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1 *159159* DESCRI PT1 ON METHOD AND APPARATUS
FOR ENCODI NG AND DECODI NG | MAGE 5 Technical Field The
present invention relates to a nethod and apparatus

for encoding and decoding a noving or a still inmage.
Background Art 10 In recent years, an inmage enchMMMMWMI
nmet hod the encoding efficiency of which is
considerably inproved is reconmended as | TU-T 159150+
Rec. H 264 and |1 SO | EC 14496-10 (to be referred to as

H. 264 hereinafter) in cooperation wth ITU T and

SO EC. In an encodi ng BchefeRstch &sl118 ¥sQ | EC
MPEG 1, 2, and 4, ITU T H 261, and H 263, intra-franme
prediction in a frequency region (DCT coefficient)

after orthogo tr f tian i r

Feduce M 0080 SRR o FaRe FO RISy MG OR I THRCE
In contrast to this, directional 20 prediction (see

Greg Conklin, "New Intra Prediction Mdes", ITUT

Q 6/ SG16 VCEG, VCEG N54, oeptnicQ01yiksq enployed to
realize prediction efficiency higher than that of
intra-franmengregdeeéhonihied SGbh B MPEE 15022 mtithdd 26d

In an H 264 high profile, intra-frame prediction
schengespoafatis efot ypesodrey reyll deding a Inww irancer a still
signal, one of themcan be selected in a nacrobl ock
X1112qadddal bl rl ~~~~~ ['1~ *rnnnmnt
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Background Art

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

in an H. 264 high profile, intra-frame prediction
schemes of three types are regulated to a luminance

signal, one of them can be selected in a macroblock

T

*GONNNT*




2 (16x16 pixelblock). The intra-franme prediction
schenmes of the three types are called 4x4 pixe
prediction, 8x8 pixel prediction, and 16x16 pixe
prediction, respectively. 5 1In the 16x16 pixe
prediction, four prediction nodes called vertica

predi ction, horizontal prediction, DC prediction, and
pl ane prediction are regulated.?ln the four

predi cti on nodes, of a local decoding signal obtained
before a deblocking filter is 10 applied, a pixel
vaIue(b$xh6nﬁé¥%bbg%kkhrouﬁ@ea?“ﬁ%%?%b@%%kp¥%ﬂ%ﬁ$lon schemes
encoded is used as a reference}gixe% val ue to %Erform

predietibhe FRTEReCYRAS pi k@l Cpt £ ot f brP -5 heidf ot ook 88
is divided into 4x4 pixel bloc sub: b . one
of 1%lﬁ?§epﬁ?%ﬁ?5 7on Ao eggiggséf%% e%9§%§%%% %f
the 4x4.pi ks. O the nine prediction nodes,

ei ht§%%§%§€igég pt for the DC prediction (node 2)

sWwhi ch perfepmehepriedict hoRebypanjaverage pbxel pyadiuerion
of available reference pixels have prediction

di rechb@as anrasgedeati2fliptedvat soof RArbzontal
respectively. Extrapolation is perforned in a

predi gtédncdioect DOnpbydist hgnt hendrefenengeepi xelon gare
generate a prediction signal. In the 8x8 pixe

predi tevohatadpmacioblbekiper BrefHed:pntBodotr ®ke local

pi xel bl ocks (sub-bl ocks), and any 25 one of the nin ,
predi%@F%ﬁlﬁ%a%ggpgls@Pééf@adtBeﬁaﬁﬁ of deRLoBkHT Tiiter is

Lo PLXe1BLgekey The LEd! a8, 1pds L3, 0551 908 LN
macroblock to be encoded is used as a reference pixel
value to perform prediction.

In the 4x4 pixel prediction, a macroblock 1is
divided into 4x4 pixelblocks (sub-blocks), any one of

15 nine prediction modes is selected to each of the 4x4
pixelblocks. Of the nine prediction modes, eight modes
except for the DC prediction (mode 2) which performs
prediction by an average pixel value of available
reference pixels have prediction directions arranged at

20 intervals of 22.5°, respectively. Extrapolation is
performed in a prediction direction by using the
reference pixel to generate a prediction signal.

In the 8x8 pixel prediction, a macroblock is
divided into four 8x8 pixelblocks (sub-blocks), and any

25 one of the nine predicticn modes is selected to each of

the 8x8 pixelblocks. The prediction mode is designed

in the same framework as that of the 4x4 pixel
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3 prediction. A process of performng three-tap
filtering to encoded reference pixels and planari zi ng
reference pixels to be used in prediction to average
encodi ng distortion is added. 5 In Kenneth K C. Lee
et al. "Spatial Domain Contribution to a High
Conpression Efficiency Systent |WAI T2006, Jun. 2006,
a nmethod which selects two predfction nodes fromthe
ni ne prediction node candidates and cal cul ates
averages to prediction 10 signals generated according
to theredbcsedect et PPPERIS Tt P DrPeEREMN} MO URl &S 0F 2P
pi xel s to generate a prediction signal js disclosed.
Accor it Hee £ hi & e%@%ﬁ rﬁ@ﬁeraf%d?m%ﬁ ¥Rt By zing

i s real%zed even, exture

assuned ?ﬁe%%?n%}xigﬁ ti n%l&%? p?bd?c?@g%t%?nn%?ﬁ%Yerage
8x8 éggégpégdéf%bgptjoﬁgcgr % fgqto Kenneth K. C Lee

et al a ntribution to a Hi gh

CbnpreSS'O@nEﬁéhﬁé@HCN Sysienl et WM T 2806+ ; dunpork908,

a prediction order of sub-blocks (4x4 pixel bl ocks or

8x8 pixet blweksyni io aa 201 gmce &b B€Ksisn unf f ocdycy System”
fixed. For exanple, in the prediction of 4x4

pi xel bhpTkR8006 hel8x8 P k&) bd cokisheadcihh i obt a¢ hedt Hytwo

di viding the macrobl ock by four are considered, and

ext r apotat ¢ hiopredies i brom stheegient pa¢dycpeet orPRRl t o

t he 4x4 pixel bl ocks each 25 obtai ned by dividing the

8x8 pFxefbidekRs Ihe %%%%%%%% FREURPES BP BxgIiction
p|xelb|ockf%are r epeat ed r times to conp

10 pr edi £t 7021 2ne0UF hgtof %?%?5 hng to the two IPLEl Ected

prediction modes in units of pixels to generate a
prediction signal is disclosed. According to this
method, high predicticon efficiency is realized eQen for
a complex texture which is not assumed in normal 4x4
pixel prediction or normal 8x8 pixel prediction.
According to Kenneth K. C. Lee et al. "Spatial
Domain Contribution to a High Compression Efficiency
System" IWAIT 2006, Jun. 2006, a prediction order of
sub-blocks (4x4 pixelblocks or 8x8 pixelblocks) in a
macroblock is uniformly fixed. For example, in the
prediction of 4x4 pixelblocks, the 8x8 pixelblocks each
obtained by dividing the macroblock by four are
considered, and extrapolating prediction is
sequentially performed to the 4x4 pixelblocks each
obtained by dividing the 8x8 pixelblock. The
processes in units of 8x8 pixelblocks are repeated

four times to complete predictive encoding of sixteen
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4 4x4 pixel bl ocks. On the other hand, in the

prediction of the 8x8 pixel bl ocks, extrapol ating
prediction is sequentially perforned to the 8x8

pi xel bl ocks obtai ned by dividing the macrobl ock by

four. 5 Disclosure of Invention Since the H 264
intra-franme prediction is based on extrapolating
prediction, only left and upper pixels can be

referred to with respect to a sub-block in a

macr obl ock, Therefore, when correl ation between the 10

| umi nhhtePbret RECPEkKel sOBf LRReOSUBE PP%k abfy tihe prediction
| um napce of the |ef nd upper pixels is low ,a ., . .
predi%fiBﬂer%é?dﬁh¥e£?f%?k?hc?§%€ ?1 e eriRbeihgtton 1S
efficien on u reas n ' :
[ee croaiinEEREET PO ES BT DT on 1o S gt e

Conprggsiof; B fi ci gacyaSyst etk YW Ju2006, Jun. 2006,
two prediction nodes are always used. Mire

specifically, even thoughiassubfbei eAtentesult can be
obt ai ned by using a single prediction node,
predi cti onsiacpetherred2by usthng-fheméwor29:iprednctsopased
nmodes. For this reason, the systemhas a room for _
i npr ovenent repobacbag ngrediceiencyonly lefamob)wepepfrixels
the present invention to .Erovide a net hod and ,
appar @@ hsPeorefpapedeheodi vy rRERTRY B gh WO figk in @
efficienc nd decodi ng, 25 According to one aspect of
by £ ; .
t he d?%%é%??Pﬁ5entf%ﬁ?g'?ﬁ%rew?gnp?%%?%gﬂth%nfggbﬁeen the
encodi 0g; appaLalys, nSONPLLELNGr And ! L50-SELERT QhaEAED
sel ects a predi cti on
luminance of the left and upper pixels is low, a
prediction residual error increases, and encoding
efficiency consequently decreases.

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

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

According to one aspect of the present invention,

there is provided an image encoding apparatus

comprising: a first selector which selects a prediction



5 order to a plurality of sub-bl ocks obtained by
further dividing a plurality of pixel bl ocks obtai ned
by dividing a franme of an input image signal froma
plurality of predeterm ned prediction orders; a second
5 sel ector which selects, froma plurality of

predi ction nodes which regulate a manner of referring
to an encoded pixel when a firsP prediction signal of
each sub-block is generated for the encoded pixel,
the nunber of prediction nobdes used in prediction of
the 10rflerstopeedietribhtsi ghatubabidirs Setatred Whi thrther
sel ects prediction nodes of the nunmber sel ected
pred.@beﬁlnﬁnae@lFF@h+%heoﬁ|@%é?%?90%¥5p?%aﬁb@?%nby

nodes ;{0 se in rediction of the first predi on
si gnafitva Qaﬂe?aﬁg?mekﬁﬁgﬁngbﬁg?ﬁtb@é?%e ? i S

predi §1595ﬁ kgngjgewe{jlg@ %ﬁ SLed; pr edi C&@@rgrd;rsecond

by usin predi ction nodes’ t

5gener§é?e@t§?CQﬂgchp§§gé§EéOnf§bﬂn§| 9@f£§sppngfn§ré&actlon
the pixelbl'ock: and ~an encoder mhlc% encodes a

predi gbhes ms::ﬂualeg@[_ﬁ@é aShgRakr eXpresséngivg to an
di fference between an i nmage signal 20 of the

pi xel bhoocKeandikhe skeond piedicpredistygomal signal of each
generate encoded data obtained by the predictive
encodbng- bb@@brdEngen@rahQ@hé@raéb@c@n©®d$%epb¥%éenthe
invention, there is provided an inmage decoding 2

appar BEHECEoftr PEPAGCL AOR| PeEeS el 88 o%“mﬁ?%ﬂl%%+%%t%fathe

prediction order of a plurality of. sub-blocks obtained
10py di ¥iaPhgPEREIGFX8ID bgﬂakro%15hbfgr§?f?§t of WhIeh Selects

prediction modes of the number selected prediction
modes from the plurality of prediction modes to use in
prediction of the first prediction signal; a generator
which generates the first prediction signal in the

15 selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
an encoder which encodes a prediction residual error
signal expressing a difference between an image signal

20 of the pixelblock and the second prediction signal to
generate encoded data obtained by the predictive
encoding.

According to another aspect of the present

invention, there is provided an image decoding

25 apparatus comprising: a first selector which selects a
prediction order of a plurality of sub-blocks obtained

by dividing the pixelblock from a plurality of
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6 predeterm ned prediction orders; a second sel ector

whi ch selects, froma plurality of prediction nodes

whi ch regul ate a nanner of referring to an encoded

pi xel when a first prediction signal of each sub-bl ock

5 is generated for a decoded pixel, a nunber of

predi ction nodes used in prediction of the first

prediction signal; a third sel ecttor which selects

predi cti on nodes of the nunmber of selected prediction

nodes fromthe plurality of prediction nodes to use in

10 predecétenmohetihprédistipnedrdeéroan sigﬂabmdaselector

generator which generates the first prediction signa

in thehsehegeedcpredfceion BEAERLbBYYusf ngrefechipberodes

of selected prediction nodes to generate a second

predi ¢Bi6R §PERARCRORrBEPORAHI A f%f?ﬁélﬁngPbFBcRncaﬂﬁd
ener ates _a decoded

15
auﬁfgé CHBEBeR0nt B car et oh &l oRap < Actbr P ng T B°-D1o%k
Stil Lhet.espect of, LheopLesgiley | nyenthon. bhere

IS prOVI a co rea stora rumin

whi ch pRoRE 098 m@agg G§@§e§nap29d9@m?9%eéftOh@eEKQEH‘
at Ieast one of the image encoding process and the

i mge,degodtnEnPEOERSS; i 5 shoredselBetet Deschi pelents

of Drawings FIG 1 is a block diagram show ng an i mage
encodpngdappavat usdascofdihg hombarenbodeiented2bréiGotion
2A is a diagram show ng an encodlng target bl ock and

an envoded brovktha mhueaédllyngtt BFGEL CFafeTCdFFGo2BSe in

is a dlagran1shOMAng a bl ock size of a
prediction of the first prediction signal; a generator

which generates the first prediction signal in the
selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
a generator which generates a decoded image signal by
using the second prediction signal.

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

Brief Description of Drawings

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

FIG. 2A is a diagram showing an encoding target
block and an encoded block in an encoding target frame.

FIG. 2B is a diagram showing a block size of a
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7 macroblock. FIG 3A is a diagram show ng an 8x8

pi xel bl ock. FIG 3B. is a diagramshowi ng a 4x4

pi xel bl ock. FIG 3Cis a diagram show ng 8x8/ 4x4

pi xel bl ocks. 5 FIG 4 is a block di agram show ng
details of a predictor in FIG 1. FIG 5 is a block
di agram showi ng details of a prediction signa
generator in FIG 1. FIG 6A is & diagram show ng 8x8
pi xel bl ocks and 10 bl ock indexes. FIG 6B is a

di agram showi ng a prediction order by sequentia
predi métonbiockhe blocks in FIG 6A FIG 6Cis a

di agram showi ng a change of a prediction order by
ext rapol at Faf/i APeipoRabiaATran5SpPEdNgt pBNSt 8 PhEclblock.

blocks in EFLIG 6A. FIG 6D is di how
change of gﬁgthép-lﬁr@dpéﬁggﬁmgFHégg%gn%ﬁé9%1ggﬁglFﬁOCk‘

and bl ook RdedSs 20 B E7h FoCA 8P abr Al SRotd fg 5 >

and bl ock i's a dragram show n

predi ction Qpdey, sequent | dict i
bl ocks in E?Ef éA?gF?G? g%giggéggéggFgﬁkgﬁgm?ﬁéggls of a

changg -gfigcopredi etboniorder by

extrapol ating/interpolating prediction to the bl ocks

in FIG 7Ar125 Bl Gs 4Dbilsca diagtram showing dechahgeof a
of another prediction order to the blocks in FIG 7A
FI G Bresiatdbagsagmbor gerpratorngnafpfedicti on

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

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

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

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

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

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

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

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

prediction order to the blocks in FIG. 7A.

FIG. 8 is a diagram for explaining a prediction
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8 order table used in a prediction order switch. FIG

9A is a diagram showi ng a prediction node of raster

bl ock prediction in a unidirectional predictor. FIG

9B is a diagram showing a relationship 5 between a

predi ction pixel and a reference pixel in 4x4 pixe
prediction. FIG 9Cis a diagramfor explaining a

predi ction signal generating nethod in node 0. FIG

9D is a diagramfor explaining a prediction 10 signa
generating nmethod in nod 4. FIG 10 is a diagram

showi ngdeanmkesbdf predi ¢hi enpraddesiandondde $wdexks in

a unidirectional predictor. FIG 11 is a diagram

showi ng nafgs§- ofBAp#édﬁcfﬂlléﬁrﬁﬁdé@@&ﬁagnﬁdér?ﬁaéiwn fode of
a bidirectional predictor 15 FIG 12A i
conceﬁ?ﬁé?rdPé@anPB?leEFPPcéP/ﬁoPPiShFﬁFt PRA! cPFBALctor-

(rmode 01) | plxel pred|ct Fl G
concept ual Elagég t5f 22t @??lcgﬁfgﬁgaoﬁafegomﬁopfa

pred'%%;ggegggg rgélck g F? gﬁé Q' gkepéﬁgécbﬁggl in 4x4

FI G agran1 ai ni ng

extraggggglggéggggggglatlon block predlctlon to 8x8
pi xel bl ocks. FIG 13B is a diagram for explaining 25

ext rapol at ireun/.i pterpokatiagrhhogkrpeegiatinongt @ $xddiction
pi xel bl ocks. FIG 14A is a diagram show ng a
posit Ebpabkl generating method in mode O.

