1 Title of Invention | MAGE ENCODI NG METHOD AND INAGE'DECODING -‘METHOD- 5
Technical Field Enbodi nents descri bed herein ate genera

i mage encodi ng method and an i mage decodi ng net hod. Backgroun WN Iwmmmwm""
10Recently, a noving image codi ng nmethod in which a encoding

| argely inproved is recommended as I TU- T Rec. H. 264 and }SQ HEC 14496210
(hereinafter referred to as H 264) by ITUII and ISOIEC In H 264,

predi ction processing, transform processing, and 15entropy codkﬂmwmmmmmmmmmﬂ
processing are performed in rectangul ar block units (for exanpl

16- by-16 pixel block unit and anD8 hy-8 Ppixet hlbak tunit)._In the .qoms

predi ction processing, notion conpensation is perforned to a rectangul ar
bl ock of an encoding target (hereinafter
Title of Invention
IMAGE ENCODING METHOD AND IMAGE DECODING METHOD

Technical Field
Embodiments described herein relate generally to
an image encoding method and an image decoding method.
Background Art

10 Recently, a moving image coding method in which a
encoding efficiency is largely improved is recommended
as ITU~-T Rec. H.264 and ISO/IEC 14496-10 (hereinafter
referred to as H.264) by ITU-T and ISO/IEC. 1In H.264,
prediction processing, transform processing, and

15 entropy coding processing are performed in rectangular
block units (for example, a 16-by-16 pixel block unit
and an 8-by-8 pixel block unit). In the prediction
processing, motion compensation is performed to a
rectangular block of an encoding target (hereinafter

20 referred to as an encoding target block). In the
motion compensation, a prediction in a temporal
direction is performed by referring to an already-
encoded frame (hereinafter referred to as a reference
frame). In the motion compensation, it 1is necessary to

25 encode.and transmit motion information including a
motion vector to a decoding side. The motion vector is
information on a spatial shift between the encoding

target block and a block referred to in the reference



20referred to as an encoding target block). In the notion conpensation, a
prediction in a tenporal direction is perfornmed by referring to an al ready-
encoded frame (hereinafter referred to as a reference frane). In the notion
conpensation, it is necessary to 25encode and transmt notion information
including a notion vector to a decoding side. The notion vector is
information on a spatial shift between the encoding target block and a

bl ock referred to in the reference 2 frane. In the case that the notion
conpensation is performed using a plurality of reference frames, it is
necessary to entede.a rlef errence o ama thumee ot oad dickipen ske ibhe igot i on
information. Therefore, an code 5anmount related to the notion information
and t he referenoe faare niniber arplumdrieggsef refercAcdi feetenpdeér s which
the notion vector to be allocated to the encoding target block is derived
fromthe noti oMafEasHY dld coataste too nelie rainceady-aarwc odederObBhocks and t he
predicted image i s generated based on the derived notion vector, is cited
as an exanpl e ofAH TEhdd fidre apdligar iimg orre thoni-on Theeederen Abt code
conpensaﬁgon prediction (see JP-B 4020789 and United States Patent NO
7233621) .°> I n t FEUNYedt g “F5EECaTss 1OoRe 1RGEEER 68t 7% $hfot encoded,

the code reference frame number may increase.

A direct mode, in which the motion vector to be
allocated to the encoding target block is derived from
the motion vectors allocated to the already-encoded

10 blocks and the predicted image is generated based on
the derived motion vector, is cited as an example of a
method for evaluating the motion vector in motion
compensation prediction (see JP-B 4020789 and United
States Patent NO. 7233621). 1In the direct mode,

15 because the motion vector is not encoded, the code
amount of the motion ihformation can be reduced. For
example, the direct mode is adopted in H.264/AVC.
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Summary of Invention
Technical Problem

25 In the direct mode, the motion vector of the

encoding target block is predicted and generated by a

fixed method for calculating the motion vector from a



anmount of the notion information can be reduced. For exanple, the direct
node is adopted in H 264/ AVC. Citation List Patent Literature 20Patent
Literature 1: Jpn. Pat. No. 4020789 Patent Literature 2: United
States Patent No. 7233621 Summary of invention Technical Problem 25In the
di rect node, the notion vector of the encoding target block is predicted
and generated by a fixed nethod for cal culating the notion vector froma 3
medi an of the notion vectors of the already-encoded bl ocks adjacent to the
encodi ng target block. Therefore, the notion vector calculation has a | ow
degree of freedemiadA afetthed roarioselvecttiomg orfe takr eddygadpeededdbbock from
t he al ready-encoded bl ocks to allocate the notion vector to the encoding
target bl ock hddaséen ashigwesdd tion toedencodieghancgethbldedree of freedom of
the notion vector calculation. In the method, it is necessary to 1l0al ways
transmit sel ectine¥ sifgrsr naticomoitdent ivegitag théculation has a low

degreé of freedom.

5 A method for selecting one already-encoded block
from the already-encoded blocks to allocate the motion
vector to the encoding target block has been proposed
in order to enhance the degree of freedom of the motion
vector calculation. In the method, it is necessary to

10 ‘always transmit selection information identifying the
selected block to the decoding side such that the
decoding side can identify the selected already-encoded
block. Accordingly, the code amount related to the
selection information increases in the case that the

15 motion vector to be allocated to the encoding target
block is decided by selecting one already-encoded block
from the already-encoded blocks.

In view of the foregoing, an object of the
invention is to provide image encoding and image

20 decoding methods having a high encoding efficiency.
Solution to Problem

In general, according to one embodiment, an image
encoding method includes a first step of selecting a
motion reference block from an already-encoded pixel

25 block to which an inter prediction is applied, the
motion reference block including a first motion

reference block that is spatially adjacent to an



sel ected block to the decoding side such that the decodi ng side can
identify the sel ected al ready-encoded bl ock. Accordingly, the code anount
related to the selection information increases in the case that the
15notion vector to be allocated to the encoding target block is decided by
sel ecting one already-encoded bl ock fromthe already-encoded bl ocks. In
view of the foregoing, an object of the invention is to provide inmage
encodi ng and image 20decodi ng net hods having a high encoding efficiency.
Solution to Problem In general, according to one enbodinent, an inmage
encodi ng nmet hocericalirdes aar dfeitr 31 cslepi rofars elpgetrdngl ia swatiicen aref er ence bl ock
froman al ready-encoded pi xel 25block to which an inter prediction is
applied, the ndamd eferience dileosindendlludikng ha tf iirsstspatiiadd yr ef er ence
block that is spatially adjacent to an 4 encoding target block in an
upwar d directi GeRETd Secdm¢ rodosh nefterrgede Mlocsdk irhat lieftspatial |y
adj acent to the encoding target block in a left direction. The inmage
encodi ng met hodiRIUdEs a Téec il Bs teds aski nge Medthiosy ioved uste smor eegvad! abl e
bl ocks fromthe _ , _
5 step of selecting one or more available blocks from the
motion reference block, the available blocks each
including a candidate of motion information applied to
the encoding target block and different motion
information. The image encoding method includes a
10 third step of selecting a selection block from the
avallable blocks. The image encoding method includes a
fourth step of generating a predicted image of the
encoding target block using motion information of the
selection block. The image encoding method includes a
15 fifth step of encoding a prediction error between the
predicted image and an original image. The image
encoding method includes a sixth step of encoding
selection information specifying the selection block by
referring to a code table decided according to a number
20 of the available blocks.

In general, according to another embodiment, an
image decoding method includes a first step of
selecting a motion reference block from an already-
decoded pixel plock to which an inter prediction is

25 applied, the motion reference block including a first

motion reference block that is spatially adjacent to an

decoding target block in an upward direction and a



notion reference block, the avail able bl ocks each including a candi date of
notion infornmation applied to the encodi ng target bl ock and different
notion information. The i mage encodi ng nmethod includes a 10third step of
selecting a selection block fromthe avail abl e bl ocks. The i nmage encodi ng
met hod includes a fourth step of generating a predicted i nage of the
encodi ng target block using notion inforndtion of the selection block. The
i mge encodi ng nmethod includes a 15fifth step of encoding a prediction
error between the predicted i mage and an original inmage. The i mage encoding
met hod i ncl udesseacgidk e tsrep reff cercodi g osdl dbeicon si sbermaflilgn speci fyi ng
the selection block by referring to a code table decided according to a
nunber 20of th&dadwgieniblte Bheckecoding thgogénbhakk aecer dieAg to anot her
enbodi ment, an image decodi ng nethod includes a first step of selecting a
noti on ref er enée HFEERTF-r P& 1APIEa P REdHdedehiREl 1BFdEReE0aWRPERNAN
inter prediction is 25applied, the notion reference block including a first
noti on ref erenceSh &dk S€ §Ftﬁ§gsﬁ£FiQFlﬁoéﬁjégéﬁﬁapéeaﬁlﬂégédFﬁ@mtg?@et

bl ock i n.an upward dlre%tlon an% a .5 second nqthggagﬁfe ence plock that is

spatial |y adj ad&nt %o 'hE “FEESAPMY Far GEE BI'GeR ™ 8FESdFPERt i on. The

[ d di et incl . f. L.
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each including g capdidatg of Rk 01 inf anpmyie7-aRpki fd:t 8yt he decoding
target block and different notion information. The i1 mage decodi ng net hod

includes a thireretreptabnsel eoll Neadeselectiog Rkeekdf namtings1Qavail abl e
bl ocks. The i mage decodi ng net hod includes a fourth step of generating a

predi ct ed i nagehdfrdt be cgeeddiseg earget ablsegkcisbrgbmdtikonrbnf ensati on of
the sel ection block. The i mge decoding nethod includes a fifth step of
decodi ngOa pr edivetiilew ler bdpchet. we8het heage decoding method includes a
fourth step of generating a predicted image of the
decoding target block using motion information of the
selection block. The image decoding method includes a
fifth step of decoding a prediction error between the
15 predicted image and an original image. The image
decoding method includes a sixth step of decoding
selection information specifying the selection block by
referring to a code table decided according to a number
of the available blocks.
20 Brief Description of Drawings
FIG. 1 is a block diagram schematically
illustraﬁing an image encoding apparatus according to a
first embodiment;
FIG. 2A is a view illustrating an example of a
25 size of a coding tree unit;
FIG. 2B 1s a view illustrating another example of

the size of the coding tree unit;



15predicted i mage and an original inmage. The inmage decodi ng net hod incl udes
a sixth step of decoding selection information specifying the selection
bl ock by referring to a code table decided according to a nunber of the

avai | abl e bl ocks. 20Brief Description of Draw ngs FIG 1 is a block
di agram schematically illustrating an i mage encodi ng apparatus according to
a first enbodi nent; FIG 2Kis aviewillustrating an
exanpl e of a 25size of a coding tree unit; FIG 2B is a view

illustrating anot her exanple of the size of the coding tree unit; 6
FIG 20 is a view i|lTUstratiig stviddw andfuserrsexdanplsx idfl tdmetdieze of the

coding tree unit; FIG 2Dis a viewillustrating still another
exanpl e of the siamlsf athdloodiime tafedhenidodisll Gre2Eung ta vi ew
illTustrating still another exanple of the size of the coding tree unit;
FIG 2F is a view i|lHkfstrdlihy stVievw anctuidrraddaplsd idfl ehetdieze of the
coding tree unit; FIG 3Ais a viewillustrating an exanple of the 10coding
tree unit; FIGEFERE LLitdF i91a%stdtatinfg @& Nst §16F qaadtr ee

5 FIG. 28 1is a view illustrating still another

example of the size of the coding tree unit;
FIG. 2F is a view illustrating still another
example of the size of the coding tree unit;
FIG. 3A is a view illustrating an example of the
10 coding tree unit;
FIG. 3B is a view illustrating a state of quadtree
segmentation of the coding tree unit in FIG. 3A;
FIG. 3C is a view illustrating anothér example of
the coding tree unit;
15 FIG. 3D is a view illustrating a state of the
quadtree segmentation of the coding tree unit in
FIG. 3C;
FIG. 4 is a view illustrating a predictive
encoding procedure of a pixel block;
20 FIG. 5A is a view illustrating an example of a
prediction unit;
FIG. 5B is a view illustrating another example of
the prediction unit;
FIG. 5C is a view illustrating still another
25 example of the prediction unit;
FIG. 5D is a view illustrating still another

example of the prediction unit;



segnentation of the coding tree unit in FIG 3A
illustrating anot her exanple of the coding tree unit;

FIG 3Cis a view
15FIG 3D is a view

illustrating a state of the quadtree segnentation of the coding tree unit

in FIG 3C

procedure of a pixe

a prediction unit;

the prediction unit;
anot her 25exanple of the prediction unit;

illustrating stil

FIG 4 is aviewillustrating a predictive encodi ng
bl ock; 20FIG 5A is a viewillustrating an exanpl e of
FIG 5Bis aviewillustrating another exanple of
FIG 50 is a viewillustrating stil

FIG 5Dis a view
ot hedE exarg Odieewof 1 1 hes Pr £6h ed | O UNidriothker FI G

S5Eis aviewillustrating stil

anot her exanple of the prediction unit;

FIG 5F is a viewnglaisif dtheng retdildt ianotdrert exanpl e of the prediction

unit; S5FIG 5Gis a viewillustrating stil
prediction unit; FIG.

example of the prediction unit;

anot her exanpl e of the
5F 1s a view illustrating still another

5 FIG. 5G is a view illustrating still another
example of the prediction unit;

FIG. 5H 1is a view illustrating still another
example of the prediction unit;

FIG. 5I is a view illustrating still another

10 example of the prediction unit;

FIG. 6A is a view illustrating an example of a
motion information memory in FIG. 1;

FIG. 6B is a view illustrating another example of
thé motion information memory in FIG. 1;

15 FIG. 7 is a block diagram illustrating detail of
variable length encoder in FIG. 1:

FIG. 8A is a view illustrating an example of inter
prediction processing performed by the image encoding
apparatus in FIG. 1;

20 FIG. 8B is a view illustrating another example of
the inter prediction processing performed by the image
encoding apparatus in FIG. 1;

FIG. SA is a view illustrating an example of a
position of a motion reference block;

25 FIG. 9B is a view illustrating a relative position

of the motion reference block in FIG.

to an encoding target block;

9A with respect



FIG S5His aviewillustrating still another exanple of the prediction
unit; FIG 51 is aviewillustrating still another
10exanpl e of the prediction unit; FIG 6Ais aviewillustrating an
exanple of a notion information nenory in FIG 1; FIG 6B is a view
illustrating another exanple of the notion information menory in FIG 1;
15FIG 7 is a block diagramillustrating detail of variable | ength encoder
in FIG 1, FIG 8Ais aviewillustrating an exanple of inter

predi ction processing performed by the i nage encodi ng apparatus in FIG 1;
20FIG 8B is a viewFiItusiqats ng ainot hielrl wexaml ieyofaridwh dmiesampriedioct i on
processing perfornmed by the i mage encodi ng apparatus in FIG 1; FI G
9A i s a view iltihestpedtimigran fexanpIme tafora rpdsireinor oflcaknoti on ref erence

bl ock; 25FIG 9B is a viewillustrating a relative position of the notion
reference block in FHIE. 90 vig ¢ raspect ] tus tare tdmgodibeg nedregétvebl ock; 8
FIG 90 is a viewillustrating another exanple of the position of the

noti on ref eren®@Piok® H GhOBats R viedwaancags Prackng it hé Cr eP&t iy éh

5 respect to the encoding target block;

FIG. 10 is a view illustrating detail of predictor
in FIG. 1;

FIG. 11 is a view illustrating detail of first
predictor in FIG. 10;

10 FIG. 12 is a view illustrating detail of second
predictor in FIG. 10;

FIG. 13 is a view illustrating processing of
interpolating available few-pixel accuracy in motion
compensation processing performed by a motion

15 compensator in FIGS. 10 and 12;

FIG. 14 is a flowchart illustrating an example of
an operation of the predictor in FIG. 1;

FIG. 15 is a view illustrating a syntax structure
of the first embodiment;

20 FIG. 16 is a view illustrating an example of a
sequence parameter set syntax of the first embodiment;

FIG. 17 is a view illustrating an example of a
slice head syntax of the first embodiment;

FIG. 18 is a view illustrating an example of a

25 coding tree unit syntax of the first embodiment;

FIG. 19 is a view illustrating an example of a

prediction unit syntax of the first embodiment;



position of the motion reference block in FIG 90 with Srespect to the

encodi ng target bl ock; FIG 10 is a viewillustrating detail of
predictor in FIG 1; FIG 11 is a viewillustrating detail of first
predictor in FIG 10; 10FIG 12 is a view illustrating detail of second
predictor in FIG 10; FIG 13 is a view illustrating processing of

i nterpol ati ng avail abl e few pi xel accuracyin notion conpensation

processi ng performed by a notion 15conpensator in FIGS. 10 and 12;

FIG 14 is a flowhart illustrating an exanple of an operation of the
predictor in FIG 1;FIG. 20 iH G vi%®w 3 1dusitewtiinlousticathieng eaaspitan £
structure of the first enbodinent; 20FIG 16 is a viewillustrating an
exanpl e of a sdedéerceslipar dmsteerungdt sypngax o6f thke ffirsst eabbddineent; FIG 17
is aviewillustrating an exanple of a slice head syntax of the first

enbodi ment; FIG 18 & -a 44 eg i3 [ustr dtlilyg tam taxampine egprglesedding tree
unit syntax of the first enbodinent; FIG 19 is a viewillustrating an
exampl e of a prEFEIUGTHP UMM s PR %o CERE I PPs  Ce RbSGFREAL ;

5 embodiment;

FIG. 22 1is a block diagram schematically
illustrating an image decoding apparatus according to a
third embodiment;

FIG. 23 1s a block diagram illustrating detail of

10 an encoding seguence decoder in FIG. 22;

FIG. 24 is a block diagram iilustrating detail of
a predictor in FIG. 22;

FIG. 25 is a block diagram illustrating detail of
a first predictor in FIG. 24; and

15 FIG. 26 is a block diagram illustrating detail of
a second predictor in FIG. 24.
Brief Description of Embodiments

Hereinafter, image encoding methods and image
decoding methods according to embodiments will be

20 described with reference to the drawings. 1In the
following description, a term of "image" can
appropriately be replaced with terms, such as "video
picture”, "pixel", "image signal", and "image data".
In the embodiments, like reference numbers denote like

25 elements, and duplicated explanations will be avoided.

(First Embodiment)

FIG. 1 schematically illustrates an image encoding



9 FIG 20 is a viewillustrating another exanple of the coding tree
unit syntax of the first enbodi nent; FIG 21 is a viewillustrating
an exanple of a prediction unit syntax according to a second 5enbodi nent;
FIG 22 is a block diagram schematically illustrating an i nage decodi ng
apparatus according to a third enbodi nent; FIG 23 is a block
diagramillustrating detail of 10an encodilﬂg sequence decoder in FIG 22;
FIG 24 is a block diagramillustrating detail of a predictor in FIG 22;
FIG 25 is a block diagramillustrating detail of a first predictor in FIG
24; and 15FI G a2®arstasblasciordiiagr &m i@l [fugisitaeimbgddeeaicl. ofisa second

pred| ctor in FIG 24. Brief Description of Embodiments Hereinafter, inage
encodi ng net hodd lawsd Haksge idedddi-ng - nﬁthlﬁ?od@a@@c@ﬁ@pﬁg%’oaéﬁﬁééfﬁFﬁént s wll
be 20described with reference to the drawings. In the follow ng
description, a erlindses alnnﬁ@@gec%ﬁlcﬁﬁlﬁlroéploat éFy eBeOPéEBa%BtﬁPtlll\eFer ns,

such as "video picture" 'pi i e_signal', and "image data". In t he
enmbodi nent s, IE’@ r 6F6F &hc @ uﬁt?r’fﬁerbém%%rg?ot‘i Oj kghe 1mage endodifg
5 apparatus in FIG. 1 may be realized by hardware, such

as an LSI chip, or realized by causing a computer to
execute an image encoding program.
For example, an input image signal 10 of a moving
image or a still image 1is input to the image encoder
10 100 in a unit of each of the pixel blocks into which an
original image is divided. The image encoder 100
perfofms compression encoding of the input image signal
10 to generate encoded data 14. The generated encoded
data 14 1is temporarily stored in the output buffer 110,
15 and transmitted to a storage system (a storage media,
not illustrated) or a transmission system (a
communication line, not illustrated) at an output
timing managed by the encoding controller 150.
The encoding controller 150 controls the entire
20 encoding processing of the image encoder 100, namely,
feedback control of a generated code amount,
quantization control, prediction mode control, and
entropy encoding control. Specifically, the encoding
controller 150 provides encoding control information 50
25 to the image encoder 100, and properly receives
feedback information 51 from the image encoder 100.

