the precision with respect to the solution in which the integer multiplication y x Ex
is performed first and then the result is divided by Ey. This is caused by the fact that the number Ex to
be divided is smaller. Moreover, the subsequent multiplication of the 5 integer slope by the coordinate
Y results in further multiplicative increase of imprecision differently for different rows. In particular, the
precision wil| be;lower for higher values of y. [0087]In order to further enhance the precision of the
computatlonL;ile still keeping the advantage of a single division per 10 block, the integer slope is
obtained by iplying the nufagrrteskécdiviled by a scaling factor 27, as indicated by Equation 10,
where c is @@Fr Oxbiock denotes an integer slope obtained by multlplylng a scaling factor. [0088]
15[Math 10% Ey (Equation 10) [0089]Advantageously, c is a positive integer. The value of ¢ may
be, for instaifdé@tin® Value such as a value between 1 and 4. However, other values are also possible.
The particul lue may 20 be selected taking into account the block size. For instance, a possible
value for c }’ be 4. The Iar est block size is 16 x 16, resulting in the highest value of y being 16 (24
=16). Similarly, the value of ¢ Wé@l@ﬁf%lf@ 4 x 4 could be 2, and the value could be 3 for blocks of
size 8 % 8. Thyg mpitiplicationsiscaauivalericn shiffiiG. 4B, the slope k of the edge 430

may be calculated as Equation 7 below.
f0078]
[Math 7]

By
Ex  ox

k=tan(a) =
(Eguation 7)

10 [0079] Thus, the distance dx may be calculated as Equation 8
below.
[0080]
[Math 8]

5o DEX - BEx
E}} (Equation 8)

i5 [0081] Thus, the calculation of dx requires a division. In
general, for each pixel of the block to be predicted, the distance dx
from the X coordinate of the pixel to be predicted to the X coordinate
of the intersection between the edge and the row of pixels of the top
neighboring block (intersection to be interpolated between pixels in

20 therow)is computed. Based on the calculated distance dx, then the
current pixel 440, that is, the pixel vaiue of the current pixel 440 p(x,
y) is predicted as p(x, y) = p(x-8x, 0), which means that the current
pixel 440 (the pixel value of the current pixel 440) is extrapolated as
a value of the interpolated sub-pel 450.

25 [0082] According to Embodiment 1, all the above parameters
are typically integer values with a given precision and the operations
applied are integer operations. For instance, parameters £x and Ey

may be represented by corresponding 8 bits long variables. In such
25



25 to the left, c bits of the number Ex to be divided. This enlarges the value to be divided and, thus, the
division by the divisor Ey will gain on precision. The distance x can then be obtained as Equation 11
below. [0090] 30 [Math 11] (Equation 11) -27- [0091]Here, the respective weights 1/4(3 and w2 can
be calculated as Equations 12 and 13 below. [0092] [Math 12] [0093] [Math 13] (Equation 13)

[oooalAltemaryely, the ieaReive WSIoR I g M SRa b AP irHaled A5 Fale B9 and 15
performing an integer multiplication y x Ex and then by dividing the
result by Ey. In integer arithmetic division, the result is also an
integer, thus, the integer division may slightly reduce the precision.

5 In general, the reduction of precision gets higher for smaller values
to be divided (y x £x) and for greater values of a divisor (Ey).
[0083] In order to reduce the number of operations performed
for predicting 2 block of pixels as described above, the number of
divisions to be performed is reduced by calculating first the slope k of

10 the edge £ which is common for all pixels of the block to be predicted.
The calculated slope k is to be stored as an integer siope K =
int(Ex/Ey) with a predefined precision. The computed integer slope
K is then used to calculate the distance dx for the current pixel to be

predicted as Equation 9 below.

15 [0084]
[Math 9]
_ .| Ex
éff ::_}f*llft :E?“
Y (Equation 9)
[0085] Here, the notation “int” emphasizes the fact that the

operand is an integer with a predefined precision. Accordingly, the
20 division employed for computing the slope is only performed once for
the entire block of pixels to be predicted. Moreover, since the Y
coordinate of a pixel to be predicted remains the same in the same
row of pixels, the distance dx only needs to be calculated once per
row of pixels in the block to be interpolated (predicted). The
25 precision of the integer is typically selected according to the
implementation environment. It may be, for instance 8-bits, which
is usual especially in image processing since the input pixel
components are also typically samplied with 8 bits. However, the
precision may be also higher such as 12, 16, or any other number of
30 bits, or even lower than 8 bits.
[0086] However, performing the integer division Ex/Ey only

once per block and then obtaining row-wise the distance dx may lead
-6 -



[0095] [Math 14] w2X(2e(Equation 14) [0096] 15 [Math 15] W114,(Equation 15) [0097]Here, the
operation """ denotes shifting c bits to the right, which corresponds to rescaling back by dividing the
result by the applied scaling factor 2. The operation " denotes shifting ¢ 20 bits to the left, which
corresponds to multiplying by the scaling factor 2. The operation '&" denotes the bit-wise logical
operator "A

the factor 2° torﬁé ng‘ﬁ% The éﬂ% %lﬂ ; esu ‘?@%e‘é@ TStiftesh a4 gig scaled by

o |na € app ed s actor 2 must be done after
25interpolatiovied trersubtpelica mmmrﬁs, 1@1@@5@ rralad fngle @Uﬁ*éihfﬁfkéh@(i,%ldérf%e

calculated ag;Gouaton1 & helow QORI IR 6y A diva PECHEX thre hilinbe?) X 5 #e " C
divided is smaller. Moreover, the subsequent multiplication of the
5 integer slope by the coordinate Y results in further multiplicative

increase of imprecision differently for different rows. . In particular,
the precision will be lower for higher values of y.
[0087] In order to further enhance the precision of the
computation while still keeping the advantage of a single division per

10 block, the integer slope is obtained by multiplying the number to be
divided by a scaling factor 2°, as indicated by Equation 10, where cis
an integer. 8Xpnock denotes an integer slope obtained by multiplying
a scaling factor.
[0088]

15 [Math 10]

5 2° - Ex
block Ev
3 (Equation 10)
[0089] Advantageously, ¢ is a positive integer. The value of ¢

may be, for instance, any value such as a value between 1 and 4.
However, other values are also possible. The particular value may
20 be selected taking into account the block size. For instance, a
possible value for ¢ could be 4. The largest block size is 16 x 16,
resulting in the highest value of y being 16 (2% =16). Similarly, the
value of ¢ for blocks of size 4 x 4 could be 2, and the value could be
3 for blocks of size 8 x 8. This rmultiplication is equivalent to shifting,
25 to the left, ¢ bits of the number Ex to be divided. This enlarges the
value to be divided and, thus, the division by the divisor Ey will gain
on precision. The distance dx can then be obtained as Equation 11
below.
[0090]
30 [Math 11]
OX = Y OX pog (Equation 11)
27 -



(Equation 16) [0100]Here, the offset 2c-1 serves for rounding the final value to the nearest integer. In
the case where the precision of the value 5 Ex has been increased beforehand by multiplying it by 2P ,
p being an integer (6 is a good value), the increase of precision through the factor 2" has for only
purpose to divide by V the error introduced through the multiplication by y. For example, the value of
the integer s|ope.is obtained by Equation 17 below, 10[010119&%ath 17] alCb|ock ZcéEx << p) By
(Equation 17[)({)8?(3@]Here, t Elf:'s'tan%é x'GPHEH e oBtl%et 2s BduatiBy 18l \ﬁ.nﬂfgee?rror
introduced threligh dbe dligisi®y apdiation 12 1&mdultipliedibyw/2” and the distance 5x is scaled by the
factor 2P. T acgail g is necessary to calculate the distance in integer arithmetic while keeping the
possibility to*have a sub-pel position for the intersection. [0103] 20 [Math 18] SX=(YSXb/k + 2 c-i)
>>(Equation[183 {0102]The weights w1 and w2 can be obtained as Equations 19 and 20 below.

w, = («5}: + 2")5:>> f:)<:~:i f::)-m Ay
_ (Equation 12}

[0093]

[Math 13]

w, = & —{(&x >> cr) << »:::)

=

{Eguation 13)

[0094] Alternatively, the respective weights wl and w2 can be
10 calculated as Equations 14 and 15 below.
[0095]
[Math 14]
Wy = ox & (2° -1) (Equation 14)
[0096]

15 [Math 15]
wy = 2° —~ w, .
(Equation 15)
[0097] Here, the operation “>>" denotes shifting ¢ bits to the
right, which corresponds to rescaling back by dividing the result by
the applied scaling factor 2°. The o;ﬁeration “< <" denotes shifting ¢
20 bits to the left, which corresponds to multiplying by the scaling factor
2¢. The operation “*&” denotes the bit-wise logical operator "AND",
[0098] The values of 0x and the weights w; and w»> are
non-shifted and are scaled by the factor 2°.  The right shift to divide
the final result by the applied scaling factor 2° must be done after
25 interpolation of the sub-pel. In other words, the pixel value of the
current pixel p(x, y) can be calculated as Equation 16 below.
[0099]
[Math 16]
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[0105] 25 [Math 19] 14)= Lx & (2 P [0106] [Math 20] (Equation 19) = 2p)(Equation 20) [0107]The pixel
value of the current pixel p(x, y) that is a prediction value can be calculated as Equation 21 below.
[0108] 5[Math 21] p(x, y) = (11,1 - per -> p ,0V2 - p(x -2P) " p),0) 2P-1)p (Equation 23) [0114]In such a
case, c is equal to 8 for Ex equal to 1, cis equal to 1 for Ex equal to 128, and c is equal to O for Ex
equal to 256. If more bits are available in the system, one could define the followinﬁgﬁ function of

Equation 24 behis YO ELEF[MELF 2416 = cMlog ByERGEtOH gy 2°) >> c)0}+ 27 ) =» ¢
(Eguation 16)

[0100] Here, the offset 2! serves for rounding the fina! value
to the nearest integer. In the case where the precision of the value

5 FEx has been increased beforehand by multiplying it by 27, p being an
integer (6 is a good value), the increase of precision through the
factor 2° has for only purpose to divide by 2° the error introduced
through the multiplication by y. For example, the value of the
integer slope is obtained by Equation 17 below.

10 [0101]
[Math 17]
5 2° - (Ex << p)
Bleck ™ '
Ey
(Equation 17)
[0102] Here, the distance dx can then be obtained as Equation

18 below. The error introduced through the division operation is
15 multiplied by y/2° and the distance 0x is scaled by the factor 2. The
scaling is necessary to calculate the distance in integer arithmetic
while keeping the possibility to have a sub-pel position for the
intersection.
_ [0103]
20 [Math 18]
+R = : c-1
ox =(y-&x,. ., +27 )>>¢ Eauation 18)
[0104] The weights w; and w; can be obtained as Equations 19
and 20 below.
[0105]
25 [Math 19]

w, =0x & (27 -1)

[0106]
[Math 20]

{Equation 19)



[0116]Here, b is the maximum number of bits available in the 10 system. Generally, the maximum
possible precision should be used when Ex is small (equal to 1 for example), and the maximum
precision minus 8 bits should be used when Ex is big (close to 256). When calculating the parameter
c, the sign of the edge vector coordinate Ex is not important and thus ¢ may, in general, also be 15
calculated as c = f(IExrﬁ‘lépll?]ln accordance with another embodiment of the present invention, the
division for cail: lating integepslppe of the edge is completely avoided. This is facilitated by
replacing the drvrsron with referring ‘fo a table (divigian &big). A@c{ordingly atable is stored in 20 a

memory. Th [grio ymay.P ee't[?‘?{e %tﬁ{aa ?‘%’WQ%BHQ fggja% njpg ﬁ)_cjs@m (intra

prediction u ra externa memory ble'is compose |m|te er o vrsors and a
result of divigirgriqiiedefindde/A1a8. P6r e afeaaig wratymﬁbraéeté@i@rérs with a result of a
division of a 2a by various 25 values of Ey as indicated by Equation 25 below. [0118] [Math
25] =-- int (Equation 25) Here, a is a positive integer. For example, a can be -31- equal to the value of
the preésror{wﬁegc%%d previously. In order to perform processing using the table instead of the
division, preferably, the table division scaling factor 2a is a function of the divisor srze IEyr as indicated
by Equation 2&6algw=[0r0p(x — (& >> p),0) +w, - p(x — (@ + 27 ) >> p).0)+ 27 ) >> p
(Equation 21)
[0109] This calculation of the distance dx from the X coordinate
of the current pixel 440 to be predicted to the X coordinate of the
10 intersection of the edge with the row of pixels adjacent to the block
to be predicted on the top enables increasing the precision of the
division. However, due to multiplication by y, the multiplications
may result in rather high values, which, on the other hand, may
cause an overflow, depending on the integer precision supported by
15 the computing environment.
[0110] In order to maintain the increased precision of the
division while avoiding the overflow, the scaling factor 2° is selected
according to the value of the vertical gradient Gy, corresponding to
the value of Ex as indicated by Equation 22. According to
20 Embodiment 1, each of the intra prediction units 170 and 270 may

include a coefficient calculation unit that calculates ¢ and the scaling

factor 2°.
[0111]
[Math 22]
- f(Ex) |
25 (Equation 22)
[0112] Here, function f{ ) is an arbitrary function.

Advantageously, the value of ¢ is lower for higher values of £x. One
example for the function f{ ) is expressed by Equation 23.
[0113]

30 [Math 23]

- 30 -



[Math 26] g(Ey1) (Equation 26) [0121]The function g( ) is an arbitrary function. Advantageously, the
value of the scaling parameter a is higher for 10 higher size (absolute value) of Ey. One example for
the function g( ) is expressed by Equation 27. [0122] [Math 27] b + int(log 2 ( (Equation 27) 15
[0123]Here, b is chosen so that the value b+8 does not overflow the number of bits available in the
system. Generally the maximum possible precision should be used for Ey that is big (close to 256) and
a lower precisi mgh 3 %:?f t tEJ mall (close to 1). The above examples of functions f
andg()areo y'?b rill 2‘1]'1;3) gh?m{t 3§f these ftmctlons m %(Z either calgulated on-the-fly(o)r
pre-stored in a table in a memory. The functions f( ) and 2% given by a table without

efrtng (o g angiyc rie-{OLEA TR, e SAUSEGPEY LR85 ERLp PP gt 25

below. [012 th' 28]
to 1 for Ex equal to 128, and ¢ is equal to 0 for Ex equal to 256. If

more bits are available in the system, one could define the following

5 function of Equation 24 below.

[0115]
[Math 241
¢ = b—mt(log, (fE,_h. ;)}
" ) (Equation 24)
10116} Here, b is the maximum number of bits available in the

10 system. Generally, the maximum possible precision should be used
when Fx is small (equal to 1 for ‘exampie), and the maximum
precision minus 8 bits should be used when Ex is big (close to 256).
When calculating the parameter ¢, the sign of the edge wvector
coordinate £x is not important and thus ¢ may, in general, also be

15 calculated as ¢ = f(|Ex}).

[0117] In accordance with another embodiment of the present
invention, the division for calculating the integer slope of the edge is
completely avoided. This is facilitated by replacing the division with
referring to a table (division table). Accordingly, a table is stored in -

20 a memory. The memory may be either an internal memory of the
interpolation computing system {intra prediction unit) or an external
memory. The table is composed of a limited number of divisors and
a result of dividing a predefined value. For instance, the table may
include entries with a result of a division of a number 27 by various

25 values of Ey as indicated by Equation 25 below.

[0118]
[Math 25]

Tab!e[jijy” = 1nt 2 )

U (Equation 25)
[0119] Here, a is a positive integer. For example, a can be
-31-




[0126]Here, the operation "sign" returns a sign of the operand, 30 and Table( denotes a result of
division by IEyl retrieved from a -32- look-up table in a memory. The distance ax can then be obtained
similarly as previously described, that is, by Equation 29 below. [0127] [Math 29] 5(Equation 29)
[0128] In that case, the distance ox is scaled by a factor 2. The values of the weights and a predictive

ixel val f the pixelto b di be ded f i , i i
el e e SRS LI By o
prediction mist pesfiftet tptheeggitio owenm divige thblalue sieack8ofh dirfer diortiiothese

b ; T . .
processes cgpuie Sxpl eSOV SANaHRDR o5t NP Fhlain 3015+t hirgk P Eauaton 30

divisor size |Fy| as indicated by Equation 26 below.

5 [0120]
[Math 26]
a= .’Efi
g(! ‘}) {Eguation 26)
[0121] The function g( ) is an arbitrary function.

Advantageously, the value of the scaling parameter g is higher for
10 higher size (absolute vatue) of £y. One example for the function g()

is expressed by Equation 27.

[0122]

[Math 27]

(Equation 27)

15 [0123] Here, b is chosen so that the value b+8 does not
overflow the number of bits available in the system. Generally the
maximum possible precision should be used for Ey that is big (close
to 256) and a lower precision should be used for Ey that is smail
(close to 1). The above examples of functions f( ) and g( ) are only

20 for illustration. The values of these functions may be either
calculated on-the-fly or pre-stored in a table in a memory. The
functions f( ) and g( ) may also be given by a table without referring
to an analytic rule.

[0124] Then, the scaled integer slope may be obtained as
25 Egquation 28 below.

[0125]

[Math 28]

- ¢ - - : . | y ,
Oy = 2 % EX X Tab]eﬂEy}]x sign{Ey)

(Equation 28)
[0126] Here, the operation “sign” returns a sign of the operand,

30 and Table[ ] denotes a result of division by |Ey| retrieved from a
-32 -



[0131] 20 [Math 32] WI [0132] [Math 33] ?? (Equation 32) p(x,y) =04 p(x - (Or" (c 0)),0)* w2.((5r+ r")
>> (c + a)),0)+ 2'4) 25(Equation 33) [0133]In order to limit the memory requirements for storing the
division table, preferably only 21' table entries are stored. This means that IEyl entries only exist for
O<Ey15.2b. In other words, the maximum value of the divisors used for the division indicated in - 33 -

(e O sion GOIC " MAURLCTAY AL S (reaulioldne shisiopl s e seruin e iabla e gact value

S
of Ey. Howe%’r, thig isTot necessary e present invention and, in general e may list an
entry only fei mitaylyeasnarevinivgf doafiéhd dytitainis ehtry g HEEREsER, MFdQ¥¥sest entry listed
in the tableé' Eeélrﬂved. However, listing only some entries could result in a loss of accuracy. [0134] If
the divisor Ey Is larger than the largest divisor listed in the table, then, preferably the values of both
edge vector{g’bﬁﬂirga%s Ey and Ex are shifted to the right by one bit, 10 corresponding to division by
2. In other words, the ()rocesses indicated by Eqs.)ation 34 are performed.

ox =\y-0x,,, + 2 s> ¢ .
5 (Equation 29)

(0128} In that case, the distance dx is scaled by a factor 2°.
The values of the weights and a predictive pixel value of the pixel to
be predicted can be deduced from the previous equations by
replacing p by a. Another possibility is to keep the distance 6x

10 scaled by a factor 2°7°. In that case, the final prediction must be
shifted to the right in order to divide the value by 2°%°. In other
words, these processes can be expressed by Equations 30 to 33.
[0129]
[Math 30}

§x =y 5xb§acz‘% .