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

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

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

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

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

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

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

FIG. 14A is a diagram showing a positiocnal
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9 relationship between a reference pixel and a
prediction pixel in extrapolation block prediction.
FIG 14B is a diagram showi ng a relationship between
an interpolation block (1) and a reference 5 pixel in
4x4 pixel prediction. FIG 14Cis a diagram show ng a
relati onship between an interpolation block (2) and a
reference pixel in the 4x4 pixeb prediction. FIG 14D
is a diagram showing a relationship 10 between an
i nterpol ation block (3) and a reference pixel in the
4x4 prekhtpoedhopiloat WG a 154 ¢ seracali migram ot a prediction
expl aining a prediction signal generating method
obt ai hiege Whih setfiralat ped?E2¢orP{sdbe N i s
sel ected in_extrapol ation, block 15 redlctlon C%
15B is a dFéﬁrah? o%se%p?é?%Fﬁ@ %h%W @?c?lﬁﬁ as%%%%llp
genera obt ai ned. mh domn
predi R %%% ?n%%elQSef%oé%T% ??#tﬁg 9 ap&ﬁﬁékence
bl ock_predi ciipn, gpxgic% g§5é§l§hd|agran1shomnng a

te

predl%tlon nnde of ation block prediction in

a uni di reCH@naMcp[@déC&Qé rEhGhdWdihg & £éageadhship
showi ng a prediction node o? uni di recti ona

predigét woepesh ol nedrpdl dheoRS 1 st ler po) adndna bteftkrence
prediction in the unidirectional predictor. FIG 18A
i s a Wiagtaimshoai fgé ap pxedi et ¢ dnc nboke.

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

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

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

FIG. 16 is a diagram showing a prediction mode of
interpolation klock prediction in a unidirecticnal
predictor.

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

predictor.

FIG. 18A is a diagram showing a prediction mode
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10 which can be selected to an interpolation bl ock

(1) in the unidirectional predictor. FIG 18B is a

di agram showi ng a prediction node which can be

selected to an interpolation block (2) in 5 the

uni directional predictor. FIG 18C is a diagram

showi ng a prediction node which can be selected to an
interpolation block (3) in the 4hidirectiona

predictor. FIG 18D is a diagram show ng prediction

nodes 10 which can be selected to an interpol ation

bl ockwi{ #¥hi panthe smlieiredtionat precirebitid Glagn (1) in
is a diagramfor explaining a prediction signa

gener&t® ngnhdt hodtiorat NRIFHI@FPBI ation block (1) in

I nverse-vertical prediction énnde 9%. 15 FIG (19B. is a d

di agr am f of 18xpt&PniAge adprBHFRL PBAYIRF ghaP GRhBF AT ngPee
met hod_for the interpolation bl ock 2) in . :
inver%%%gér??Ea?ep?%g?%%?%nt?n%%el@Sér%Q%ékiﬁﬂ\?%P%ﬁ (2) in
di agr for. L nj Lction signal generating

et ol ol REEr Bk e Bet SR PERT b Gek 20 (D) i

i nver se- horirgont gk predi §thgPakMBHSWL0Y - a FbEea20Bibs Mode
di agram for explaining a prediction signal generating

met hoghf ern the bet eepetastotobhockntéZyolismion block (3) in
i nverse-horizontal prediction (node 10). FIG 21Ais a

di agransf onigxpkat hongl appeedccéron 25 signa

generating nmethod for the interpolation block (1) in

di agonal - | €. piEBi éi andipasgaeniohowneg Ppepifsigh modes

di agram for explaining a prediction

which can be sel&cted to an interpolation block (4) in
the unidirectional predictor.

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

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

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

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

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

FIG. 21B is a diagram for explaining a prediction
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11 signal generating nmethod for the interpolation

block (1) in diagonal-left prediction (node 12). FIG
21C is a diagramfor explaining a prediction signha
generating nethod for the interpolation block 5 (2) in

di agonal -l eft prediction (node 12). FIG 22 is a

di agram showi ng nanes of prediction nbdes and node
indexes in interpolation block ¥predictionin a
bidirectional predictor. FIG 23 is a flow chart

showi ng a processing 10 procedure of inmage encodi ng

accor gl mgat oganc eabodg npathod Ff Gy RAej snhefpohgthantblock

shomﬁngﬁa,part of the E;ocessing_procedure in FIG
23. F(B »5 ds2gcaphgtant sheRihgt an ekBnpfel 6f - a

syntax structur sed in,an im encoder. 15 FIG 26,
ig a di agr an’sh %ﬁnésa% g%%ﬁ%ﬁ@gg?raeﬁgiﬁlnéPguétBF%glCtlon

f | ock | i '
chowi ROAR cHanpr et oraa LR R SoFust, bTsPoRRBtah prock

predi?E{ognsagggénaELE%fgSpkédﬁcgiégr@H&égrlﬁ%plaining

an equation 20°for transformng a prediction node
into an eneedingy iBdeXdikhGm28nbsiagdhageamtoprediction

explaining a table for transform ng a prediction node
i nt o mpdencadingodadexdex&s G n30ntsrpo tlhagoan showi ng
nanmes of prediction 25 nodes which can be used to the
i nt erpoeédtcohobl buks bi{djre¢Rionahder{dYiandrt he
extrapol ati on bl ock (4) and nopde indexes.

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

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

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

FIG. 26 is a diagram showing an example of a data
structure of a macroblock layer syntax.

FIG. 27 is a diagram showing an example of a data
structure of macroblock prediction syntax.

FIG. 28 1s a diagram for explaining an equation
for transforming a prediction mode into an encoding
index.

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

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

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

mode indexes.
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12 FIG 31 is a diagramshow ng anot her exanpl e of

the data structure of the nmacrobl ock prediction

syntax. FIG 32 is a diagram show ng a nmethod of

deriving a prediction node. 5 FIG 33 is a diagram

showi ng bl ock positions where a prediction node is
referred to in prediction. FIG 34 is a diagram

showi ng anot her exanple of the ldata structure of the

macr obl ock prediction syntax. FIG 35 is a diagram

showi ng an exanple of a data 10 structure of a

sequence paf@neBériset dyagazm FI@ing agoghef agrample of
showi ng an exanple of a data structure of a picture

par aneberdaee SYRLEXUTEICE 8BS BAGr R HYF Ak SHoOW P A yntax.
exanpl e of _a da .structure_of slice_header ,syptax..

15 FI G 38FF§-a5§i é@rgngéﬁgﬁfrﬂgsgﬂwégi%n%l%e%k?o?héép &riving
dat a structur '83 %Qgenacroblock | ayer syntax. FIG 39

is a di%gran1shomﬁng still another exanple of the

macr obl ock pppedigt i QN SYAL A% amFbGowfRyi 518cR! 96Kitions where
di agram show ng an i nage O decodi ng” appar at us

accor di pgetiocanognhodi nest re b redlrbsia prockcdiagr am
showi ng details of the prediction signal generator in

FIG 40. FFGG.424i ssaadtaggaamf shoexpyasnohigeanexample of
equation for inversely transform ng a decoded i ndex
i nto ah@bsdptedsttiiohupedef Fhr& maGreiglacyipye@hsbpn syntax.
explaining a table for [nverselx transforning ? of 2 data
decoded i ndé%-i APoig a diagram showing an example
structure of a seguence parameter set syntax.
FIG. 36 is a diagram showing an example of a data
structure of a picture parameter set syntax.
FIG. 37 is a diagram showing an example of a data
structure of a slice header syntax.
FIG. 38 is a diagram showing an example of the
data structure of the macroblock layer syntax.
FIG. 39 is a diagram showing still another example
of the macroblock prediction syntax.
FIG. 40 is a block diagram showing an image
decoding apparatus according to an embodiment.
FIG. 41 is a block diagram showing details of the
prediction signal generator in FIG. 40.
FIG. 42 is a diagram for explaining an equation
for inversely transforming a decoded index into a
prediction mode.

FIG. 43 is a diagram for explaining a table for

inversely transforming a decoded index into a
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13 prediction node. FIG 44A is a diagramfor

expl aining bl ock positions where a prediction node is
referred to in prediction of the interpolation block
(1). 5 FIG 44B is a diagramfor explaining block
positions where a prediction node is referred to in
prediction of the interpolation block (2). FIG 44C is
a diagram for explaining block i®sitions where a
prediction node is referred to in 10 prediction of

the interpolation block (3). FIG 44D is a diagramfor
expl abréagcbl @cknopesi tions where a prediction node is
referred to in prediction of the interpolation block
(4). Best Mbde #6R CareydnggOan fhe ¢énweatnongl15lank
enbodi nent of the present invention will be described,
bel oo i hiees evlepte & oPfheldrawk ngede kabveierhageto 1n
Encodi ng Apparatus> As shown in FIG 1, in ap imge
encod® Fgd apparat v t%%cb?ﬁ?ﬁﬁo%%thﬂ”eﬂk%ﬂ$néﬂ{'of t he

i nventi on, i nput . 20 i,mage_signal 120 of .a Ln

i mge or aFg$r|FQBnﬁ ecigl? 63 8raﬁng%b%lg g% %?g

100. The. | . . di vi .
J &tg@gg gﬁﬁgggg ég$d19@§o§ fLane; di i’%g@frél&)]-toaln

pr edict or ector 103, an orthogona

transforgati pphdyanthzat hedrpynkt 14040180k 1 pyerse
guanti zation/inverse orthogonal 25 transfornmation unit

105, an addet.1Q6¢c asrefefiepeem ForgexpEADAYNGOB]loakd

an entropy encoder 108. An encoding controller 110

gi vespestcotbng epbateok prediction mode is referred to in
prediction of the interpolation block (3).

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

Best Mode for Carrying Out the Invention
An embodiment of the present invention will be

described below with reference to the drawings.

<About Image Encoding Apparatus>

As shown in FIG. 1, in an image encoding apparatus
according to an embodiment of the invention, an input
image signal 120 of a moving image or a still image is

input to an image encoder 100. ' The image encoder 100

has a frame divider 101, a predictor 102, a mode

selector 103, an orthogonal transformation/quantization

unit 104, an inverse quantization/inverse orthogonal
transformation unit 105, an adder 106, a reference

image memory 107, and an entropy encoder 108.

An encoding controller 110 gives encoding control
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14 information 140 to the i mage encoder 100 to

control a whole of an encodi ng process of the inmage
encoder 100 and properly receives feedback

information 150 fromthe inage encoder 100. The

encodi ng control information 5 140 includes prediction
node i ndex information (described |later), block size
switching information, predictildn order sw tching

i nformati on, prediction node nunber sw tching

i nformation, quantization paraneter information, and

t he | ikeormheiquaht( zati ome pemapetercddei nfQ? ne i @ntrol a
includes a quantization width (quantization step

si ze)yhalquaht #zathondhad rexocend ¢heth¢ kgnagpeencoder 100
f eedback i nformation 150 |ncludes ener at ed codi

bits 2BADBRPPEREVr FRFTLRET nf FREPT Tage Endbetonop’ 0 from the

dt d
P fBset crneaasT ThRS. fhAn | BRSPS %1 48ndde ion
i nput 1 19 SPSlL&QQE%Qé&ng&%?é n; @&fmﬁ@rmgﬁ vwer

101, an ehcodi n rame e I nput 1 mage

S'Qnaldéggri§e9|Yég§g 'nﬁﬁo@kpéﬂf@lé®Yt@ﬁlb@|%@f$&ﬁ@K§on,
to generate a bl ock inmage signal 121. For 20 exanple,

an engodingct angetdérageit dh Fh& i RAo tisa ol o degred it oi @n mode
plurality of blocks each having a 16xl 6 pixel /Dbl ock

si ze asmshowswinckiGy 2Bfoithet bbockashownzatoFl@r@Beter

is called a macrobl ock and is a basic processing unit

for ehobdrmngtindreaspechtei bakey, DiEeemewmt hgatson parameter

performed in unit of _a macrobl ock, The bl ock ima

si gnaknI2IMaLi Pt 1PFbRALRe? f 7 ARRE L &R Ui dRr 184 § Santization

SUbJegEgg Egzé?tra fuan 1?£€95%t$g€rPX, and the like. The

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

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

The block image signal 121 output from the frame

divider 101 is subjected to intra-frame prediction by
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15 the predictor 102 first. The intra-franme
prediction is a schene which perforns prediction
closed in a frame as has been known. The predictor
102 uses a coded pixel as a reference pixel to
predi ct an encoding target 5 bl ock, thereby generating
a prediction signal 122 in unit of a macroblock. In
the predictor 102, a plurality of> prediction nodes
for intra-frame prediction are prepared, and
prediction is performed according to all selectable 10
pr edi ¢ onravdesor The2 pf das et or TNO21 paya hbyang prediction is
predi cti on node which perforns intra-predjction of H
264, #.8CheBRgVRiRBI PRFEAFEEi BREFHCH ) BMOSAK 4L i ket rame as
prediction in FIG 3B, .or 8x8/4x4 pi rediction in..
FI G %%f(gﬁ%nppﬁgvnpred?%tPBﬁdéﬁﬁogxﬁgéig% S o7 et ¢t oni et
15 are_nixed-with ea h j . pacr ob B
2 Lhcgagh, ot G5 hReALIRALe LOCd:nd M4 e

. as _a re
|ntra-pred|cF|on 0 xt prediction canhot

perfo%ng&fﬁEﬁey&b§oggkgga@ihﬁcglpgfgpgﬁgoﬁngg@nsp the in

Macr o In this Case, orthogona

transfQf pabkon/ gyaptbzatkon and inverse 20
quanti zati on/i nverse orthogonal transfornmation may be

performed ThA the predietor 102, bnpiheaBxBypbKeprediction
predi ction and 4x4 pixel prediction, each macrobl ock

i s dimpded fntoistbabFosks predstiionedrpypgxgared, and
pi xel bl ocks and 4x4 pixel bl ocks. In 25 this_case, the
predi BEPERCRBER ieguPafesmadnaffefdsrd Fefektingleorable
encoded pi xel s used mhenTEredictlon s;gga%s of _the

sub- bPBERS Ca87 gBREF AL ed T " FhBT §HARECT dy “have™a

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

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

signals of the sub-blocks are generated. The shape
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16 (including a size) of the sub-block is not limted
to a specific shape. For exanple, shapes of 16x8

pi xel s, 8x16 pixels, 8x4 pixels, and 4x8 pi xel s may

be used. Therefore, 8x4 pixel prediction and 2x2

pi xel 5 prediction can be realized by the sane

framework as descri bed above. VWhen a bl ock size of

t he sub-block is reduced, i.e.,l@hen the nunber of

di vi ded macr obl ocks increases, an anount of code used
when bl ock size switching 10 information (described

| at er Jinslencoded $hzekeaststhe Howevielockihgenot limited to a
intra-franme prediction having higher prediction

ef fi cslepeyf tansherper f be hreekamp esi duabes e?f ol 1% pixels,
reduced. Therefore, in consideration_of a _bal ance of

the awbufitPo¥eEddi hgt bPtector ¢F ngf%rﬁhf?bﬁ may be used.
coeffjcient info tion (described | ater cal
decodt To er kAl BATLr SRk sroel el TRe el e i e

size may be sel ected.

sane ;9£88§§§iﬁ§ Qgé%éb?é’%f‘@é(& H?%t}*?@ perd oF pBd-fOr R as

pi xel “regi on having an arbitrary shape generated by a

regi o divi gdi o petbod. 20 In the predictor 102, a
predi ction residual error signal 123 is generated by

subtracti ngntheapredckt s0pe 8fgpak 32B-bBLoakt he reduced,
predi ction signal 122 and the block image signal 121.

The piedictivbanreséduahber rof dighatd M28rosloppsit inoreases,
t he orthogonal 25 transformation/quantization unit 104

and the apdentsefeecedsr 4933 ¥hepheloskhdgenapwitching

transformation/ quantization unit 104, orthogonal
information (described later) 1is enccdéd 1ncreases.