The encoding control information >0 includes prediction



25el ements, and duplicated explanations will be avoided. (First Enbodi nent)
FIG 1 schematically illustrates an i mage encoding 10 apparatus accordi ng
to a first enbodinent. As illustrated in FIG 1, the inage encodi ng
apparatus includes an i nage encoder 100, an encoding Controller 150, and an
out put buffer 110. The i nmage encodi ng 5apparatus in FIG 1 may be realized
by hardware, such as an LSI chip, or realildzed by causing a conputer to
execut e an i nage encodi hg program For exanple, an input imge signal
10 of a nmoving image or a still inmage is input to the inmage encoder 10100
in a unit of eathfofmdtieonpi xedt bdrockst dmiar dri CFS ,araret iqiaradi Fatage | S

di vided. The inmage encoder 100 perforns conpression encodi ng of the input

i mage signal lraagerner atrel encoded datThel for cthie generiatfed rericdected data 14
is temporarily stored in the output buffer 110, 15and transmitted to a

st orage syst em ¥{zchEidgadger srbidi i omatodd |ustarmadd)ororang thrl@mmsmisisicon syst em
(a comunication line, not illustrated) at an output timng nmanaged by the
encodi ng cont r otHeRTAFHLOThe it AP & dritiomeasti o150 & gmalolde st e entire

20encodi rocessi ng of the inage encoder_ 100, nanely,
Oe qg P motiog vector, a é%ference frame numbegc and a

prediction direction (a unidirectional prediction and a
bidirectional prediction). The guantization parameter
information includes a quantization parameter, such as
a quantization width (or a guantization step size), and
10 a quantization matrix. The feedback information 51
includes the generated code amount by the image encoder
100. For example, the feedback information 51 is used
to decide the quantization.parameter.
The image encoder 100 encodes the input image
15 signal 10 in pixel block units (for example, a coding
tree unit, a macroblock, a sub-block, and one pixel).
Therefore, the input image signal 10 is sequentially
input to the image coding unit 100 in units of pixel
blocks intc which the original image is divided. In
20 the present embodiment, by way of example, a processing
unit for encoding is the coding tree unit, and the
coding tree unit that is of an encoding target is
referred to as an encoeding target block.
The processing unit for encoding is not limited to
25 the coding tree unit, but the macroblock, the sub-
block, or one pixel may be used as the processing unit

for encoding. In the following description, the coding



feedback control of a generated code amobunt, quantization control,

predi ction node control, and entropy encoding control. Specifically, the
encodi ng controller 150 provides encoding control information 50 25to0 the

i mge encoder ‘100, and properly receives feedback information 51 fromthe

i mge encoder 100. The encoding control information 50 includes prediction
11 information, notion information 18, and2quanti zati on paraneter

i nformation. The prediction information includes prediction node
information and bl ock size information. The notion information 18 incl udes
a 5notion vectotrea uefterenced ranel aturbesi trantha nedieloon diteectuton (a
uni di rectional prediction and a bidirectional prediction). The quantization
par anet er i nforimat¢lon dncdueesize Quanin zZd@ie ohl par aamet@timesuch as ianage
guanti zation width (or a quantization step size), and 10a quanti zation
matri x. The feebtibarek imdbrdvand omhSlenerd e st 3 tae igdmereit echawdley drisunt by

t he i mage encoder 100. For exanple, the feedback infornmation 51 is used to
deci de the quantT3%t i breprar@nete? . eTtrdithde €itodet 190 erRbdes ashet!i nput
imge 15 signal 10 in pixel block units (for exanple, a coding tree unit, a
macr obl ock, a sUPSBIUXk, “HFonE*Pi%el ). Therefore, the input image signal
10 is sequentiallyi{J ecoditn}g unit. 100 in

bl ocks i nto which thiﬁi?%f%%re?%%”g%%“%i vided 1 h Jz%t%ef‘%%-tebi%%{%‘)-' xel
erOdL 1SN, b ke Ol SAANT) . P 208 AU 4y Lo Ercplag 3, 1o ool o
referred to as pi;engdingziasgei, Blogk pi1ock in FIG. 2C, a 16-by-16-
pixel block in FIG. 2D, an 8-by-8-pixel block in
10 FIG. 2E, and a 4-by-4-pixel block in FIG. 2F.

The coding tree unit is not limited to the pixel
blocks in FIGS. 2A to 2F, and the coding tree unit may
be a pixel block larger than the 128-by-128-pixel block
or the pixel block smaller than the 4-by-4-pixel block.

15 A shape of the coding tree unit is not limited to a
square in FIGS. 2A to 2F, and the coding tree unit may
be set to any shépe, such as a rectangular pixel block
(an N-by-M-pixel block) of a 32-by-16-pixel block.

FIGS. 3A to 3D illustrate specific examples of the

20 coding tree unit. FIG. 3A illustrates a 64-by-64-pixel
coding tree unit CUp. In the present embodiment, the
size qf the coding tree unit is defined as 2N x 2N
pixels. N indicates the size of the coding tree unit
that is of a reference. N = 32 in the coding ftree unit

25 CUp in FIG. 3A..

The coding tree unit CUp has a quadtree structure,

and the coding tree unit CUp can be divided into



The processing unit for encoding is not limted to 25the coding tree unit,
but the macrobl ock, the sub- bl ock, or one pixel nay be used as the
processing unit for encoding. In the follow ng description, the coding 12
tree unit can be replaced with the macrobl ock, the sub-block, or one pixel.
In the first enbodi nent, an inmage frane including the encoding target

bl ock, nanely the imge frane of the encodBng target

is referred to as an

5encoding target frame. Typically, the coding tree unit is a |28-by-128-

pi xel block in FIG 2A, a 64-by-64-pixel block in FIG 2B, a 32-by-32-pixel
block in FIG ZurapliGely HiGcipi xelchblogckhirhFinGs &Dx @np8xbys8- piixel bl ock
in 10FIG 2E, and a 4-by-4-pixel block in FIG 2F. The coding tree

unit i s not

tree unit may be a pixel block larger than the 128- by- 128- pi xel bl ock
t he pixel bl ock sswaddverdetchdrm tthe 4oby- pipiedelb Uolcgek in15Aeshapeaof t he

coding tree unit is not limted to a square in FIGS. 2A to 2F, and the

codi ng tree unictrdegy bélset 3o iddyssrapes suckxagraer eét angdrarespi xel
(an N-by-Mpixel block) of a 32-by-16-pixel block., FIGS. 3Ato 3D
i |l ustrate speSSFEeEdmed foftithéd-Py-64-pixel block in FIG. 3A.

10

15

20

25

Numbers of 0 to 3 in FIG. 3B indicate the order of the
Z-scan. In the coding tree unit, the quadtree
segmentation of the pixel block obtained by the
quadtree segmentation can recursively be performed. 1In
the present embodiment, a depth of the segmentation is
defined by Depth. The coding tree unit CUg in FIG. 3A
has Depth = 0.

FIG. 3C illustrates a coding tree unit CU; having
Depth = 1. The size of the coding tree unit CUj 1is
32 x 32 pixels (N = 16). 1In the case of the gquadtree
segmentation of the coding tree unit CUj, the coding
tree unit CU; 1s divided into four pixel blocks each of
which has 16 x 16 pixels as illustrated in FIG. 3D.
Similarly, the coding tree unit (not illustrated) of
Depth = 2 has the size of 16 x 16 pixels (N = 8), and
can be divided into the four 8-by-8-pixel pixel blocks.
The size of coding tree unit decreases with increasing
depth Depth of the division.

Tﬁe largest unit of the coding tree unit is
referred to as a large coding tree unit, and the input
image signal 10 is sequentially input and encoded in

this unit. 1In a typical example, the size of the large

| i mhteedtatse tthe tpivted dolddeoks tirreeFuGS.:t 2A dv2Bedandnt hedeadi ng

or

bl ock



20coding tree unit. FIG 3Aillustrates a 64-by-64-pixel coding tree unit
CUo. In the present enbodi nent, the size of the coding tree unit is defined
as 2N x 2N pixels. Nindicates the size of the coding tree unit that is of
a reference. N= 32 in the coding tree unit 25CU00 in FIG 3A. The coding
tree unit CU0 has a quadtree structure, and the coding tree unit CU0 can be
divided into 13 four pixel blocks each ofiawhich has N x N pixels. In the
case that the coding tree unit is divided, an index is provided to the four
pi xel blocks in the Z-scan order. FIG 3B illustrates an exanpl e of

quadtree Ssegmd@ti@n: ofe tiei 64rdysdHd-1d X blackiideid Gn 3A3MNYMhers of 0
to 3in FIG 3B indicate the order of the Z-scan. In the coding tree unit,

t he quadtree segmentat iome ofiitieupic@lidy ackeohimined ket ke quadtree
segnentation can recursively be perforned. In 10 the present enbodi nent, a
depth of the segnem ati:omls s(ief i hed dyd Dept hyuakiter ezodiengpetrrteses iwm tofCUO i n
FIG 3A has Depth = 0. FIG 30 illustrates a coding tree unit CU

havi ng Depth = thhe Thedsiget ofe turel tod neeauesl umlit CULdmneth32 5ad odi xel s
(N =16). In the case of the quadtree segnentation of the coding tree unit
CU , the Todi ng-1tg e 1@ tCTUNG st i Weld 13itD Frurmipibsim BIsERS e&&F of
which has 16 x 16 pixels as illustrated in FIG 3D. Simlarly, the coding
tree unit (not Lir}lltﬂﬂ‘?%t}é‘?ﬁe ANV OTEAR S PTHAL T HE'SiSAe P 16“5? 16 5% el s

(N=8), and coding tree unit is greater than or equal to that of
the minimum coding tree unit. The .sizes of the large
coding tree unit and the minimum coding tree unit may

10 be changed in each sequence, picture, slice, and region
in the slice. The sizes of the large coding tree unit
and the minimum coding tree unit may adaptively be
switched according to slice types, such as an I-slice,
a B-slice, and a P-slice.

15 The encoding processing may be performed to each
coding tree unit in the encoding target frame in any
order. In the present embodiment, for the sake of
convenience, it is assumed that, as illustrated in
FIG. 4, the encoding processing is performed from the

20 coding tree unit of the upper left of the encoding
target frame toward the coding tree unit of the lower
right, namely, in the raster-scan order.

The image encoder 100 of the present embodiment
can perform prediction processing in a pixel block unit

25 called a prediction unit. Typically, the prediction
unit is the same pixel block as the coding tree unit or

each of the pixel blocks into which the coding tree



can be divided into the four 8-by-8-pixel pixel blocks. The size of coding
tree unit decreases with increasing depth Depth of the division. The

| argest unit of the coding tree unit is 25referred to as a | arge coding
tree unit, and the input imge signal 10 is sequentially input and encoded
inthis unit. In a typical exanple, the size of the large 14 coding tree
unit is set to 64 x 64 pixels (N = 32), the size of the m ninumcoding tree
unit is set to 8 x 8 pixels (N = 4), and the quadtree segnentation of the
coding tree unit is recursively perfornmed. Each of 5the |arge coding tree
unit and the muphmum sogiwpdd ee unit may have any size as long as the size
of the large coding tree unit is greater than or equal to that of the

m ni mum codi ng tree Thétprddiecsi@esuoft triey |18y ge iodi Ing idcde Haviitncanrd t he
m ni mum codi ng tree unit may 10be changed in each sequence, picture, slice,
and region in tdeast i def fdtentsizesn dfhatheod arlge cxaldimyg threee wmitt. amihet he

m ni mum coding tree unit may adaptively be switched according to slice
types, such as rredictice, unli By dee amd % Psldade haviTive aesdadi ng
processing may be performed to each coding tree unit in the encoding target
frane in 5gmy ortRFIey nthde Pradsert ©ibdd LHe6r YHé -sake of conveni ence,

it is assumed that, as_ jillustrated i n FIG_4, the encodin rocessing is
perfornmed fromthe 20 %‘%ﬂl n%jﬁttr%es‘%n]r]t ‘_bsft?%tée ugpert ﬁt?’@%‘@ﬁé Erfe &d ng
target frame tovard the codifg tregnis, of the ,ouer Light, namely, in the
prediction unit having a pixel block PUy (x = 0, 1, 2,
and 3). FIG. 5A illustrates an example in which the
10 size of the prediction unit is equal to that of the
coding tree unit. In this case, one prediction unit
PUO exists in the coding tree unit.
FIGS. 5B to 5I illustrate examples in each of
which a plurality of prediction units exist in the
15 coding tree unit. In FIGS. 5B and 5C, two prediction
units PUp and PUjp exist in the coding tree unit. In
FIG. 5B, the prediction units PUp and PU7 are two pixel
blocks into which the coding tree unit is vertically
divided. 1In FIG. 5C, the prediction units PUp and PU;
20 are two pixel blocks into which the coding tree unit is
horizontally divided. FIG. 5D illustrates an example
in which the prediction units are the four pixel blocks
into which the coding tree unit is divided.
The block sizes of the prediction units existing
25 in the coding tree unit may be different from each
other as illustrated in FIGS. 5E, 5F, and 5G. As

illustrated in FIGS. 5H and 5I, the prediction unit may



The i mage encoder 100 of the present enbodi nent can perform prediction
processing in a pixel block unit 25called a prediction unit. Typically, the
prediction unit is the sane pixel block as the coding tree unit or each of
t he pi xel blocks into which the coding tree 15 unit is divided. The
prediction unit may be a pixel block having a shape different fromthat of
the coding tree unit. The prediction unitifmay be a pixel block having a
size 5larger than that of the coding tree unit. FIGS. 5A to 51 illustrate
specific exanples of the prediction unit. FIGS. 5Ato 51 illustrate the
predi ction unitbdavigigked etk Hhack iRUobbained, by, d2viandg3kheFl G 5A
illustrates an exanple in which the 10size of the prediction unit is equal
to that of the wotlimy tree umit .idte tlhire cageendse opr edirgeisen sugint 2BUO
exists in the coding tree unit. FIGS. 5B to 51 illustrate exanples
in each of whicr@plurality of prediction units exist in the 15coding tree
unit. In FIGS. 5B and 5C, two prediction units PUO and PU exist in the
coding tree unit. || GNEE eheeRedi @l ildh fufitd PUGlak® BESE o

pi xel blocks into which the coding tree unit is vertically divided. In FIG
5C, the predictibrf&ffitls PUo and PUL 20are two pixel blocks into which the

coding tree unit is The image encoder 100 in FIG. 1 includes a

predictor 101, a subtractor 102, a
transform/quantization module 103, a variable length
encoder 104, an inverse-quantization/inverse-transform
10 module 105, an adder 106, a frame memory 107, a motion
information memory 108, and an available-block
acquiring module 109.
In the image encoder 100, the input image signal
10 is provided to the predictor 101 and the subtractor
15 102. The subtractor 102 receives the input image
signal 10, and receives a predicted image signal 11
from the predictor 101. The subtractor 102 calculates
a difference between the input image signal 10 and the
predicted image signal 11 to generate a prediction
20 error image signal 12.
The transform/quantization module 103 receives the
prediction error image signal 12 from the subtractor
102, and performs transform processing to the received
prediction error image signal 12 to generate a
25 transform coefificient. For example, the transform
processing 1s an orthogonal transform, such as a

discrete cosine transform (DCT). Alternatively, the



hori zontally divided. FIG 5D illustrates an exanple in which the
prediction units are the four pixel blocks into which the coding tree unit
is divided. The bl ock sizes of the prediction units existing 25in the
coding tree unit may be different fromeach other as illustrated in FIGS.
5E, 5F, and 5G As illustrated in FIGS. 5H and 51, the prediction unit may
16 be a pixel block that is obtained by dividing the coding tree unit into
| i ne segnents or curves, such as arcs. The i mage encoder 100
in FIG 1 will be described 5in detail. The i mage encoder 100 in FIG
1 includes a preginstforml/@lang igabticactodul@2 103 tpangtormtgaanhiezati on
modul e 103, a variable | ength encoder 104, an

i nver se- quant i Za&@ired/onEy eresdfiicagstormiIOnBé¢he 1805s  afuaddef 206, a frane
menory 107, a notign information nenory 108, and an avai |l abl e- bl ock
acqui ri ng nodul"@Vedet transfiogm gadi gRgd NERESASENE06OMPREC AUt | mage
signal 10 is provided to the predictor 101 and the subtractor 15102. The
subtract or 102 3EceiStEs HﬁébﬁﬁﬁuPLiﬁgﬁeééﬁﬁﬁgﬁelﬁPséﬁﬁ FEEBPYBE™a predi ct ed

i mage signal 11.fromth redictor 101. The subtractor ,102 calculates a
differengb betéﬁﬁﬁ'gﬁg ?ﬁ%uS%F&EggHSPéﬁéﬁti@“aﬁﬁdPﬁs %Pédﬁg?ga‘Fﬁgge si gnal

11 to generate g bradigtian 208Lior hm0e sii00al 12,00 on ThE

transforniauantlzatlon 119] receives thé prediction error inage
signal 12 from d%%ﬁ%%%ﬁﬁ&%Qkuéﬁéme%”%rg%&ﬁ%B”%ytE%@SEQEHH@BQCGSS'ng to the

received prediction error image signal 12 to generate a
controller 150. The gquantized transform coefficient
(also called transform coefficient information) 13 is
10 transmitted to the variable length encoder 104 and the
inverse-quantization/inverse-transform module 105.
The inverse-quantization/inverse-transform module
105 inversely quantizes the quantized transform
coefficient 13 based on the gquantization parameter
15 provided by the encoding controller 150, namely, the
quantization parameter that is identical to that of the
transform/quantization module 103. Then the inverse-
quantization/inverse-transform module 105 performs an
inverse transform to the inversely-quantized transform
20 coefficient to generate a decoded prediction error
signal 15. The inverse transform processing periformed
by the inverse-quantization/inverse-transform module
105 is matched with the inverse transform processing of
the transform processing performed by the
25 transform/quantization module 103. For example, when

the DCT is the transform processing performed by the

transform/quantization module 103, an inverse discrete



25transform coefficient. For exanple, the transform processing is an
orthogonal transform such as a discrete cosine transform (DCT).
Alternatively, the 17 transform quantization nodule 103 may generate the
transform coefficient using techniques, such as a wavel et transform and an
i ndependent conponent analysis, instead of the discrete cosine transform
5Then the transform quantizati on nodul e 1038 quanti zes the generated
transform coefficient based on the quantization paraneter provided by the
encodi ng controller 150. The quantized transform coefficient (also called
transform coef faad ierd 4 refrorfivatr OMDCI3 | s 10he answd tsedc tM s heryari abl e

| engt h encoder 104 and the inverse-quantization/inverse-transform nodul e
105. The prowersegU g fxatiegh/dynvenseihvanséor m nodul e 105 inversely
guanti zes the quanti zed transform coefficient 13 based on the quantization
par anet er 15pr ¢iHaded 3R tde evegdiaTy womt fofh enodisls  hésrel yighemethe

quanti zation paraneter that is identical to that of the

transf or m quant"iai’étll%tn YodiR e I3 s hem thensform processing performed

i nver seq:llhantl z%p 0 nverse transform nodul e 105 perforns an inverse
transformto tHe i tﬁ%r Mﬁ%ﬁ%?%&%‘?%rrﬁ? etiiciBhti e Hherate a
decoded predi ctl QN errar. he i nverse transform processjng

al
performed by t K& \Sver se- Qﬁnkdt T ¥ Se® r' it orm €959 s

mat ched with the inv sfarm rocessm of t he transform r ocessi ng
per f or med by tﬁkl‘ t%eflagfdi%qu;n V|e%ae " dlu% UGy TEG e‘?(a%$ fc

module 105.
The adder 106 receives the decoded prediction
10 error signal 15 from the inverse-quantization/inverse-
transform module 105, and receives the predicted image
signal 11 from the predictor 101. The adder 106 adds
the decoded prediction error signal 15 and the
predicted image signal 11 to generate a locally-decoded
15 image signal 16. The generated locally-decoded image
signal 16 is stored as a reference image signal 17 in
the frame memory 107. The reference image signal 17
stored in the frame memory 107 is read and referred to
by the predictor 101 in encoding the encoding target
20 block.

The predictor 101 receives the reference image
signal 17 from the frame memory 107, and receives the
available block information 20 from the available-block
acquiring module 109. The predictor 101 receives

25 reference motion information 19 from the motion
information memory 108. The predictor 101 generates

the predicted image signal 11, the motion information



the DOT is the transform processing perfornmed by the transforni quantization
nodul e 103, an inverse discrete 18 cosine transform (IDCT) is the inverse
transf orm processi ng perfornmed by the inversequantization/inverse-transform
nodul e 105. Wen the wavel et transformis the transform processing
performed 5by the transforn quantizati on nodul e 103, an inverse wavel et
transformis the inverse transform processong perfornmed by the

i nverse-quanti zation/inverse-transform nodul e 105. The adder 106 receives

t he decoded prediction 10error signal 15 fromthe

i nverse-quanti za,i oY liddarsse b AN Sigoredwre 2105 anang feeGeirves t he
predicted i mage signal 11 fromthe predictor 101. The. adder 106 adds the

decoded predi ctdwort @rimey isifgalatioane thedpr edi ehed detegensiegnalagkl to
generate a | ocally-decoded 15i mage signal 16. The generated | ocally-decoded
i mage signal l1Gigat dried tae aafefremerc eotniege isifgrala tisn i % hentr ame
menory 107. The reference image signal 17 stored in the frame menory 107 is
read and ref er reeth tlaye thHe gl ddifetma tion i2h .enfbdi wgedietencodiewg t ar get
20bl ock. The predictor 101 receives the reference inmage signal 17
from t he 5 r ane sy M07S &f@ns&déitgss tohd hay &CaBIeE thitodi 4 RN6Y i€ on 20
fromthe avail abl e-bl.ock acquiring nodul e 109. The predictor 101 receives
25r ef erence noﬁqﬂ?qrﬁ%ﬁﬂaﬁﬁﬁh”T@1FW0&PﬁWémﬁ6ﬂpﬁn}@nﬂ§rﬁé@?&ﬁlﬁ§ﬁ€r§0108.
The predictor 1Q1 generates the predicted impge signal 11, ;the motion
information
motion information memory 108 for the purpose of the
prediction processing performed to the subsequent
10 encoding target block. The selection block information
21 and the prediction switching information 22 are
transmitted to the variable length encoder 104. The
predictor 101 is described in detail later.
The motion information 18 is temporarily stored as
15 the reference motion information 19 in the motion
information memory 108. FIG. 6A illustrates an example
of the motion information memory 108. As illustrated
in FIG. 6A, the pieces of reference motion information
19 are retained in frames in the motion information
20 ~ memory 108, and form a motion information frame 25.
FIG. 6A also illustrates an example of the motion
information frame 25 of the encoding target frame,
wherein the pieces of motion information 18 of the
already-encoded coding tree unit and the prediction
25 unit are stored as the pieces of reference motion

information 19.

FIG. 6B illustrates another example of the motion



19 18, selection block information 21, and prediction swtching information
22 based on the reference image signal 17, the reference notion information
19, and the avail able block information 20. The predicted i nage 5signal 11
is transmtted to the subtractor 102 and the adder 106. The notion
information 18 is transmtted to the variable I ength encoder 104, and
stored in the notion information nenory 108 for the purpose of the

predi ction processing performed to the subsequent 10encodi ng target bl ock.
The selection block information 21 and the prediction switching information
22 are transm titrefth inta thileen emicab) € deengtinh enandeB,1@h] yThéeprpadicetsorn 101 is
described in detail later. The notion information 18 is tenporarily stored
as 15t he ref er erxtfee mavtdcomd tnifcor natficomalkd dm the frotheopiixafloietaken nenory
108. FIG 6A illustrates an exanple of the notion information nenory 108.
As il lustratedddiaRie®t 64 thre qriacEsoftamfer énce hsticordtefioredat i dn 19
are retained in frames in the notion informati on 20menory 108, and form a
moti on i nf or matilen FasneE 28 |G BE AiRe9y [ UstieheeEe &ednpse of the

notion information frame 25 of the encoding target frame, wherein the
pi eces of° noti oM IHFG T orP 18 ofha me %8k %@n@d@@&%ltﬁg %€ee unit and

the prediction e25uoné; t are stconreocai]t 2@( t he piaecces of ref erence m)tfi on
i nformation 19.°99G6B 399t rat%s &t Her | & of"Hie Wotion
memory can be reduced compared with the case that the
pieces of reference motion information 19 of all the
already-encoded pixel blocks are retained as
10 illustrated in FIG. ©6A.
The pieces of reference motion information 19 are
retained in the motion information frame 25 in a unit
of a predetermined region (for example, in a unit of 4-
by-4-pixel block). The reference motion information 19
15 includes information indicating whether the region is
encoded by an inter prediction or an intra prediction.
Like a skip mode and a direct mode, which are defined
in H.264, the motion information on the coding tree
unit (or the prediction unit) is retained as the
20 reference motion information 19 even in the case that
the inter prediction of the coding tree unit (or the
prediction unit) is performed without encoding a value
of the motion vector using the motion information
predicted from the already-encoded region.
25 The motion information memory 108 is not limited
to the example in which the pieces of reference motion

information 19 are retained in a unit of 4-by-4-pixel



20 information nmenory 108. In FIG 6B, only the pieces of reference notion
information 19 of the pixel blocks adjacent to the encoding target block
are retained. In the case that only the pieces of reference notion
5informati on 19 of the pixel blocks adjacent to the encoding target bl ock
are retained, a capacity of nenory can be reduced conpared with the case
that the pieces of reference notion inforgation 19 of all the

al ready-encoded pi xel blocks are retained as 10illustrated in FIG 6A.

