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DESCRIPTION METHOD AND APPARATUS FOR ENCODING AND
DECODING IMAGE Technical Field The present invention relates to a
method and apparatus for encoding and decoding a moving or a still
image. Background Art 10In recent years, an image encoding method the
encoding efficiency of which is considerably improved is recommended as
ITT:-T Rec.H.264 and ISO/IEC 14496-101(t0 be referred to as H.264
hereinafter) in cooperation with ITU-T and ISO/EC. In an encoding

scheme such as 15ISO/IEC;DI\/‘LJPFSG-C’1, g,eng%leJ-J Iﬁ._261, and E.263,

infra-frame prediction in a frequency region (DC7 coefficient) after
orthogonal transformation is performed to reduce a code amount of a

transformation coefficient. In contrast to this, directional 20prediction (see
Greg EBAKI, NGV litraHPrediction MedesN CARLTQ BISGPE VCEES IMAGE

VCEG-N54, Sept. 2007) is employed to realize prediction efficiency higher
than that of intra-frame prediction in ISO/IEC MPEG-1, 2 and 4. 25In an H.

264 high profile, intra-frame pregliction schemes.of three types are
regulated to a Lumina-- signal, one of them can he selected in a

macroblOckh €16xt6 eixelblocky nThe ntrasftarne prediciomschernes oft
the three types are called 4x4 pixel prediction, 3x8 pixel prediction, and

16x2BIpi¢et prédiction, TRSSEEVEIY 25 tHEAE3A B ixel Bradittiors fotr St111
predigtion. |
Background Art
In recent years, an image encoding method the
encoding efficiency of which 1is considerably improved
is recommended as ITU-T Rec.H.264 and ISO/IEC 14496-10
(to be referred to as H.264 hereinafter) in cooperation
with ITU-T and ISO/IEC. In an encoding scheme such as
ISO/IEC MPEG-1, 2, and 4, ITU~T H.261, and H.263,
intra-frame prediction in a frequency region (DCT
coefficient) after orthogonal transformation is
performed to reduce a code amount of a transformaticn
coefficient. 1In contrast to this, directional
prediction (see Greg Conklin, "New Intra Prediction
Modes", ITU-T Q.6/SGl6 VCEG, VCEG-N54, Sept. 2001) is
employed to realize prediction efficiency higher than
that of intra-frame prediction in ISO/IEC MPEG-1, 2
and 4.
In an H. 264 high profile, intra-frame prediction

schemes of three types are regulated to a luminance

signal, one of them can be selected in a macroblock
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modes called vertical prediction., horizontal prediction, DC prediction, and
plane prediction are regulated. In the four prediction modes, of a local
decoding signal obtained before a deblocking filter is 10applied, a pixel

value of a macroblock around a macroblock to be encoded is used as a
reference pixel value to perform predictio. In the 4x4 pixel prediction,

a macrobloc{ is divided into 4x4 pixelblocks (sub-blocks), any one of nine
prediction modes is selected to each of the 4x4 pixelblocks. Of the nine
predictian masiese eight modes exeeptihe DL-pregictiop {moder2)amhighhemes
performs prediction by an average pixel value of available reference pixels
haveipredietiGh directionssdrrarigedat 20itefvals bixz 5, rspettivelpn, 8x8
Extrapolation is performed in a prediction direction by using the reference
pixe 16 GonEraT8 & Prodlction Sl It the 838 prieh Breciotion: &
magroblockis gdivided into four 8x8 pixelbiocks (sub-bidcks), and any

250ne of the nine prediction modes is selected to each of the 8x8
pixelblockslTherprediction nadesis desighedtin dhe same:frameworkasn

that of the 4x4 pixel 3 prediction. A process or performing three-tap
filtefiRg €5 ef reférehé€ pixels &Ad plakaizingtefereRde pixels to be

used in pregietion to.average,encqding distortion Js added gin Kenneth k¢
C. Leeetal. 'JSpa’tiaP ofviain Contribution o a1 igH Copmpression

Efficieney. System" In the four prediction modes, of a local
decoding signal obtained before a deblocking filter is
applied, a pixel wvalue of a macroblock around a
macroblock to be encoded is used as a reference pixel
value to perform prediction.

In the 4x4 pixel prediction, a macroblock is
divided into 4x4 pixelblocks (sub-blocks), any one of
nine prediction modes 1s selected to each of the 4x4
pixelblocks. Of the nine prediction modes, eight modes
except for the DC prediction (mode 2) which performs
prediction by an average pixel value of available
reference pixels have prediction directions arranged at
intervals of 22.5°, respectively. Extrapolation is
performed in a prediction direction by using the
reference pixel to generate a prediction signal.

In the 8x8 pixel prediction, a macroblock is
divided into four 8x8 pixelblocks (sub-blocks), and any
one of the nine prediction modes is selected to each of
the 8x8 pixelblocks. The prediction mode is designed

in the same framework as that of the 4x4 pixel
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IWRIT2006, Jun. 2006, a method which selects two prediction modes
from the nine prediction mode candidates and calculates averages to
prediction 10signals generated according to the two selected prediction
modes in units of pixels to generate prediction signal is disclosed.
According to this method, high prediction-gefficiency is realized even for a
complex texture which is not assumed in normal 4x4 5pixel prediction or
normal 8x8 pixel prediction_ According to Kenneth K. C. Lee et all

"Spatial DemainContribytion i 3 High Compressian Efficieacy: System”
IWA:T 2006, Jun. 2006, a prediction order of sub-blocks (4x4 pixelblocks

or 8k81pixetblogks)dn enzOmacroblotkis uAomily fiked aRer examyple lining
the prediction of 4x4 pixelblocks, the 8x8 pixelblocks each obtained b¥
dividmGIhe MTACrBBIOEK By Tourare EonSidered BHu Sxtrapbldting’ VT2 9e

pregigg%ﬁq%eqyfggglyc performed. to the 4x4 pfxeiblocks each obtained

by dividing thé 8x8 pixelblock. The processes in units of 8x8 oixelblocks

are repeatech fourtimestokcoropletespredictive encodimgiof sixtees 1 4x4
pixelblocks. On the other hand, in the prediction of the 8x8 pixelbloc s,
extrapBlating preditticrrisiseb@ntiaiRpertsiiict tofthé BxBYixelboERs em"

obtaijed by diyiding,the magiablock by four, SDisclosure of Inventigy

Since 4 intra-frameé prédiction Is based on extrgﬁtﬁgtTng
prediction, anly leftand.upperpixels can beseferrad torwith respect to a
sub-block in a macroblock. Therefore, when correlation between the
10lurindnce ot theaoiXels0f thie stlb-blackearmbthe |bminanceicfthe feft
and uppegr}eEiers is low, a prediction residual error increases, and

encdding efficifEFESHsequehtly 88creases, Ihiiennéth ke € TEa%t al.

"Spatial Dorpain, 13Gontdbution to.a High-Compression, Efficiency, System”
prediction signal is disclosed. According to this
method, high prediction efficiency is realized e&en for
a complex texture which 1s not assumed in normal 4x4
pixel prediction or normal 8x8 pixel prediction.

According to Kenneth K. C. Lee et al. "Spatial

Domain Contribution to a High Compression Efficiency
System" IWAIT 2006, Jun. 2006, a prediction order of
sub-blocks (4x4 pixelblocks or 8x8 pixelblocks) in a
macroblock is uniformly fixed. For example, in the
prediction of 4x4 pixelblocks, the 8x8 pixelblocks each
obtained by dividing the macroblock by four are
considered, and extrapolating prediction is
sequentially performed to the 4x4 pixelbiocks each
obtained by dividing the 8x8 pixelblock. The
processes in units of 8x8 pixelblocks are repeated

four times to complete predictive encoding of sixteen
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TWAIT 2006, Jun. 2006, two prediction modes are always used. More
specifically, even though a sufficient result can be obtained by using a

single prediction mode, prediction is performed by using the two prediction
modes. For this reason, the system has a room for improvement in

encoding efficiency. It is an object of the present invention to provide a
method and apparatus for Image encoding having high encoding

efficiency and decoding. 25According to one aspect of the present
inventionp i ekelis provided anrimage encodingrappayatis comprisingiact ion
first selector which selects a prediction 5 order to a olura , of sub-blocks

obtaified by fartier tiidiRg aPitraligForFiReIbREKS Bbtaliveti by dRiding

a frame of & inpyt mage signal from & plurally of predetermined o,
preélctl n orders, gSgCOH selector which selects, from a plura ity O

predjction mogdesvhich regulate-a manngy, ofreferring to an encoded pixel
when a first Prediction signal of each sub-block is generated for the
encoded pixel, the numbeP ofprediction médésused inoprediction of the
10first prediction si%ggrl; a third selector which selects prediction modes of

the numbeP selected gﬁictiaﬁ%&db?ﬁérﬁ&ﬁ@%!tﬂﬁﬁ?b?b?@mcﬁoﬁw b.ased
modes tgé{sa?a'goof gdiction of the; fir §EB{§?9'C$EQE3§'9.@%@ gERerFYMWNICH . o1 o

generates the first prediction signal in the

can be referred to with respect to a sub-block in a
macroblock. Therefore, when correlation between the
luminance of the pixels of the sub-block and the
lJuminance of the left and upper pixels is low, a
prediction residual error increases, and encoding
efficiency conseguently decreases.

In Kenneth K. C. Lee et al. "Spatial Domain
Contribution to a High Compression Efficiency System"
IWAIT 2006, Jun. 2006, two prediction modes are always
used. More specifically, even though a sufficient
result can be obtained by using a single prediction
mode, prediction 1is performed by using the two
prediction modes. For this reason, the system has a
room for improvement in encoding efficiency.

It is an object of the present invention to
provide a method and apparatus for image encoding
having high encoding efficiency and decoding.

According to one aspect of the present invention,
there is provided an image encoding apparatus

comprising: a first selector which selects a prediction
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15selected prediction order by using the number of selected prediction
modes to generate a second prediction signal corresponding to the
pixelblock; and an encoder which encodes a prediction residual error

signal expressing a difference between an image signal of the pixelblock

and the second prediction signal to gener5ate encoded data obtained by

the predictive encoding. According to'another aspect of the present
invention, there is provided an image decoding 25 apparatus comprising:

a first-selector which selestsa, prediclfon grder of a plurality of sun-higeks, .
obtained by dividing the pixelblock from a plurality of predetermined
predittidni orders; asecerd selectdr whichl s6lects sfromtan phuweality of
prediction modes which regulate a manner of referring to an encoded pixel
wheh g fifstedictidiPBignafoféach stib-bloBR &egenetated fbF atletoded
pixel. numper of prediction modes used in rediclion of e fist
pregictlon, T; a'third defector which seledts prediction modes of the”
number of sglecied predictiondnedes from thepluralityiofpredictiond: o+ ion
modes to use in 10prediction of the first prediction signal; a generator

whitlr denerateés-therfirstpredictionsignat in the seldcted predictiornorder

by using the number of selected prediction modesgenerate a second

preditfiot Siynal cSteshonting fothe pixelbIocK: arfef' 152 gérierafor WHicH
generales agdacoded image signal by psind.the,secaad pradiction signal

According to still another aspect of the present invention, there is provided
a compluter reatiablestorage metkida $n which a programiwhich.catses e

second

first prediction signal; a third selector which selects
prediction modes of the number selected prediction
modes from the plurality of prediction modes to use in
prediction of the first prediction signal; a generator
which generates the first prediction signal in the
selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
an encoder which encodes a prediction residual error
signal expressing a difference between an image signal
of the pixelblock and the second prediction signal to
generate encoded data obtained by the predictive
encoding.

According to another aspect of the present
invention, there 1s provided an image decoding
apparatus comprising: a first selector which selects a
prediction order of a plurality of sub-blocks obtained

by dividing the pixelblock from a plurality of
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20computer to perform at least one of the image encoding process and

the image decoding process is stored. Brief Description of Drawings FIG.
1 is a block diagram showing an image encoding apparatus according to
an embodiment. FIG. 2A is a diagram showing an encoding target block

and an encoded block in an encoding target frame. FIG. 2B is a diagram
showing a block size of a macroblock. FIG. 3A Is a diagram showing an
8x8 bixelblock. FIG. 32 is a diagram showing a 4x4 pixelblock. FIG. 30 is

a diggram showing.868/4x4 pixelhlooks- 3E1G .4 is a block diagrag-« o »

showing details of a predictor in FIG. I. FIG. 5 is a block diagram
snowing-tdetadls of agrediction signabgerierator it FiGelkdiction nkdGes
6A is a diagram- showing 868 pixelblocks and 10block indexes. FIG. 62 is
a diaBish shefihgRa preditfdi 6ide? by S8§G&rtidl prédicidh frtreded

L o S LS 008 3T oo

Hcﬁ§Agenerated for a decoded pixel, a number of
prediction modes used in prediction of the first
prediction signal; a third selector which selects
prediction modes of the number of selected prediction
modes from the plurality of prediction modes to use in
prediction of the first prediction signal; a generator
which generates the first prediction signal in the
selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
a generator which generates a decoded image signal by
using the second prediction signal.

According to still another aspect of the present
invention, there is provided a computer readable
storage medium in which a program which causes a
computer to perform at least one of the image encoding
process and the image decoding process is stored.

Brief Description of Drawings

FIG. 1 is a block diagram showing an image
encoding apparatus according to an embodiment.

FIG. 2A is a diagram showing an encoding target

block and an encoded block in an encoding target frame.

FIG. 2B is a diagram showing a block size of a
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FIG. 60 is a diagram showing a change of another prediction order to the
blocks in FIG. 6A. FIG. 7A is a diagram showing 464 pixelblocks and
block indexes. 20FIG. 7B is a diagram showing a prediction order by
sequential prediction to the blocks in FIG. 7A. FIG. 70 is a diagram
showing a change of a prediction order b¥ extrapolating/interpolating
prediction to the blocks in FIG. 7A. 25FIG. 70 is a diagram showing a
change of another prediction order to the blocks in FIG. 711. FIG. 8 is a
diagram, for, explaining a prediction order table used in a prediction order
switch. FIG. 9A is a diagram showing a prediction mode of raster
block predietion irsa unidirectionalpredictaorw i ng FiG. 95 s avdiagiamopck.
showing a relationship between a prediction pixel and a reference Pixel in
4x4 pixel piedictiot? 15 acligwsaddiagramter expldifingla predictioh:

signal generating method in mode 0. . FIG.90 is,a diagram.for
explaining %r%grédic ion io‘giggr%f(‘;jo'éfnaerrrlafglr}fé}vr%lerﬂ%][oéi ingré%d 44. pl}geli%.olcd{s )

is a diagramrghowing names ofredictign modesandhmode indexesdr a
unidirectional predictor. FIG. 11 is a diagram showing names of
predictiahi modes andiméde indexes in a bidirectional predictor. 15FIG.
12A is a conceptual diagram _of . , .

FIG. 5 is™a block diagram showing details of a
prediction signal generator in FIG. 1.

FIG. 6A is a diagram showing 8x8 pixelblocks and
block indexes.

FIG. 6B is a diagram showing a prediction order by
sequential prediction to the blocks in FIG. 6A.

FIG. 6C is a diagram showing a change of a
prediction order by extrapolation/interpolation
prediction to the blocks in FIG. ©6A.

FIG. 6D is a diagram showing a change of another
prediction order to the blocks in FIG. 6A.

FIG. 7A is a diagram showing 4x4 pixelblocks and
block indexes.

FIG. 7B is a diagram showing a prediction order by
sequential prediction to the blocks in FIG. TA.

FIG. 7C is a diagram showing a change of a
prediction order by extrapolating/interpolating
prediction to the blocks in FIG. TA.

FIG. 7D is a diagram showing a change of another

prediction order to the blocks in FIG. 7A.

FIG. 8 is a diagram for explaining a prediction
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vertical/horizontal prediction (mode 01) in 4x4 pixel prediction.

FIG. 125 is a conceptual diagram of a vertical/diagonal-down-right
prediction (mode 04) in 20the 4x4 pixel prediction. FIG. 13Ais a
diagram for explaining an extrapolation/interpolation blotk prediction to
8x8 _.elblocks. FIG. 133 is a diagram for explaining 25extrapolation
/interpolation block prediction to 4x4 pixei%locks. FIG. 14A is a diagram
showing a positional 9 relationship between a reference pixel and a

predigtion pixel in extrapglation block prediction. . 4E\G.14B isa
diagram s ovx%ng % re%tionsf%p%e%weeﬁ anlinterr?oﬁat?on SW)CBIE(ZSIS\ and a
reference pixel in 4x4 pixed predictionn shdl6ad48 ipadsipgransshovwing ot
a relationship between an interpolation block (2) and a reference pixel in

the 44 pixel pregiction’ ed1 FIGO 140 is & disgrairshowing arelatiodshipor -
between an.interpplation block (3) and a reference pixel jn the 4x4 pixel
prediction.r}ETé.‘ 1 é is 3 d‘i’ég%%%%%‘xﬁl%?nﬁﬁél% prediction sighar*P

gengrating @etyogfg&a'e%q whep:vertical prediction:(mede. 0) isisglected 4 x4
in extrapolation block prediction. FIG. 15B is a diagram for explaining

a predietidn signal genenating method obtained when diagonal-downright
prediction (mode 4) is selected in the extrapolation block prediction.
20FIG. 16 is%& diagram Shdwing d préiéticn figeefning & prediction

signal generating method in mode 0.

FIG. 9D is a diagram for explaining a prediction
signal generating method in mod 4.

FIG. 10 is a diagram showing names of prediction
modes and mode indexes in a unidirectional predictor.

FIG. 11 is a diagram showing names of prediction
modes and mode indexes in a bidirectional predictor.

FIG. 12A is a conceptual diagram of
vertical/horizontal prediction (mode 01) in 4x4 pixel
prediction.

FIG. 12B is a conceptual diagram of a
vertical/diagonal-down-right prediction (mode 04) in
the 4x4 pixel prediction.

FIG. 13A is a diagram for explaining an
extrapolation/interpolation block prediction to 8x8
pixelblocks.

FIG. 13B is a diagram for explaining
extrapolation/interpolation block prediction to 4x4
pixeiblocks.

FIG. 14A is a diagram showing a positional
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interpolation block prediction in a unidirectional predictor. FIG. 17 isa
diagram showing a prediction mode of unidirectional prediction performed
in the 25interpolation block prediction in the unidirectional predictor. FIG.
1811 is a diagram showing a prediction mode 10 which can be selected
to an interpolation block (1) in the unidireé:tional predictor. FIG. 183
is a diagram showing a prediction mode which can be selected to an
interpolation block (2) in 5the unidirectional predictor. FIG. 180 is a

diagragm, shawing 3, prediction,made. whith, canLbe Seleetedhlo an preqs crion
interpolation block(3) in the unidirectional predictor. FIG. 180 is a diagram
showing predictioncmegdes 30which-arche selectedtt@n. interpolation

block (4) in the unidirectional predictor. FIG. 19A is a diagram for
explaining &lpredictiBn sfynal génerating hethod Jorthsshtekislagon Block

in inverse-vertical prediction (g]cold&Q)b}gglkG.gﬁB is a diag]rfar?éfor

exp‘i)aefﬁi%aeanpﬁ;é%icjtircl)ﬁ%]:gpn%lr generating meth )fora trﬁ% ira%terﬁolaﬁcg)irﬁ1 block
(2) ivinverservertical prediction-(mede 9n .

FIG. 14C is a diagram showing a relationship
between an interpolation block (2) and a reference
pixel in the 4x4 pixel prediction.

FIG. 14D is a diagram showing a relationship
between an interpolation block (3) and a reference
pixel in the 4x4 pixel prediction.

FIG. 15A is a diagram for explaining a prediction
signal generating method obtained when vertical
prediction (mode 0) is selected in extrapolation block
prediction.

FIG. 15B is a diagram for explaining a prediction
signal generating method obtained when diagonal-down-
right prediction (mode 4) is selected in the
extrapolation block prediction.

FIG. 16 1s & diagram showing a prediction mode of
interpolation block prediction in a unidirectional
predictor.

FIG. 17 is a diagram showing a prediction mode of
unidirectional prediction performed in the
interpolation block prediction in the unidirectional

predictor.

FIG. 18A is a diagram showing a prediction mode



FIG. 20A. is a diagram for explaining a prediction signal generating
method for the interpolation block 20(1) in inverse-horizontal prediction
(mode 10). PIG. 203 is a diagram for explainin.,., a prediction signal
generating method for the interpolation block (2) in inverse-horizontal brec
otion (mode 10). FIG. 21Ais 2 diagram for explaining a
prediction 25signal generating method foerhe interpolation block in
diagonal-left prediction mode 12). FIG. 213 is a diagram for explaining a

prediction, 11signal geierating method for;the interpolation,blogk (1l ipy )
diagonal-left prediction (mode 12). FIG. 21C is a diagram for
exptairingaiprediction sigral geaerating method for the interpolation block
(2) in diagonal-left prediction (=de 12). FIG. 22 is a diagram showing
names of prédiction odestand AtdHe XS iR thtdrpofatbrbleer mode
prediction in.a pidrectional predicior. EIG. 235 flow shart showing 3., ,
processing f&procedure of image encoding accoP(ﬁng 0 an embodiment.
FIG: 24 is,a flowchart shewing.a part efthe processing procedure in FIG.

2 FIG. 18C is a diagram showing a prediction mode
which can be selected to an interpolation block (3) in
the unidirectional predictor.

FIG. 18D is a diagram showing prediction modes
which can be selected to an interpolation block (4) in
the unidirectional predictor.

FIG. 19A is a diagram for explaining a prediction
signal generating method for the interpolation block
(1) in inverse-vertical prediction (mode 9).

FIG. 19B is a diagram for explaining a prediction
signal generating method for the interpolation bkblock
(2} in inverse-vertical prediction {(mcde 9).

FIG. 20A is a diagram for explaining a prediction
signal generating method for the interpolation block
(1) in inverse~-horizontal prediction {mode 10).

FIG. 20B is a diagram for explaining a prediction
signal generating method for the interpolation block
(2) 1n inverse-horizontal prediction {(mode 10).

FIG. 21A 1is a diagram for explaining a prediction
signal generating method for the interpolation block
(1) in diagonal-left prediction (mode 12}.

FIG. 21B is a diagram for explaining a prediction
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PIG. 25 is a diagram showing an example of a syntax structure used in an
image encoder. 15FIG. 26 is a diagram showing an example of a data
ucture of a macroblock layer syntax. FIG. 27 is a diagram showing an
example of a data structure of macroblock prediction syntax. FIG.
26 is a diagram for explaining an equation_20for transforming a prediction
mode into an encoding index. F:G. 297is a diagram for explaining a
table for transforming a prediction mode into an encoding index. FIG. 30 is

a diagram, showing,names, of pradiction 2omades; which,cane, used o,
the inte‘rpolati%n blocks (1), (2), and (3) and the extrapol%tion block (4) and
modelindexes! i EKan3l isla diagrars shewinghanethee example of the data
structure of the macroblock prediction syntax. FIG. 32 is a diagram
showing a AEthod 6f défiviAg alprédietiort ModRBFIG N33 & & diRgralhction
showing block positions where a prediction mode.is referred to jin

ore et 3G A A AIEG/Are shovind anolie SAATIE b e Aia"
strugtuire of,the;macroblackrediclion SyRt8Xn (mode 12) .

FIG. 22 is a diagram showing names of prediction
modes and mode indexes 1in interpolation block
prediction in a bidirectional predictor.

FIG. 23 is a flow chart showing a processing
procedure of image encoding according to an embodiment.

FIG. 24 is a flow chart showing a part of the
processing procedure in FIG. 23.

FIG. 25 is a diagram showing an example of a
syntax structure used in an image encoder.

FIG. 26 is a diagram showing an example of a data

structure of a macroblock layer syntax.

FIG. 2

et

is a diagram showing an example of a data

1

structure of macroblock prediction syntax.

FIG. 28 is a diagram fcor explaining an equation
for transforming a prediction mode into an encoding
index.

FIG. 29 1s a diagram for explaining a table for
transforming a prediction mode into an encoding index.

FIG. 30 1s a diagram showing names of prediction
modes which can be used to the interpolation blocks

(1), (2), and (3) and the extrapolation block (4) and

mode indexes.
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FIG. 35 is a diagram showing an example of a data structure of a
secuence parameter set syntax. FIG. 36 is a diagram showing an
example of a data structure of a picture parameter set syntax. FIG. 37
is a diagram showing an example of a data structure of a slice header
syntax. 15FIG. 38 is a diagram showing an example of the data structure
of the macroblock layer syntax. FIG. 39 is a diagram showing still
another example of the macroblock prediction syntax. FIG. 40 is

a block diagram showing an image 2Qdecoding apparatus aceordingto ae

embodiment. FIG. 41 is a block diagram showing details of the prediction
signat gederatorsiniGi4® of Elte 4R2aseotiagram foreekplaining asyntax.
equation for inversely transforming a decoded index into a 25prediction,
mode.  HIG: 434s adidgrant for Ekpfaining " talfle T6iRvérsely deriving

transforming a decoded index into a prediction mode. FIG. 44Ais a

=} T on I .. .. .
dlagraFn for expl%unlng Block positions where a prediction mode is referred
to in prediction of the interpotationblac Ehobkie. Mbisia diagramdas where

explaining block

a prediction mode is referred to in prediction.

FIG. 34 1s a diagram showing another example of
the data structure of the macroblock prediction syntax.

FIG. 35 is a diagram showing an example of a data
structure of a sequence parameter set syntax.

FIG. 36 1s a diagram showing an example of a data
structure of a picture parameter set syntax.

FIG. 37 is a diagram showing an example of a data
structure of a slice header syntax.

FIG. 38 i1s a diagram showing an example of the
data structure of the macroblock layer syntax.

FIG. 39 is a diagram showing still another example
of the macroblock prediction syntax.

FIG. 40 is a block diagram showing an image
decoding apparatus according to an embodiment.

FIG. 41 is a block diagram showing details of the
prediction signal generator in FIG. 40.

FIG. 42 1is a diagram for explaining an eguation
for inversely transforming a decoded index into a
prediction mode.

FIG. 43 is a diagram for explaining a table for

inversely transforming a decoded index into a



positions where a prediction mode is referred to in prediction of the
interpolation block (2). FIG. 440 is a diagram for explaining block
positions where a prediction mode is referred to in prediction of the
interpolation block (3). FIG. 44D is a diagram for explaining block
positions where a prediction mode is referred to in prediction of the
interpolation block (4). Best Mode for Ca@n@/ing Out the Invention 15An
embodiment of the present invention will be described below with
refer%rel%et tihgn(jrr%\évg%%. <About Image Encoding Appa'ratus> As
shown in FIG. 1, in an image encoding apparatus according to an

embodiment of thednvention, andapul2Oivage signal 420 ©f arpewing
image or a still image is input to an image encoder 100. The image
encoder 100 haswfearae dividediCL dredictor €02 sa noderseldctor103,
an orthogonal transformation/quantization unit 104, an inverse

quantiz&tiSHinvBrs2 orthyohal 5 trnsformation Wnit 135" an adder 106, a
reference image memory, 107 and an.entropy.encoder 108, An gngoding

controller 110 gives encoding confrol 19
positions where a prediction mode is referred to in
prediction of the interpolation block (2).

FIG. 44C is a diagram for explaining block
positions where a prediction mode 1s referred to in
prediction of the interpolation block (3).

FIG. 44D is a diagram for explaining block
positions where a prediction mode is referred to in
prediction of the interpolation block (4).

Best Mode for Carrying Out the Invention

An embodiment of the present invention will be
described below with reference to the drawings.