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

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

transformation/quantization unit 104, orthogonal
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17 transformation is performed to the prediction

residual error signal 123, and the transformation
coefficient obtained by the orthogonal transformation

s quantized to generate quantization transformation
coefficient 5 information 127. Wth respect to the

shape of a transformation/quantization block which is

a processing unit in the orthodgonal
transformati on/ quanti zation unit 104, shapes of 8x8

pi xel s, 4x4 pixels, 16x8 pixels, 10 8x16 pixels, 8x4

pi xel syamnto dxBt phixel s pant hened el @cttlerl.prediction residual

Alternatively, different shapes are given to the .
t r anst BF it § bW biaht $ zad 1Ot oekdn § P PR 1 Rt bl Dkt ent

For exanpl|e, 8x8 pixelblocks and 4x4 _pixel bl ocks may .
be MRS Mt Bl GOk SR Rhbwit 11 15 H GOBGS | frantized

t he npde _sel ector 103,.0n the i S0 redi ction .
e Thi BRRELToh A0% L HEF BRI or o SO S S Lotent
indexigp$9£§@45@n12p!ock size switching information,

prediction order switching information, 20 and
predi ctiongipde-aypber swi tighi figapofof n@tion are

called to be prediction node information generically)

such w@saps eclied ¢ Oon Napden t nekexi dmfor owit | v, cibl ek Pz@cessing

swi tching infornation, prediction order swtching _ .

i nf orwmt oy @mel ¢ heh pyedk Lt § orn Hbeenafuidrer s ticdd thigon unit

25 information related to a prediction node to be

i nput104¢ hrouefpe s hef pf edli Rixohs r ebT Hurd xekyorl &t xels,

123 and. the predictor 102, an encodi ng cost is

cal cub ategeixpls., 8x4 pixels, and 4x8 pixels can be
selected. Alternatively, different shapes are given to
the transformation/gquantization blocks in cne
macroblock. For example, 8x8 pixelblocks and 4x4
pixelblocks may be mixed in a macroblock as shcown in
FIG. 3C.

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

through the prediction residual error signal 123 and

the predictor 102, an encoding cost is calculated. On
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18 the basis of this, an optinmum prediction node is
sel ected. More specifically, when the prediction node
information 124 is represented by OH and a sumof 5
absol ute val ues of prediction residual error signals
Is represented by SAD, the node selector 103 selects
a prediction node which gives the m ninmum val ue of an
encodi ng cost K cal culated by thefoll owi ng equation
as an optinmum node. 10 [Equation 1] K= SAD + % . x
OH (1) where 2 denotes a constant which is determ ned
on theebhskssopfativabueanfont juant pradioniparapee eks
As anot her exanple of a cos--- calculation in the 15
nmode seleef®d- 103, only the prediction node
information OH or only ghe sum of absol ute val ues SAD

of the prBargtPBRCFELFALAY  eFPBP §GnBFECHEYIBR TSES.

A val ue._abt ined19 kbdanard-ér nggrn$gg (o] G of
appr oxi nati'Ag  The %réaiE?FB%Sn% &”i nf ornat fon or°the
pred'%EEQTuESSbQYQ%sZggeégggi%£98§!rQ§¥dQ§lu§?gorASignals is
cost function may be forned by using a quantization

wi dt hy Bge§eﬁb|@8t5%a§j%9[‘ tRaranBLeLc1 dscstilbzanoibers a
exanpl e of the cost calculation, a virtual encoder is

pr epapeddiabdoanmagvunhioh godes 2heobiaimed Bylue of an
actually encoding the prediction residual error signa
123 genevdied tnseathcpiediegtednbpodeeahdl lawsguaeguation as
error between a decoded i nage signal 130
an optimum mocde.
(Equation 1]
K = SAD + A x OH (1)
where A denotes a constant which is determined on
the basis of a value of a quantization parameter.
As another example of a cost calculation in the
mode selector 103, only the prediction mode information
OH or only the sum of absolute values SAD of the
prediction residual error signals may be used. A value
obtained by Hadamard-transforming or approximating the
prediction mode information or the prediction residual
error signal may be used. A cost function may be
formed by using a quantization width and a quantization
parameter.
As still another example of the cost calculation,
a virtual encoder 1s prepared, and an amount of code
obtained by actually encoding the prediction residual

error signal 123 generated in each prediction mcde and

a sguare error between a decoded image signal 130
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19 obtained by locally decodi ng encoded data and a

bl ock 1mage signal 121 nay be used. In this case, a

predi cti on node which gives the mni numval ue of an
encodi ng cost J calculated by the foll ow ng equation

iIs 5 selected as an opti mum node: [Equation 2] J =D

+X R (2) where D denotes an encodi ng distortion
expressing the square error betlMeen the bl ock i mage
signal 121 and 10 the decoded i nage signal 130. On

t he ot her hand, R denotes an anount of code esti nmated

by vishtml ne@nepdl oige 1 Wheteddbi encotiodpdodttal dnd a block
Equation (2) is used, virtual encoding and | oca
decodimzg€ i nverske 15l quantheatioh and i Hvet sgase, a
orthogonal transformation) are necessary in each

pr edi RE§ ShC rbere. "EHR W%}%gr%%ﬁﬁﬁLtQﬁ1m%ﬂ%ﬁHW wiue of an
processing. . or a circuit. scale increases. . However : :
sinceeT%%gb%%tC%STe$l%%{%P T aqged%%h% WA Chieton e
and accurate encodin i rtion, a nore 20 opti nmum
predi%?r%%t%%d%sc%% %%9%@ ﬁdig%g'As a result,p hi gher
encodig&uggjégigpcy can be obtained. In Equation (2),

the encoding distortion D and the anmpbunt of coding

bits R aregused injcalgul ati on of the encoding cost2)

J. However, the encoding cost J nay be 25 cal cul at ed

by using anyepaeDofiebraad & Ancosingfdhstdoniomyehpressing
fornmed by using a val ue obtained by approximting D

and Rhe square error between the block image signal 121 and
the decoded image signal 130. On the other hand, R
denotes an amount of code estimated by virtual
encoding.

When the encoding cost J in Equation (2) is used,
virtual encoding and local decoding (inverse
quantization and inverse crthogonal transformation) are
necessary in each prediction mode. For this reason, an
amount of processing or a circuit scale increases.

However, since the cost J reflects an accurate amount

of code and accurate encoding distortion, a more

optimum prediction mode can be selected. As a result,
higher encoding efficiency can be obtained. 1In
Equation (2), the encoding distortion D and the amount

of coding bits R are used in calculation of the
encoding cost J. However, the encoding cost J may be
calculated by using any one of D and R. A cost
function may be formed by using a value obtained by

approximating D and R.
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20 Fromthe node sel ector 103, optinum prediction

node i nformation 125 expressing a sel ected prediction
node and a prediction signal 126 corresponding to the

sel ected prediction node are output. The opti num5

predi ction node information 125 is input to the

ort hogonal transformation/quantization unit 104

together with the prediction regi0dual error signal 123
fromthe predictor 102. The orthogona
transformati on/ Quanti zation unit 104 perforns 10

ort hogonal Ftomnshernaté ose 1 éoroexhipl eopdimon epeediction
cosine transformation (DCT) to the prediction

resi duadie ek r Bprmat fpral 1423 ¥t s eferentel 89 eherediction
opti mum prediction pode information 125. As th
orthd@%ﬁ%la“?r%n%?%?h%&}%% S vt et? @r%ﬁmﬁ?ﬁgﬁﬁ;iﬂg to the
|ndepen onent anal ysi s, or t.he | may.

used. > ﬂ E%& %?? %%h%? T?%%éforﬁﬁflon quéh%lz |6ﬁ§n
uni t

unit 304, 8 Lhastor el an. £0al fi.£h ony. hal ned dne

ogona ranstornmation Is quantlzed to

gener§£€h£§§na9“@9&&@?@%%&&Iééﬁéﬁéﬂi&ﬁéé&b&xuﬁfd(lﬁﬁﬂ
information 20 127. In this case, a quantization

par ane @&+ s8¥€hy ash achguanéd zat ion wesiduaegu red fiognal 123

guanti zation in the orthogona

t r ansf oomat henp geldnttzat 1 0h. unitte 104t hsgomeki gnat ed by

the quantization paranmeter information included in

t he encedshgroanieol qudfor pation 1AL f k& RS fhens

encodi ng controller 1-10. The quanti zati on

transPBERAEPOAL cHBRP S EPBRE T 1PMf of Hat POHRDY | S IFHRte cosine
h ntr

tot srgngfgg%aEPCOdeDC%OSto the prediction residual error
signal 123 with reference to the optimum prediction
mode information 125. As the orthogonal
transformation, wavelet transformation, independent
component analysis, or the like may be used. In the
orthogonal transformation/quantization unit 104, a
transformaticn coefficient obtained by the orthogonal
transformation is quantized to generate the
guantization transformation coefficient information
127. In this case, a gquantization parameter such as a
guantization width required for quantization in the
orthogonal transformation/quantization unit 104 1is
designated by the guantization parameter information
included in the encoding control information 140 from
the encoding controller 110.

The quantization transformation coefficient

information 127 is input to the entropy encoder 108
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21 together with information related to prediction
such as prediction node index information 141, bl ock

size switching information 142, prediction order

switching information 143, prediction node nunber

switching 5 informaticn 144, and a quantization

paraneter which are included in the encoding contro

i nformati on 140. The entropy erxloder 108 perfornmns

entropy encodi ng such as Huffman encodi ng, Gol onb

encodi ng, or arithnetic encoding to the quantization
transtogaahéonwioef fhfoematidl refatedtionpid@diandot heuch as
information related to prediction to generate encoded

dat a @46diThecencodedindaxainfernat homt i pl exelody alze

mul tiplexer 111 and transmtted through an out put
buffeFW112ha§9ah“§%€%ﬂFh@“ bit, sPFedhriugn asd%ﬁeSWltchl“g
quanti zation_ tran %g gn coefficient in éﬁ?n
127 |§“aP§@arh%ﬁt tﬂée hVet 48 m%ﬁ%n?? |onV hvéridd
O noP90BLALLRORT PEETILOR MOkhandP2a T0E LONERSEar wn

quantlza?lon | Aver s&’ of t trans tion unit

105 'PM@Eé@EM gHaBEéZ§§CSQ§n§OCQHaP$lZﬁﬁf@ﬂmatlon 140. The
transtformation coefficient information 127 according

to quantigpyi encpacaneterpentornat égordppmentbeing such as
encodi ng controller 110 and perforns inverse

ort hogonahahr ansbot ngf i olsuoheasodingy ser dasctiehetic

cosine transformation (IDCT) to a transformati on 25

coef f eotedingbtai hed byanhézinverserguaheiration, coefficient
t her eby generatlng a prediction residual error signa
128 efufvamaatopol €heab¢eab@t96ﬁOF@§Faaalr%%?%?dsganal

prediction to gererate encoded data 146. The encoded

ich are

data 146 is multiplexed by a multiplexer 111 and
transmitted through an output buffer 112 as an encoding
bit stream 147.

The quantization transformation coefficient
information 127 is also input to the inverse
guantization/inverse orthogonal transformation unit
105. The inverse quantization/inverse orthogonal
transformation unit 105 inversely quantizes the
guantization transformation coefficient information 127
according to quantization parameter information from
the encoding contrcller 110 and performs inverse
orthogonal transformation such as inverse discrete
cosine transformation (IDCT) to a transformation
coefficient obtained by the inverse quantization,
thereby generating a prediction residual error signal

128 equivalent to the predicticon residual error signal
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22 123 output fromthe predictor 102. The prediction
residual error signal 128 generated by the inverse
qguanti zation/i nverse orthogonal transformation unit
105 is added to the prediction 5 signal 126 fromthe
node sel ector 103 in the adder 106 to generate a

| ocal decoding signal 129. The |ocal decoding signa
129 is accunulated in the referéi¥ce image nenory 130.
The | ocal decoding signal accunulated in the reference
i mage nmenory 107 is read 10 as the reference inmage

si gnal 23130utamdt r £f en r etk tr edhent o he0pr edi cti on
residual error signal 123 is enerated by the

predi ctor T02. PARCEREHAN NS P BOPA ¥ | BT PP S 19Nt et Rr@pnerated
102 -4 ortho onal transfornatlon/ uanti zation unit

104 -BY 187% n¥8¥SBSguan 7 28t 7 ot h %—feseor%tdb%% gpat
Lransl SLABLL ARas 01 0P 10u 1 oL eLsce LIRag, DI 3

de” when processi ng

sel ect a ﬁglpffg'gf&ﬁnth@qgﬁée'§efé5ﬁ§?eg33nn@nthe adder 106

encodi ng t ar get ock. When the processing of the

encodi Oy L RePats £i NbSHEdid @o@i ) Srytal m BNCOMdiHg local
t ar get ?ock, the bl ock imge signal 121 of the next

encodiagodiafiges i fhorkl2 s 1anputciouldtesd pireditot oreflddence
to perform encodi ng again. The encodi ng controller 110

per f oimsgeon¢motyof30entThe bpcolidecesdich asigmlk

control by feedback 25 control of an anount of

gener agedne bt ag bmt*sh%rrea%%@@%a%%%eﬁ&?r&?@felrm is read

g?ggrg%oFeggggéggﬁggggh%%%%Lglgna?n 3&O§££O| ggrreg to when

the prediction residual error signal 123 is generated
by the predictor 102.

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

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

and control of the predictor. The image encoding
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23 apparatus in FIG 1 is realized by hardware such

as an LSI chip or realized by execution of an inmage
encoding programin a conputer. <About Prediction

Unit 102> 5 The predictor 102 will be described bel ow

by using FIG 4. The predictor 102 has a prediction

signal generator 113 which generates a prediction

signal and further has an interdval node sel ector 114,

an internal orthogonal transformation/quantization

unit 115, an 10 internal inverse quantization/inverse

ort hogorafatus ahsfoFGmat i ors urdal 126 ndrardvianersiath as an
reference image nmenory 118 to performprediction in

uni t SLOF A iplAurF af§3 YL BFA drval $59F Ket B deksa card @y encoeding
sub- bl ocks obt ai ned Qy further dividing a

macr dbl ¥EKE™ 15" Vihe”'tiie- Dt ock i mage signal 121 is

input to th predictor, 102, .th di ction signal 122

obt ai ned b§/£b%‘ﬁ€d?]r”%%%‘f%h%ﬁl U oi S5on (descri bed

jater) or tRidhregiional 1prediction ddeserbbedylabeldy using
IS generated y the prediction signal generator 113.

In thisgcage, B0 psedhciion npgend Hf Orgddd Do i el sidd mgn

the prediction node index information 141, the bl ock

Size gahdchidg 11 nfwhiar i @gnddted he prediction orgesl and
swtching information 143, and the prediction node
nunbefur st chié ngamn nfroreratd brmdded sslecamsni 14 echd romgernal
the 25 encoding controller 110 to the prediction

si gnadrtlyegrerat of r ANt ot Epodi iyt cont For [ wrig1bldS, an
transmts a plurality of predicti?n nodes to the
predi%qq%ﬁn%}gh%yerse quantization/inverse orthogonal

transformation unit 116, and an internal reference
image memory 118 to perform prediction in units of a
plurality of small pixelblocks (called sub-blocks)
obtained by further dividing a macroblock.

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

plurality of prediction modes to the prediction signal
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24 generator 113 to cause the prediction signa
generator 113 to performprediction in the plurality
of prediction nodes. The prediction signal generator
113 generates, in addition to the prediction signa
122 5 obtained by the respective prediction nodes,
prediction node information 161 corresponding to the
prediction signal 122. A subtra®or 119 subtracts the
prediction signal 114 fromthe block imge signal 121
to generate the 10 prediction residual error signa
123. gheekaternal3nbdecsesectivor A14dsel et sSaIna generator
prediction node_on the basis of the predictjon
i nf or kb8 B agif@rmcpaﬁﬂh@»l@%el%r%@¢c@%%na H% P dex
i nformation 141, smntchlng ?ffornat on
0

142, Phed bFEHPBtTSHGBrdefhi5p§%§f Chi g ThYdf metFon-ator 113

matil on

}ﬁ?orﬁggegggigredlcgégyt t?h g% g&%&&béﬂgsl nal 122

tron ransm e prediction

Slgnagbgegﬁéétgg 143 9@90&8@19ée§£5&19@105eﬁb@@@' prediction
error signal to out put the prediction node

i nf orgeliconnid4mkeppesent i 8grtbepsed £ edo ptiedi stéodnction
20 node. The prediction residual error signal 123 and

the ptedectidn.node information 124 outputted from

the internal node selector 114 are input to the

i nt er nal 6r$hbg©ﬁ§korréh§féPhﬁFﬁ@hﬁqH At Prafiehioni pignal
115. In 25 the internal orthogona
transﬂéﬁnﬁfpﬁnﬁaeaﬁ@Pﬁétr@ﬁgeuﬁﬁﬁn1351ébrtﬁo%%ﬂ%Fate the

transfornatlon f or '
10 pr edi BEPEACF&ENdHEP T g e§FaﬁaFTG“alp§550rane Pnt8nal

mode selector 114 selects a prediction mode on the
basis of the prediction mode information 161 (including
the prediction mode index information 141, the block
size switching information 142, the prediction order
switching information 143, and the prediction mode
number switching information 144) transmitted through
the prediction signal generator 113 and the prediction
residual error signal 123 to output the prediction mode
information 124 representing the selected prediction
mode.