The pieces of reference notion information 19 are retained in the notion
informati on framcky iahd 4HY piklced predetferdnred moediodn iqfermaxampl e, in a
unit of 4- by-4-pixel block). The reference notion information 19

15i ncl udes i nf dr9matayorbd nditcatneng inhethehetrheixkedi diock endadedFby an inter
prediction or an intra prediction. Like a skip node and a direct node,

whi ch are defi megniml eH. 284 uhe ot itdve ipnfxerlmitlioork am whe cbodihrg tree unit
(or the prediction unit) is retained as the 20reference notion information
19 even in the fedseEerivg ndtd dmtied oprediion é1f ¢fs tiedadogidngatr € @Rt (or
the prediction unit) is perfornmed without encoding a value of the notion
vector using t Re¥Fot i%n § M WiretiPdredr edicted fIEmSPRECaPteadf- BA&Eded

region. 25The t>ti n.inRJL tion menory 108 is not .limted.to gge.exanple
“in which the pr36§: dflrgFgﬁbﬁﬁg ﬁﬁf@&%nFﬁng o 1§ 4P&E P anéd in a
uni t of 4-by-4-pixel 4 not limited to the square, and the pixel
block may have any shape.
The variable length encoder 104 in FIG. 1 receives
10 the transform coefficient information 13 from the
transform/guantization module 103, receives the motion
information 18, the selection block information 21, and
the prediction switching information 22 from the
predictor 101, receives the prediction information and
15 encoding parameters, such as the quantization
parameter, from the encoding controller 150, and
receives the available block information 20 from the
avallable-block acquiring module 109. The variable
length encoder 104 performs entropy encoding (for
20 example, fixed length coding, Huffman coding, andc
arithmetic coding) to the transform coefficient
information 13, the motion information 18, the
selection block information 21, the prediction
switching information 22, and the encoding parameters,
25 and multiplexes them to generate the encoded data 14.
Specifically, as illustrated in FIG. 7, the

variable length encoder 104 includes a parameter



21 bl ock, and the pieces of reference notion information 19 may be retai ned
i n anot her pixel block unit. For exanple, the unit of the pixel block in
whi ch the reference notion information 19 is retained may be one 5pi xel or
a 2-by-2-pixel block. The shape of the pixel block in which the reference
notion information 19 is retained is not limted to the square, and the

pi xel bl ock may have any shape. The vari aBke | ength encoder 104 in FIG 1
recei ves 10the transformcoefficient information 13 fromthe
transforni quanti zati on nodul e 103, receives the notion information 18, the
sel ection bl ocleriadd#etd ion 2k, raatyd drve dquregdiictiieont swicoekinng oi2nf ar mati on 22
fromthe predictor 101, receives the prediction information and 15encodi ng
paramet ers, sucelascitimen dquantld Zatficomaarcanngtrerd idiriom tshe tendodi ng
controll er 150, and receives the available block information 20 fromthe
avai | abl e- bl ock rdfcguiat imy reodulce r109.3, The meariicablie flogngtth ceneodede 04
perfornms entropy encoding (for 20exanple, fixed |length coding, Huffman
coding, and ar i{%retqréi codiHPirlessie 1%%ansldvmregefEiteire S SORRET Mt on 13,
the motiqgn informatjon 18, the selection block informati on 21, the
prediction sw tCHWFS s rﬁi‘ﬁoﬁﬂr%,paa‘"r?ﬂ‘ettl’?gseﬁ@&(ﬁlﬁﬁdpgrré’ﬂ?ett@es, 25and

mul tipl exes themto,.generate the e ded data 14. Specifically,  as
i1l ustrat ed inqﬂqul,gtqﬂptrOl er Q%%, andagvnerates encodéd %ata

14A. The transform coefficient encoder 702 encodes the
transform coefficient information 13 received from the
transform/quantization module 103, and generates

10 encoded data 14B.

Based on the available block information 20
received from the available-block acquiring module 109,
the selection block information/prediction switching
information encoder 703 encodes the selection block

15 information 21 and the prediction switching information
22, which are received ﬁrom the predictor 101, and
generates encoded data 14C. Based on the prediction
switching information 22 received from the predictor
101, the motion information encoder 704 encodes the

20 motion information 18 received from the predictor 101,
and generates encoded data 14D.

The multiplexer 705 multiplexes the pieces of
encoded data 14A, 14B, 14C, and 14D to generate the
encocded data 14. In addition to the selection block

25 information 21, the prediction switching information
22, and the prediction information, the generated

encoded data 14 includes all parameters, such as



vari abl e I ength encoder 104 includes a paraneter 22 encoder 701, a
transform coefficient encoder 702, a selection block information/prediction
switching informati on encoder 703, a notion information encoder 704, and a
mul ti pl exer 705. The paraneter encoder 701 5encodes the encodi ng paraneters
received fromthe encoding controller 150, and generates encoded data 14A.
The transform coefficient encoder 702 encodes the transform coefficient
information 13 received fromthe transform quanti zati on nodul e 103, and
generates 10encoded data 14B. Based on the avail abl e bl ock

information 20 yecsinvad 44 AR the avaldall&r Rleaciageui iaag nodul e 109, the
sel ection block information/prediction switching information encoder 703

encodes the selactdomntl@cknl2Hy oumit ok t2brandtike predinglde@rasw t chi ng
information 22, which are received fromthe predictor 101, and generates
encoded data 14for Basediatvdihe;.pr edictdraogwi tdzhiang 4i rifsortraitioaar22 yr ecei ved
fromthe predictor 101, the notion information encoder 704 encodes the
20not i on i nf or netaad 18 rigceiowgbufr amfifee priédiacicort hE® L ramgmgénedattes
encoded data 14D. The mul tipl exer 705 nultipl exes the pieces of
encoded dat a 144© 1B ragkC, saicm 4D ato igdnertated adhe cenddded data 14. In

addition to the selection block 25information 21, the prediction swtching
i nformation transmission system (not illustrated)

The motion information encoder 704 is not used
when a first predictor 1001 (illustrated in FIG. 10)
performs the prediction processing. The selection

10 block information/prediction switching information
encoder 703 is not used when a second predictor 1002
(illustrated in FIG. 10) performs the prediction
processing.

The prediction processing of the image enccder 100

15 will be described below.

A plurality of prediction modes are prepared in
the image encoder 100 in FIG. 1, and the prediction
modes differ from each other in a method for generating
the predicted image signal 11 and a motion compensation

20 biock size. Specifically, the method by which the
predictor 101 generates the predicted image signal ll
is divided into the intra prediction (also called
intra-frame prediction) that generates a prediction

image using the reference image signal 17 of the

N
w

encoding target frame (or a field) and the inter
prediction (also called inter-frame prediction) that

generates a prediction image using the reference image



22, and the prediction information, the generated encoded data 14 incl udes
all paraneters, such as 23 information on the transform coefficient and
information on the quantization, which are necessary for the decoding. The
encoded data 14 is tenporarily stored in the output buffer 110 and then
transmtted to 5the storage system (not illustrated) or the transm ssion
system (not illustrated). The noti orai nformati on encoder 704 is not
used when a first predictor 1001 (illustrated in FIG 10) perforns the
predi ction processing. The sel ection 10bl ock information/prediction

swi tching i nforgmddon encodelt 70345 it Used whehaecand Hedict or 1002
(illustrated in G 10) perforns the prediction processing.

The Prediction pragessdic ofe tdveridmge @npoderrhk0G dbwiddobea pdescri bed
bel ow. A plurality of prediction nodes are prepared in the inmage
encoder 100 in $HXGctlivand svet qiredilettiveremodes iditffaen faddmteach aotcher in a
met hod for generating the predicted inmage signal 11 and a notion
conpensat i on 20btockntsizerSpeci forcdld ygerntcha treettiod dredititetd tilmeger edi ct or
101 generates the predicted image signal 11 is divided into the intra
predi ctioh (al sot@a ed itk rieghd refrrepreditetiash) vk generates a prediction
i mge using the reference inmage signal 17 of the ,
FIG. BA iTIlustrates an example of the inter
prediction. Typically, the inter prediction is
performed in prediction units, and different pieces of
motion information 18 can be possessed in prediction
10 units. As illustrated in FIG. 8A, in the interx
prediction, the predicted image signal 11 is generated
using the reference image signal 17 of a block 24 in
the position that is spatially shifted from a block 23
according to the motion vector included in the motion
15 information 18, wherein the block 23 is of a pixel
block in the already-encoded reference frame (for
example, the already-encoded frame in one frame
earlier) and is located in the same position as the
prediction unit of the encoding target. That is, the
20 reference image signal 17 of the block 24 in the
reference frame, which is specified by the position (a
coordinate) of the encoding target block and the motion
vector included in the motion information 18, is used
in generating the predicted image signal 11.
25 In the inter prediction, motion compensation of

decimal pixel accuracy (for example, 1/2 pixel accuracy

or 1/4 pixel accuracy) can be performed, and a value of



25encoding target frame (or a field) and the inter prediction (also called
inter-frame prediction) that generates a Prediction i mage using the
reference inmage 24 signal 17 of at |east one already-encoded reference
frame (or a reference field). The predictor 101 selectively sw tches
between the intra prediction and the inter prediction to generate the

predi cted i mage 5signal 11 of the encodi ngstarget block. FIG 8A
illustrates an exanple of the inter prediction. Typically, the inter
prediction is perfornmed in prediction units, and different pieces of notion

i nformation 18 ganibe passessed Jikdr edd Q}ér@ka@miﬁy&pe@%o@ﬂiﬁ rated in

FIG 8A, in the inter prediction, the predicted i mage signal IS
gener ated usi ngrihereferencaddmoe & dml ki oferrbliatlye24 iighatihe 7p0si tion

that is spatially shifted froma block 23 according to the notion vector
i ncluded in theromwtd:cmdlsd nfior ratdcn 18t adperleiti drhe hlceclk 123 icenofbea pi xel
bl ock in the already-encoded reference frame (for exanple, the
al r eady- encodedrdriamnmenédh one flnanmeagard isgrgnadndid $£d adat éd 4i pitded same
position as the prediction unit of the encoding target. That is, the
20r ef ererce i n@ECwiamial 1In ofhea wass odk 2 mphilve cofweased ifomard, whi ch
is specified by thgbposixion (a coordinate) of the encodi%g tar%ﬁt bl ock
and the notion Y&cthord iticilderduradve ot iloH GRsAeat e urs, ofs tised in
generating thergmgdicted,inaqg si%%aL 11. %?Inlyhefiqur pEechtion, noti on
conpensation of otion information is gquadruple of that of the

integer pixel accuracy. The interpolation processing

can be performed using arbitrary filtering instead of

10 the filtering defined in H.264.
The inter prediction is not limited to the example

in wnhich the reference frame in the preceding frame 1is

used as illustrated in FIG. 8A, and any already-encoded

reference frame may be used as illustrated in FIG. 8B.

15 In the case that the reference image signals 17 of the
multiple reference frames having different temporal
positions are retained, the information indicating
where the predicted image signal 11 is generated from
the reference image signal 17 in the temporal position

20 is expressed by the reference frame number. The
reference frame number is included in the motion
information 18. The reference frame number can be
changed in region units (such as picture units and
block units). That is, a different reference frame can

25 be used in each prediction unit. For example, in the

case that the reference frame in the first preceding

already-encoded frame is used in the prediction, the



deci mal- pi xel accuracy (for exanple, 1/2 pixel accuracy or 1/4 pi xel
accuracy) can be perforned, and a value of 25 an interpolation pixel is
generated by performng filtering processing to the reference i nage signal
17. For exanple, in H 264, interpolation processing can be perforned to a

| um nance signal up to the 1/4 pixel 5accuracy. In the case of the notion
conpensation of the 1/4 pixel accuracy, arg nformati on anount of the notion
information 18 is quadruple of that of the integer pixel accuracy. The

i nterpol ation processing can be perforned using arbitrary filtering instead

of 10the filteriagedefidetrime hidbder in thilhe-dditsl o edictiomis not
limted to the exanple in which the reference frame in the preceding frane

is used as illush¢ateseithdd GhSAe pdtkdy @ldreadyr encodad-d4ef erence franme

may be used as illustrated in FIG 8B. 15ln the case that the reference

i mge signal s lFretedireg miltépde-srefetencerdmanes wad nich difd erent tenporal

positions are retained, the information indicating where the predicted

i mge signal 1llprediehermat echd rondtencefrar evdimmge isi grials Iedirprt he

tenporal position 20is expressed by the reference frame nunber. The

refer encé’pf r ame: fiuddlert? sl i ndiUudekanP the Ibthiion dadeorihat omels. The

~reference frame nunber can be changed in region units (such as picture
units and bl ockf TnTIS)Ce THHIS SLHIH: f¥ erBhtY réterdifc e Fa%he an 25be used

in each prediction unit.. For_ ex le, in the case that the reference frane
in the first prr«t:ecf«*a%l]rr?ﬁj5 at't e -%érbeqqraynelqcﬁ WY iM% HEBdict i on, the

frame is retained), the reference frame number is
always set to 0.

10 in the inter prediction, the size suitable for the
encoding target block can be selected from the
previously-prepared sizes of the prediction units. For
example, as illustrated in FIGS. 5A to 5I, the motion
compensation can be performed in each prediction unit

15 that is obtained by dividing the coding tree unit.

As described above, the motion information 18 on
the already-encoded pixel block (for example, 4-by-4-
pixel block) in the encoding target frame used for the
inter prediction is retained as the reference motion

20 information 19, so that the shape, the motion vector,
and the reference frame number of the optimum motion
compensation block can be used according to a local
property of the input image signal 10. The coding tree
unit and the prediction unit can arbitrarily be

25 combined. In the case that the coding tree unit is the
64-by-64-pixel block, the 16-by-16-pixel block can

hierarchically be used from the 64-by-64-pixel block



26 reference frane nunber in this regionis set to 0. In the case that the
reference frame in the second precedi ng al ready-encoded franme is used in
the prediction, the reference frame nunber in this region 5is set to 1. For
exanple, in the case that the reference imge signal 17 only for one frane
is retained in the frame nenory 107 (only one reference frane is retained),
the reference franme nunber is always set €20 0. 10ln the inter prediction,
the size suitable for the encoding target block can be selected fromthe
previ ousl y-prepared sizes of the prediction units. For exanple, as
illustrated in ¥ GBirSet aibiidide ot | fooucanpensatime canitdze performed in
each prediction unit 15that is obtained by dividing the coding tree unit.
As descri bed abb¥e;byh& oty bidoraiet iiort A 8vtorch Henaal adeddy~engoded. pi xe
bl ock (for exanple, 4-by-4- pixel block) in the encoding target frane used
for the inter prEtetiviivigdasdt aiidd deouthe remdrlatdey nothicod 201 or mat i on
19, so that the shape, the notion vector, and the reference frane nunber of
t he opti nmum notR ot dRsis aaromh i Gaic gir ey sed &t dridithd o &f 19cal

property of the_jnput ] e signal 10. The cqding tree unit and the
D et Gt oh uni tOLA A bILI 1 3 e B85 A=Y 1 Hehé HHUE T YHE codi ng
tree unit is the 64-by-64-pi xel bl ock,. the ?26-by-.16-pi xel .bl ock can
hi erarchical ly be Used 't rom et}%e4-cbqu1§ L gfirxeeﬁ L%qltj)tckls fivited §nt?

four, hierarchical motion compensation processing from
the 64-by-64-pixel block to the 4-by-4-pixel block can
be performed.

10 The motion reference block and the available block
wi:l be described below.

The motion reference block is selected from the
encoding target frame and the already-encoded block in
the reference frame according to the method decided by

15 both the image encoding apparatus in FIG. 1 and an
image decoding apparatus. In the present embodiment,
as illustrated in FIG. 9A, an already-encoded block A
that is adjacent to an encoding target block X in the
left direction and an already-encoded block B that is

20 adjacent to the encoding target block X in the upward
direction are selected as the motion reference block
from the already-encoded blocks of the encoding target
frame. Pixels a and b, which are specified by relative
positions in FIG. 9B from the upper-left pixel in the

25 encoding target block, belong to the blocks A and B,
respectively. That is, the block A includes the pixel

a that is adjacent to the upper-left pixel in the



27 by further dividing the four coding tree units (32-by-32-pixel blocks),
into which the 64-by-64-pixel block is divided, into four. Simlarly, the
8- by-8- pixel block can hierarchically be used fromthe 64-by- 564-pi xel

bl ock. In the case that the prediction unit is one in which the coding tree
unit is divided into four, hierarchical notion conpensation processing from
the 64-by-64-pixel block to the 4-by-4-pi %8l bl ock can be perfornmed. 10The
notion reference block and the avail able block will be described bel ow.

The notion reference block is selected fromthe encoding target frame and

t he al r eady- encodediibioodarnget hel aef drence freie deeotdiong taad k@emet hod
deci ded by 15both the inage encoding apparatus in FIG 1 and an i mge
decodi ng appar &les:k I itrfvel ytees enite enibodi fenthatas o lddgstoeatted ol whel G 9A,

an al ready-encoded block A that is adjacent to an encoding target block X
in the left di recsSron drid rrkedl readycemooded il ok Bt ldtodks 1204djeacent to
the encoding target block X in the upward direction are selected as the
noti on ref er en¢®WATEL I F55HhRitHe al r eady- encoded bIocks of the encoding

t ar get frane Pi xel s, a and b, ich are speC|f|ed relative positions in
FIG 9B ffromthe up;s)E(ﬁ I ete bt %@211 ¢ N % SHeTSH %ngtt% 1%el ong to

t he bl ocks A andf%r.re%p%ﬁA hat |s ..t he bl k i ncl.udes the pixel a
that is adjacent to the upper-i é?? DIV %ﬁl? 4;? 2CquiT1 g
module 109. The available block is a block to which
the inter prediction is applied in the motion reference
blocks. In the case of the existence of the motion
10 reference blocks, to which the inter prediction is
applied and which have the same motion information, one
of the motion reference blocks is selected as the
available block. Therefore, in the case the available
blocks are selected, the available blocks have
15 different motion vectors.
When selecting the available block from the motion
reference blocks, the available-block acquiring module
109 outputs the available block information 20
indicating the selected available block. For example,
20 as illustrated in FIG. 9A, 1in the case that the motion
reference blocks are the blocks A and B that are
adjacent to the encoding target block, the available-
block acquiring module 109 refers to the pieces of
reference motion information 19 on the blocks A and B
25 to determine whether the blocks A and B are the
available blocks, and the available-block acguiring

module 109 outputs the available block information 20



encoding target block in the left direction, and the block B includes the
pi xel b that is adjacent to the upper-left pixel in the encoding target

bl ock in the upward direction. 5Each available block is selected fromthe
notion reference bl ocks by the avail abl e-bl ock acquiring nodul e 109. The
avai l abl e block is a block to which the inter prediction is applied in the
notion reference blocks. In the case of thke existence of the notion

10r ef erence bl ocks,

to which the inter prediction is applied and which have

t he sanme notion informati on, one of the notion reference blocks is sel ected
as the avail abliadilceakinglherefteireninat itdie easg tt.he avail abl e bl ocks are

sel ected, the avail abl e bl ocks have 15different noti on vectors. When
sel ecting the avail atile rhindek fafomdthermatd e grefeeidnes blieckst t he

avai | abl e- bl ock acquiring nodul e 109 outputs the avail abl e bl ock

i nformati on 20 lilmditcat ity twiee iselFéct.ePravaridalilhe bluobler Bdr mexaopl e, 20as
illustrated in FIG 9A, in the case that the notion reference bl ocks are
the bl ocks A af¢Buanse &rleckd acente Ghiee arcddingg t dogetexblodke, the

not i on i nf or matddshH

avai | abl e- bl ock aqqgiring nmodul e 109 refers to the pieces of reference

1PTorr @ (&S IPGOKE SA Paridi B B2518d LF§eLer fRre Afklet her t he

bl ocks A and B are th ai | .abl e bl ocks, t avai |l abl e-bl ock acquirin
nmodul e 109 out 3§“Fﬂ§:gﬁé%ﬁﬁbféaﬁpoikthﬁﬁghagﬁbﬁrfousfg Pﬁd%@ﬁting a )

det erm nati on resu

l[imted to two I n

t

. The . nunher ty.on . reference bl ocks is not
Qar%§ ren%?trng% (Hldn)gD LllergFtes an %e

A~ an € nunber of notio erénéé Brocks may be

three or nDre-cﬁoﬁﬁQXQQH@%ddéqpositions of the pixels a, b, ¢, and d

included in the blocks A, B, C, and D in FIG. 9D with

10 respect to the upper-left pixel in the encoding target

block X. At this point, the encoding target block is

illustrated as the N-by-N-pixel block. The block C

includes the pixel ¢ in the position that is shifted

from the upper-left pixel in the encoding target block

15 X by N pixels in the right direction and by one pixel

in the upward direction, and the block D includes <the

pixel d in the position that is shifted from the upper-

left pixel in the encoding target block X by one pixel

in the left direction and by one pixel in the upward

20 direction. 1In the present embodiment, as illustrated

in FIG. 9A, the example in which the blocks A and B

adjacent to the encoding target block are selected as

the motion reference block is described.

The predictor 101 of the first embodiment will be

25 described in detail below.