15 (Equation 30)
[0130]
[Math 31]

w, =dx & (277" ~1)

[0131]
20 [Math 32]

(Egquation 31)

Vi’i} = 26"[”3 - H‘Fg
- (Equation 32)

[0132]
[Math 33]

plx, ) = (w, - plx—{8c >> {e+ a)),0)+ wy - plx = ((dr+ 277 ) >> (e + @)}, 0) + 2N 5> (o4 a)

25 (Eguation 33)
[0133] In order to fimit the memory requirements for storing
the division table, preferably only 2% table entries are stored. This
means that [Fy| entries only exist for 0<|E|<2". In other words,

the maximum value of the divisors used for the division indicated in
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[0135] [Math 34] (Equation 34) 15[0136]After the shifting, the result of division is retrieved from the
table based on the new value of the divisor Ey. If the result of division is successfully retrieved, the
distance Ox is calculated as shown above. If the value of Ey is still too high, the shifting is repeated
until a result of division may be obtained. With this 20 reduction of the number of table entries, the

resolution of the edge direction is slightly decreased. However, adyantageo the.memor
requirementggh‘?egﬁ ﬁé‘apgf%lﬁiﬁ@ e pgrlél%%{ ,"’a ?rga%BFf B’e(v@%%\’ﬁ&éi%% giir"é]c!?i'c?nn esolution
and memonyjisepuiasarentntdebésvieappropaately tdythecdivEp .computiegeds éhvdroisment as well as

0 eare Hebeduask odie dnie Bokel[IATEh LA RS, e MRl PRE deRIbadp! e ocoe

t
430 entering_f?om p Side the block : ilustrates another example in
which an edljgt4838 @riéry thé bioEREBE [ ctided ortid st sifi@ vahie30fekdmplEf e

calculatipn of @slppe ﬁo%'%;@éé%ﬁ,%@%nﬁ@@f\@ﬁ%@ra@e@h&ih%@vga,bt&e % ABeHegeerdinates

(and correspondingly, the Ex and Ey coordinates) are exchanged as indicated b}_{ Equations -34- 35
and 36. [Olggpﬂ(,pa\fﬁgg]lg);ng only some entries could résult in a loss of accuracy.

[0134] If the divisor Ey is larger than the largest divisor listed

in the table, then, preferably the values of both edge vector

coordinates Fy and FEx are shifted to the right by one bit,
10 corresponding to division by 2. In other words, the processes

indicated by Equation 34 are performed.

[0135]

[Math 34]

Ex=FEx>>1

(Ey[>2")
By =FEy>>1 ,
{Equation 34)

15 [0136] After the shifting, the result of division is retrieved from
the table based on the new value of the divisor £y. If the resuit of
division is successfully retrieved, the distance dx is calculated as
shown above. If the value of Ey is still too high, the shifting is
repeated until a result of division may be obtained. With this

20 reduction of the number of table entries, the resolution of the edge
direction is slightly decreased. However, advantageously, the
memory requirements are limited. By setting the parameter b, a
tradeoff between the edge direction resolution and memory
requirements may be set appropriately for the given computing

25 environment as well as for the size of the block to be interpolated.
[0137] The above example has been described for the edge 430
entering from the top side the block to be predicted.

[0138] FIG. 4C illustrates another example in which an edge
483 enters the block to be predicted from the left side. In this

30 example, the calculation of a slope is also based on the determined

agradients, however, the X and Y coordinates (and correspondingly,

the Ex and Fy coordinates) are exchanged as indicated by Equations
- 34 -



Ex(Equation 35) 5 [0140] [Math 36] (Equation 36) [0141]Consequently, the specific computations of
the distance 6/1 will be similar to those of ax in the previous example, however, the 10 divisor now is
Ex rather than Ey and instead of the vertical coordinate Y of the current pixel, the horizontal coordinate
X of the current pixel p(X, y) is used. Moreover, the distance by shall be the same for a column rather
than for a ray.of pi §%of a neighboring block (adjacent block) adjacent to the current block to be
predicted. f§§r sént invention and Embodiments may be applied to this example in a
correspondip@ @8y} [0142]FIG. 4D illustrates another example of a possible edge direction. The edge
intersects tmgy%@fary of the block to be predicted. However, unlike the example described with
reference to IG. 4C, the edge 482 cutting the left block boundary continues through the block and
cuts a bottom houndar the togiight neighboring block (arrow 481 in FIG. 4D). In that case, the
prediction is ar](,' terp of t ge from two directions. If the present invention is applied to
intra-prediction ih a sy L with 25+aster scan of blocks for coding/decoding, the top right neighbor of
the block to be interpolated is already coded/decodéf @Ha tHR, %gbixels may also be utilized for the
prediction. Inghe plevious examples, the prediction was performed by weighting two pixels in the
full-pel po_s(iid st?gggi?ding the intersection. However, the 30 prediction may also be performed by
weighting four Slx I53:"two -35-

_Xx-Ey

P Fx

(Equation 36)

[0141] Consequently, the specific computations of the distance
sy, will be similar to those of dx in the previous example, however, the
10 divisor now is Fx rather than Ey and instead of the vertical coordinate
Y of the current pixel, the horizontal coordinate X of the current pixel
p(x, v) is used. Moreover, the distance 4y, shall be the same for a
column rather than for a row of pixels of a neighboring block
(adjacent block) adjacent to the current block to be predicted. The
15 present invention and Embodiments may be applied to this example
in a corresponding way.
[0142] FIG. 4D illustrates another example of a possible edge
direction. The edge intersects the left boundary of the block to be
predicted. However, unlike the example described with reference to
20 FIG. 4C, the edge 482 cutting the left block boundary continues
through the block and cuts a bottom boundary of the top right
neighboring block (arrow 481 in FIG. 4D). In that case, the
prediction is an interpolation of the edge from two directions. If the
present invention is applied to intra-prediction in a system with
25 raster scan of blocks for coding/decoding, the top right neighbor of
the block to be interpolfated is already coded/decoded and thus, its
pixels may also be utilized for the prediction. In the previous
examples, the prediction was performed by weighting two pixels in
the full-pel positions surrounding the intersection. However, the
30 prediction may also be performed by weighting four pixels: two
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pixels surrounding the intersection of the left block boundary and two pixels surrounding the
intersection of the top right boundary. The weighting factors may further consider the distance of the
particular intersection from the pixel to be predicted. 5 [0143]For simplicity, all the above examples
have been described for a block of 4 x 4 pixels. However, the present invention is not limited to such

blocks. In gener other square and ecta ular Ks.syc x 16, 4 X
o tc. may GRS SHEGEH B8 BT R e A D (Ao e A AN e
described mamlgitorsd!epmymhmtgnhhmgemr\sleetiencoﬂéiﬁséarm nlet:gdrérézmm@baﬁ‘er thd Ppeesent

nvention is oL IUPIRIINEIE(B -d R AYPREAHBYCURR Y LrRrliihe ARBIEE (RkOfIRTIRGOR

processing ta Spatial ext apolatlon or interpolation is required. For instance, 15 the
extrapolatlonnl‘ﬁtb”@%ﬁ!@ﬁ fceondifgt® theipkasBat MRHESE thay be used for post-processing such as

error cogceament {0L4SIFIGS sypReags the spel piedioionaiarbloricof piels (blesl)
according to the present invention emplo ed |nv o coding/decoding for |ntra dlctlo First, each of
Sy it Sl

the intra 20 HeSEEBRAARE #70!954 &7 d’ét‘%c@é Sdgé! aPlBe&@t HK¥her or not
the edge is detented ((Fier8526) doctihénpekes, aldomiaatetge abpngtwmncmﬂpeameraqumdhnon or

el S TIPS S8t Loy 0 sl Sp o reann

that the nelgﬁ%% oc 5 pre stantially smoo of the'intra
prediction units ¥ 70eainit2T0 @lsiiet ascleamstbbC misrpgslation (prediction using a DC prediction

mode)ig the Bipgly o be pragisied (3en BR20kRDEXBIBRANINARS B Bielsaldhpbigck (o be

predicted to he sarme value given by the average value of the 30 adjacent pixels. If, on the other

hand, an ed@@aérdétécéiédd(%g‘/ﬁ@fbﬁo Bpojnest® SFind iR &%ﬁ%%ﬁ%ﬁ@lﬁ?&ﬂ@?% calculates
the integer sjgpgefthe edaedSier PO4NdAtHI ThRencrachotle intaduedictioreupitedaidtand 270

det heth t th t | to dict t 35 | S 5550
When detort TR e R EnEG o 36 BB e M LT R Brthe Gene U kIt

boundaries (Steip b5t Rlthermpe adioh of thetertpe [aétiictitn nattsitZd and @7 nintempotates the

mersecing syl pel peAliRus) (L UAR oL e esesseny S SRl peoriny

5 extrapolatés orinter IXe e current pixel |ct sing the pixel value of the
sub-pixel (StERF580) W@ T deteaRinBHHERESHERSHLE @%érﬁr@ﬁuﬁmﬁMﬁ@ep 5550), each of

the intra preglgtiansynits 17-pad 270 eRtls e sRtAkPEslatan [rdhecersienblotiiock of

pixels (block) according to the present invention employed in video
coding/decoding for intra prediction. First, each of the intra
20 prediction units 170 and 270 detects an edge (Step S510), and
detérmines whether or not the edge is detected (Step $520). 1In
other words, a dominant edge along which the extrapolation or
interpolation is to be performed is detected. If there is no edge
detected ("no” in Step 520), meaning that the neighborhood of the
25 block to be predicted is substantially smooth, each of the intra
prediction units 1.7’0 and 270 applies a so-called DC interpolation
(prediction using a DC prediction mode) to the block to be predicted
(Step S530). The DC interpolation sets all pixels of the block to be
predicted to the same value given by the average value of the
30 adjacent pixels. If, on the other hand, an edge is detected (“yes” in
Step 520), each of the intra prediction units 170 and 270 calculates
the integer slope of the edge (Step S540).
[0146] Then, each of the intra prediction units 170 and 270
determines whether or not the current pixel to be predicted (next
35 pixel) is present (Step $550). When determining the presence, it
- 3G -



10[0147]As illustrated in FIGS. 2 and 3, the intra prediction unit 170 in the encoder 100 and the intra
prediction unit 270 in the decoder 200 perform the spatial prediction according to Embodiment 1. In
particular, the intra prediction unit 170 or 270 may further include an edge detection unit (detection
unit), an intersection 15 determining unit (determining unit), an interpolating unit that interpolates the

sub-pel positiops in neighboring blocks, and an extrapalating/interpolati it (Rrediction. ypit). The
edge detectﬁi?‘l%ﬁfm@%ct%ﬂaed%nr?ﬁ?nrgrﬁte%%g c%ﬁi%%thge%gclﬁﬁeg@g%t&e@% c()ae‘ﬁli:ln{'zéftérgspéééltgijon ‘
determining($tiege®btihes tife Pthsubrmeigosidah cofréssonding o tesl intéasecioisf ihéledge
determined [ i ek i ing; ighbaring
blocks surro%}rﬂig?ggﬁt%qeiloc %%Eg&é‘d%ggg.g?ri%%ﬁ%% a%]r:%glj rﬁﬁ%@@&%gs@?ﬁz@ﬂ% i/glgue of the

sub-pel posiibn datculstdtt BP@B intérsBafEaaRIMINTE BnitEshse dMAhAFEREHNBY closest full
pel. The extianolatingdinternglatingdrpetapotaies/iespolatestibe pixalemiug pidheteurernt pixel
(pixel within the current block to be pr_edicted? based an the sub,-peln itioné?b%@SCUIﬁ.g béybthe
intersection RERSHAHRIAg Uil B6 161281/ Ha'M5008 EXGmPIBSPRNG 21% FR and/dr §etoded in a
raster scan ghhloakanThe adjacentblotksireilableborpredicien at@rabiais HiclpoBiS5dh) the top of
the block to be predicted and the blocks. left from the block.to_be prediste ver sent
invention wiff & \ﬁgrlggc?r ditrefent gggﬁgeté%%Sqéﬁ?gsag heré—ﬂ?gdatgegalﬁst gﬂg Ig))lvc\)tgk%l? a%t}?é‘?
coded/decogeé aiditicent oo -37e the biotk bd®ekpredicted or as long as there is an edge cutting the

block e pregipsad and passig i AdcerPbleek. J04ARTThe aboyR wsaBRles iR bape descrivec

for a single pixels. Indeed, an image subdivided into a plurality of 5 blocks may be coded

using differeht Bodihd FetReE i eakh Bf afedoibleRs R 8r aBrclAHRAt HAY afsbthd ApHigd to single
blocks. Howguep, e piggent HiveRtian &1ap alsalasrapmlieib o sode i egtite Fnage dirframe of a

e e e e e R o B =
system includesiateermodecihdd 1d atewuhonl 1402, dneteddtodenddoB, Tae entedeetdan
enGode? (ra ] A6 SO SE R o L e, B Bt Bt ot
channel 1402.tEhp@adeset140E pbrodhsrodibp meluding ehelirectivaalbdpstia, parisn in
accordar)ceeg\;i@}éa‘% l%ftﬁ{ﬁ?ﬂﬁmé’cfi% presant inyeation fanintrapigdictionrpfeat leagione block
as described above. i .
detection unit detects a dominant edge cutting the block to be
predicted. The intersection determining unit determines the

20 sub-pel position corresponding to the intersection of the edge
determined by the edge detection unit, and the row or column of
pixels belonging to neighboring blocks surrounding the block to be
predicted. The interpolating unit interpolates the pixel value of the
sub-pel position caiculated by the intersection determining unit

25 based on the value of the closest full pel The
extrapolating/interpolating unit extrapolates/interpolates the pixel
value of the current pixel (pixel within the current block to be
predicted) based on the sub-pel position(s) caiculated by the
intersection determining unit.

30 [0148] In the above'examples, an image is coded and/or
decoded in a raster scan of bilocks. The adjacent blocks available for
prediction are always the blocks on the top of the block to be
predicted and the blocks left from the block to be predicted.
However, the present invention will also work for different scans as

35 long as there is at least one block already coded/decoded adjacent to
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20 The channel 1402 is either a storage or any transmission channel. The storage may be, for
instance, any volatile or non-volatile memory, any magnetic or optical medium, a mass-storage, etc.
The transmission channel may be formed by physical resources of any transmission system, wireless
or wired, fixed or mobile, such as 25 xDSL, ISDN, WLAN, GPRS, UMTS, Internet, or any standardized

or proprietary, system. [0152]The encoder 1401 m erform format conversion on.the input video
signal, and i%%j%?ﬁct‘iaﬁg el ?8;}{%%%9%8% E%fﬁe%?n e SHar 9?465?%&%1%&%0@, the
encoder 1403i30ray ineustesalicapplicat rpfos siangs ferangdy histméaidolthe storage. [0153]The

bitsirean s gep, abfained by e desoder psgever) 1409 vaugh te haoel 1402 Tt fecoder

1403 imple directional spatial prediction in accordance with 35 Embodiment 1 of the present
invention as llesdtibel] abeets.andndseddessddsthedistrbaiyifadalThe dededsed #y3 ffay include

a receiver fop fseRivipgfheRitsbeam heonghdhesannebife fidmarRlisaroadenesiraatng the

bitstream from the storage.Furthermore, thé 5 decoder 1403 may include a pgst-processing unit for

post processt@ake -deESdel \RABSSRIFAL BEcAAY iatRg: shaikgdisd to single blocks.

However, the present invention may also be applied to code an entire
image or frame of a video sequence.
[0150] FIG. 6 illustrates an example system for transferring a

10 bitstream including a coded video image from an encoder to a
decoder in accordance with the present invention. The system
includes an encoder 1401, a channel 1402, and a decoder 1403.
The encoder 1401 corresponds to the encoder 100, and the decoder
1403 corresponds to the decoder 200.

15 [0151] The encoder (transmitter) 1401 codes an input video
signal, and transmits the resulting signal to the channel 1402. The
encoder 1401 performs coding including the directional spatial
prediction in accordance with any of Embodiments of the present
invention for intra prediction of at least one block as described above.

20 The channel 1402 is either a storage or any transmission channel.
The storage may be, for instance, any volatile or non-volatile
memory, any magnetic or optical medium, 8 mass-storage, etc. The
transmission channel may be formed by physical resources of any
transmission system, wireless or wired, fixed or mobile, such as

25 xDSL, ISDN, WLAN, GPRS, UMTS, Internet, or any standardized or
proprietary system.

[0152] The encoder 1401 may perform format conversion on
the input video signal, and include a transmitter for transferring a
bitstream over the channel 1402. Furthermore, the encoder 1401

30 may include an application for transferring a bitstream to the
storage.

[0153] The bitstream is then obtained by the decoder
(receiver) 1403 through the channel 1402. The decoder 1403
implements the directional spatial prediction in accordance with

35 Embodiment 1 of the present invention as described above, and
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[0155]Summarizing, the present invention relates to an efficient implementation of directional spatial
prediction.The directional spatial prediction includes detecting an edge by means of 10 determining a
vertical gradient and a horizontal gradient within an adjacent block, determining for each pixel to be
predicted an intersection of the detected edge with a row or a column of pixels of the adjacent block,

and ext_rapcg%%%rsirgﬁéoglﬁg@geeﬁﬁh pixel (pixel to be predicted) in the block according to the
determined 15 intersection. The intersection may be a sub-pel position. In particular, the calculation of

the intersedi®hidudes diviam¢ 8 @driritalgtadént 5 e HeRBrtSIGREENIE bBER AR Integer

ts)llop(; ciomrgg@tf%gt{ﬁ@gftghb@g@@g{pg m@icﬁ%ﬂ'ﬂﬂ@ reduges the namberpgfithvsions toene per
ock. In order to increase the recision of the division, g scaling by a scaling factor depending on a
value of a HOWZHEAl YPadtéiR O?Pbg r‘ﬁéépgrg{cﬁéﬂt r%%? b8 SPFRT: In c?tHé w%%&%?dcg@sée]s of the

spatial preditiondaetheddcovading tbutie presestt-ipventssiae paiofmegastinticareddmBiG. 7.