<About Image Encoding Apparatus>

As shown in FIG. 1, in an image encoding apparatus
according to an embodiment of the invention, an input
image signal 120 of a moving image or a still image 1is
input to an image encoder 100. The image encoder 100
has a frame divider 101, a predictor 102, a mode
selector 103, an orthogonal transformation/quantization
unit 104, an inverse quantization/inverse orthogonal
transformation unit 105, an adder 106, a reference
image memory 107, and an entropy encoder 108.

An encoding controller 110 gives encoding control
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information 140 to the image encoder 100 to control a whole of an
encoding process of the image encoder 100 and properly receives
feedback information 153 from the image encoder 100. The encoding
control information 5140 includes prediction mode index information
(described later), block size switching information, prediction order
switching information, prediction mode number switching information,
guantization parameter information, and the like. The quantization

p?‘rf%@%gexfréé){’?f%m%tw ingludes a guanizafion widh (quantization siep

size), a quantization matrix, and the like. The feedback information 130
inclydes gengrated ceding bits amaimnt inforrationein the dmage epgeder1 00
100 required to determine quantization parameters. 15In the image

encodéer TO0RAE Input rmage signat $20 isinpuntorthedrame dividerfroan the
In the frame divider 101, an encoding target frame of the input image _,
Sigrifi196 1§ BRRICE Nt S pluralty of BiveloiBeks et erath s BloR = °”
image signal 124£or20example anepecoding target.frame.in FIG. 2Ais
divided into a plurality of blocks each having a 16x16 pixel/block size as
shownidr &G 2B. The diock showrkindilGe 284s$ calleda madrobtockiand,

is a basic processing unit for encoding. More specifically, 25encoding is
perforAEd Tt LAR oP AFa&robibckS ' 1 Tha bleeKTiftage sigRaiSt216utplt mode

from, e, rame, divider, 1L is,subiecled Jo Inirg;figme prediction by 43 e,
preoﬂctor 102 tirst. The irtra-frame prediction is a scheme w ich pen%rms
predigtian-elosed in adrame -as has been knownglhe predietos 1 02usesd e r
coded pixel as a reference pixel to predict an encoding target block,

thereby generating al prediction sigralal22 painitof & hrdcioblaglkentizgation
the predictor 102, a plurality of %rediction modes for intra-frame prediction

are preparéd,Zand prediétion is paffofhed téording® ol $dlectable:  The

feedback information 150 includes generated coding bits
amount information in the image encoder 100 required to
determine guantization parameters.

In the image encoder 100, the input image signal
120 is input to the frame divider 101. In the frame
divider 101, an encoding target frame of the input
image signal 120 is divided into a plurality of
pixelblocks to generate a block image signal 121. For
example, an encoding target frame in FIG. 2A 1s divided
into a plurality of blocks each having a 16x16
pixel/block size as shown in FIG. 2B. The block shown
in FIG. 2B is called a macroblock and is a basic
processing unit for encoding. More specifically,
encoding is performed in unit of a macroblock.

The block image signal 121 output from the frame

divider 101 1is subjected to intra-frame prediction by
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10prediction modes. The predictor 102 may have a prediction mode which
performs intra-prediction of H. 264, i.e., 8x8 pixel prediction in FIG. 3A,
4x4 pixel prediction in FIG. 33, or 8x8/4x4 pixel prediction in FIG. 30 (8x8
pixel prediction and 4x4 pixel prediction 15are mixed with each other in a
macroblock). In the intra-prediction of H._264, next prediction cannot be
performed without forming a local decoded image in the macroblock. In
this case, orthogonal transformation/quantization and inverse

20quantizationlinyerse pithogopakiransiormation.may he-performeddn the, 5
predictor 102. In the 8x9 pixel prediction and 4x4 pixel prediction, each
macroblotk:isdividedrinto=site bloske censtitutedrby-3x8spitetblocks @neine as

4x4 p_Lxelblocks. In 25this case, the prediction mode regulates a manner
of réfefingfrencotied pixels tised fhenstedittion Sifpalsoftpecd pixel

sub-blocks areeeqfeengrated.. Th s@élpe r(Segrllclydinrg} aesize) of thetsg]%)-%l%ck

is not limited to a Spgafig 1éf‘<|<'(j“1pe. o] exampﬁe, S aperslco?dl X8 pixels,

8.y.16 pixels, Bxd:Rixels antk 4x8 pixglssmay beiuseds Therefare: 8x4 pixel
prediction and 2x2 pixel prediction can be realized by the same framework
as desttibed above.AWhehatock size of the sub-block is reduced, i.e.,
when the number of divided macroblocks increases, an amount of code

used when'Blodk'§iz8 SHitbhRingtinformation {d&dtibedYaref) 8 Entdded °
increases. However, since: intia:frame predictign haying higher prediction
efficiency can be performed, a residual error is reduced. Therefore, in
congiderationiofa halapee ebthesamauricaf Coding-kits:fol traastermatior:
15coefficient information (described later) and a local decoding signal, a
block st iy Be seléced. THE SareSsroeess ad désérbed abisveimay

be performet f9.a pixel region hiaving an arbitiary, shape gererated by.a
region dividing method.

264, i.e., 8x8 pixel prediction in FIG. 3A, 4x4 pixel
prediction in FIG. 3B, or 8x8/4x4 pixel prediction in
FIG. 3C (8x8 pixel prediction and 4x4 pixel prediction
are mixed with each other in a macroblock). In the
intra-prediction of H. 264, next prediction cannot be
performed without forming a local decoded image in the
macroblock. In this case, orthogonal
transformation/quantization and inverse
guantization/inverse orthogonal transformation may be
performed in the predictor 102.

In the 8x8 pixel prediction and 4x4 pixel
prediction, each macroblock is divided into sub-blocks
constituted by 8x8 pixelblocks and 4x4 pixelblocks. In
this case, the prediction mode regulates a manner of
referring to encoded pixels used when prediction

signals of the sub-blocks are generated. The shape
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20In the predictor 102, a prediction residual error signal 123 is generated
by subtracting the prediction signal 122 from the prediction signal 122 and
the block image signal 121. The prediction residual error signal 123 is
input to the orthogonal 25transformaticnicuantization unit 104 and the
mode selector 103. In the orthogonal transformation/quantization unit 104,
orthogonal IT transformation is performé to the prediction residual error
sidna] 123, and the transformation coefficient obtained by the orthogonal

traﬂfr-[%rm%@ma quaptized to,gensrate quantization trangformation + oq o a
coefficient 6information 127. With respect to the shape of a
transferaation/quantizationr block:yehigh is,a progessinginitdrghe ixels,
orthogonal transformation/quantization unit 104, shapes of 8x8 pixels, 4x4
pixé&ls 116 X8 pisels, 16841 6°pixelss 8x4 pikefs: And ¥xBlpixdls tafpeused.

selected. Alternatively, different shapes are given the (
tranTgfc?rﬁ]ea %%?qugén?iéaﬁ(%ﬁ{ %I{c])clﬁg eland(%r?(;% %nogfcrc?b Spck2 ><I'-Zor]'%a]i(}szﬁqlpIe, 6X6

pixelblogks and 4x4pixelplogks mayhe mixad-ia asmasroblagleas shown
in FIG. 30. In the mode selector 103, on the basis of prediction mode
infodmation 3124 (Elereafter, prediction mode index information, block size

switching information, prediction order switching information, 20and

prediction Y‘Hb?j% @rﬁ%@r_céim?éh?ﬁg Fhforma?i_oﬁ e taREd td Be prédictish
moge Informalion ganerically).such-as prediation made ndgx iaformatian, .

block sizé switc ing information, prediction order switching information,
and:the frediction, =de sunhersitehing 25 information relatedto ag
prediction mode to be input through the prediction residual error signal
123iarfdrthreapredictorEGZ dirercodinge €ost is caledted Qncreases.

However, since intra-frame prediction having higher
prediction efficiency can be performed, a residual
error is reduced. Therefore, in consideration of a
balance of the amount of coding bits for transformation
coefficient information (described later) and a local
decoding signal, a block size may be selected. The
same process as described above may be performed to a
pixel region having an arbitrary shape generated by a
region dividing method.

In the predictor 102, a prediction residual error
signal 123 is generated by subtracting the prediction
signal 122 from the prediction signal 122 and the block
image signal 121. The prediction residual error signal
123 1s input to the orthogonal
transformation/quantization unit 104 and the mode
selector 103. 1In the orthogonal

transformation/quantization unit 104, orthogonal
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18 the basis of this, an optimum prediction mode is selected. More
specifically, when the prediction mode formation 124 is represented by
OH, and a sum of absolute values of prediction residual error signals is
represented by SAD, the mode selector 103 selects a prediction mode
which gives the minimum value of an en%iding cost K calculated by the
following equation as an optimum mode: 10[Eauation 1] K = SADx OH(1)
where X denotes a constant which is determined on the basis of a value of

a qe%g@%ﬁ'SMﬂ%@%AE@@9@&5&&%&@&'%atea gostaaleulgtion indhg,,
15mode selector 103, only the prediction mode information OE or only the
Stim:of abselutg values SAD afitherpredictian fesidual esrorsignats maynt
be used. A value obtained by Hadamard-transforming or approximating

the Prédicticr niodeiRformatior of e pretictiohTESIbAPP0erFor&igiat 1 2ed

may be used. A cost function may be formed_by using a quantization width
ang a q%gﬁﬁzraatito% p%%gr#e%ezrétw&s éﬁlfgﬁg?ﬁ%?‘éggr%rﬁlecgfetﬁg cost ndt

calgylation, a-virtyal.encoder is prepared, and an amount of code

250btained by actually encoding the prediction residual error signal 123

generatt_—:-dWri eblchr prgdictioncmode andrasguaré exror between a decoded

Imagggﬁgggféggion/quantization block which is a processing
unit in the orthogonal transformation/gquantization unit
104, shapes of 8x8 pixels, 4x4 pixels, 16x8 pixels,
8x16 pixels, 8x4 pixels, and 4x8 pixels can be
selected. Alternatively, different shapes are given to
the transformation/quantization blocks in one
macroblock. For example, 8x8 pixelblocks and 4x4
pixelblocks may be mixed in a macroblock as shown in
FIG. 3C.

In the mode selector 103, on the basis of
prediction mode information 124 (Hereafter, prediction
mode index information, block size switching
information, prediction order switching information,
and prediction mode number switching information are
called to be prediction mode information generically)
such as prediction mode index information, block size
switching information, prediction order switching
information, and the prediction mode number switching
information related to a prediction mode to be input

through the prediction residual error signal 123 and

the predictor 102, an encoding cost is calculated. On
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19 obtained by locally decoding encoded data and a block image signal
121 may he used. In this case, a prediction mode which gives the
minimum value of an encoding cost J calculated by the following eguation
is 5selected as an optimum mode: [Equation 2] J(2) where D denotes
an encoding distortion expressing the square error between the block
image signal 121 and 10the decoded im 8e signal 130. On the other
hand, R denotes an amount of code estimated by virtual encoding.

When the encading cogt Jin EQP%%?&%M\S_ ysed, virtual engading and
loca decoalng (inverse 15auantization and inverse orthogonal
transforemation) are necessary in each prediction mode. For this reason,
an amount of processing or a circuit scale increases. However, since the
cost J refléées an 2ieegrate ambolint of'dsde ah¢ apddraiesacadingde
distortion, a more 200%)timum rediction mode can be seIegtedAs a resglt,

gt B BitibBAcs tan BREHTERGE Ny hiton 3t Sitbditg
distgition [ and.the amount of coding bits, R are used, In calculatian ofthes ;5

encoding cost J. However, :he encoding cost J may be 25calculated by
usingeame=ere 0&® and RAB,coste mode selector 103 selects a
prediction mode which gives the minimum value of an
encoding cost K calculated by the following egquation as
an optimum mode.
[Equation 1]

K = SAD + A x OH (1)

where A denotes a constant which is determined on
the basis of a value of a quantization parameter.

As another example of a cost calculation in the
mode selector 103, only the prediction mode information
OH or only the sum of absolute values SAD of the
prediction residual error signals may be used. A value
obtained by Hadamard-transforming or approximating the
prediction mode information or the prediction residual
error signal may be used. A cost function may be
formed by using a quantization width and a guantization
parameter.

As still another example of the cost calculation,
a virtual encoder is prepared, and an amount of code
obtained by actually encoding the prediction residual
error signal 123 generated in each prediction mode and

a sguare error between a decoded image signal 130
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function may be formed by using a value obtained by approximating C and
R. 20 From the mode selector 103, optimum prediction mode
information 125 expressing a selected prediction mode and a prediction
signal 126 corresponding to the selected prediction mode are output. The
optimum prediction mode information 125 is input to the orthogonal
transformation/quantization unit 104 togétﬁer with the prediction residual
error signal 123 from the predictor 102. The orthogonal

tran fQCrm.ation/ uantization unit, 104 performs 10ortho al
108 MUNILE2ER 90 1oc)
trané?orﬁ]la?l%n, of exgrcnagf ,ydlscergt% éo%?nee{lrgr?;%‘gfjmat&l%na(ﬁe?) fo t?leoc ‘

predigtior residual error signal, 123 withreference to,the optisauma
prediction mode information 125. As the orthogonal transformation,
wavelstdiansformationgindepehderitvistoniporishtanalysis corthedikean
may be used. In the orthogonal transformation/quantization unit 104, a

transRSTRTatioR dofricieht obt&ined by hé BrthBGondl traRgfdtmhatigHas 1 on 3
quaggﬁ%%pegeg%rag%th&)gﬂ%%amgansformation coefficient

information 20127. In this case, a quantization parameter such as a
quantization widtl required for quantization in the orthogonal
transformation/quantization unit 104 is designated by the quantization
parameter fhformatiortintluded in the encoding control information 120

from 25theW necgedir}g c ntr&llgg 1%3. c‘(l)'ge rc11|uaglt]iﬁzs tioggransfor}r{nartieosns.m
coefficient intorniation 121 1S |nput1}o€?ﬂe eniLroBy encoder 108" 21°F S

together with infermation relatedde predigtion suoh asiage signal 121 and
the decoded image signal 130. On the other hand, R
denctes an amount of code estimated by virtual
encoding.

When the encoding cost J in Equation (2) is used,
virtual encoding and local decoding (inverse
quantization and inverse orthogonal transformation) are
necessary in each prediction mode. For this reason, an
amount of processing or a circuit scale increases.
However, since the cost J reflects an accurate amount
of code and accurate encoding distortion, a more
optimum prediction mode can be selected. As a result,
higher encoding efficiency can be obtained. 1In
Equation (2), the encoding distortion D and the amount
of coding bits R are used in calculation of the
encoding cost J. However, the encoding cost J may be
calculated by using any one of D and R. A cost
function may be formed by using a value obtained by

approximating D and R.
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prediction mode index information 141, block size switching information
142, prediction order switching information 143, prediction mode number
switching 5information 144, and a quantization parameter which are
included in the encoding control information 140. The entropy encoder
108 performs entropy encoding such as Huffman encoding, Golomb
encoding, or arithmetic encoding to the aﬁ)antization transformation
coefficient 10information 127 and the information related to prediction to

generate eﬁcoﬁquét%%% ng gnceded,dafa 146, u%“%'%%q by &,
multiplexer 111 and fransmitted t rough an outputbuffer 112 as an
enceding bit:streamdidn 12 Thequantization trarsfopation ceefficient on
information 127 is also input to the inverse quantization/inverse orthogonal

trarsfoimation nitres) Thelipversedduahtizatordinyesesrtitdgohak© the
transfaormation unit 105 inverse}!y %luanrizes the 20 uantiz}gtion
atl

transformation doeficiént inforMation %5eac%8rtcﬁ3r¥g to anr?tiz%%ri]mum
parameter information from,the engoding gongraller 110 andperforms

inverse orthogonal transformation such as inverse discrete cosine
transtarmationsIDE T tosd transtormatign 25coefficient.obtairedLiby: the
inverse quantization, thereby generating a prediction residual error signal

128 SHMIERL t6thE prédictiditfesidu &rrbf Sigfap poerror signal 123

from the predictor 102. The orthogonal
transformation/guantization unit 104 performs
orthogonal transformation, for example, discrete cosine
transformation (DCT) to the prediction residual error
signal 123 with reference to the optimum prediction
mode information 125. As the orthogonal
transformation, wavelet transformation, independent
component analysis, or the like may be used. In the
orthogonal transformation/guantization unit 104, a
transformation coefficient obtained by the orthogonal
transformation is quantized to generate the
guantization transformation coefficient information
127. In this case, a guantization parameter such as a
quantization width required for quantization in the
orthogonal transformation/quantization unit 104 is
designated by the quantization parameter information
included in the encoding control information 140 from
the encoding controller 110.

The guantization transformation coefficient

information 127 1is input to the entropy encoder 108
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123 output from the predictor 102. The prediction residual error signal
128 generated by the inverse quantization/inverse orthogonal
transformation unit 105 is added to the prediction signal 126 from the
mode selector 103 in the adder 106 to generate a local decoding signal
129. The local decoding signal 129 is accumulated in the reference image
memory 130. The local decoding signal accumulated in the reference
image memory 107 is read 10as the reference image signal 130 and

referred to. when the prediction residual error.signal 123 is generated b
The prédicior 105 An ehcodihg foop (n FIG. 1, predictor 1033 " *°

orthogenraltransformation/guantization unit 104 A5INVerse 10ck size
guantization/inverse orthogonal transformation unit 105 -* reference image
memeiytI30 sopredictertd2)ds matie whrere grocessingdo & seksctdble 1ng
prediction modes is finished in an encoding target block. When the

processig 6 the"encoding1b6p 1€ finished {67 20t ain ENcdditg Bfget
block, the block imageg signal, 121 of the next encadingfarget plockis, inpyt 4 .o

to the predictor 101 to perform encoding again. The encoding controller
110iperformscontrot bk encedtireencodingSuchr-asrate cantiollbyd. The
feedback 25control of an amount of generated coding bits or
quapfiZatimanteteresritrol C8nERg Md e BEMHFSIP R apRFatls if FRG. 28

1 is realized by hardware such as an LSI chip or realized by execution of
o T GO o i & BOmiter SABBU Prociadse Oak 102

Thebredigtord O2qwitihe desgribed below by usingrbli. A The predietorcient

102 has a prediction signal generator 113 which generates a prediction

signah and furthierrhas’an amternahmode Selectdritty, amliatetnalt o

orthogonal transformation/quantization unit 115, an
prediction to generate encoded data 146. The encoded
data 146 is multiplexed by a multiplexer 111 and
transmitted through an output buffer 112 as an encoding
bit stream 147.

The gquantization transformation coefficient
information 127 is also input to the inverse
gquantization/inverse orthogonal transformation unit
105. The inverse guantization/inverse orthogonal
transformation unit 105 inversely guantizes the
quantization transformation coefficient information 127
according to quantization parameter information from
the encoding controller 110 and performs inverse
orthogonal transformation such as inverse discrete
cosine transformation (IDCT) to a transformation
coefficient obtained by the inverse quantization,

thereby generating a prediction residual error signal

128 equivalent to the prediction residual error signal
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10internal inverse quantization/inverse orthogonal transformation unit 116,
and an internal reference image memory 118 to perform prediction in units
of a plurality of small pixelblocks (called sub-blocks) obtained by further
dividing a macroblock. 13When the block Lmage signal 121 is input to the
predictor 102, the Prediction signal 122 %?tained by unidirectional
prediction (described later) or bidirectional prediction (described later) is
generated by the prediction signal generator 113. In this case,

20p£§(§iqg%r%g]pgefi_pg%m@gignigr}%%ggv the prediction mode index

information 141, the block size switching information 142, the prediction
order switchirg nfermatioinoid3; @nddhe prediction miogleaiumbiesr generated
switching information 144 is transmitted from the 25encoding controller
110°t6 thE rédighdis SighaPGehEmRGCY3. M Sfedtiig Coftitiier 110
transmits a gluraljttx é)f pf%%i%tiof‘g oq%s to,the dprggiqgign S ng(lji24

Trans \a n 1S, tion
genergtor 1136 catise the prediction signal generator 11816 perform

prediction in thegplurality efpreglistien sades: Jheiprediction signabider 106
generator 113 generates, in addition to the prediction signal 122 obtained
by the respectivespredittion otiesopredictivhomade inférmatiorel6cal
corresponding to the prediction signal 122, A subtractor 119 subfracts the

prediction signaf 1 24 from the BiISckinTage Sighar121 to-géneratethe™ ©°

10pyedigtion esidual pgror signal. 133, The internal mode sglector 114

selects a prediction mode on the basis of the prediction mode information

161(tneluding theiprediciion mede indexdntarmationddd rthelldlocki s read
as the reference image signal 130 and referred to when
the prediction residual error signal 123 is generated
by the predictor 102.

An encoding loop (in FIG. 1, predictor 102 —
orthogonal transformation/quantization unit 104 —
inverse quantization/inverse orthogonal transformation
unit 105 — reference image memory 130 — predictor 102)
is made when processing to all selectable prediction
modes is finished in an encoding target block. When
the processing of the encoding loop is finished to a
certain encoding target block, the block image signal
121 of the next encoding target block is input to the
predictor 101 to perform encoding again.

The encoding controller 110 performs control of
entire encoding such as rate control by feedback
control of an amount of generated coding bits or
guantization parameter contrel, encoding modé control,

and control of the predictor. The image encoding
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size switchingormation 142, the prediction order switching information
143, and the prediction mode number switching information 144)
transmitted through the prediction signal generator 113 and the prediction
residual error signal 123 to output the prediction mode information 124
representing the selected prediction mogde. The prediction residual

error signal 123 and the Prediction modé information 124 outputted from

the internal mode selector 114 are input to the internal orthogonal
transformationiquantization ynit115. In 25the internal pxthegenal,ch as an
transformation/quantization unit 115, orthogonal transformation, for
examplecPOT isrpertormerdo the peedictian residugl error signal &5ck28ing
with reference to the prediction mode information 124. As the orthogonal
tramsfierFration: waveléttrinsformation, independent component analysis,

or the like may.fie used. I the Ierpa) orthggonal "
Stransformation/quantization unit 1ig, a transformation coefficient

obtained byrerthagonal-transforpation is quantized ta gererda ow by using
guantization transformation coefficient information 163. In this case, a
quantizatidn pafdmeter sdditasa dquantization width d Dedguaredsfogna L
guantization in the internal arthogonal transformation/%l:antization unr'i[ 115

is deRignated by the qiiantZatigh parameter infoffigtion-includeddn e 27C
enceding cantral informatian. 140 from.the engading controller 110, 15The, .1

quantization transformation coefficient information 163 is input to the
intesnalrinverse Yuantizationfinverserofthogonaktsansiornation anis 116n
The internal inverse quantization/inverse orthogonal transformation unit
116linverseh/ quantizes 20t §lidmiration tidnsforafation coeficient

informatio , . , :
trans%ormatlon unit 116, and an internal reference

image memory 118 to perform prediction in units of a
plurality of small pixelblocks (called sub-blocks)
obtained by further dividing a macroblock.

When the block image signal 121 1s input to the
predictor 102, the prediction signal 122 obtained by
unidirectional prediction {(described later) or
bidirectional prediction (described later) 1is generated
by the prediction signal generator 113. In this case,
prediction mode information including the prediction
mode index information 141, the block size switching
information 142, the prediction order switching
information 143, and the prediction mode number
switching information 144 is transmitted from the
encoding controller 110 to the prediction signal
generator 113. The encoding controller 110 transmits a

plurality of prediction modes to the prediction signal
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163 according to the quantization parameter information from the
encoding controller 110 and performs inverse orthogonal transformation
such as TDCT to a transformation coefficient obtained by the inverse L-)
guantization, thereby generating a prediction residual error signal 164
equivalent ..the prediction residual error sjgnal 123. 26 The prediction
residual error signal 164 generated by the internal inverse
Quantization/inverse orthogonal transformation unit 116 is added to a

predictian signal 162 from the,interpalmgade selector 114:ip.amaddeldift o r
to generate an internal decoding signal 165. The internal decoding signal
165lisZAaccumsatéd mmtherimternalireference image memioryy1 8¢ A local
decoding signal accumulated in the internal reference image memory 118

is rB&¢F 94 Ah TUintafiiHt Feferdnce iR SigRa 168 EHePrefé?ed 16 Wwhen 13
a prediction, residual error signal is generate e.preg ictj ignal
didionaesidual erar.signal s penerated by ine prediction signal, »

generator . Upon completion of prediction in a s in the
predistoy 1102 the pregictionsignal 122, the-prediction residual, 15erediction
signal 123, and the prediction mode information 124 corresponding to the
magrebfockrere Bfput Dutside thiepredicton o2 xAbout Predictcr Sigral
Generating Unit 113> The prediction signal generator 113 will be

20deséfibed bélow with reference to FIG. 5. FIG. 5 shows only a part

related to generation. ot the prediction signal 122 jn.the arediction,signal . 1
generator 113. In FIG. 5, a prediction order switch 170 switches prediction
ordersdof fsubblatks inlthe madcreblock omrbthé basis of ¢lee predietiorthe
order switching information
prediction residual error signal 123. The internal
mode selector 114 selects a prediction mode on the
basis of the prediction mode information 161 (including
the prediction mode index information 141, the block
size switching information 142, the prediction order
switching information 143, and the prediction mode
number switching information 144) transmitted through
the prediction signal generator 113 and the prediction
residual error signal 123 to output the prediction mode
information 124 representing the selected predicticn
mode.

The prediction residual error signal 123 and the
prediction mode information 124 outputted from the
internal mode selector 114 are input to the internal
orthogonal transformation/quantization unit 115. 1In
the internal orthogonal transformation/quantization

unit 115, orthogonal transformation, for example, DCT

is performed to the prediction residual error signal
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143 witto the block image signal 121. More prediction order to a plurality
of sub-blocks obtained by dividing a pixelblocb (macroblook) from a
plurality of predetermined prediction orders. Block image signals the
prediction orders of which are switched by the prediction order switch 170
are input to a unidirectional predictor 1721 and a bidirectional predictor 172.
The unidirectional predictor 171 and the tci’idirectional predictor 172 predict
a mecroblock with 10reference to encoded pixels according to the

pregiction arder switched and selegted by the prediction Qrder switeh 170,
and the prediction modes respectively selected tc generate a prediction
signalacorrespondimgdeithe gnacroblock kS lorespecificallyathel e t
unidirectional predictor 171 selects one prediction mode from the plurality
of reparetoprediction médes BR M Basis BF R Fretidoh nsde mdex the
inf rn@tion 14lbThesuenédireqir(l)n?k%redictor 171, generates pre iction

i ma U . nfternalyor
203|gnaﬁs With referénce to the internal reference image si naial 66

according £@ the prediction-mede selested as desaripedsabovenandthgat ion

block size switching information 142. The bidirectional predictor 172
selects fWo kirmscofqiredictied modesfrormahe 2bplurality of prepared: 1s
prediction modes on the basis cM the prediction mode index information

141vrHe Hidifectiohal BREdiEER 172 Yeherates predictioh Zarmaton

coefficient information 163. In this case, a
guantization parameter such as a quantization width
required for gquantization in the internal orthogonal
transformation/quantization unit 115 is designated by
the quantization parameter information included in the
encoding control information 140 from the encoding
controller 110.