The prediction residual error signal 123 and the
prediction mode informaticn 124 outputted from the
internal mode selector 114 are input to the internal
orthogonal transformation/guantization unit 115. In
the internal orthogonal transformation/quantization
unit 115, orthogonal transformation, for example, DCT

is performed to the prediction residual error signal



25 123 with reference to the prediction node
information 124. As the orthogonal transformation,
wavel et transformation, independent conponent
anal ysis, or the I|ike may be used. In the interna
ort hogonal 5 transformation/quantization unit 115, a
transformati on coefficient obtained by orthogona
transformation is quantized to2generate quanti zation
transformation coefficient information 163. In this
case, a quantization paranmeter such as a quantization
wi dt 40 wetui rete farcauanttilzatpoed i at itdre niateerimeflormation
ort hogonal transformation/ quantization unit 115 is
desi ghad ed Ay thdeoquarddrat i tora pafarmed teror nfworials ton
included in the encoding control information 140 from
the eneddshr oM el | Brddagndeas: THIRRHLT Aftd oS, or the
transformati on coefficient .information 163 is input
to the fatBthal®invertse Tqudnt i ZatT O n?/retﬁ&Oegonaqp
orthogonal _transforpmation unit 116. The i . -

5 P hver St Tt TN Hor Eh G Foonai>r | THRlsformation
1 anSTOLERLL o0, UndLe MG d IPT SEL o AU 1 285 A A son s

quanti zation transtormation coefficient iInformtion

163 ageok €l Ngq t 0o then adid | 2@k h 01 Paf SHTet Bns formation
information Fromthe encoding controller 110 and

per f or BB FnvEESE 10fbhegonal 1éansf Dt netioncsueh as

IDCT to a transformation coefficient obtained by the

i nvergea2bi gaaintn zad Fanet ¢ heseby generatdmygization width

prediction residual error signal 164 equivalent to
10the preditr¢dnieesidenatizarior s ghat ipzernal orthogonal

transformation/quantization unit 115 is designated by
the quantization parameter information included in the
encoding control information 140 from the encoding
controller 110.

15 The guantization transformation coefficient
information 163 is input to the internal inverse
quantization/inverse orthogonal transformation unit
116. The internal inverse quantization/inverse
orthogonal transformation unit 116 inversely quantizes

20 the quantization transformation coefficient information
163 according to the quantization parameter information
from the encoding controller 110 and performs inverse
orthogonal transformation such as IDCT to a
transformation coefficient obtained by the inverse

25 quantization, thereby generating a prediction residual
error signal 164 equivalent to the prediction residual

error signal 123.



10

15

20

25

26 The prediction residual error signal 164 generated

by the internal inverse quantization/inverse

orthogonal transformation unit 116 is added to a
prediction signal 162 fromthe internal node sel ector

114 in an adder 117 5 to generate an interna

decodi ng signal 165. The internal decoding signal 165

is accunul ated in the internal 4%ference i mage nmenory

118. A local decoding signal accunulated in the

internal reference inmage nenory 118 is read as an 10

i nternal referenedl¢hbge s¢yhdbalesramd 3t elfd ggenerated
when a prediction resjidual error signal is generated

by the pPrediTts o si ghd et brZanengererse orthogonal
conpletion_. of prediction jn all e, sub-bl ocks. in. the
prediH‘?ﬁSfcﬁﬁ?&t% ‘b‘?%tdrlcj[?ojns A% 1A I?IﬁeeC§ tion'signal

pr edi féé oprorn?stikgeuﬁjlfné'esr ery %O(% gg‘é’iieé’&)?’r f‘ﬂg ihe,, t%deder 117

predi ctT on node i nformation 4 corresponding to

macropg)o é‘n@f&@ugrpufn@éjfﬁéﬂedeéml%e@i&{ﬁ 102. The
<About Prediction Signal Generating Unit 113> The

predi i o sl adogenerat@ial1Beniid bec @i vesed i bedche
below with reference to FIG 5. FIG 5 shows only a
part 1etatedl toe fgenetat i omeed tdreopy edi€ti on  signa

122 in the prediction signal generator 113. In FIG

5, a predibtionabrderodivvg chid7dl sakcehebat d et cEhdn
orders of sub-blocks in the macrobl ock on 25 the basis
of thEnpretREtTOhe R SURILHIHEC T nf bt et $ oreadsxs an
W th respect to the block image. sign 21.  Nor

speci FPcaF 13! THeS pradf ctione o?ld%‘?gsajfééharidior%%%ﬁ% to

a when a prediction residual error signal is generated by

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

<About Prediction Signal Generating Unit 113>

The prediction signal generator 113 will be
described below with reference to FIG. 5. FIG. 5 shows
only a part reiated to generation of the prediction
signal 122 in the prediction signal generator 113. 1In
FIG. 5, a prediction order switch 170 switches
prediction orders of sub-blocks in the macroblock on
the basis of the predicticn order switching information
143 with respect to the block image signal 121. More

specifically, the prediction order switch 170 selects a
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27 prediction order to a plurality of sub-blocks

obtai ned by dividing a pixel block (macrobl ock) froma
plurality of predeternm ned prediction orders. Bl ock

i mage signals the prediction orders of which are

switched by 5 the prediction order switch 170 are

input to a wunidirectional predictor 171 and a

bi directional predictor 172. ThHE unidirectiona

predictor 171 and the bidirectional predictor 172

predict a macroblock with 10 reference to encoded

pi xel srad¢or tibngotdet heo pa epll ¢t & bint vrolers@wt b bhekds arldtained
sel ected by the prediction order switch 170 and the
predieyi davhdies #espretblety (Beteehbeckb feveratlyrality
predi ction signal correspondin to the macrobl ock. 15

. ng
More SpebfEReRFFPineHeP TR HF T 5CE i OFSF I Pr ed? €2OF 1AFAS
sel ects one predictign de fromthe_plurality of
prepa?éﬂ“ﬁf%dFE?iBEeﬁbﬂggo%nOfg%r%a%fsw%*g?h%ye switched by
prediction i ndex._Lpfo L.on 1 h
unidi%é%tfggg gﬁ%g‘i%t%$£1 g?%%ﬁe%i e%r%}§%$%%i%%.30
signals;with-rebgrensecto-the 1iniesnal areference; bamge

signal 166 according to the prediction node sel ected

as dgsexiibedrabpye and the bl ock size switching

informati on 142. The bidirectional predictor 172

sel ects twohki ndsdoteptedneli ppedbdesrfidim éhe 25e

plurality of prepared prediction nodes on the basis of

t he prédicerbhonpleprradextnf bf rapieniddla Myeroblock with

bi directional predictor 172 generates prediction ,
reference to encoded pixels according to the prediction
order switched and selected by the prediction order
switch 170 and the prediction modes respectively
selected to generate a prediction signal corresponding
to the macroblock.

More specifically, the unidirectional predictor

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

the prediction mode index information 141. The

bidirecticnal predictor 172 generates prediction



10

20

25

28 signals with reference to the internal reference

i mge signal 166 according to the two ki nds of

predi ction nodes sel ected as descri bed-above and the

bl ock size switching information 142. The prediction
signals 5 output fromthe unidirectional predictor 171
and the bidirectional predictor 172 are input to a

predi ction node nunber switch I’83. The prediction

node nunber switch 173 is controlled according to the
predi cti on node nunber 10 switching information 144

to seteghadnywotie oéféhenpeedd cthonistgnabl geateatede image
by the unidirectional predictor 171 and the
predi@i@@ﬂlsl@ﬁa@cg@n@t@geEObyheth@Obkﬁmdéc@foma¢diction
predictor 172, thereby outputting a selecte

prediteioh sPgRArcd225 daserherdwbbess ¥me tﬂse block size
predlctlon node, nunber SMAt h 173 sel ects, the nunmb

of  u3%bFeNpRédiitt P oh* hbdies H2om Eh%|%f% Tty ‘F S2Ghals

pr edet er m ne redlctlop nDde [ at h

D e 5T OR o Har S0 1 eR 0o 71 bePedt Phag b (e cthe
refer@ﬂ&?régtf$g§? éééépc@gk 129 %1é§ﬁng£tt907glp?@glctlon

FI G FIG 6A shows an index :blk serving as a

referr@@@@ Rhmseb- bl ocks (8x8 pixel bl ocks) in a
macr obl ock in 8x8 pixel prediction. Simlarly, FIG

7A shows amhendexdibtkonfmsub-bhliacks s¢dxdh 173 is

pi xel bl ocks) in a macrobl ock in 4x4 pixel 25

predi cononolled R G ob6Alngx8o ptixel bt edkst bbb annedd hymber
di viding a macrobl ock by four are placed in the order
such shatchasgetnbpoekt predi ¢fi bp andeah @npcodnpges the

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

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

such that raster block prediction and an encoding



29 process are perfornmed. In FIG 7A in
consi deration of the 8x8 pi xel bl ocks obt ai ned by
di vi di ng the macrobl ock by four, and 4x4 pixel bl ocks
obt ai ned by dividing the 8x8 pixelblock by four are
placed in the order such 5 that raster bl ock
predi ction and an encodi ng process are perforned. The
prediction order switch 170 is centrolled by the
predi ction order switching information 143. The
predi ction order switch 170 transforns an the 10 i ndex
bl k seswéng ase apseferende dependi ngidn & vabueidefamion of
flag :block-order-flag (described |later) representing
t he ptiedi &t8 opine deloskw tahi apnedfloy nbt viothind 48h¢ gnacroblock
switch a prediction order of sub-blocks. To an  order
idx oy fhersudb®l brkspixmllh heeks o teinas pexpiesding the
a prediction order% of the sub-blocks. in ct ual h
encod? 1§ PEXgivenchyPY hEC' bl F 0% Mt etfliatf o ® order suc
[Equation 3] order.= bl kConv[bl ock_ order fl| '

S5y HE SR ohet b XARETE bf o5 Bghct erd SRt inE Process

t l.en I f bl kCo . Wen the fl
bl ockS b BEFLPFAA € O (PALSD), an index :order of a

sub- bl ock irpeagtugh -PEEHI SLive encEdhNY7HSianchbRdexiled by
idx itself of a sub-block to be encoded, and

predi ehéoprefiibt 06kso andr aspt edh Ciidg on botest ase hot. The
25 changed (such prediction perforned by the
predi ptedncokderordecabledch asi@rt bioekoprediet tlon
hereinafter). FIGS. 6B and 7B show prediction orders
lOobtaihedebyiblk serving as a reference depending on a value
of a flag :block order flag (described later)
representing the prediction order switching information
143 to switch a prediction order of sub-blocks. To an
order :idx of the sub-blocks, an index :order
15 (expressing a prediction order) of the sub-blocks in
actual encoding is giver by the following equation:
[Equation 3]
order = blkConv[block_order_flag][idx] (3)
FIG. 8 shows an example of a concrete
20 transfcrmation table of blkCeonv[}{]. When the
flag :block order flag is O (FALSE), an index :order of
a sub-block in actual predictive encoding is an
index :idx itself of a sub-blcck to be encoded, and
prediction of blocks and a prediction crder are not
25 changed (such prediction performed by the prediction

order is called raster block prediction hereinafter).

FIGS. 6B and 7B show prediction orders obtained by
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30 raster block prediction to FIGS. 6A and 7A. More
specifically, in FIG 6B, the prediction order is set

as an order (0 -+ 1 - 2 -* 3) depending on the index

cidx. Simlarly, as in FIG 7B, the prediction 5

order is set as an order (0 -a 1l ->2 14 -3 15)

dependi ng on the index :idx. On the other hand, when

the flag :block-order-flag is BQTRUE), an index

:order of sub-blocks to be actually

predi ction-encoded exhibits a prediction order 10 in

whi chr Dee di lagesial p bd okt odn fourEBeb- bdocksd i'82.  More
predi cted by extrapolation first and the three

r emui swagi bl ogkby aren predi céRd bye extedipol gt onrdgr is set
i nterpol ation. The prediction performed by the

prediztidn oFdeF f |1 Be 2afl et A5 depending on the
extrapol ation/interpolation predjct] einafter. .. .
FIGSJ“@%?éndl@frsh%§Pb dhges §h b?e%f tpg%’o fprediction
obt ai ned by.the extrapol ation/interpol ation, predictio
corre%ﬁ%%ﬁi ng to ey vars 76]A,Sr gsﬁ%cfi V)eIO'y.' In 1e >
FI G ck,ofydin = 3i4s. predicted by 20
extrago a??%%p?$é§t$nsﬁ%%b?§§i§ o%é%dx =1 and idx = 2

are predi cogdenandthbpahbydp sHbnbteekevdgi dX15ck order flag
| ocated at a diagonal position of the position of a

sub- bl ock ofrRUHK, =23 isd@xedbcied by exit+apotlatitom.bdn

FIG 7C, prediction orders are set to four sub-bl ocks

25 of adxdapl xebseobtainedehyodedi eimgoithe Bxgrediction order
pi xel bl ock by four as in FIG 6C. As still another
exanpie, whieldi er¢ oAl agders pfock of four sub-blocks 1is

predicted by extrapolation first and the three
remaining blccks are predicted by extrapolation or
interpolation. The predicticn performed by the
prediction order will be called
extrapolation/interpolation prediction hereinafter.

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

As still another example, prediction orders of
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31 sub-blocks may be arbitrarily set as shown in

FIGS. 6D and 7D dependi ng on properties such as a
correlation between pixels in a macrobl ock. As

descri bed above, the sub-blocks the prediction 5

orders of which are switched by the prediction order
swtch 170 are input to the unidirectional predictor

171 or the bidirectional predictxar 172 to generate
prediction signals corresponding to the sub-bl ocks.