[0156]FIG. 7 indicates the spatial predictio ' pect of the present
inyention. [(gil%ﬁ%%ogp%ﬁaﬁpgré%igﬁér% %ét 8 ishggmﬁégtﬁ%((g E%éﬁgtlga@@?édicting a pixel value at each
pixel positidfWiE1 a currehtblook mzindad #En iERRe Frst e MR pré@dERsuntCL 78 Hetects an

edge E thatgyeraps the,cyrsenkhlock S obteiningthe ssirosi 88 oradieat @yoand the yertical
gradient Gx between pixels within the %acent block adjacent to the current bgck Ste% 51Q). Next,

the intra preHic@ieH QAR h 7o HRURIES Gt iR Jor UGS NG EERHE IrARtESH S AV BEE BB HE of the
detecteyl edge; basae Bakiaastens! of the phtainatcherirentalgrediegr&yiand thétharicat gradient

i he CARARLBIBEK A beb LB S50 (LR A Int G AEBigh Betvin (a HH A0 e A the
calculated int¢geselope araf fassetetaoteh tigexel Position w40 andGilabowidaiy@tid adjacent
block (Stept%lez)a'}%%%rﬁ% i'?}fgcqf?dé%iéfnéﬂ?%%lating or interpolating each pixel
(pixel to be predicted) in the block according to the determined
15 intersection. The intersection may be a sub-pel position. In
particular, the calculation of the intersection includes dividing by a
vertical gradient or a horizontal gradient to obtain an integer slope
common for the entire block to be predicted. This reduces the
number of divisions to one per block. In order to increase the
20 precision of the division, a scaling by a scaling factor depending on a
value of a horizontal gradient or a vertical gradient may be applied.
In other words, processes of the spatial prediction method according
to the present invention are performed as indicated in FIG. 7.

[0156] FIG. 7 indicates the spatial prediction method according
25 to an aspect of the present invention,
[0157] The spatial prediction method is a method for spatially

predicting a pixel value at each pixel position within a current block
included in an image. First, the intra prediction unit 170 detects an
edge E that overlaps the current block by obtaining the horizontal
30 gradient Gy and the vertical gradient Gx between pixels within the
adjacent block adjacent to the current block (Step S10). Next, the
intra prediction unit 170 calculates an integer slope indicating an
integer value of a slope of the detected edge, based on at least one
of the obtained horizontal gradient Gy and the vertical gradient Gx
(Step S11). Next, the intra prediction unit 170 determines, for each
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5 predicts (extrapolates or interpolates), for each of the pixel positions, a pixel value at the pixel
position 440, based on a value interpolated in the sub-pel position 450 determined for the pixel
position 440 (Step S13). Here, the boundary of the adjacent block is a row or a column that is the
closest to the current block, among a plurality of 10rows or a plurality of columns of pixels included in

the adjacent block. The intra prediction unit 270 al f h . The int

Slope b o) LG L PR SRS N Ur 6B GRS SOt oR G P nErtib Gerta
?radiejgt G;:, andriberwecgradidrasvdeamot NeeeksariyItvd & the addobfaetios: i Utdggrer
0159]Furthermaore, altho i dj Q0 i ted
prediction unSnEPRB aalir[\l]aE oﬁw%gré Ea(gs mg%%ﬁg}i%%%[ﬁgnﬁﬁiég%ﬁ %%%?fﬁ??n@ﬂé%gggﬁgﬁni 1e70, it
has only to indiiitle a&dgasemt slastkatbigrRISLR5 arldant, ikt pot predii@ s Rt 170i tahd@oes not
have to includedhe-othet constibisrbelsments [ RAIEthermes piheugh shed Mawsi eiesrding

apparatus 200 includes the motion compensated prediction unit 260 and others as the constituent
7

elements othRmtRe! the! e britfcRoRalMCsHE 0 BsdfPastisie t FeRIMEG HE o RERNE QERARE unit 225
%n1d6tlfiigr;t;?s|iarq<i@ti@rmyr;‘g?rﬁi?%dimtdag?eisgt @?@E@ﬂmwtefmleotéﬁleerpeﬁemipém‘t?ﬂneﬂﬁ. o
e e e SR R e
decoding gppanmmmaanimpymeﬁodestth@iﬁtra—pnedietiﬂnbi@d@,im‘mmﬂo&. Heralilig of
g‘;[jarﬁg%‘g'ﬁﬁ%% ﬁ@}rg}@;@%’@fgﬂ%@fﬁw%& Kdicatingdhg diqFHiondljatar edistion modes,

The intra prediction unit 270 also performs such processes.

10158] The integer slope has only to be calculated based on at

least one of the horizontal gradient Gy and the vertical gradient Gx,

and the two gradients do not necessarily have to be used for the

15 calculation.

[0159] Furthermore, although the image coding apparatus 100
includes the motion compensated prediction unit 160 and others as
the constituent elements other than the intra prediction unit 170, it
has only to include at least the subtracting unit 105 and the intra

20 prediction unit 170, and does not have to include the other
constituent elements.

[0160] Furthermore, although the image decoding apparatus
200 includes the motion compensated prediction unit 260 and others
as the constituent elements other than the intra prediction unit 270,

25 it has only to include at least the adding unit 225 and the intra
prediction unit 270, and does not have to include the other
constituent elements.

[0161] According to Embodiment 1, the Iimage coding
apparatus 100 entropy-codes the intra-prediction mode information,

30 and outputs the entropy-coded intra-prediction mode information,
and the image decoding apparatus 200 entropy-decodes the
intra-prediction mode information. Here, the intra-prediction mode
information may be information indicating the directional
intra-prediction modes, and may be information indicating that only

35 intra prediction is applied to the current block to be coded or decoded,
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35intra prediction is applied to the current block to be coded or decoded, - 40 - without indicating the
directional intra-prediction modes. [0162](Embodiment 2) An independent computer system can
easily perform processing described in each of Embodiments by recording, in a 5 recording medium, a
program for implementing the structure of the video coding method (image coding method) or the
video decodiithmethioudinsiya gddodidi entiood)! acdoatny sl B¥ibodimedes. The recording medium

may b(_a any%aslgxﬂr? as the ﬁggadaﬁﬁggpgzcorded therein, such as a magnetic disk, an optical disk,
an optical 19"'magrietic disk, a semiconddctor memory. [0163]Hereinafter, applications of the video

coding method and®fe ViEe BEEsHITY mEPBPAGEsTdify B @Bth 6REMbRARH¥NtsPERECT S stem

using such gppligalighe villag dessibed daLIGICE Rilbustiainsras aypraleanigntaian oka content
15 providing system ex100 for implementing content distribution services. The area for providing
commuihicatFdEiRceEnEdiHdRd hidr eI ER JO%irky E’%ﬁ%%é&%ﬁ&ﬁg 66 ?Jp é[rﬁﬁo which

are fixed ;viwg@% lationgy aﬁ@ﬁﬂlla@eﬂ(inﬁagla ofdtiernelis RG] T e ddrdent geavidmgosyistgm ex100 is
connected to evyices, such as a computer ex111, a personal digi i A) 2,a
camera ex11% QEéIEIQ#%HSng%& ﬁ‘zf‘é‘n@%@% r?]gé) i!ﬁaéE ggl%%%%%ﬂiﬁgrhg gi(lo , an Internet
service provideoext0®, atetipionemayvdrk eX194 2% Well s alie Hage Rratbi BXx @80 110. 25

[0 60]owRlo P GOHIBVEHOR DL G EOP T QNG Skota GutRbIdISIale iR b

configuration shown in FI a combination in which any of the elements are connected is
accept@ble Mgdthlibh Hakh oMAeaEGEES AR USE i s8R eBAKected to the telephone network

ex104, rath?é&f@%]“a the hases3q stadipns ppRG tood 18avhich arkiths fixadl mirelessthtagons.

Furthermore, the devices may be interconnected to each gther vi t.dist irel
communicafiBf ARt oHERO[GRFAPHRL AR B ALK URH'SS gjlg?ga"?él SSSJSES ‘E‘zﬁﬁ%’gf‘% s,

and a system using such applications will be described.
[0164] FIG. 8 illustrates an overall configuration of a content
15 providing system ex100 for implementing content distribution
services. The area for providing communication services is divided
into cells of desired size, and base stations ex106 to ex110 which are
fixed wireless stations are placed in each of the cells.
[0165] The content providing system ex100 is connected to
20 devices, such as a computer ex111l, a personal digital assistant
(PDA) ex112, a camera ex113, a cellular phone ex114 and a game
machine ex115, via an Internet ex101, an Internet service provider
ex102, a telephone network ex104, as well as the base stations
ex106 to ex110.
25 [0166] However, the configuration of the content providing
system ex100 is not limited to the configuration shown in FIG. 8, and
a combination in which any of the elements are connected is
acceptable. In addition, each of the devices may be directly
connected to the telephone network ex104, rather than via the base
30 stations ex106 to ex110 which are the fixed wireless stations.
Furthermore, the devices may be interconnected to each other via a
short distance wireless communication and others.
[0167] The camera ex113, such as a digital video camera, is
capable of capturing moving images. A camera ex116, such as a
35 digital video camera, is capable of capturing both still images and
41 -



capable of capturing moving images. A camera ex116, such as a 35 digital video camera, is capable of
capturing both still images and -41- moving images. Furthermore, the cellular phone ex114 may be
the one that meets any of the standards such as Global System for Mobile Communications (GSM),
Code Division Multiple Access (CDMA), Wideband-Code Division Multiple Access (W-CDMA), Long

Term 5 Evolution.(LTE), and High-Speed Packet e PA),. A iyely, lular, phone
ex114 may Egoavﬁ(é?sgﬁglﬁgﬁdy% (Er&e )ﬁ%ﬁ’(lﬁﬁ%)6%6%5@%8&%%%%{0&? I g% s%?t@?n ex100, a
streaming semertineioMisadsnaagted th theteamandsaucinng silebalaREEID QB PRBRE Betwork

ex104 and the hase stat 09 cyehig e?‘egg@s istribution fiva shaw argkothegs oy such a
distribution,?%onten??%%@r%pﬁe, vide% of a mus%?l{iy\ig%fﬁowgfcﬁ\&@ed tgéthe usg§ using); e camera

ex113 is cod¥ddehassdribed abdveig each BHEMIB difeFEsS AnbHé-E9360 cohM®is 18iHEmitted to

the stregming\d53 saBy8" X198 0N tha @therirand, Biectiganmgretver gxtedcariesib siream
distribution of the received content datzl{to the cllgnts upon t# ir requests., The clle(?t mclud? the
computer exAEETPRIPEAYex112Eth&EBHHIGS eR 1P Fhe T8 Liér ﬁ?)%\é eX4,%n é}rsona

€ game machine
ex115 that apmeapabie akdSsatiogti® G above-mentioned coded data. Each of the devices that

have receivzg]lggﬁaistributeldnd%{ia?g%%oﬁegsﬁrn FS.Q{EW@\?%%& e&aaé%’[oawgﬂ;rggm%ned data

may be cod e camera ex or t aming server ex103 that transmits the data, or the
coding 25 preeeesesemal Bel shasatnssise hahkheafrmaasa Exadd i sreihfing 3Rding103.

Similagly, the disitibyied Hatavory B deeodad by the sients oritie siraaoing AeEYeE BEIROr the

decoding processes may be shared between the clients and the strea iﬂg zgrver ex103. Furthermore,
the data of tRES$INHEGSs 80 Andi WOVIRG WAL SINGFED by Rbt BHF;F‘t IR BRO% bt also the
camera ex1k6 manbe fansmiiatiethe isteeaming senvereXhas trough tdaptongalitbryexidl. The

cerver ex103155 SHAIEH SBrgARETS S o 0T AT AGHS, JEel Y A Boree e S anctar
LS| - 42 - ex50® vdindedtis, eank dhibeddeidesopddoristch codifigedd o dbsdfig Prooésses. The
-S1 exp0 may b coligyed of @single cBiar apE A RRe XA elerFaringAndecoding
moving Tmages may bé intégrated into some type of a récording
carries out stream distribution of the received content data to the
clients upon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the celiular phone ex114, and the
game machine ex115 that are capable of decoding the
20 above-mentioned coded data. Each of the devices that have
received the distributed data decodes and reproduces the coded
data.
[0169] The captured data may be coded by the camera ex113
or the streaming server ex103 that transmits the data, or the coding
25 processes may be shared between the camera ex1i13 and the
streaming server ex103. Similarly, the distributed data may be
decoded by the clients or the streaming server ex103, or the
decoding processes may be shared between the clients and the
streaming server ex103. Furthermore, the data of the still images
30 and moving images captured by not only the camera ex113 but also
the camera ex116 may be transmitted to the streaming server ex103
through the computer exill. The coding processes may be
performed by the camera ex116, the computer exl1ll, or the
streaming server ex103, or shared among them.
35 [0170] Furthermore, generally, the computer ex111 and an LSI
. i



5 medium (such as a CD-ROM, a flexible disk, a hard disk) that is readable by the computer ex111
and others, and the coding and decoding processes may be performed using the software.
Furthermore, when the cellular phone ex114 is equipped with a camera, the video data obtained by
the camera may be transmitted. 10 The video data is data coded by the LSI ex500 included in the

cellular phone 4. [0171]Furthermare, t reamin ver e m C f servers
and computgr)é,gé]ﬁh m[gi/uéigc%n%%li% %taorgengﬁpgro?eéég CES% d ggn %ﬁ&e%&dgﬁaﬁﬁag’?gaﬁ Istribute
data. 15 [0k7@iddingspribed shove, thbelibhis exb Htananhkraprodiperteé eddedsdagie the

content proviging Wtsmaﬁﬁ%%ng Ypernres. Neqlios canjiecelmand daeodesnisimaion

transmitted by the user, ucet ecoded data in real time in the content providing system

ex100, so thAAHEGMAERGo Tt D8 HAIEBRYIEAHItIIE ST ENE IR cht EaRIFHIBEent

e T
oviding system ex100, and at least either the video codjn aratus qr the video.decodin
apparatus 2552 8% 6PEMBYEM&ITS tdn %Qqncgbﬁﬁ%)@t'ec?fﬁao gﬂﬁgﬁ&l fbad8Asting

system ex2Qfas shoyn inrbesgdorerspecifizally p biordvadt stagiorgex20 & copnfimates or
transmits, via radio waves to a broadcast llite e ulti d dat ' ltiplexing the
audio data and tHe-Video data. br%@ \Olltﬁdqego §%ﬁqgg§o>%|§tgah§dgegg§ié§or%ingcﬁﬁﬁg %%3%([ irc{c})lttlzlirklpg method
described inceanie of Erhisodinhentsl aiiponhbaisicbbimnd it 6@ oragd atie dyohacdasameifeex202

transmigs faﬁiiﬁé”ﬂ’&écf 4 Ar93dcasting. hed. ;i Ngyre-dse AR e Rd 43palie fdpeaiving a

satellite broadcast receives the radio waves. A device, such as a television (receiver) 35 ex300 and a
set top box (BTB)&EX Y71 flecodes the received - 43 - multiplexed data and reproduces the data.

[0174]Furthegmare ) a reader(fegreder 6x818 that (dreadmand deesdes thexm@Bplexed,dasa recorded
o & e e G 2 SR 3 ha D ALAERS, ) §08428R B19M8E 104PS and
process the decentralized data, record, or distribute data.

15 [0172] As described above, the clients can receive and
reproduce the coded data in the content providing system ex100. In
other words, the clients can receive and decode information
transmitted by the user, and reproduce the decoded data in real time
in the content providing system ex100, so that the user who does not

20 have any particular right and equipment can implement personal

- broadcasting. '
[0173] The present invention is not I[imited to the
above-mentioned content providing system ex100, and at least
either the video coding apparatus or the video decoding apparatus

25 described in each of Embodiments can be incorporated into a digital
broadcasting system ex200 as shown in FIG. 9. More specifically, a
broadcast station ex201 communicates or transmits, via radio waves
to a broadcast satellite ex202, multiplexed data obtained by
multipiexing the audio data and the video data. The video data is

30 data coded according to the video coding method described in each of
Embodiments. Upon receipt of the video data, the broadcast
satellite ex202 transmits radio waves for broadcasting. Then, a
home-use antenna ex204 capable of receiving a satellite broadcast
receives the radio waves. A device, such as a television (receiver)

35 ex300 and a set top box (STB) ex217, decodes the received
-43 .