The quantization transformation coefficient
information 163 is input to the internal inverse
quantization/inverse orthogonal transformation unit
116. The internal inverse quantization/inverse
orthogonal transformation unit 116 inversely guantizes
the quantization transformation coefficient information
163 according to the quantization parameter information
from the encoding controller 110 and performs inverse
orthogonal transformation such as IDCT to a
transformation coefficient obtained by the inverse
guantization, thereby generating a prediction residual
error signal 164 equivalent to the prediction residual

error signal 123.
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signals with reference to the i -carnal reference image signal 166
according to the two kinds of prediction modes selected as described
above and the block size switching information 142. The prediction signals
output from the unidirectional predictor 171 and the bidirectional predictor
172 are input to a prediction mode number switch 173. The prediction
mode number switch 173 is controlled according to the prediction mode
number 10switching information 144 to select any one of the prediction

signal generated by the unidirectional predictor 171 .and the prediction,c rateq
signal generated by the bidirectional predictor 172, thereby outputting a

selecfed peedietion-sighali122: 13 otheravords stheprédictien mwder thogonal
number switch 173 selects the number of usable prediction modes from a
pluralirstisrenetelmineddredictibn hiodeided th gpérafioh eEtfe signal

prediction order switch 170 will.be described with referepce to FIGS, 6R 1o -
50, PO ICE T TS 7D, BrATIC. S HIG, R Shovian bder bif Serfishe T
a refeyepes of sub-hlocks{(8x8 pixellecks) in @ maerobipck iy 8x8 pixel
prediction. Similarly, FIG. 7A shows an index :blk of sub-blocks 4x4
pixelbloeks)an admacrblock inidxdapixel @5pkedictionnFIGe 8A L 8x8 he
pixelblocks obtained by dividing a macroblock be four are placed in the

ordér St that FastErBIBER predicdion ™S AN encbding process are

performed,yIn)FIG, %&8@&%@6@9%99{ the. 8x pixglblocks obtaiped by
dividing the macroblock by four; and 4x4 pixelblocks obtained by dividing

the 8x8 pixelbloek by feurare ptaced indhe oyderisuchSthatayastes biock
prediction and an encoding process are perfqrmed. The prediction
ordersvitchel7 o Bicortiofied byane predietion éftfer 3witching HifoRRation

143. The predicti%n ortd,er r§w£tcg 158 at&anes;g:rgr}s an trrllea%Oi:rngex G:Ebl’llléra fed b
senVing Bs & ref&rence depehding ona value 9 g Y

the prediction signal generator 113. Upon completion
of prediction in all the sub-blocks in the predictor
102, the prediction signal 122, the prediction residual
error signal 123, and the prediction mode information
124 corresponding to the macroblock are output outside
the predictor 102.

<About Prediction Signal Generating Unit 113>

The prediction signal generator 113 will be
described below with reference to FIG. 5. FIG. 5 shows
only a part related to generation of the prediction
signal 122 in the prediction signal generator 113. In
FIG. 5, a prediction order switch 170 switches
prediction orders of sub-blocks in the macroblock on
the basis of the prediction order switching information
143 with respect to the block image signal 121. More

specifically, the prediction order switch 170 selects a
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of a flag :block_order_flag (described later) representing the prediction
order switching information 143 to switch a predictionof sub-blocks. To an
order :idx of the sub-blocks, an index :order (expressing a prediction
order) of the sub-blocks in actual encoding is given by the following
equation: [Equation 3] order = blkOonv[block_order_flag][idx1(3) FIG. 8
shows an example of a concrete 20tran brmation table of bIkCH H. When
the flag :block order flag is O (FASE), an index :order of a sub-block in

actyalpredictive eneoding is ag index idxitself of aspb-blogk to.be, . . 5, .4
encoded, and prediction of blocks and a prediction order are not

25changed (suchypeedictioniperformedrbytherpredietionrersier is eallega1it v
raster block prediction hereinafter). FIGS. 63 and 73 Show prediction

ordéfs eHtaifeeesy raser bloek prédietio tirFIGS. 6/8and AL NVRYe
specifically, in FIG. 6B, the prediction order is set as an order (0 -* 12 -* 3)
openi 5, o TS s R ey 5L n F10 5. o BriCTbnoiEr Y
is sehas gprder (O Lr4i2:.-514 48) depending on the index :idx. On

the other hand, when the flag :block_order_fiag is 1 (TRUE), an index
:order ofl sub<blacksatd heractualhyopredictioarehcaded @xhibits acprediction
order in which one diagonal block of four sub-blocks is predicted by
extRpofatiohFrstdid the three remaining blocks are predicted by

PRt ST e i osored by et
bidirectional predictor 172 predict a macroblock with
reference to encoded pixels according to the prediction
order switched and selected by the prediction order
switch 170 and the prediction modes respectively
selected to generate a prediction signal corresponding
to the macroblock.

More specifically, the unidirectional predictor
171 selects one prediction mecde from the plurality of
prepared prediction modes on the basis of the
prediction mode index information 141. The
unidirectional predictor 171 generates prediction
signals with reference to the internal reference image
signal 166 according to the prediction mode selected as
descriped above and the block size switching
information 142. The bidirectional predictor 172
selects two kinds of prediction modes from the
plurality of prepared prediction modes on the basis of

the prediction mode index information 141. The

bidirectional predictor 172 generates prediction
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FIGS. 60 and 70 show changes in prediction order obtained by the
extrapolation/interpolation prediction corresponding to FIGS. 6A and 7A,
respectively. In FIG. OC, a sub-block of index = 3 is predicted by
20extrapolation first, sub-blocks of idx = 1 and idx = 2 are predicted, and
finally a sub-block of idx - O located at a diagonal position of the position of
a sub-block of idx - 3 is predicted by extrapolation. In 710. 70, prediction
orders are set to four sub-blocks 250f 4x4 pixels obtained by dividing the

8x8pixelblack by four as in-E}G.6Q. As sfill another. example . prediction, ¢

orders of sub-blocks may be arbitrarily set as snownED and 7D
dependginglon peopserties duchyas @ correlation between pixegls #da ction
macroblock. As described above, the sub-blocks the prediction orders
of WHIE are SWRERSEE by thelpretictioRoraersfitci €76 afe inpbfto theze

unidirectional predictor 171 or th i%irect',nal redictor 172 to generate
prea%f%ﬁ %llgnn 13 gércr)génpaothld?ﬁgic?} the sulg‘?b o%gse.q%h%tplrgaicﬁgﬁ hiode

nurpberswitch-173 eutputs,a prediction-signalohtainedy the1 ang the
unidirectional predictor 171 when the prediction mode number switching
infdridtior 144aepresentsiprediction loder auriben t1 "tanc:Patoetsiat 1on
prediction signal obtained by the bidirectional predictor 172 when the

prefiicticn WBtRE IsimbE switching information 144 represents
prediction mode number 27, A prediction, sigpal.cptout frgm{he prediction

mode number switch 173 Is extracted as an output 122 from the prediction

signral generater 113 Srocesses of theanidicectionalpredister trland
20the bidirectional predictor 172 ocrrespondrno to the prediction orders
Set@yiﬁ@ﬂéggm@@ﬁ@ﬁmﬁqh@n 144 to select any one of the

prediction signal generated by the unidirectional
predictor 171 and the prediction signal generated by
the bidirectional predictor 172, thereby outputting a
selected prediction signal 122. 1In other words, the
prediction mode number switch 173 selects the number of
usable prediction modes from a plurality of
predetermined prediction modes.

An operation of the prediction order switch 170
will be described with reference to FIGS. 6A to 6D,
FIGS. 7A to 7D, and FIG. 8. FIG. 6A shows an
index :blk serving as a reference of sub-blocks (8x8
pixelblocks) in a macroblock in 8x8 pixel prediction.
Similarly, FIG. 7A shows an index :blk of sub-blocks
(4x4 pixelblocks) 1in a macroblock in 4x4 pixel
prediction. In FIG. 6A, 8x8 pixelblocks obtained by
dividing a macroblock by four are placed in the order

such that raster block prediction and an encoding
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will be described below. As described above, the unidirectional predictor
171 and the bidirectional predictor 172 predict sub-blocks to be encoded
by using 25decoded pixels held in the internal reference image memory
118 shown in FIG. 4 as the internal reference image signal 166. 32
(Process of Unidirectional Prediction Unit 171 in Raster Kock Prediction)
As prediction modes of raster block pred%)tion in the unidirectiapredictor
171, for example, nine modes, i.e., made 0 to mode 8 are present. As
shown in EIG. 94, the eight modes except.for made 2 (modes 0 andnave, ¢
pregictlon dlrectlonsp(%lrectlons in which encoded pixels are re]gerredato\)L

whigh are; shifted .at iHer@ls:01-22.5'ina iMageispagefgrmed bydhe cnlock
10image encoder 100 and are called direction prediction modes. Mode 2

is atDC predictiomedé 1rf thelusidiréctional predictoet7 LyFIG 10&howst he
names of prediction modes: modes 0 to 8 of raster block prediction in the

unidirettiBhaFpradictor £21. Mide mbexEs Bxressiig Thodéed %6 ste”
given to.the_names, respectively,; PIG ;913 shows a relation Q%W%?% cess

prediction pixels and reference pixels in the 4x4 pixel prediction_

PIG: 95, pixelscArte M are reference pixels, and pixels 20a to p are
prediction pixels. A concrete prediction method will be described below by
usMgFHG§3@NH%§@®?5&@@1@%deI switch 170 is controlled by

the prediction order switching information 143. The
prediction order switch 170 transforms an the
index :blk serving as a reference depending on a value
of a flag :block order flag (described later)
representing the prediction order switching information
143 to switch a prediction corder of sub-blocks. To an
order :idx of the sub-blocks, an index :order
(expressing a prediction order) of the sub-blocks in
actual encoding is given by the following equation:
[Equation 3]
order = blkConv(iblock order flag][idx] (3)
FIG. 8 shows an example of a concrete
transformation table of blkConvi{][]. When the
flag :block order flag 1s O (FALSE), an index :order of
a sub-block in actual predictive encoding is an
index :1idx itself of a sub-block to be encoded, and
prediction of blocks and a prediction order are not
changed (such prediction performed by the prediction
order is called raster block prediction hereinafter).

FIGS. 6B and 7B show prediction orders obtained by
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In the unidirectional predictor 171, when DC prediction in mode 2 is
selected, values of the 25prediction pixels a to p are calculated by the
following equation to generate prediction signals. 33 [Equation 4] a-p =
ave (A, B, C, 0,1, J, K, L)4) In this equation, ave() denotes an average
(called average pixel value) of pixel vahgg (luminance 5values) of the
parenthetic reference pixels. When Some of the parenthetic reference
pixels cannot be used, an average pixel value of only usable reference

pixels is.calcylated to.generate; prediction signaly AVhen aysabley; o
reference pixel is not present 10at all, in the prediction signal generator
113 wevalue (E28 in,case af Bshithmyhich s halka maximunmoluginance set
value of the prediction signals is set as a prediction signal. When a
modé exEetIBEmote 275 seletted, the UnidifetEioAarpredictdrE71 uses

2 prediction method whigh popies reference pixels ty prediction pixgls o, o,

preéﬂ% 611 dirgCtions shown in e specifically, a prediction
signal geperatingzmethodusegd-when mods Ox(vestical pgediction) isy 14 —

selected is 20given by the following equations: [Equation 5; a, e, 1, m - A
15) depending on the index :idx.

On the other hand, when the flag :block order flag
is 1 (TRUE), an index :order of sub-blocks to be
actually prediction-encoded exhibits a prediction order
in which one diagonal block of four sub-blocks is
predicted by extrapolation first and the three
remaining blocks are predicted by extrapolation or
interpolation. The prediction performed by the
prediction order will be called
extrapolation/interpolation prediction hereinafter.

FIGS. 6C and 7C show changes in prediction order
obtained by the extrapolation/interpolation prediction
corresponding to FIGS. 6A and 7A, respectively. In
FIG. 6C, a sub-block of index = 3 1s predicted by
extrapolation first, sub-blocks of idx = 1 and idx = 2
are predicted, and finally a sub-block of idx = 0
located at a diagonal position of the position of a
sub-block of idx = 3 is predicted by extrapolation. In
FIG. 7C, prediction orders are set to four sub-blocks
of 4x4 pixels obtained by dividing the 8x8 pixelblock
by four as in FIG. 6C.

As still another example, prediction orders of
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b,f,j,n=c, 9,k 0=25d, h,1, p=0(5) This mode 0 can be selected
only when reference pixels A to 0 can he used. In mode 0, as shown in
34 FIG. 90, reference pixels A to D are directly copied to prediction pixels
arranged in a vertical direction to generate prediction signals. On
the other hand, a prediction signal generating Rmethod used when mode
4 (diagonal-down-right prediction) is seldcted is given by the following
equations: [Equation 6]d=(2+ (0<<1)vD+2)>>210c,h=(A+ (E <<

DLGER) 22120, 8.1 BAMMEASS DY € 1:2>2 2yl p 5 {1 (M4 4p

1)+A+2)"2e,j,0=J+(1<<])+M+2)>>2n=(K+(J<<1)+1+2)

>>2h8m7et deresrdIg b Propdrties such as a correlation
between pixels in a macroblock.

As described above, the sub-blocks the prediction
orders of which are switched by the prediction order
switch 170 are input to the unidirectional predictor
171 or the bidirectional predictor 172 to generate
prediction signals corresponding to the sub-blocks.

The prediction mode number switch 173 outputs a
prediction signal obtained by the unidirectional
predictor 171 when the prediction mode number switching
information 144 represents prediction mode number "1"
and outputs a prediction signal obtained by the
bidirectional predictor 172 when the prediction mode
number switching information 144 represents prediction
mode number "2". A prediction signal output from the
prediction mode number switch 173 1s extracted as an
output 122 from the prediction signal generator 113.

Processes of the unidirectional predictor 171 and
the bidirectional predictor 172 corresponding to the
prediction orders set by the flag :block order flag
will be described below. As described above, the
unidirectional predictor 171 and the bidirectional
predictor 172 predict sub-blocks to be encoded by using
decoded pixels held in the internal reference image
memory 118 shown in FIG. 4 as the internal reference

image signal 166.
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Mode 4 can be used only when reference pixels A to D and | to M can be
used. In mode 4, a shown in FIG. 90, values generated by a 3-tap filter
are copied in a lower-right direction at 45 to generate 20prediction sig
With respect to a prediction mode except for modes 0, 2, and 4, the same
framework is used. More specifically, a prediction signal is generated by a
method of copying reference pixels whichan be used in 25a prediction
direction to prediction pixels arranged in the prediction direction. 35

(Process of BidirectionalPrediction Unit; 172, in Rastgr Block Prediction),; 5,
In unidirectional prediction, a prediction signal is generated on the
assumptien thatarkinFkleck image.has only one spatial directivity. When

the in-block image has two or more spatial directivities, the assumption
cannot be 3atisfiedld Fof iHig réxzen sthetnurBécst prédictior Fesidgaion in

error signals, tends tp increase when only the_unidirectional prediction is
1Out§£l . nelr(e%‘Lorr% ,Cvgvh(éﬁ?ge Frﬁaeggelﬁgsc}/ ﬁ/von)lil fno]%% %pgﬁglpn(ﬁ r]g%fiviﬂég,e

twogkingds-of modes of the-nine prediction modes (3Jse incleding the BQwn in
prediction) in the unidirectional predictor 171 are simultaneously used in
the Bidirectidnal predietor 17 2rtopesforn dSpredictiomirdeonsideraticreofa 1,

plurality of sg%[ial directivities, thereby suppressing the number of ,
prediBfforcresiduil efroY Rignafciterh iRcredsigct2ons (&K s in

rnm%%wggx%%ggggﬁp%yggggjB@Qe§eferred to) which are shifted

at intervals of 22.5° in an image space formed by the
image encoder 100 and are called direction prediction
modes. Mode 2 i1s a DC prediction mode in the
unidirectional predictor 171. FIG. 10 shows names of
prediction modes: modes O to 8 of raster block
prediction in the unidirectional predictor 171. Mode
indexes expressing modes 0 to 8 are given to the names,
respectively.

FIG. 9B shows a relation between prediction pixels
and reference pixels in the 4x4 pixel prediction. In
FIG. 9B, pixels A to M are reference pixels, and pixels
a to p are prediction pixels. A concrete prediction
method will be described below by using FIGS. 9A, 9B,
9C, and 9D.

In the unidirectional predicter 171, when DC
prediction in mode 2 is selected, values of the
prediction pixels a to p are calculated by the

following egquation to generate prediction signals.
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of prediction modes in the bidirectional predictor 172. 20In FIG. 11, a
prediction mode which uses two modes is present. For example, the name
and the mode index of a prediction mode which uses vertical prediction
(mode 0) and horizontal prediction(mode 1) are described as
"vertical/horizontal prediction” and "mode 01", respectively. For example,
the name and the mode index of a prediél?ion mode which uses the vertical
prediction (mode 0) and the DC prediction (mode 2) are described 36 as
"vertical/DC. prediction” and "made 02", respectively. As an example, a
pregl&gﬁcl)lr%%g%%l é:(i,nerating method performed by vertical/horizontal
prediction susing the yertical prediction,(modes)) and the horizontal 4
prediction (mode 1) will be described below. FIG. 12A shows the concept
of vertical/Rdrizéntal prédretiontmodeCl))in U2 pixes pradictivnr Adelation

bet diction pixels and ref ixels 10in the 4x4 pixel .
oreeT € o GHhR s AT FIG T boarmid: T4 brachLNE pibl g2

average,pixel value of PE@J;@\H@?%EQP&OEQEE% ygeticalprediction and

pixel | referred to in the horizontal prediction is set as a prediction signal.

15In predictiompixekls, amfaverage pixeh vakieiof retefencenpixelB iethe

vertical prediction and reference pixel | in the diagonal-down-right

pre@RiidRis $& a8 PreditichVSgRAISWAth RSpEatiathe bttt predisabn ©

MX%%,ggg§g8n§¥¥g$%a§% calculated to generate prediction
signals. When a usable reference pixel is not present
at all, in the prediction signal generator 113, a value
(128 in case of 8 bits) which isvhalf a maximum
luminance value of the prediction signals is set as a
prediction signal.

When a mode except for mode 2 is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. 9A. More
specifically, a prediction signal generating method
used when mode 0 (vertical prediction) i1s selected is
given by the following equations:

[Equation 5]

a, , 1, m = A

b, £, 3, n = B

c, g, k, o =2¢C

d, h, 1, p =D (3)

This mode 0 can be selected only when reference

pixels A to D can be used. In mode 0, as shown in
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20generated by the same method as described above. More
specifically, a prediction pixel is calculated by using the following equation
in vertical/horizontal prediction (mode Of). [Equation T 25X(01,n) =

(X(C,P) 1 X(1,n)1) >> 1(7) In this equation, reference symbol n
denotes an index corresponding to predgcgion pixels a to p shown 37 in
PIG. 96, and X(0,n) and X(1,n) denote prediction signals generated by
vertical prediction and horizontal prediction which are unidirectional
pregictions-Since concrete ggnerating methods gf the prediction signals. 4 « o
X(0,n) and X(1,n) is the same as that expressed by Equation (5) and
Equationi (6) i@ desdriptins thersofiglbbe omitted: rt 1 caA piedietian pixet o
is calculated by using the following equation in vertical/DC prediction

(MSHRG2) 1D [EdiRtibh 8] K02 hy2akF0,n)X(2,n)1) >> 1(8) A

prediction pixel is calculated b ing the following equation.i ‘
vertical/dia%noﬁtaklx-%oev%n%r?g%?%%ésétio%n Frﬁc%iel 0 %E[qulfar%%n 9% enerating
X(OADRS0, X4 B nd® 4 FIG L2hshowsthe-congept of a
prediction method in mode 04. In extrapolating prediction in a plurality of
20direetions exceptthe prediction ¢h ibdeiokor 62 prediction pixelsican

be similarly calculated. The extrapolating prediction in the plurality of
direétHBAS ta He expressed by the following general equation: [Equation

10][Equation 6]

d= (B + (C << 1) + D+ 2) > 2
c, h= (A + (B 1) +C+ 2) > 2
b, g, 1 = (M+ (A << 1) + B+ 2) > 2

a, £, k, p= (I + (M << 1) + A + 2} >> 2

e, 3, o= (J + (I << 1) + M+ 2) > 2
i, n= (K+ (J<<< 1)y + 1+ 2) > 2
m= (L + (K << 1) + J + 2) > 2 (6)

Mode 4 can be used only when reference pixels A to
D and I to M can be used. In mode 4, a shown in
FIG. 9D, values generated by a 3-tap filter are copied
in a lower-right direction at 45° to generate
prediction signals.

With respect to a prediction mode except for modes
0, 2, and 4, the same framework is used. More
specifically, a prediction signal is generated by a
method of copying reference pixels which can be used in
a prediction direction to prediction pixels arranged in

the prediction direction.
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X(UV,n) = (X (7,5,n)X(V,n)1) >> 1(10) In this equation, X(U,n) and
X(V,are a mode "U" and a mode "V" in the unidirectional prediction, and
33 X(UV,) is a prediction signal of a mode "UV" in extrapolating prediction
of a plurality of directions. In this manner, prediction pixels are
calculated by the unidirectional predictions of arbitrary two types in units of
pixels. A value obtained by averacdng these prediction pixels is set as a
prediction signal. For this reason, predicion can be performed at high

accuracy when a pluralit spatial directiyitie resent i ock, an
encoding 1 eli‘ﬁ(ﬁé%gy ((:Daynoéé (?r%%%oc\%%.oéé)%traﬁp%%%%%e?iﬁﬁp% a%%ncg o%:kqn
Pregliction) 1 drtherexdrapeolation/interpolation block prediction as
described in FIG. 68, an order of sub-blocks in a macroblock is changed
from an order irthe 15eastécblotk prediétonitora predictiohadcording tena L

Equation (3). For example, when prediction is performed to 8x ,
pixéﬁlo%ﬁ%ed%agheo%vr? IS 133SA£,) %W&u%&%e%é%er%%&? i—sbgrcéai}ételd“ a5°

a block (tohe refered to.as an extrapolationhlock hereinafter) 20whieh -

can be extrapolating-predicted in advance, and the three other blocks are
predictegtas blocks: {interpolatien Hiocks hereinatkter) which ean behe
interpolating-predictedMore specifically, an extrapolation block (4) is
prediefedlahd et HieHblRRMEHSSAT2), egrfdr(sf)%%é pfédicted; the

When,dxd pixclologs are predicied. a grefliction qragy s, sef UL IR
prealcﬁon of an eEA)ttrapoIatlon block 3

increase when only the unidirectional prediction is
used. Therefore, when the image has two or more
spatial directivities, two kinds of modes of the nine
prediction modes (also including the DC prediction) in
the unidirectional predictor 171 are simultaneously
used in the bidirectional predictor 172 to perform
prediction in consideration of a plurality of spatial
directivities, thereby suppressing the number of
prediction residual error signals from increasing.

FIG. 11 shows mode indexes corresponding to names
of prediction modes in the bidirectional predictor 172.
In FIG. 11, a prediction mode which uses two modes 1is
present. For example, the name and the mode index of a
prediction mode which uses vertical prediction (mode 0)
and horizontal prediction (mode 1) are described as
"vertical/horizontal prediction" and "mode 01",
respectively. For example, the name and the mode index
of a prediction mode which uses the vertical prediction

(mode 0) and the DC prediction (mode 2) are described
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and prediction of interpolation blocks are performed to each of the 44
pixelbiocks in units of 8x8 pixelblooks. In the prediction process, upon
completion of the 5prediction in units of 8x8 pixelblocks, prediction is
performed to the next 8x8 pixelblocks. In this manner, the prediction in
units of 8x8 pixelblocks is repeated a total of four times. (Prediction of
Extrapolation Block) 10When an extrapo Ation block is to be predicted, a
distance between a reference pixel and a prediction pixel is great. For this

reason, a,jange of e refgrence pixels, is as shawn in FiG.14A. In FIG.

14A, pixels A to X and Z are reference pixels, and pixels a 15 to p are
predietigitpixetse Although the range of the reference pixels becomes
wide, a method of generating a prediction signal by copying reference
pixels depd¥iing o pragiction angles i< performed ithe SHIRE Arahhed

as in the raster black prediction. 20More cifically, when DC prediction
in mr%%téerflcg éDeE?eréQICéal%r? %Pn%&t%%glaﬁgﬁ %?ogc%%)rzegc/ﬁgt%n Eiiglcglacg)lp? are

calculated by;the following equation: fEquationLLzad =ave(kf F, F,

U, V, W, X)(11) 25In this equation, ave (C denotes an average pixel value

of theoparenthetit reference pixels(Melven Someiof thé parenthetidoed below.

reference pixels
FIG. 12A shows the concept of vertical/horizontal
prediction (mode 01) in 4x4 pixel prediction. A
relation between prediction pixels and reference pixels
in the 4x4 pixel prediction is the same as that in
FIG. 9B. TFor example, in prediction pixel a, an
average pixel value of pixel A referred to in the
vertical prediction and pixel I referred to in the
horizontal prediction is set as a prediction signal.
In prediction pixel b, an average pixel value of
reference pixel B in the vertical prediction and
reference pixel I in the diagonal-down-right prediction
is set as a prediction signal. With respect to the
other prediction pixels, prediction signals are
generated by the same method as described above.

More specifically, a prediction pixel 1is
calculated by using the following equation in
vertical/horizontal prediction (mode 01).

[Equation 7]
X(01,n) = (X(0,n) + X(1l,n) + 1) >> 1 (7)
In this eguation, reference symbol n denctes an

index corresponding to prediction pixels a to p shown
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40 cannot be used, an average pixel value of only usable reference pixels
is calculated to generate prediction signalS. When a usable reference
pixel is not present at all, in the prediction signal generator 113, a value
(128 in case of 8 bits) which is half a maximum luminance value of the
prediction signals is set as a prediction s#'%nal. When a mode except
for mode 2 is selected, the unidirectional Predictor 171 uses a prediction
method 10which copies reference pixels to prediction pixels to prediction

directions shown in E1G. 9AMare specificallyy a :prediction signal ct 1on
generating method used when mode O (vertica prediction) is selected is

given by thesfallewingpequationsv &s{Equatiop A ace, lipm 2 &f, ort Fogtal
9, k,0=Gd, h, 1, p=H(12 20This mode 0 can be selected only when
refe?EREE FixeRVE 6 HEarRBE ussd Ak TR6de 00 as sRORA T EIG f5a, Since
reference pi

xe '§8Eﬁ }%% !ﬁa%&end%rer&g% (ﬁseisedo?? p{g_@;@% 8%8'&%%3%9&%@1 5

a vertical direc 0 generate prediction signa A prediction signa
gengrating, method:usedwher made 4 édiagenal-dovenright peadietion) js

selected in an extrapolation block is given by the following
Equation (5) and Equation (6), a description thereof
will be omitted.

A prediction pixel is calculated by using the
following equation in vertical/DC prediction (mode 02).
[Eguation 8]

X(02,n) = (X(0,n) + X(2,n) + 1) >> 1 (8)

A prediction pixel is calculated by using the
following equation in vertical/diagonal-down-right
prediction (mode 04).

[Equation 9]

X(04,n) = (X(0,n) + X(4,n) + 1) >> 1 (9)

FIG. 12B shows the concept of a prediction method
in mode 04.