The prediction node nunber switch 173 outputs a 10

pr edi stbenl st gnaha pbivai agdi ya t hey uredi aecthomal in FIGS. 6D
predi ctor 171 when the prediction node nunber

SWi t chnaig7Di ¢ e n@i h@nor 44r erepr eseht SUPH el c? | onr Adbetion
nunber "1" and outputs a prediction signal obtained

by thectyeen retts bhal p? BREIIPLATR- when t he

predi ction_nmode 15 nunber switching informption 144 . .
representsABr%8?6f?8ﬁgbﬁ88%ehuﬁ%%rguaﬁ??ﬁgg?eagﬁtPBﬁdlCtlon
si gnal _out put f&on1ther predi gtion no e -
173 i%rgitga%¥edh5%ha%*eo%tb%€%ﬁ§20¥rgﬁ$gﬁgg%¥%§¥%%i%ﬂde'

si gnal,, geper ator 5 143; , Processase of nifie- i digectppal cror
predictor 171 and 20 the bidirectional predictor 172

correspongdingné Opt Bere Pt 6 EL i PP @I EEs S BBE By §dGerate
flag :block-order-flag w Il be described bel ow As

descrpbedi aboye, sifeal sntdi resgpdotahg ptediled osud7dl anks .
the bidirectional predictor 172 predict sub-blocks to
be entbdedrbyiosing Réddecoded psxetshhel 8 Putphes a
internal reference inmage nenory 118 shown in FIG 4

as theredterhan péefeseneetaine@elyi ghal unbgirectional

predictor 171 when the prediction mode number switching
information 144 represents prediction mode number "1"
and outputs a prediction signal obtained by the
bidirecticonal predictor 172 when the prediction mode
number switching information 144 represents prediction
mode number "2". A prediction signal output from the
prediction mode number switch 173 1is extracted as an
output 122 from the prediction signal generator 113.
rccesses of the unidirectional predictor 171 and
the bidirectional predictor 172 corresponding to the
prediction orders set by the flag :block order flag
will be described below. As described above, the
unidirectional predictor 17 and the bidirectional
predictor 172 predict sub-blocks to be encoded by using
decoded pixels held in the internal reference image
memory 118 shown in FIG. 4 as the internal reference

image signal 166.
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32 (Process of Unidirectional Prediction Unit 171 in
Raster Bl ock Prediction) As prediction nodes of raster
bl ock prediction in the unidirectional predictor 171,
for exanple, nine 5 nodes, i.e., node O to node 8 are
present. As shown in FIG 9A, the eight nodes except
for node 2 (nobdes 0, 1, and 3 to 8) have prediction
directions (directions in which32ncoded pixels are
referred to) which are shifted at intervals of 22.5
in an imge space forned by the 10 i mage encoder 100
and are cal(Pedcdissecti Bnipiedirtiponl RpddsctipdelRitsl/l in
a DC prediction node in the unidirectional predictor
171. Rpere10oBipetsPRafestepPn) prediction nDdes modes 0
to 8 of raster bl ock redlctlog in the un rectional
X

predi ctor $91PTREAET18"i RAEREs® 6F§§§Fn@ ﬁﬁ eRrpdtptgen in

aregventothe anes respectiv 9B shows
el alF b BOCARERC bl BT bt PERCBLSBr oL Lnd!f o SYRRERS) " Ene

pi xel aoé\gst he 4x4 mbgs' oPL8dlSLEOR. 110 pFLGnOB, as shown in

pi xel s to Maré reference pi xel s, and pixels 20 a to

p areppgedbgti @He%%?ks mBAdEONELBL 8L PrELi fbEON RbMOE 0, 1,
will be described below by using FIGS. 9A, 9B, 9C,

and 9bndl B tbesunhdireeptieanatipredietotiddd, (aheacBDCons in
prediction in node 2 is selected, values of the 25
pr edi ehiioh phxebsdaptiwepsareecakéakacedthy vhech are shifted
follow ng equation to gengrate prediction signals. 33
at intervals of 2 in an image space formed by the
image encoder 100 and are called direction prediction
modes. Mode 2 is a DC prediction mode in the
unidirectional predictor 171. FIG. 10 shows names of
prediction modes: modes 0 to 8 of raster block
prediction in the unidirectional predictor 171. Mode
indexes expressing modes 0 to 8 are given to the names,
respectively.
FIG. 9B shows a relation between prediction pixels
and reference pixels in the 4x4 pixel prediction. In
FIG. 98, pixels A to M are reference pixels, and pixels
a to p are prediction pixels. A concrete prediction
method will be described below by using FIGS. 9A, 9B,
8C, and 9D.
In the unidirectional predictor 171, when DC
prediction in mode 2 is selected, values of the

prediction pixels a to p are calculated by the

following equation to generate prediction signals.
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[Equation 4] a-p = ave (A B, C D I, J, K L) (4
In this equation, ave() denotes an average (called
aver age pi xel value) of pixel values (lum nance 5
val ues) of the parenthetic reference pixels. Wen sone
of the parenthetic reference pixels cannot be used,
an average pixel value of only usable reference
pi xels is calculated to generate&3prediction signals.
When a usabl e reference pixel is not present 10 at
all, in the prediction signal generator 113, a val ue
(128 j(iBgwasieonf4B bits) which is half a maxi mum
| um nance value of the prediction signals is set as a
predi cti onasp ghatve Wéen B nodePexkept: for wbde 2 isi4)
selected, the 15 unidirectional predictor 171 uses a
predi cti onl et hbd WG ehPopt €8 (Y efl6P@REE BI'xBIVSTRES
prediction pixels to prediction directians shown j .
PIG G UND 6 ST 17 PH 1 y,° BDr et 16T of g |uminance
gener atj ng_yet ho e en node verti
pr edi\f:atll%%)) i%psg?% ‘ae%e%%toﬁgi‘vee%%/ Ctr“$f1efo%§%lo(?]lso'vvi ng
equations: ynd FOUGEL 0N S pBrehohd® Fc ArePordncd  pIk&ls
B c g k o=0C25d h 1 p=D(5) This node 0
can hesebected, ondy whendefes ence] pixels Jf teny cageble
be used. In node 0, as shown in 34

reference pixels is calculated to generate prediction

signals. When a usable reference pixel is not present
at all, in the prediction signal generator 113, a value
(128 in case of 8 bits) which is half a maximum
luminance value cf the prediction signals is set as a
prediction signal.

When a mode except for mode 2 is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. SA. More
specifically, a prediction signal generating method
used when mode 0 (vertical prediction) 1is selected is
given by the following equations:

[Equation 5]

o]

a, e, i, m =

o
I
.
3
I
o

c, g, k, o=2¢C
d, h, 1, p=D (5)
This mode 0 can be selected conly when reference

pixels A to D can be used. In mode 0, as shown in
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FIG 9C, reference pixels Ato D are directly copied

to prediction pixels arranged in a vertical direction

to generate prediction signals. On the other hand, a
predi ction signal generating 5 nethod used when node

4 (di agonal -down-right prediction) is selected is

given by the follow ng equations: [Equation 6] d = (B
+(C<<1) +D+2) >210¢c, B4= (A+ (B<< 1l +CH+

2) >2Db, g, 1 =(M+ (A< 1) +B+ 2) > 2 a, f, k,
p=(1 +(M<<1) +A+2) >2 e j, 0=(J + (] <<

1) + MG 9Cpxr@férence gikked { P <0 1D ard ddrBctly xdied to
m= (L + (K<<1) +J +2) > 2 (6) Mde 4 can be used

onl y B ¢lef@r gnices bt xal 52 0ed 1D Attt 1@ M Peton to
used. In node 4, a shown in FIG 9D, val ues generated

by a BEIFPFT IR Yopi 2 % a | ower-ri ght

direction at 45 to generate 20 prediction si S .
Wt h respe@? %%ea9%$%ﬂf% ?%h T cﬁfég%%b Qf%?gﬂ%de%en%fatlng
2, aﬂgeé‘h cﬁ@s@@r@n%{mri(_!@ié@&palmﬁ—ri ht
specifically, a prediction signal”is generated by a
et hod, of 1 COPYiNG: & ef erences pi xe) svahich wan he usethg
in 25 a prediction direction to prediction pixels
arranggdatlond he prediction direction. 35 (Process of
Bidirectional Prediction Unit 172 in

[Equation 6]

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

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

b, g, 1 = (M + (A << 1) + B + 2) > 2

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

e, j, o= (J + (I << 1) + M+ 2) >> 2

i, n = (K + (J << 1) + 1 + 2) > 2

m= (L + (K<< 1) +J + 2) >> 2 (6)

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

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

the prediction direction.
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Raster Bl ock Prediction) In unidirectional prediction,

a prediction signal 1is generated on the assunption

that an in-block image 5 has only one spatia

directivity. Wen the in-block inage has two or nore
spatial directivities, the assunption cannot be
satisfied. For this reason, the nunber of prediction
residual error signals tends to 33 ncrease when only

the unidirectional prediction is 10 used. Therefore,

when the image has two or nore spatial directivities,

two ki nds oPrnodes of Bheéineneiopabdbcédont rodedgn{al $02 in
including the DC prediction) in the unidirectiona
prediBeorei73lark Bredlchheously used in the

bi directional predictor 172 to perform 15 prediction

in consi defAt FBAddFeat pPOrAl PE§IbFtspat j al Prediction signal

oL iR IS BB A1 U DLl s
FI G i : |
S RS IEEIPELLERROLY! oyt MRS e

20 In; flG s 2.Brsdi gbionsgpde, whiiche Uses; { Wos Modes
is present. For exanple, the name and the node index

of a apsedbetbANcARHEL Wk Chatisesivert i cat Predi £4490n, the
(node 0) and horizontal prediction (.ode 1) are
descrmbedeasof " peetiicalbhorézottal oredr cédi@nilandends to
"nmode 01", 25 respectively. For exanple, the nane and

t he nbdertadexwheh anpyethetiohdhpeet whieh psedittheon is
vertical prediction (node 0) and the DC prediction
(nodev2§dar eTdesefpbed BB veRre | €BFIDA23 PredrEtToRe

and "node 02", respectively. , ,
spatlag dlrecgsttYesy two kinds of modes of the nine

prediction modes (also including the DC prediction) 1in
the unidirectionai predictor 171 are simultaneocusly
used in the bidirectional predictor 172 to perform
prediction in consideration of a plurality of spatial
directivities, thereby suppressing the number of
prediction residual error signals from increasing.

FIG. 11 shows mode indexes corresponding to names
of prediction modes in the bidirectional predictor 172.
In FIG. 11, a prediction mode which uses two modes is
present. For example, the name and the mode index of a
prediction mode which uses vertical prediction (mode O0)
and horizontal prediction (mode 1) are described as
"vertical/horizontal prediction" and "mode 01",
respectively. For example, the name and the mode index
of a prediction mode which uses the vertical prediction

(mode 0) and the DC prediction (mode 2) are described
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As an exanple, a prediction signal generating nmnethod
perfornmed by vertical/horizontal prediction 5 using
the vertical prediction (node 0) and the horizontal
prediction (nmode 1) will be described below. FIG 12A
shows the concept of vertical/horizontal prediction
(node 01) in 4x4 pixel prediction. A relation between
prediction pixels and reference 3 xels 10 in the 4x4
pi xel prediction is the sane as that in FIG 9B. For
exanple, in prediction pixel a, an average pixe

val ueasof "pexelcAlrefepreditoiom” téed Veodecdl",

predi ction and pixel | referred to in the horizontal
predi cespAcisveky-as a prediction signal. 15 In

prediction pixel b, an average pixel value of
ref erence ﬁFXéP Bxﬁﬂpﬂﬁe VePf?eéF pPRAFEENBR dR@erating
reference pixel

pred.%?F%ﬁ P%fé%fm%g %pr%a %%?L/h%f@ﬁ%ﬁga@v%ﬁedlcthﬂ
fespe Egg L QL her gngég%%PPoR LS. fedigtion

S|gna geéneér a e sa nethod as

descrﬁ@?ﬁz@99¥? pr@@[@t§@ﬁc &b&@liyiwﬁlpr§g|§éé@ﬂlbed below.
pi xel Is calculated by using the follow ng equation

in verticapAhorbwont@d poedésti on (aPdecOl)horizontal

[Equation 7] 25 X(Ol,n) = (X(Qn) + X(I,n) + 1) > 1

(99 prnethtsiequatboa, 0t ef ereficeé syrbdl pnedenotes. anA

i ndex corresponding to prediction pixels a to p shown

37 ineF&Cﬂo@BbeawdeX(@Lﬁ@lgﬁdox(plngl@eﬁ@@ereference pixels

prediction gnals ?enerated by vertical prediction .

and hb?libﬁtér ixel prediction is the same as that in
FIG. 9B. For example, in prediction pixel a, an
average pixel value of pixel A referred to in the
vertical prediction and pixel I referred to in the
horizontal prediction is set as a prediction signal.
In prediction pixel b, an average pixel value of
reference pixel B in the vertical prediction and
reference pixel I in the diagonal-down-right prediction
is set as a prediction signal. With respect to the
other prediction pixels, prediction signals are
generated by the same method as described above.

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

[Equation 7]
X(01l,n) = (X{0,n) + X(1l,n) + 1) >> 1 (7)

In this equation, reference symbol n denotes an

index corresponding to prediction pixels a to p shown
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predi ction which are unidirectional predictions. Since
concrete generating nethods of the prediction signals

5 X(0,n) and X(1,n) is the sane as that expressed by
Equation (5) and Equation (6), a description thereof
will be omtted. A prediction pixel is calculated by
using the follow ng equation in vertical/DC

prediction (nmode 02). 10 [Equation 8] X(02,n) =

(X(0,n) + X(2,n) + 1) >>1 (8) A prediction pixel is
cal cul ated by using the follow ng equation in

vertical Fitagdhal addwa< 0 ghtangredl oti ote{aoeleo 04 Lctdon
[ Equation 9] X(04,n) = (X(0,n) + X(4,n) + 1) > 1 (9).
FIG 12@rshovgerheatodcept voft i pf celf ediohl pretdigdl hehizontal

node 04. | n extrapol ati ediction i I [t f

20 di PEREi BhsoBXERAERT BF St ! Pi EXF o1 P! | BY Grbfer Dy Since
02, dicti [ i m I | cul at ed. .

e BatTashe ateRer ot 2o airbhotn tharhd war SRR sLonats
directi gn expr ess b i I
eauat%g§f§)[%ﬁ%a??%h%gOI§ZEg§(%ﬁ%%?ﬁioiééﬁz%%bég%g%fnsy

+ 1) Eau;tiég)(5!naBBi§q§QH§éﬁ0P6)X($L£Q$éﬁﬂb€q¢hrﬁhereof
are a node "U'" and a nbde "V' in the unidirectiona

predi gtionpeandiB8B8edX(WV, n) is a prediction signal of

a node "UW" in extrapolating prediction of a

plurality afpdedéctionspixel is calculated by using the
following equation in vertical/DC prediction (mode 02).
[Equation 8]

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

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

[Equation 9]

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

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

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

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

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

and a mode "V" in the unidirectional prediction, and
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In this manner, prediction pixels are calculated by

the unidirectional predictions of arbitrary two 5

types in units of pixels. A value obtained by

averagi ng these prediction pixels is set as a

prediction signal. For this reason, prediction can be
perfornmed at high accuracy when a plurality of spatia
directivities are present in a ldeock, and encoding 10
efficiency can be inproved.

(Extrapol ation/interpolation Block Prediction) 1In the

ext rapobaf h pni § nk ep ped &t t Do b DEKa Prefli £Ltmedle a'SUV" in
described in FIG 6B, an order of sub- blocks in a

macr obk ockp o sacthapgeded rom am of derplwrd hety 1&6f rédstections.
bl ock prediction to a prediction according to Equation
(3). For ekanphés mheﬁeﬁre@r@@+@ﬁl©§ Dbé??%rﬂéﬁ talgrated
plxelblocks as shown in FIG out si de corner

bl ockPY st B?eﬂ”b?éﬁe %l%n%}oﬁke?%%bb%ﬂsr%?e??%ﬂt{%féstwo

I bl ock h f h. b
ot T apBrBLi HQ- BF b0 LB TR Hivarie)® ARG CTRG: (R 68

other, p 93 §n r?h@§ 3\% c@f’o?'é’fxéls(ié‘t%{"%@éo”

blocks i nafter

'ntefﬁpééiéﬂgo@f§9i§£§d ﬁ@fet§9§0£$é§@%|Ypr@@lctlon can be
extrapol ation bl ock (4) is predicted, and then 25

i nt erpot abived bhocksg Ldcci2dcy angef 33 BrerPI ey cbdspatial
When 4x4 pi xel bl ocks are predicted, a prediction order

I s sefisechithatepredecprosent anm axibiapol atndnedtodkng

39 and prediction of interpolation blocks are

per f ot htdctonceachn obet hrpdxdepi xel bl ocks in units of

8x8
(Extrapclation/interpolation Block Prediction)

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

1s set such that prediction of an extrapolation block
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pi xel bl ocks. In the prediction process, upon

conpletion of the 5 prediction in units of 8x8

pi xel bl ocks, prediction is perfornmed to the next 8x8

pi xel bl ocks. In this manner, the prediction in units

of 8x8 pixelblocks is repeated a total of four tines.
(Prediction of Extrapol ation Bl ock) 10 Wien an

extrapol ation block is to be predicted, a distance

between a reference pixel and a prediction pixel is

great. For this reason, a range of the reference

pi xel sndl spasd shoivin | dif FH G e Ad atl ToFIG o dMA, aripeat Soned to
to X and Z are reference pixels, and pixels a 15 to p

are peedctf orhpi ket spiihbughs the yange ©f &t

reference pixels becomes wi de, a nethod of generating

a predret?encsFgnal by copying reference pixels

dependi ng _on_prediction, angles is perforned iP t he £ th
same mannef"ak"ei RTEAECT 42 P T BFOTK’ prR ctP B Sopon of the
More specificall when p iCcli i n_od b S, -

el ock Da o E0 ekt r RO BT ore B ot S BF G S om0
a to@@r?é?mf@'@&'@ﬁgdn$W%t@ﬁ8fﬁ&iéW%f@b@QUatI@néhis manner,
[ Equation 11 - p=ave (Ef F, F, H U V, W X) (11)

255 i pnhd hp Sc@aual 69Nin ave{)s denot €8 @k aMET @ges pi Xelepeated
val ue of the parenthetic reference pixels. Wen sone

of the patentbetieuref enence pixels 40 cannot be

used, an average pi xel value of only usable reference

pi xel s i s ¢Arediatednt of génerapel pt edi cBionk)

When an extrapolation block is to be predicted, a
distance between a reference pixel and a prediction
pixel is great. For this reason, a range of the
reference pixels is as shown in FIG. 14A. In FIG. 1l4A,
pixels A to X and Z are reference pixels, and pixels a
to p are predicticn pixels. Although the range of the
reference pixels becomes wide, a method of generating a
prediction signal by copying reference pixels depending
on prediction angles is performed in the same manner as
in the raster block prediction.