As 1illustrated in FIG. 10, the predictor 101

includes the first predictor 1001, the second predictor



5addition to the blocks A and B, already-encoded adjacent blocks C and D in
FIG 90 are used as the notion reference block. FIG 90 illustrates an
exanple of the relative positions of the pixels a, b, ¢, and d included in
the blocks A, B, C, and Din FIG 9D with 10respect to the upper-left pixel
in the encoding target block X. At this point, the encoding target block is
illustrated as the N-by-N-pixel block. Thegoblock C includes the pixel ¢ in
the position that is shifted fromthe upper-left pixel in the encoding
target block 15X by N pixels in the right direction and by one pixel in the

upward directi amoandgride Heck B iidicindesd ke 1Riotelr ¢uwiftdnhe opasi tion that
is shifted fromthe upper-left pixel in the encoding target block X by one
pi xel in the | efle ddretidyr amd byelone ipisXgl swl tidhe supsarede?Odineect i on. I'n
t he present enbodinment, as illustrated in FIG 9A, the exanple in which the
bl ocks A and B faidjsicentedioctide ldiclodimy tther getcdnldogl carie tsed dditéd tas t he
notion reference bl ock is described. The predictor 101 of
the first enbodignaats |1hde2EHasded biedden sdata@ll el ow. As illustrated in
FIG 10, the predictor 101 includes the first predictor 1001, the second
predi ctor 30 1002, Bl B prledtad o metHid sEnectadre s P03 The

predi ctor 101 sel ectively swi tches between the first predictor 1001 and the

second predi ct of"HOZ 4 aderilér‘“ajtaé:ctorféj_lﬁque&ioc_lae(fJirﬁ&gé)rﬁddﬁa?ll_ofl. 5The first
predi otor 100L genergt ox, & Aedohed Lge sl gnel M sceaigng (o 2 firs
sel ect{ on bl ock,. the bl ack., Wl h e, 380" hhe Ared) eliany fomthe
for the prediction, from the available blocks indicated
10 by the available block information 20, and generates
the predicted image signal 11A using reference motion
information 19 on the selection block. The first
predictor 1001 outputs information on the selection
block {(selection block information) 21. The selection
15 block information (also referred to as selection
information) 21 includes information on the number of
available blocks and information identifying the
selection block. The selection block
information/prediction switching information encoder
20 703 encodes the selection block information 21 using a
code table that is previously decided according to the
number of available blocks indicated by the available
biock information 20.
FIG. 11 illustrates the first predictor 1001 in
25 detail. As illustrated in ¥iIG. 11, the first predictor
1001 incluaes a motion information selector 1101 and a

motion compensator 1104. The available block



10by the avail able bl ock informati on 20, and generates the predicted inage
signal 11A using reference notion information 19 on the sel ection bl ock.
The first predictor 1001 outputs information on the selection bl ock

(sel ection block information) 21. The sel ection 15bl ock information (al so
referred to as selection information) 21 includes information on the nunber
of avail able blocks and information identi3flying the sel ection block. The
sel ection bl ock information/prediction switching information encoder 20 703
encodes the selection block information 21 using a code table that is
previously decigetb@ecoiah myY t aHhednghercecoimavan ablfe drlaacks n9di cat ed by
the avail able block information 20. FIG 11 illustrates the first predictor
1001 in 25det aidnd Asha |dtastraated dnmadd Gighhkl tive afrer Shpmtediocttde 1001

i ncludes a notion information selector 1101 and a noti on conpensator 1104.
The avail abl e bfiockt Bledinftormeltd®@n 20\d tthe reéfrertepee diwttiogn Li0Rflor mat i on
19, and the reference image signal 17 are input to the first predictor

1001, and the fe¥srUlHF edicctrore O DUEmRss i@ agr ddifet &S MRGE O8I gnal 11A,
the notion 5information 18, and the sel ection bl ock information 21,

As illusttated YWHEGEIPE lthe afist i IS GGT0R 198 ect$PTTE61 OMnélludes a

notion information quiring nodule 1 a a tion . nfarmation.sel ector

switch 1103. The avglgff abt e %ac%e% nlfrbrEgré%'i ggl’Z(fr;%n@q nldf@éf“@ﬁ&@“noti on

i nformation 19 on the Mot e bl%pk ar.e provided tao the.nption
SeLteClLor | ad Mo,

information acquiTing nndgﬁgj%%%g%ﬁ$ﬁe FOLeR AFGrRaLTon aCqUiFing nodul e

module 1102 and a motion information selector switch
1103. The available block information 20 and the

10 | reference motion information 19 on the motion reference
block are provided to the motion information acquiring
module 1102. The motion information acquiring module
1102 generates motion information 18A and motion
information 18B. The motion information 18A includes

15 the reference motion information 19 on the motion
reference block A and the available block information
20, and the motion information 18B includes the
reference motion information 19 on the motion reference
block B and the available block information 20. 1In the

20 present embodiment, as illustrated in FIG. 9A, the
motion reference block A is spatially adjacent to the
encoding target block in the left direction, namely,
adjacent to the encoding target block in the left
direction in the encoding target frame. The motion

25 reference block B is spatially adjacent to the encoding
target block in the upward direction, namely, adjacent

to the encoding target block in the upward direction 1in



1102 generates notion information 18A and notion information 18B. The
notion information 18A includes 15the reference notion information 19 on
the nmotion reference block A and the avail able block information 20, and
the notion information 18B i ncludes the reference notion information 19 on
the notion reference block B and the avail able block information 20. In the
20present enbodinent, as illustrated in FB& 9A, the notion reference bl ock
Ais spatially adjacent to the encoding target block in the left direction,
nanely, adjacent to the encoding target block in the left direction in the
encodi ng t ar gettfa ame-odihey mtdqet 2ataefeer ence bl ock B is spatially adjacent
to the encoding target block in the upward direction, nanely, adjacent to

t he encodi ng target Hiookot yort hier fupweartd atil reestuiom nign madizi ltehé 1€@codi ng
target frane. The notion information acquiring nodul e 1102 out puts as
many pi eces of AYWStHWIs iad aramt itoreces afailoghloa bindoksiatiinnt A6 case t hat the
two notion 5reference blocks A and B are set, as in the first enbodi nent,
the two pi eces df2 ot 1ch Bifdisrat ilon tarce Cogtp it aat thestWoFrgPtaRanpl e, the
pi eces of_ notion information 18A and 18B are output when bqoth the notion
ref erence bl ocK<E ILTHIF B U ke lfe &0 Bag "ené ShvaifiSabile T16bF6ERT and t he

nmotion informati Qn j.s nat tput when bhoth the nmotion reference blocks A
oD By (e av'st P18 bLEcROT AT RS TO5UE "t *CRe f our

and B are not setecte
g?tLSPigﬁfELEB%ﬁh hg%&i}g&ﬁﬁﬁetE%&'%&B%%H%?t%%ei%igkgs 2¢ blgfour pieces

information 18A and 18B are output when both the motion
reference blocks A and B are selected as the available

10 block, and the motion information is nbt output when
both the motion reference blocks A and B are not
selected as the available block. In the casé that the
four motion reference blocks are set as illustrated in
FIG. 9C, the four pieées of motion information are

15 output at most according to the number of available
blocks.

The motion information selector switch 1103

selects one selection block from the available blocks
to transmit one of the pieces of motion information 18A

20 and 18B as the motion information 18 to the motion
compensator 1104. The motion information selector
switch 1103 outputs the selection block information 21
indicating which available block is selected as the
selection block. For example, the motion information

25 selector switch 1103 selects the available block as the

selection block such that an encoding cost derived from

a cost equation indicated by the following mathematical



150ut put at nost according to the nunber of avail abl e bl ocks. The
notion information selector swtch 1103 sel ects one selection block from
the avail able blocks to transnit one of the pieces of notion infornmation
18A 20and 18B as the notion information 18 to the notion conpensator 1104.
The notion information selector switch 1103 outputs the selection bl ock
information 21 indicating which avail abl e3block is selected as the

sel ection bl ock. For exanple, the notion information 25 selector switch
1103 sel ects the avail abl e bl ock as the selection block such that an

encodi ng cost derrmnad friomia eastineguat.i on i ndicated by the foll ow ng

mat hematical 33 fornmula (1) is mnimzed. J=D+AxR(1) where J indicates the
encodi ng cost and D_ﬁgqghgg%%é an encodi ng strain iépressing a sum of
squared difference between the input inmage signai and the reference

image signal 17. R il cates gyicede ammdniesidimmt edhy shemporary encodi ng
and X indicates a Lagrange undeterm ned coefficiéent defined by the

10quanti zat i on iWdtdht cHhe rerReRANG oC @slrad MY phe seahgukakad Ysi ng only the
code amount R or the encoding strain D instead of the mathematical formula
(1), and a costsdusireid o fffe A enbicherehi cale fiapoml amGlyr BRYnBe pooduced
using a value in which the code anount R or 15the encoding strain Dis
approxi mat ed. Hwel éfcodiafgrence image signal 17. R indicates a code
amount estimated by temporary encoding and A indicates
a Lagrange undetermined coefficient defined by the
10 quantization width. The encoding cost J may be
calculated using only the code amount R or the encoding
strain D inétead of the mathematical formula (1), and a
cost function of the mathematical formula (1) may be
produced using a value in which the code amount R or
15 the encoding strain D is approximated. The encoding
strain D is not limited to the sum of squared
difference, and the encoding strain D may be a sum of
absolute difference (SAD). Only the code amount
related to the motion information may be used as the
20 code amount R. The selection block is not limited to
the example in which the available block minimizing the
encoding cost is selected as the selection block, and
one available block having a value within a range where
the encoding cost is at least the minimum may be
25 selected as the selection block.
The motion compensator 1104 derives the position
of the pixel_plock, in which the reference image signal

17 is taken out as the predicted image signal, based on



strain Dis not limted to the sumof squared difference, and the encodi ng
strain D may be a sum of absolute difference (SAD). Only the code anpunt
related to the notion information may be used as the 20code anbunt R The
selection block is not limted to the exanple in which the avail abl e bl ock
m ni m zing the encoding cost is selected as the sel ection bl ock, and one
avai |l abl e bl ock having a value within a raage where the encoding cost is at
| east the m nimum may be 25sel ected as the sel ection bl ock. The
- notion conpensator 1104 derives the position of the pixel block, in which
the reference itrgersfgnalce mdS drakielt @tatasnt he hiredicgleed nidmge tsiognal |
based on 34 the reference notion information (or a reference notion
i nformation graupjomomtien spteegt)i am hihec ks edeladiced iy dkhe ateldtenl by
information selector 1101. In the case that the reference notion
i nformati on gr dupe it iputintio irtee Sotsedre adenpeniddt.or IThlGhe tchkeemuthiadn
conpensator 1104 divides the pixel block taken out as the predicted inmage
signal by the réfereicersnmryanasiigmalinfp ingtd-osnwltousi el Uslpaick $ o frbre
exanpl e, 4-by-4-pixel blocks), and applies the corresponding reference
noti on 10% nf or MtT G tPEEET a4l 11 1 4%elthn FOE IR soqwere e griddi ct ed

105t rated i n FrETEn e Ho B oH or I BBc 5 E TRESH ed ot ed
i mage signal 1_1lﬁl\ngseasci uiare is.shifted fromthe small pi: gl .15bl ock to the
spatial directioh gaccoﬁ%ﬂ nlg%yo e T TSH Vet ﬁ&ﬁ&&@&% n tHe€ reference
motion infornah&ﬁﬂji%dxel blocks (for example, 4-by-4-pixel blocks),
and applies the corresponding reference motion
10 information to each small pixel block to acguire the
predicted image signal 11A from the reference image
signal 17. For example, as illustrated in ¥IG. 8A, the
position of the block in which the predicted image
signal 11A is acquired is shifted from the small pixel
15 block to the spatial direction according to the motion
vector included in the reference motion information 19.
Thus, the motion compensator 1104 generates the
predicted image signal 11A using the reference motion
information (one of pieces of reference motion
20 information 19A and 19B) from the motion information
selector 1101 and the reference image signal 17 from
the frame memory 107. However, in the case that the
available block is not selected, the first predictor
1001 does not perform the prediction processing, and
25 only the second predictor 1002 performs the prediction
processing.

The second predictor 1002 in FIG. 10 generates a



Thus, the notion conpensator 1104 generates the predicted i nage signal 11A
using the reference notion information (one of pieces of reference notion
20 information 19A and 19B) fromthe notion information selector 1101 and
the reference image signal 17 fromthe frame nmenory 107. However, in the
case that the available block is not selected, the first predictor 1001
does not performthe prediction processings and 25only the second predictor
1002 perforns the prediction processing. The second predictor 1002 in FIG
10 generates a 35 predicted image signal 11B of the encoding target bl ock

according to a second d¥ adi=¢ld en prtihads 0 WhieCRnthe iret argknf gnortd on 18
is derived fromthe input image signal 10 and the reference inage signal 17
to perform 5t he.gmiddimCanmpensaidoan. pAsdildushr aketodn FhGwhizh the second
predi ctor 1002 includes a notion information acquiring nodul e 1201 t hat
gener ates the rutdiam infformettion 18 us kg rtiked Mpei thegenpugnamay@ and the
reference image signal 17 and a notion conpensator 1202 10t hat generates

t he predicted istage:lsilgnaindl tBeugiefg remeer efrevence gnaageé 'sitgnakerfprand t he
motion information 18. For exanple, based on the input inmge signal 10 and
the referfence ithg@cSiigialcorpensié igst-i ods Afldiwatriedsdadguiritng dedul e 1201
eval uates the notion 15i nformation 18 including the notion vector and the
ref erence frameFuMFEONWRITERISHAN d U5 diINCEEAiesd 3 BOtHOTe ARG L& get

bl ock, by bl ock mnatching. @tval% i.n $¢ich a difference between the input
i mage si gnal 1@%%R}HW%§ﬁB’L@ﬁht§ﬁ%u§‘?hé?ﬁbFﬁFF&ntpﬁaﬁgtﬁ§n20accunulated
in each pixel (¥H%g¥%é§§%% 4% %é%ggt%%%OQD%ht image signal 10 and the
reference image signal 17 and a motion compensator 1202
10 that generates the predicted image signal 11B using the
reference image signal 17 and the motion information
18. For example, based on the input image signal 10
and the reference image signal 17, the motion
information acquiring module 1201 evaluates the motion
15 information 18 including the motion vector and the
reference frame number, which should be allocated to
the encoding target block, by block matching. A value
in which a difference between the input image signal 10
and the post-matching interpolation image is
20 accumulated in each pixel can be used as a criterion of
the matching.

In the predictor 101, one of the predicted image
signal 11A from the first predictor 1001 and the
predicted image signal 11B from the second predictor

25 1002 is selected by the prediction method selector
switch 1003 in FIG. 10. For example, according to the

mathematical formula (1), the prediction method



the matching. In the predictor 101, one of the predicted i mage signal 11A
fromthe first predictor 1001 and the predicted i mage signal 11B fromthe
second predictor 251002 is selected by the prediction nethod sel ector
switch 1003 in FIG 10. For exanple, according to the mathematical formula
(1), the prediction nethod 36 selector switch 1003 eval uates the encodi ng
cost for each of the predicted i mage signaks 11A and 11B using the input

i mge signal 10, and selects one of the predicted i nage signals 11A and 11B
such that the 5encodi ng cost decreases. Then the prediction nethod sel ector

switch 1003 outsputestidie saleet ad oy ediaqted dsmege $hgdalings cbhe poedi ct ed

i mge signal 11. The prediction nethod selector swtch 1003 al so out puts
the notion i nf eadt icdn thH8 prkidilrtiesl Usedet ¢ igerarsatiaeat hedlQpBedsdihed i mage
signal 11, and the prediction switching information 22 indicating which one
of the first préadi cingrutl0ikcend itgme Isédondnpr ediletars D@2 ogenerat es t he
predi cted i mage signal 11. The prediction nethod selector switch 1003

furt her out put $uege Felcectniage Blbngdle ildfoemat ildB Zuchnthhé ¢ase that the

predi cted i mage signal 11A is sel ected. _
5 encoding cost decreases. Then the prediction method

selector switch 1003 outputs the selected predicted
image signal as the predicted image signal 11. The
prediction method selector switch 1003 also outputs the
motion information 18, which is used to generate the

10 predicted image signal 11, and the prediction switching
information 22 indicating which one of the first
predictor 1001 and the second predictor 1002 generates
the predicted image signal 11. The prediction method
selector switch 1003 further outputs the selection

15 block information 21 in the case that the predicted
image signal 11A is selected.

The same motion compensation processing as that of

H.264 can be used as the motion compensation processing
performed by the motion compensators 1104 and 1202. An

20 interpolation technique of the 1/4 pixel accuracy will
specifically be described by way of example. In the
interpolation of the 1/4 pixel accuracy, the motion
vector points out an integral pixel position in the
case that each component of the motion vector is a

25 multiple of 4. In other cases, the motion vector
points out a predicted position corresponding to an

interpolation position of fractional accuracy.



The sane notion conpensati on processing as that of H 264 can be used as the
noti on conpensation processing perforned by the notion conpensators 1104
and 1202. An 20interpol ation techni que of the 1/4 pixel accuracy wll
specifically be described by way of exanple. In the interpolation of the
1/ 4 pixel accuracy, the notion vector points out an integral pixel position
in the case that each conponent of the noBifon vector is a 25multiple of 4.
In other cases, the notion vector points out a predicted position
corresponding to an | rpgl at i ition of fractional accuracy. X _pos =
X + (mv_x /4) y_pos %ﬁ§%¢‘%§55@9?‘3 where x and y indicate iyndexes
in vertical and horiyopisat ydi(nectyi o6Hs of a begi nning position (for exanple,
an upper-left top) of the prediction target 5block, and x pos and y pos

i ndi cate the correspangtag: prredlictiedd posid iiorieofed Her vefrerierrde arnage si gna
17. (mv_x,mv_y) indicates the notion vector having the 1/4 pixel accuracy.
A predicted piXerizrgenerditest vidrts respedtegiontihg getsercrioned fpirxel
position through 10processi ng of conpensating or interpolating the
correspondi ng Fsesiplsosiarn owprstr tlied tr éfarlerrde theage esilgitalon1 7arpeG. 13
illustrates an exanple of the predicted pixel generated according to H 264.
In FIG $3, a &Yesite ESqusix™® dFEvY_IRPDBINGGe e h8S) CP3EREPERCEd%yY a
capital letter expresses the pixel in the integral .positiaqn, and.a hatched
Cahar e expr oest SHE N PO o b AT SReCH 4Patre P e Lan. A wh te

square expresses f e |ntar ROl AN PIXE LRLESRANINI0 L0 te et pixel
position. For exampl’e. —
1/4 pixel accuracy. A predicted pixel is generated
with respect to the determined pixel position through
10 processing of compensating or interpolating the
corresponding pixel position of the reference image
signai 17. FIG. 13 illustrates an example of the
predicted pixel generated according to H.264. In
FIG. 13, a square (a square drawn by oblique lines)
15 indicated by a capital letter expresses the pixel in
the integral position, and a hatched square expresses
the interpolation pixel in the 1/2 pixel position. A
white square expresses the interpolation pixel
corresponding to the 1/4 pixel position. For example,
20 in FIG. 13, the processing of interpolating 1/2 pixels
corresponding to the positions of the letters b and h

is calculated by the following mathematical formula

ct

(3).

o b=(E-5xF+20xG+20xH-5xI+J+16) >> 5 )

h=(A-5xC+20xG+20xM-5xR+T+16) >> 5
A letter (for example, b, h, and Cl) indicated in

the mathematical formulae (3} ana (4) indicates the



20in FIG 13,

t he processing of

the positions of the letters b and h is calculated by the follow ng

mat hemat i ca

formula (3)

h = (A—5xC+20xG+20xN¢5xR+T+16) " 5(3) A letter (for exanple, b,

and d)

38 value of the pixel to which the sane Iester is provided in FIG 13.

indicates a right shift cal cul ation
by 32. That

is,

the interpolation pixel in the 1/2 pixel position is

5cal cul at ed w tdnlaissiof trafe HiR{Fity té ilofpuhse sResparse)k f ikt eroftapd

coefficient:

(1,-5,20,20,-5,1)/32). In FIG 13, the processing of

25b = (E-5xF+ 20 x G+ 20 x H5 x I+J + 16 )

interpolating 1/2 pixels corresponding to

"5
h,

indicated in the mathematical fornulae (3) and (4) indicates the

u>>n

and ">> 5" corresponds to a division

i nterpol ati ng 1/ picellss .correspandiing tie@ the ipdbsi thads ok ltheakebhers a
and d is calculated by the followi ng 10mat hematical formula (4). a =
(G+tb+1)" 1 d=( GHI)»> K("4)correspofhiss,tat ke dintieipol dlyi 82 .pi Lekti nsthe 1/4
position is calculated with a two-tap average-val ue

pi xel

10

15

20

the interpolation pixel in the 1/2 pixel position is
calculated with a six-tap FIR (Finite Impulse Response)
filter (tap coefficient: (1,-5,20,20,-5,1)/32).

In FIG. 13, the processing of interpolating
1/4 pixels corresponding to the positions of the
letters a and d is calculated by the following
mathematical formula (4).

a=(G+b+1)>>1
d=(G+h+1)>>1

(4)

Thus, the interpolation pixel in the 1/4 pixel
position is calculated with a two-tap average-value
filter (tap coefficient: (1/2,1/2)). The processing of
interpolating 1/2 pixel corresponding to the letter j
existing in the middle of the four integral pixel
positions 1is generated with six taps in the vertical
direction and six taps in the horizontal directiocn.

For other pixel positions, the interpolation pixel
value i1s generated in a similar manner.

The interpolation processing is not limited to the
examples of the mathematical formulae (3) and (4), and
the interpolation pixel value may be generated using
another interpolation coefficient. A fixed wvalue
provided from the encoding controller 150 may be used

as the interpolation coefficient, or the interpolation



15filter (tap coefficient: (1/2,1/2)). The processing of interpolating 1/2
pi xel corresponding to the letter j existing in the mddle of the four
integral pixel positions is generated with six taps in the vertical
direction and six taps in the horizontal direction. 20For other pixel
positions, the interpolation pixel value is generated in a simlar manner.
The interpolation processing is not limted to the exanples of the

mat hemati cal formulae (3) and (4), and the interpolation pixel value may be
gener ated usi ng 25another interpolation coefficient. A fixed val ue provided

from the encodidig fAAMiIld efa 12 my kg Zesed nasakhe firaker pakati 8A the
coefficient, or the interpolation 39 coefficient nmay be optim zed in each
frane based on drhedneodiosy cost gamergerer atsatqusihrg ocbhemapedm zed

i nterpolation coefficient. An operation of the predictor 101
wi || be 5descriivac ngpictlz trigfre rerdd itad eRltG. 14. In Step S1401 in FIG
14, whether the prediction nethod applied to the notion reference bl ocks
(for exanple, blocksiAarrFaBian RIGTIgAPradiiadem 103 e leheodi ng tar get
block is the intra prediction or the 10inter predlctlon is determ ned, or
whet her tohe notdesisribed with reference to FIG. 14.