In extrapolating prediction in a plurality of
directions except for the prediction in mode 01 or 02,
prediction pixels can be similarly calculated. The
extrapolating prediction in the plurality of directions
can be expressed by the following general equation:
[Equation 10]

X{UV,n) = (X(U,n) + X(V,n) + 1) >> 1 (10)

In this eqguation, X(U,n) and X(V,n) are a mode "U"

and a mode "V" in the unidirecticnal prediction, and
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equations: rEquation 131d =(C<<1)+D+2)>2n=(A+(B<<1)+C
+2)),>2Rb,g,1=B8+(A<<1)+B-2)>>2a,fkp=(Q+(Z<<l)+A
2)>>2¢e,j,0=(R+(Q<<1)+Z2+2)>>2n=(S+(R<<1)+Q+2)>>2
=(T+(S<<1)+R+2)>>210This mode 4 can be selected only when
reference pixels Ato D, Q to T, and Z can be used. In mode 4, as shown
in FIG. 155, values generated by a 3-ta§’§ilter are made prediction pixels
aligned in a lower-right direction at 45 to generate prediction signals.

Wi ect to the prediction. modes except for.modes Q, 2,, 4,.a

e AW & AAGSt hE e 20 Tt dOSorbe bove b usk
Mots.spegifically: & gnethad of copying a referenee pixel whichcande i ons .
used in a prediction direction or an interpolated value 20generated from

the reference pikelstorpredietion pixetsiarrangedinthé predietion divedtiored
is used to generate a prediction signal. (Interpolation Block Prediction)

In FIBS-13ANd 138 A& an iméRsbtation Bock 25074 preticted” ©
pre@%%’% OHP%%@E@%%“%Q'Q@E% A value obtained by

averaging these prediction pixels 1s set as a
prediction signal. For this reason, prediction can be
performed at high accuracy when a plurality of spatial
directivities are present in a block, and encoding
efficiency can be improved.

(Extrapolation/interpolation Block Prediction)

In the extrapolation/interpolation block
prediction as described in FIG. 6B, an order of sub-
blocks in a macroblock is changed from an order in the
raster block prediction to a prediction according to
Equation (3). For example, when prediction is
performed to 8x8 pixelblocks, as shown in FIG. 13A, an
outside corner block is predicted as a block (to be
referred to as an extrapolation block hereinafter)
which can be extrapolating-predicted in advance, and
the three other blocks are predicted as blocks
(interpolation blocks hereinafter) which can be
interpolating~predicted. More specifically, an
extrapolation block (4) is predicted, and then
interpolation blocks (1), (2), and (3) are predicted.
When 4x4 pixelblocks are predicted, a prediction order

is set such that prediction of an extrapolation block



(4) is ended. For this reason, prediction which refers to pixels of an
extrapolation block (4) can be performed. When an interpolation block (3)
is to be predicted, Prediction which refers to not only the pixels of the
extrapolation block (4) but also the pixels of the interpolation block (2) can
be performed. 5When an extrapolation block (1) is to be predicted,
prediction which refers to not only the pi%e%s of the extrapolation block (4)
and the interpolation block (2) but also the pixels of the interpolation block
(3) o e? 10El haow relati
bet\%vge%r%%%%%é%o aﬁio%gb%gﬁs%%%ggﬁa%%g(S 4%?8 ]Fgfegrgr%:eg%%(g@rlﬁﬂed Fo
Ax4epixel prediction 4 Pixels RA 191Rlare reference-pixels revely added to
FIG. 14A, and pixels a to p are prediction pixels. 15(Process of
Uniglirsetiona Prediction Unit 171 in Interpolation Block Prediction)

The unidirectiorLaI predictor 171 has a total of 17 modes of f#rectional

prediction W af extrapol fiGh btk With TeSpect 16 Mtefpoia Sirbiogk °f the

prediction angdnverse gxtragolation predictionwhigh refers, to.referengg 5
pixels in an encoded macroblock as shown in FIG. 16. The 17 modes
except formede z have predigtiorsdifections shiftediat intefvals bf 22:68nner,

FIG. 17 shows names of prediction modes 00 to 16 of unidirectional
pre8itfioR perfofiedih interpotdtion Bloek PrétictohintRs tinidireEfiBRated

predicgoortﬂIl. g/%odgoiggeéel%gg to 16 expressing modes 0 to 16 are 43

added 1o the names, respectively. In FIG. 17, to a prediction mode of

extrapolation hlockprediction (predictign rasterblogk prediction) shown in
FIG. 10, an inverse prediction mode is added. 5More specifically, modes

of vertical pregliction, hatizemalpredietion, DC lprédiction tdiagoral-dowed, 2
distance between a reference pixel and a prediction
pixel is great. For this reason, a range of the
reference pixels 1s as shown in FIG. 14A., In FIG. 14A,
pixels A to X and Z are reference pixels, and pixels a
to p are prediction pixels. Although the range of the
reference pixels becomes wide, a method of generating a
predicticon signal by copying reference pixels depending
on prediction angles is performed in the same manner as
in the raster block prediction.

More specifically, when DC prediction in mode 2 is
selected in an extrapolation block, prediction pixels a
to p are calculated by the following equation:
[Equation 11]

a~p = avel(kE, ¥, F, H, U, V, W, X) (11)

In this equation, ave(:) denotes an average pixel
value of the parenthetic reference pixels.

When some of the parenthetic reference pixels



[a)

left prediction, iagonal-down-rprediction, vertical-right prediction,
horizontal-lower prediction, vertical-left prediction, and horizontal-upper
10prediction are common in FIGS. 10 and 17. In FIG.. in addition to the
modes shown in FIG. 10, inverse vertical prediction (mode 9), inverse
horizontal prediction (mode 10), diagonal-upper-right prediction (mode
11), diagonal-upper-left prediction (modé& 12), 15inverse-vertical-left
prediction (mode 13, inverse- horizontal-upper-prediction (mode 14),

inversevertical-right-prediction (mode 15),.and. inverse- h Eiz%rglt -d%\ggbl
preg{%ﬁgr? %m% eqi% élfe adde .el%%g(it rlrﬁii%ed\\flv%lz%erga predézitcg:]tion ©

mode ean beR0selected depending ona: pasitionajdelation ©f @hediction
interpolation block and reference pixels and the presence/absence of
referenoepixels. Foeexamplealin therigtespelation blotkl(1},Jeferenggresent

pixels are arranged in all the directions, i.e., I%{t, right, Dug er, a lower. ]
FordfiisFeason; As<HowH R 184, &l Fhé esgg toi8 cgﬁ be selected® 1e

In the interpglation blagk )y since ngyreference pixelds 44 arrapggd on

the right, mode 10, mode 14, and mode 16 cannot be selected as shown
in FlQmi88iindhe interpotatiornlock (3) i sincemosiference pixekist as a
arranged on the lower side, mode 9, mode 13, and mode

prediction signal.

When a mode except for mode 2 is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. 9A. More
specifically, a prediction signal generating method
used when mode 0 (vertical prediction) is selected is
given by the following eguations:

[Equation 12]

a, €, 1, m = E

b, £, 3, n=F

c, g, k, o =20

d, h, 1, p=H (12)

This mode 0 can be selected only when reference
pixels E to H can be used. In mode 0, as shown in
FIG. 15A, reference pixels E to H are directly copied
to prediction pixels arranged in a vertical direction
to generate prediction signals.

A prediction signal generating method used when
mode 4 (diagonal-down-right prediction) is selected in

an extrapolation block is given by the following
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515 cannot be selected as shown in FIG. 18C. unidirectional predictor
171, when DC prediction in 10mode 2 is selected, an average pixel value
of upper, lower, left, and right nearest reference pixels is calculated to
generate a prediction signal. More specifically, with respect to the
interpolation block (1), prediction signals are 15calculated according to the
following equation: [Equation 14] a-p = a¥e(A, 3, C, 0, RA, RE, RC, RD, Q,
R, 3, T, RE, RE, RG, RH)(14) With respect to the interpolation
block (2), a calculated according to the | -E, F, G, H, RA, RE, RC, RD)(15)
Wity re %E%best‘ e interpolation block (3), a prediction signal is calculated

according.to;the fellgwing equation:

d = (B + (C << 1) + D+ 2) > 2

c, h = (A + (B << 1) +C+ 2) > 2

b, g, 1 = (Z + (A << 1) + B + 2) >> 2
a, £, k, p = (Q + (2 << 1) + A+ 2) >> 2
e, j, o= (R + (Q << 1) + 2 + 2) > 2

i, n= (S + (R << 1) + Q0 + 2) > 2

m_:(T+(S<<1)+R+2) >> 2

This mode 4 can be selected only when reference
pixels A to D, ¢ to T, and Z can be used. In mode 4,
as shown in FIG. 15B, values generated by a 3-tap
filter are made prediction pixels aligned in a lower-
right direction at 45° to generate prediction signals.

With respect to the prediction modes except for
modes 0, 2, and 4, a framework which 1s almost the same
as that described above is used. More specifically, a
method of copying a reference pixel which can be used
in a prediction direction or an interpolated value
generated from the reference pixel to prediction pixels
arranged in the prediction direction is used to
generate a prediction signal.

(Interpolation Block Prediction)

In FIGS. 13A and 13B, when an interpolation block
(2) 1is predicted, prediction of the extrapolation block
{4) 1is ended. For this reason, prediction which refers

to pixels of an extrapolation block (4} can be
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45 [Equation a-p = ave(A, D, 0, D, U, V, RE, RE, RC', RH)(16) In
Equationsand (16), ave denotes an average pixel value of the parenthetic
reference pixels. When some of the parenthetic reference pixels
cannot be used, an average pixel value of only usable reference pixels is
calculated to generate prediction 10signals. When a mode other than
mode 2 is selected, the unidirectional pré&ictor 171 uses a prediction
method which copies reference pixels to prediction pixels to prediction

dregtions shown In FIG 16, Peseripion of A5caloulsion.of recigio,

n mode 0 to mode 8 will be omitte ecause prediction Is

pertormedatdhe sameqredicianangles assthese in therextrapelationne
block. With respect to mode 9 to mode 16, encoded blocks 20arranged in
a matcrobleckodretleferrett- torincal pikelorder ofd prddictivh-ordes of thee

encoced extrapolated hlock (4). More specifically, when mode 9

(I RreEv ORI procn S RRIas b SreHEbon Sinal b SihehsieieTmec

fromanearesiyeierenca pixelan e gglowey side. Withespegliodhbey,

interpolation block (1) and the interpolation block (2), prediction signals

are caledlated accerding torthédoliowing eduationis; the pixels of the
extrapolation block (4) and the interpolation block (2)
but also the pixels of the interpolation block (3} can
be performed.

FIGS. 14B, 14C, and 14D show relations between the
interpolation blocks (1), (2), and (3) and reference
pixels in 4x4 pixel prediction. Pixels RA to RI are
reference pixels newly added to FIG. 14A, and pixels a
to p are prediction pixels.

(Process of Unidirectional Prediction Unit 171 in
Interpolation Block Prediction)

The unidirectional predictor 171 has a total of 17
modes of directioneal prediction in an extrapolation
block with respect to interpolation block prediction
and inverse extrapolation prediction which refers to
reference pixels in an encoded macroblock as shown in
FIG. 16. The 17 modes except for mode 2 have
prediction directions shifted at intervals of 22.5°.

FIG. 17 shows names of prediction modes 00 to 16
of unidirectional prediction performed in interpolation
block prediction in the unidirectional predictor 171.

Mode indexes 00 to 16 expressing modes 0 to 16 are
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[Equation 17]gJtJtm=RAN=P.B46 ¢,g9,k,0-RC5d, h,1,p=
RD.(17) FIGS. 19A and 19B show methods of generating prediction
signals to the interpolation block (1) and the interpolation block (2) in
mode 9. Reference pixels RA to RD are directly copied to prediction 10
pixels arranged in a vertical direction to generate a prediction signal. With
respect to the interpolation block. (3), m de 9 cannot be used because a
reference pixel is not present on the lower side. When mode 10

(VIS BONZORIALPIERon) IS ADSEIRtIG R rediglion Sanal S co 2

generated from a nearest reference pixel on the right side. With réspect to
thenterpalatiomblack £1)-and-thedates lationdplogk 63)k prediction:signals

are calculated according to the following equations: 20_Equation 181
(prediction raster block prediction) shown in FIG. 10,
an inverse prediction mode 1s added.

More specifically, modes of vertical prediction,
horizontal prediction, DC prediction, diagonal-down-
left prediction, diagonal-down-right prediction,
vertical-right prediction, horizontal-lower prediction,
vertical-left prediction, and horizontal-upper
prediction are common in FIGS. 10 and 17. In FIG. 17,
in addition to the modes shown in FIG. 10, inverse
vertical prediction (mode 9}, inverse horizontal
prediction (mode 10), diagonal-upper-right prediction
(mode 11), diagonal-upper-left prediction (mode 12),
inverse-vertical~left prediction (mode 13), inverse-
horizontal-upper-prediction (mode 14), inverse-
vertical-right-prediction (mode 15), and inverse-
horizontal-down prediction (mode 16) are added.

It is determined whether a prediction mode can be
selected depending on a positional relation of an
interpolation block and reference pixels and the
presence/absence of reference pixels. For example, in
the interpolation block (1), reference pixels are
arranged in all the directions, 1.e., left, right,
upper, and lower. For this reason, as shown in
FIG. 18A, all modes O to 16 can be selected. 1In the

interpolation block (2), since no reference pixel is
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a,b,c,d=REe, f,g,h=RFj,k,h=RGm,n, o, p-RH(18) 25FIGS. 20A
and 206 show methods of generating prediction signals to the
interpolation block , the interpolation blockin mode 10. Reference pixels
RE to RH are directly copied to prediction pixels arranged in a horizontal
direction to generate a prediction signal. With respect to the interpolation
block (2), mode 10 cannot be used becafi$e a reference 5Spixel is not
present on the right side. Furthermore, when mode 12 (diagonal-upper-left
prediction) is selected, a prediction signal is.calculated.to the interpolati
bloc?r(]i?agce;éd?nng ?tc% t%e]?él?cifvsihg%aqé'gtic?r(l)é: fb?é&ua]ti%h fé]%je ff 0

(REssh bt RGE 212224 Naw (SR ARC s1 BT RHDex> 2 g1 (PG (RH
<<1)+RI2)>>2<<+RD +2)>>2e"0<<1)+RC+2)>>2

interpolation block (3), since no reference pixel is
arranged on the lower side, mode 9, mode 13, and mode
15 cannot be selected as shown in FIG. 18C.

A prediction signal generating method of the

unidirectional predictor 171 in the interpolation block

prediction will be described below. In the
unidirectional predictor 171, when DC prediction in
mode 2 1s selected, an average pixel value of upper,
lower, left, and right nearest reference pixels 1is
calculated to generate a prediction signal.

More specifically, with respect to the
interpolation block (1), prediction signals are
calculated according to the following equation:
[Equation 14]

a~p = ave(A, B, C, D, RA, RB, RC, RD,

Q, R, S, T, RE, RF, RG, RH) (14)

With respect to the interpolation block (2), a
prediction signal is calculated according to the
following equation:

[Equation 15]

a~p = ave(Q, R, 53, T, E, F, G, H,

RA, RB, RC, RD) (15)

With respect to the interpolation block (3), a
prediction signal 1is calculated according to the

following equation:
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n=(RD-h (RC << 1) + RE + 2) >> 2 m = (R(RE << -2)>> 2(19) With
respect to the interpolation block (2), a prediction signal is calculated
according to the following equation: [Equation 20] d, ¢, h, b, g, 1, a,f, k, p
=RDe,j,0=(RC+(RD<<1)HRD+2)>>2n=(RH+ (RC<<1)+RD
+2)>>225m = (RA. +(RE << 1) + RC + 2) >> 2(20) With respect to the
interpolation block (3), prediction signal #°calculated according to the 48
following ecuation: [Equation 211 d= (RE + (RF " 1) + PG2) " 2

[Equation 16]

a~p = avel{aA, B, C, Db, U, V, W, X,

RE, RF, RG, RH) (16)

In Egquations (14), (15), and (16}, ave(:) denctes
an average pixel value of the parenthetic reference
pixels.

When some of the parenthetic reference pixels
cannot be used, an average pixel value of only usable
reference pixels is calculated to generate prediction
signals.

When a mode other than mode 2 1is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. 16. Description of
calculation of prediction pixels in mode 0 to mode 8
will be omitted because prediction i1s performed at the
same prediction angles as those in the extrapolation
block.

With respect to mode 9 to mode 16, encoded blocks
arranged in a macroblock are referred to in a pixel
order or a prediction order of the encoded extrapolated
block (4). More specifically, when mode 9 (inverse-
vertical~prediction; 1is selected, a prediction signal
is generated from a nearest reference pixel on the
lower side. With respect to the interpolation block
(1) and the interpolation block (2), prediction signals

are calculated according to the following eguations:
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c,h=(RE+(RG<<1)+RH+2)>>2b, g,RH<<RF, +2)>>2a,f, Kk, p,
e, ], 0, m=RH(21) FIGS. 21A, 218, and 210 show methods of
generating prediction signals to the interpolation block (1), the
interpolation block (2), and the interpolation block n(3), respectively in
mode 12. A value generated by a 3-tap filter is copied on an upper-left
side at 45 to generate a prediction signaﬁ ith respect to prediction
modes (modes 12 to 16) except for the modes 2, 9, and 11, to prediction
dirg?té usa%q%v%nérbl]:les: 18AZ 18E, 180, and 180, a predicj(ion mgthod
which copies prediction signal interpolated from a nearest pixel which can
be referreditp is ysed. Whenrno reference pixel is arranged in the
Prediction direction, the value of the nearest reference pixel may be
copied to genefate & referent8 pixel. Alternatively, virtual reference pixels
may be generated from interpolation of a plurality of reference pixels, and
the virtual feferéhcé pixels %/ be used in prediction. 25(Process of
Bidirection@IIPr@giqipn Unit 4 42 in Interpolation Kock Predic ipﬁl The
bidirectional predictor f)72 simultaneous y 49 uses two modes of the 17
prediction modes (alsa ircldding G prediction) of thesihterpatation Hiack
prediction performed by the unidirectional predictor 171 in the interpolation
blodkstedictiofto peFBih Spredittith dontainiy a piuralityopck (1) and

Sregics gl pdiion Sans sepeping el U e
pixels RA to RD are directly copied to prediction
pixels arranged in a vertical direction to generate a
prediction signal. With respect to the interpolation
block (3), mode 9 cannot be used because a reference
pixel i1s not present on the lower side.

When mode 10 (inverse-horizontal-prediction) is
selected, a prediction signal is generated from a
nearest reference pixel on the right side. With
respect to the interpolation block (1) and the
interpolation block (3), prediction signals are
calculated according to the following equations:

[Equation 18]

(o}
Il

a, b, c, RE

e, £, g, h = RF

jox
i

i, 3, k, RG
m, n, o, p = RH (18)
FIGS. 20A and 20B show methods of generating

prediction signals to the interpolation block (1) and

the interpolation block (3) in mode 10. Reference



specifically, a value obtained by averaging, in unit of pixels, prediction

signals obtained in the two selected 10modes (modes "U" and "V" in

Equation (10)) is used as a prediction signalthe prediction pixels. FIG.

22 shows a mode index corresponding to a name of a prediction mode
performed in the interpolation block prediction in the bidirectional predictor
172. 15In FIG. 22, there is a prediction nidde using two modes. For

example, a namemode index of a orediction mode when vertical prediction
(made,) andipversehorizontal praciction (mede 10,816 expuasseflas
"vertical/inverse-horizontal prediction” and "mode 200010", respectively.
When adiunbencfeach gredictian mogensdn singte:figurenOisaddedtate a
the head of the number to express the number as a two-figure number.
Modk © @hdrhede D0Yise-the shfre rAgaRRGE TOIntthfs mARRERM ation
bidirectional prediction of an interpolation block, not only simple
inteir)f)lo?gt?on%rl)zwgt‘%%em gviigﬁ Br%%%ct%)% mugg(ej d%%cczt?g){lnssear% orpep%ey &16°
each other, but alse interalation, S0predictigh whigheopes with a slight
chance in directivity of the block or complexity of the directivity can be
performed.fThereforeppredictivaresiddal signdls tandesddvantageousiyt
reduced. (Procedure of Image Encoding) A procedure of the image

encBA&CLCT Willbe YBsSived béow vitPreterenté 18 EiS 985 Whén an

input | ignal 120 n IS;inpy imag C

(S top 5100 e (0 bé ohsoded o1 1016 ot image sanal 170 8 " ©°
dividedinte alpluratity efpixelblecks (macro-blocks) by the frame divider

101 to generate the block image signal 121. Encoding the block image
signaF ¥2 iststartéd](step 5102). The block image signal 121 is input to

the predlct%r 1202(RE © (RF << 1) + RG + 2) >> 2

c, h = (RF + (RG << 1)+ RH + 2) >> 2

b, g, 1 = (RG + {(RH << 1} + RI + 2) >> 2

a, £, kK, p = (RH + (RI << 1) + RD + 2) >> 2
e, 3, o= (RI + (RD << 1) + RC + 2) >> 2

i, n = (RD + (RC << 1) + RB + 2) >> 2

m = (RC + (RB << 1) + RA + 2) >> 2 (19)

With respect to the interpolation block (2}, a
prediction signal is calculated according to the
following equation:

[Equation 20]

d, ¢, h, b, g, 1, a, £, k, p = RD

e, 3, o= (RC 4+ (RD << 1) + RD + 2) >> 2
i, n = (RB + (RC << 1) + RD + 2) >> 2
m = (RA + (RB << 1) + RC + 2) >> 2 (20)

With respect to the interpolation block (3), a

prediction signal is calculated according to the
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the predictor 102, it is determined on the basis of the prediction order
switching information 143 whether a prediction order of sub-blocks is
changed (step S103). When the prediction order is not changed (NO in
step S103), block _order_flag is FALSE, and the 20 prediction order switch
170 selects "raster block prediction” whig predicts and encodes
sub-blocks according to an order expressed by Equation (3). In the
raster block prediction, it is determined by the prediction mode number

switching information. 144, 25whether unidirectional prediction is performed
to sub- blocks (step S104). In this case, when the unidirectional prediction

is pefgumed(tlYESstep 51 5104), the unidirectional predictor 171
performs prediction (step 5106). When the unidirectional prediction is not

performed(NO iREtep 5504) the bidifectional predictord72 performs

predictionést 5107). he other harl%qw ep the prediction order
is change '(Yegs in g%e% §1 3 C,jtblgo%k[}%rd% - IagJ::SE Rl%lg (Zid the
predictiongydey, switch L Z@:selegts{'extrapolation{interpolation block
prediction” which 10predicts and encodes sub-blocks according to the

order expresséd by Eguatién (3). ©/ If tie BRtrapolation/interpolation  (21)

block prediction, it is determined by the prediction mode number switching ,
information 122 'Wléél’ﬁér éﬁ;éi’re@ﬁb%a% igpﬁekb‘?c‘ffiolﬁ%%gﬁérrﬁgd o the” 2¥ing

S%@Q%%@@R_S&Qé}lm this case, when the unidirectional grediction is. .
performed (YES in step 3105), the unidirectional predictor 171 performs

prediction gstepthilf)d) DVben the upidiredtiohal predietgroisanotperiormer
(NO in 20step S105), the bidirectional predictor 172 performs
{3), respectively in mode 12. A value generated by a
3-tap filter is copied on an upper-left side at 45° to
generate a prediction signal.

With respect to prediction modes (modes 12 to 16)
except for the modes 2, 9, and 11, to prediction
directions shown in FIGS. 18A, 18B, 18C, and 18D, a
prediction method which copies prediction signal
interpolated from a nearest pixel which can be referred
to i1s used. When no reference pixel 1s arranged in the
prediction direction, the value of the nearest
reference pixel may be copied to generate a reference
pixel. Alternatively, virtual reference pixels may be
generated from interpclation of a plurality of
reference pixels, and the virtual reference pixels may
be used in prediction.

(Process of Bidirectional Prediction Unit 172 in

Interpolation Block Prediction)

The bidirectional predictor 172 simultaneously
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prediction (step 5109). Upon completion of the prediction in step
3106, 5107, 5108, or S109, a total cost (1), (2), (3), or4d) in a maoroblock
is calculated from Equation (3) and 25Equation (4) (step S111, 5112,
S113, or 5114).The total costsculated in steps 5111, 5112, 5113, and 52
prediction method (step 3115). By using the prediction method determined
as described above, the orthogonal trans ormation/quantization unit 104
and the entropy' encoder 108 perform encoding to output the encoded

data 146 (sep 3L10)s o« Althis fime, inverse guantization and,inyerse

orthogonal transformation are performed to the quantization
transfermationycaeffigieatinfarmatipn A2 7dnstherineerse lat ion block
guantization/inverse orthogonal 10transformation unit 105 to generate the

dedoddisrediction Pediauaretratsigiat 1281 Phe 8esodathpredfictiohctor
residual error signal 128 and the prediction, signal 126 .input from the
gdj/'jfl £ﬁ%§n%er€§§f%l§a%%§tﬁgk ﬁ_leé'lg lOlrb 1[.0 erform

n
mode sellector are al r by e adder 106 to generate

thedJocal decoding-signal 129 Jhe lecal decoding signal 1284s vities. &

accumulated in the reference image memory 107. It is determined
whether peedictivecehnicoding ofscrmframecsfehie input imagé signak 120:#&s
ended (step. S117). When the predictive encoding is ended (YES in
20st8F'$127),1ha inglt RagB Sigrar 156 Of thetfext frafffé fs input to

perform predictive. encoding,again, Qn the gther hand  the jpredictiye 5 ¢ o

encoding of one frame is not ended (NO in step S117), the operation

retyns 40 stepp2 R torperforat predictive bencaging tonther2bhieck isegect ed

signal 121 of the next macroblock. A procedure of prediction processes in

stepe $304 (modes "U™ and "V" in Equation (10)) is used as a
prediction signal of the prediction pixels.

FIG. 22 shows a mode index corresponding to a name
of a prediction mode performed in the interpolation
block prediction in the bidirectional predictor 172.

In FIG. 22, there 1s a prediction mode using two modes.
For example, a name and a mode index of a prediction
mode when vertical prediction (mode 0) and inverse
horizontal prediction (mode 10) are expressed as
"vertical/inverse~horizontal prediction” and "mode
0010", respectively. When a number of each prediction
mode is in single figure, 0 1s added to the head of the
number to express the number as a two-figure number.
Mode 0 and mode 00 have the same meaning.

In this manner, in bidirectional prediction of an
interpolation block, not only simple interpolation

prediction in which prediction mode directions are

opposite to each other, but also interpolation
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and 3105 in FIG. 23will be described below with 53 reference to FIG. 24.
When the block image signal 121 is input to the predictor 102, a sub-block
expressed by blk - 0 is set in the prediction signal generator 113 (step
5201). Furthermore, a prediction mode and an encoding cost in the mode
selector 103 and the internal mode sele jﬁ)r 114 are initialized (step
S202). For example, prediction mode :index is set to 0, and a minim=
encoding cost :min cost is set to be infinite. 10The prediction signal
generator 113 generates the predicrion signal1z2by ape mode: which can
be selected to the sub-block expressed by blk = 0 (step S203). A
differencetietween tfe bloekimage signatd2b aad the peediction signal
122 is calculated to generate the 15prediction residual error signal 123,
andlan eReding coskis Gffcilated BEE6ting 10 EBEGARGIT ()R Eqtiation™

(2) (step 5204). . The mode selectar 103 de-ermines Whgthert e
caléﬁlgge%euéar%cosdllrggn%}% iscgrrﬁa?feer tﬁ§r¥ ngﬁ ?n?rﬁr%%sr% %oéﬁcélaﬁﬁg cost

:min cost (steR, S205)-Vhenthe gaceding gostis smaller than the
minimum encoding cost (YES in step. 5205), the minimum encoding cost
is updatedrwithr theecalcwlated emcodinpeest cam pradidtidh mode be
information obtained at this time is held as a 25best mode index

représenting Optiftfuh? Bretiction-mode Mrarmation (step 3206). Wiéh e
calqylated cost | e'arsd%r,ﬁgﬁn the;minims, encpding.cast ‘mip,gost (NOine

54 step 5205), the mode index :index is incremented, and

image encoder 100 (step S101), a frame to be encoded of

the input image signal 120 is divided into a plurality
of pixelblocks (macroblocks) by the frame divider 101
to generate the block image signal 121. Encoding the
block image signal 121 is started (step 5102). The

block image signal 121 is input to the predictor 102.