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

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

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

When some cof the parenthetic reference pixels



10

15

20

25

signals. Wien a usable reference pixel is not present

at all, in the prediction signal generator 113, a

value 5 (128 in case of 8 bits) which is half a

maxi mum | um nance val ue of the prediction signals is

set as a prediction signal. Wen a node except for

node 2 is selected, the wunidirectional predictor 171

uses a prediction nethod 10 whi4®h copies reference

pi xels to prediction pixels to prediction directions

shown in FIG 9A. Mdrre specifically, a prediction

si gnatageneria i ngedet drod varsege whiere nodel (B (oferdrilgalusable

prediction) is selected is given by the foll ow ng

equatzr@ﬁ%rerlcse [Eq%rfaﬁ oS 1c2ql<all€eted tneererate fprgdigyion
o=0Gd, 1, p=H(12) 20 This node

0 carﬁb%“%%fls ect @O yUWFé]rF red B e &M@e]i SSE Y |resent

can be us shown, i n

refer%%c%fb1best%?thig%ékf%ﬂr%&ﬁ?@lcd% %#ﬁOf 113, a value
pr edi {ign rplg(g%é gxr@n@&{d qgglé/ﬁrté g'?élfj'é%lil%mto

generate prediction si tion signal

gener?&ﬁﬂ@aﬁ@éh991Méegfmaﬂg f@&&%fﬁon signals is set as a
(di agonal - down-ri ght predlctlon) is selected in an

extr appéai toNo®l 9cknds. gi ven by the follow ng 41
equations: [Equation 13]

When a mode except for mode 2 is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. SA. More
specifically, a prediction signal generating method
used when mode 0 (vertical prediction) is selected 1is
given by the following equations:

[Equation 12]

a, e, i, m = E

b, £, 3, n = F

c, g, k, o =G

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

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

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

an extrapolation block is given by the following



d =(B+ (C<<1) +D+ 2) >> 2 c, = (A+ (B<<1) +
C+2) >>25 b g, | =(Z + (A << 1) + B+ 2) > 2

a, f, k, p=(Q+ (Z << 1) + A+2) >2 e j, o0=(R
+ (Q<<1) +2Z2+2) >2i, n=(S+(R<<11) +Q+ 2

> 2 m=(T+ (S<<1) +R+ 2) > 2 10 This node 4
can be selected only when reference pixels Ato D, Q
to T, and Z can be used. In nodesa¥d, as shown in FIG
15B, val ues generated by a 3-tap filter are made
prediction pixels aligned in a |lower- right direction
at 45egoageoesate prediction signals. 15 Wth respect
to the prediction nodes except for nodes 0, 2, and 4,
a frabBaoekiohi thlis al nost the sane as that

descri bed above Is used. Mre specifically, a nethod
of copyi ngda=r éBefente<pi x&l *whi th2tan”bé used in a
prediction dlhectlon or _an |nterpolated val ue 20
generated Froth Thé’r &f éPente’pi ket fo“preédiction

5p|xels anged |d|é?e prgd ct 9n dbrecﬁg is used
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to genera a’'pre i on S|gna Interp fidn Bl ock
Prediction) In FlGS, 13Ajapnd 13B. wh §n+

i nterpol ati 6n bl ock™ 25° 2) i S prealcte predlctlon
of the exteapeglationhl ocky €4)1)s+epdedp) Fos this
reason, prediction mhlch refers to plxels of an
extrapolatuonnbko¢k t4xrcan be 420 perforned. When an
interpolation block (3) is to be predicted,

predi cti onmwhi ¢fi ref(&r s<t ®) notRonl §)the 2

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

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

(Interpolation Block Prediction)

In FIGS. i3A and 13B, when an interpolation block
(2) 1is predicted, prediction of the extravolation block
(4) 1is ended. For this reason, prediction which refers

to pixels of an extrapolation block (4) can be
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pi xel s of the.extrapol ation block (4) but also the

pi xel s of the interpolation block (2) can be

performed. 5 When an extrapol ation block (1) is to be
predi cted, prediction which refers to not only the

pi xel s of the extrapolation block (4) and the
interpolation block (2) but also the pixels of the

i nterpolation block (3) can be 4%rfornmed. 10 FIGS

14B, 14C, and 14D show rel ati ons between the

i nterpol ation blocks (1), (2), and (3) and reference

pi xel serhoaxdd pi xéhepredi chiorpo R kb ROt ) akre to be
reference pixels newy added to FIG 14A, and pixels a
to p BFedpreddct PHRIPEXEPS. vhECh Protess o not only the
Unidirectional Prediction Unit 171 in ipterpolation
BIockaF%éFc?FoB?eTﬁétﬁﬁ?ﬂ}?%b?T&%ﬁ?cﬁrég%5?%? A7° hass
atotal of 17 des of directiona redictio
extra%%f%ﬁ?o%f gﬁ%c n%ff%o¥%%b%%poi%g$nF%%ﬁ%Vgﬁ%g§%kformed'

blOCkWQéﬁdgﬁtéQﬂr%Q??QgiéNV@[§§kexiyaPQ!@giégypredicted,

predi ction whic ers to reference pixels in an

encodgdeABET 0Bh OGki a8 ShPMRs i o FbG odby dhe dilkdmslest the
except for node 2 have prediction directions shifted

at i néetvapsloti@2. bloFk G 4l7asdomse namesreflation block (2)

prediction nodes 00 to 16 25 of unidirectiona

pr edi cttoal per fioe nedxehsi of etlpol atiorrobitockn block (3) can

prediction in the unidirectional predictor 171. Mde

i ndexes PBrferngdexpressing nodes 0 to 16 are 43

added to the namgs, res ectivel%. In FIG 17, to a th

predi ctionfhBde of Sextfapofati 6hPpFdek predfteioncetveen the
interpolation blocks (1), (2), and (3) and reference
pixels in 4x4 pixel prediction. Pixels RA to RI are
reference pixels newly added to FIG. 14A, and pixels a
to p are prediction pixels.

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

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

FIG. 17 shows names of prediction modes 00 to 16
of unidirectional prediction performed in interpolation

block prediction in the unidirectional predictor 171.

Mode indexes 00 to 16 expressing modes 0 to 16 are
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(prediction raster block prediction) shown in FIG 10,
an inverse prediction node is added. 5 Mire
specifically, nodes of vertical prediction,

hori zontal prediction, DC prediction, diagonal-down-

| eft prediction, diagonal-down-right prediction,

vertical -right prediction, horizontal -I| ower

prediction, vertical-left predi&tion, and

hori zont al -upper 10 prediction are conmon in FIGS. 10
and 17. In FIG 17, in addition to the nodes shown in
FI G dfded nverslee wvanes cateppedi tteon. (nbdef By, 17, to a
i nverse horizontal prediction (node 1Qﬁ, .

di agomatd uppe?n MePr pf ediiefipnl afier 1agk prediction
di agonal - er-left prediction de 12), 15 ,

invgr é%*':?/‘i “J(ptrjc%rl‘-lfaeff e]br‘%h‘?%lfi%é]g%%%o%é)s,h‘?”fﬂlelr%eﬂg 10,
horizontal-upggr-g%gdigiégn égnde 14 deénverse-

vertitalttight: prediction (hode 1%)T°And i nver se-

hori zont al M%%ﬁ;@é@g"f eLLpn, (npdge 16) ¢ a—&&%‘g@'&fzjbpiédlétion,

det er m ned r a prediction node can

sel ected; dependi fige PNc@i POSi bt ofadaf &l 88 O Of gk 1 -down-
i nterpol ati on bl ock and reference pixels and t%e

pr esenced absence: 0in 1 ef £x@neel pioved -seidior Exedipdte; on n

the interpolation block (1), reference pixels are
arranged- ice bttidlne oiedcti oms, hoelzodefl, loveghtpgre®bction,
upper, and lower. For this reason, as shown in FIG

18A, & Tt heresl Of § Pus eah Yo st @cr el 293 heupper
interpolation block (2), since_ no reference IS

44 HrANYEd Oh THe TIYRMT Wodel 4D, Lhord 1 PI )aiﬁ{l)“ notfe: 17

16 Cflrpna%dlb@igneltegtt de arr%o gsomglhci)xpn Fllna FELB.B' 1d,n 1Irpveerse
vertical prediction (mode 9), inverse horizontal
prediction (mode 10), diagonal-upper-right prediction
{(mode 11), diagonal-upper-left prediction (mode 12),
inverse-vertical-left prediction (mode 13), inverse-—
horizontal~upper-prediction (mode 14), inverse-
vertical-right-prediction (mode 15), and inverse-
herizontal-down prediction {(mode 16) are added.

It is determined whether a prediction mode can be
selected depending on a positional relation of an
interpolaticon block and reference pixels and the
presence/absence of reference pixels. For example, in
the interpolation block (1), reference pixels are
arranged in all the directions, i.e., left, right,
upper, and lower. For this reascn, as shown in
FIG. 18A, all modes 0 to 16 can be selected. In the

interpolation block (2), since nc reference pixel is
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i nterpol ation block (3), since no reference pixel is
arranged on the | ower side, node 9, node 13, and node

5 15 cannot be selected as shown in FIG 18C. A

predi ction signal generating nmethod of the

uni directional predictor 171 in the interpolation

bl ock prediction will be described below In the

uni directional predictor 171, whéh DC prediction in 10
node 2 is selected, an average pi xel value of upper,

| ower, left, and right nearest reference pixels is

cal cukatredgkd genéhat eighpy edbdei d0, shgnal 14 Moapd mode 16
specifically, with respect to the interpolation block
(1), predPétkenssilgaars aresheBncahctilat ed8Becokdi hige

to the follow ng equation: [Equation 14] a- p = ave _
(A B}né?erlﬁA}oRBPlRQF ?@?'CFlRFeS?OTFeREFeRF? p&gel is

fR“? lzé%%%sa.%%%ﬂ?sheiﬁéﬁip%’gt S5PE0I SoR8 AccoParng t ot fiemode
i na. o>t . coc R S
T? E?WE?Qéﬁﬂ%?th%?s§EEQE%§'%%);?%g§ P§5F€$?h£§%gpect

to the interpokati-en bl Q¢knE3) gee rRECHLECLEPALS gRALK,
is calculated according to the™ follow ng equation: 45

[ EQuatihe@ait6ktaonpl=pa¥af{froB, 1€1 Da theVinWrpolation block

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

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

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

Q, R, 5, T, RE, RF, RG, RH) (14)

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

[Equation 15]

a~p = ave(Q, R, 5, 7, E, F, G, H,

RA, RB, RC, RD) (15)

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

following equation:
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RE, RF, RG RH) (16) In Equations (14) , (15) , and
(16) , ave () denotes 5 an average pixel value of the
parenthetic reference pixels. Wen sone of the

parent hetic reference pixels cannot be used, an

aver age pi xel value of only usable reference pixels
is calculated to generate prediction 10 signals. Wen
a node other than node 2 is sel acted, the

uni di rectional predictor 171 uses a prediction nethod
whi ch copies reference pixels to prediction pixels to
predlpg¢&gtf5mep6]ons shown in FIG 16. Description of
15 cal cul ation of prediction pixels in node 0 to node
8 wll beaom ttede blecakiseC priedi€ti‘on Ws Hperformed at
the sanme prediction angles as those in the
extrapol ati on bl ockREW RF, rBSpeBt)to node 9 to nmodel ©)
16, encoded bl ocks 20 arran ed |n a nacroblock are

referred t&"iRI@pixes 04Her bt a %R%df%@ orf 6t gér dgfotes
t he encoded extrap olatqul 0 re
speci 1 cal 57 I nHen o de %ﬁe}% JsalSitheric reference

vertical -prediction) is selected a prediction signha
IS gé%era 2d from a nearest reference pi xel on the 25

| over S'deWhgxtQoﬁ@sggcﬁhé0?$P§ntﬁ@@{@oL@$éﬁgh@@Oﬁfxels
(1) and the interpolation b predi ction

si gnal snnaf ep&ah sl at £l @@@ﬂé@&rﬁhiéﬂt&ﬁﬂiéﬂdﬂﬂ%ﬂﬁy usable
equations: 46 [Equation 17] a, e, i, m= RA
reference pixels is calculated to generate prediction
signals.

When a mode other than mode 2 is selected, the
unidirectional predictor 171 uses a prediction method
which copies reference pixels to prediction pixels to
prediction directions shown in FIG. 16. Description of
calculation of prediction pixels in mode 0 to mode 8

-will be omitted because prediction is performed at the
same prediction angles as those in the extrapolation
block.

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

are calculated according to the following eguations:
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b, f, j, n=RB ¢ g, k, o= RC5d, h, 1, p =RD
(17) FIGS. 19A and 19B show net hods of generating
prediction signals to the interpolation block (1) and
the interpolation block (2) in node 9. Reference
pixels RAto RD are directly copied to prediction 10
pi xel s arranged in a vertical direction to generate a
predi ction signal. Wth respect 4% the interpolation
bl ock (3), nbde 9 cannot be used because a reference
pi xel is not present on the [ower side. Wen node 10
(i nvefsguaoiozont Al -prediction) is 15 selected, a
predi ction signal is generated froma nearest
reference pixel dn mhe RRght side. Wth respect to
the interpolation block (1) and the interpolation

bl ock (3),Pprédi¢tidn signals are calcul ated
according to the follo 'gg equations: 20 [ Equation 18]
a, b, ¢, d°= B “e,°f, 9y h = RF i, j, k, h = RGm
n, o, p=FRH(18) 25 FIGS. 20A and 20B show nethpds of
generatingg’p§éd%bt on g?gnals to the interpol&??%n

bl ock (1) apgds. theai pLerpobathon REOckq§ 3} ¢l HelDEL: 104
Ref erence 47 pixels REto RH are directly copied to

predigté@nct Phxed Sgad TaNged:hd BnhOFp Z0NM Bdn dbI&E | ON) and

to generate a
the interpolation block (2) in mode 9. Reference
pixels RA to RD are directly copied to predictiocon
pixels arranged in a vertical direction to generate a
prediction signal. With respect to the interpolation
block (3), mode 9 cannot be used because a reference
pixel is not present on the lower side.

When mode 10 ({inverse-horizontal-prediction) is
selected, a prediction signal is generated from a
nearest reference pixel on the right side. With
respect to the interpolation block (1) and the
interpolation block (3), prediction signals are
calculated according to the following equations:
[Equation 18]

a, b, ¢, d = RE

e, £, g, h = RF

i, 3, k, h = RG

m, n, o, p = RH (18)

FIGS. 20A and 20B show methods of generating
predicticn signals to the interpolation block (1) and

the interpolaticn block (3) in mode 10. Reference
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prediction signal. Wth respect to the interpolation
bl ock (2), node 10 cannot be used because a reference
5 pixel is not present on the right side.