In Step S1401 in FIG. 14, whether the prediction
method applied to the motion reference blocks (for
example, blocks A and B in FIG. 9A) adjacent to the
encoding target block is the intra prediction or the

10 inter prediction is determined, or whether the motion
reference blocks is the block that is located in a
region out of a screen or a pre-coding region, where
the block cannot be referred to, 1is détermined.
Because the block to which the inter prediction is

15 applied has the reference motion information 19,
whether the block to which the inter prediction is
adapted can be determined by the existence or non-
existence of the reference motion information 19. When
the intra prediction is applied to both the blocks A

20 and B in Step S1401, or when both the blocks A and B
cannot be referred to in Step S1401, the flow goes to
Step S1405, and the available block is not selected.
In the case that the available block is not selected,
the first predictor 101 cannot perform the prediction

25 processing, and the flow goes to Step 51413.

In Step S1413, the second predictor 1002 performs

the motion compensation processing using the motion



reference blocks is the block that is located in a region out of a screen
or a pre-coding region, where the block cannot be referred to, is

determ ned. Because the block to which the inter prediction is 15applied
has the reference notion information 19, whether the block to which the
inter prediction is adapted can be determ ned by the existence or

nonexi stence of the reference notion infohffation 19. Wen the intra
prediction is applied to both the blocks A 20 and B in Step S1401, or when
both the blocks A and B cannot be referred to in Step S1401, the fl ow goes
to Step S1405, iantbrnies iavraillSabltetblieckieird vieot bgelkeet edocknmbhehdase t hat
the avail able block is not selected, the first predictor 101 cannot perform
t he prediction &5procksisi iy,2@nd tlhe thicowageeshed Shep aSt413ble blockn Step
S1413, the second predictor 10.02 perforns the notion conpensation
processi ng usi ng teeE rstlissi-ed40 Dasrgsraondy 86t harons! saedvedoby 10Ré bl ock
mat ching defined in H 264. In the case that the avail able block is not

sel ect ed, because Wi tiffe iSed®iid NFCedisetar tPoe2crseusds, rirediistisp

necessary to encode the predictiagn s tchin I ion a merge_flag) 22
smﬁtchiné bet wedh 1HE qqf%ﬁé%ﬂqﬁh¥¥bralﬁ@fg%néq éngécéﬁd fPédfct or 1002
and the selecthpwgegg JfQrmati %Qd%%tg%rQ%oleft 4 Lag) 21 When the inter

prediction is app ied to one of moti on reference bo Qs A and B in

Step SLA0L 1 he.Jdau.gaes dd %%%pt%“% 1ekly h981§%ﬁ’a0f’w ohgaTObLon.

reference bl oc Ich the inter ictionis is selected as the
avai | abl e bl oclpe dde 1% fASSUI tohat the avai |l abl e bIock is ablock Y (Yis
A 15or B). I'n St ep 7S1407, whether the notion conpensation is

performed by the flrWHﬂﬂ”*ﬁB(ﬂdﬁéﬁuﬂlbdrttQ%heﬁﬁl@@@115@9%bfb%@|bf1th@e
notion conpensation that is perfornmed by applying the reference notion
i nf or matlioon 19 r@titde reference blocks A and B in Step S1401, the flow
goes to Step 51404. 1In Step 51404, the motion
reference block to which the inter prediction is
applied is selected as the available block. It is
assumed that the available block is a block Y (Y is A
15 or B).
In Step S1407, whether the motion compensation is
performed by the first predictor 1001 is determinred.
Specifically, the motion compensation that is performed
by applying the reference motion information 19 on the
20 block Y to the encoding target block and the motion
compensation that is performed by the second precictor
1002 are switched using the prediction switching
information (the merge flag) 22. When the prediction
switching information 22 indicates the use of the first
25 predictor 1001 (that is, the merge flag is true), the
flow goes to Step S1412. 1In Step S1412, the first

predictor 1001 performs the motion compensation



20bl ock Y to the encoding target block and the notion conpensation that is
performed by the second predictor 1002 are switched using the prediction
switching information (the nerge flag) 22. Wen the prediction swtching
information 22 indicates the use of the first 25predictor 1001 (that is,
the nerge flag is true), the flow goes to Step S1412. In Step S1412, the
first predictor 1001 perforns the notion édnpensation 41 processing using
the reference notion information 19 on the bl ock Y. When the
prediction switching information 22 indicates the use of the second

predi ctor 1002 drdwads Hirsy, dsiegmemge ridfageansef albs@bni AnSbemasiéd7,1ot ba fl ow
goes to Step S1413. In Step S1413, as described above, the second predictor
1002 perforns ttiee motdadn Yconpensation. For exanple, in the switching in
S1407, the encodi ng cost expressed by the mathematical fornula 10(1) is

cal cul ated, and one Wfern Héo inrstd igrtadire tsori trdGhgania fiormagecond 2pr edi ct or
1002 is selected such that the encodi ng cost becones smaller. When
the inter predildtdisitties 4ps v6¢ ©F Boch sEisensbPirea LcePar éRO@ Bitbeks A and B

in Step $1401, the flom115 oe Step .S1402. I n Step S1402, whet her the
moti on r &f er ence bl Gk SAS %néﬁégaﬁ f%&ﬁ?i cah §068aéﬁ489hth|n tLRy

reference nDtl%%égﬁé” t|o%1%%3|s qet%tepn%q413, as described above,

the second predictor 1002 performs the motion
compensation. For example, in the switching in $1407,
the encoding cost expressed by the mathematical formula
10 (1) is caliculated, and one of the first predictor 1001
and the second predictor 1002 is selected such that the
encoding cost becomes smaller.
When the inter prediction is applied to both the
motion reference blocks A and B in Step S1401, the flow
15 goes to Step S1402. In Step S1402, whether the motion
reference blocks A and B are identical to each other in
the reference motion information 19 is determined.
When the motion reference blocks A and B are identical
to each other in the reference motion information 19,
20 the flow goes to Step S1404. In Step 51404, one of the
motion reference blocks A and B is selected as the
available block Y. The pieces of processing after Step
S1404 are described above.
When the motion reference blocks A and B differ
25 from each other in the reference motion information 19
in Step S1402, the flow goes to Step S1403. 1In this

case, the two available blocks are selected in Step



When the notion reference blocks A and B are identical to each other in the
reference notion information 19, 20the flow goes to Step S1404. In Step
S1404, one of the notion reference blocks A and B is selected as the
avai |l abl e bl ock Y. The pieces of processing after Step S1404 are descri bed
above. Wen the notion reference blocks A and B differ 25from each other in
the reference notion information 19 in Stép S1402, the fl ow goes to Stet)
S1403. In this case, the two avail able blocks are selected in Step 42
S1403. In Step S1406, whether the notion conpensation is performed using
the first prediqitdn3.1002: i3 egetHratd)edheSped friheakdot i dnheomlein@at ion
conpensation performed by the first predictor 1002 and the notion
5conpensat i on per fremfedneyd e rgecdred firedi ered iH3@2 arod2svist ched usi ng t he
prediction switching information (nerge_flag) 22. When the prediction
swi t chi ng i nf ordeatdon n22!.i ndircatids aald yus e hef motte ose comgeprsediionor 1002
(that is, the nerge_flag is false), the 10fl ow goes to Step S1413, and the
second predictéﬁ”@bﬁ?ﬁﬁg#ﬂbﬂ#§ ﬁﬁésﬁoﬁﬂﬁﬁléﬁﬁﬁe%§§@i@@d the mophen t he
predi ctign switching information 22 indicates the use of the first

predi ct or 1001 YA S I h&SHFESA &y T8t PGEPTICh PSESH 52406 00Ehé el ow

goes to 158tep§%%%% éd!%s%%%pt%%4%%%dﬁqggg%rS%Q%CEQ%BOanormation

(merge flag) 22. When the prediction switching
information 22 indicates the use of the second
predictor 1002 (that is, the merge flag is false), the

10 flow goes to Step S1413, and the second predictor 1002
performs the motion compensation.

When the prediction switching information 22
indicates the use of the first predictor 1001 (that is,
the merge flag is true) in Step S1406, the flow goes to

15 Step S14009. In Step S1409, whether the motion
reference block A is used in the prediction processing
of the first predictor 1001 is determined.
Specifically, whether the motion reference block A or
the motion reference block B is used is determined

20 based on the selection block information (the
merge left flag) 21. For example, in the switching in
51408, the encoding cost expressed by the mathematical
formula (1) is calculated, and one of the motion
reference block A and the motion reference block B is

25 selected such that the encoding cost becomes smaller.

When the motion reference block A is used (that

is, the merge left flag is true), the flow goes to Step



reference block Ais used in the prediction processing of the first

predi ctor 1001 is determ ned. Specifically, whether the notion reference
bl ock A or the notion reference block B is used is determ ned 20based on
the selection block information (the nmerge_left flag) 21. For exanple, in
the switching in S1409, the encoding cost expressed by the mathemati cal
formula (1) is calculated, and one of the4Botion reference block A and the
notion reference block B is 25sel ected such that the encodi ng cost becones
smal | er. When the notion reference block Ais used (that is, the
merge_left _flagldot.rugn dte fdiawogoest iStsep prédist410.10bn Step S1410,
the first predictor 1002 perforns the notion conpensati on processing using
t he reference matrfenrnisnforamatdtdrnl @ oo enda tiot erocefseregceshhackhA as t he
notion information 18 on the encoding 5target block. On the other hand,
when t he noti o afefremnasc edilicek iB fiogmagedr( thvaton $het hetnengeelfefrenteag i s
false), the flow goes to Step S1411. In Step S1411, the first predictor
1001 perforns tHEGHOH GF ddrep@eddioinon nfrradedsiong 18s iong thise epebeidagce noti on
10information 19 on the notion reference block B as the notion information
18 on the encoditi§ Stargé- ol o the othfre NENEi @hicgn thst REd<C8re swit ched
accordi ng to the nunber ai| abl e bloqk%, and the existen

non- exi st ence df- eﬁgnéﬁbggf%: &t 1Eadi oS tpﬁédi5PFoWef§§wﬁgéﬁLﬁ&ag
i nformation anqstQ%l%%Ugckk%nqu%C%oes to Step S1411. 1In Step S1411,
the first predictor 1001 performs the motion
compensation processing using the reference motion
10 information 19 on the motion reference block B as the
motion information 18 on the encoding target block.

The prediction methods are switched according to
the number of available blocks, and the existence or
non-existence of the encoding of each of the prediction

15 switching information and the selection block
information is switched according to the number of
available blocks, so that an efficient prediction
method can be performed with a small code amount.

A syntax used by the image encoding apparatus in

20 FIG. 1 will be described below.

A syntax indicates a structure of the encoded data
(for example, the encoded data 14 in FIG. 1) when the
image encoding apparatus encodes the moving image data.
In decoding the encoded data, the image decoding

25 apparatus refers to the same syntax structure to

perform a syntax interpretation. FIG. 15 illustrates

ar. example of a syntax 1500 used by the image encoding



information is switched according to the nunber of avail able bl ocks, so
that an efficient prediction nethod can be perfornmed with a small code
anount. A syntax used by the inmage encoding apparatus in 20FIG 1 will be
descri bed bel ow. A syntax indicates a structure of the encoded data
(for exanple, the encoded data 14 in FIG 1) when the inage encodi ng
appar at us encodes the noving i nrage data. K@ decodi ng the encoded data, the
i mge decodi ng 25apparatus refers to the same syntax structure to performa
syntax interpretation. FIG 15 illustrates an exanple of a syntax 1500 used
by the inmage enggdimgruddiragiay.atius in FIG 1. The syntax 1500

i ncludes three parts, nanely, a high-level syntax 1501, a slice-I|evel
syntax 1502, and a chitk ngyritraee-1eMelisynides 1503*e et ,ghdmeisl, synt ax
51501 includes syntax information on a |ayer higher than a slice. The slice
means a rectanduldr-Festglorswortax doritli,nuous! asgi love wsivett aixs 1liSfel, uded in t he
frame or the field. The slice-level syntax 1502 includes information
necessary to decohE IgHEtt B8 v velthe YIoEodi gt r edNeevalohsysivad F503ax

i ncl udes _i nfornation , : :
5 1501 includes syntax information on a layer higher than

a slice. The slice means a rectangular region or a
continuous region, which is included in the frame or
the field. The slice-level syntax 1502 includes
information necessary to decode each slice. Tﬁe

10 coding-tree-level syntax 1503 includes information
necessary to decode each coding tree unit. Each of the
parts includes a further detailed syntax.

The high-level syntax 1501 includes sequence-level
and picture-level syntaxes, such as a sequence-

15 parameter-set syntax 1504 and a picture-parameter-set
syntax 1505. The slice-level syntax 1502 includes a
slice header syntax 1506 and a slice data syntax 1507.
The coding-tree-level syntax 1503 includes a coding-
tree-unit syntax 1508 and a prediction-unit syntax

20 15009.

The coding-tree-unit syntax 1508 can have a
quadtree structure. Specifically, the coding-tree-unit
syntax 1508 can recursively be called as a syntax
element of the coding-tree-unit syntax 1508. That 1is,

25 ore coding tree unit can be segmented by the quadtree.
The coding-tree-unit syntax 1508 includes a transform-

unit syntax 1510 and a prediction-unit syntax 1509.



necessary to decode each coding tree unit. Each of the parts includes a
further detail ed syntax. The high-level syntax 1501 includes sequence-| evel
and picture-level syntaxes, such as a sequence- 15paraneter-set syntax 1504
and a picture-paraneter-set syntax 1505. The slice-level syntax 1502

i ncludes a slice header syntax 1506 and a slice data syntax 1507. The

codi ng-tree-|l evel syntax 1503 includes a @6dingtree-unit syntax 1508 and a
predi ction-unit syntax 2015009. The coding-tree-unit syntax 1508 can
have a quadtree structure. Specifically, the coding-tree-unit syntax 1508
can recursivel yribe wiaddded s ia it @ e rheofi nivke seodirtgobbagiuni t
syntax 1508. That is, 25 one coding tree unit can be segnented by the
quadt ree. The codirmgfFduareenditthes yntaax 17208 dnnelredele sa rtibadsfiar mheni t synt ax
1510 and a prediction-unit syntax 1509. 45 The pieces of information on

t he inverse or tthogofal rot-nanst erymtand 1116, quadt ithat itoanaferdesaiitbed in the
transformunit syntax 1510, and the transformunit syntax 1510 is called in
each codi ng-tresnirdd Syt ¢ SE50&datira sagihl cond nef-trke -goadt seatax

FIG 16 illustrates an exanple of the sequenceparaneter-set syntax 1504 of
the present enboithetit @ Afilneed mr & IWGIHeR-G 16 is a syntax el enent

i ndi cati ng whether t first, prediction nethod of the 10present enbodi nent
is validin the sengﬁ%e.1$rF% € 1 1t Qﬁﬁ?éiﬁcﬁI ﬁéﬁgéeﬁpgﬁcﬁ§ set to
0, the inter negagreanfelta —isne | Cs%/tn saxt hL%tO4t D)ef fti'nrestpr%rs%%itc;teim%gdiment.
An inter merge flag in FIG. 16 1s a syntax element
indicating whether the first prediction method of the
10 present embodiment is valid in the sequence. 1In the
case that the inter merge flag is set to 0, the
inter merge flag indicates that the first prediction
method is invalid in the slice. In this case, only the
second prediction method becomes valid. Accordingly,
15 it is not necessary to encode the following merge flag
and merge left flag. For example, in the case that the
inter merge flag is set to 1, the first prediction
method of the present embodiment is valid in the whole
region of the slice.
20 As illustrated in FIG. 17, the inter merge flag
may be included in the slice header syntax 1506. 1In
this case, the inter merge flag is a syntax element

indicating whether the first prediction method is valid

25 FIG. 18 illustrates an example of the coding-tree-
unit syntax 1508. A split coding unit flag in FIG. 18

is a flag indicating whether the coding tree unit is



method is invalid in the slice. In this case, only the second prediction
net hod becones valid. Accordingly, 15it is not necessary to encode the
following nerge flag and nmerge_left flag. For exanple, in the case that the
inter merge flag is set to 1, the first prediction nethod of the present
enbodinment is valid in the whole region of the slice. 20As illustrated in
FIG 17, the inter _merge flag may be incldfed in the slice header syntax
1506. In this case, the inter_merge flag is a syntax el enment indicating
whet her the first prediction nmethod'is valid in the slice. 25FIG 18
illustrates an dxamsdce ioftd Hewodi Ag- ttheecagri ttheynttée 1508. A

split _coding unit flag in FIG 18 is a flag indicating whether the coding
tree unit is 4®lditviced igtieiftodrlad i st ketcase whathet he
split_coding_unit flag is set to 1, the split_coding_unit_flag indicates
that the codi nghlide anfing_sinditvitded ilnce cREGE. thatt ke €a8énJdt RESSynt ax of
5the coding tree unit that is aobtained by dividing the coding tree unit
into four is reédrsivield daa%d Paramdter SR C3P6, &RE gP’nFﬁXFPG 18
are used_to indicate the pasition f the four divided codi. tr units,
and a spli t Codi adiTre e (L TR 9 8 E A TBEa BN SR TEREnPobredi vi ded

coding {ree Unldugsng prdd! ifie Gase that the SRLLL cadingupLi f1ag is set

to 0, the split_co ag indicates that the coding tree unit is not

Ot oo Thoy Sl OATM St Licugags 8 Tt gl ol
exists (that isSndicate the positions of the four divided coding tree
units, and a splitCodingUnitSize indicates the size of
10 each of the four divided coding tree unit.

In the case that the split coding unit flag is set
to 0, the split_coding_unit_flag indicates that the
coding tree unit is not divided into four. An
NumMergeCandidates indicates the number of available

15 blocks that are derived in FIG. 14. In the case
that the available block exists (that 1is,
NumMergeCandidates > 0), the merge flag indicating the
prediction switching information 22 is encoded. In the
case that the merge flag is set to 1, the merge flag

20 indicates that the first prediction method is used. In
the case that the merge flag is set to 0, the
merge flag indicates that the second prediction method
is used. In the case that the merge flag is set to 1
(true) while the two available blocks exist (that is,

25 NumMergeCandidates > 1), the merge left flag that is of

the selection block information 21 indicating which one

of the motion reference blocks A and B i1s used as the



Numiver geCandi dates > 0), the nerge_flag indicating the prediction swtching
information 22 is encoded. In the case that the nerge flag is set to 1, the
nmerge_flag 20indicates that the first prediction nmethod is used. In the
case that the nerge flag is set to O, the nmerge_flag indicates that the
second prediction method is used. In the case that the nmerge flag is set to
1 (true) while the two avail abl e bl ocks e#i’st (that is, 25

NumiVer geCandi dates > 1), the nerge left:flag that is of the selection block
information 21 indicating which one of the notion reference bl ocks A and B
is used as thesedécseloecthlomkbliecknicsdencodéd. the theecakett hhte t he nerge
flag is set to O, because the second prediction nethod is used, the
predi cti on- uni mesyet & dgs isalsleed tro Oenbede uske tpeedictndnpiraflortabinon (such
as the notion Sinformation 18) in the coding tree unit. In the case
that the merge™Eitadgd §ssetsedo fhe Prﬁ§llﬁ(§tloﬁe@é§§aﬁynﬁéxehéoééléﬁfiaﬁ@t ers
(such as the notion information 18 and the prediction unit division

i nf or mati on) r@ﬂ%ﬂ%?t%?%lﬂ%eﬁﬂééﬁépl6ﬁ1pﬁm@ﬁéoéodPH6hléﬁrEEeuﬁPFlop As

illustrated in FIG 19, e fla nd the nmerge left_flag may be
includedgln théﬁ&%&ﬂ%ﬁﬁ%ﬁl ﬁlﬁ%sy%ﬁagogﬂﬁgtﬁF§ecﬁg ‘the nerge fyag and

the nmerge_left_flag avgf@@gﬁggqﬁﬁge rggegqgﬁlgggig Elag q

nmerge left flag in he égse

T 1 s o ek g

bl ocks exi st e selectio may be not
the flag but '&EQ%&%E&Q%nZQ%n%thhHQ arekdelbhyuaf csy¥Ihokson

information) related to the prediction in the coding
10 tree unit.
As illustrated in FIG. 19, the merge flag and the

merge left flag may be included in the prediction unit

syntax. In this case, the merge flag and the
merge left flag have the same meanings as the
15 merge flag and merge left flag in FIG. 18.

As illustrated in FIG. 9C, in the case that the at
least three motion reference blocks and three or more
available blocks exist, the selection block information
(merge left flag) may be not the flag but information

20 including a plurality of symbols.