In the predictor 102, it is determined on the

basis of the prediction order switching information 143

whether a prediction order of sub-blocks is changed
(step S103). When the prediction order is not changed
(NO in step 5103), block order flag 1s FALSE, and the
prediction order switch 170 selects "raster block
prediction" which predicts and encodes sub-blocks
according to an order expressed by Equation (3).

In the raster block prediction, it is determined

by the prediction mode number switching information 144

whether unidirectional prediction is performed to sub-
blocks (step S104). In this case, when the

unidirectional prediction is performed (YES in step
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it is determined whether the incremented index is larger than the last
number (MAX) of the mode (step 5207). When the index is larger than
MAX (YES in step S207), the optimum prediction mode information 125
and the prediction residual error signal 126 are given from the mode
selector 103 to the orthogonal transformation/quantization unit 104 to
perform 10orthogonal transformation and quantization. The quantization
transformation coefficient information 127 obtained by the orthogonal
transfeymation/quantization upit 104 is gniropy-encodedh by, theentropy
encoder 108 together with the prediction mode index information 141
15(stepB208) cOn the ethey Hahd, whah ¢he indexds smaterthanMAX
(NO in step S207), the operation returns to step 3203 to generate the
predlicfi6r sighal 128 of &t prefictioaTicde! IHdicdted byRhe hekt) indexe
When encoding in best mode is performed, the inQuantizatjon _ .

e O oMo Ao Taon 163 BDE by T gy (5tes
orthogenal transformation/quantization unit 115 is given to the internal
inverse Quantization/inverse orthogonal transformation unit 116 to

perform inverse lipiantizatiomhand inversertrarsfowmatibne Therdecoded 1s
prediction residual error soiggr(r;al 164ﬁenerated b%;he internal inverse

quanfiZafFHnVErse orthdgdial trafsform Rttt TrRtii%his atidd 6 tH& Ve

predigtion. signal 162 of best made input, from, the-ipterpal mode selector
114 by the internal adder 117. The internal decoding signal 165 generated

by theinternal adderi Y1 is stored indhe internal referentceimage memoey
IIF (step 5208).  The block encoding number :bik is incremented, it is
deterpsined Whethiet the vafteSofthe mekementerbiR is! idrgerthan etotaide r
number of small blocks: ELK MAX (16 in 4x4 pixel prediction, and 4 in 8x8

|
pixet 1Opretiction) In S MacroBlock (step S209). When the value of the
incrementeg bikjis larger than ELK MAX (XES i1 step; 3209); the,

prediction process in the macroblock is ended. On the other hand, when

the mceementedrhik i smallerethanthie B4 KOMAXWIN @ e steptlicS208)de

the operation returns to step 5202 to pert= a o ,
number switching lInformation 144 whether unidirectional
prediction is performed to the sub-blocks (step S5105).
In this case, when the unidirectional prediction is
performed (YES in step S105), the unidirectional
predictor 171 performs prediction (step S108). When
the unidirectional prediction is not performed (NO in
step S105), the bidirectional predictor 172 performs
prediction {(step S109).

Upon completion of the prediction in step 5106,

S107, 8108, or 8109, a total cost (1), (2), (3), or (4)
in a macroblock is calculated from Eguation (3) and
FEguation (4) (step S111, S112, S113, or S114). The
total costs calculated in steps S111, S$112, 8113, and

S114 are compared with each other to determine a
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prediction process of a small block indicated by the next blk. As described
above, according to the embodiment, switching of prediction orders and
switching of 20unidirectional prediction and bidirectional prediction
(switching of prediction rode numbers) are adaptively performed
depending on properties(directivity, complexity, and texture) of each
region of an image. Therefore, predictio éﬁiciency is improved, and
25encoding efficiency is consequently improved. In the image

9”989@813@@%%?%@%8@”%%%%” Eﬂ%d!me%tyo‘?@ﬁ&’&e ML IOVENHOR . 5 o
various 56 modifications can be available. (@) In the embodiment,
intrardramedpresictionireladed to dxdpixebpredigtionds desefibetk hogonal
However, the same intra-frame prediction can also be performed 5in 8x8

pixel predhciomeit 1ex16ipiRalpredietion orfdria 6l6r-aifféréice sighalkry

(b) The numbel of prediction modes may b reduced to suppressan, . ..
arithmetic operation cost. e intervals of the predl 10N diréections are not

limitegl10te 225" scandsangular interval may be made less or may be made
larger.
At this time, inverse quantization and inverse

orthogonal transformation are performed to the
guantization transformation coefficient information 127
by the inverse guantization/inverse orthogonal
transformation unit 105 to generate the decoded
prediction residual error signal 128. The decoded
prediction residual error signal 128 and the prediction
signal 126 input from the mode selector 103 are added
to each other by the adder 106 to generate the local
decoding signal 129. The local decoding signal 129 1is
accumulated in the reference image memory 107.

It is determined whether predictive encoding of
one frame of the input image signal 120 is ended (step
S117). When the predictive encoding is ended (YES in
step S117), the input image signal 120 of the next
frame is input to perform predictive encoding again.

On the other hand, the predictive encoding of one frame
is not ended (NO in step S117), the operation returns
to step S102 to perform predictive encoding to the
block image signal 121 of the next macroblock.

A procedure of prediction processes in steps S$104

and S105 in FIG. 23 will be described below with
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(c) In the embodiment, prediction modes except for mode 2 of the
intra-frame prediction use a directional prediction. However, not only
directional prediction, but also interpolating prediction such as planar
prediction, bilinear interpolation, cubic convolution interpolation, or nearest
neighbor interpolation may be set as one prediction mode. (d) In the
embodiment, an average pixel value in 20two modes prepared for a
bidirectional prediction mode selected from a plurality of prediction modes

is sgg%ge%rgg@cggn %19. n place of calculation of the average pixell

value, a prediction value may be calculated by a weighted average using

a weightingfaetor suchhas di3 ohdde Insthimease aveighting-fagtors of the-
prediction modes may be tabled. Alternatively, a prediction pixel may be

57 valedlatedby USing @ masximibmaaluetitere a pridilymablucfilferia set
median filter, and a Wei%htin table_having described therein Weir%htin

(otts HBEeRARG b Ande Bt o RO SrEictiotror ESRuBOdt-

Sused,predichion modes, Three. or more, prediction mAdes may;be;, cost in

selected from the plurality of prediction modes to generate a prediction
valuen aVith despect ¢ therndmberolimotles seleetedsfitomdhe phurakity o r
prediction modes and the weighting table, a glurality 10of candidates may
be Reldl iR TRits bf SéGuerices, pithiiBs, didés, maErblGEkdMBE fixels and
switchggiir&h%srcla Uf(l)i'g. (d).ln&he embodirpegtd itd's swit%lead whether

X 1 exX 1 sSe . a minjimum
prealctlon orders of sub-blacks are ¢ anged in units 6f T5macroolocks of

16xdhqixelsgThe switching of €Banges indiredistigr orgdarimay be
performed in units of pixel sizes such as 32x32 pixels, 64x64 pixels, or
64x32 pixels or framescTheensbadiménpdescribes a ¢dse inamkich sab- the

prediction signal 122 by one mode which can be selected
to the sub-block expressed by blk = 0 (step S203). A
difference between the block image signal 121 and the
prediction signal 122 is calculated to generate the
prediction residual error signal 123, and an encoding
cost 1s calculated according to Egquation (1) or
Equation (2) {(step S$S204).

The mode selector 103 determines whether the
calculated encoding cost is smaller than the minimum
encoding cost :min cost (step S205). When the encoding
cost 1s smaller than the minimum encoding cost (YES in
step S205), the minimum encoding cost is updated with
the calculated encoding cost, and prediction mode
information obtained at this time is held as a
best mode index representing optimum prediction mode
information (step S206). When the calculated cost is

larger than the minimum encoding cost :min _cost (NO in
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20blocks in a macroblock are sequentially predicted from an upper left
block to a lower fight block. However, the prediction order is not limited to
this order. For example, prediction may be sequentially performed from a
lower fight block to an upper left block or may be 25spirally performed
from the center of the frame. The prediction may be sequentially
performed from the upper right bloc,' to the lower left block or sequentially
performed from a Peripheral part of the frame to the central part. (H In

the srpodimeny, ony:Irame,prerlichion is desaribecias 4 Frediction fioden

Howe$§r, inter-'5frame prediction which performs prediction by using
correlation between: frames meayhke-used When atigastane prediction
mode is selected from a plurality of prediction mode candidates, any one
of a pregfictionmodé by irta-framevpredictidhandod predictiordhodé byP
10inter-frame prediction may be selected, or both the prediction modes
ma§ be ‘Sefected. When both the prediction mode by the intra-frame

prediction gnd,the prediction.mpde by the intefframepregigtion afe s t e

selected, three-dimensional prediction which uses a 15spatial correlation

andsa tempordl eotretationrbetweet reférencequixels and prediction pixelsand

is realized. (9) The intra-frame prediction used in the embodiment

may Bé perfstriedifantififel ftitie BAESYING SHEE Iin i case, SWitcHing * o™

benyggngg%g“ggqgg%%r 103 to the orthogonal
transformation/quantization unit 104 to perform
orthogonal transformation and quantization. The
gquantization transformation coefficient information 127
obtained by the orthogonal transformation/gquantization
unit 104 is entropy-encoded by the entropy encoder 108
together with the prediction mode index information 141
(step S208). On the other hand, when the index is
smaller than MAX (NO in step S$207), the operation
returns to step S203 to generate the prediction signal
122 of a prediction mode indicated by the next index.

When encoding in best mode is performed, the

guantization transformation coefficient information 163
obtained by the internal orthogonal
transformation/quantization unit 115 is given to the
internal inverse guantization/inverse orthogonal
transformation unit 116 to perform inverse guantization
and inverse transformation. The decoded prediction

residual error signal 164 generated by the internal

inverse quantization/inverse orthogonal transformation
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20prediction and the inter-frame prediction need not be performed in units
of macroblocks. The switching may be performed in units of 8x8
pixelblocks or 8x4 oixelblocks. The same process may be performed to a
pixel region having an arbitrary shape and generated by 25a region
dividing method. (h) In the embodiment, it is switched by an encoding
cost calculated from Equations (1) and (525 59 whether prediction orders
are change and whether unidirectional prediction or bidirectional

prediction 3 performep A9 the encoding casty ot onl e gncodng cost

calculated y Equations d bat 0 activity information such as

a vapance, &standayd:deviations adrequeney distriidions on acogelation by
coefficient calculated by a target block or an adjacent block may be used.

On the basisof thel aetildtyinformatiod, switchirgyr ofchahgesdn peedictions L
order or switchin%éti)etween the unidirectional prediction and the

biditéctional fredifctionay be petforied: 2 Esi exaniple a tofERTion™
coefficient hetween a left reference. pixel and.an upper referepce pixedis, |

15calculated to predetermined pixels. When the correlation coefficient is
larger tharmpfer example ca certainthreshold value kit issdeterminedrthats, it
correlation between the prediction pixel and the left and upper reference
pixels isRighmivt i ehange e 20prediction drder. FBFexarprnanted blk

variance in a target block i C%Ic lated. When?‘ne varé:tnqg is larger H]f”}?
- : MAX
for é)%ar?u%l]e?%rce%%?nnth?es old %afb%rpﬁelsr détermine tha% 8%%><%ure ina

block ig compiex, andhidirectional predictionis performedsOpithe other

25hand, when the variance is smaller than, for example,
prediction) in a macroblock (step S208). When the
value of the incremented blk is larger than BLK MAX
(YES in step $209), the prediction process in the
macroblock is ended. On the other hand, when the
incremented blk i1s smaller than the BLK MAX (NO in step
5209), the operation returns to step S202 to perform a
prediction process of a small block indicated by the
next blk.

As described above, according to the embodiment,
switching of prediction orders and switching of
unidirectional prediction and bidirectional prediction
(switching of prediction mode numbers) are adaptively
performed depending on properties (directivity,
complexity, and texture) of each region of an image.
Therefore, prediction efficiency is improved, and
encoding efficiency is consequently improved.

In the image encoding apparatus according to an

embodiment of the present invention, various
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the threshold value, it is determined that the texture in the block is
monotonous, and unidirectional 60 prediction is performed. () In the
orthogonal transformation/quantization unit 104 and the inverse
guantization/inverse orthogonal transformation unit 105 shown in FIG. 3, a
5process need not be performed to all prediction residual error signals.
For example, some of the prediction reSidua? error signals may be
encoded by the entropy encoder 108. Alternatively, the processes of

qqu&i&@ﬂ%ggq g)r}yser%%guggt@quﬂgg may, he omitted, 10and processes of

orthogonal transformation and inverse orthogonal transformation may be
omitted. (First Exampie: obSyplaxrSrieiureh « ra - £ Asneutiine afia syrtax
structure used in the image encoder 100 will be described below with

refetehcd &5 15RIG 25, P1 X AlsypitsAs ebhstituted] By Breepafts, i.&logever,
high-level syﬁntax 201 afsllce-level syntax 204, and a macrqi;block-lre%/el

SyntésC 207 1 t high-eVl §yritax 201, Syntax ihformation 61 & Upper ™"

layerwhich iﬁ@l@ghgr_ﬂt@% slie is filled, dn ¢he slice-leyel syntax 2040 r

necessary information is clearly written in units of slices. In the

macrosbleck:tevel syntax 20&nachangevalue of a quantization

parameter, mode information, and the like required for each macroblock

25am3deaﬂybwﬁﬁﬁLnumber of prediction modes may be reduced
to suppress an arithmetic operation cost. The
intervals of the prediction directions are not limited
to 22.5°, and angular interval may be made less or may
be made larger.

(c) In the embodiment, prediction modes except for
mode 2 of the intra-frame prediction use a directional
prediction. However, not only directional prediction,
but also interpolating prediction such as planar
prediction, bilinear interpolation, cubic convolution
interpolation, or nearest neighbor interpolation may be
set as one prediction mode.

(d) In the embodiment, an average pixel value in
two modes prepared for a bidirectional prediction mode
selected from a plurality of prediction modes is set as
a prediction value. 1In place of calculation of the
average pixel value, a prediction value may be
calculated by a weighted average using a weighting
factor such as 1:3 or 1:4. In this case, weighting

factors of the prediction modes may be tabled.

Alternatively, a prediction pixel may be
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The three parts are finely constituted by plurality of syntaxes. More
specifically, the 61 high-level syntax 201 includes syntaxes of a sequence
level and a picture level., i.e., a sequence parameter set syntax 202 and a
picture parameter set syntax 203. The slice-level syntax 204 includes a
slice header syntax 205 and a slice data syntax 206. The
macroblock-level syntax 207 includes a macroblock layer syntax 208 and
a macroblock prediction syntax 209. In the embodiment, especially

requwefid ) ntéoe( C|1nformat|on is constituted by &t—ﬁ macz%o l%%: Iaygr

105%/% ax and }?ﬁ/e Lrh%%?@olgcﬁnﬁréa%%n synﬁfx e'macroblock

layer-syntaxc208 apd the macrablock predictionsyntax, 203 wWilkbgy table
described below in detail with reference to FIGS. 26 and 27. A flag block
ordeeflagrindicated irthe 15macrobloek layer syatadeintRiGs 28 elepotésng on
whether switchin% of prediction orders isagiierformed by a macroblock.

Mo sgtiically [P AL SEOf the flag FIGEK Ordéer fiag dehBtesthact ©F

switehing of arediction ordeys is not performed by the macrablock; 20while. ¢

TRUE denotes that switching of prediction orders is performed by the
magrablogk. seldrtheimaerabiackeprediction syptaxinF1ed2 ¢raredictiote s
mode information of each sub-block (4x4 pixelblocks or 8x8 pixelblocks) in

a maerchiodis 23 cleBily Wiitteh OWithiaédpect 8 thé uhRIFeEidndlc the

prediction, prediction mode Information ndicating 3 nods ysed ina
pluraﬁﬂﬂ/ of pre iction modes is
prediction modes and the weighting table, a plurality
of candidates may be held in units of sequences,
pictures, slices, macroblocks, or pixels and switched
in these units.

(d)y In the embodiment, it is switched whether
prediction orders of sub-blocks are changed in units of
macroblocks of 16x16 pixels. The switching of changes
in prediction order may be performed in units of pixel
sizes such as 32x32 pixels, 64x64 pixels, or 64x32
pixels or frames.

(e) The embodiment describes a case in which sub-
blocks in a macroblock are sequentially predicted from
an upper left block to a lower right block. However,
the prediction order is not limited to this order. For
example, prediction may be sequentially performed from
a lower right block to an upper left block or may be
spirally performed from the center of the frame. The

prediction may be sequentially performed from the upper

right block to the lower left block or sequentially
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expressed by intra4x4(8x6)_prbd_mode_10_org or
intra4x4(8x8)_pred_mode_il_org. With respect to The bidirectional
prediction, the prediction mode information includes two syntaxes. In this
case, a bprediction mode having a smaller mode index (list 0) when
prediction modes of two types are selected from the plurality of prediction
modes is expressed by intra4x4(8x8) praé mode 10 org, and a prediction
mode having a larger mode index (list I) is expressed by

10?@%% %é%)—ﬁ‘ir»%@o, %Jl-ﬁgf% Jhe pregiction mode bavipg the, .o

larger mode Iindex (list 0) may be expressed by intra4x (8x6) pred mode
10_exg.rand thesprediction mode having the smaller mode index (list 2)

may be expressed by intra4x4(8x8) pred_mode_11 org. 15A

configuratioh)of amikrobidekoptediction syhtak obtained Whered i gikertion

prediction is se]:é%ct d will be des&ribgd below with reference to FIG. 27. In
FIG 2796ikCo fb oéK ofter ﬁggﬁﬁrﬁéﬁ%@fﬁaﬂ has 4 20fransformation
table which perforns transformatiop of aprediction grderas.shawn, i BIG.

8 and outputs an index of a block to be encoded. In FIG. 27, i-*

adxdopredl am.ode_befbleckn orfdexnitagiforder) ¢s data@50f dhdemdext least
obtained by transforming intra4x4_pred_mode_10_org[blook_order_fiag
[Oﬂﬁﬁfa@ﬁﬁﬂmﬁqﬁon mode is selécted Trom a plurality o©

prediction mode candidates, any one of a prediction
mode by intra-frame prediction and a prediction mode by
inter-frame prediction may be selected, or both the
prediction modes may be selected. When both the
prediction mode by the intra-frame prediction and the
prediction mode by the inter-frame prediction are
selected, three-dimensional prediction which uses a
spatial correlation and a temporal correlation between
reference pixels and prediction pixels 1s realized.

(g) The intra-frame prediction used in the
embodiment may be performed in an inter-frame encoding
slice. 1In this case, switching between the intra-frame
prediction and the inter-frame prediction need not be
performed in units of macroblocks. The switching may
be performed in units of 8x8 pixelblocks or 8x4
pixelblocks. The same process may be performed to a
pixel region having an arbitrary shape and generated by
a region dividing method.

(h) In the embodiment, it is switched by an

encoding cost calculated from Equations (1) and (2)
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63 modeConv|[b ock order flag][ tradxred_mode_le_org]. In FIG. 27,
intradx4bipredflag is a flag which switches whether bidirectional prediction
is performed to the 4x4 pixelblocks. More specifically, FALSE of the flag
intradx4_bi_pred_flag means that the 4x4 pixelblocks are the
unidirectional prediction, and TRUE means that the 4x4 pixelblocks are
the bidirectional prediction_ InHG. 27, intradx4_pred_mode_1l
is data of an 10index obtained by transforming intra4x4_pred

moge I | orafbiack order, flaglgrder] %‘?&@Rg 5%5‘09]‘%&3%”9{@%%'&

order_flag][intra4x4 _pred_mode_ 11 org]. The data

intradx4i:pregrmode 11} issencadedrivhen intradx4 i ipred] flagdisi TRUEN
Details of the syntaxes will be described below. Transformation is
perfctnieairtodammad x43 Bicatésrdmyte Bl taplecshown pot only the

bikConv[block order fIa |kIdX ever 20block der fl
calcﬂg%@a%ﬁ)cﬁ % j'1 %lcgtlnga s%%%loc(ﬂ(t% b E:nco ed ?F;IGb ut
8). When 4x4 E%@W%@ﬂ@%é‘@ﬁo@y 3 blackdadex gierareds be
predicted, as shown in E-G. 28, ,,ra4x4_pred

mode at@icerd[bliecki erdernr, ag]ldrdedus trapsfaimed into tritradxdor a
pred_mode_10[order]. This is a process which is performed because

usa%@éﬁﬁéﬁ&meegééﬁgﬁﬁéaeﬁé&mﬁé%ﬁ% cRoorder flag ahde# <k or

gﬁgc\;ﬁrﬁ 1; %t;h% Ig ixeltf{orcnksylnotheurg%goblogk I&ggre %%escllfécaél}z as .
activity information, switching of changes in
prediction order or switching between the
unidirectional prediction and the bidirectional
prediction may be performed.

For example, a correlation coefficient between a
left reference pixel and an upper reference pixel is
calculated to predetermined pixels. When the
correlation coefficient is larger than, for example, a
certain threshold value, it is determined that
correlation between the prediction pixel and the left
and upper reference pixels 1s high not to change the
prediction order. For example, a variance in a target
block is calculated. When the variance is larger than,
for example, a certain threshold wvalue, it is
determined that a texture in a block is complex, and
bidirectional prediction is performed. On the other
hand, when the variance is smaller than, for example,
the threshold value, it is determined that the texture

in the block is monotonous, and unidirectional
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block order flag is 0 (FALSE),intra4x4 pred mode 10 org _ _ is directly
assigned to intra4x4 bred mode 10. At this time, intradx4_pred_mode_10
is data representing a specific prediction mode used in prediction of the
4x4 pixelblocks in prediction modes of nine types of the unidirectional
prediction. On the other hand, when bio%lérorder_ﬂag is 1 10(TRUE:
extrapolation/interpolation block prediction), tables are switched
depending on positions of 4x4 pixelblocks in a macroblock to be encoded.

FI% §Qgsf@¥\iso%reggctiggg@8q§%which can be used corresponding to the
sub-blocks interpolation blocks (1), (2), and 15(3), and extrapolation block

(4)) shown(if)FIGn 18bandmames nbthetpredictionmadeswhenteft, zat ion
upper, upper- right, and upper-left macroblocks adjacent to the
maéfoblock berehdoded dairts reféivéd fd. zat 1on/ iy Hifparent

from FIG. 30, the interpolation 20block (1).ca all the 17 mades, and
the el BT DICHE (2103 Lot uss Eome o i Wides. Farims - *

reagson,Assshovw in FIG: 2% intradxd pred mosde; 10 ofglblockiorder

flag][order] is _ _ transformed into intra4x4_pred_mode_10 by mode
Ccnvisf] 25tolremoverars lgusdisle predictior@modé ¢n advarce; So'that the

efficiency of entropy encoding (described later) is improved. As a concrete
trarssFSimationon fesidual error signals may be encoded by the

entropy encoder 108. Alternatively, the processes of

gquantization and inverse guantization may be omitted,

and processes of orthogonal transformation and inverse
orthogonal transformation may be omitted.

(First Example of Syntax Structure)

An outline of a syntax structure used in the image
encoder 100 will be described below with reference to
FIG. 25.

A syntax 1s constituted by three parts, i1.e., a
high-level syntax 201, a slice-level syntax 204, and a
macro-block-level syntax 207. In the high-level syntax
201, syntax information of an upper layer which is
higher than a slice is filled. In the slice-level
syntax 204, necessary information is clearly written in
units of slices. In the macro-block-level syntax 207,
a change value of a guantization parameter, mode
information, and the like required for each macroblock
are clearly written.

The three parts are finely constituted by a

plurality of syntaxes. More specifically, the
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65 example, when a prediction rode of the interpolation block (2) is mode
15 (inverse vertical right prediction), "13" is assigned to
intradx4_pred_mode_10. When a prediction mode of the interpolation
block (3) 5is mode 14 (inverse horizontal upper prediction), "12" is
assigned to intra4x4_pred_mode_10. When intra4x4 bred_mode_10
is to be encoded, since the numbers of states of usable modes change
depending on block order flag and block positions, entropy 10encoding
(Huffman encoding, Golomb_encoding, or, arithmetic encoding) is
perfbhied Hegending o posiians SHheHia FXIbRARE (& be BnasdeE 2
The)nupaheref states ywhich can bedaken by congrete symbeols is shawpda
FIG. 30. The above is the description of 15the syntax related to encoding

of intrad x4 bred made2100d_ a spictWhepndntrtadide bi sored sflagrisx 203.
TRUE, intr-4x4_pred_mode_lI_org is further encoded. With respect to
enchlifg of ItFass@” pred MGAE ji2 By, FooprdedsSwhichig alifiéstthe

Samsey%scgl?t % %asé%gf 'Qtrgﬂ)fégr%ja@gdgfhocggg i§ Cpgrfor@ﬁg Hacro-
block~level syntax 207 includes a macroblock layer
syntax 208 and a macroblock prediction syntax 209.

In the embodiment, especially required syntax
information is constituted by the macroblock layer
syntax 208 and the macroblock prediction syntax 209.

The macroblock layer syntax 208 and the macroblock

prediction syntax 209 will be described below in detail

with reference to FIGS. 26 and 27.

A flag block order flag indicated in the
macroblock layer syntax in FIG. 26 denotes whether
switching of prediction orders is performed by a
macroblock. More specifically, FALSE of the
flag :block order flag denotes that switching of
prediction orders is not performed by the macroblock,
while TRUE denotes that switching of prediction orders
is performed by the macroblock.

In the macroblock prediction syntax in FIG. 27,
prediction mode information of each sub-block (4x4
pixelblocks or 8x8 pixelblocks) in a macroblock is
clearly written. With respect to the unidirectional
prediction, prediction mode information indicating a

mode used in a plurality of prediction modes 1is
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First, intradx4_pred_mode_11 org is transformed into intradx1
pred_mode_11 according to mode Conv([]fl to entropy-encode intra4dx4
pred mode 11 by a variable- 25length code depending on bock_order_flag
and order. Since intradx4_pred_mode li snd intr-4 t_pred_mode_10
cannot have the same prediction mode, the number 66 obtained by
subtracting 1 from the number of states of intradx4_pred_mode_10 is the
number of states of symbols which can be taken by

intradxdpred mode. 11,90 the Bass ol henyher gsigles. gptropy

encoding s perfor As another *e}%mphe,

intradx4£8x8): preck mede: 10y oxe and infradx4(8x&)npress moge korghe
may be entropy- encoded without being transformed by using mode
Corv}jit. “Eve: abowvel istthe dietadilscof thé Byntaxes 1I0lA thisicade, block
order flag and intra4x4_bi_pred_flag may be encoded, multiplexed into

enchBing Sirdaris. anethBnranshfitéd Of € other hahd \withGHE @
peféi @!{@c%mumggeg"}gamgheat@ﬂgm'@émgﬁgrw@&pf< list 0]

block_order_flag and intradx4_bi_pred_flag may be expressed by the
activitysinfermationtcaleulated<ror the eacadedt blosks and pixels:dn thism
case, also on the decoding side, by using the same logic as that on the
encblimgside 2dsithe irformafion of bk trdesfdgargrressed by

20intra4x4 , bi e%l_gla the same information as that on the.encodin
1.nac ﬂ‘xél—%x é:@c? mod? r.JL8.oFO%,’ a%nS(I%ﬁ anpiﬁﬁé?rélh gmode

side'is shown: X8 pixel predict oW the
same;sytax as thatdn the4x4 pixel predigtian isusedsFekihisrrasanp y

the description of the exe 25pixel prediction will be omitted. As another

exampte; ddtra4konedomederi@@ralmayrg. The prediction mode
having the larger mode index (list 0) may be expressed
by intra4x4(8x8) pred mode 10 org, and the prediction
mode having the smaller mode index (list 1) may be
expressed by intradx4(8x8) pred mode 11 org.