Furt hernore, when node 12 (di agonal -upper-|eft
prediction) is selected, a prediction signal is
calculated to the interpolation block (1) according to
the followi ng equations: 10 [Equation 19] d = (RE +
(RF<<1l) +RG+2) >2 ¢, h=(RF+ (RG<< 1)+ RH +
2) >2Db, g, 1 =(RG+ (RH<<-1) + R -+ 2) > 2 a, f,
K, p pik&s+RERtO<RH13r& RDracP)y>coRiedbte,pfedict=ion
(RR + (RD<< 1) + RC+2) >21i, n=(RD+ (RC<<1

+ RB pig¢ls>apranged ROy +a (RBrkzonjak ®RrecRonst qaqugrate a

Wth respect to the interpolation block (2),

a
predlﬁfﬁéhCEF@ﬁaﬁlG%a%alc +%@eﬁe%ﬁ%%?dW%gt@% %Wﬁﬁﬁﬁplatlon
enenentln, (i Al E s

m= (RA +

(RBi 2351 R Aot Wrsgedt Jprthd, flan? &id0 = (O

nnterpolatteptREgﬁBrQS)whﬁe HBSQ'?E'@@lébgﬂél iSper-left

cal cul ated according to _ | ow ng equati on:
[Equapteniddlon) is selected, a prediction signal is

calculated to the interpolation block (1) according to

the following equations:

(Equation 19]
d = (RE + (RF << 1) + RG + 2) >> 2
c, h = (RE + (RG << 1)+ RH + 2) >> 2
b, g, 1 =_(RG + (RH << 1) + RI + 2) >> 2
a, £, k, p.= (RH + (RI << 1) 4+ RD + 2) >> 2
e, j, o= (RI + (RD << 1) + RC + 2) > 2
i, n = (RD + (RC << 1) + RB + 2) >> 2
m = (RC + (RB << 1) + RA + 2) >> 2 {19)

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

[Equation 20]

d, ¢, h, b, g, 1, a, £, k, p = RD

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

With respect to the interpolation block (3),

prediction signal is calculated according to the

a

a
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d =(RE+ (RF<<1) + RG+2) > 2¢c, h=(RF+ (RG<<
1) +RH+2) >25Db, g, 1 =(RG+ (RH<< 1) + RH +
2) > 2 a, f, k, p, e, j, oob m=RH (21) FIGS. 21A
21B, and 21C show net hods of generating prediction
signals to the interpolation block (1), the
interpolation block (2), and the interpol ation bl ock
10 (3), respectively in node 12.48A val ue generated by
a 3-tap filter is copied on an upper-left side at 450
to generate a prediction signal. Wth respect to
predi ©41 bowimgesgfaottes: 12 to 16) except for the
nodes 2, 9, and 11, to prediction 15 directions shown
in FI GRuagin 188, 18C, and 18D, a prediction nethod
whi ch copies prediction signal interpolated froma

nearest pi%ef WhEch €&h be Feferfedt ¢b T3 %ised. Wen
no reference pixel _js arranged. jn t predi ction

di rection,th Vaf%t} of (%ﬁegﬁe]a)r e*é,tlplgdr r%)f etente pi xel
may be copjed_ to, gen t referenc i xe
Alternati€%1ygﬁ %irtggﬁ fe?%?e%%efgi§e$£ ﬁa%yb%> 2

generated fromiptegpolation,of,a pturality of (21)
reference pixels, and the Vvirtual reference pixels may

be used inrpsediztApn21R25 4 oxesSSsbw Bidli K6€s i ®hahenerating
Prediction Unit 172 in |Interpolation Bl ock
Predigtedingt idre Highaectiondie prredd gp@ratli7zéh block (1), the
sinul taneously 49 wuses two nodes of the 17 prediction
nmodesirftae spolahicdudd heeIDC Dr edied itWrg oftedmolation block
i nterpol ati on bl ock
(3), respectively in mode 12. A value generated by a
3-tap filter is copied on an upper-left side at 45° to
generate a prediction signal.

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

(Process of Bidirectional Prediction Unit 172 in

Interpolation Block Prediction)

The bidirectional predictor 172 simultaneously
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predi ction performed by the unidirectional predictor

171 in the interpolation block prediction to perform5

predi ction containing a plurality of directivities. A
concrete prediction signal generating nethod is the

sanme as that given by Equation (10). More

specifically, a value obtained by averaging, in unit

of pixels, prediction signals d®ained in the two

sel ected 10 nodes (nodes "U' and "V' in Equation (10))

is used as a prediction signal of the prediction

pi xelsse$| Gvo 2Rocddwwst atmpdE/ | prdedd clorare SpotEl NGB X0 a

nanme of a prediction node perfornmed in the _

i nt erpothtdond B deke pretdi @i onf i the h iRt e et i onharlock
predictor 172. 15 In FIG 22, there is a prediction

nmode RISTHYCt WO niofies® Tgh (o e xip Wi A P st tor

i ndex a prediction node vertical prediction

(moae 8} ThEHTR PRI Suhrst oo et et oh Thote Bgpfomm
are S ical/linv - hor i zant Co

o e e e S A A O e v Y A e
number, 0f reach, predicidons 5 Shd b SiPIRe fHQUr s Ghe

is added to the head of the nunber to express the
nunbesams as twwaf | gren myrtefuat Mrde( 10 )and roege 00

have the sane neaning. In this manner, in

bi di rege¢cohidapredi xtvaliofolarnid ivy ervpotagiron in unit of
bl ock, not only sinple interpolation prediction in

whi che prebs ctpoed hodeoni ¥ ednd bhsoktral neshpiosi the tloveaghlected
other, but also interpolation 50 prediction which
copesToieh EefeyntVcrige’ Y'n 1RikeEaiA y( 0t )t hies used as a

bl OCkaerdfgchlmeXsilta/naof gpethe prediction pixels.

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

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

In this manner, iﬁ bidirectional prediction of an
interpolation block, not only simple interpolation
prediction in which prediction mode directions are

opposite to each other, but also interpolation
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directivity can be perforned. Therefore, prediction
residual signals can be advantageously reduced. 5
(Procedure of Inmage Encoding) A procedure of the inmage
encoder 100 will be described belowwith reference to
FIG 23. When an input inmage signal 120 of one frane
is input to the inage encoder 100 (step 5101), a
frame to be encoded of 10 the irggut i nage signal 120
is divided into a plurality of pixelblocks
(macr obl ocks) by the frame divider 101 to generate

t he bboekidtnbge whigtal cd2ds Endod ngl idter ddlaocde iimage
signal 121 is started (step S102). The bl ock inmage

si gnadid@dtisitnpuf the theoph edli ctarr Ot IS rthiche
predictor 102, it is determned on the basis of the
predi €EFORt bY HeY S tohi PR F R drat i BIF P T Svhdt IR F1on

predi cti on order of. sub-blocks is change .(ste
D 05) P UHBHE | L oS o Do ST A O RS
in step S1 bl.ock-order-f] ag_|j SE, and the 20
prediction?g%%%?d%ﬁftgﬁ gﬁgée %%?%fﬁ$gster bl ock

predictiong ﬁé‘@é&QdQESdéEt§h§n9m§!g&09§§oc§élp'?é@%§ll be
according to an order expressed by Equation (3). In

the rasieriblQcke psRAlCth OFefétehde ded er TG NexB. bywHdre an
predi ction node nunber switching information 144 25

whet hefipuni thi@et § dDmah 1 pr 2di ef | omfe | Brge fios netbuto tsubkhe

bl ocks (step S104). In this case, when the

uni di ifrezge omatoperdiedi onteés PP I or nedf (HNES o xt egnGaded of

S104), the unidirectional predictor 171 perforns _

predi € ¢ ohnp &t epn&I063 1 9VHEN 2hel By ¥eRd i bhe® @ plurality
of pixelblocks (macroblocks) by the frame divider 101
to generate the block image signal 121. Encoding the
block image_signal 121 is started (step S102). The
block image signal 121 is input to the predictor 102.

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

by the prediction mode number switching information 144
whether unidirectional prediction is performed to sub-

blocks (step S104). In this case, when the

unidirectional prediction is performed (YES in step
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prediction is not performed (NO in step S104), the

bi directional predictor 172 perforns prediction (step
5 S107). On the other hand, when the prediction order
is changed (YES in step S103), block-order-flag is
TRUE, and the prediction order swtch 170 sel ects
"extrapol ation/interpol ati on bl ock prediction” which
10 predicts and encodes sub-bl ocdis according to the
order expressed by Equation (3). In the

extrapol ation/interpolation block prediction, it is
det er #i Béd, byhe hen pd edéct | oma hoeleed helbder 1 s pehi pigns

i nformati on 144 whet her unidirectional 15 prediction

i s pePFofhedien {hecRBUBLBPbcks et ephs10BIdiremtipnal
case, when the upidirectiopal prediction s erforned
( YES PReSt e ¥1055, "¢ hePuhi af Pett ?%%a%” ?J"r%%ig{éjr) 1797
perforns. predi ctipn (step, S10 Whe t he —

Gt i 7 gt Frat S B T ERe T Rt HerTorhecP TR Thig (step
step $1§5), the bidirectional predictor 172 performs
prediction (step S109). Upon conpletion of the

predi ctionohNthtePrBdPOhanSl0dne $108e PreSlOPion bodat is
cost (1), (2), (3), or (4) in a macroblock is
cal cutasededir o Equat s oep (S) 0and Rbo&kuat deon {43g (54 €PrRUE,
Sill, S112, S113, or S114). The total costs
cal cubat ethé¢ npst@épst Billor@in 2swB1dI3, 1 dhdse Bidds ar e
conpared with each other to deternmine a 52 prediction
met hode{srepo51a59n/ Byt espabe t hen pp et etperd i deiorod which
determ ned as descri bed above, the orthogona
predicts and encodes sub-blocks according to the ocorder
expressed by Equation (3).

In the extrapolation/interpolation block
prediction, it is determined by the prediction mode
number switching information 144 whether unidirectional
prediction is performed to the sub-blocks (step S105).
In this case, when the unidirectional prediction is
performed (YES in step S105), the unidirectional
predictor 171 performs prediction (step S$108). When
the unidirectional prediction is not performed (NO in
step S105), the bidirectional predictor 172 performs
prediction (step S109).

Upon completion of the prediction in step S106,
$107, S108, or S109, a total cost (1), (2), (3), or (4)
in a macroblock is calculated from Equation (3) and
Equation (4) (step S111, S112, S113, or S114). The
total costs calculated in steps S111, S112, S113, and

S114 are compared with each other to determine a



transformation/ quantization unit 104 and the entropy
encoder 108 perform encodi ng to out put the encoded

data 5 146 (step S116). At this time, inverse

quanti zation and inverse orthogonal transformation

are perfornmed to the quantization transformtion
coefficient information 127 by the inverse
quanti zati on/i nverse orthogonal 3D transformtion unit
105 to generate the decoded prediction residual error
signal 128. The decoded prediction residual error

si gnapré@8candnt hetpoedistépnSlsdgnal Bu26simputhé romediction
the node selector 103 are added to each other by the
addermapBododgepenanedt ae fosarikned deeodt ngt k¢ ghethogonal
129. The | ocal decoding signal 129 is _accunmulated in

t he rEF%P@ﬁEém?ﬁﬁ@%/ﬂ%ﬁ%FyzﬁBVO”IT”%% Hed el nefye entropy

whet h d fth
ragesErBHar 156 PefERdRc (arelrd Sia A Rert {heenCBba data

Spredlgggvgsgggogi@@ is ended (YES in 20 step S117),
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15

20

25

t he i nput nal 120 of the next frame is input

to perfornheregagttY§een999é99eagaéntlEEtiaﬁ Shdelnverse
hand, the predictive encoding of one frame is not

endedofNQ)an§1 epr &4 rmié heo Hperat p ONf & Bhed NSo  t10e

step S102 to perform predictive encoding to the 25

bl ockquamgezst goal t 2ds 6 rivdei oextoeBtiobémtkinformation 127
procedure of prediction processes in steps S104 and

S105 by Fhe inBewnpe| abendeset | edlbes bwe wEhh Ggonal

reference to FIG 24. \Wen the block image signal 121
is |nbﬁ§nggofﬁétlon unit 105 to generate "the decoded

prediction residual error signal 128. The decoded
prediction residual error signal 128 and the prediction
signal 126 inpqt from the mode selector 103 are added
to éach other by the édder 106 to generate the local
decoding signal 129. The local decoding signal 129 1is
accumulated in the reference image memory 107.

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

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

A procedure of prediction processes in steps 5104

and S105 in FIG. 23 will ke described below with
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predi ctor 102, a sub-block expressed by blk = 0 is set

in the prediction signal generator 113 (step S201). 5
Furthernore, a prediction node and an encodi ng cost in

t he node sel ector 103 and the internal node sel ector

114 are initialized (step S202). For exanple,

prediction node :index is set to 0, and a m ni num

encoding cost :mn cost is set ts3be infinite. 10 The

predi ction signal generator 113 generates the

predi ction signal 122 by one node whi ch can be

sel ecteflerémcé heo sbbs bl ek expressed by blk = 0 (step
S203). A difference between the bl ock inmage signa

121 and théhepredécbionksigaae 42@nas talciubatedutoto the
generate the 15 prediction residual error signal 123,

and anreREoHPhglVeost Fubtal etk atwrirazeed dhngetle = 0 is set
Equat j on él) or . Equati on (2% (step S204)._ The node

sel ect’drt 1P Het &5t e s® 7SR tal £t at BEP S201) .
encodi n ost is smaller.than the mnimum 20 encodin :
cost T eRet Sty S0k T et R el St SR & 1o
smal | t t LNl n [ c YES S

22055 e i iy Brcon g oSt o updaren Wi fheeter

cal cul o4 eglr £ncOoi NP1 £HOSY, (Kb psesh £ i O deampl e,
information obtained at this tine is held as a 25

best -petdi ¢ Nokerx e esemiengi ©pd & rurd po £ €d | N Iiteun
information (step S206). Wen the cal cul ated cost is

| ar gegnedding heo s ni mimm ercodi fgsebsto (e nichisti {dNO i n

54 step S205), the node index :index is increnented,

and it isThetRfafhedlonhesheral hgeenpraepent kg gedexates the

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

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

larger than the minimum encoding cost :min_cost (NO in
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| arger than the | ast nunber (MAX) of the node (step
S207). 5 When the index is larger than MAX (YES in

step S207), the optinum prediction node informtion
125 and the prediction residual error signal 126 are
given from the node selector 103 to the orthogona
transformati on/ quanti zation unit 104 to perform 10

ort hogonal transformation and quantization. The
quantization transformation coefficient informtion

127 obtained by the orthogona
transfwospreg 2 @3 quay iedd Omdai tink4%k ii$ incremented, and
entropy-encoded by the entropy encoder 108 together

wi t h tthel grashi extriiore drodee tirdex Henfiorarsmieort e i ndsx is
(step S208). On the other hand, when the index is

smal |lerrgdvant MRX {(INO Jas strapnis0 7\MAhe fofdraatiasie (step
returns to step S203 to generate the prediction signha
122 012@’brediction node indicated by the next index.

W ding in best node i formed, f .
quant | 2at | BRCR ST BT | O ORTT Ci/ERL PRI oVt i1gh Ste?

163 i ned by the internal .ort agnal . -
tr ans%érﬁ)a’t I%}ﬁ qoLPat ! pf%ct%m{j%g)c[é 1nformatlor‘hel25 and

ntizati on uni I's given to t

i nt ert?gér r%f@@fé&&%%éf&}ép%ﬂwﬁfs%%r@ﬂ hogonale given from

transt ation unit 116 to performinverse
quantd gathede 25 ahek dnversecd ransfardmidorsl The

decoded prediction residual error signal 164

generat ®tls tyridwel ot rarad i zd thiver sSenit 104 to perform

quanti zation/inverse orthogonal transformation 55

uni t d46hégoreald et 2 ros fdwengirieni ctricbrawsgnida g of The

best node input fromthe internal node selector 114 by
guantization transformation coefficient information 127
obtained by the orthogonal transformation/quantization
unit 104 is entropy-encoded by the entropy encoder 108
together with the prediction mode index information 141
(step S208). On the other hand, when the index is
smaller than MAX (NO in step S207), the operation
returns to step S203 to generate the prediction signal
122 of a prediction mode indicated by the next index.

When encoding in best mode is performed, the

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

residual error signal 164 generated by the internal

inverse quantization/inverse orthogonal transformation



the internal adder 117. The internal decodi ng signa

165 generated by the internal adder 117 is stored in 5
the internal reference inmage nmenory 118 (step S208).