Whether the first prediction method is valid may
be switched according to the size of the coding tree
unit (encoding target block}. FIG. 20 illustrates an
example of the coding tree syntax in which whether the

25 first prediction method is valid is switched according
to the size of the coding tree unit. A

merge available size() in FIG. 20 is a function that



Whet her the first prediction method is valid nmay be switched according to
the size of the coding tree unit (encoding target block). FIG 20
illustrates an exanple of the coding tree syntax in which whether the
25first prediction method is valid is switched according to the size of the
coding tree unit. A nerge_available_size() in FIG 20 is a function that

48 outputs validity/invalidity of the fir48 prediction nmethod in each size
(a currQodingUnitSize) of the encoding target block, nanely, node encodi ng
information indicating whether the prediction switching 5information (the
merge_fl ag) isocenpodedvadddidiyigntaltihetyi e ohet iérenhcpdedgctaprget bl ock.
In the case that the nerge_available size() is set to 1, the first

predi cti on net hedhiosl vial edchOsitke (et berrRaddnocnitBézeaseft hae the
merge_avail able_size() is set to 0, the 10first prediction nmethod is
invalid, and ofPgodAedsEesnetpbedrsti oAMRBYROBORS ¢AFPEINEN this case, it
is not necessary to encode the nerge_flag and the nmerge left _flag, The

swi t chi ng |nfo@ﬁﬁpﬂﬁﬁtﬂﬁntH@dﬁﬁﬁéénévﬂpﬁgﬁﬁé §P§e€¥eﬁé§fﬁpév?8&§FVlB%
encoded by the 15sequence- paraneter - seh_ ntax, the picture- paraneter- set
syntax, and thé“éprgﬁtﬁéédéFh§yWF£ﬁe T @giaﬁé §RF98ﬁ n§FREGHREL 6n as t he
| at er - descri be decodln aratus nma e reta ned an odi nent

t he Numver geCa &ld&ﬁ&? BQ efgoﬁé?%aEﬁé s%bé se# toIB gélngﬁegg of
setting the ”Efggéa%%heﬁg' esgégggaEQe size() 1cV880 theicodhag lree syntax

in FIG 20 is us st prediction netho can be invalidated in the

coding tree unilhaving.l he3RECiLI ¢aghze, 2pdihBeceade ammUNt snoknbhe
prediction swi tching information and

case that the merge available size() is set to 0, the
10 first prediction method is invalid, and only the second
prediction method is valid. In this case, it is not

necessary to encode the merge flag and the
merge left flag. The switching information in the
merge available size() may previously be encoded by the
15 sequence-parameter-set syntax, the picture-parameter-
set syﬁtax, and the slice header syntax. The same
switching information as .the later-described decoding
apparatus may be retained. In another embodiment, the
NumMergeCandidates in FIG. 18 may always be set to O
20 instead of setting the merge available size() to 0.
When the coding tree syntax in FIG. 20 is used,
the first prediction method can be invalidated in the
coding tree unit having the specific size, and the code
amounts of the prediction switching irnformation and the
25 selection block information can be reduced.
As described above, in the image encoding

apparatus of the first embodiment, the available block



25sel ection bl ock information can be reduced. As descri bed above, in
t he i mage encodi ng apparatus of the first enbodi nent, the avail abl e bl ock
49 is selected fromthe plurality of notion reference bl ocks, the existence
or non-existence of the encoding of each of the prediction sw tching
information and the selection block information is swtched according to

5t he nunber of sel ected avail abl e bl ocks. 48herefore, the code anobunt can be
reduced and the high encoding efficiency can be inplenented. Additionally,
in the image encodi ng apparatus of the first enbodi nent, whether the first
predi ction met hed des used irsok0detepriuied iagCyrdimg itod g esiezecof the
encodi ng target block, and it is not necessary to encode the prediction

swi t chi ng i nf omaidken ame thea sselreet ican ndreek listfearasatc fon hahemn colld nfi r st
predi ction nmethod is not used. Therefore, the code anmobunt can be reduced.
15( Second Enbodifrexatch of theAmp riatage iemc cdiinghapganatfiusmeccondiang ttdea
second enbodi nent will be described bel ow. The inmage encodi ng apparatus of
t he second enbodileeiti drad e cdonfri fpurett iom sismisiwvdrt ahed lratcogfd inige o r st
enbodinent in FIG 1. A 20conmponent and an operation, which are different
from those of tHe fiurderemodicdatecary avdiablyy #d€ibed i€ Second

enbodi nent. In the first enbodi nen p .on nmethod is applied

to the coding t Wi %%OUPﬁeCEHbgﬁih%§¥%%%§%¥“£§1Eﬁéhéﬁhé?“ﬁgﬁﬁﬁ in the
25second enbomé¥¥¥6iégg§tiﬁé&xpgggfgﬂé%<§Eth%%df%ionally, in the
image encoding apparatus of the first embodiment,
whether the first prediction method is used is
10 determined according to the size of the encoding target
block, and it is not necessary to encode the prediction
switching information and the selection block
information when the first prediction method is not
used. Therefore, the code amount can be reduced.
15 (Second Embodiment)

An image encoding apparatus according to a second
embodiment will be described below. The image encoding
apparatus of the second embodiment has a configuration
similar to that of the first embodiment in FIG. 1. 2

20 component and an operation, which are different from
those of the first embodiment, are mainly described in
the second embodiment. In the first embodiment, the
first prediction method is applied to the coding tree
unit of the encoding target. On the other hand, in the

25 second embodiment, the first prediction method 1is
applied to the prediction unit of the encoding target.

In the second embodiment, the block X in FIG. 9A



applied to the prediction unit of the encoding target. In the second
enbodi nent, the block X in FIG 9A 50 corresponds to the prediction unit
of the encoding target, and the bl ocks A and B correspond to the notion
reference bl ocks. Additionally, for the available block and the sel ection
bl ock, the coding tree unit nmay 5be replaced with the prediction unit in
the description related to the first predggtion nmethod of the first

enbodi nent. FIG 21 illustrates an exanple of a prediction-unit
syntax 1509 of the second enbodi nent. An

10NunPuPar t s(i phekeRabhhkl @Bl Rl dekdiRtkbE wAlti srannkndaxotihay defines
the method for dividing the prediction unit. Specifically, the

NurmPuPart s(i nt egrgarti tinanichg idekkisndi eaties tbersypbes et phedinotion units
into which the prediction unit is 15divided as illustrated in FIGS. 5A to
51. The NunPuPaefrsrisc? bnohe .exanplieibnaklé, $Br and theilNanPaParts is 4
in the exanple in FIG 5D. Avariable i in FIG 21 is an index of the

di vi ded predi cbilonkunintl. tAe NetderdeGabdiodat eshiencBbiGng2treadiicatesaryhe
20nunber of available blocks in the prediction unit i. A nerge_flag[i] and
a nerge_beft fbagkeplager @1t thedipegta cthenpradiccinofh§wheeRF ARt 1on
information and the sel ection block information in the prediction unit i,
respectivel y. FhRaamethéds ther fdesityv PAGOLRE 195mBEGECH &4[ {*cahd Ehe

nmerge left flag[i] are identical to those of the first enbodi nent.
embodiment.

FIG. 21 illustrates an example of a prediction-

unit syntax 1509 of the second embodiment. An

10 NumPuParts (inter partitioning_idec) in FIG. 21 1is an
index that defines the method for dividing the
prediction unit. Specifically, the
NumPuParts (inter vartitioning idc) indicates the number
of prediction units into which the prediction unit is

15 divided as illustrated in FIGS. 5A to 5I. The
NumPuParts is 2 in the example in FIG. 5B, and the
NumPuParts is 4 in the example in FIG. 5D. A variable
i in FIG. 21 is an index of the divided prediction
unit. An NumMergeCandidates in FIG. 21 indicates the

20 number of available blocks in the prediction unit i. A
merge flag[i] and a merge left flag[i] in FIG. 21
indicate the prediction switching information and the
selection block information in the prediction unit i,
respectively. The methods for deriving the

25 merge flag[i] and the merge left flag[i] are identical
to those of the first embodiment.

As described above, the same effect as the first



As described above, the sane effect as the first 51 enbodi nent can be
obtained in the i nage encodi ng apparatus of the second enbodi nent in which
the first prediction nethod is applied to the prediction unit. (Third
Enbodi ment) 5FIG 22 schematically illustrates an i mage decodi ng appar at us
according to a third enbodinent. As illustrated in FIG 22, the inmge
decodi ng apparatus includes an i nage decodér 2200, a decoding controller
2250, and an out put buffer 2208. The i nage decodi ng 10apparatus of the
third enbodi ment corresponds to the i nage encodi ng apparatus of the first
enbodi nent. Thatbbsirkhe decodiengbprocessingtper fangedehyotihegi nage
decodi ng apparatus in FIG 22 has a conplenentary relationship wth the
encodi ng pr ocessiagapersf orfmed eby etbinke emivege mencodnnghprbcébsi Agren FI G 1.
The i mage decoding apparatus in FIG 22 may be realized by hardware, such
as an LS| chi ppredicgdlonz e thydcdgsiamglacdorputée pocdxeEupre dAlimage
decodi ng program The image decodi ng apparatus in FIG 22 includes 20the
i mge decoder 2200,(ﬂﬁélﬁg@HQQQ}Wﬁﬁgholler 2250, and the output buffer
2208. The i nmage decoder 2200 includes]ﬁgzeqépded sequence decoder 2201, an
d

i nver sequant i zat i on/fiffrerse- YT &S O "¢ 12502 “°an 28dd8r 92203, a frame
ey 2204 2RLSlRor 05,3 Bl 20 pLouelon TRIBG, 2200 0d o
data 30 fron]tq%l%% &%Q%c§%%t%qk£n%b, the image decoding apparatus
includes an image decoder 2200, a decoding controller
2250, and an output buffer 2208. The image decoding
10 apparatus of the third embodiment corresponds to the
image encoding apparatus of the first embodiment. That
is, the decoding processing performed by the image
decoding apparatus in FIG. 22 has a complementary
relationship with the encoding processing performed by
15 the image encoding processing in FIG. 1. The image
decoding apparatus in FIG. 22 may be realized by
hqrdware, such as an LSI chip, or realized by causing a
computer to execute an image decoding program.
The image decoding apparatus in FIG. 22 includes
20 the image decoder 2200, the decoding controller 2250,
and the output buffer 2208. The image decoder 2200
includes an encoded sequence decoder 2201, an inverse-
guantization/inverse-transform module 2202, an adder
2203, a frame memory 2204, a predictor 2205, a motion
25 information memory 2206, and an available-block

acqguiring module 2207. In the image decoder 2200,

encoded data 30 from the storage system (not



52 illustrated) or the transm ssion system (not illustrated) is provided to
t he encoded sequence decoder 2201. For exanple, the encoded data 30
corresponds to the encoded data 14, which is 5Stransmtted fromthe image
encodi ng apparatus in FIG 1 while multiplexed. The i mage decodi ng
apparatus in FIG 22 decodes the encoded data 30 by selectively sw tching
bet ween the prediction nethod (the first peediction nethod) in 10which, as
illustrated in FIG 9A, the notion conpensation is performed using the

pi eces of reference notion information possessed by the blocks A and B
adj-acent to theldecadiawgd)argetthkl aclen¥mdsstibe reticen i(nbar mati on on the
decodi ng target block X and the 15prediction nethod (the second prediction
met hod) i n whi dh,ldstkeattdd264,s toheviolteidon oc aimpe rsabiden issgpenterned to the
decodi ng target block using one notion vector. In the present

enbodi nent, thelgsiodsr R20dk (ffor example, tthe codiodgdt degaurnidt, the
prediction unit, the 20nmacrobl ock, and one pixel) that is of a decoding
target is referaedasrasica tdedtdd Bgraegedaiiodk, ARicRagé frame i ncl udi ng
the decoding target block is referred to as a decoding tar%et frame. _In the

encoded Sequendd dEHderRIFE™ the d8CEE RGOS EPPEFAEY i nReddh f fane or

field by a Syntw%xile multiplexed.

The image decoding apparatus in FIG. 22 decodes
the encoded data 30 by selectively switching between
the prediction method (the first prediction method) in

10 which, as illustrated in ¥IG. 9A, the motion
compensation is performed using the pieces of reference
motion information possessed by the blocks A and B
adjacent to the decoding target block X as the mction
information on the decoding target block X and the

15 prediction method (the second prediction method) in
which, like H.264, the motion compensation is performed
to the decoding target block using one mection vector.

In the present embodiment, the pixel block (for
example, the coding tree unit, the prediction unit, the

20 macroblock, and one pixel) that is of a decoding target
is referred to as a decoding target block. An image
frame including the decoding target block is referred
to as a decoding target frame.

In the encoded sequence decoder 2201, the decoding

25 is performed in each frame or field by a syntax
analysis based on the syntax. Specifically, the

encoding sequence decoder 2201 sequentially periforms



anal ysis based on the syntax. Specifically, the encodi ng sequence decoder
2201 sequentially perfornms 53 variable | ength decodi ng of an encoded
sequence of each syntax, and decodes encodi ng paraneters related to the
decodi ng target block to obtain decoding paraneters. The decodi ng
paraneters include notion information 40, 5 prediction sw tching
information 62, selection block informati 84 61, a transform coefficient 33,
and the pieces of prediction information, such as the bl ock size
information and the prediction node information. In the present enbodi nent,
t he decodi ng pamanetdes 1&diondl ueeadiaat rdnshoemcodeft iseiqerncd3 ot kech

sel ection block information 61, and the prediction information, and the
decodi ng par anetyerts xi, néngdeleglodetshensadamst @eg anecessary lesedec6délPhe
information on the transformcoefficient, the information on the

quanti zation, &¥ECTErRe TRItKEL THOSH &d OPILEA T REGPRBIToR2TERE tPAfor mat i on
on the transform coefficient, and the Lnfqrnation,on t.he quanti zation are

provi ded as contfoldSRrorabitdr™PE %' the HQ@oﬂpﬁdo@oﬁpFS!W@Fl?§56p’The
decodlngécontrolIg&ﬁ%ﬁ%ﬁbgégékﬁgggéQEM%EC%%L%% §%Qt%%he%QL%%ogq%%kon 70,

whi ch i ncl udes H't sary 16 decodé’t he predi ction

i nformation, t %ﬁﬂ%ﬁ%&ﬁ %F%%U %a&%%%%%EF&?QQe%EQCHE%%’3@9 eagh +pRdul e of

t he i mage decoder 23 illustrates the detailed

encoded Sequengﬁe%égﬁQﬁﬂgﬁx%?ggkidﬁsﬂﬁﬂd%%%&%%%d st Al @s 23 Hhecgncoded
sequence decoder 2201 inéludés a separator 2301, a paraneter decoder 2302,
a transform coefifiCii@Ho rdRGAERS and the prediction mode information.
In the present embodiment, the decoding parameters
10 include the transform coefficient 33, the selection
block information 61, and the prediction information,
and the decoding parameters include all the parameters
necessary to decode the information on the transform
coefficient, the information on the quantization, and
15 the like. The prediction information, the information
on the transform coefficient, and the information on
the gquantization are provided as control information 71
to the decoding controller 2250. The decoding
controller 2250 provides the decoding control
20 information 70, which includes the parameters necessary
to decode the prediction information, the quantization
parameter, and the like, to each module of the image
decoder 2200.
FIG. 23 illustrates the detailed encoded sequence
25 decoder 2201. As illustrated in FIG. 23, the encoded
sequence decoder 2201 includes a separator 2301, a

parameter decoder 2302, a transform coefficient decoder



54 2303, a prediction switching information/selection block information
decoder 2304, and a notion information decoder 2305. The separator 2301
separates the encoded data 30 5in syntax units to generate encoded data 30A
including paraneters related to the block size and the quantization,
encoded data 30B including the transform coefficient information, encoded
data 300 including the prediction information and the sel ection bl ock

10i nformati on, and encoded data 30D including the notion informtion.
The- par anet er decoder 2302 decodes the encoded data 30A to obtain the

paraneters rel aged tq thedblegknskzerbnfarmabhirermandohheeguant bzati on. The
transform 15coeffici ent decoder 2303 decodes the encoded data 30B to obtain

the transform goethi ¢heBirarfionmabtene31230he phadachbencsw t ching
information/sel ection block informati on decoder 2304 decodes the encoded
data 300 to obtaifprinhe isel eetdoarrbbaok.i nformati on 61 and the 20prediction
swtching informati on 62. The prediction switching information/selection
bl ock i nformati on dé&tederr23G4are@8idvesccaraialtals ehel eckodrflodatti 6R 60
i ndi cating the nunmber of available blocks fromthe avail abl e bl ock
acqui ri n§ nodulie 2207ax units to generate encoded data 30A including
parameters related to the block size and the
guantization, encoded data 30B including the transform
coefficient information, encoded data 30C including the
prediction information and the selection block
10 information, and encoded data 30D including the motion
information.
The -parameter decoder 2302 decodes the encoded
data 30A to obtain the parameters related to the block
size information and the quantization. The transform
15 coefficient decoder 2303 decodes the encoded data 30B
to obtain the transform coefficient information 31.
The prediction switching information/selection block
information decoder 2304 decodes the encoded data 30C
to obtain the selection block information 61 and the
20 prediction switching information 62.
The prediction switching information/selection
block information decoder 2304 receives available block
information 60 indicating the number of available
blocks from the available block acquiring module 2207,
25 and decodes the selection block information 6l.using a

code table that is previously decided according to the

number of available blocks. However, in the case that



25 and decodes the selection block information 61 using a code table that
is previously decided according to the nunber of avail abl e bl ocks. However,
in the case that 55 the available block information 60 indicates that the
avai l abl e bl ock is not selected, it is not necessary for the prediction

swi tching information/sel ection block information decoder 2304 to decode

t he encoded 5data 300 including the predi gtion switching information 62 and
t he avail abl e bl ock information 60. The notion information decoder
2305 decodes the encoded data 30D to obtain the notion information 40. The

notion i nfor matihen -6eG6ader «230% cdkeqeirkematrnenl @pr eaide tia@ . sS Whia¢hithg
information 62 fromthe prediction switching information/selection block

i nformati on decedean a23@4 bland ref ews tse lthe opr, editCtiisonoswintchisg ry
information 62. In the case that the prediction switching information 62

i ndi cat es that fiohre tpreediretddrc ti®h0bwiin cRIGg 1 nfsematthenseedrd tpoedi cti on

nmet hod, nanely, in the case that the decoding target block is encoded by

t he second pr ediledkon mistined,1ont desonstr Redds $ar felcodet & epradiostsidon

swi tching information/sel ection block informtion decoder 2304 to , 20decode
t he encoged datt@t3030C inclutH@g tagsPeeicdern EWartChitftokrdOirgR L3P
decoded by the transform coefficient decoder. 2303 .is transmtted to the

i nver se- quant i 24t ifoW e PYtr&Rd o de 38652 190affus pi eces of

control The motion information decoder 2305 decodes the

encoded data 30D to obtain the motion information 40.
The motion information decoder 2305 receives the

10 prediction switching information 62 from the prediction
switching information/selection block information
decoder 2304, and refers to the prediction switching
information 62. In the case that the prediction
switching information 62 indicates that the predictor

15 101 in FIG. 1 uses the second prediction method,
namely, in the case that the decoding target block is
encoded by the second prediction method, it is not
necessary for the prediction switching
information/selection block information decoder 2304 to

20 decode the encoded data 30C.

The transform coefficient information 31 decoded
by the transform coefficient decoder 2303 1is
transmitted to the inverse-quantization/inverse-
transform module 2202. Various pieces of control

25 information (for example, a quantization parameter and
a quantization matrix) 71 on the quantization, which

are decoded by the parameter decoder 2302, are provided



25information (for exanple, a quantization paraneter and a quanti zation
matrix) 71 on the quantization, which are decoded by the paraneter decoder
2302, are provided 56 to the decoding controller 2250 and | oaded to the

i nverse-quanti zation/inverse-transform nodul e 2202 during the inverse
guanti zation. The inversequantization/inverse-transform nodul e 2202

i nversely quantizes the transform coeffici5ént i nformation 31 according to
the | oaded information on the quantization, and perforns the inverse
transform processing (for exanple, the inverse discrete cosine transform
to generate a peded idtcring n@diall 134 Ehenanverssed rransfrer m
processi ng perfornmed by the inverse-quantization/inverse-transform nodul e
2202 in FI G 22nvsem@e-Hguense acrhiansfiormaafe tthe risfanst oradyireo @299 ng
performed by the transform quantization nodule 103 in FIG 1. For exanple,
in the case thaturlifiche hendge eerseodivag tappdariatrus iTheFli@velrgser f orns t he
wavel et transform the inverse-quantization/inversetransform nodul e 2202
perfornms the i WSS Zidmri/Zavies s sartd ansd dmv arosie Wavel gt invarsiedym  The
prediction error signal 34 restored by the = , _

20i nver se- quant3FaRH G MEr SEACARTbIAATodA €202 femataimdhidtt ed to the

adder 2203. The aqggf 22%3 %%nena%ﬁfcﬁ,q%%ggﬁgékgﬁqglﬁh%gal 36 by adding

the prediction&TorBiQrdl BF M The i 3

quanti zation/i r(lqvernscel-ztarta_rg)snf’ora@dnoc{iequf%r%n%ozchaenqm%gé I dria%tS orimmalge si gnal

35 generated bylfhe predictor p
processing (for example, the inverse discrete cosine
transform) to generate a prediction error signal 34.

10 The inverse transform processing performed by the
inverse-quantization/inverse-transform module 2202 in
FIG. 22 is an inverse transform of the transform
processing performed by the transform/quantization
module 103 in FIG. 1. For example, in the case that

15 the image encoding apparatus in FIG. 1 performs the
wavelet transform, the inverse-quantization/inverse-
transform module 2202 perfofms the inverse quantization
and the inverse wavelet transform.

The prediction error signal 34 restored by the

20 inverse-quantization/inverse~transform module 2202 is
transmitted to the adder 2203. The adder 2203
generates a decoded image signal 36 by adding the
prediction error signal 34 from the inverse-
quantization/inverse-transform module 2202 and a

25 predicted image signal 35 generated by the predictor

2205. The generated decoded image signal 36 1s output

from the image decoder 2200, and tentatively stored in



2205. The generated decoded i nage signal 36 is output fromthe inage
decoder 2200, and tentatively stored in 57 -the output buffer 2208. Then
t he decoded i mage signal 36 is output at an output tim ng managed by the
decodi ng controller 2250. The decoded i mage signal 36 is also stored as a
reference imge signal 37 in the 5franme nmenory 2204. The reference inmge
signal 37 is properly read in each frame o7 field by the predictor 2205.
The avai |l abl e- bl ock acquiring nodul e 2207 recei ves reference notion
information 39 fromthe notion 10i nformati on nenory 2206, and out puts
avai | abl e bl ocknhientormati onr6@r Beoause Thike eper dkicodeal itmBge signal

avai |l abl e- bl ock acquiring nodule 2207 is identical to that of the

avai | abl e- bl ocksacguictitpgtnadulae B2 pishewming ReGagd ofy the first

enbodi ment, the description is 15omtted. The notion information
menory 2206 r eckicees naptcioon rioiflerng@lisen 38 hier aimcokie dpriediget i 92205 36and
tenporarily stores the notion information 38 as the reference notion

i nfor mati on 39.1sThé swotsiton eidhfasr matriedie respsr \iM2Q22066 98dr 89 t-he Théf er ence
motion information 39 in the same nmanner as the notion infor gion menory
108 in FPG 6AIrpHEt Megoryhe 296t ol NenfrEEREENGT AEREry Sz‘@@éllrgt

reference notion information 39 in frane units,. pi eces..of notion

nd. th S, . 0
i nf or mati on 38FﬁﬁpﬁﬁéY25&@@eéﬂyﬁﬁﬁfb&é@“5b§Fh5lFﬁgeDJni CaRd SPHE “SFedi cti on
2205.

aitfis t he

The available-block acquiring module 2207 receives
reference motion information 39 from the motion
10 information memory 2206, and outputs available block
information 60. Because the operation of the
available-block acquiring module 2207 is identical to
that of the available-block acquiring module 109 (shown
in FIG. lf of the first embodiment, the description is
15 omitted.