5 recording medium ex215, and in some cases, writes data obtained by multiplexing an audio signal
on the coded data can include the video decoding apparatus or the video coding apparatus as shown
in each of Embodiments. In this case, the reproduced video signals are displayed on the monitor
ex219, and another apparatus or system 10 can reproduce the video signals, using the recording

medium ex215 on which the multiplexed data is recarded, Furthermore, it is also possible to implement
the video de%ﬂ?ﬁ@ﬁ?ﬁ%ﬁa oo ﬁféfé%b@d&%?z&h}%&ﬁ%&ted to the cable ex203 for a cable
television or the aatenna ex20d fos isatelite and/ecdegstiabbimdeasing ddas t16i 1 Sidisplay the

video signals gn the monitor ex219 of the televjsi x300. i ecodi r ay be
included notd %ed%ecﬂgf):%ﬁ] Su{?nuﬁﬁiegt]e é\%éloﬁget%g%%fbggi%ﬁ:?ég% %déigg?gg%ﬁeﬂ%%i\[/}gsion
(receiver) exS02 1iiat ased tias vidéovdddimimetiidd, aat (i) vidsbedevddirg ﬁf@ﬂhatﬁzbﬂqé%@ribed in
each ofEmatlBRiiNg e IIRASAMISO] iR Al RTEX S0t Il eblpnsIRIRUsey
multiplexed data obtalﬁed y multiplexing the audio data and the video data through the antenna

ex204 or theBHbENARXRI A8 tHat Heceiges h Broblieapde stiliatoaandddRatiseunifeRs02 that

demodulategiedenelvaph 85 ratiiplexathdala s cnedulaigsainia ipteum Wipkxed Aata todes supplied
outside; and muItiBIe i%emultiqlex%q unit ex303, that demu%gﬁ)le@es tgqe modulate murltiplexed
data into vid86 |55data,r6r i&@?@st Q%i(ﬁ?@ﬁ% 56 Vi Gatd $08 %iﬁ\/?he signal

processing it pkd@édntmndaltee Fodhétororey e} 0 alevisiartex800Fpritakire|odesy atsigmal

Drocessi : . ; o : " . . .
it ot e e R B e A ey
speaker ex307 thdtigfovitiesihe! tiededad adaiesigneg cand ad -oufput Ui exe09 38inauRieg a display
unit ex308 thod dislaysdhe-sisradiedhyider sl ddcodyRl asrpaispias Mrinee. i television

ex300 includes an interface unit ex317 including an operation input unit ex312 that receives an input of

a user operd?B. EXkhérfRME GREALILGSBR SDE iIRNAHes R EShEBRIRILEXRYFRE: BortEs overall

each 5 constiiyesih aleraentnf the-televisioneex 800 canthareeweias Upmy dicelwt ngt ex@ ldsthat supplies
power to each of the elements. Other than the operation input unit 2 interface unit ex317 may
includéa br@&@ @%EgﬁaY‘g%Bnﬁé%fé%%o 2R eXisrnal e '85, gﬁféﬁ S %E?gaede{ﬁ?gg&rs éﬁex218; a
slot unit ex3&4 & @naliling ¢ Mattadkoeding the pecatdisgnedivenisx2adestiolk bdathszehrd; a
driver ex315tt(9gbgggr§sgtﬂg fﬂ%r}gyg%%ﬁi@ggi@g_medium, such as a hard disk; and a modem

ex316 to be connected to a telephone network. Here, the recording medium ex216 can electrically

record inforrh8tofBusing a MdiEvoldlildAktaiRteentie Nl e isitemorg a8 ¥Rim et f3 Qitéhdfe. The
constituent gleragntgefl thedelevisien $y308 &FA sanaemied e OReRNSthes tareHulh awwrBlbrnous bus.

e e e el on 00 esocea e mulese g pane o
In the televisiotLaxS80@xFh teeris vof i nser opetatide f omalEpiairechtielterex20amdbtiners, the
multipiexing the audio data and the video data through the antenna
ex204 or the cable ex203, etc. that receives a broadcast; a
modulation/demodulation unit ex302 that demodulates the received
25 multiplexed data or modulates data into multiplexed data to be
supplied outside; and a multiplexing/demultiplexing unit ex303 that
demultiplexes the modulated muitiplexed data into video data and
audio data, or multiplexes the video data and audio data coded by
the signal processing unit ex306 into data. Fukthermore, the
30 television ex300 further includes: a signal processing unit ex306
including an audio signal processing unit ex304 and a video signal
processing unit ex305 that decode audio data and video data and
code audio data and video data, respectively; a speaker ex307 that
provides the decoded audio signal; and an output unit ex309

35 including a display unit ex308 that displays the decoded video signal,
44 -



multiplexing/demultiplexingunitex303demultiplexesthe multiplexed data demodulated by the
modulation/demodulation unit ex302, under control of the control unit ex310 including a CPU. 25
Furthermore, the audio signal processing unit ex304 decodes the demultiplexed audio data, and the
video signal processing unit ex305 decodes the demultiplexed video data, using the decoding method

described in,ah oL Embpdinepts s elpyisian X300 TRGIENIR LA GRIR pIaUides: e

decoded video signal and atidio’ signal 30 outside. \When the output unit ex309 provides the video

signal and tHetautRs Sighait tex digRaid Aty BeteRTh RRATEHNE Nk ExSiPadd ER39, and

others so that the\signals arpiaPwIdECced &y sypeheaniationryithrach oraer thurtheenogothe
television ex300 may read the multiplexed data not thro]yah a}-\broadca%ard others 35 but from the
recording MmNk IEChRA %286 CARH A dtgrictid L Y5 tN BlskCaR Bitical A& Hha%H-8D card.

Next, agconfiguation émwhidh therielevistdreex208vialies amd iy signdl ang awielessigndy, and
transmits the data,outside or writes the, data on,a recordi di il Crj _ television
ex300, upor?'r’é%téiﬁt Sfatu&et (T%{ep)etlﬁ’z';lﬁJ(C)nsf‘rlot’n“igI %%esrégnag{é%:g%%ro%grc\gngg gﬁg o#u%%g, t t(E}Eludio
signal proce3smgrutiitaax3tve copesatncaudiosignan idnexBa 2idebsight Pieessimg ecdx305 codes
a video signigl,unarepniiol of hecondl w31 yeine deecadipmaibed anassyheg in each of

Embodiments. The multiplexing/demultiplexing unit ex303 10 multiplexes the coded video signal and

audio signaF 4@l EreVides 1ee AU ITREIRAl B%&ibE ) Vineiha! MiitiSditt FRmERBRYMG unit
ex303 multiplegs-hecvidass sigrat-ang theap ditesianal, Bexsigaturayadee dempDrardy gjoeed in

buffers ex320 and ex321, and others so that the séé;nals fre r%nroduce .in Sﬁgcgrionizatsion ]\1Nith each
other. 15 HEEMRE Biffars 62318 fPEPEA fifhy B Bl FraHaEIRIStrtRE 07 At REE DAY Biittel may be
shared in thedetetision 6x800.Frudthernude rdataxdag lie dherembmreebbéfer imhertdlapiherttffers
ex318 to ex321 sa that the system overflow . rf \VOI n
modulationlagk\ggﬂf‘é’[ion l?r'{i é)%?gzya% q{\#é mu tlﬁlg%é?(?éﬁn%j%%éxglﬁgﬁmg\@ﬁoﬁ?rgxample.
[0177]Furthénficote) altelevRing er3000May dha kit 8 @G ifitfur 8RN P Petefling amANHPUL from a

micropione QL3 camers ptagh fakthe eprfiqusiian (os optaning adio gnd Mdepcaiadion
broadcast or a recording medium,”and may code the 25 obtained data. Although the television ex300

can code, RNk BRI OGS Silside Wt ANPENGESERBREE Nt &y BEHR RGHSHRHST performing all
the processeg pugapable gfitly ene-ehvigriving odededing, arrd royidiegenttside dased 00

decodes the multiplexed data obtained from outside through the
antenna ex204 and others and reproduces the decoded data will be
20 described. In the television ex300, upon receipt of a user operation
from a remote controller ex220  and others, the
multiplexing/demultiplexing unit ex303 demultiplexes the
multiplexed data demodulated by the modulation/demodulation unit
ex302, under control of the control unit ex310 including a CPU.
25 Furthermore, the audio signal processing unit ex304 decodes the
demultiplexed audio data, and the video signal processing unit ex305
decodes the demultiplexed video data, using the decoding method
described in each of Embodiments, in the television ex300. The
output unit ex309 provides the decoded video signal and audio signal
30 outside. When the output unit ex309 provides the video signal and
the audio signal, the signals may be temporarily stored in buffers
ex318 and ex319, and others so that the signals are reproduced in
synchronization with each other. Furthermore, the television ex300
may read the multiplexed data not through a broadcast and others

35 but from the recording media ex215 and ex216, such as a magnetic
-45 -



[0178]Furthermore, when the reader/recorder ex218 reads or 30 writes the multiplexed data from or in
a recording medium, one of the television ex300 and the reader/recorder ex218 may decode or code
the multiplexed data, and the television ex300 and the reader/recorder ex218 may share the decoding
or coding. [0179]As an example, FIG. 11 illustrates a configuration of an 35 information

reproducing/recprding unit.ex400 when data i d or, -46;, written from.or in fical disg. The
information r%ebsr d@éﬁw%ﬁ‘é‘goarid%'& %’nﬂ%%lﬁ)% %Egt?oaersdéongtﬁﬁéhfa e?é)mnniI g %@(ﬂgﬁb}?e&vﬁ%ﬁo be
described hdreiaféevitimopted heatbele® Bitradiates aigpel spot on & i@eordimgnsurfatecf the
recording S medium, pndfalis a5 e8fieal disg iowudtedalormanion, anddsiessgeietaddant from

the recording surface of the recording medium ex215 to read the information. The"modulation

recording unBk402 isgidaRtdrive’ dRRnirEndatest 18ssdReiudRAIN iBEYPEcaf nBal 38401, and

modulates theasgtlioght @enarding tpekd seeotdask Aalre T ks reprogudion Hemadylading wiibex403

amplifies a reproduction signal obtained by electricglly detecting the reflected light from the recording
surface usin§'d PRotE ' REESDINACKBEY gf%dbﬁt&aﬁg%eﬁa e%’l%i? and '&@iﬂcﬁf&?ﬁtgbﬁhé’ il‘f%?oduction

signal by s_e@g‘ﬂhnig @rsigeabmmmﬁerﬁkaﬂiﬁded@eﬂm Kﬁ‘dﬂdimjgnat_ﬂjuunt&emmmﬂepfoduce the
necessary infpumaiag. 1 bfle; £x4pd Jemperarludialds theniaunation o biegordedon he

I
recording meditim ex nforma |§%’Drepro ucegirom the recording medium ex % A disk
motor ex405abtates slisaentiag mediuen axRibimeene/coRtrol iGN exi08 mévés tx ptcal head

ex401 19 20 gpredsferained dnigaiondeas's wila Gandrallig dhe saifion iy of the digkdnotor

ex405 so as to follow the laser spot. The system control unit ex407 controls overall the information
reproducing FEESHEIRS (Hi8 BRAGY! tRidGeadMb eME iy [SiBlextae/CemE iHpIEMaaddny the
sz;?jtem cont@fkgoise%@tii&mtmiwgﬁmfommﬁi@m@1éhl@iwféeg awpgm%@msr@;ing and
adding new informatiqn as necessary, an the modulatign recordin if ex4d e reproduction
demodulatin@ﬁﬁh?j:@fpgﬁd' ?ﬁ(’j e%;k%r &kﬁg&ﬁf“-‘éﬂﬁé%{? 2 rﬁga#gie% u %rﬁﬁf—oér)%%tion
through the ¢htidatheasigx40s whiteragingdpeeaicihis arctiordinatetica matinezaThe alfstam control
unit exd@7 ingludes , [ I u i in mputer
(0 exetite a s L A DL O o0 I St e B P aret S laser spot
in the descriffieat it MaE peBfoffie highrdahsity@ecsfifigdsing nek @sfiddangsion ex300.

Furthermore, data may be stored in a buffer other than the buffers
ex318 to ex321 so that the system overflow and underflow may be
avoided between the modulation/demodulation unit ex302 and the
20 multiplexing/demultiplexing unit ex303, for example.
[0177] Furthermore, the television ex300 may include a
configuration for receiving an AV input from a microphone or a
camera other than the configuration for obtaining audio and video
data from a broadcast or a recording medium, and may code the
25 obtained data. Although the television ex300 can code, multiplex,
and provide outside data in the description, it may be not capable of
performing all the processes but capable of only one of receiving,
decoding, and providing outside data.
[0178] Furthermore, when the reader/recorder ex218 reads or
30 writes the multiplexed data from or in a recording medium, one of the
television ex300 and the reader/recorder ex218 may decode or code
the muitiplexed data, and the television ex300 and the
reader/recorder ex218 may share the decoding or coding.
[0179] As an example, FIG. 11 illustrates a configuration of an

35 information reproducing/recording unit ex400 when data is read or
- 46 -



[0181]FIG. 12 schematically illustrates the recording medium ex215 that is the optical disc. On the
recording surface of the recording medium ex215, guide grooves are spirally formed, and an
information track ex230 records, in advance, address information 5 indicating an absolute position on
the disk according to change in a shape of the guide grooves. The address information includes
information it gtetarmiingrpositions of recmding plicks ex28dcthat areTananit fnfassordigrdata. An

apparatus Ihgprecords A eipAees el eRIadeeR o infumaligo ank 23 and reads 10 the

address information So e positions of the recording Furthermore, the

recording mediii éxes4tTutede dieaceamdifearia 3, ahnarep el mrechexdieh ex232,
and an 0“%@@%@“&@%@ ex234- B datpdeeprling aEea@e33ds ahareseion Hemig recording

the user data. The inner 15 circumference area ex232 andthe outer circumference area ex234 that

are insle aMESIEAe X thXdtAdEchrdRY RELER 381 FesEctVEN Qrd T St se?&tept for
recording thed¢set dafasihe ddormation-taaraticingteedidiggsinit408 wads andegstesingded audio

data, coded videp data, ultiplexed, data obtained by 20 multiplexing, the .code i a and the
coded vided P%rﬁ’éogé%nt#é%?a% gof‘alr?d’ H}Eg}/%?zss o%%wén r%%grr] |F1£g?’(£1'neg |um@>i< 5.
[0182]AlthouglitasyopliCalkdiscthindhly adsiwers sticheas @ @vibuahdralBEeis teetibed as _aim@xample in

the description,.the optical 25 dis¢4s imj I%L@g m icgl-di ng & multilayer
structure an%é}égp%eklg %%aéeir%g ﬁ%fdﬁén g‘?gg@ other tzﬂﬁethzé/g%ﬁ:gﬂu rtgrll:e%'trj§nf;c)dr]e?,,l\%neg (gptical disc

may Hdve arerocdies featautidhiehsRPED detSigiRghe Beducadi) SUsR AEMABRIRG & ifBFmation
using light of clgre Witk diierent 39 wanalansths in dneciaiee Rerier i thegortisat eise ardirecording
information having different layers from various angles. [0183]Furthermore, the car.ex210 having the
antenna ex e PEBeRREIBRF RO THe TATEA S ék%ﬁ%;’aﬁd%? é&,i%%ercet&'édﬂgé'ﬁ%@e% bh the
display deviggesu@itias thecad navigatipn systtanexdlilade sathie tepcader@10nisydigitdly
broadcastingesggtg% n%zgo'sﬁgergea'l'éc?nﬁponent recorded on the recording medium
15 ex215 to 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. A disk motor ex405 rotates the recording medium
ex215. A servo control unit ex406 moves the optical head ex401 to
20 a predetermined information track while controlling the rotation
drive of the disk motor ex405 so as to follow the laser spot. The
system control unit ex407 controls overall the information
reproducing/recording unit ex400. The reading and writing
processes can be implemented by the system control unit ex407
25 using various information stored in the buffer ex404 and generating
and adding new information as necessary, and by the modulation
recording unit ex402, the reproduction demodulating unit ex403, and
the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
30 manner. The system control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
execute a program for read and write.
[0180] Although the optical head ex401 irradiates a laser spot
in the description, it may perform high-density recording using near

35 field light.
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a configuration of the car navigation system ex211 will be the one for example, including a GPS
receiving unit in the configuration illustrated in FIG. 10. The same will be true for the configuration of
the computer ex111, the cellular phone ex114, and others. 5[0184] FIG. 13A illustrates the cellular
phone ex114 that uses the video coding method and the video decoding method described in each of

Embodiments, .The.cellular ne ex114 includes: an n 350 for transmittj eiving
radio wavesm}oé]g% the bag@tae%ignsecﬁ%&aa%?a%rhﬁ I’c’?ﬂq‘lglt[e gaig%% gg%aﬁé%?@p@%%ﬂ%ﬁnoving and
still images:; ax@ dispy imitne35sdichl ag s tiquiddaystaedisptayr tindisplasiagen®biati®uch as
decoded vid ni [ Y. 0 llular
FOCARRHBIRU NG FAEIREA BTN ArdBGRNCH BYIBR AN PARRREEH0n HlE P

phone ex114 fur es: a main body ing a set of operation keys ex366; an audio

output unit eXEST RN &5 KpeaRet for BGRIH DT AudRA YARERI0ARKIIEHH BXEHELRET s a

microphone fiog ipRYLRS atligha MamropoL %367 ferstarion erRpibradnddes ensiHiguctures,
recorded audio, coded or decoded data of the recejg/ed videq, the St”fyma{%,%j@ e-mails,, or,others; and

a slot unit ex3EPRalk 7 TtEHEE UtV EPecording Irthat P&S ARt AEIHEEame
manner as thef menenounfoexdete [0h 85N i oait kxample refapcdifigundtiok Dfth2 Télithartphone

ex114 will be described. with reference,to FIG..133. In the n 1 i ol unit
ex360 desig%% 8 cgrqt'r%l f%léreﬁ?ggg Eﬁré:t oﬁ?ﬁ%'mafﬁlﬂbo%@gﬁ%%%% t%’gécﬁsélea?/%?rgg ei%g% as 25
well as the opssratidiy kegsdx3n6 epcothenesdihatialipr vieb eynéntcHoex BES exBR0 &R Power
SUPPIY freuDLHALs 8 ARGFAIGR 1P SOBKOLUN EX30F ¥ ARSI BrgResBROt X355, 2

camera Interface unit ex363, a liquid crystal display (LCD) control unit ex359, a

modulation/d8&RicRiRBonURE %352, BUGRENTBRMNg/EBRUIBRSERY it BX8H! Th Kifo'signal
processing YRitiexisd, dhe el vak&@ed alte the RIEFRNEENIreXS6 ¢i[el3awience callsand key or

Feapective LA 4fin BB AHCEb FLLry PAGY SO S B SEGAE 1 35 Lol SRERS Satnd 18187]in the
cellular phorrexld42 e sudin sigaal fooaessing uaiediyctinearsthelabdio sigralsrootiected by
the auii ? in%li'}éjun llnt’a ?é‘r?’é 9 r.i% Vé)ri%ea CQQﬁ%’iaHWE ”ﬂﬂ%e é@?&%ﬁ?kﬂ?ﬂ%?@?@@ area ex234
that are inside and outside of the data recording area ex233,
respectively are for specific use except for recording the user data.
The information reproducing/recording unit 400 reads and writes
coded audio data, coded video data, or multiplexed data obtained by
20 multiplexing the coded audio data and the coded video data, from
and on the data recording area ex233 of the recording medium
ex215.
(0182} Although an optical disc having a layer, such as a DVD
and a BD is described as an example in the description, the optical
25 disc is not limited to such, and may be an optical disc having a
multilayer structure and capable of being recorded on a part other
than the surface. Furthermore, the optical disc may have a
structure for multidimensional recording/reproduction, such as
recording of information using light of colors with different
30 wavelengths in the same portion of the optical disc and recording
information having different layers from various angles.
[0183] Furthermore, the car ex210 having the antenna ex205
can receive data from the sateilite ex202 and others, and reproduce
video on the display device such as the car navigation system ex211