A configuration of a macroblock prediction syntax
obtained when 4x4 pixel prediction is selected will be
described below with reference to FIG. 27.

In FIG. 27,
blkConv([block order flag] [lumadx4BlkIdx] has a
transformation table which performs transformation of a
prediction order as shown in FIG. 8 and outputs an
index of a block to be encoded.

In FIG. 27,
intra4x4_predwmode“lo[block_ordermflag]{order] is data
of an index obtained by transforming

intra4x4_predmmode_lO_org[blockmorder_flag][order]

according to
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__ be encoded by using a correlation to 67 intra4x4_pred mode_10_org
in an adjacent block. concrete syntax configuration is shown in FIG. 31.
The configuration of the ffacroblock prediction syntax shown in FIG. 27 is
replaced with the configuration shown in FIG. 31.In FIG. 31, prey intradx4
pred mode 10 flag[block order flag] _ _ [order] is a flag representing
whether a prediction mode ref pred mod@orq of list O calculated from a _
reference block (described later) is equal to a 10prediction mode

intradpgebred made P arplilocicorey fadloer pf st of e biogk. ).

PIG. 32 shows a met of deriving prey intradx fta

[block orderdflagic._ 5[ordert.dn4his casepref blkAmede d0inFilGy which
denotes a prediction mode of list O of a nearest encoded block blkA

located opithe leftof therblock bikas ahdref bikBardde 10 denstessa formed
prediction mode of list 0 of a nearest encoded block L.ocated on the u

) per
20side Sﬂ%e%ﬁécfﬁlﬁﬁ}?%Cp}f)%i‘tiong%fe Specirically, FALSE oL

the flag intradx4 bi pred flag means that the 4x4
pixelblocks are the unidirectional prediction, and TRUE
means that the 4x4 pixelblocks are the bidirectional
prediction.

In FIG. 27, intrad4x4 pred mode 11 is data of an
index obtained by transforming
intrad4x4 pred mode 11 org[block order flag] [order]
according to
modeConv [block order flag] [intrad4x4 pred mode 11 org].
The data intradx4 pred mode 11 1s encoded when
intrad4xd4 bi pred flag is TRUE.

Details of the syntaxes will be described below.

Transformation is performed to lumadx4Blk
according to a table shown in
blkConv[block order flag][lumaé4x4BlkIdx] every
block order flag to calculate a block index :order
indicating a sub-block to be encoded (FIG. 8).

When 4x4 pixelblocks indicated by a block
index :order are to be predicted, as shown in FIG. 28,
intradx4 pred mode 10 org[block order flag][order] is
transformed into intrad4x4 pred mode lO0[order]. This is
a process which 1s performed because usable prediction

modes change depending on block order flag and
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ref bikA mode 10 and ref blkD mode 10 change depending on block order
flag. More specifically, the positions are shown in FIGS. 33, 441k, 44B,
440, and 440. When biock_order_flad is FALSE, bLKA and bin are left and
25 upper encoded blocks adjacent to the block (FIG. 33). On the other
hand., when the flag is TRUE the blocks blkA and bikB are left and upper
encoded blocks nearest 68 to the block BfkA and blkS (FIGS. 44A, 44B,
490, and 94D). When prev_intra4x4_pred_mode_10_flag block order lag]
[order 5.1.is TRUE, informafion of intra4x4 pred mode 10 org can b
explcr)gssslefdlt%;1 T hit yf%lsefné a%o?réfﬁ%ﬁ § %‘?r{]Sa %cgnf’ biotk- gr Ci:sE ’

reasysengodingraffisiency issimproved, Omtheethephand, yhen
10prey_intra4x4_pred_mode_10_flag[olock _order_flag] [order ] is FALSE,
as & Predictiordmiodélofdist® eXceftAdiSE) , intradx4_pred mode_10_org

prev_intra9x9 bred mcde 10 _flag [block order flag 5 [order j _
rem-Thtradxa” predl_Hode 10(block_ordler Fiua] {otdar &' Sgwn CFhisAE this

data expressing.a spacific 1apredigion made gfprediclign modes; except

ref pred mode oro fronT - -
specific prediction mode used in prediction of the 4x4
pixelblocks in prediction modes of nine types of the
unidirectional prediction.

On the other hand, when block order flag is 1
(TRUE: extrapolation/interpolation block prediction),
tables are switched depending on positions of 4x4
pixelblocks in a macroblock to be encoded. FIG. 30
shows prediction modes which can be used corresponding
to the sub-blocks (interpolation blocks (1), (2), and
(3), and extrapolation block (4)) shown in FIG. 13B and
names of the prediction modes when left, upper, upper-
right, and upper-left macroblocks adjacent to the
macroblock to be encoded can be referred to.

As 1is apparent from FIG. 30, the interpolation
block (1) can use all the 17 modes, and the
interpolation blocks (2) and (3) cannot use some of the
modes. For this reason, as shown in FIG. 28,
intradx4 pred mode 10 _org[block order flag][order] is
transformed into intradx4 pred mode 10 by mode Conv([][]
to remove an unusable prediction mode in advance, so
that the efficiency of entropy encoding (described

later) 1is improved. As a concrete transformation
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_ _rem antra4x4_pred_mode_10iblock_order_flag][ord-r The data is
entropy-encoded on the basis of the number of states except
ref_pred_mode org from the symbols 20which can be taken in a prediction
mode of list 0. In the 3x8 pixel prediction, as shown in FIG. 31, the
same syntax as that in the 4x4 pixel preg' tion is performed. For this
reason, a description of the 8x8 Pixel prediction will be omitted. 25The
syntax structure as described above is arranged to improve encoding

eff'g'ggﬁsy%%en in;encading ina prediction.mode. (Sgeond,Example-of; on
Syntax Strucfure) FIG. 34 shows another example of the syntax
structwrewser)in the image epcaderdHOs decessarysyntaixahformation is

the macroblock layer syntax 208 5in FIG. 25. In this case, a configuration

of emRGiobidek layer'yhtax Shaws I PRS. 26 isreplaceduity ¢ _mode_10.

configuration shown in FIG. 34. Syntaxes will b dgscr'bgd‘ belo
Bloffcglgfonrdgr_gfljéﬁ(%\/lv clEﬁ EshSwT inoagl rr%a?%:?oﬁl%%l? 18@%/3? %frﬁaél %nOEIkG. =)

34 isa flagyrepresentingaahether, switching of prgdiction-erdersison) , "12"
performed by the macrobloc . When blook_order_flag is TRUE, the

predictions siders @ré switched: to:gerforas extragolation/interpolation block

prediction. On the .
When intradx4 pred mode 10 is to be encoded, since

the numbers of states of usable modes change depending
on block order flag and block positions, entropy
encoding (Huffman encoding, Golomb encoding, or
arithmetic encoding) is performed depending on
positions of the 4x4 pixelblocks to be encoded. The
number of states which can be taken by concrete symbols
is shown in FIG. 30. The above is the description of
the syntax related to encoding of
intrad4x4 pred mode 10 org.

When intradx4 bi pred flag is TRUE,
intrad4x4 pred mode 11 org is further encoded. With
respect to encoding of intraé4x4 pred mode_ 11 org, a
process which is almost the same as that in case of
intrad4x4 pred mode 10 org is performed.

First, intradx4 pred mode 11 org is transformed
into intradx4 pred mode 11 according to mode Conv (][]
to entropy-encode intradx4 pred mode 11 by a variable-
length code depending on bock order flag and order.
Since intrad4x4 pred mode 11 and intraédx4 pred_mode_ 10

cannot have the same prediction mode, the number
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other hand, when block order flag is FALSE, block prediction is performed
without switching the prediction orders. A concrete method of describing a
prediction order when block or er fLac is TRUE is shown in block ordermb
mode. Block order inmb mode _ 20shows a prediction order as
follows. When the prediction mode is mode 0, a prediction order of the
extrapolation/interpolation block predictigﬁ described in the first
embodiment is given. When the prediction mode is mode 1, a combination

of 2 ugdislignydersls convetien ita aBANds. and.a Biedietiopardelisos
expressed by index information. When a prediction order is to be

determined far foue 47 Grbleeks, onesofZdcombinations otpredkction s

orders except raster block prediction from 24 combinations (= 494) is
deterriiped forddch maero:block dyap&mutaticr Mdrerspetifieafy, L1 -
blom_k_order_idx in SEIG. 34 gives the block combination,rindex. Whend,
the%?ea-i o Mot iS ?néccfleez, SR Brder Aumbet 1S ai’re(’;etﬁ/“sﬁ%)vyn 6n each'?
blogk, With- respectto 4x4 pixelblocks, the order numbers are shown on

16 block order4x4[ELK]. With respect to 8x8 pixeiblocks, the order

numbers aks showhlonrd blockorder8xBiEI Kk 4 (8 x<Bie abeve syridax L0_org
structure can have the following modifications. (a) When block order

in mitPotfetis %, ‘Gily Bhe bIBEKAWRIEATS encodScifSE hdy e S Y~
150}, 2ingedne, pumbet of indexes ol aprediclion prplar s gporaaus n the

4x4 pIXE‘Ci Prediction, the preélc lon order of the 4x4 pixels shown In units
of 8x8 pixelblocks may harepeated fous times:to reduge thesinfoymadion ©f

the indexes. 20(c) When block prder in mh mcde is 2,

In this case, block order flag and
intra4x4 bi pred flag may be encoded, multiplexed into
encoding streams, and then transmitted. On the other
hand, without performing the multiplexing and the
transmission, information of block order flag and
intrad4x4 bi pred flag may be expressed by the activity
information calculated from the encoded blocks and
pixels. In this case, also on the decoding side, by
using the same logic as that on the encoding side, as
the information of block order flag and
intrad4x4 bi pred flag, the same information as that on
the encoding side 1s shown.

In the 8x8 pixel prediction, as shown in FIG. 27,
the same syntax as that in the 4x4 pixel prediction is
used. For this reason, the description of the 8x8
pixel prediction will be omitted.

As another example, intradx4 pred mode 10 org may

be encoded by using a correlation to
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block_order4,4[BLK] may be shown by an external table, or a difference
between the block order4x4[FLF] and an adjacent block_ordr4x4[] may be
expressed by a variable code length. 23(d) Since the last
blook_order4x4[15] is one remaining prediction order, hlock_order4x4[15]
need not be shown. The same is appliec%fzo the 8x8 dixelblocks. 71 Inthe
4x4 pixel prediction, a prediction order of th 4x4 pixelblooks shown in units
of 8x8 bixelblocks may be repeated four times to reduce information of

blogk prderdx4. (e) Yalues ofinformatian,such ag block grden inmb maode,

block order idx;”_ _ _~block order4x4, and block order8x8 may be
adaptively=set i units of sequences apicitines, ssliseswor macrobiooksl. The
10(Third Example of Syntax Structure) FIGS. 35, 36, 37, 38, and 39 show
stillcgrioferissaipiple of fhé BpntaR SHaBRS lised R tHetihRiyeSefitodgr shown
100i.J ISé/pt%infosrmatioParquir%di ;:rkth'{%%x%rgglgiinglug%s a seguence . |
parameter set syntlax 702, a picture parameter set %n%ax '}(%l a slice
heagler syatax 705, ang@ macroblock layer syntax 708 in FIG. 25.

Syntaxes shown in FIGS. 35, 36, 37, 38, and 39 are added to the syntax
strycture afthe fifsst€xamplemode 10 _flag[block_order_ flag]

[order] is a flag representing whether a prediction
mode ref pred mode org of list 0 calculated from a
reference block (described later) is equal to a
prediction mode

intrad4x4 pred mode 10 org{block order_ flag] [order] of
list 0 of the block.

FIG. 32 shows a method of deriving
prev_intrad4x4 pred mode_ 10_flag[block order_ flag]
[order]. In this case, ref blkA mode 10 in FIG. 32
denotes a prediction mode of list 0 of a nearest
encoded block blkA located on the left of the block
blkA, and ref blkB mode 10 denotes a prediction mode of
list 0 of a nearest encoded block located on the upper
side of the block blkB. The positions of
ref blkA mode 10 and ref blkB mode 10 change depending
on block order flag. More specifically, the positions
are shown 1in FIGS. 33, 44A, 44B, 44C, and 44D. When
block order flag is FALSE, blkA and blkB are left and
upper encoded blocks adjacent to the block (FIG. 33).
On the other hand, when the flag is TRUE, the bklocks

blkA and blkB are left and upper encoded blocks nearest
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The syntaxes will be described below. 20Block order in se flag shown in
the sequence _ _ parameter set syntax in FIG. 35 is a flag representing
whether switching of prediction orders is wade possible in a sequence.
When block order in sea flag is ?RUE, the prediction orders can be
switched in the sequence. 25 On the other hand, when block
order_in_seq_flag is FALSE, prediction BFders cannot be switched in the
sequence. 72 Block order in pic flag shown in the picture _ parameter set

syniax I f1G, 3615 %fli%reaf{ﬁﬁs,%ﬁ'ﬁﬁ\xyﬁt@g swigehing pithe prediction
orders is made possible in the picture. When block order in_pic_flag 5is
TRUWEDthe prediction orders can be switched in the picture. On the other
and, when block order in pic flag is FALSE, the prediction orders _ _
cannot be Bitehed in the picture. Block order in_slice_flag shown in the

slice 10header syntax in FIG. 37 is a fla ti heth itching
of thE BrbcEucrs ftiord FETMABE Bosdibie hEhCESHEe WHER Dlock ctaeh i 4™

5ﬂm?ﬂ§9i%ﬂﬁ%ﬂEAﬁgormation of intrad4x4 pred mode 10 org can
be expressed by 1 bit by using a correlation to an
adjacent block. For this reason, encoding efficiency
is improved.

On the other hand, when
prev_intrad4x4 pred mode 10 flaglblock order flag][order
] is FALSE, as a prediction mode of list 0 except for
prev_intradx4 pred mode 10 flag[block order flag][order
], rem intradx4 pred mode 10[block order flag][order]
is shown. This is data expressing a specific
prediction mode of prediction modes except
ref pred mode org from
rem_intra4x4‘pred~modewlo_{block_order_flag}[orderj.
The data is entropy-encoded on the basis of the number
of states except ref pred mode org from the symbols
which can be taken in a prediction mode of list O.

In the 8x8 pixel prediction, as shown in FIG. 31,
the same syntax as that in the 4x4 pixel prediction is
performed. For this reason, a description of the 8x8
pixel prediction will be omitted.

The syntax structure as described above is
arranged to improve encoding efficiency even in

encoding in a prediction mode.



_ _ prediction orders can be switched in the slice. On the other hand,
when block_order_in_slice_flag is FALSE, 15the prediction orders cannot
be switched in the slice. Block order flag shown in the rnacroblock laver
syntax in FIG. 38 is a flag representing whether switching of the prediction
orders is performed in the maoroblock. When block_order_flaq is TRUE,
the 20prediction orders are switched to férform extrapolation/interpolation
block prediction. On the other hand, when block_order_flag is FALSE, the
prediction orders are not switched_to_perform prediction faster block
prediction.?I':El%glg_néjrdg?{_‘—’rlfg]aJI'fSisOgﬁ‘eSI.él,/tR/][“eav}\?helgnt 6%%%%?53 _in_slice

flag is TRUE @ndrandeusedthe prediction typeof the macratdack is the
intra-frame prediction. 73 Infra_bi_pred_in_seq_flag shown in the

secaence parametee setisyntax intFGI Sis@fiag repbésentingartzether
bidirectional prediction can be performed in the sequence. When intra_bi

pred YR 8&g aEFRUE sthe H‘i&i?eé%?\ﬁf)ﬁrjea%ﬁoﬁ TR pETTerned’ ®

in the, seguence; On the qtherhand when infracbi, predin sed, flag is

FALSE, the bidirectional prediction cannot be performed in the sequence.
macroblock layer syntax shown in FIG. 26 1is replaced
with a configuration shown in FIG. 34. Syntaxes will
be described below.

Block order flag which is shown in a macroblock
layer syntax in FIG. 34 is a flag representing whether
switching of prediction orders is performed by the
macroblock. When block order flag is TRUE, the
prediction orders are switched to perform
extrapolation/interpolation block prediction. On the
other hand, when block order flag is FALSE, block
prediction is performed without switching the
prediction orders. A concrete method of describing a
prediction order when block order flag is TRUE is shown
in block order in mb mode. Block order in mb mode
shows a prediction order as follows.

When the prediction mode 1is mode 0, a prediction
order of the extrapolation/interpolation block
prediction described in the first embodiment is given.
When the prediction mode is mode 1, a combination of
prediction orders is converted into an index, and a
prediction order is expressed by index information.

When a prediction order is to be determined for four
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Intra_bi_ored_in_pic_flag shown in the picture 10parameter set syntax in
FIG. 36 is a flag representing whether the bidirectional prediction can be
performed in the picture. When intra_bi_pred_in_pic_flag is TRUE, the
bidirectional prediction can be performed in the picture. On the other
hand, when 15intra bi pred in pic flag is FALSE, the bidirectional _
prediction cannot be performed in the pictire.

Intra_bi_pred_in_slice_flag shown in the slice header syntax in FIG. 37 is
a flagﬁshowmg whether the bidirectional prediction can be performed in

the SHEE SOWRER irftra %’?pféﬂnmlgﬁc,tel?laé i FRUEE RE bidirectionars
pre%gté%qjgaq QStPeeff%ng }l” & slice. O&th&%tﬁerﬂa%n‘%heﬁpg&pé (=

pred in slice flagiis _ E the bidirectional prediction cannot be

performedin th@@@miﬁ@ﬁra%y_or@@ ihmb=flagesitonaxintihheamacroblock
__layer syntax in FIG. 38 is a flag representing whether the
bidirstivnaRFrediction ban heSpEToriieekih the 7lock_order idx in

FIG. 34 gives the block combination index. When the
prediction mode i1s mode 2, an order number is directly
shown on each block. With respect to 4x4 pixelblocks,
the order numbers are shown on 16 block orderdx4[BLK].
With respect to 8x8 pixelblocks, the order numbers are
shown on 4 block order8x8[BLK].

The above syntax structure can have the following
modifications.

(a) When block order in mb mode i1s 1, only one
block which is encoded first may be shown.

(b) Since the number of indexes of a prediction
order is enormous 1in the 4x4 pixel prediction, the
prediction order of the 4x4 pixels shown in units of
8x8 pixelblocks may be repeated four times to reduce
the information of the indexes.

(c) When block prder in mb mode is 2,
block orderdx4 [BLK] may be shown by an external table,
or a difference between the block order4x4[BLK] and an
adjacent block orderd4x4[] may be expressed by a
variable code length.

(d) Since the last block order4x4[15] is one
remaining prediction order, block orderdx4[15] need not

be shown. The same is applied to the 8x8 pixelblocks.
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macroblock. When intra_bi_ pren in mb flag is TRUE, the bidirectional
prediction can be performed in the macroblock. On the other hand, when
intra_bi_pred_in_mb_fis FALSE, the bidirectional prediction cannot be
performed in the macroblook. Intradx4 bi_pred_flag shown in the
macroblock prediction syntax in FIG. 39 is a flag representing whether the
bidirectional prediction is performed in th7e1prediction block. When
intradx4_bi_pred_flag is 10TRUE, the bidirectional prediction is performed
in the predictipn,black, On the gther hand, when inttadx4 bl pred;iag ise e
FALSE, the bidirectional _ prediction is not performed in the macroblock.
Intradod_bi pead; flagiis effestive arly whens1%imtra <gi_pregnpmbcflag sy
TRUE and can be used only when a prediction type of the macroblock is
the iftrazene prediction Arkinitias valte of the Syritak ¢S BetrasFARSE.
<About IrQage Dec dhng Apparatus> 20To an image meooding apparatus
accor ﬁ:g to an empodiment of the present invention shown in FIG. 40, an
encoding bit.stream 320 transmitted-from: an image engoding apparatus
(not- shown) (for example, the imag. encoding apparatus in FIG. 1) and
senb fhrvougl a@2btrannsmissiop $ystemlorck storage: system is input. The

- encoding bit stream 320 is temporarily stored in an input buffer 901,

SGhﬁkﬁ&fb?%ﬁﬁﬁéé%erﬁﬁ%p&&%Fk_order8X8 may be adaptively

set in units of seguences, pictures, slices, or
macroblocks.

(Third Example of Syntax Structure)

FIGS. 35, 36, 37, 38, and 39 show still another
example of the syntax structure used in the image
encoder 100. The syntax information required in this
example includes a sequence parameter sét syntax 702, a
plcture parameter set syntax 703, a slice header syntax
705, and a macroblock layer syntax 708 in FIG. 25.
Syntaxes shown in FIGS. 35, 36, 37, 38, and 39 are
added to the syntax structure of fhe first example.

The syntaxes will be described below.

Block order in_seqg flag shown in the sequence
parameter set syntax in FIG. 35 is a flag representing
whether switching of prediction orders is made possible
in a sequence. When block order in seq flag is TRUE,
the prediction orders can be switched in the sequence.
On the other hand, when block order in seq flag 1is
FALSE, prediction orders cannot be switched in the

seguence.
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75 302 in units of frames on the basis of a syntax, and then input to a
decoder 304. The decoder 304 has an entropy decoder 305, an inverse
guantization/inverse orthogonal transformation unit 306, an adder 307, a
reference image memory 308, and a prediction signal generator 309.

In the decoder 304, the encoding bit stream separated by the inverse
multiplexer 302 is input to an entropy deééder 303. In the entropy decoder
303, ICaccording to the syntax structure shown in FIG. 25, code strings
are entropy-decoded to a high-level syntax, a slice-level syntax, and a
macro-bloc fl%?/%}—soyrn%f © er ncf:t%yllnagqbif%sltorgéfmiL Pesiég%ti\?ejlﬁgu “In

thisgnanner remsthe enjropy.decqder303,3p additione guaptizationent i ng
transformation coefficient information 321 and quantization parameter
informatiorg infevmation (thepredictomr nrotiecindex infoeation] thenbloek
size switching information, the prediction order switching information, and

the Pretfictioremble HimberEwitching ilfsthatibA Are GeHEraly talted = 129
predigtion:gode information herejnafter) sych as prediction mogedndex . .
information 331, block size switching information 332, prediction order
switchingirtormation 333 anthRrediciion, mode number switching

information 334 which 25are related to prediction modes are output. The
quahtizationctrarsstormativr-cdeffidentsnforiridion 324 i8 iffeimation orders
obtained by ortho onal-(tgrlan forming and, 76 quantizing a prediction
resiaﬁé]lne#orbs?gr?avf.lf Guantization paramatér information includes

informationssuch.as, a guantization;width (quantization step:size)and-
Quantization matrix. The duantization transformation coefficient
infotreatitn 32 iscinverselyrq@antized by thefinverse euantizationfigversether
orthogonal transformation unit 306 according to a decoded quantization
parditiétef ahd Jurther-&iibjedted 16 invers 6AREGoNa traRsformatisnole 1n

10sueh ag :DQT. In fhis case, the inverse othoganal, ¢1.4 is TRUE, the
prediction orders can be switched in the slice. On the
other hand, when block order in slice flag 1s FALSE,
the prediction orders cannot be switched in the slice,

Block order flag shown in the macroblock layer

syntax in FIG. 38 1s a flag representing whether
switching of the prediction orders is performed in the
macroblock. When block order flag is TRUE, the
prediction orders are switched to perform
extrapolation/interpolation block prediction. On the
other hand, when block order flag is FALSE, the
prediction orders are not switched to perform
prediction raster block prediction. Block order flag
is effective when block order in slice flag is TRUE and

can be used only when the prediction type of the

macroblock is the intra-frame prediction.
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transformation is described. However, when wavelet transformation or the
like is performed on the encoding side, the inverse quantization/inverse
orthogonal transformation unit 306 may perform corresponding 15inverse
guantization/inverse wavelet transformation or the like. A prediction
residual error signal 322 is output from the inverse quantization/inverse
orthogonal transformation unit 306 and iF\But to the adder 307. In 90the
adder 307, a prediction signal 323 output from the prediction signal

generator 309 and,the prediction residua| error signal 322 are added to,

each other to generate a decoded image signal 324. The decoded image
signad 3244ds éput éa thereference image memery 308; Pogivendoatenting
output buffer 311, and output from the output buffer 311 at a timing of
managemernt By deecdingtontroliec i ct Opthe dthérdapelr flirrmed in
pregiﬁtion mode index irﬁgrmatior&%l,bthe blocé< size switchi . TRUE
information %gﬁ?ﬁ%pre icton of eﬁawlfc*ﬁr{geln%olrrrha?i%ﬁ andthe !
predigtion, mode-nymberswitching information,334.decoded Ry the; n tne
entropy decoder 305 are input to the prediction signal generator 309. To

the peedietigre signahgerierator 1309, adledodett eeference image signal

325 is further input from the reference image memory 308. The prediction

sigridl geReRitoP369 géReratss the*prédiction Signal'$2 P withiefdrérde L
to the re §rcetnfgr§mg§gniégcnaﬁg deolnftglem%??i%. gf the p rg%i%;%% mode
i ' blo

index information 331, the block size switching information 332, the
prediction okder switchingdaformagion 383and theypredictionanede ture
number 13switching information 334. The decoding controller 310
performscehtrvl 6fan emtireadecodinglprocess bbthe decoder 8D4efoenting
example, control of an input buffer 301 and the output buffer 311, control

of a't %%Hﬁﬁ)ﬁ%%d?éﬁa{ﬁgﬁ&_nal prediction can be performed

in the picture. When intra bl pred in pic flag is
TRUE, the bidirectional prediction can be performed in
the picture. ©On the other hand, when

intra bi pred in pic flag is FALSE, the bidirectional
prediction cannot be performed in the picture.

Intra bi pred in slice flag shown in the slice
header syntax in FIG. 37 is a flag showing whether the
bidirectional prediction can be performed in the slice.
When intra bl pred in slice flag is TRUE, the
bidirectional prediction can be performed in the slice.
On the other hand, when intra bi pred in slice flag is
FALSE, the bidirectional prediction cannot be performed
in the slice.

Intra bi pred in mb flag shown in the macroblock
layer syntax in FIG. 38 is a flag representing whether

the bidirectional prediction can be performed in the
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20<About Prediction Signal Generating Unit 309> The prediction signal
generator 309 will be described below with reference to FIG. 41. The
prediction signal generator 309 shown in FIG. 41 is basically the same as
the prediction signal generator 25113 in the image encoding apparatus
described above. In FIG. 41, a prediction order switch 370 switches
prediction orders of sub-blocks in a macfdblock to the reference image
signal 325 from the reference image memory 308 on the basis of the

prediction.order, switching Information.333, The.i ' t .
pre%ﬁ:%gﬁ%ragr}(df W%@g%%g%%%%g&? b %e§mé€n%§§§%§?dsv%%cﬁ§7u§i's -he
inpytite:a-unidireetionab peedietor 3% 1 and abidipectionahpeedietor 842.