The motion information memory 2206 receives motion
information 38 from the predictor 2205, and temporarily
stores the motion information 38 as the reference
motion information 39. The motion information memory

20 2206 stores the reference motion information 39 in the
same manner as the motion information memory 108 in
FIG. 6A. That is, the motion information memory 2206
retains the reference motion information 39 in frame
units, and the pieces of motion information 38 on the

25 already-decoded coding tree unit and the prediction
unit are stored as the reference motion information 39

in the motion information memory 2206.



unit are stored as the reference notion information 39 in the notion
informati on nenory 2206. 58 The notion information nenory 2206 nmay
store the reference notion information 39 in the same manner as the notion
information menory 108 in FIG 6B. That is, only the reference notion
information 39 on the pixel 5block adjacent to the decoding target bl ock
may be retai ned. The notion referenge bl ock and the avail abl e bl ock
wi || be described below. The notion reference block is selected fromthe
10decodi ng target franme and the al ready-decoded block in the reference
frame according to trhe methes degodedthbynbakhotrlye 2boBgaagneadiragtappar at us
in FIG 1 and the inage decoding apparatus in FIG 22. In the present
enbodi nent, asrklfkushrat edtiipnFierofAattibe 8Pr eadyhelSdreodednblogk A t hat
is adjacent to the decoding target block X in the left direction and the
al r eady- decodedhbl ook iBnt hatfoirsaadpacertottg 1A€ dec&dizng6Bar géhabl ek X in
the upward direction are selected as the notion reference bl ocks fromthe:
al r eady- decodednblvotks offelenzedactdingindegaetipand Phxéhs ALHEAY b,
which are specified by the relative positions in FIG 9B fromthe
upper - | ePt pi xBLOFk B8Rd 2de8GditRg thar §8ECBILBEK L2bERENG P65t RBYbPBcks A and
B, respectively. That is, the block A includes the pixel a that is adjacent
to the 25 uppersfFéffepi-xel of the decoding target block in the Ieft

SLLg?E:gPE g?gefhng%%gﬁm%i%%c&%%%%e%g% %ﬁé%k %nhh%%ei%v%9hgg§gtbﬁgckhe
will be described below.
The motion reference block is selected from the

10 decoding .target frame and the already-decoded block in
the reference frame according to the method decided by
both the image encoding apparatus in FIG. 1 and the
image decoding apparatus in FIG. 22. 1In the.present
embodiment, as illustrated in FIG. 9A, the already-

15 decoded block A that is adjacent to the decoding target
block X in the left direction and the already-decoded
block B that is adjacent to the decoding target block X
in the upward direction are selected as the motion
reference blocks from the already-decoded blocks of the

20 decoding target frame. Pixels a and b, which are
specified by the relative positions in FIG. 9B from the
upper-left pixel in the decoding target block, belong
to the blocks A and B, respectively. That is, the
block A includes the pixel a that is adjacent to the

25 upper-left pixel of the decoding target block in the
left direction, and the block B includes the pixel Db

that is adjacent to the upper-left pixel of the



59 decoding target block in the upward direction. The nunber of
notion reference blocks is not limted to two in FIG 9A, and the nunber of
notion reference bl ocks nay be at |east three. For exanple, 5in addition to
the bl ocks A and B, the already-decoded adjacent blocks Cand Din FIG 9C
are used as the notion reference block. FIG 90 illustrates an exanpl e of
the relative positions of the pixels a, b5%9%, and d included in the bl ocks
A B, C and Din FIG 90 with 10respect to the upper-left pixel in the
decoding target block X. At this point, the decoding target block is
illustrated as dederd¥hy-ddpjetelbilackn He hipek dCdinelctdes..t he pixel ¢ in
the position that is shifted fromthe upper-left pixel in the decoding
target bl ock 15X by Theimelsd noft hetri ghtrafiameotdeom landk by sometpi xel in the
upward direction, and the block D includes the pixel d in the position that
i's shifted frorhithie apper -dvef tirpidel. i9R,t kercdededinvglear gét mMoitdok X by one
pixel in the left direction and by one pixel in the upward 20direction. In
the third enbodiafertenthd ocmplray rratdtcH adsd Bihaeles Afaid esamlrelfe 9A
are selected as the notion reference block is described.

avai | abl @ bl ockt &bt eted F rérd tHe Got |p0r?’}defBEr éfe aﬁlrc?é‘lijé’ﬂ‘?“tor?«?d
avai | abl e- bl ock iri %gs u (%ﬁ? %flable bI ck i ! bl ock to
whi ch t he |nterqaé§ﬁ gb 5ﬁjréF§?eﬁbetb ocks. In
the case of the Q§£§%QQ§ erence locI It%ﬂQ{ Q)lllustrates an example
of the relative positions of the pixels a, b, ¢, and d
included in the blocks A, B, C, and D in FIG. 9D with
10 respect to the upper-left pixel in the decoding target
block X. At this point, the decoding target block is
illustrated as the N-by-N-pixel block. The block C
includes the pixel ¢ in the position that is shifted
from the upper-left pixel in the decoding target block
15 X by N pixels in the right direction and by one pixel
in the upward direction, and the block D includes the
pixel d in the position that is shifted from the upper-
left pixel in the decoding target block X by one pixel
in the left direction and by one pixel in the upward
20 direction. In the third embodiment, the example in
which the blocks A and B in FIG. 9A are selected as the
motion reference block is described.
The available block is selected from the motion
reference blocks by the available-block acquiring
25 module 2207. The available block is a block to which
the inter prediction is applied in the motion reference

the existence of a plurality of

Fh

blocks. In the case o



notion reference blocks, to which the inter prediction is applied and which
have the sane notion information, one of the notion reference blocks is

sel ected as the avail able block. Therefore, in the case the plurality 5of
avai | abl e bl ocks are sel ected, the avail abl e bl ocks have different notion
vect ors. When sel ecting the avail able block fromthe notion reference
bl ocks, the avail abl e-bl ock acquiring nodebe 2207 outputs the avail able

bl ock information 60 10i ndi cating the sel ected avail abl e bl ock. For

exanple, as illustrated in FIG 9A in the case that the notion reference

bl ocks are the Jtacks rArardnBet Babcake adj asenh taet hatdecpdeagctavget

bl ock, the avail abl e-bl ock acquiring nodul e 2207 refers to the pieces of
15r ef er ence notiisorgpifiedmahidomnn3d@hohatvde thkoekseAmandoB tafdemetibne

whet her the bl ocks A and B are the avail abl e bl ocks, and the

avai | abl e- bl oclorecqufi rtiheg mondwhne r2Z@7caakpbt.sckhe iavakllablkedbbheckhe
information 60 indicating a determ nation result. 20An operation of the
predi ctor 2205 andillae ededeocikbed Thiettls fogker éncEheoCREE. tDg. P7urall%3
illustrated in FIG 24, the predictor 2205 includes a first ﬂ or 2401,
a second pred|éﬂb@?@@d@blén@1§cﬁﬁe@F€tﬁ@ﬁeﬁﬁﬁﬁodtgeléEFéﬁa?%FtE ©5483.
25The avai |l abl e bl ock |nfornat|on 60, the selection block information 61,

the reference MtiRLITESEREt I'Oh 198, Y85¢OtKe reference i mage signal 37 are

Input to the 61 When selecting the available block from the motion

reference blocks, the available-block acquiring module
2207 outputs the available block information 60

10 indicating the selected available block. For example,
as illustrated in FIG. 9A, in the case that the motion
reference blocks are the blocks A and B that are
adjacent to the decoding target block, the available-
block acquiring module 2207 refers to the pieces of

15 reference motion information 39 on the blocks A and B
to determine whether the blocks A and B are the
available blocks, and the available-block acquiring
module 2207 outputs the available block information 60
indicating a determination result.

20 An operation of the predictor 2205 will be
described with reference to FIG. 24.

As illustrated in FIG. 24, the predictor 2205

includes a first predictor 2401, a second predictor
2402, and a prediction method selector switch 24G3.

25 The available block information 60, the selection block
information 61, the reference motion information 39,

and the reference image signal 37 are input to the



first predictor 2401, and the first predictor 2401 generates a predicted

i mage signal 35A according to the first prediction nmethod. Using the
reference i nmage signal 37 and the notion information 40 fromthe 5encodi ng
sequence decoder 2201, the second predictor 2402 perforns the notion
conpensation prediction simlarly to the second predictor 1002 of the first
enbodi nent, and generates a predicted i mage signal 35B. Based on the
prediction switching information 62, the 10prediction nmethod sel ector
switch 2403 sel ects one of the predicted i mage signal 35A of the first

predi ctor 2401 mindd he griedicat ed diyagacsicgralf i35B foremitherseaond predi ct or
2402, and outputs the selected predicted i mage signal as the predicted

i mge signal 3merAtrathe BS reane diare,intzye motined i3dfRorratcrell ngeltecttbe
switch 2503 transmts the notion information, which is used by the sel ected
first predictorfiz40l poredsedamt pregdiost.-or U240, ths tried emsticen lmaler mat i on 38
to the notion informati on nenory 2206. 20As illustrated in FIG 25, the
first predictorsiza@l i3claadeshe mettion infeorration ¢ sy 2501 and a

noti on conpensat or 2504, and the npotion information sel ector 2501 includes
a not i on 3 nf or FESF6H & RIS SothAs 2562 Cdnd “& SmeSS S REGAEO5n

| ect it 503._ Basi cal | t.he first di ct 2401 .has th
Cont i gurat i on i BREGT b G AT IBATeear CLOOE Gh RO 1ot

enbodi nent. 62 . . The avail abl e bl ock i.nfar ion 60, .the .selection
MOckimonmﬂ%ﬁ%ﬁf%%%%e%ﬁ5%?%%@%%%%ﬁ%ﬁgﬁ%#%ihh%ﬁﬁ%

reference | maoe, g andlerd! Ay AR LA NE St RILdhelel 240L, ad the

first predictor 2401 opfpups the predicted image signal” 35 and the notion
i nformation 38.p:Ehey MRt itelR iJHLRIMRLIRN AGQWH1INRY MG 13202 dias thke same

function as the notion information acquiring nodule 1102 of the first
enbodi ment . Thairdd@.ctlite MAEHHAIY i Iomid Gviae@ui2idiorg selects one of
the predicted image signal 35A of the first predictor
2401 and the predicted image signal 35B from the second
predictor 2402, and outputs the selected predicted
image signal as the predicted image signal 35. At the
15 same time, the motion information selector switch 2503
transmits the motion information, which is used by the
selected first predictor 2401 or second predictor 2402,
as the motion information 38 to the motion information
memory 2206.
20 As illustrated in FIG. 25, the first predictor
2401 includes a motion information selector 2501 and a
motion compensator 2504, and the motion information
selector 2501 includes a motion information acquiring
module 2502 and a motion information selector switch
25 2503. Basically, the first predictor 2401 has the same

configuration and function as the first predictor 1001

of the first embodiment.



10nodul e 2502 outputs notion information 38A including the reference notion
information 39 on the notion reference block A and the avail abl e bl ock

i nformation 60 and notion information 38B including the reference notion
information 39 on the notion reference block B 15and t he avail abl e bl ock
information 60. As illustrated in FIG 9A, the notion reference block Ais
spatially adjacent to the encoding target sblock in the left direction and
the notion reference block B is spatially adjacent to the encoding target

bl ock in the upward 20direction. The notion information acquiring nodul e

2502 out puts as manyrid eges: Ofp motd 1t i nfrgrdmdd ibrass @vailalea ddwaaks. 1n
the third enbodi nent, because the two notion reference bl ocks are set as

illustrated i n FAldsk I fdheadiwn @ilecenofrgrairicancd nfcarimt iiont cama t2ADout put

at nost according to the two notion reference blocks. In the case that the
four notion refiEencel Hiocks Gareset iasdd |susirat J iareFliGpu@0,t o Ide 63
four pieces of notion information are output at nost according to the
nunber of avai lfabis Workisztor 2401Thengbtthen finfsor matddirrtoal €dt0dr swi t ch
2503 sel ects one of the pieces of notion informati on 38A and 538B accordi ng
to the sél ecti chitWek Ghf arpticdredimage signal 35 and the motion

information 38. The motion information acquiring
module 2502 has the same function as the motion
information acquiring module 1102 of the first
embodiment. That is, the motion information acquiring

10 module 2502 outputs motion information 382 including
the reference motion information 39 on the motion
reference block A and the available block information
60 and motion information 38R including the reference
motion information 39 on the motion reference block B

15 and the available block information 60. As illustrated
in FIG. 92, the motion reference block A is spatially
adjacent to the encoding target block in the left
direction and the motion reference block B is spatially
adjacent to the encoding target block in the upward

20 direction. The motion information acgquiring module
2502 outputs as many pieces of motion information as
available blocks. In the third embodiment, because the
two motion reference blocks are set as illustrated in
FIG. %A, the two pieces of motion information are

25 output at most according to the two motion reference
blocks. In the case that the four motion

reference blocks are set as illustrated in FIG. 9C, the



and transmts the selected notion information as the notion information 38
to the notion conpensator 1104. Using the notion information 38 and the

ref erence i mage signal 37, the notion conpensator 2504 perforns the 1l0sane
notion conpensation prediction as the notion conpensator 1104 to generate

t he predicted i mage signal 35A As illustrated in FIG 26, the second
predi ctor 2402 includes a notion conpensatgr 2601. Using the 15reference

i mge signal 37 and the notion information 40 obtained by the encoding
sequence decoder 2201, the npotion conpensator 2601 perforns the same notion

conpensati on preeirCtditeds dfhédlinoN rFIMeRs a0k rédQh i tFla@ md3tt 0
generate the predicted i mage signal 35B. 20According to the prediction
swi t chi ng i nf oramaidrer G2 t ot héephethbetd @f retiadbdel edibarksswi t ch 2403 in
FIG 24 selects one of the predicted i mage signal 35A of the first
predi ctor 2401 and tTes progdicst ech fiorage: isirgread 1 35 of rsomtidie dcond predi ct or
2402, and outputs 25the selected predicted inmage signal as the predicted
i mage signal 35elRedsproadi otf ciemptiieod ss glfe orodr oswilndle ragd3 cal S6Podnput s
the notion information, which is used_ 64 to obtain the selected predicted
i mge signal, a$B REamdiow itef Sheatsicd c38.0nTied ofdit iLe OTPSHPEt i%n 38 i s
transmtted to the notion information nmenory 2206. Because the oefration of
the predictor 2595 tiransmits the selected motion information as the
motion information 38 to the motion compensator 1104.
Using the motion information 38 and the reference image
signal 37, the motion compensator 2504 performs the
10 same motion compensation prediction as the motion
compensator 1104 to generate the predicted image signal
35A.
As illustrated in FIG. 26, the second predictor
2402 includes a motion compensator 2601. Using the
15 reference image signal 37 and the motion information 40
obtained by the encoding sequence decoder 2201, the
motion compensator 2601 performs the same motion
compensation prediction as the motion compensator 2504
in FIG. 25 to generate the predicted image signal 35B.
20 According to the prediction switching information
62, the prediction method selector switch 2403 in
FIG. 24 selects one of the predicted image signal 35A
of the first predictor 2401 and the predicted image
signal 35B from the second predictor 2402, and outputs
25 the selected predicted image signal as the predicted

image signal 35. The prediction method selector switch

2403 also outputs the motion information, which is used



S5identical to that of the predictor 101 of the first enbodinent in FIG 14,
"the description is omtted. However, in the description of the operation
of the predictor 2205, it is necessary to properly replace the encoding

wi th the decodi ng. 10A syntax used by the inmage decodi ng apparatus in FIG
22 will be described below. The syntax indicates a structure when the inmge
decodi ng apparatus decodes the noving i mage data. FIG 15 illustrates an
exanpl e of a syntax 1500 used by 15the i mage decodi ng apparatus in FIG 22.
The syntax 1500 includes three parts, nanely, a high-level syntax 1501, a

slice-level syntaxplaQ2, tardsaicedi-rgpireegchavelimsyet @x ghal3. athehe
hi gh-1 evel syntax 1501 includes syntax information on the |ayer higher

20t han the slie®tiBhe isifiosmafeans 3ghe meet adgubar ihggiraatabnt B€ d¢ent i nuous
region, which is included in the frame or the field. The slice-level syntax
1502 i ncl udes itfaorsittiten necessamyttiondeaddeneadhns meoer yTRE0E6 .
codi ng-tree-1evel syntax 1503 includes information 25necessary to decode
each coding tree unifecdEaeh tofe tdpe nearitos jafcltide » refve dagrt &0 Sdétsai | ed
syntax. The high-level syntax 1501 i ncl udes
5 identical to that of the predictor 101 of the first
embodiment in FIG. 14, the description is omitted.
However, in the description of the operation of the
predictor 2205, it is necessary to properly replace the
encoding with the decoding.
10 A syntax used by the image decoding apparatus in
FIG. 22 will be described below.
The syntax indicates a structure when the image
decoding apparatus decodes the moving image data.
FIG. 15 illustrates an example of a syntax 1500 used by
15 the image decoding apparatus in FIG. 22.
The syntax 1500 includes three parts, namely, a
high-level syntax 1501, a slice-level syntax 1502, and
a coding-tree-level syntax 1503. The high-level syntax
1501 includes syntax information on the layer higher
20 than the slice. The slice means the rectangular region
or the continuous region, which is included in the
frame or the field. The slice-level syntax 1502
includes information necessary to decode each slice.
The coding-tree-level syntax 1503 includes information
25 necessary to decode each coding tree unit. Each of the

parts includes the further detailed syntax.

The high-level syntax 1501 includes



65 sequence-| evel and picture-level syntaxes, such as a

sequence- paraneter-set syntax 1504 and a pictureparaneter-set syntax 1505.
The slice-level syntax 1502 includes a slice header syntax 1506 and a slice
data 5syntax 1507. The coding-tree-level syntax 1503 includes a
coding-tree-unit syntax 1508 and a prediction-unit syntax 1509. The

codi ng-tree-unit syntax 1508 can have theecguadtree structure. Specifically,
the coding-tree-unit 10syntax 1508 can recursively be called as the syntax
el enent of the coding-tree-unit syntax 1508. That is, one coding tree unit
can be segnent edqhbyntthe 1gwadt e, oihe weedilkgelr egnttaixkssysuax 42508 i ncl udes
a transformunit syntax 1510 and the prediction-unit syntax 1509. 15The

pi eces of i nfosraticorcopatiaamdinversee cryhhagonalo 4t ranskopicandethe
quantization are described in the transformunit syntax 1510, and the

t ransf or m uni t psyatmexel5Eeti syralaxed 505 .eaGhecediing-tledeluniynteyniiak21508
at the tail end of the quadtree. 20FIG 16 illustrates an _exanple of the
sequence- par arBCaidsst asyritime D504est stvhéapr éS€/t aafbadiseRe. IFké i nter
nmerge flag in FIG 16 is _the syntax el ement indicatin% whet her the first
predi ctian met Y@tEE R pr edet OBEFRERE TILEVE SYTTA* ReOSequence. In

the 25case that the inter nerge fla% is.set to O, %%g inter nmerge flag
i ndi cat es t hat it eSsf FREGIETER TR HGd SYS v a8 PR% Re slice. In this

case, only theprediction—-unit syntax 1509.

The coding-tree-unit syntax 1508 can have the

guadtree structure. Specifically, the coding-tree-unit
10 syntax 1508 can recursively be called as the syntax
element of the coding-tree-unit syntax 1508. That 1is,

one coding tree unit can be segmented by the quadtree.
The coding-tree—-unit syntax 1508 includes a transform-
unit syntax 1510 and the prediction-unit syntax :509.

15 The pieces of information on the inverse orthogonal
transform and the quantization are described in the
transform-unit syntax 1510, and the transform-unit
syntax 1510 is called in each coding-tree-unit syntax
1508 at the tail end of the gquadtree.

20 FIG. 16 illustrates an example of the sequence-
parameter-set syntax 1504 of the present embodiment.
The inter merge flag in FIG. 16 is the syntax element
indicating whether the first prediction method of the
present embodiment is valid in the sequence. In the

25 case that the inter merge flag is set to 0, the
inter merge flag indicates that the first prediction

method is invalid in the slice. In this case, only the



66 second prediction nethod becones valid. Accordingly, it is not necessary
to decode the follow ng nerge flag and nerge left flag. For exanple, in the
case that the inter merge flag is set to 1, the first prediction 5method of
t he present enbodinment is valid in the whole region of the slice. As
illustrated in FIG 17, the inter_nerge_flag may be included in the slice
header syntax 1506. In this case, the int& nerge flag is the syntax
el enent 10i ndi cating whether the first prediction method is valid in the
slice. FIG 18 illustrates an exanple of the coding-treeunit syntax
1508. A split_gedbng_gnetittagni neth&d d8chbmesheallag imdicadimgl whet her
the coding tree unit 1s 15divided into four. In the case that the
split_coding ubttifl agti aesetstoyltot hecspei theolohbowing Mméage i hthEat es
that the coding tree unit is divided into four. In this case, the syntax of
the codi ng treendninerghateis 6btai nefobyedirupde ngin hehooedek nghat e @ini t
into four is recursively called. Paraneters x0, x|, yOQ and yl in FIG 18
are used to indhtaremekeepbspgi bAsseE Fhelf obPedf v dedEdd Ayt ®Tee units,
and the solitCodingUnitSize indicates the, size of each of thg four . di vi ded
codi ng tPee unfeshodsph the Bas&SPRhaf™PREIEAITt LRotifhyCuhit “#Fad Pt set to
0, the split codin% uni t Llag indi cates that the coding tree unit is not
?hgf the 51

di vided into f&GFL ice.

' As illustrated in FIG. 17, the inter merge_flag
may be included in the slice header syntax 1506. 1In
this case, the inter merge flag is the syntax element

10 indicating whether the first prediction method is valid
in the slice.
FIG. 18 illustrates an example of the coding-tree-
unit syntax 1508. A split coding unit flag in FIG. 18
is the flag indicating whether the coding tree unit is
15 divided into four. In the case that the
split coding unit flag is set to 1, the
split coding unit flag indicates that the coding tree
unit is divided into four. In this case, the syntax of
the coding tree unit that is obtained by dividing the
20 coding tree unit into four is recursively called.
Parameters x0, x1, y0, and yl in FIG. 18 are usec to’
indicate the positions of the four divided coding tree
units, and the splitCodingUnitSize indicates the size

of each of the four divided coding tree units.

t

25 In the case that the split coding unit_ flag is se
to 0, the split coding unit flag indicates that the

coding tree unit is not divided into four. The



67 NumMer geCandi dates indi cates the nunber of avail able blocks that are
derived in FIG 14. In the case that the avail able bl ock exists (that is,
NumiVer geCandi dates > 0), the nerge _flag indicating the 5prediction
switching information 62 is decoded. In the case that the nerge flag is set
to 1, the nerge flag indicates that the first prediction nethod is used. In
the case that the nerge flag is set to O, gtthe nerge_flag indicates that the
second prediction nmethod 10is used. In the case that the nmerge flag is set
to 1 (true) while the two avail abl e bl ocks exist (that is,

NumMer geCandi daf &ex Joca id i@ Y08 dffda fdag Heh@luno® r0h t e ag8la@gki on bl ock
information 61 indicating which one of the notion reference blocks A and B

is used as the ghbselLaiion MOk disydecededc. |l nat.he 1gaseet hatset he
nerge _flag is set to O, because the second prediction nmethod is used, the

predi cti on-uni tcisyintiae isvLdldad o dacedd dte (phedi dtsi,on i nformati on (such
as the notion information 38) in the coding tree unit. 20ln the case that
t he nmerge_fl| ag Nsnsetgd@arididdtdss >ndl) ,nedes swmget d ldge ddel ipartamet éhs (such
as the nmotion information 38 and the prediction unit division information)
rel ated tSo the mprastfiation wi tdie nepdinfg amedd o2, iB5As codedst r dtedhien FI G

19, the nerge_flag and the .
case that the merge flag is set to 1, the merge_flag

indicates that the first prediction method is used. In
the case that the merge flag is set to 0, the
merge flag indicates that the second prediction method

10 is used. In the case that the merge flag is set to 1
(true) while the two available blocks exist (that 1is,
NumMergeCandidates > 1), the merge left flag that is of
the selection block information 61 indicating which one
of the motion reference blocks A and B is used as the

15 selection block is decoded. 1In the case that the
merge flag is set to 0, because the second prediction
method is used, the prediction-unit syntax is called to
decode the prediction information (such as the motion
information 38) in the coding tree unit.