35 setin the car ex210, in a digital broadcasting system ex200. Here,
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under the control of the main control unit ex360 including a CPU, 5 ROM, and RAM. Also, in the
cellular phone ex114, the transmitting and receiving unit ex351 amplifies the data received by the
antenna ex350 in voice conversation mode and performs frequency conversion and the

analog-to-digital conversion on the data. Then, the modulation/demodulation unit ex352 performs

inverse spread 10_spectrum prqcessing on the data, and the audio-sjgnal. [ it.ex354
converts it IAS ANLRE AR SIS S8'a0 0 SUTPIR eKs ot oo BUpRE Gl e O
_[0188]Furtheommrg;3|whema1hwﬁmgll iredaBEPSommaaaicatign roode iémramémittedptﬁgw‘a‘aiOﬂthe e-mail
inputted by gReLaie.IoiHhe-RRerKON ey eXARE A PRCLRRL 1S A Dot da 388 GHISP he main

control unit via the operation Input control unit ex362. The main control uhit ex360 causes the

modulation/teencaunRiskainiek232 B perotivisiredpBre @i HroeBssinl 6 $he text data, and the

transmigting gndgieseiving ynig201 @51 perfares thedigitabieranmemeoayarsiont AR thedeequency
conversion on the resu%data to transmit the data to the base station %ﬁO@/ia the antenna ex350.
) r

When an e-F& YA4&8eirid M dO ARG B oYk fRatky R GRS ERLNB96r fansmitting
an e-mail is gefiormedmn thalieseines. datihand #eu2sre pitingeladx isigrovited tithe display unit
ex358. [0189]When videaq, still images, or video and audig in data communijcati IS .Qr are
transmitted,athée\ﬁ@eao gi’éoﬁ pfc?c’ésgﬁrglsunr?i‘t W @oérjnﬁgé:s%é?i% gﬁés@%’e%%%&%%ﬁ&%pplied from
the camera Uit B85 stiriictheandvity i@a@@medmwm'éﬂ@qﬂﬁsmﬁh@abﬁ mm&m%ents, and
ransiRs MAARY AP Sl E%Q%w't'gl?g'w/&%ﬁwlaw bR ©5353 10 senkagl diing the
time when the camera unit ex365 captures video, still images, and others, the audio signal processing

unit ex354 ct Al SAxs edigPiMiaddig inpataniteeise2and 8aRSRAs KIS coded
audio data tefRe JpuHiRIXRG/ dermykilexing BRit 65358 &8k i {RIDRI he uliriexgepBtiplexing
B T A e A e N T i WS e
a set of operation keys ex366; an audio output unit ex357 such as a
15 speaker for output of audio; an audio input unit ex356 such as a
microphone for input of audio; a memory unit ex367 for storing
captured video or still pictures, recorded audio, coded or decoded
data of the received video, the still images, e-mails, or others; and a
slot unit ex364 that is an interface unit for a recording medium that
20 stores data in the same manner as the memory unit ex367.
f0185] Next, an example of a configuration of the cellular
phone ex114 will be described with reference to FIG. 13B. In the
cellular phone ex114, a main control unit ex360 designed to control
overall each unit of the main body including the dispiay unit ex358 as
25 well as the operation keys ex366 is connected mutually, via a
synchronous bus ex370, to a power supply circuit unit ex361, an
operation input control unit ex362, a video signal processing unit
ex355, a camera interface unit ex363, a liquid crystal display (LCD)
control unit ex359, a modulation/demodulation unit ex352, a
30 multiplexing/demultiplexing unit ex353, an audio signal processing
unit ex354, the slot unit ex364, and the memory unit ex367.
10186] When a call-end key or a power key is turned ON by a
user’s operation, the power supply circuit unit ex361 supplies the
respective units with power from a battery pack so as to activate the
35 cell phone ex114.
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ex355 and the coded audio data supplied from the audio signal processing unit ex354, using a
predetermined method. Then, the 5 modulation/demodulation unit ex352 performs spread spectrum
processing on the multiplexed data, and the transmitting and receiving unit ex351 performs
digital-to-analog conversion and frequency conversion on the data so as to transmit the resulting data

via the ante 50. 10[Q191]When receiving data o ideo file which is linked Web page and
others in da&%ijo unicat%lﬂ %&%Wﬁén"r%% ,\%ﬁéﬁ%g A I Vel gr%(/%rr é%gisosfﬁ ched, in

order to decachaithexBEHHiplexedata thecmad ashpahtetiad!ex380, the hivdtiglexiig/depmilitiplexing

unit ex353 dsmltigggg ﬂ?ﬁ léawtigsﬁ%p%%igw ﬂ’gg?ﬁ{ﬁ%?&?g@%ﬂ@ gnsq%qugigata bit

stream, and Supplies the video signal processing unit ex data and the audio

signal processiag Uriifexgoniith 1k EbgemRiBicaat chretdh SR cieHAINBUS e%BD. The
video signal Rr9Ressing WHile X356 slsCoreabevifanssignebHensa videa RE desadirg treigod

corresponding to fhe video coding method shown. in each of Embodiments, and then the disglay unit

ex358 display8 FrARFEIYHE, WH VRS 2h P SIR HhigseENRCHARR T B REES VIS IR ETRE web
page via thed,&i% gontrpl unitiex358ohutheanra, theaddio sigaal pracéssing urfitex@84 decodes the
audio signal, and the 25 audio gutput unit ex357 provides the audio. [Q192]Furthermore, similarly to
the televisiorr 8X30 ,Sfalotrérﬁﬁr% sucﬁ%%qﬁ% ggll&l@?gﬁoﬁgﬁxﬁi'g%bgaﬁ)l)g/llhea\ég ggtype?shc%m
implementatidreconfigurttidns fdduairdietsny Unittexshitimpaforaceimgtaeniaarmefliding both

2 coding aniiaiisafl B 30 ceapina A iabUAIR, (e Faame s ErmiAldising only 2

coding apparatus an a receiving terminal including only a decoding. apparatus. Although the

digital broad8AdtirRKSyfeh BXYLIOSAEAVE ARA PERHACIRARAH SR8 HARIBAMESRS™

multiplexing gifien@ata ente yigga datmin e ipscription, the 35 multiplexed data may be data
obtained by mul'%)l xing not_audjo - 51 - dataEut character daLa.rel%{gg to video onto video data, and
| :

may be not itk ed data BOTVRISE Yia itd Fo PR BECh, theW7t80 <BHING MetHdNhd the

video mode is transmitted, text data of the e-mail inputted by operating
15 the operation keys ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit
ex362. The main control  unit ex360 causes the
modulation/demodulation unit ex352 to perform spread spectrum
processing on the text data, and the transmitting and receiving unit
20 ex351 performs the digital-to-analog conversion and the frequency
conversion on the resulting data to transmit the data to the base
station ex110 via the antenna ex350. When an e-mail is received,
processing that is approximately inverse to the processing for
transmitting an e-mail is performed on the received data, and the

25 resulting data is provided to the display unit ex358.
[0189] When video, stiil images, or video and audio in data
communication mode is or are transmitted, the video signal
processing unit ex355 compresses and codes video signals supplied
from the camera unit ex365 using the moving image coding method
30 shown in each of Embodiments, and transmits the coded video data
to the multiplexing/demultiplexing unit ex353. In contrast, during
the time when the camera unit ex365 captures video, still images,
and others, the audio signal processing unit ex354 codes audio
signals collected by the audio input unit ex356, and transmits the

35 coded audio data to the multiplexing/demultiplexing unit ex353.
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decoding method in each of Embodiments can be used in any of the 5 devices and systems described.
Thus, the advantages described in each of Embodiments can be obtained. [0194]Furthermore, the
present invention is not limited to Embodiments, and various modifications and revisions are possible
without departing from the scope of the present invention. 10 [0195](Embodiment 3) Video data

can b ST SYICHR BTSN PSSR S R Rgse ot prustor

moving ima g apparatus s ¢ iments anc a moving image coding
method or & heoving édagilecdihgtappe rplicia 150dOnEBENItA&Ih S @itk dHCR8REEE, Stk as

MPEG-2, MBEGAY (4B oy A SI515. 1en QY of SHROURIR dinsieoriegrao the

different standards is generated and is then decoded, the decoding methods need to be selected to

conform to MEOGFERAE2Y BthrRpaist HEwEVRr SiREEHE TRTIEN SR dRRTERG: of HENuriil of the
\éldeod@ta tﬁ;?@(j@?&ﬂ@#ﬁ’b@@ﬁfﬁm@tg@m; bmctet%qt@@ths@ iSc preblepr tad as ppptepriate
ecoding method cannot be selected. 71 In order to solve the problem, multiplexed data obtained
by multipleXti§ Stard ﬁgta%dtgtﬁer@ﬁéR}%éS%aéarfﬂﬁa 08 %@trﬁ%ﬁjre%ﬁﬁaaa’i‘ﬁgcmgntiﬁcnaﬁon
information iedie&tiiggto whith st iihrdtbefvides datigitaifdms Ao gpetifitvstracture ofthe
multiplexed data includj [ . [ ingd i by the
moving e A B T L oy HLchize. The 30
multiplexed \ddtd: ixea afidied] & e2x® the MPEG-2 Transport Stream format. [0198]FIG. 14 illustrates a

structy of paylniexed datgyrhsllsuaioniy HStaLhrthenattiplaxed.drtarcas he pbtringby
multiplexing at least one of a video stream, an audio stream, a 35 presentation graphics stream (PG),
and an inter‘é@ﬁé’@r%ﬁrﬁ&d-%@-ers in data communication mode or w e% rgcetvmg

an e-mail with video and/or audio attached, in order to decode the
multiplexed data received via the antenna ex350, the
multiplexing/demultiplexing unit ex353  demuitiplexes the
15 multiplexed data into a video data bit stream and an audio data bit
| stream, and supplies the video signal processing unit ex355 with the
coded video data and the audio signhal processing unit ex354 with the
coded audio data, through the synchronous bus ex370. The video
signal processing unit ex355 decodes the video signal using a video
20 decoding method corresponding to the video coding method shown in
each of Embodiments, and then the display unit ex358 displays, for
instance, the video and still images included in the video file linked to
the Web page via the LCD contro! unit ex359. Furthermore, the
audio signal processing unit ex354 decodes the audio signal, and the

25 audio output unit ex357 provides the audio.
[0192] Furthermore, similarly to the television ex300, a
terminal such as the celiufar phone ex114 probably have 3 types of
implementation configurations including not only (i) a transmitting
and receiving terminal including both a coding apparatus and a
30 decoding apparatus, but also (ii) a transmitting terminal including
only a coding apparatus and (iii) a receiving terminal including only
a decoding, apparatus. Although the digital broadcasting system
ex200 receives and transmits the multiplexed data obtained by
multiplexing audio data onto video data in the description, the
35 multiplexed data may be data obtained by muitiplexing not audio
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stream. The video stream represents primary video and secondary video of a movie, the audio stream
(IG) represents a primary audio part and a secondary audio part to be mixed with the primary audio
part, and the presentation graphics stream represents subtitles of a 5 movie. Here, the primary video is
normal video to be displayed on a screen, and the secondary video is video to be displayed on a
smaller window in the main video. Furthermore,.the interactive, graphi m resents.an
teractive SETAEh (4 be DEIEFE B A NG Ll et b B ot BT LoD stream i
10 coded in theet videdt bolding tndiniad ot byvikke oidbstsodisgl Bpparatus shown in each of
Embodiments, pg i vide godingapethatkor iy a yideg singAReAIHUSIA FoRfMIbI Y a
conventional standdrd, such as MPEG-2, MPEG4-AVC, and VC-1. The audio stream is coded in

“accordance dgBaditmhdartReinenshRhEB PO Bigtaras PIgsURAP DS YDISID, and
linear PEM. {Q1A1EAchH strepst dskidrss iy the multiplexed datads dentiigd dyiBHrfiss@xample,

Ox1011 is allocated to the video stream to be us%d for video of a movie, Ox1100 to Ox111F are
allocated to BRFRuBh SRR MR T5DFRI0%E AR I GHocated to 20 the presentation graphics
streams, Ox}40®t@JOx141Frane labopated fo the inieemwive grapinidscetreame pOxIB00&d GR1B1F are

allocated to ideo. streams t for se ary:video_of th e, an 40:Ox1ALF
are aIIocateg[% tt\ﬁr%géuaefﬁ @%ﬁegr%é)f\égse?%%%dﬁ()&rqﬁg%ééé}éﬁga?y \%d%%v%"lﬁan%igggﬁﬁg%gﬂ p‘)% mary
audio. 25 [020QhBIE. U psinemnatibomilliitseepRwHakeiPIRARNENEY FHEP A video stream ex235

compqs(?d 0 U'pggj‘rames %qurﬂ{b@qg{%ﬁr%ayn ex238 composed of audio frames are transformed into
a stream of PES packets ex236 and a stream’of PES packets ex239, and further into TS packets

\ p c
ex237 and TS packdids®edad@ r68FeBitelg SERIRIRA 2t &‘%*B?Qé@ﬁtfati%ﬁ Jrépthics Steeam ex241
and data of g fierastiye, arABhESSIIegTNex 244 edel iransfasmesdnte aistearoinREBagkets ex242
and a stream of PES packets ex245, and further into ckets ex243 and TS packets ex246,
respectively SPRAES TP RAGRHS f?]mﬂp@xg@ﬁﬁooj 3%%%%8%8 S %a'?nnr%u(tfiﬂjl)eaxertrzl1 dXii8x247. - 53
- [0201]FIGitG astrasesrhpwrasited steeam isrsoveddn ansegam od®IBg packsis @i usorédetail. The

first bardn FIG KR hOLs autidleg e sheaina YHEOS R Hs e eeeyhpeefipue/g stream of

PES packets. by arrow noted as yyl, y{2,
and VC-1. _
[0196] Here, when a plurality of video data that conforms to

the different standards is generated and is then decoded, the
decoding methods need to be selected to conform to the different
20 standards. However, since to which standard each of the plurality of
the video data to be decoded conforms cannot be detected, there is
a problem that an appropriate decoding method cannot be selected.
[0197] In order to solve the problem, multiplexed data
obtained by multiplexing audio data and others onto video data has
25 & structure including identification information indicating to which
standard the video data conforms. The specific structure of the
multiplexed data including the video data generated in the moving
image coding method and by the moving image coding apparatus
shown in each of Embodiments will be hereinafter described. The
30 multiplexed data is a digital stream in the MPEG-2 Transport Stream
format.
[0198] FIG. 14 illustrates a structure of multipiexed data. As
illustrated in FIG. 14, the multiplexed data can be obtained by
multiplexing at least one of a video stream, an audio stream, a
35 presentation graphics stream (PG), and an interactive graphics
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5yy3, and yy4 in FIG. 16, the video stream is divided into pictures as | pictures, B pictures, and P
pictures each of which is a video presentation unit, and the pictures are stored in a payload of each of
the PES packets. Each of the PES packets has a PES header, and the PES header stores a
Presentation Time-Stamp (PTS) indicating a 10 display time of the picture, and a Decoding

Time-Stamp (DTS) indicating a decoding time of the picture..[0202]FIG, 17 jllustrates a format of TS
packets to kine) y'wri%t ﬁg’ﬁqﬁg rﬁﬁiﬁ%@(e@ 85?33.%%%&1 R %%E’f&%tg iaasi‘%%qgiy(% fixed length
packet includidg @ 4fbogteriks heatee rayitip 18 ndfanndich), segrasenPiDefgrideatifyidgd stream and
a 184-byte TS payl far stori ta. P s are, divi S i ayloads,
respectivel;}? %V%egnﬁa8 %D%é%%f&g,uggh%gﬁlﬁ?%a@g%g%%ﬁggr%-@ﬁeﬂ 'Iégst;l]i%(tar-g%%eader,
thus resultinggirt 1928y t& eodres patrRbieNTRESYICS phickard JRRVARER &h IO PEIRBIASISxed data.
The TP;EX%UWGF@P@%%W@O&W@@%%H@@ AN ffiMah TR Stahe(APlaleAd$ shows a

transfer start time at which each of the TS packets is to be transferred to a PID filter. The‘fumbers

incrementingFF8RNthé RE6f 368 MAGISEE BStA5aYedeNdP LRt PARKECHOM BT 1ePRls) as
shown at the/heitem ohFi&e2542i 0203 ach pfi Hie diSmecketshirciutlad-ctheangitelexed data

includes not only streams of audjo, video,.subtitles.and others, but als Program.Association Table
(PAT), a PrégFng\‘/laﬁ%ﬁé ?ﬁl\{/ﬁ),aarhd ‘5’%?68?3&%’ %Iogﬁrﬁggregge%&égf%erﬁ%ﬁ sho&/s what a
PID in 30 a PMIrusiedintthe @ulfiptexed datanindicates awradrD of the PRERsStis aagisiered as

zero. The PMT.stor s.af.t i iQ,,Subtitl i in the
muItip1e8xed a z%%rfﬁ Eélr%bﬁg %ﬁoﬁ?ﬂ? &]3 %%?g;{?é?rﬂss zotﬁ%piﬁﬁ%{%%%ﬁ\@;%%ﬁ%ﬂéeag%T also

has variousHeevHpior e 6o impRIEd dall F5ViAe AR ARG IMaMRIFRMEN0A such as

copy control if@EmagiaiieP4 prraning whelersapitng withednediplexed staia istperatied or not.
The PCR stores STC time information corresponding t an ATS showi WFen the,PCRgalgket is
transferred & NEDHEF G ofa o AidV¥ yﬁc{hac%{gaﬁon \%e%%cﬂ%ﬁ 72 idve“ QB8R (ATC) that

is 5 a time axsafAraarare ant$ysientIime 2locky8AC)ghatdshey tine-axismbd RS Dagt &ITSs.
15  Plus, MLP, DTS, DTS-HD, and linear PCM.
[01599] Fach stream included in the multiplexed data is
identified by PID. For example, O0x1011 is allocated to the video
stream to be used for video of a movie, 0x1100 to Ox111lF are
allocated to the audio streams, 0x1200 to Ox121F are allocated to

20 the presentation graphics streams, 0x1400 to Ox141F are aliocated
to the interactive graphics streams, 0x1B00 to 0x1B1F are allocated
to the video streams to be used for secondary video of the movie, and
0x1A00 to Ox1A1F are allocated to the audio streams to be used for
the secondary video to be mixed with the primary audio.