The unidirectional predictor 371 selects one prediction mode from a
plursdigrofprepared predidiionThbdes bia fitb badis bf the prediction mode
index 10information 331 and generates a rediction i%n%I ,v<\§ith ref%r,ence1

to thd Féfereree ihiage Sghil 325 Sccbrding 1o tHe Selectedpradiction <
mogde and the block size switching infarmation: 332 rThehidirgetional.

predictor 372 selects two prediction modes of the plurality of prepared
prediction madesdotheibasisdf thesprediction miodetihdex aformationk
331 and generates a prediction signal with reference to the reference

imatesigral 825 ateordiffg i6' thelSelectdd predictior hodeR i the 1 9
block si itching, inf tion 332. The 2 jction.sj |
o%nsec'f%ésw' gplg]gggi@%g%é?lqgﬁldatjhepl? .89539_9'1%"9”153'9 Al output from,

the Unidirectiona pre idirectional predictor 372 are
inputie a-pregictionsmoda pember switch 343 ri4his easep theiprediciions

modes regulate a manner of referring to decoded pixels when a prediction
Sigiat Bf 25atsabkblockisgeneratedprediction is performed in the
prediction block. On the other hand, when
intrad4x4 bi pred flag is FALSE, the bidirectional
prediction is not performed in the macroblock.
Intrad4x4 bi pred flag is effective only when
intra bi pred in mb flag is TRUE and can be used only
when a prediction type of the macroblock is the intra-
frame prediction. BAn initial value of the syntax is
set as FALSE.
<About Image Decoding Apparatus>
To an image decoding apparatus according to an
embodiment of the present invention shown in FIG. 40,
an encoding bit stream 320 transmitted from an image
encoding apparatus (not shown) (for example, the image
encoding apparatus in FIG. 1) and sent through a
transmission system or a storage system 1s input. The
encoding bit stream 320 is temporarily stored in an

input buffer 901, separated by an inverse multiplexer
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The prediction mode number switch 373 is controlled according to the
prediction mode number 79 switching information 334 to select any one
of the prediction signal generated by the unidirectional predictor 371 and
the prediction signal generated by the bidirectional predictor 372 to output
the selected 5prediction signal 323. The prediction order switch 370 is
controlled by the prediction order switchi?w% information 333 anr' switches
prediction orders of sub-blocks by transforming the index :blk serving as a

ref ce byav.atlue of.:block arder fla gje cribed later) expressing the g
pre%ri%%oﬁ %rélenrlsvﬁtcﬁng%%]?&?nsati%% 3 ?%aasnlgrd%% ‘idx %rs%k? loc g

an index -qreet (expsessing aquediction order), of asubddocksinackiual an
encoding is as expressed in Equation (3). A transformation table 15to
trarsfarmpblock€onvi} is’&S shewen IMPKS. 8 When aifgt ion/inverse

:block _order_flag is 0 (FALSE), an index :order of a sub-block in al
oreETO SITEGtnG 16  M ahise o7 SUbeeiotk 16 B8hegdds, =

and.prediclion of ?n@c?%‘f and aRrredigtion 20grder are not.changed;(sHeh
prediction by the prediction order is called seouential prediction
hergimatie EKZS 368 and 78 show prediction orders obtained by
sequential predictions to FIGS. 6A and 7A, respectively. 250n the other

hand, whenithé fiig @@l@_@l@@ﬁe}mﬁg i$ B TRUE) AR Indeb: ofderssi™

2“bé@%%@%‘t%%“%'fr%ﬁ'é“";{%\%‘%%%i”%é?%"&%&@?i%ﬁ orderinwhich , oy,
entropy decoder 303. In the entropy decoder 303,
according to the syntax structure shown in FIG. 25,
code strings are entropy-decoded to a high-level
syntax, a slice-level syntax, and a macro-block-level
syntax of the encoding bit stream, respectively.

In this manner, from the entropy decoder 303, in
addition to quantization transformation coefficient
information 321 and quantization parameter information,
information (the prediction mode index information, the
block size switching information, the prediction order
switching information, and the prediction mode number
switching information are generally called prediction
mode information hereinafter) such as prediction mode
index information 331, block size switching information
332, prediction order switching information 333 and
prediction mode number switching information 334 which
are related to prediction modes are output. The
guantization transformation coefficient information 321

is information obtained by orthogonal-transforming and
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80 diagonal block of four sub-blocks is predicted firs by extrapolation and
the three remaining blocks are predicted by extrapolation prediction or
interpolation. The prediction performed in the prediction order is called
extrapolation/interpolation prediction hereinafter. FIGS. 6C and 70 show
changes in prediction order by extrapolation/interpolation predictions to
FIGS. 6A and 7A, respectively. As descrilfed above, the sub-blocks the
prediction 10orders of which are switched by the prediction order switch
370 alllrerilnput.tg thea un;:deiﬁftciggal rpr%%iggoig é%a?} or Iﬂll% bidSirectioqal
pre&iicf%)r%%]ioggene}?ate pre iction signals corresponaing]tg e’

subplacks; Theiprgdistion maede numberswWieh, 373 QUIPWME 3 information
15prediction signal obtained by the unidirectional predictor 371 when the

prediction Arode muabériswitching inforphation 334 indicatesa predictiorze)
mode number "11!, and outputs a prediction signal obtained by the

bidifsttioHAPPYedtsrS72 WRhEA the prediction mode 20number switching
information; 334 indicates anrediction made pumber,"2: Ihe prediction

signal output from the prediction mode number switch 373 is extracted as

an autputr323 from theprediction sighal generatari309 by Thepredictionse
mode number switch 373 is controlled according to the prediction mode
nunsbEr SiteRnECIRforMatiB A B3AGIVE i anits-eFpredrR bR bictksunit 306
(4x45pixcelblc$c.s or.xe gixglgiocoll(syo output 9a1tt{1e rfrediction §ignal 32 -

More Specificafly, i case of 4%4 pixel prediction, intradxa_ bi_pred_Tag is

deserihed,inunitsof AxdpixelloQkss r s  More spgeifigallys thepresistion: on
mode number switch 373 selects the prediction signal obtained by the
unidirectional predittor 371 whesacase, the inverse orthogonal

The

transformation is described. However, when wavelet
transformation or the like is performed on the encoding
side, the inverse quantization/inverse orthogonal
transformation unit 306 may perform corresponding
inverse quantization/inverse wavelet transformation or
the like.

A prediction residual error signal 322 1is output
from the inverse gquantization/inverse orthogonal
transformation unit 306 and input to the adder 307. 1In
the adder 307, a prediction signal 323 output from the
prediction signal generator 309 and the prediction
residual error signal 322 are added to each other to
generate a decoded image signal 324. The decoded image
signal 324 1s input to the reference image memory 308,
given to an output buffer 311, and output from the

output buffer 311 at a timing of management by a

decoding controller 310.
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flag :intra4x4_bi_pred_flag serving as the prediction mode number
switching information 334 is FALSE, and selects the prediction signal
obtained by the 10bidirectional predictor 372 when intradx4bipredilag _is
TRUE. Since concrete processes of the unidirectional predictor 371
and the bidirectional predictor 372 are t € same as those in the
unidirectional predictor 171 ISand the bidirectional predictor 172 in the
image encoding apparatus, a description thereof will be omitted. A

syntax strugturg s basigally as,shownyjn FIG. 19 However, a. i nex

configuration of a macroblock 20prediction syntax used when 4x4 pixel
predictionis: seleatedl3wi)l bendeseribed belove with refefence tonFlGr2¥c ion
BlkConv[block_order_flag;[luma4dx4Elkidx1 in FIG. 27 has a

trarsiérmativh tabROWRIEh Farfsifis & 25pratictionisraeras shewn s 3/

7|Gé 8dar]cq1%m lrjtes %nc.ndex Ofgd%m%k t%h% dgcg%eq'}in information
Intra2x4_pred_moae_ 6[%Focrﬁ_orderi]fpa ﬁ)rder‘f is data 82 o?{he
decogleddndelsced by the entropy decoder 305 are input to the

prediction signal generator 309. To the prediction
signal generator 309, a decoded reference image signal
325 is further input from the reference image memory
308. The prediction signal generator 309 generates the
prediction signal 323 with reference to the reference
image signal 325 on the basis of the prediction mode
index information 331, the block size switching
information 332, the prediction order switching
information 333, and the prediction mode number
switching information 334. The decoding controller 310
performs control of an entire decoding process of the
decoder 304, for example, control of an input buffer
301 and the output buffer 311, control of a decoding
timing, and the like.

<ABbout Prediction Signal Generating Unit 309>

The prediction signal generator 309 will be
described below with reference to FIG. 41. The
prediction signal generator 309 shown in FIG. 41 is
basically the same as the prediction signal generator
113 in the image encoding apparatus described above.
In FIG. 41, a prediction order switch 370 switches

prediction orders of sub-blocks in a macroblock to the
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Intradx4_bi_pred_flag in FIG. 27 is a flag which switches between a state
in which the bidirectional prediction is performed to the 4x4 pixelblock and
a bstate the bidirectional prediction is not performed to the 4x4 pixeiblock.
More specifically, the flag intradx4 bi pred flag which is FALSE means that
the _ _ unidirectional prediction is perfor%ed to the 4x4 pixelblocks. The
flag which is TRUE means that the 10bidirectional prediction is performed
to the 4x4 bixelblocks. Intradx4_pred_mode_11 in FIG. 27 is data of a

decoded,index, The dataffiradx4 psed_meode 11 decoded when intradx4

bi pred flag is TRUE._ _ 15Details of the syntaxes will be given below.
Luma#xA31 k3is gramsfarinedda units of block arderdflag-accordingdo a
table shown in bikConv[block_order_flad][luma4x4Bikldx] to calculate a
blo&K ineieR - 6filet idicatigL& Bub-block t6'He eftifed20{RRS. §)he

CoCOR e B e, Tfock_or o, Tes) ondar & decsagd ot Lo
and,iyersestransfarmed inte input to a unidirectional predictor
371 and a bidirectional predictor 372.

The unidirectional predictor 371 selects one
prediction mode from a plurality of prepared prediction
modes on the basis of the prediction mode index
information 331 and generates a prediction signal with
reference to the reference image signal 325 according
to the selected prediction mode and the block size
switching information 332. The bidirectional predictor
372 selects two prediction modes of the plurality of
prepared prediction modes on the basis of the
prediction mode index information 331 and generates a
prediction signal with reference to the reference image
signal 325 according to the selected prediction modes
and the block size switching information 332. The
prediction signals output from the unidirectional
predictor 371 and the bidirectional predictor 372 are
input to a prediction mode number switch 373. 1In this
case, the prediction modes regulate a manner of
referring to decoded pixels when a prediction signal of
a sub-block is generated.

The prediction mode number switch 373 is

controlled according to the prediction mode number
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25intradx4 pred mode_10_org[block order flag] [order] as shown in FIG.
42. This process is performed because usable prediction modes change
depending on 83 block order flag and positions of the blocks in the
macroblock. More specifically, as shown in FIG. 43, when

block _order_flag is O (FALSE), a value of intra4x4_pred_mode_10 is
directly assigned to 5intra4x4_pred_mode_10_org. At this time,
intradx4_pred_mode_10 org is data indicating a prediction mode which is
selected fiom,the prepared prsdiction modes oLNNe IPSOIING: e
unidirectional prediction and which is used in decoding of the 4x4
10pixetardocksn s Qmie otheehanddavhen bloek werdet flagtis ddRUE
:extrapolation/interpolation block prediction), tables are switched
depehdiecdr positions afwhith thE A% Bhielbloeks Areltloggiedinaed by

macroblack. More 15 specifically, when infradx4pred_mode_10[1] Jorder
dec%Hqu?& e %‘%é%b%?a%%n%&&i&l; ?srlg,e%etpge&gt%ﬁ%natéé%n rgz{)? ed

pred mode-10 sro[ilerder] 32 becomes 15 (inverse vertical right
prediction). When intra4x4 pred mode LO[1][order] decoded to the -

90hiter,00latien bloeki(8) iso12,dhelePredlictionrméde is controlled by
intra4x4_ored_mode_10_org[1][order] becomes 14 (inverse horizontal

upper prétfiction) “WHerdintradx4 Bi'dred fag TRy rmation 333 and

switches prediction orders of sub-blocks by

transforming the index :blk serving as a reference by a

value of :block order flag (described later) expressing

the prediction order switching information 333. To an

order :idx of sub-blocks, an index :order (expressing a

prediction order) of a sub-block in actual encoding 1is
as expressed in Equation (3). A transformation table
to transform blockConv[]}[] is as shown in FIG. 8.

When a flag :block order flag is 0 (FALSE), an
index :order of a sub-block in actual predictive
encoding is an index :idx itself of a sub-block tb be
encoded, and prediction of a block and a prediction
order are not changed (such prediction by the
prediction order is called sequential prediction
hereinafter) . FIGS. 6B and 7B show prediction orders
obtained by sequential predictions to FIGS. 6A and 7A,

respectively.

On the other hand, when the flag :block order flag

is 1 (TRUE), an index :order of a sub-block in actual

predictive encoding shows a prediction order in which a
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intradx4_pred_mode_11[block order flaglis 25decoded_ The decoded
intradx4 pred modeiO [block order ilagi[order] is transformed into 84
intradx4_pred_mode_10 org[block_crder_flag][order] as shown in FIG. 43.
In another embodiment, information of block order flag and
intradx4_bi_pred_flag is separated from the encoded bit stream and
decoded. However, information of block rder flag and
intradx4_bi_pred_flag may be shown by the activity information calculated

by decodecilogks.and pixels, In ”!%B@%?éf’é’@!&%th& samelogicas, ;. 1y
-that on'the 10encoding side, the same informer-ion as '5hat on the
encodingside 4s showa as infesmatiar: of blogk order dlag anciiptradx4 bi

pred flag. For this _ _ reason, the separation from the encoded bit stream
andrthectetaeihgPproesss arehetnetessayd 15AS siill another examphe; ion.

intradxd._pred mode _10.cig may be encoded by using acorrelation fo,
called extrapolation/interpolation prediction
hereinafter. FIGS. 6C and 7C show changes in
prediction order by extrapolation/interpolation
predictions to FIGS. 6A and 7A, respectively.

As described above, the sub-blocks the prediction
orders of which are switched by the prediction order
switch 370 are input to the unidirectional predictor
371 or the bidirectional predictor 372 to generate
prediction signals corresponding to the sub-blocks.

The prediction mode number switch 373 outputs'a
prediction signal obtained by the unidirectional
predictor 371 when the prediction mode number switching
information 334 indicates a prediction mode number "1",
and outputs a prediction signal obtained by the
bidirectional predictor 372 when the prediction mode
number switching information 334 indicates a prediction
mode number "2". The prediction signal output from the
prediction mode number switch 373 is extracted as an
output 323 from the prediction signal generator 309.

The prediction mode number switch 373 is
controlled according to the prediction mode number
switching information 334 given in units of prediction

blocks (4x4 pixelblocks or 8x8 pixelblocks) to ocutput
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_ _ adjacent block. A concrete syntax structure is shown in FIG. 31, and a
configuration of the 20macrobloek prediction syntax shown in FIG. 27 is
replaced with that in FIG. 31.
Prey_intradx4 pred_mcde_ 10 flagiblock order_[order in FIG. 31 is a
flag representing whether a Prediction mode ref_pred_mode_org of list O
calculated 25from a reference block (de5801ribed later) is equal to a
prediction mode intra4x4 ored mode 10 c [block order 51ag]forder] of 85
list Qk(?eff aﬁ?%@@gn si5@1323%?ws ﬁ&%th%gég?@‘éé‘gl ., 1in case
prev_intradx4 pred_mode “10 flag[blook order flag] (order ]. In %i’]IS case,
ref_dikAlmoge. :11ind=6&d 82tdenofesi a predietioromoge«o] list @ 9f as
nearest encoded block bikA located on the left of the block blkA.
RefIBkEIAdRE 10 deRdtes & preticion'mbde bPRstD of a nearest
encoded b Oclééocatgc(l: on .th upper %i}?e of t%%blémkglk?fdolgghgum or
positions 0 ref_b[ﬁ%_mo e E_)Lb arld re %ilé%rmo%jeajo 5hange depen}alng
on hlpek erderflagsmpre specificallyy arg shawm inskl53133, 440, 448, by
440, and 440. When block_order_flag is FALSE, blkA and hikE serve as
left ahd uppérdecodetbblacks adjacentto 18altargetbleck (FIG. 33). On

the other ha,ndeWhen block order flag is TRUE, ref_blkA and ref _bike
serve &§ left-dnd ﬁﬁﬁé&&&%ﬂ%ﬁl&%&ﬁé&%%é targeFblER (FEs O

44phéég’éégﬁgyjé%9%ching information 334 is FALSE, and

selects the prediction signal obtained by the

bidirectional predictor 372 when intra 4x4 bi pred flag
is TRUE.

Since concrete processes of the unidirectional
predictor 371 and the bidirectional predictor 372 are
the same as those in the unidirectional predictor 171
and the bidirectional predictor 172 in the image
encoding apparatus, a description thereof will be
omitted.

A syntax structure 1s basically as shown in
FIG. 19. However, a configuratiocon of a macroblock
prediction syntax used when 4x4 pixel prediction is
selected will be described below with reference to
FIG. 27.

BlkConv[block order flag] [lumad4x4BlkIdx] in
FIG. 27 has a transformation table which transforms a
prediction order as shown in FIG. 8 and outputs an
index of a block to be decoded.

Intraéx4 pred mode 10[block order flag][order] 1is data
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When 20prey intra4x4 pred_mode_10_flag[block_order_ flag] (order is
TRUE, information of intradx4_pred_mode_10_org is shown with 1 bit by
using a correlation between the target block and an adjacent block_ On
the other hand, when 23prey intra4dx4 _pred mode 10 flag[block _order flag]
order is FALSE, as a prediction mode of I?t 0 except for
prev_intradx4_pred mode_lO_fIagOoIoci order flag] [order 86 1, rem
intradx4 pred mode 10 [block order. flag] [order] _ _ _ is shown. Data

represepting adrsdiction made selected from prediction modes except
tef_pred_mode org from rem intra4x4 pred mode 10 [block order flag]

[order] is 5tetcoddd 6nithe hasis of tkeynumber 6f stafes.except 1ag which
ref_pred_mode_org from symbols which can be taken according to the

pre@i¢adr IfsaeR6iie e & SR fespectiidithe 8xX8%pikebrédicior the
PG oy e roakab s diaiphan o oo DIBERENES ST
. 27. , ption o
state the bidirectional prediction is not performed to
the 4x4 pixelblock. More specifically, the flag
intra4x4 bi pred flag which is FALSE means that the
unidirectional prediction is performed to the 4x4
pixelblocks. The flag which is TRUE means that the
bidirectional prediction is performed to the 4x4
pixelblocks.

Intradx4 pred mode 11 in FIG. 27 1s data of a
decoded index. The data intrad4x4 pred mode 11 1is
decoded when intrad4x4 bi pred flag is TRUE.

Details of the syntaxes will be given below.

Luma4x4Blk is transformed in units of
block order flag according to a table shown in
blkConv([block order flag][lumadx4BlkIdx] to calculate a
block index :order indicating a sub-~-block to be encoded
(FIG. 8).

When 4x4 pixelblocks indicated by the
block index order are to be decoded,
intrad4x4 pred mode 10[block order flag] [order] is
decoded and inverse-transformed into
intrad4dx4 pred mode 10 orgl[block order flag][order] as
shown in FIG. 42. This process 1s performed because

usable prediction modes change depending on
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the 8x8 pixel prediction will be omitted. An image encoding apparatus
according to another embodiment will be described below with focus on
parts different from those in the above description. 15Block order flag
shown in the macroblock layer syntax in FIG. 33 is a flag representing
whether switching of prediction orders isS%erformed. When block order flag
is TRUE, the prediction orders are switchéd to perform
extrapolation/interpolation block prediction. On the 20other hand, v.block
ordeyiflag.is FALSE aster blockjredictionds performed without switching
the prediction orders. When block order flag is TRUE, a concrete
methad obideserihing dgpredictien Dfderas shpwadys2bibtockiorder . mbs,
Tbde. albck order in mb mode showsa _~_ prediction order
accHidiy Bl e fofdwing nmafter! ) WHEATRE mode €D a%rediction
order ysed, when_extrapolation/, interpolation, block prediction is performed
is gi%/%%.r a4x{]b)p\}§/%%ﬁ tOga 6riﬂt)E eis1, %lgoerﬁﬁﬁﬁtigr% of Br%%?ct%ﬁ orders is

converted inte indexdnfosmation, and;a prediction erdefis:ghown by the
index information. When a prediction order is determined to four blocks,
onelof 28acombinatichsotithe Idrediction ordersaxcaptithe raster Block
prediction from 454 - 24 combinations obtained is determined by

permtftion TP 1088 mARroBiockS Spechicafly bidk” ordeét xR EIES
33 givessthe black combinagien index. . ., {¢) When the modg is2 @ a1

order number is directly shown on each block. With respect to 4x4
pixethtecks; the ardetmumbiers ate shewn am1Gidbblock orderdx4[BLK} .4
With respect to 8x8 pixelblocks,

pixelblocks.

On the other hand, when block order flag is 1

(TRUE :extrapolation/interpolation block prediction),

tables are switched depending on positions at which the

4x4 pixelblocks are located in a macroblock. More
specifically, when intrad4x4 pred mode 10[1] [order]
decoded to the interpolation block (2) i1s 13, the
prediction mode intrad4x4 pred mode 10 org[l][order]
becomes 15 (inverse vertical right prediction). When
intrad4x4 pred mode 10[1] [order] decoded to the

interpolation block (3) is 12, the prediction mode

intrad4x4 pred mode 10 orgl[l][order] becomes 14 (inverse

horizontal upper prediction).
When intrad4x4 bi pred flag is TRUE,
intrad4x4 pred mode ll[block order flag]lorder] 1is
decoded. The decoded
intrad4x4 pred mode 10[block order flag][order] 1is

transformed into
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the order numbers are shown on four block orderSx8[BLK]. As another
example, when block_ordemb mode is only one block to be decoded first
may be shown. Fri 20the4 pixel prediction, the number of indexes of
prediction orders is enormous. For this reason, the order of the 4x4
pixelblocks shown in units of 8x8 oixeiblg ks may be repeated four times
to reduce the information of the indexes. 25When block order in mb mode
is 2, __ _ block order4x4[BLK] may be shown by an external table. A

difference betwegn:blogk grdard x4l K] andiadiacent 88 hlock orderdx4f] s
may be calculated, and block order4x4[BLK] may be expressed by a

variablextoderlength, Siice the last block order4x4fl51 is one remaining
order, block order4x4[15] need not be shown. The same can be applied to

the 8x8 pixelblBBKE: i the?ARA PiveF Predictidho tHedrier ofthe 4x4
pixelblocks shown in-ynits of 8x8 pixelblocks,may be gepeated I%urst%B%Srated

to reduce mformation of block orderdx4. Toinformationsuch as bloc
orderdpnmb meode; c o de d Oblacksarderitixa hlock orderd x4, antbhlock r,
order8x8, values may be adaptively set in units of sequence, pictures,
slicds) amamaéroblocksblock _order flag and

intrad4x4 bi pred flag may be shown by the activity
information calculated by decoded blocks and pixels.
In this case, by using the same logic as that on the
encoding side, the same information as that on the
encoding side is shown as information of

block order flag and intra4x4 bi pred flag. For this
reason, the separation from the encoded bit stream and
the decoding process are not necessary.

As still another example,
intrad4x4 pred mode 10 org may be encoded by using a
correlation to intradx4 pred mode 10 org in an
adjacent block. A concrete syntax structure is
shown in FIG. 31, and a configuration of the
macroblock prediction syntax shown in FIG. 27
is replaced with that in FIG. 31.

Prev_intrad4x4 pred mode 10 flaglblock order flag] [order
] in FIG. 31 is a flag representing whether a
prediction mode ref pred mode org of list 0 calculated
from a reference block (described later) is equal to a
prediction mode

intradx4 pred mode 10 org{block order flag] [order] of
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According to one embodiment of the present invention, a prediction order
is made selectable, so 15that not only extrapolation using a correlation to,
for example, a left or upper pixel, but also interpolation effectively using a
correlation to a right or lower pixel can be performed. Since the number of
usable prediction modes can be selected, for example, 20bidirectional
prediction which calculates prediction sig%g’als obtained in a plurality of
prediction modes in units of pixels is selected-to make it possible to

realize; high prediction efficiency fo a complex texture. Furthermore,

prediction order switching 25information or prediction mode selection
number information can desencoded such that the-pieces of information
are -adaptively switched in units of 09 sequences, pictures, slices,

maBroBlocks: O Sub-BIEEKS. THéfetdre, iMagelencutiing RagiRg higty | [order

encodingsfficiency and decoding,of fhe sncodedmage can beealized. .
5AN imagé encoding process and an image deeoding process based on

the ,erabodimeptdesciibed aboyecan berealized:by hardwarggHaweyers k
the processes can also be performed by executing software by using a

compitér suctrasd persoriat comptterLTherefdré cadcdrdikg to 10this
viewpoint, an image encoding program, an ithade decoding program, or a

conititerreddabit Soraye nBaiuTinwmER the programs &re Storeéd 5t 0 ©F
which are used to.cause a computer {0, execuie af least ong of theimage, ¢

encoding process and the image decoding process can
the block blkB.

The positions of ref"blkA_mode_lO and
refmblkB_mode*lO change depending on block order flag,
more specifically, are shown in FIGS. 33, 44A, 44B,
44C, and 44D. When block order flag is FALSE, blkA and
blkB serve as left and upper decoded blocks adjacent to
a target block (FIG. 33). On the other hand, when
block order flag is TRUE, ref blkA and ref blkB serve
as left and upper decoded blocks nearest to the target
block (FIGS. 44A, 44B, 44C, and 44D).

When
prev_intradx4 pred mode 10 flag[block order flag]{order
] is TRUE, information of intradx4 pred mode 10 org is
shown with 1 bit by using a correlation between the
target block and an adjacent block.

On the other hand, when
prev_intrad4x4 pred mode 10 flag[block order flag] [order

] is FALSE, as a prediction mode of list 0 except for

prev_intradx4 pred mode 10 flag[block order flag] [order
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15also be provided. The present invention is not directly limited to the
above embodiments. In an execution phase, the invention can be
embodied by changing the constituent elements without departing from
the spirit and scope of 20the invention. Various inventions can be formed
by appropriate combinations of the plurriéi%y of constituent elements
disclosed in the embodiments. For example, several constituent elements
may be removed froM all the constituent elements described in the

emg9d!F&ﬁltﬁ-n'%%h%!m%§et&en?&@§t'ty@%@w@%&éW%qlggﬁemrd,er]
embodiments may be appropriately combined to €ach other. 90 industrial
Applicabiityn . The peesesmtriaventionrcandbe used inta dighwefficieney ected
compression encoding/decoding technique of a moving image or a still
imageoMESt LPYT CLATNGE S | BiFifrdg e 8rcothing netRGd ford from

performing predictive encoding.for each of a pluraliy, ofgxalbiogis,c. ; o

obtained by dividing-a frame of an-input image- sighal,comptising:

selgetinga gredictian-ondes of a plurality of sib=blocks ahtained yxcept
dividing the p_ elblock from a plurality of predetermined prediction orders;
seleetingy frorh apligralityof predictiomimodeswhich can be taken

according to the prediction mode of list O.