20 In the case that the merge flag is set to 1, it is
not necessary to decode parameters (such as the motion
information 38 and the prediction unit division
information) related to the prediction in the coding
tree unit.

25 As illustrated in FIG. 19, the merge flag and the
merge left flag may be included in the prediction unit

syntax. In this case, the merge flag and the



nmerge_left _flag my be included in the prediction unit syntax. In this
case, the nerge flag and the 68 nerge |left flag have the sanme neani ngs as
the nerge flag and nerge left flag in FIG 18. As illustrated in FIG
9C, in the case that the three or nore notion reference bl ocks and at | east
5t hree avail abl e bl ocks exist, the selection block information (nerge_|left
flag) may be not the flag but informationsgncluding a plurality of synbols.
Whet her the first prediction method is valid nay be switched according to
the size of the coding tree 10unit (decoding target block). FIG 20

illustrates anpexagpheref rihg eadngntr eemsynkaxihhswakchnwhet her the first
prediction nmethodis valid is switched according to the size of the coding

tree unit. Them@&@@ejaégibaa|ms$béeﬂkfknfEb@.iBOFEG.tme.funCtion t hat 15
outputs validity/invalidity of the first prediction nethod in each size
(the curr Codi ngUni t Siszd)l 1afs tirhe cendadifig .t &Cgetinblkbek capamehyf wbde
encodi ng information indicating whether the prediction swtching
i nformati on (théreer ge_fibag) mios iencodédraccer Hiingkeoandt he spaétof the
encodi ng target block. In the case that the nerge_avail abl e_size() is set
to 1, thé firsthpeediedriidnbhet hdacks ¢&isd, ORSt RBLBEREPNHAREACKI n the case
that the nerge_avail able_size() is set to O, the first ?BedLitiOB gethod i's
invalid, and oniyotHé tdeBoriderspr 4Gt ifoRIMelREdPFSPAI F8S FhePhPEtcase, it
i s not :
information including a plurality of symbols.
Whether the first prediction method is valid may
be switched according to the size of the coding tree
10 unit (decoding target block). FIG. 20 illustrates an
example of the coding tree syntax in which whether the
first prediction method is valid is switched according
to the size of the coding tree unit. The
merge available size() in FIG. 20 is the function that
15 outputs validity/invalidity of the first prediction
method in each size (the currCodingUnitSize) of the
encoding target block, namely, mode encoding
information indicating whether the prediction switching
information (the merge flag) is encoded according to
20 the size of the encoding target block. 1In the case
that the merge available size() is set to 1, the first
prediction method is valid. On the other hand, in the
case that the merge available size() is set to 0, the
first prediction method is invalid, and only the second
25 prediction method is valid. 1In this case, it is not

necessary to decode the merge flag and the

merge left flag. The switching information in the



necessary to decode the nerge flag and the nerge_left_flag. The sw tching
information in the 69 nerge _available_size() may previously be decoded by
t he sequence-paraneter-set syntax, the picture-paraneterset syntax, and the
slice header syntax. The sane switching information as the |ater-described
decodi ng 5apparatus may be retained. In another enbodi nent, the

NumVer geCandi dates in FIG 18 nay always be set to O instead of setting the
nerge avail able size() to O. When the coding tree syntax in FIG 20
is used, the first prediction nethod can be invalidated in the 10 codi ng

tree unit havi g jhae ;sREGILH1e %ﬁ%%4>aagytP§e99easavvgetdeéoae@ pyedhetion

switching information and the selection™b

ock informati on can be reduced.

As described abeveenihejarage tdecedicngyapparatus pfictheetphrdmenbedi ment
decodes the image that is 15encoded by the image encodi ng apparatus of the
first enbodi merlet AgeantiNghny, thile siliagehdededi sgnappar arus ehmehe third
enbodi nent can reproduce a high-quality decoded image froma relatively
smal | anmount ofswencoded datfarn2@@iboueth tBrbodicpentlescribed Amcbdage

decodi ng apparatus according to a fourth enbodi nent wll

be descri bed

bel ow. The | nagerdeesdisngeappar aetsiotdt he Ihoarrhherbeabreanenss &he
configuration simlar to that of the third enbodinent in FIG 22. A
25conponent andlUAMesSECanicasa tRsi ¢R A6 - dilff BREnB LFABM PRos&toFCt e third
enbodi nent, are nainby described in the fourth%?gggdinentk)lgot%e third

enbodi ment thénstea of setting the merge ava

e size

When the coding tree syntax in FIG. 20 is used,

the first prediction method can be invalidated in the

10 coding tree unit having the specific size,

and the code

amount of the prediction switching information and the

selection block information can be reduced.

As described above, the image decoding apparatus

of the third embodiment decodes the image that is

15 encoded by the image encoding apparatus of the first

embodiment. Accordingly, the image decoding apparatus

of the third embodiment can reproduce a high-quality

decoded image from a relatively small amount of encoded

data.

Z20 (Fourth Embodiment)

An image decoding apparatus according to a fourth

embodiment will be described below. The image decoding

apparatus of the fourth embodiment has a configuration

similar to that of the third embodiment in FIG. 22. A

25 component and an operation, which are different from

those of the third embodiment, are mainly described in

the fourth embodiment. In the third embodiment, the



70 first prediction nethod is.applied to the coding tree unit of the
decoding target. On the other hand, in the fourth enbodi nent, the first

prediction nmethod is applied to the prediction unit of the decoding target.
5The block X in FIG 9A corresponds to the prediction unit of the decoding
target, and the blocks A and B correspond to the notion reference bl ocks.

Additionally, for the avail abl e bl ock and7the sel ecti on bl ock,

tree unit nay be replaced with a 10prediction unit in the description
related to the first prediction nmethod of the third enbodi nent.

21 illustrates @Anexypla @ficd pleedibet 1eNaWilt esly Rbax ht508dahdt heekour t h
An NumPuParts(inter_partitioning_idc)
that defines thg infetdrod Heoldediodidign@ atri@ tpr edinCtcihen otthictr. hSpeGi fincahky, the
i ndi cates the nunber of prediction units
i nt o whi ch t he flpredirctdn@odinienti,s ttievifded tap rieldivstioat e thowdFiGS. 5A to 51

The 20NunPuParts is 2 in the exanple in FIG 5B, and the NunPuParts is 4 in

enbodi nent .

NunPuParts(inter_partitioning_idc)

t he exanpl e i n agipG.iesD.tcThéney ariealdlod lion mnEitGo2 1 hies daoidndex tefr gelve

di vided prediction unit.

and t he

10

20

25

unit of the decoding target, and the blocks A and B
correspond to the motion reference blocks.
Additionally, for the available block and the selection
block, the coding tree unit may be replaced with a
predictioh unit in the description related to the first
prediction method of the third embodiment.

FIG. 21 illustrates an example of a prediction-
unit syntax 1509 of the fourth embodiment. An
NumPuParts (inter partitioning idc) in FIG. 21 is the
index that defines the method for dividing the
prediction unit. Specifically, the
NumPuParts(inter partitioning idc) indicates the number
of prediction units into which the prediction unit is
divided as illustrated in FIGS. 5A to 5I. The
NumPuParts is 2 in the example in FIG. 5B, and the
NumPuParts is 4 in the example in FIG. 5D. The
variable i in FIG. 21 is an index of the divided
prediction unit. The NumMergeCandidates in FIG. 21
indicates the number of available blocks in the
prediction unit i. The merge flag[i] and the
merge left flag[i] in FIG. 21 indicate the prediction

switching information and the selection block

t he codi ng

in FIG 21 is the 15i ndex

The NumMer geCandidates in FIG 21 indicates the
nunber of5 avai ITals @lsicdeks iim flife 2Bpcadiresipendgnite itheThaefBrge o ag[ i ]



merge_left flag[i] in FIG 21 indicate the prediction switching information
and the selection block 71 information in the prediction unit i,
respectively. The nethods for deriving the nmerge flag[i] and the
nmerge left flag[i] are identical to those of the third enbodi nent. 5As
descri bed above, the sanme effect as the third enbodi nent can be obtained in
t he i mage decodi ng apparatus of the fourthlenbodi nent in which the first
prediction nmethod is applied to the -prediction unit. Mdifications of the
enbodi nents will be described 10bel ow. In the first to fourth

enbodi nent's, as nifldriastriatned nl Rkl Grediichy owayinet exampls@ecthecfirane is
divided into the rectangul ar bl ocks, such as the coding tree unit, and the
encodi ng and t lMéedeeadtiong dve sequerticalthy heperf dieed iflr amdt hdeupper - | ef t
bl ock on the screen toward the | ower-right block. However, the encoding
order and the decodi Agfar dérgdrid mote llidenteédatio tohahbisestoft ¢ hfoghtild

enbodi nents. For exanple, the encoding and the decodi ng may sequentially be
performed fromateddoleower -ri ght bl ock toward the upper-left block, or the
encodi ng _and the decodi ng naxx;firally be perforned fromthe center of the

screen toward the scrediFSidPeA t&avati V1S Safe Sdicsdi i¢ dM¢ theTdecodi ng

may sequentially be perfornmed fromthe upper-right bl ock 25toward the
| ower-left bl oHPGHTERE &7Codich§P4Rd "efe dethGi nGR8y 5Py be

performed fromthe sengen £nd . ¢ d i R reenteh O it %28 880 £irse

prediction method is applied to the prediction unit.
Modifications of the embodiments will be described
10 below.

In the first to fourth embodiments, as illustrated
in FIG. 4, by way of example, the frame is divided into
the rectangular blocks, such as the coding tree unit,
and the encoding and the decoding are sequentially

15 performed from the upper-left block on the screen
toward the lower-right block. However, the encoding
order and the decoding order are not limited to the
first to fourth embodiments. For example, the encoding
and the decoding may sequentially be performed from the

20 lower-right block toward the upper-left block, or the
encoding and the decoding may spirally be performed
from the center of the screen toward the screen end.

lternatively, the encoding and the decoding may
sequentially be performed from the upper-right block

25 toward the lower-left block, or the encoding and the
decoding may spirally be performed from the screen end

toward the center of the screen.



72 In the first to fourth enbodinents, it is not necessary to unify
all the block sizes in one coding tree unit, and different block sizes may
be m xed. In the case that different block sizes are m xed in one 5coding
tree unit, the code anpbunt necessary to encode or decode the division
information also increases with an increased nunber of divisions.
Therefore, desirably the block size is sefected in consideration of a

bal ance between the code anmount of the division 10information and the
quality of the locally-decoded i nage or the decoded i nmage. In the

first to fourth enmbedi pgat s Lor cbheosaks ehpeanyentencer thenbun nance
signal and the color- difference signal are not distinguished from each

150t her, but thecegkarystgnahigonponenheisldescribed in detatbdifgwever, in
the case that the | um hance signal differs fromthe color-difference signa
in the predicttosepnacessing, daffedenti babckr sdzébenent bpredkedi onImet hod
may be adopted. In the case that the 20 different prediction nmethods are
used in the | unhaaneeesitynal dandethetcblockdsfiterence sigadl int hee

predi ction nmethod selected for the color-difference signal can be encoded
and decoBled bycpHénsamreerethéd asheheofaninanee srgARAFAT25FA ERECHPrst to

fourth enbodi nents, for the sake of conveni ence, the | um nance signal and
the col or-di f f BFeABECSPgRBE SA8LAGPNJLBEPARALSRBISFFBM REERESES WiLh

an increased number of divisions. Therefore, desirably
the block size is selected in consideration of a
balance between the code amount of the division

10 information and the quality of the locally-deccded
image or the decoded image.

In the first to fourth embodiments, for the sake
of convenience, the luminance signal and the color-
difference signal are not distinguished from each

15 other, but the color signal component is described in
detail. However, in the case that the luminance signal
differs from the color-difference signal in the
prediction processing, an identical or different
prediction method may be adopted. In the case that the

20 different prediction methods are used in the luminance
signal and the color-difference signal, the prediction
method selected for the color-difference signal can be
encoded and decoded by the same method as the luminance
signal.

25 In the first to fourth embodiments, for the sake
of convenience, the luminance signal and the color-

difference signal are not distinguished from each .



73 other, but the color signal conmponent is described in detail. However,
in the case that the |um nance signal differs fromthe col or-difference
signal in the orthogonal transform processing, an identical 5orthogonal
transform net hod nay be adopted or a different orthogonal transform nethods
may be adopted. In the case that different orthogonal transform nethods are
adopted in the lum nance signal and the coior-difference signal, the

ort hogonal transform nethod 10sel ected for the color-difference signal can
be encoded and decoded by the sane nethod as the | um nance signal. In the

first to fourth.gabodiientfe 8o8¥At 8XgBhENMBBLpbAAAL i S5 N@ésdefbagdiherein
can be inserted in a line space of the table indicated in the syntax

15configurati ogetand. a degevkpti 0f tRkatedet ehanotherleanditconal ghaanchi ng
may be included. Alternatively, the syntax table may be divided and
integrated i ntgiarpkerakbhytht tabbesdikfersnnetsaymaysimecessary to use an
identical term and the termmay be arbitrarily 20changed according to an
appl i cati on nodethogonal Asade$orinbpdoabevéngi nanhedéntseato fourth

enbodi ments, a high-efficiency orthogonal transform and inverse orthogonal
transform are prphegeneédtwanbéornendthpicibryyPRsadeBte@dor n@t he har dware
mounting and the 25software nmounting. According to the first to fourth
enbodi nent s, tﬁéféﬁééﬁFn@réhpgépéﬁcgr?§5¢ﬁﬁWoW§H?O§ﬁdm?HeP%f6?89Fﬁ :

j ive i | i's_ inproved.
subjective nagg ggg cgge %hagpdgf%grent orthogonal transform methods

are adopted in the luminance signal and the color-
difference signal, the orthogonal transform method

10 selected for the color-difference signal can be encoded
and decoded by the same method as the luminance signal.

In the first to fourth embodiments, a syntax
element that is not defined herein can be inserted in a
line space of the table indicated in the syntax

15 configuration, and a description related to another
conditional branching may be included. Alternatively,
the syntax table may be divided and integrated into a
plurality of tables. It is not always necessary to use
an identical term, and the term may be arbitrarily

20 changed according to an application mode.

As described above, in the first to fourth
embodiments, a high-efficiency orthogonal transform and
inverse orthogonal transform are implemented while the
difficulty is reduced in the hardware mounting and the

25 software mounting. According to the first to fourth
embodiments, the encoding efficiency is improved, and

therefore the subjective image quality is improved.



74 VWil e certain enbodi nents have been described, these enbodi nents
have been presented by way of exanple only, and are not intended to limt
the scope of the inventions. |Indeed, the novel enbodinments descri bed
S5herein may be enbodied in a variety of other forms; furthernore, various
om ssions, substitutions and changes in the formof the enbodi nents

descri bed herein may be nmade wi thout depayiing fromthe spirit of the

i nventions. The acconpanying clains and their 10equivalents are intended to
cover such forms or nodifications as would fall within the scope and spirit

of the inventions. ypjje EQ%a8%2BRLEAiRRECURAMPBELAT AEBEriBEapi eces of
processi ng of each enbodi nent can be provi ded while 15being stored in a

conput er - r eadabhe st @rage iMedk UnhaGenBUkar preadabke 5 okageo fredkampldavi ng
any storage format, such as a magnetic disﬁ, an optical disk (for exanple,

a CD-ROM a CDoR1vandna BYB) noa mageetiedopbi tahidi ske(fovpexafiptiee an MO,
and a sem conduct or 20nenory, may be used as | ong as the program can be
stored in a conpukerioeadabliedstdr agaenedivain embodim@hes pdegecanppar f or mi ng
t he pi eces of processing of each enbodi nent may be stored in a conputer
(server)5connetkee ino ma yngewemkodsadhiasat eriater aét othad 28dBwhl oaded to

a conputer (client) through the network. o _ i
furthermore, various omissions, substitutions and

changes in the form of the embodiments described herein
may be made without departing from the spirit of the
inventions. The accompanying claims and their
10 equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit
of the inventions.
For example, a program performing the pieces of
processing of each embodiment can be provided while
15 being stored in a computer-readable storage medium.
Computer-readable storage mediums having any storage
format, such as a magnetic disk, an optical disk (for
example, a CD-ROM, a CD-R, and a DVD), a magneto-
optical disk (for example, an MO), and a semiconductor
20 memory, may be used as long as the program can be
stored in a computer-readable storage medium.
The program performing the pieces of processing of
each embodiment may be stored in a computer (server)
connected to a network, such as the Internet, and

25 downloaded to a computer {(client) through the network.



75 CLAI V5 1. An inmage encoding nethod characterized by conprising: a
first step of selecting a notion reference bl ock 5from an al ready-encoded
pi xel block to which an inter prediction is applied, the notion reference
bl ocks including a first notion reference block that is spatially adjacent
to an encoding target block in an upward direction and a second notion
reference block 10that is spatially adjacept to the encodi ng target bl ock
inaleft direction; a second step of selecting one or nore avail able
bl ocks fromthe notion reference block, the avail abl e bl ocks each i ncl udi ng
a candi date of notion information 15appliged tw 4 he encodi ng target bl ock
and different notion information; a third step of selecting a

sel ection bl ock from thexraviald @bl DGk method charactefraurichbst ep of
generating a predicted i mage of 20the encodi ng target bl ock using notion

i nformati on of ddwrsiediect:i on bl ock; a fifth step of encoding a prediction
srror a first step of selecting a motion reference block
5 from an already-encoded pixel block to which an inter
prediction is applied, the motion reference blocks
including a first motion reference block that is
spatially adjacent to an encoding target block in an
upward direction and a second motion reference block
10 that is spatially adjacent to the encoding target block
in a left direction;

a second step of selecting one or more available
blocks from the motion réference block, the available
blocks each including a candidate of motion information

15 applied to the encoding target block and different
motion information;

a third step of selecting a selection block from
the available blocks;

a fourth step of generating a predicted image of

20 the encoding target block using motion information of
the selection block;

a fifth step of encoding a prediction error
between the predicted image and an original image; and

a sixth step of encoding selection information

25 specifying the selection block by referring to a code
table decided according to a number of the available

blocks.



bet ween the predicted i mage and an original imge; and a sixth step of
encodi ng sel ection informati on 25specifying the sel ection bl ock by
referring to a code table decided according to a nunber of the available
bl ocks. 76 2. The image encodi ng nmet hod according to claim1,
characterized by further conprising a seventh step of encodi ng prediction
switching information indicating whether The predicted inage is generated
by notion conpensation prediction in which the notion information of the
avai | abl e bl ock is used, wherein t he seventh step conpri sing

det er mi ni ng whet her 2t.he TpreedimeigieoRnswidiebi ng thpHornabirdingstencoded,
according to a size of the encoding target bl ock. 3. An inmage
decodi ng net hodleHhar a¢t ehiazedtbyicedpbiysifngther comprisisg stepvehth
selecting a notion reference block froman al ready-decoded pixel block to
whi ch an i nt er speediodt koroidd ngpplreddctihe mwtiohinef énéacwabliotk i ncl udi ng
a first notion reference block that is spatially adjacent to an decoding
target block inAngdcapiagd wdietrdeti heandcdiseedndmagei 6 Pererahee BYock
that is spatially adjacent to the decoding target block in a |eft

di recti oR; motg Ode CORBCSEEH 16F BEPELEIAGoRnE BRLABr eN&VEPFABIe bl ocks

fromthe notion reference block, the. v%'la e bl ocks egch including a
candi date of natifOF APt & eaﬁﬁ??i& ?8 h8“GedddPRg taVé%FV%Pock and

different notion informtion; a_thir t f l.ect| el ection
bl ock from the avai l® ﬁ(?ﬁﬁ%€§§éft§pfgﬁp ﬁlgggé ggtgéﬁégé gngﬂgtgsgdicted

i mage of 77 the decadiing;t.ar gt Rhegk YsirBImIRE LAN;ENEQERBELON of the
sel ection bl ock;
according to a size of the encoding target block.

10 3. An image decoding method characterized by
comprising:

a first step of selecting a motion reference block
from an already-decoded pixel block to which an inter
prediction is applied, the motion reference block

15 including a first motion reference block that 1is
spatially adjacent to an decoding target block in an
upward direction and a second motion reference block
that is spatially adjacent to the decoding target block
in a left direction;

20 a second step of selecting one or more available
blocks from the motion reference block, the available
biocks each including a candidate of motion information
applied to the decoding target block and different
motion information; |

25 a third step of selecting a selection block from
the available blocks;

a fourth step of generating a predicted image of



a fifth step of decoding a prediction error between the predicted i nage and
an original inmage; and 5a sixth step of decoding selection information
speci fying the selection block by referring to a code tabl e decided
according to a nunber of the avail able blocks. 4. The inage decodi ng net hod
according to 10claim 3, characterized by further conprising a seventh step
of decoding prediction swtching informatiVen indicating whether the
predicted inmage i s generated by notion conpensation prediction in which the
nmotion informati on of the avail able block is used, wherein 15the seventh
conpri si ng det ehm nisagditnet harothe bpred csion switiohi ngfiomhatiahi ol i s
encoded, according to a size of the decoding target bl ock.
the selection block;
a fifth step of decoding a prediction error
between the predicted image and an original image; and
5 a sixth step of decoding selection information
specifying the selection block by referring to a code
table decided according to a number of the available
blocks.
4. The image decoding method according to
10 claim 3, characterized by further comprising a seventh
step of decoding prediction switching information
indicating whether the predicted image is generated by
motion compensation prediction in which the motion
information of the available block is used, wherein
15 the seventh comprising determining whether the

prediction switching information is encoded, according

to a size of the decoding target block.