25 [0200] FIG. 15 schematically illustrates how data is
multiplexed. First, a video stream ex235 composed of video frames
and an audio stream ex238 composed of audio frames are
transformed into a stream of PES packets ex236 and a stream of PES
packets ex239, and further into TS packets ex237 and TS packets

30 ex240, respectively. Similarly, data of a presentation graphics
stream ex241 and data of an interactive graphics stream ex244 are
transformed into a stream of PES packets ex242 and a stream of PES
packets ex245, and further into TS packets ex243 and TS packets
ex246, respectively, These TS packets are multiplexed into a

35 stream to obtain multiplexed data ex247.
-53 -



[0204]FIG. 18 illustrates the data structure of the PMT in detail. A PMT header is disposed at the top of
the PMT. The PMT header describes the length of data included in the PMT and others. A 10plurality
of descriptors relating to the multiplexed data is disposed after the PMT header.Information such as
the copy control information is described in the descriptors. After the descriptors, a plurality of pieces

of stream infarmation relating to the streams included in the multiplexed data is disposed. Each piece
of stream 1§% ﬁation ingl% esqs?re'é ‘cbtéégrerﬁto &aéh Héggﬁbieﬁ%‘?g?mg’tigif) &éh 52 & stream

type for idenstfyeaa obPptegsiarkeddda on arstreais id. str@_ama ot dvad sitrg%m aftbatecnf®rmation
o 2 A RleePh ALASPRE IR 9 ST VLRI AT BRI SR RO BN TN fiferlmoer o

streams in the multiplexe 0 e multiplexed data Is recorded on a recording

medium andsbekens) RisPieSopdutk@igetheksittiitatipre e AW FSIRRESAGIRS. YF206{¥deh of the
multiplexed data informalian; flles is managesn iy S¥osmalion q taeymniipiened sieia,ae shaywn in FIG.

19. 25 The multiplexed ﬁata information files are in one to one correspondence with the multiplexed

data, and edctPéFiHESRes hcRIGES FRGUIpREWE d i ARAGRHSRSatRAC BirQAmY M UtSinforiddfch, and an
entry map. [028ZH s Hitigtratedit) Gisd Rethednuttglexad dadacip infarpatitmadolfdea ehsystem rate,

o el R e P e R e e s e e
PID filter. THeEStenemsiof tlkores a Presentation Time-Stamp (PTS) indicating a
10 display time of the picture, and a Decoding Time-Stamp (DTS)
indicating a decoding time of the picture.
[0202] FIG. 17 iltustrates a format of TS packets to be finally
written on the multipiexed data. Each of the TS packets is a
188-byte fixed length packet including a 4-byte TS header having
15 information, such as a PID for identifying a stream and a 184-byte TS
payload for storing data. The PES packets are divided, and stored in
the TS payloads, respectively. When a BD ROM is used, each of the
TS packets is given a 4-byte TP_Extra_Header, thus resulting in
192-byte source packets. The source packets are written on the
20 multiplexed data. The TP_ExtramHea_der stores information such as
an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time
at which each of the TS packets is o be transferred to a PID filter.
The numbers incrementing from the head of the multiplexed data are
called source packet numbers (SPNs) as shown at the bottom of FIG.
25 17.
[0203] Each of the TS packets included in the multiplexed data
includes not only streams of audio, video, subtitles and others, but
also a Program Association Table (PAT), a Program Map Table (PMT),
and a Program Clock Reference (PCR). The PAT shows what a PID in
30 a PMT used in the multiplexed data indicates, and a PID of the PAT
itself is registered as zero. The PMT stores PIDs of the streams of
video, audio, subtitles and others included in the multiplexed data,
and attribute information of the streams corresponding to the PIDs.
The PMT also has various descriptors relating to the multiplexed data.

35 The descriptors have information such as copy control information
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ATSs included in the multiplexed data are set to not higher than a 35 system rate. The reproduction
start time indicates a PTS in a video frame at the head of the multiplexed data. An interval of one
frame is added to a PTS in a video frame at the end of the multiplexed data, and the PTS is set to the
reproduction end time. [0208]As shown in FIG. 20, a piece of attribute information is 5 registered in the

stream attribyte information, for each PID of each stream included jn the multiplexed data. Each piece
of attribute i#ﬁ?mﬁ%%%taﬁgr%(mmﬂr%hi ed'gb@f@s%%%gh?eﬁﬁeeggﬁ&%%dn%ﬁngos feam is a
video strearithan &@ho streasas, arEsemntaton gfaphiedistreany oeap omelacgivégraphicdistream. 10

Each piece of X‘@?R;Rﬁﬁ” E&H%H@Lﬂ‘% H‘?E‘PE%?’EC%‘Q%%FJPFWQ%“%&M phat Kindedf o
compression codecTs use for compressing he video stream, and the reso Utl()n, aspect ratio and
frame rate cfthéelecsy i piciie adertHe svinedu i theaiddengrédacie 46 ik &b of ddidio

stream aittribednfopmadion oapdas infrmatian, L3 deludingnhias Mindof conRERSHOR qgdes is used
for compressing the audio stream, how many channels are included in the audio stream, which
language th@*5dif fieatnatBpdits%ind how high the sampling frequency is. The video stream

attribute infqmypegion and g @udie strestrfttibtie idformationarerasefl fheimaiizationefin 20
decoder befor layer plays hack the information. [0209]In E iment 3, [tiplexed data to
be used is a?) mgﬁ?)éféé)qnéuaés&)iﬁﬁﬁéq &1\{7th rﬁ? v re{,hv(\:fhe the rﬁﬂ]ﬁpl@%ﬁnga g%?ecorded
on a recordidgsuedian, the videg ttreaf detibuto dhfatathtion itlcuded Ih thedmoltipiexed data 25
information | ifical ' i id ' S
esoriu 1P e A e ot AP atoR incicating
video data giftiefatébidy téNidesadang methetoafhenidedddding aﬁp@ra@@éﬁm eRRigP!

Embodimenigs 4o At syRam dpscneiuderhinikefRMIteithe videe strany adepyedpéoreation.

With the structure, the video data generated gﬁ the video coding method or the videg coding apparatus

described iPEAEREYERb MRS RS CAnTbESR nYUISHERGHATVEREREAE th&: EBFforTER RRother
standard. [0l Fusiharmee, MGIHZP dusidateststapsdibthesddeo Fndecodiemnsdtistdemoording to

Embofgnergtn 'olrnmszg%ﬁ)%x%% 8&38 étl‘:’r%ém descriptors each describing information,
such as a stream type for identifying a compression codec of a
stream, a stream PID, and stream attribute information (such as a
frame rate or an aspect ratio). The stream descriptors are equal in
number to the number of streams in the multiplexed data.

20  [0205] When the multiplexed data is recorded on a recording
medium and others, it is recorded together with multiplexed data
information files,

[0206] Fach of the multiplexed data information files is
management information of the multiplexed data as shown in FIG. 19.

25 The multiplexed data information files are in one to one
correspondence with the multiplexed data, and each of the files
includes multiplexed data information, stream attribute information,
and an entry map.

[0207] As illustrated in FIG. 19, the multiplexed data

30 information inciudes a system rate, a reproduction start time, and a
reproduction end time. The system rate indicates the maximum
transfer rate at which a system farget decoder to be described later
transfers the multiplexed data to a PID filter. The intervals of the
ATSs included in the multiplexed data are set to not higher than a

35 system rate. The reproduction start time indicates a PTS in a video
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stream type included in the PMT or the video stream attribute information is obtained from the
multiplexed data. Next, in Step exS101, it is determined whether or not the stream type or the video
stream attribute information indicates that the multiplexed data is 5 generated by the video coding
method or the video coding apparatus in each of Embodiments. When it is determined that the stream

type or the video stream attribute information indifates tgf%the muyltiplexed data.is enrerate by the
B e Selfs
p

video coding TrRth8EbtHe URRE &5diRG ApharhiSt e dhehtsiR eXE105, the 10

stream type @& theJddeessHaans atiridutedistofmatian as dheodad hyf theevidestdetadady dedthod in each
of Embodiments, Furt ore, when the stream type or.the video stream attribute information
indicates con‘?&%éﬁgmgc%% ir?tigﬁgl E?apn'zloagf g,tls%rgheés%% -2, MPEG4-AVC, and VC-1, in
Step exS103[ @EDSjeam typesos1Guite WidEbGirédm atplewe ipforttationtie detodad E)_VDB VRleo
decoding mefhoddo sanformiy with ihg, cRveARAII siapiain R iMAscsuiah milocasngse ew

unique value 't Stream type or t eo stream attribute information enables determination

whether or n6tties UidéadecttiingmbifodTor e Bees ddadding B aPpRiSRR Pht3stdéatibed in

each of Embedimanisi$an PEHEIMA @esasing. iRvsAHReAN ppkeldmiiintexed data that idomforms to
a different standard, an appropriate decoding metgggté)r %Efaratus can be sgljectegl. ThH§, it becomes
er

possible to dSE5HBTRRAANEBN RATIEATaniP erfor Y =8 He Vileo 286Ny method br

apparatus, ohesddestitenodngrhétisod treanparaius am Embedantives gan piasedtin@aedevices

a0 sY3igms gesgribes b0y oz AUFTUIDENL A Eqclp ol eneoSoHDG HeUHdHB Y Jeo

eo décoding method, and the video decoding apparatus in each of
Embodimentsris ygicedlyvdichidvieio tHeofomt o5 sio megfaed THEGEdiod CagP Ref Mtégfted (LSI)

circuit. As an SARRE IAhe Laild 1R 2Rllyprales Gagilieuralign diflerkatrxsdadhor ismade into
one chip. The LST'ex500 includes elements 35 ex501, ex502, ex503,§g§<ﬁ04, ex505, ex506, ex507,

ex508, and -PIEG8S0 16 I5d ¥ cRBEa BoBly, 'ani e SRt Afe ¥EHRRRESE Sach through
a bus ex510. Jiae Ower supply citguibvnit 8xBAB s actndtadriytsunplyiag Eachiof therettivents with

power when the power supply circyit unit ex505 is turned on. 5 [0213]For e I ] ing is

perforniet], tHé‘E@‘H%Q@OW@@t};K}&Ha#&\? ERETROR & RIS o PRI ex egﬁﬁﬁggag}?eﬁﬁﬁgand

others through et &\ ¢ t10aax5 09awm derecontadl aif aasna ot umt bxgod intitiinh g udie W&, a

memory CoNYoleL £X08 . StEA oA=L A 2 dbiip LoausREITAR ol arpa2 The
m

10 received A S|gna?$s rarily Sstored in an external memor)étex511, such as an SDRAM. Under

control of theantRi MAIfeXBOENRY dfored B&AViS SOyRIERRANIRE BkH 1o SRS BRGNS the
processing amosin, ad Aeed ia Redransraitteddern Sighal precessiagyniiexRTzdtiem tiezsignal

ahaate T\ urg}a%%(gr before the player plays back the information.

[0209] In Embodiment 3, the multiplexed data to be used is of
a stream type included in the PMT. Furthermore, when the
multiplexed data is recorded on a recording medium, the video
stream attribute information included in the multiplexed data

25 information is used. More specifically, the video coding method or
the video coding apparatus described in each of Embodiments
includes a step or a unit for allocating unique information indicating
video data generated by the video coding method or the video coding
apparatus in each of Embodiments, to the stream type included in the

30 PMT or the video stream attribute information. With the structure,
the video data generated by the video coding method or the video
coding apparatus described in each of Embodiments can be
distinguished from video data that conforms to another standard.
[0210] Furthermore, FIG. 21 illustrates steps of the video

35 decoding method according to Embodiment 3. In Step exS100, the
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15 codes an audio signal and/or a video signal. Here, the coding of the video signal is the coding
described in each of Embodiments. Furthermore, the signal processing unit ex507 sometimes
multiplexes the coded audio data and the coded video data, and a stream 10 ex506 provides the
multiplexed data outside. The 20 provided multiplexed data is transmitted to the base station ex107, or
written on the recording media ex215, When, dat are multiplexed, the data, sets,sh be
temporarily SR Th tﬁeur?uffgl’:i‘iglsg sbnthgpﬁmebjﬁetf Hits g?g syﬁéﬁ%nﬁz% %v%h egggﬁ] §#11%r
[02141Althourglo theatiemory extai isan frlemehheutsidéttpde2feiStex 500, N exdy ba indleged in the

LSI ex500. Th 08.i imi f d f
Furtﬁ)e(rmorég, )f%'eq ﬁ;’rﬁ(é%cﬁ %%%ﬂn%%ﬁﬁ%ﬂfﬁkgﬁﬁé %gﬁégi‘%ﬁmﬁ?&% [%sz%?g]g F?J};Eg(rs‘more,

although thetopmG! wiitidkste intfiodss BiaRe OHFai@DLRE iagnonLtERIRNEeY502, e stream
controllgr exp0etha SHVIRY fHRAVENEY ciply R el Jhe kenfigiEalien A eqriial tnit exS10 is

not limited td such. For example, the signal processian unit ex507 may further include a CPU.

Inclusion of AhGRENCPU FRO SRS esdiRG Onif es6RESATMBFS e L35 5T 0RESSHY speed.
Furthermore,gscarptheiexainple, thecet) ad8ibexa02nfeynneticle thecdigria processitigeunit

507, L0 si i it that i fth I ' [ 0 h
cace. the oMU T KRB AL do BB LS e g U ekt it Pl ducing &
part of the sigdalc podéessmpnaitexS0T RAG]THE reroel iverhiherd s $81pbex & hag),alé6 be called
©: Sypiom LekeiRet ) OF e LRl denandigcn haR SR Rl RiswBrOn Baddiaragyer, ways

are not limited to 10 t

to achieve integration e LSI, and a special circuit or a qeneral purpose

processor abii&sy 8RR acasontieethnad itegridm Fian Freimaiaple THARRLMHEPGA) that

can be progipRuRed Rifes fRaRwRGHIHRY SIS0k asrrenfigerablepepgessarthakatievsation
re-configuration of the connection or configuration of an LSI can be used E?c])rl'g e same_15 purpose.

[0218]In the! RIEFE Eiith SAPARESHEHS SEmiEdRdUROMEBAHIGy, SBRFRLISW 5 bIOYY may
replace LSI.Miheduictiond: tlacks/candred ntegratethuSigpsasitd Bchbblogyr&Ehenpbgsibility is that
the prfgent{%veeng?gé%a%l%lri%%}g biaottzgx ch%lgg¥hformation is decoded by a video
decoding method in conformity with the conventional standards.
f0211] As such, allocating a new unique value to the stream
type or the video stream attribute information enables determination
. whether or not the video decoding method or the video decoding
20 apparatus that is described in each of Embodiments can perform
decoding. Even upon an input of multipiexed data that conforms to
a different standard, an appropriate decoding method or apparatus
can be selected. Thus, it becomes possible to decode information
without any error. Furthermore, the video coding method or
25 apparatus, or the video decoding method or apparatus in
Embodiment 3 can be used in the devices and systems described
above.
[0212] (Embodiment 4)
Fach of the video coding method, the video coding apparatus,
30 the video decoding method, and the video decoding apparatus in
each of Embodiments is typically achieved in the form of an
integrated circuit or a Large Scale Integrated (LSI) circuit. As an
example of the LSI, FIG. 22 illustrates a configuration of the LSI
ex500 that is made into one chip. The LSI ex500 includes elements

35 ex501, ex502, ex503, ex504, ex505, ex506, ex507, ex508, and
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20 [0219](Embodiment 5) When video data is decoded by the video coding method or by the
video coding apparatus described in each of Embodiments, compared to when video data that
conforms to a conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the computing 25
amount probably increases. Thus, the LSI ex500 needs to be set to a driving frequency higher than

that of the CP 502 to be used when video data in conformi ith th i ard is
decoded. H&W @é,%gh%ﬁ eesﬁﬁg/qr?g%equé\’rfcgﬁ’s&s%ert‘ i% eer?%h%;% %E% g?ﬁ’?é%%%ﬁ? gggver
consumptiomtihezredse BYHOR A0} ordet fo soleethzopyeblempiky ides dedotih ¢ ¥pdtrats, such as

the television 4300 41c D Ll,2/500 5 SONTGHEHLOTEIRIENRE (D WHIGSLIRTIBIATE Yieo data

[
conforms, a eenthe driving frequencies according to the determined standard. FIG. 23
illustrates a BOMiGLIrALEHP BXSOOCH B! E%@dﬂ%ﬂ' EntS LAr8AANg frequency switching unit ex803 sets a -

59 - driying fresigncy to a ighey drving fregrieRcyyiing Vislerdpiansaenerateddly éhesvideo coding
method or the video coding apparatus described in e%ch of)%gilboﬁiments. Thenét ejv%rivin frequency
switching urﬁ?éﬁéﬁ@ﬁr@ﬂtﬁ‘(s%%bfﬁﬂ&b%%’%ﬂa AR 28804 thars SR B Sthe Vited tecoding

method deseritbedintachu ghEambedirnents«®iieaodd ehevidbmdath a\oertthé vinlioedeid tonforms to
the conventiongl standard, rivin quenc itching uni S vi ytoa
lower drivindqéalﬁiéﬂ&/ tﬁanteﬁllgt (?f)%ﬁg gi’de% di%%e%pﬁat%%}%ﬁ §@§ %/id%%%g ihg%gofér?l%étlﬁo or the
video codingappecdtas destiibedintb gl ovVERTbJaRAMRE CYhEANH@ UMY RE§ehcy $WRching unit

ex803,istr DG, REACRSEINE Y5 famstedbg fomenttoRakstandard to
deco eqhe%/%%e%?géjgﬁgz%%‘?\ﬂ%re speci%éi’lg’!li@?F t eg g!?i\ﬁ/iigqﬁe%ruency switching uﬁ:‘g% ex803 includes
1

the CPU ex50£8na $ha ariviRG A¥bue MEYAntFOHIPEH1 3146 FRENSE0 1 te &y Bithe B8 coding
processing whib ex80 et execytagrinertidgo degpdingtaeibodtieseribectivrednl ot&Emtiogiments
and the decoding processing unit ex802 that confqrms to the conventional stapdard carresponds to the
signal proceREMgEZE it e?%'(’)%ﬁ‘eﬁ@. .TRE %‘%’B‘@xSB? d%{earﬁﬁr%%&g @vhlc?'u s?an%é?g %?e video
data conformpsothesitie driingkédliency Toamol thit exElRaletermigss Endriviny frezpbidy based
on a sjgnal from the. CPU ex it , ignal SSi it video
data bgs]ed S%r%esglg%ﬁl ?Lr{égh[ r%j% %i{%FF%?ﬂégg?‘ﬁlgggt e25 ?d%t%ﬁ%%ﬁgfﬁ%ﬁﬁfgescribed

in Embodimeit 8ds pigredly igsddifor RREGHTENG RCVIGES! dath. TRENdeptifiEHAPHIIRREDN is not

limited to the-gpe-dasaidied in frabodimgank 3 byt RAEMENY BftMaliorsaylongas heridermation
indicates to which standard the video data conforms. For example, w en.%hich %{r?ndardéyideo 30 data

conforms to THH B8 Gateimined #rded FHAH &R BihATEr HRET MM 8vifdd ddta is used
for a televisigrrepaigo etex 36 deiesvinationtmay heuasie kasediat suduasiedenalsignal.