With respect to the 8x8 pixel prediction, the same
syntax as that used in the 4x4 pixel prediction is used
as shown in FIG. 27. For this reason, a description of
the 8x8 pixel prediction will be omitted.

An image encoding apparatus according to another
embodiment will be described below with focus on parts
different from those in the above description.

Block order flag shown in the macroblock layer syntax
in FIG. 33 is a flag representing whether switching of
prediction orders is performed. When block order flag
is TRUE, the prediction orders are switched to perform
extrapolation/interpolation block prediction. On the
other hand, when block order flag 1s FALSE, raster
block prediction is performed without switching the
prediction orders.

When block order flag is TRUE, a concrete method
of describing a prediction order is shown by
block order in mb mode. Block order in mb mode shows a
prediction order according to the following manner.

(a) When the mode 1s 0, a prediction order used
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10which regulate a manner of referring to an encoded pixel when a first
prediction signal of each sub-block (no antecedent basis) is generated for
the encoded pixel, the number of prediction modes used in prediction of
the first prediction signal; 15selecting prediction modes of the number of
selected prediction modes from the plurgl;ty of prediction modes to use in
prediction of the first prediction signal; generating the first prediction signal
in the 20selected prediction order by using the number of selected

pregdicion /moedes, to generate; a secondh prediction signal coerespanding o
the pixelblock; and encoding a prediction residual error signal
expressingaedifférenge between an image signal of the pixelblock and the
second prediction signal to generate encoded data obtained by the

predictive éﬁbo@iﬁﬁ?Z CRR iMAgE encoding 2aprdtatisavHieR peforms
M C@%—g lb%jt gg%dlgt{v%%cog@ g.for each of a;plural "i’n‘?:fé);ix‘?i”}{l%‘g?a tion,

obtaine viding a frame of an input image signal, comprising: a first
selegctar whichesgleets anprediction osdesrafanplutality: ef sulablocks

obtained by dividing the pixelhlock from a plurality of predetermined
predicionordésn .  dhsdrondseficriibich sefets, frondapiuralifest to
preglctlon kt;rl%d%{s which regt%laEe a manner of .

our cks, one 3 combinations of the prediction
orders except the raster block prediction from 4P4 = 24
combinations obtained is determined by permutation for
each macroblock. Specifically, block order idx in

FIG. 33 gives the block combination index.

(¢) When the mode is 2, an order number is
directly shown on each block. With respect to 4x4
pixelblocks, the order numbers are shown on 16
block orderd4x4 [BLK]. With respect to 8x8 pixelblocks,
the order numbers are shown on four
block order8x8[BLK].

As another example, when block order in mb mode 1is
1, only one block to be decoded first may be shown. In
the 4x4 pixel prediction, the number of indexes of
prediction orders is enormous. For this reason, the
order of the 4x4 pixelblocks shown in units of 8x8
pixelblocks may be repeated four times to reduce the
information of the indexes.

When block order in mb mode 1is 2,
block orderdx4 [BLK] may be shown by an external table.

A difference between block orderdx4 [BLK] and adjacent
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10referring to an encoded pixel when a first prediction signal of each
sub-block is generated for the encoded pixel, the number of prediction
modes used in prediction of the first prediction signal; a third
selector which selects prediction modes of 15the number selected
prediction modes from the plurality of pr%diction modes to use in
prediction of the first prediction signal; a generator which generates
the second prediction signal by using the first prediction signal

10gomesponding g he pixelblociuindhe seiegted pregigjon order by using

the number of selected prediction modes; and ‘an encoder which

enaotles a prediction 1¢sidual error signad expeassing adifferenceiaple code
between an image signal of the pixelblock and the second prediction
sigrél 6 feneraté _Rcodét darssbthihed hythe prédidtiveendading.e

MGSE.LP 93 h di laimn 2,
e P e s A P B o o

image éncoding apparatus’is con gure

predictive gpeoding bylising.at;leastone gkntra- éram%@gk%@!asand In the
inter-frame prediction. 4. The image encoding apparatus according to

claifn 2, wherein prethedirsteselectorselectsithe predietioh<drdet ferlgachc k s
of the pixeiblocks.
shown in units of 8x8 pixelblocks may be repeated four
times to reduce information of block orderdxi4.

To information such as block order in mb mode,
block;order_idx, block orderd4x4, and block order8x8,
values may be adaptively set in units of sequence,
pictures, slices, and macroblocks.

According to one embodiment of the present
invention, a prediction order is made selectable, so
that not only extrapolation using a correlation to, for
example, a left or upper pixel, but also interpolation
effectively using a correlation to a right or lower
pixel can be performed. Since the number of usable
prediction modes can be selected, for example,
bidirectional prediction which célculates prediction
signals obtained in a plurality of prediction modes in
units of pixels is selected. to make it possible to
realize high prediction efficiency to a complex
texture. Furthermore, prediction order switching
information or prediction mode selection number

information can be encoded such that the pieces of

information are adaptively switched in units of
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105. The image encoding apparatus according to claim 2, wherein the
first selector selects any one of a first prediction order and a second
prediction order for each of the pixelblocks. 156. The image encoding
apparatus according to claim 2, wherein the first selector is configured to
control whether the prediction orders are gelected by being switched for

each of the pixelblocks. 207. The image8encoding apparatus according to

claim , wherein the first selector is configured to control for each of the

pixelhlocks whether any ane of the first prediction grder;a: the secopd

prediction order is 25selected. 8. The image encoding apparatus
accolding #q claime; atherein MESId R84o0dithe encodes imcoigeredding
to encode information representing the selected prediction order to
gerferatetheehcoded dage o1y The ifayeereediy appaatusan be
accg(reoélii% %oeglgim 2, wherein

An image encoding process and an image decoding
process based on the embodiment described above can be
realized by hardware. However, the processes can also
be performed by executing software by using a computer
such as a personal computer. Therefore, according to
this viewpoint, an image encoding program, an image
decoding program, or a computer readable storage medium
in which the programs are stored which are used to
cause a computer to execute at least one of the image
encoding process and the image decoding process can
also be provided.

The present invention is not directly limited to
the above embodiments. In an execution phase, the
invention can be embodied by changing the constituent
elements without departing from the spirit and scope of
the invention. Various inventions can be formed by
appropriate combinations of the plurality of
constituent elements disclosed in the embodiments. For
example, several constituent elements may be removed
from all the constituent elements described in the
empbodiments. Furthermore, the constituent’elements of
the different embodiments may be appropriately combined

Lo each other.



at least one of the prediction modes is a spatial directional prediction
mode which refers to the encoded pixel in a specific direction defined by
the input image signal. 1010. The image encoding apparatus according to
claim 2, wherein the predictor has a first predictor which predicts, when a
prediction mode is selected from the pInglity of prediction modes, the
pixelblock according to the selected prediction order and the selected
prediction mode, and a second predictor which predicts, when at least two
prediction modes are selegtedfromthe ;pé;g@[{t(yegg predigtion modes, the
pixelblock according to the selected prediction order and the at 20least
two selected«predietiem maodes<o gemeratera plaralisedf prediction Signals
and the second prediction signal by combjning the prediction signals for
ea@fpixefency CORRIPRE Mags Bneoding a%ﬁﬁ%ﬁ&§%c€§rﬂ%{&féue of a

25claim 10, wherein the second ictor is configured to perform a
com méﬁgn%?%iépi%l qunitssS%LyPgt lgg(égl ogn'e of (a) a MOSLEY 95
weighted average, (h) a maximum value filter, (c) a minimum value filter,
(d) a median filter, and (e) an angle of the directional prediction which
refers to the encoded pixel with respect to a specific spatial
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direction defined by the input image signal or a table in which weighting

factors depending on the number of the selected prediction modes are

described. 12. The image encoding apparatus according to claim 2, MCSLLP
wherein 10the encoder is configured to encode information representing

the number of selected prediction modes to generate the encoded data.

13. The image encoding apparatus acco%ing to claim 2, wherein 15the

first selector is configured to select the prediction order according to

activity information of the pixelblo&k or adjacentpixelblocks. 14. The

image encoding apparatus according to claim 2, wherein 20the first

selector is configuredhioseledt thel pregliction-erderaecasdingdoractivity
information of the pixeiblock or adjacent pixeiblocks, and the encoder is
corffigartd-iotalso eneede irdormatiorerebresenting thie séleetedPrediction
order, 25t? enerate the encoded data. 15. The jmage enfcoding.
elb ér an

apﬁDalré{tus ac%gﬁdslné) o Siaith , ereliﬁfilglt%{)ﬁQ ame © input
image signal, comprising:
selecting a prediction order of a plurality of
sub-blocks obtained by dividing the pixelblock from a
plurality of predetermined prediction orders;
selecting, from a plurality of prediction modes
which regulate a manner of referring to an encoded
pixel when a first prediction signal of each sub-block
(no antecedent basis) is generated for the encoded
pixel, the number of prediction modes used in
prediction of the first prediction signal;
selecting prediction modes of the number of
selected prediction modes from the plurality of
prediction modes to use’in prediction of the first
prediction signal;
generating the first prediction signal in the
selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
encoding a prediction residual error signal
' expressing a difference between an image signal of the
pixelblock and the second prediction signal to generate
,vencoded data obtained by the predictive encoding.

2.  An image encoding. apparatus which performs
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the second selector is configured to select the number of Prediction
modes used in prediction of the first prediction signal according to activity

information of the pixelblock or adjacent pixelblocKs. 16. The image MCSLLP

encoding apparatus according to claim 2, wherein the second selector
is configured to select the number of prediction modes used in prediction
of the first prediction signal depending onactivity 10information of the
pixelblook or an adjacent pixelblock, and the encoder is configured to

also, engade infarmatiqnrepresenting the, number of é%lg%e@gpr@@ctlon
modes to generate the encoded data. 15 17. An image decoding method
for decedihg enkaded datanfer eagh of & plliratity=of fixetlselocks ebtaingohi t
by dividing a frame of an input image signal, comprising: selecting a
preditfigi ofder 6t = plaraity 6f sibblocks obtained by dividing the

pixelblook from 6 Z0pLuslty of preetermined predicton el op_oxaer

selecting, from a plurality of prediction modes which regulate a manner of
refesring t an enceded pixel whep adirstprastictionssigna) of eaching the
sub-block is generated for a decoded pixel, a number or 25prediction
modésaséd incpredictionaofrhe fiest predictiorrsigAalt seletting pradictiopt 1on
moces of the number of MCSLLP selected prediction modes from the

plurafity ot

a second selector which selects, from a plurality
of prediction modes which regulate a manner of
referring to an encoded pixel when a first prediction
signal of each sub-block is generated for the encoded
pixel, the number of prediction modes used in
prediction of the first prediction signal;

a third selector which selects prediction modes of
the number selected prediction modes from the
plurality of prediction modes to use in prediction of
the first prediction signal;

a generator which generates the second prediction
signal by using the first prediction signal
corresponding to the pixelblock in the selected
prediction order by using the number of selected
predicticon modes; and

an encoder which encodes a prediction residual
error signal expressing a difference between an image
signal of the pixelblock and the second prediction
signal to generate encoded data obtained by the

predictive encoding.
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prediction modes to use in prediction of the first prediction signal;
oenerating the first prediction signal in the 5selected prediction order by

using the number of selected prediction modes to generate a second MCSLLP

prediction signal corresponding to the pixelblock; and generating a
decoded image signal by using the secoggi prediction signal. 1018. An
image decoding apparatus which decodes encoded data for each of a
plurality of pixelblocks obtained by dividing a frame of an input image

signal, comprising..a ﬁﬁ%@@le&%ami% sglests-a prediction order, 150f a
plurality of sub-blocks obtained by dividing the oixelblock from a plurality
of prédeterminedrprediction orders; a second selector which selects,
from a plurality of prediction modes which regulate a manner of
90refe-ring-totart BREGIET FirEF-WRe R Bt sPprediction Siymal 6réach t°

sub-blg%is ecnerated f%r a.decoded gix |, a ng@bgrsgfn%regg:tignég%d% e

n icthive encodin
use%eln prer ICtIOﬂeOFt]f‘Iee Irst pre%llctlon S|gnaﬁ; a'third selector

whigh selectsspredictiondnedes-efi2bthe mumberof selested predictienion .
modes from the plurality of prediction modes to use in prediction of the
mstmedmﬁong@ﬁ@timage encoding apparatus according to

claim 2, wherein
the first selector selects the prediction order
for each of the pixelblocks.
5. The image encoding apparatus according to
claim 2, wherein
the first selector selects any one of a first
prediction order and a second prediction order for each
of the pixelblocks.
6. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to control
whether the prediction crders are selected by being
switched for each of the pixelblocks.
7. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to control for
each of the pixelblocks whether any one of the first
prediction order and the second prediction order is
selected.
8. The image encoding apparatus according to

claim 2, wherein
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MCSUP 98 a generator which generates the first prediction signal in
the selected prediction order by using the number of selected prediction

modes to generate a second prediction signal corresponding to the MCSLLP

pixelblock; and 5a generator which generates a decoded image signal by
using the second prediction signal. 19. The image decoding
apparatus according to claim 18, whereif ¢ the first selector selects
the prediction order for 10 each of the pixelblocks. 20. The image

decoding apparalys agcording to ¢lgim, 18 wherein. , o the fistselector, ,
selects any one of a first prediction order and a second prediction order

for eaghrefs15 thenpixelblocks) ec 2k The imageidecoding-apparalidsherate
according to claim 18, wherein the first selector is configured to control

whéther engesigrédittion orders are selected by being switched for 20

each of the pixelblocks. 22. The image decoding apparatus according

to claim 18’ wheteii ™ e first S&l&Lfor FPESHIGORT B Comtrot st dath

of the pixelblocks,whether any one of the first prediction 25 order and the
second prediction order is selected. 23. The image decoding

apparatus accareingttocciaino 8, fudhereamprising: modes is a spatial

directional prediction mode which refers to the encoded
pixel in a specific direction defined by the input
image signal.

10. The image encoding apparatus according to
claim 2, wherein

the predictor has a first predictor which
predicts, when a prediction mode is selected from the
plurality of prediction modes, the pixelblock according
to the selected prediction order and the selected
prediction mode, and a second predictor which predicts,
when at least two prediction modes are selected from
the plurality of prediction modes, the pixelblock
according to the selected prediction order and the at
least two selected prediction modes to generate a
plurality of prediction signals and the second
prediction signal by combining the prediction signals
for each pixel.

11. The image encoding apparatus according to
claim 10, wherein

the second predictor is configured to perform a

compbination of the pixel units by at least one of (a) a
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MCSLLP99 a separation unit which separates first information,
included in the encoded data, representing a prediction order of a plurality

of sub-blocks obtained by dividing the pixelblock, 5wherein the first MCSLLP

selector is configured to select a prediction order indicated by the first
information. 24. The image decoding apparatus according to claim 18,
wherein at least one of the prediction m des is a directional 10 prediction
mode which refers to the decoded pixel in a specific spatial direction in a

sp [ by image signal. : ej '
apf)\g%?ﬁé %gc%o%\l;r?g% %;B c%éim% ,aévhg?e%%%t ed[%%tg?ﬁig%%gfirs{ c) a
predictormvinick predicts; wher a prediciomsndens selected fraprthee) an
plurality of prediction modes, the pixelblock according to the selected
predieddrs ofderdil thezeldcted pledictivhirmbderant a secord pratidtor the

which (;J)(r)?%l%ts, W}fge[ﬂ ath llecahst two 20 CP{E%IC'[IOH modes ﬁre selected from

the %Tu}a ity of%%eé;lction modes>the pixe Block ARESTd gctostfﬁﬁtsje‘?1 ted

prediction order and-the at least twe selected predictionmadesto, o tapie

generate a plurality of prediction signals and a prediction signal
correspwehding te ¢hiey pixetaodieby 25 somdiring theyprediction signélsin of
units of pixels.
the selected prediction modes are described.
12. The image encoding apparatus according to
claim 2, wherein
the encoder is configured to encode information
representing the number of selected prediction modes to
generate the encoded data.
13. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to select the
prediction order according to activity information of
the pixelblock or adjacent pixelblocks.
14. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to select the
prediction order according to activity information of
the pixelblock or adjacent pixelblocks, and
the encoder is configured to also encode
information representing the selected prediction order
to generate the encoded data.
15. The image encoding apparatus according to

claim 2, wherein
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26. The image decoding apparatus according to claim 25, wherein

MCSLLP 100 the second predictor is configured to perform a

combination of the pixel units by at least one of (a) a weighted average, MCSLLP
(b) a maximum value filter, (c) a minimum value filter, (d) a median filter,

and (e) an angle of the 5 directional predjgtion which refers to the encoded

pixel with respect to a specific direction in a space defined by the input

image signal or a table in which weighting factors depending on the

number of the selestadipredictionsmodes arerdeseribed. 1027 dhedmagee
decoding apparatus according to claim 18, further comprising a
sepavationunitwhichdsepatatessedend ifedndtion; ircfudediinithet the
encoded data, representing the number of prediction modes used in

prediiclich oP tHe St pradiction Tosighar © * “whEreif thie Secbhdselector
is copfigured {0 sglect tlﬁten@urgpgre fprediction modes indicated by the, - ks .

second information. 28. The image decoding apparatus according
to 20 clain 18, wherein. ma ghedinstseleciorisiconfigured-doselett the to
prediction order according to activity information of the pixelblock or an

adjacent pixelbléierein 29 The image decoding apparatus according

to 25 claim 18, futher somprsing.,,. 2 separation, unitwhigh separates

first information, included in the encoded acfa, re%resentlng a prealc ion
number of prediction modes used in prediction of the
first prediction signal depending on activity
information of the pixelblock or an adjacent
pixelblock, and

the encoder is configured to also encode
information representing the number of selected
prediction modes to generate the encoded data.

17. An image decoding method for decoding encoded
data for each of a plurality of pixelblocks obtained by
dividing a frame of an input image signal, comprising:

selecting a prediction order of a plurality of
sub-blocks obtained by dividing the pixelblock from a
plurality of predetermined prediction orders;

selecting, from a plurality of prediction modes
which regulate a manner of referring to an encoded
pixel when a first prediction signal of each sub-block
is generated for a decoded pixel, a number of
prediction modes used in prediction of the first
prediction signal;

selecting prediction modes of the number of



10

15

20

25

MCSLLP 101 order of a plurality of sub-blocks obtained by dividing the
pixelblock, wherein the first selector is configured to select the
prediction order according to at least one of the first 5 information and
activity information of the pixelblock or an adjacent pixelblock. 30. The
image decoding apparatus according to ¢laim 18, wherein the second
selector is configured to select the number 10 of prediction modes used in
prediction of the first prediction signal according to activity information of
the pixelblock opaa adjacent pixelbplocks rom 31, Iheimage degoding
apparatus according to claim 18, further comprising 15a separation unit
whiplr séparates: secatrkinfarmation Lincludediin theoencodedrdata, . rst
representing the number of prediction modes used in prediction of the first
preditiom Signall whetefmlthe second selector is configured to select 20
the numbey, of predicton mpdes yised in pregiction.of tha st predictian,
signal depénding on atleast one of the second information and activity
infogration efitherpixelbtockoranadjaggntusing the number of

MCSLLP

selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and

generating a decoded image signal by using the
second prediction signal.

18. An image decoding apparatus which decodes
encoded data for each of a plurality of pixelblocks
obtained by dividing a frame of an input image signal,
comprising:

a first selector which selects a prediction order
of a plurality of sub-blocks obtained by dividing the
pixelblock from a plurality of predetermined prediction
orders;

a second selector which selects, from a plurality
of prediction modes which regulate a manner of
referring to an encoded pixel when a first prediction
signal of each sub-block i1s generated for a decoded
pixel, a number of prediction modes used in prediction
of the first prediction signal;

a third selector which selects prediction modes of
the number of selected prediction modes from the
plurality of prediction modes to use in prediction of

the first prediction signal;
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MCSLLP 107 pixelblock. 32. A computer readable storage medium
having stored therein an image encoding program which causes a
computer to perform image encoding including predictive 5encoding for
each of a plurality of pixelblocks obtained by dividing a frame of an input
image signal, the program comprising: 98 means for causing the
computer to select a prediction order of a plurality of sub-blocks obtained

10by diyiding, the. pixelblack from a-pluralit of predetermingd prediction,,

orders; means for causing the computer to select, from a plurality of
pregiciionimodes: whichaegualate agnaandroof refefrmg toyam ehaoaded pixelimbe r
when a first 15prediction signal of each sub-block is generated for the

ErfcatiebRpikEI R RGMBEr-6Fpraaitidn tRodes Gsed-ih frediRe iR of the

first prediction signal; means for causing the_computer to select predictio
o8G5 of 18 nUMBLF Selectod Prodiation 20modes Trom e pluraliy of 1"
predictignyaedes to-usenipredigiian of thesficst geadiction signadle signal by

means for causing the computer to generate the first prediction signal in
theiseledtbd peedictich prediction signal.

19. The image decoding apparatus according to
claim 18, wherein

the first selector selects the prediction order for
each of the pixelblocks.

20. The image decoding apparatus according to
claim 18, wherein

the first selector selects any one of a first
prediction order and a second prediction order for each of
the pixelblocks.

21. The image decoding apparatus according to
claim 18, wherein

the first selector is configured to control whether
the prediction orders are selected by being switched for
each of the pixelblocks.

22. The image decoding apparatus according to
claim 18, wherein

the first selector is configured to contrel for each
of the pixelblocks whether any one of the first prediction
order and the second prediction order is selected.

23. The image decoding apparatus according to

claim 18, further comprising

MCSLLP
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order by using the number of selected prediction modes 25to generate a
second prediction signal corresponding to the pixelblock; and means for

causing the computer to encode a MCSLLP 103 prediction residual error MCSLLP

signal expressing a difference between an image signal of the pixelblock
and the second prediction signal to gen&date encoded data obtained by
the predictive encoding. ). A computer readable storage medium

having stared therein.an image gecodingragram which, Gauses f rmation,
computer to perform image decoding including decoding of encoded data
for each«of aiplutality efrpixelbldcks obtaimeg by slanding @ frameofantion
image signal, the 10program comprisingg means for causing the
EGIRPGte? to 3elebtid Predittich ofder OF aPlliraliRSFsUbblobRs Sbtanted 9 the
%}édiv'i%n% the pixelblock from a plurality of predetermined prediction
el1b1%CK . .
rders; méans for causing the computer to select, from a plurality of

predictighdnedes whichregulate aianner afyefesking thiar eneeded lect a
Pixel when a first prediction signal of the each sub-block is generated for a

decotiedtpizel, ardenberof predietormodes used 20in piedictivhicithe
first prediction signal, means for causing the computer to select

predictioh mod&S of thRHurSSiSHRE seieted predidich hodES oM the
Rlvcality %t,o Use.ipprediction of the first prediction signal;

at least one of the prediction modes is a directional
prediction mode which refers to the decoded pixel in a
specific spatial direction in a space defined by the image
signal.

25. The image decoding apparatus according to
claim 18, wherein

the predictor has a first predictor which predicts,
when a prediction mode is selected from the plurality of
prediction modes, the pixelblock according to the selected
prediction order and the selected prediction mode, and a
second predictor which predicts, when at least two
prediction modes are selected from the plurality of
prediction modes, the pixelblock according to the selected
prediction order and the at least two selected prediction
modes to generate a plurality of prediction signals and a
prediction signal corresponding to the pixelblock by
combining the prediction signals in units of pixels.

26. The image decoding apparatus according to

claim 25, wherein
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25means for causing the computer tc generate the first prediction signal in

the selected prediction order by using the selected prediction modes to MCSLLP

MOSLP 104 generate a second prediction signal corresponding the
pixelblock; and means for causing the computer to generate a
decoded image signal by using the sec¢artd prediction signal.

the second predictor is configured to perform a
combination of the pixel units by at least one of (a) a
welighted average, (b) a maximum value filter, (c) a minimum
value filter, (d) a median filter, and (e) an angle of the
directional prediction which refers to the encoded pixel
with respect to a specific direction in a space defined by
the input image signal or a table in which weighting
factors depending on the number of the selected prediction
modes are described.

27. The image decoding apparatus according to
claim 18, further comprising

a separation unit which separates second information,
included in the encoded data, representing the number of
prediction modes used in prediction of the first prediction
signal,

wherein the second selector is configured to select
the number of prediction modes indicated by the second
information.

28. The image decoding apparatus according to
claim 18, wherein

the first selector is configured to select the
prediction order according to activity information of the
pixelblock or an adjacent pixelblock.

29. The image decoding apparatus according to
claim 18, further comprising

a separation unit which separates first information,

included in the encoded data, representing a prediction
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order of a plurality of sub-blocks obtained by dividing the
pixelblock,

wherein the first selector is configured to select the
prediction order according to at least one of the first
information and activity information of the pixelblock or
an adjacent pixelblock.

30. The image decoding apparatus according to
claim 18, wherein

the second selector is configured to select the number
of prediction modes used in prediction of the first
prediction signal according to activity information of the
pixelblock or an adjacent pixelblock.

31. The image decoding apparatus according to
claim 18, further comprising

a separation unit which separates second information,
included in the encoded data, representing the number of
prediction modes used in prediction of the first prediction
signal,

wherein the second selector is configured to select
the number of prediction modes used in prediction of the
first prediction signal depending on at least one of the
second information and activity information of the

pixelblock or an adjacent
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pixelblock.

32. A computer readable storage medium having
stored therein an image encoding program which causes a
computer to perform image encoding including predictive
encoding for each of a plurality of pixelblocks
obtained by dividing a frame of an input image signal,
the program comprising:

means for causing the computer to select a
prediction order of a plurality of sub-blocks obtained
by dividing the pixelblock from a plurality of
predetermined prediction orders;

means for causing the computer to select, from a
plurality of prediction modes which regulate a manner
of referring to an encoded pixel when a first
prediction signal of each sub-block is generated for
the encoded pixel, the number of prediction modes used
in prediction of the first prediction signal;

means for causing the computer to select
prediction modes of the number selected prediction
modes from the plurality of prediction modes to use in
prediction of the first prediction signal;

means for causing the computer to generate the
first prediction signal in the selected prediction
order by using the number of selected prediction modes
to generate a second prediction signal corresponding to
the pixelblock; and

means for causing the computer to encode a
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prediction residual error signal expressing a
difference between an image signal of the pixelblock
and the second prediction signal to generate encoded
data obtained by the predictive encoding.

33. A computer readable storage medium having
stored therein an image decoding program which causes a
computer to perform image decoding including decoding
of encoded data for each of a plurality of pixelblocks
obtained by dividing a frame of an image signal, the
program comprising:

means for causing the computer to select a
prediction order of a plurality of sub-blocks obtained
by dividing the pixelblock from a plurality of
predetermined prediction orders;

means for causing the computer to select, from a
plurality of prediction modes which regulate a manner
of referring to an encoded pixel when a first
prediction signal of the each sub-block is generated
for a decoded pixel, a number of prediction modes used
in prediction of the first prediction signal;

means for causing the computer to select
prediction modes of the number of the selected
prediction modes from the plurality of to use in
prediction of the first prediction signal;

means for causing the computer to generate the
first prediction signal in the selected prediction

order by using the selected prediction modes to
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generate a second prediction signal corresponding to
the pixelblock; and

means for causing the computer to generate a
decoded image signal by using the second prediction

signal.