e b R A e I s
25.-60- or written on the recording media ex215. When data sets are
multiplexed, the data sets should be temporarily stored in the buffer
ex508 so that the data sets are synchronized with each other.
[0214] Although the memory ex511 is an element outside the
25 LSIex500, it may be included in the LSI ex500. The buffer ex508 is
not limited to one buffer, but may be composed of buffers.
Furthermore, the LSI ex500 may be made into one chip or a plurality
of chips.
[0215] Furthermore, although the contro! unit ex510 includes
30 the CPU ex502, the memory controller ex503, the stream controller
ex504, the driving frequency control unit ex512, the configuration of
the control unit ex510 is not limited to such. For example, the
signal processing unit ex507 may further include a CPU. Inclusion
of another CPU in the signal processing unit ex507 can improve the

35 processing speed. Furthermore, as another example, the CPU
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The driving frequency can be selected by storing the look-up table in the buffer ex508 and an internal
memory of an LSI and with reference to the look-up table by the CPU ex502. [0222]FIG. 24 illustrates
steps for executing a method in 5 Embodiment 5. First, in Step exS200, the signal processing unit
ex507 obtains identification information from the multiplexed data. Next, in Step exS201, the CPU
ex502 determi whether. or not th videoli i b jdentificatian jnfarmation by
the coding meét and'the 1(1:8(fszT'r%ggéa%'ﬁ)%rastE ﬁc%zsi)r?l?egcg %r% tﬁé\ h%c?ﬁfo%g(rﬁﬁgdimggntgs?\vmw%e video
data is genesiea byptrecesdimgmetibdthad the sodiagtapfath@ssdesalbedasessing Embodiments,
In Step eXs%‘t;ﬁsé(?‘? O et anseitsig, signah forseling betiving Heauanahio giql.gger driving
edr r

frequency to Iving eqyenc;&)gtontrol unit ex512. Then, the driving frequencgl control 15 unit
ex512 sets PEOGAFRTBeYDEhEeX RPRORiGhereRWryPaR Encil SR e BREr RAtESnFHgnfle

identifi@tiorgpgggggng)g ineigatsssthat the video data conforms to the conventional standard, such as
MPEG-2, MPEG4-AVC, and VC-1, in Step ex5203, Ihz_gfu e>§f5. 2 transmits %)sigrr%lzﬂé%fgtting the

driving frqu&rﬂf@é a Iowefrﬁ‘rﬁ/ﬁ:ﬁarf@f E\%/rf?) i 'viné' r me%\éfé%ﬂt i !Then, the
driving frequsrseeantt@luniepbt2isels the drivirey tSjuermyaadiedower dingng frggaenof than that

in the case wll;ere the video data is generated by the coding method and the coding apparatus

described in &5¢H SFEMBodiments. 25 [0223]Furthermore, along with the switching of the driving

frequencies[ ielpbiver confEPVEEOIE EffeE Yaihé fhprode e e RGN Vekdge tbask pplied to

the LS| X5‘%ﬂé>f@k?%q%agﬂ%d&§w9ineiﬂa% #tsé@@%% O AxaRiecuhsrdhediing i@ayency is set
lower, the voltage to be applied to the LS| ex500 or the apparatus 30 including the LSI ex500 is
probably sef @ &ivéitdheiiRe PFHAIRHRL A R RHOR thd dRlAng ?@%{%&%@7% &t (e,

[0224]Furtheyragte ( WheTAheHromitingeapiavden sraodingis fatgen fihet driving ifSTsiency may be

set higher, and when the computing amount for decodjng is smaller, the driving frequency may 35 be
set lower asrﬁ%orﬂgﬂﬂﬁqg?%ettm aﬁ\ginggﬂggueﬁ!:%usfﬂ%fqn He %E?t?rg%nmeﬁ(:d%sh Fot limited
to the ones described @hove. Eonéiqupld onhef the chiBputiag abmunt ol decoding videoelata in

confor{rgty wiﬁ%{l@&G&AVC is larger than the computing amount for decoding video data generated

by the'video coding method and the 5 video coding apparatus described in each of Embodiments, the
driving frequéhe§ &l probablnsetine relteidetordstitd the Gedingedeserbed alsgyaiconductor

technology, a brand-new technology may replace LSIL The
functional blocks can be integrated using such a technology. The
possibility is that the present invention is applied to biotechnology.

20 [0219] (Embodiment 5)

When video data is decoded by the video coding method or by
the video coding apparatus described in each of Embodiments,
compared to when video data that conforms to a conventional
standard, such as MPEG-2, MPEG4-AVC, and VC-1, the computing

25 amount probably increases. Thus, the LSI ex500 needs to be set to
a driving frequency higher than that of the CPU ex502 to be used
when video data in conformity with the conventional standard is
decoded. However, when the driving frequency is set higher, there
is a problem that the power consumption increases.

30 [0220] In order to solve the problem, the video decoding
apparatus, such as the television ex300 and the LSI ex500 is
configured to determine to which standard the video data conforms,
and switch between the driving frequencies according to the
determined standard. FIG. 23 illustrates a configuration ex800 in

35 Embodiment 5. A driving frequency switching unit ex803 sets a
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[0225]Furthermore, the method for setting the driving frequency is not limited to the method for setting
the driving 10 frequency lower. For example, when the identification information indicates that the
video data is generated by the video coding method and the video coding apparatus described in each
of Embodiments, the voltage to be applied to the LSI ex500 or the apparatus including the LSI ex500

is probably set higher, When the 15 identification information indicates that the yideg data conforms to
the conventiBha Qantifd USRAYas e P:Q’Bg§% @éé’&%%%ﬁe\?{% "‘{h@ Uoﬁé%%%do%%gpipsﬁed to the
LS| ex500 ogtheappartby itckidingethetSirex50@ ik piobatill satilbeecddi agot gy @rabysle, when

the identification information indicates t ' tai er A ' ing method
and the videé%so%ﬁr']%e?pﬁgraﬁ%ség'essciibEeﬁas I|5r|§5 (%ejgﬁgg*%afnbjﬁ r%@htgﬁﬁ_e%g—r%r@%r ﬁ?ggﬂ%soz does
not probablyshaite hortg Ynshexd i WissnuhEside Agfdrd s aaaas Mg didhife S ¥R théhadeo data

conforms to fe.copyentional standagd, sHekLatMP ERRRE GleYGpand V&-1cherRs griving of
the CPU ex502 is probably suspended at a given time because the CPU ex502 hgs extra grocessing

capacity. EVERRREH ThandentifcadBRAMBrHAROrY IAGEatdd tRat th¥V (8o HAR ¥ig&Rr&8Ey the

video coding-ggtheehand:the mideo aosintharnaaatustdentdbed ineachiefEnpodimgnisnioyhe case
where the 30 CPU ex502 has extra processing capacity, the driving of the CPU ex502 is probably
suspended &4 BNVERSntEth St cﬁgg,sth% ﬁgﬁé%éir% %%%%Q%p’lfoggb@ s!gt“é%rté? ?H%n that in the

case where frieentheddertidficativatirdbrthatividiadickaés hantwratieR dath eorfdensaodieg

conventipna d, suc M =2, =G4-AV. VE- JAGcorgdi : power
conserq\%ﬁtion@%ﬁd?aéanipe Prcnﬁp%ovggj%‘f/? swi cgﬁiﬁau%t@é%tﬁ%gdri\gfi%%cfigﬁ%gncﬁs i%g;%ﬁgortéfn ce with
the standardEtowhidiisnileo GaGIvokftEnfd iMiRE efiiftie S eyt iB@G 00k tee8fsaratus

including the k-5, 6690, is drleiiningreiiesyn e Rattery ditecan be exiensiad with the power

conservation effect. OZZ?]fEmbodiment 6) There are _((:aases where a plurality of video data that

conforms to BRFEYERELHRIaRIE NS Brolide @ RS BECIENR G ARA REms, such 10 as a television and a
cellular phorye 212 erder to eppite dgsedifigadis pitinality ot Vide of datau that g oswoitrob toghe different

sanderds e ST RS L e S RSa Tereia sy WARglo.
in the cost asse 12withfRE indiRidublarse eftbk sifjhhEprsseding unitcesinghenit ex801
that executes the video decoding method described in each of
Embodiments and the decoding processing unit ex802 that conforms
to the conventional standard corresponds to the signal processing
20 unitex507in FIG. 22. The CPU ex502 determines to which standard
the video data conforms. Then, the driving frequency control unit
- ex512 determines a driving frequency based on a signal from the CPU
ex502. Furthermore, the signal processing unit ex507 decodes the
video data based on a signal from the CPU ex502. For example, the
25 identification information described in Embodiment 3 is probably
used for identifying the video data. The identification information is
not limited to the one described in Embodiment 3 but may be any
information as long as the information indicates to which standard
the video data conforms. For example, when which standard video
30 data conforms to can be determined based on an external signal for
determining that the video data is used for a television or a disk, etc,,
the determination may be made based on such an external signal.
Furthermore, the CPU ex502 selects a driving frequency based on,
for example, a look-up table in which the standards of the video data

35 are associated with the driving frequencies as shown in FIG. 2b.
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conform to the respective standards. [0228]In order to solve the problem, what is conceived is a
configuration in which the decoding processing unit for implementing the video decoding method
described in each of Embodiments and 20 the decoding processing unit that conforms to the
conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1 are partly shared. Ex900 in FIG.

26A shows xample ot the configurati r t i [ ibed in
each of Emb?gogirr%h@ﬁa%é}t%%{# eo dgégﬁn%gﬁgé%%%qugggﬁgﬁn?%d@? g %@@%\}%&@@e partly in
common, thehdethils i ipreces8Mgasuthar emtepy @bdmg Mmesysecjuaritizafidn, die8lo#kiby filtering,

and motion compensated, Qrﬁgiqggrpc_ybe%pél PHRCessiNgdedgshared probably include use of a
decoding processing unit ex902 that conforms to MPEG4-AVC. In contrast, a dedicated decoding 30

processing UAR 22901 is probablydfsel t6r oG SHroteRSinUNIGHE B Drés MR 0& TR0l The
(éecgd(ijlgg prgﬁeggi@?v@ﬁﬁosér?pﬁﬁgeptim S&mid@%%%mingw@%mgg ailjlewbﬁism egch aft
mbodiments ma shared. for the. processing to be shared, an edicated.decoding processing
unit may beq}%%g%flo?%f;@é%sfﬁge%!ﬂﬁﬁﬂg[Eb[ﬁ%ﬂ’aﬂ@l ee r;&\/r%ﬁ\&,’m tgféﬁ'—)ﬁ?ﬁdweq%n%aré, ex1000
in FIG. 26B [shatsianStieay excdadd jntivhicIPhlemeSSidgde partlyi siesredh F bieexamplet Uses a
configuration.includi ' codi SiRg. Uit S racessing
unique to thglgé%e%%%ﬁgﬁ%%%gi%%ﬁ%%dg iﬁ%i%pr@c%ﬁ%&%xmgﬁgtF&%po ts the

processing b b agothetberiyenienbn st Aiadan® Baledoting PreEEasthd Inf@sa 008 that
SUPPYTE PreqesRinginha shargdineivesp theaddeqidesodingymgthert inthsypresentipuention and the

conventional video decoding method. Here, the dedicated_decodin% 10 processing units ex1001 and
ex1002 are MRS SRRITS &G4 IPEHIRPRERTHR SGHTG 'ORAe Breasht AlVEMIBRLHE i Brocessing
of the conventignalstandard.andaay be the 506s eapable nkinpleigeastinggesetalrpgotessing.

b T R T TN e
decoding prireesssaEgaynit fortihe! prodessisitd be Bhared Beavdeivihg Videq weosedinegomethbd in the
preseqisinvelyign.gad the xideg.degodingdnenddn 9o TG mYth edianveg icag iiandard.
On the other hand, when the identification information indicates that
the video data conférms to the conventional standard, such as
MPEG-2, MPEG4-AVC, and VC-1, in Step exS5203, the CPU ex502
transmits a signal for setting the driving frequency to a lower driving

20 frequency to the driving frequency control unit ex512. Then, the
driving frequency control unit ex512 sets the driving frequency to the
lower driving frequency than that in the case where the video data is
generated by the coding method and the coding apparatus described
in each of Embodiments.

25 [0223] Furthermore, along with the switching of the driving
frequencies, the power conservation effect can be improved by
changing the voltage to be applied to the L5I ex500 or an apparatus
including the LSI ex500. For example, when the driving frequency is
set lower, the voltage to be applied to the LSI ex500 or the apparatus

30 including the LSI ex500 is probably set to a voltage lower than that
in the case where the driving frequency is set higher.

[0224] Furthermore, when the computing amount for decoding
is larger, the driving frequency may be set higher, and when the
computing amount for decoding is smaller, the driving frequency may

35 be set lower as the method for setting the driving freguency. Thus,
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20[Industrial Applicability] [0231]The spatial prediction method according to the present invention can
reduce the complexity of the spatial prediction, and is applicable to cellular phones, personal
computers, recording reproducing apparatuses, or others each of which includes, for 25 example, at
least one of (i) an image coding apparatus that codes an image using a result of the spatial prediction,

(i) an i d o e . . ciion.
(i e mag Eoar B Ao LD B B B Bl e o =
[0232]100 Iraagerqoidingrappardtue (eacopei) 1958 ubtradtiig UrtheCrod mgn sfstaPqdatezdfion unit
1901 ) ) ) ; ' X

nverse Wﬁ‘@ AREHNVPEE H RGP walt3s Ja:%% Adging-ym p{?t@nf%i%@m&fﬁé%f 140

Memory 150 ation filter 160 Motion compenSated prediction unit 5165 Motion estimation unit

170 Intra préthessHn@ividsandaineengiat afitisd T ARS FdRLMadrEnaBsy Esiing unit
10 200 ¢magp glegoding iarpasypadecedeibscribed in each of Embodiments, the

driving frequency is probably set in reverse order to the setting

described above,
[0225] Furthermore, the method for setting the driving
frequency is not limited to the method for setting the driving
10 frequency lower. For example, when the identification information
indicates that the video data is generated by the video coding
method and the video coding apparatus described in each of
Embodiments, the voltage to be applied to the LSI ex500 or the
apparatus including the LSI ex500 is probably set higher. When the
15 identification information indicates that the video data conforms to
the conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1,
the voltage to be applied to the LSI ex500 or the apparatus inciuding
the LSI ex500 is probably set lower. As another example, when the
identification information indicates that the video data is generated
20 by the video coding method and the video coding apparatus
described in each of Embodiments, the driving of the CPU ex502 does
not probably have to be suspended. When the. identification
information indicates that the video data conforms to the
conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the
25 driving of the CPU ex502 is probably suspended at a given time
because the CPU ex502 has extra processing capacity. Even when
the identification information indicates that the video data is
generated by the video coding method and the video coding
apparatus described in each of Embodiments, in the case where the
30 CPU ex502 has extra processing capacity, the driving of the CPU
ex502 is probably suspended at a given time. In such a case, the
suspending time is probably set shorter than that in the case where
When the identification information indicates that the video data
conforms to the conventional standard, such as MPEG-2, MPEG4-AVC,

35 and VC-1.
-6 -



220 Inverse quantization and inverse transform unit 225 Adding unit 230 Deblocking filter 240 Memory
15250 Interpolation filter 260 Motion compensated prediction unit 270 Intra prediction unit 275
Intra/inter switch unit 280 Post filter 20 290 Entropy decoding unit [CLAIMS] [Claim 1]A spatial
prediction method for spatially predicting a pixel value at each pixel position within a current block

included in ap i e, the meth rising; 5d L er e ent block by
obtaining ai@#zac;% al grat%éggﬁﬁ%ﬁg dic%%gfag?ﬂ%’gt%ﬁrg %%(%?g FWit in@%l%t%k%%ﬁﬂacgrﬁ to the
current blocknproveaiduldivig switegerglogecingeaon b Rast bivé 8 thdstzBRERTadiBnt and the

vertical gradjent, the, fteoy;elpne, L0 iidisatingiapdninast alirol aclepesak thecdeirsiendge;

determining a sub-pel position for each of the pixel positions within the current hlock, the sub-pel

position beifi BihRfERI&iow BefvERE (S ImexRS: AR Hfe RRRATAEYSHIAGAUBB B psses

througlthe pixehpogition vad (iBia faupdaneel e adianenihlock tamnd extpreditingitior each of
the pixel positions, the pixel value tthe%%gl Eosition based on a pixel value interpolated in the

sub-pel poshi¥h BEWGhiGE RS HB PRI PdSition,
[0227] (Embodiment 6)

There are cases where a plurality of video data that conforms
to different standards, is provided to the devices and systems, such
10 as a television and a cellular phone. In order to enable decoding the
plurality of video data that conforms to the different standards, the
signal processing unit ex507 of the LSI ex500 needs to conform to
the different standards. However, the problems of increase in the
scale of the circuit of the LSI ex500 and increase in the cost arise
15 with the individual use of the signal processing units ex507 that
conform to the respective standards.
[0228] In order to solve the problem, what is conceived is a
configuration in which the decoding processing unit for implementing
the video decoding method described in each of Embodiments and
20 the decoding processing unit that conforms to the conventional
standard, such as MPEG-2, MPEG4-AVC, and VC-1 are partly shared.
Ex900 in FIG. 26A shows an example of the configuration. For
example, the video decoding method described in each of
Embodiments and the video decoding method that conforms to
25 MPEG4-AVC have, partly in common, the details of processing, such
as entropy coding, inverse quantization, deblocking filtering, and
motion compensated prediction. The details of processing to be
shared probably include use of a decoding processing unit ex902 that
conforms to MPEG4-AVC, In contrast, a dedicated decoding
30 processing unit ex901 is probably used for other processing unique
to the present invention. The decoding processing unit for
implementing the video decoding method described in each of
Embodiments may be shared for the processing to be shared, and a
dedicated decoding processing unit may be used for processing
35 unique to that of MPEG4-AVC.
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wherein the boundary of the adjacent block is a row or a 20 column that is closest to the current block,
among a plurality of rows or a plurality of columns of pixels included in the adjacent block. [Claim
2]The spatial prediction method according to Claim 1, wherein in the calculating, the one of the
horizontal gradient 25 and the vertical gradient is scaled by a c-th power of 2, and the integer slope is

calculated ugj scaled,one of izo ient.and the vertigal Wg{'g t, i positive
integer, andﬂ?gil%jhe dete’rpr%ﬁlcﬁleg?}tﬁéwgédp-;ée %%fgﬁonqbor tﬁg@piixe? tgt?giti%n IS cQaIc% a%t‘)eﬂc?%@
multiplying teémegie $fopehdeheparerisy ihg d6alag3sha todrdinhid vaHe MRifobtaesra/ertical to

the pixel posifion:.be predictrd iihig theiseient dpale dSdainy JFhespatia) RIgficsian grethod
2 urtﬁ I I

according to Claim er comprising 35calculating the value of ¢ using a function of the one of the

-66- horizorﬁﬁﬁéracdifé’rﬁ%‘ﬁé thE FeRIQFFFSIRG: YRIGHE4Fh L BSa R $FEMEBNVGBIEA aRording to
one of Glaimgckhite Svhgein i te Gtewatag g rasult ofaxdigisn s abtanesipuithgefeience to a

division table stored i1 & MO DS SIS 9SE 292 R SR URLeUP9 SR b gUIEg Ry of the
processing unit ex1003 that supports processing to be shared
between the video decoding method in the present invention and the
conventional video decoding method. Here, the dedicated decoding

10 processing units ex1001 and ex1002 are not necessarily specialized
for the processing of the present invention and the processing of the
conventional standard, and may be the ones capable of implementing
general processing. Furthermore, the configuration of Embodiment
6 can be implemented by the LSI ex500.

15 [0230] As such, reducing the scale of the circuit of an LSI and
reducing the cost are possible by sharing the decoding processing
unit for the processing to be shared between the video decoding
method in the present invention and the video decoding method in
conformity with the conventional standard.

20 [Industrial Applicability]

[0231] The spatial prediction method according to the present
invention can reduce the complexity of the spatial prediction, and is
applicable to celiular phones, personal computers, recording
reproducing apparatuses, or others each of which includes, for

25 example, at least one of (i) an image coding apparatus that codes an
image using a result of the spatial prediction, (ii) an image decoding
apparatus that decodes an image using a result of the spatial
prediction, and (iii) the image coding apparatus and the image
decoding apparatus.

30 [Reference Signs List]

[0232] 100 Image coding apparatus (encoder)
105 Subtracting unit
110 Transform quantization unit
120 Inverse quantization and inverse transform unit
35 125 Adding unit
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division using, as a divisor, a value indicating the one of the horizontal gradient and the vertical
gradient, and the division table 10 indicating, for each predetermined value, the predetermined value
and a result of a division using the predetermined value as a divisor. [Claim 5]The spatial prediction
method according to Claim 4, wherein a maximum value of the predetermined value 15

indicated in the, divisj X ?’Phé? power of 2, b being an integer, and in the calculating, when
the value in %@tin@%éﬁé onhe orizontal gradient and the vertical gradient used as the divisor

exceeds thd B8h P¥®BER@F 2, the one of the horizontal gradient and 20 the vertical gradient is scaled by

shifting bits pE e yaius- ihike igntireptain the result of the division using, as a divisor, a value
indicating the scaled one of the horizontal gradient and the yertical gradient. 25 [Claim 6]The spatial

prediction nidRod MERINGAT BRI SRERANRY $9655!07 Ulifierein in the calculating, the integer slope

is calcuyjated gy divighgna valitentslicatingrdbe of the horizontal gradient and the vertical gradient by a
other of the horizontaij: 30gradient and the vertical gradient, when the pixel value at

value indica i?%thi I
each of the i)'x | p @ﬁr&@m ﬁﬁtﬂ?@cﬂrrent block is predicted, weights are set according to a
distance, in 1ié&bointicay ] ivetweenithé subipel position determined for the pixel position and each

of full-pel pasiffpnsadipgridle fes RYR-BR)igoPosition, and

190 Entropy coding unit

10 200 Image decoding apparatus (decoder)
220 Inverse quantization and inverse transform unit
225 Adding unit
230 Deblocking filter
240 Memory

15 250 Interpolation filter
260 Motion compensated prediction unit
270 Intra prediction unit
275 Intra/inter switch unit
280 Post filter

20 290 Entropy decoding unit
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the pixel value at the sub-pel position is interpolated by setting a corresponding one of the weights to
each pixel value of the full-pel positions and calculating a weighted average of the pixel values. 5
[Claim 7]The spatial prediction method according to one of Claims 1 to 6, wherein in the
calculating, the integer slope is calculated solely for the current block, and 10in the determining, the

sub-pel posifie%ﬁ]ﬁjgﬁémined for each of the pixel positions within the current block, using the integer
slope that is=cornmo the pixel positions. [Claim 8]A method for decoding an image coded per block,
the 15 methp@leomptiding: A spadthttinges piked valeciheacH pixsimidrioy \iAtsdigBaeent block to

be decoded ipa /i shatid REadalien BRGE PRICIACIC OPRARGRIER Inidddaganeipe a
predicted block; obtaining a prediction error block; and 20adding the predicted block to the prediction

error block. [(ai@RIRRTNBEBF CERIME HAMtEge per block, the method comprising: predicting
a pixel walue at eachy ppealhRgition withn ehelresnt 22 pioek dodie eaded usindihe spatial rgediction

Block from (Aol EOLIEROURCR 2 (R eTt] A SUEREA lcBl AP BRI S Cp RIS oGS & pivel 30,
value at eacl_jipimel_@d;ﬁmwiﬁdmh@:wmeblbmdndhmed in an image, the device_ c_omprising: a
et oo TR SAECS I R cneePt i Bt breo oo
horizontal gradient and the vertical gradient, the integer slope
10 indicating an integer value of a slope of the detected edge;
determining a sub-pel position for each of the pixel positions
within the current block, the sub-pel position being an intersection
between (i) a line that has the calculated integer siope and passes
through the pixel position and (ii) a boundary of the adjacent block;
15 and
predicting, for each of the pixel positions, the pixel value at
the pixel position based on a pixel value interpolated in the sub-pel
position determined for the pixel position,
wherein the boundary of the adjacent block is a row or a
20 column that is closest to the current block, among a plurality of rows

or a pluratity of columns of pixels included in the adjacent block,

[Claim 2] The spatial prediction method according to Claim 1,
wherein in the calculating, the one of the horizontal gradient
25 and the vertical gradient is scaled by a c-th power of 2, and the
integer slope is calculated using the scaled one of the horizontal
gradient and the vertical gradient, ¢ being a positive integer, and
in the determining, the sub-pel position for the pixel position is
calcutated by multiplying the integer slope generated by the scaling
30 by a coordinate value horizontal or vertical to the pixel position to be
predicted within the current block.

[Claim 3] The spatial prediction method according to Claim 2,
further comprising

35 calculating the value of ¢ using a function of the one of the
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35a calculation unit configured to calculate an integer slope -68- based on at least one of the
horizontal gradient and the vertical gradient, the integer slope indicating an integer value of a slope of
the detected edge; a determining unit configured to determine a sub-pel position 5 for each of the pixel
positions within the current block, the sub-pel position being an intersection between (i) a line that has

the calculated integer slope and pas hro i ition and (ii) a boundary of the adjacent
block; and fBFéﬁ?&%#L%?ﬁ?ﬁ |§%§ﬁ§%p%e%%?g%%ggfé%ﬁﬁg ‘pixel 10positions, the pixel value at
the pixel position based on a pixel value interpolated in the sub-pel position determined for the pixel

position. _ ylireipyine bAyRCay of e AR BIPCkiS oW o5 LEPHIA e Foesest o the

current block, amonga plurality of rows or a plurality of columns of pixels included in the adjacent
block. 15 [CH@H1 3] Afdniage decoding apparatus that decodes an image coded per block, the

apparatus comprisifgierein (e shatiahpratting devieeaerowting @i Gleion1isthet paediets a pixel
value at each pixel position within a_current block to, 20 be decoded, to generate ,a predicted block; and
& i N gty

an adding UNIKEOFRIERITBAES 5Bt&ir LY breithioR &y Bi6 e Brid THe B0 Pri ock td the

prediction egtopllopk. caldGlaired 2liAimgnape codirmiapparatss thadtothes ah wisdge peit® block,
the apparatys comprising: he spatial ictio vige ing fo Glaim 10 thatepradicts a pixel
value at ea \fali%q?)oéﬁqorr‘l%itk%ﬁ a%zugr%ln%rgl%cl%kté\lt%g %gdeﬁigt%é%gﬁeéra@ g ég_\%g%tgifblock; and

a subtractinyamiaotHiggratie sibaadt the prediital Bsar Berfon ReEIRr&Y BIHRR. fERIM 13] A

program foﬁﬁ%é@vng{e%ﬁn@a@:ﬂbﬂaa&%@\ﬁﬁ%@awgl Resitip Within arevreRtddockinciuded in an

image, the program cadsing a computer to execute:

and a result of a division using the predetermined value as a divisor.

[Claim 5] The spatial prediction method according to Claim 4,
wherein a maximum value of the predetermined value
15 indicated in the division table is a b-th power of 2, b being an integer,
and
in the calculating, when the value indicating the one of the
horizontal gradient and the vertical gradient used as the divisor
exceeds the b-th power of 2, the one of the horizontal gradient and
20 the vertical gradient is scaled by shifting bits of the value to the right
to obtain the result of the division using, as a divisor, a value
indicating the scaled one of the horizontal gradient and the vertical
gradient.

25 [Claim 6] The spatial prediction method according to one of
Claims 1 to 5,
wherein in the calculating, the integer slope is calculated by
dividing a value indicating one of the horizontal gradient and the
vertical gradient by a value indicating the other of the horizontal
30 gradient and the vertical gradient,
when the pixel value at each of the pixel positions within the
current block is predicted, weights are set according to a distance, in
the boundary, between the sub-pel position determined for the pixel
position and each of full-pel positions adjacent to the sub-pel
35 position, and
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35detecting an edge that overlaps the current block by obtaining - 69 - a horizontal gradient and a
vertical gradient between pixels within a block adjacent to the current block; calculating an integer
slope based on at least one of the horizontal gradient and the vertical gradient, the integer slope 5
indicating an integer value of a slope of the detected edge; determining a sub-pel position for each

of the pixel positions yithin.the current block, the sub-pel position being an. | ecti etyween (i) a
line that has the calc &eﬁ'i’ﬁ?&gé’ H)%eaa até%sse% h?gggﬁ%%&6&%|%§sft%§ %@%%éagb%adary of
the adjacent béitkn d Granolre s poedtictingy foe eddih ef thel gixts goskiond, phsdive igue fathige pixel
position bas na.pi interpgl in bépgw jtiarnydeterm for thepixel ppsition,
wherein the %%’ﬁngzerﬁ/%%éﬁléﬁgcgrﬁgb%gl%g tgﬁ)n\%]or als %f)#l%né\ t%lat r|P:35r((1,;le§)gsest to theécurrent block,
among a plungdity®$ rows or a plurality of columns of pixels included in the adjacent block. [Claim 14]

An imagg decoding program for decoding an image coded per block, the program causing a computer
to execute: Z&J/‘lredicting a pixel value at each pixel position within a current block to be decqoded,

using the probfra@iBcédrding BECIBR? B8 ko RrIGHPR pfORERDIGIC SHA NG ] pRldfetiBh error
block; and aduiigghiike jpredisted block to the prediction error block. 25 [Claim 15] An image coding

program for coding an.image per block, the program caysin omputer to_ execute; redicting
a pixel value at each\%i If%&sit’ign ‘\:Nﬁlncgﬁgﬁf eht legiht% gbliﬁ ’é%ﬁ'gg tli?r%etée% plﬁ)ggffa%aatgg)rding to
Claim 13 to ¥Dbdehyefate thpredictehblbdkcandasubtracting the predicted block from the current block.
10 in the determining, the sub-pel position is determined for each
of the pixel positions within the current block, using the integer slope

that is common to the pixel positions.

[Claim 8] A method for decoding an image coded per block, the
15 method comprising:
predicting a pixel value at each pixel position within a current
block to be decoded, using the spatial prediction method according to
one of Claims 1 to 7 to generate a predicted block;
obtaining a prediction error block; and
20 adding the predicted block to the prediction error biock.

{Claim 9] A method for coding an image per biock, the method
comprising:
predicting a pixel value at each pixel position within a current
25 block to be coded, using the spatial prediction method according to
one of Claims 1 to 7 to generate a predicted block; and
subtracting the predicted block from the current block.

[Claim 10] A spatial prediction device that spatially predicts a pixel

30 value at each pixel position within a current block included in an
image, the device comprising:

a detection unit configured to detect an edge that overlaps the

current block by obtaining a horizontal gradient and a vertical

gradient between pixels within a block adjacent to the current block;

35 a calculation unit configured to calculate an integer siope.
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[Claim 16] An integrated circuit that spatially predicts a pixel value at each pixel position within a
current block included in an image, the 35circuit comprising: a detection unit configured to detect
an edge that overlaps the current block by obtaining a horizontal gradient and a vertical gradient
between pixels within a block adjacent to the current block; a calculation unit configured to calculate an

integer slopg 2-hases0n at lgast 0p of Hre hinsizaptab oradieny aadithetvenigataradient it integer
slope indicating an mteger value of a slope of the detected ed[%e; aﬂ(ﬁtﬁemgning unit copfigured to
determine a%@si gl bosiRr REE5hIPRE pRAIGRIRBRWIRFF BRI Y '%ps%ls)-pel 10

f)hositiorr: tk;]eimggﬁui@ge@@diqg@gwek)en () aline tEat hgs the calllculateddinteger sIo%e and passes
rough the pixel position and (ii) a boungdary of. the adjacent hlock: . L pradicti it
configured to predicﬁ, é&%&;ﬂ‘%gﬂ% lﬁ&' I ng'iég#sr,etﬁje 8i>l<ae %%—ue'gt hae %Fxtzl %%qsi%corg %é%s?éd ona
Eixel (\j/ﬂue ﬂﬂ&ﬂgﬂbtﬂ‘dthet?imb-p@lgib@ﬂ&xdé:tbfmif_:iea fou ﬂﬁél’ptﬁélfpﬁkixiéf;ﬁli @S%t; ByvAetein the
oundary of the.adjace, ckis.a osgest tg t regny apHNg a
[ 5 O%i%%% Bt % fé i {R%ng &?Wrb%ﬁ*égéﬁ th@ﬁad'g!aceﬁr']l?tj)lock. 20[Claim 17] An

plurality of rows ora plurality ot columns of pixels inc ]
image decodinlf iH@ipdtét @EaR SIanRdads Rashtysmea D BlX e RASHBrARSing:

the integrated; ¢ite Ul AFREHNG (Flaimdik ot pradiels, asriel value at each pixel position within a
current block t0 be decoded, to generate a predicted, block; ar(gjéiSa addin uni]; nfigured, to obtain
a prediction error bIBcRERH GHE the! PEFQEABIBER 9o e et 'OrFQFr(ﬁ’ao(?gcl?. [ ?Eﬁ‘!m féﬁkn image

coding@teg@g@;@mjtm@t sbees\art irage tes ook thesiirauit berspdsimy:Bike inkedtated circuit
cceording o laim s et Hles el v b sesbadis R SBPH e ok e
wherein the boundary of the adjacent block is a row or a
column that is closest to the current block, among a plurality of rows
or a plurality of columns of pixels included in the adjacent block.
15
[Claim 1117 An image decoding apparatus that decodes an image
coded per block, the apparatus comprising:
the spatial prediction device according to Claim 10 that
predicts a pixel value at each pixel position within a current block to
20 be decoded, to generate a predicted block; and
an adding unit configured to obtain a prediction error block

and add the predicted block to the prediction error block.

[Claim 12] An image coding apparatus that codes an image per
25 block, the apparatus comprising:
the spatial prediction device according to Claim 10 that
predicts a pixel value at each pixel position within a current block to
be coded, to generate a predicted block; and
a subtracting unit configured to subtract the predicted block
30 from the current block.

[Claim 13] A program for spatially predicting a pixel vaiue at each
pixel position within a current block included in an image, the
program causing a computer to execute:

35 detecting an edge that overlaps the current block by obtaining
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a subtracting unit configured to subtract the predicted block from the current block. 35

10

15

20

25

30

35

a horizontal gradient and a vertical gradient between pixels within a
block adjacent to the current block;

calculating an integer siope based on at least one of the
horizontal gradient and the vertical gradient, the inieger silope
indicating an integer value of a slope of the detected edge;

determining a sub-pel position for each of the pixel positions
within the current block, the sub-pel position being an intersection
between (i) a line that has the caiculated integer slope and passes
through the pixel position and (ii} a boundary of the adjacent block;
and

predicting, for each of the pixel positions, the pixel value at
the pixel position based on a pixel value interpolated in the sub-pel
position determined for the pixel position,

wherein the boundary of.the adjacent block is a row or a
column that is closest to the current block, among a plurality of rows
or a plurality of columns of pixels included in the adjacent block.

[Claim 14] An image decoding program for decoding an image
coded per block, the program causing a computer to execute:

predicting a pixel value at each pixel position within a current
block to be decoded, using the program according to Claim 13 to
generate a predicted block;

obtaining a prediction error block; and

adding the predicted block to the prediction error block.

[Claim 15] An image coding program for coding an image per block,
the program causing a computer to execute:

predicting a pixel value at each pixel position within a current
block to be coded, using the program according to Claim 13 to
generate a predicted block; and

subtracting the predicted block from the current biock.

[Claim 16] An integrated circuit that spatially predicts a pixel value
at each pixel position within a current biock included in an image, the
circuit comprising:
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a detection unit configured to detect an edge that overlaps the
current block by obtaining a horizontal gradient and a vertical
gradient between pixels within a block adjacent to the current block;

a calculation unit configured to caiculate an integer slope
based on at least one of the horizontal gradient and the vertical
gradient, the integer slope indicating an integer value of a slope of
the detected edge;

a determining unit configured to determine a sub-pel position
for each of the pixel positiohs within the current block, the sub-pel
position being an intersection between (i) a line that has the
calculated integer slope and passes through the pixel position and
(i1} @ boundary of the adjacent block; and

a prediction unit configured to predict, for each of the pixel
positions, the pixel value at the pixel position based on a pixel value
interpolated in the sub-pel position determined for the pixel position,

wherein the boundary of the adjacent block is a row or a
column that is closest to the current biock, among a plurality of rows
or a plurality of columns of pixels inciuded in the adjacent block.

[Claim 17] An image decoding integrated circuit that decodes an
image coded per block, the circuit comprising:

the integrated circuit according to Claim 16 that predicts a
pixel value at each pixel position within a current block to be decoded,
to generate a predicted block; and

an adding unit configured to obtain a prediction error block
and add the predicted block to the prediction error block.

[Claim 18] An image coding integrated circuit that codes an image
per block, the circuit comprising:

the integrated circuit according to Claim 16 that predicts a
pixel value at each pixel position within a current block to be coded,
to generate a predicted block; and

a subtracting unit configured to subtract the predicted block
from the current block.
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