The bl ock encodi ng nunber :blk is increnented, it is

det erm ned whether the value of the increnented bl k

is larger than a total nunber of small bl ocks: BLK MAX
(16 in 4x4 pixel prediction, ands in 8x8 pixel 10
prediction) in a macrobl ock (step S209). Wen the

value of the increnmented blk is larger than BLK MAX

( YES uii st ep6 S2993ddédner preek ob f i o DreSSidriml hes2 of
macr obl ock is ended. On the other hand, when the

i ncr erent edoddé kingusnhtdrerthdraim tdmen Bl KnddX {N@Gtpr 114 by
step 15 S209), the operation returns to step S202 to
perfo¢m¢alnb¢é@@bt@@%ebrb%éss %Wea;%ﬁ%ﬁmakﬂé%ﬁ@dlng signal
i ndi cated by the next As descri bed above,
accorH§%gg?%e¥ﬁ%e%n%bd?m%n%nteﬁﬂﬁ%(ﬁﬁqﬁf(ﬁl1n¥ﬁh§ﬁ??ﬁg in

orders, and switc uni di recti ona

5 o e rEat T el PoeStef e nihiud SRACRA 1Y SFLGH Ahoe)
mode nutherg) g adapLinely \F’rﬁﬁéf’”@ﬁkd%e GO ea, i

properties irectivit and text

each {@gagae%lﬁ@dlm@@herm% e&@I@e of el Eti@remented blk
efficiency is inproved, and 25 encoding efficiency is

consegsleni tyet nproved. t dal heuhiseg eo £naosll N Bppes AtRISK MAX
according to an enbodi ment of the present invention,
vari ous656n #rodi pirgalipnsdtani de, avad | able.8(&)pixel he
enbodi nent, intra-frame prediction
10 prediction) in a macroblock (step S209). When the
value of the incremented blk is larger than BLK_MAX
(YES in step S209), the prediction process in the
macroblock is ended. On the other hand, when the
incremented blk is smaller than the BLK MAX (NO in step
15 $209), the operation returns to step S202 to perform a
prediction process of a small block indicated by the
next blk.
As described above, according to the embodiment,
switching of prediction orders and switching of
20 unidirectional prediction and bidirectional prediction
(switching of prediction mode numbers) are adaptively
performed depending on properties (directivity,
complexity, and texture) of each region of an image.
Therefore, prediction efficiency is improved, and
25 encoding efficiency is consequently improved.

In the image encoding apparatus according to an

embodiment of the present invention, various



10

15

20

25

related to 4x4 pixel prediction is described. However,

the sane intra-frane prediction can al so be perforned

5 in 8x8 pixel prediction or 16xl6 pixel prediction or

for a color-difference signal. (b) The nunber of

predi cti on nodes nmay be reduced to suppress an

arithnetic operation cost. The intervals of the
prediction directions are not lidAted 10 to 22.5, and
angul ar interval may be made | ess or may be nade

larger. (c) In the enbodi nent, prediction nodes except

for modeflcafiche car rize faamelagveei ction use a

directional prediction. However, not only directiona

predi cti on{al5Ibuthal spPeaiBepbl at P hia pfedhet PoRd saEhon

as planar prediction, bilinear interpolation, gybic
convofat3 % it eF hoPfF orP o7 I Tk Rst S idf Yhbtred .  However,
i nterpol ation na¥ be. _set as_ one prediction nqge. {d) d
In t he bl nbRtE 2 aht dlerBige bt xet” vat e 13° 20 Rt °rmee
nodes,; pr r r j di tional, i ctq :
selec%ﬁdgggoﬁgéggl%f% %?i{o %?egﬁc?égﬁi%%%ggrlsggg%on °r

as arpredi 64ion Yok Heredde PLagEa pf cal culation of the
average pixel value, a prediction value may be

cal cul ated (by ansehghbed avepageidsitg modes ghéy Nge 2&duced
factor such as 1:3 or 1:4. In this case, weighting

fact ots sfipphespradi <t i omendesopayateon abbed. The
Alternatively, a prediction pixel may be 57 .

cal culatedvays ust ngha P& heind val deré¢tiers arenmehuhimited

value filter, a nedian filter, and a weighting table
to 22.5°, and angular interval may Pbe made less or may

be made larger.

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

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

Alternatively, a prediction pixel may be
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havi ng descri bed therein weighting factors dependi ng

on an angle of directional prediction or the nunber

of 5 used prediction nodes. Three or nore prediction

nodes nmay be selected fromthe plurality of

predi ction nodes to generate a prediction value. Wth
respect to the nunber of nodes selected fromthe
plurality of prediction nodes and the wei ghting

table, a plurality 10 of candidates may be held in

units of sequences, pictures, .slices, macrobl ocks, or

pi xelsa ahel stdd ahedisiny these it Sza () AiNddre a minimum
enbodi ment, it is switched whether prediction orders

of sulebleckslarre, chamgeihn nfilMidrs and kb weigyohingcksable
of 16x16 pixels. The switching of changes in

pr editeaViorg oteleer Hesd b gea frorwaed itk nehi iac tefr pideglending on
si zes such as 32x32 pixels, 64x64 pixels, or 64x32

pi xel& AN ks . A C TN Entid Tt Ye K i P rimesde ©f

in which sub- 20 blocks in a nacrobl ock are o q
sequert§ IR Predi ¢t P45 Dm Fordr 16T RS T Medes
| ower_ I c ver t di ct | y

ot 1T 100 Tor Tt o ot oS pRa gy modes
may he, sequentdald o peffarmed f419m. a dowerrddd@t to the
bl ock to an upper left block or may be 25 spirally

per f aturaske f romMddie: £ edd Bfcafd thed rare piieality of
prediction nmay be sequentially performed fromthe

upperpred gt idd ackdd o die drowere lgftid ocdbla, a plurality
sequentially 58 perforned froma peripheral part of
the folneandiddees oot g fpakd .in units of sequences,

pictures, slices, macroblocks, or pixels and switched
in these units.

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

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

right block to the lower left block or sequentially
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(f) I'n the enbodiment, only intra-frane prediction 1is
descri bed as a prediction node. However, inter 5 frane
predi ction which performs prediction by using

correl ation between franes nay be used. Wen at | east

one prediction node is selected froma plurality of

predi cti on node candi dates, any one of a prediction

node by intra-frame prediction agd a prediction node

by 10 inter-frame prediction may be selected, or both
the prediction nodes may be sel ected. Wien both the

pr ediged 1t fo3r el ef dym tehegpd mitpree dalame oy edi atHeort raiek tthe the
predi ction node by the inter-frame prediction are

sel ectasd; rd hregeetdi mensi onal prediction which uses a 15
spatial correlation and a tenporal correlation between
ref erence pikels Hirl gileer Etemn pindel slitergeaigmegrediction
(g) The intra-frame prediction used in the enbodi nent

may be {EIOrREE 130 dh BRECF A BfcodiiRy S YQhce N5 -

t hi i t.chi. bet. the int -fr. 2 .

Nl S5 SHACHING belueen Lhe I e LIAm 20, e
per f oromd i Wi t%ﬂeéﬁ%%\e@%ybgée AW Chighg Y 1ecast

be pertorned in units 8x8 pl | ocks or 8x4

pi xeldH Ok qihel SRMH Y OCESse B 2 e f PRdidN &y of
pi xel region having an arbitrary shape and generate

by 2hedi@gicn bdd diargineidwd. {h) drie tdfe a prediction

enbodi nent, it is swtched by an encodi ng cost

cal culateed f riom Eqtfataren o () iamicbr( 2nd® puestigrion mode by

predi ction orders are change and whet her

uni diecty onemerie it G torPromay die e e d praadikatforthe
prediction modes may be selected. When both the
prediction mode by the intra-frame prediction and the
prediction mode by the inter—frame prediction are
seledted, three-dimensional prediction which uses a
spatial correlation and a temporal correlation between
reference pixels and prediction pixels is realized.

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

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

encoding cost calculated from Equations (1) and (2)
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is perforned. As the encoding cost, not only the

encodi ng cost cal cul ated by Equations (1) and (2) but

5 also activity informati on such as a variance, a
standard devi ation, a frequency distribution, or a
correlation coefficient calculated by a target block

or an adjacent block nmay be used. On the basis of the
activity information, switchingsef changes in 10

predi ction order or sw tching between the

uni directional prediction and the bidirectiona

pr edi @t ¢ Ofle MBYr &&1 PEIdOrdte r FHrexaglds #hd whether
correlation coefficient between a |eft reference

pi xel uandi aec uppez 1 ref et ericecpixelbidi rdd catculmtediction
to predeterm ned pixels. Wien the correl ation
coeff#%l@%lff@léiw@’ar ge‘iisttﬁaﬁh eferdiaml =L, doteerthy rche

t hreshol d val ue, IS detern1ned that correlation

bet me%%c?%bn%r%%?%t?wtb}r%é? and RHE T RS ehld dfppef?) but

f I high not t th
o ol ST ot HshCY i Y Ve Brite 17 T

bl ock | 8 6l gulay ek . hen, G 45 A0 | e
i S

for exanp a certain thres

det er@&f‘?@l:ﬁ@%n acé@f(f%ferﬁ@ c?alm@%ktéé Wr@l@%ﬁ%@@%lock or

bidirectional prediction is perforned. On the o

hand, amhed; 4 hén v asi Gdeand ¢ 1sdBldal. than, tiorpaxadm €, the
t he threshold value, it is determned that the texture

i Nt hectl octky | Bn formod oS, svandchuimgli o e cthangd s Glh
prediction is perfornmed. (j) In the orthogona
t r anspoediat i Devt qoredie ¥ zat i onitching between the

unidirectional prediction and the bidirectional
prediction may be performed.

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

in the block is monotonous, and unidirecticnal
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unit 104 and the inverse quantization/inverse

ort hogonal transformation unit 105 shown in FIG 3, a
5 process need not be performed to all prediction
residual error signals. For exanple, sone of the

predi ction residual error signals may be encoded by
the entropy encoder 108. Alternatively, the processes
of quantization and inverse quattizati on may be
omtted, 10 and processes of orthogonal transformation
and inverse orthogonal transformation may be omtted.
(Fi r spré&taopl en of s Syat xritduct ure) An outline of a
syntax structure used in the inmage encoder 100 wil |
be descri béd) béhothai ththefenahceraosfdsndF BnGuaptization
syntax is constituted by three parts, i.e., a

hi gh-tevel 18y ndag Poa, iaverseedtavel 2ayitmd PO S@and a

macr o- bl ock-1evel syntax 207. In the high-level s ax

201, %?E?%S’(O?No?ﬁ%’{%%r%?ua%“u}brbje’i }Q%e?m%w cH“i%Pézo 3, a
hi gher _than a slice is filled. In the sljce-|evel.

oynt e 205 mafed i PR T AR TR |85 T b5 e h

I n UPéé%ﬁQElsékf §'sl ngpg.na§59’§%£§$féﬁv§&néyyfa%he

207, a change value of a quantization paraneter, node

i nforpptd08: i @Rdrieqhd kecF et & eghd 08 RaghhdBeilagkoy the

25 are clearly witten. The three parts are finely
constéttutedy byn@odetur@s i t yadfesyst axeby, M€ processes of
specifically, the 61 high-lIevel syntax 201 incl udes
synt axegnofzat seguendeinyevet auanbipitiomendeved omitted,
I.e., a sequence paraneter
and processes of orthogonal transformation and inverse
orthogonal transformation may be omitted.

(First Example of Syntax Structure)

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

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

The three parts are finely constituted by a

plurality of syntaxes. More specifically, the
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set syntax 202 and a picture paranmeter set syntax 203.
The slice-level syntax 204 includes a slice header 5
syntax 205 and a slice data syntax 206. The macr o-

bl ock-1evel syntax 207 includes a macrobl ock | ayer
syntax 208 and a macrobl ock prediction syntax 209. In
t he enbodi nent, especially required syntax

information is constituted by thse macrobl ock |ayer 10
syntax 208 and the macrobl ock prediction syntax 209.
The macrobl ock | ayer syntax 208 and the macrobl ock

predi gt yRN1syal axyrO9x Wbl becdesesi beek Hed oWoina sequence
detail with reference to FIGS. 26 and 27. A flag

bl ockievderaftag phdicatetlevalt he. 45, nacsedphocke | pyeameter
syntax in FIG 26 denotes whether sw tching of
predi e¢topyorder 802 saperfophetuby paramerobl k. swbkex 203.

specifically, FALSE of the flag : bl ock-order-flag
denot &2t Aht 8w BERT nYBEaX pf &8 LRFHAI®T dor 3l se nbeader

f db b K, 0 whil T d t
Pt e ar) b e MR R L Pes daf Hed Tht € 8T F o rESE facro-
th | | k i i i
L1 BSLob gk, | 0,86 61 OPACEL,BL S OO, PUDk
sub- bég%aw%és Rhxek %QSi‘éb%c@XﬁWPai(&P&r‘?%‘fﬂtéi@ 809,

macr obl ock is 25 clearly witten. th respect to the

uni di recti ppathepeREbatnOAL, PECPEEL DDy MPEGuired syntax
information indicating a node used in a plurality of

predi thfonmaontles is 62nsekpuessedy byhé ntaadod8x8) layer

pred node 10 org or intra4x4(8x8) pred node |l org.

Wth $ggp@gt2@& &¢he the macroblock prediction syntax 209.
The macroblock layer syntax 208 and the macroblock
prediction syntax 209 will be described below in detail
with reference to FIGS. 26 and 27.

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

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

prediction, prediction mode information indicating a

mode used in a plurality of prediction modes 1is



bi directional prediction, the prediction node

i nformation includes two syntaxes. In this case, a 5

predi cti on node having a snaller node index (list 0)

when prediction nodes of two types are selected from

the plurality of prediction nodes is expressed by

i ntrad4x4(8x8) pred node 10 org, and a prediction node

having a | arger node index (listed) is expressed by 10

i ntra4x4(8x8) pred node 11 org. The prediction node

having the | arger node index (list 0) may be expressed

by | nexp4x46848pypLiadravde (408 pr greandodidel Pregh cdi on

nmode having the smaller node index (Tist 1) may be

expressedabhydi( BrBadra€e8x8pdpr el_npde 1Hidhgreddedt to the

configuration of a macroblock predict-ion syntax

obt ai RédinAehiaralppxefipEéanct Fon PEedifetRd ole | be

descri bed below with reference to FIG 27. In FIG 27,

bl kCohOFBFBéRlBPdéPC%F%@ﬁ[Fﬁﬂaﬁ&%ﬁ?ax] %%st%l%ocaser a

t ransf or nat tabl.e which perfor tra formatio
RN G S S A R S WA )

'ndexwﬁgn pggfgtEQROfgﬁggoggdtwén ég% 2de selected from

i ntradx4_ Fed node ock_order [order] is dat

25 of tpa bmgﬁél9@§abﬁe§r@&1&f§8§f@6@é§gls expressed by
intrad4x4 _pred _node_ 10  org[ bl ock _order fl ag][order]

accorﬁnﬂgaug468x8nnﬁe£@nmb@éopk Or §leraihd ag] piddi@dxdn mode
pred node 10 org]. In FTG 27, intrad4x4 bi pred flag
is a hbagnghacharger mode 1ndex {list 1) is expressed by

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

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

In FIG. 27,
blkConv[block order flag][lumad4x4BlkIdx] has a

20 transformation table which performs transformation of a
prediction order as shown in FIG. 8 and outputs an
index of a block to be encoded.

In FIG. 27,
intradx4 pred mode 10[block order flag] (order] is data
25 of an index obtained by transforming

intrad4x4_pred mode_ 10 org{block order flag][crder]

according to
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swi tches whether bidirectional prediction is perforned
to the 4x4 pixel bl ocks. Mre specifically, FALSE of 5
the flag intrad4x4 bi pred flag neans that the 4x4

pi xel bl ocks are the unidirectional prediction, and
TRUE neans that the 4x4 pixel bl ocks are the
bidirectional prediction. In FIG 27, intra4x4 pred
node 11 is data of an 10 i ndex egbt ai ned by
transform ng intrad4x4 pred node |i org[ bl ock order
flag][order] according to

nmode Garvd ddrocko s dlerqo fd ] 41 44 I pidede ored gragte rddeorg] .org] .
The data intra4x4 pred node 11 is encoded when 15
intradx4 binpredl f2ag istdRUE WMetards Ofaq hies synf bxgswhich
will be described below. Transformation is perforned

to | Bk whrtdordinig i xe et bl e mesietipn is performed
bl kConv[ bl ock order flag][|uma4x4Bl kl dx] every 20

bl ockK-Dridet -$1 P 6 A it e M1 e Giddese L ot dfALSE of

4. PG DY R T T A TP o S T o di° e
:rgdg%lj%{egfég Cgucle%c kaa%er ?Q“?é%dai& j[Fl'loer dt eiﬁ%eilslpmz%ﬁ%%&{’edand TRUE
transforf@ed dqu o ddtsadxs preh sode LY qrderd s gt isnal
a process which is perforned because usabl e prediction
nmodes, )dwdinge glependi ng on bl ock-order-flag and 64
positions of the 4x4 pixel bl ocks in the nmacrobl ock.
More specifncei¢y,2as Shovedih ptdad @%He whkenis data of an
index obtained by transforming
intrad4x4 pred mode 11 org[block order flag] [order]
according to
modeConv[block_order_flag][ihtra4x4_pred_mode_ll_org].
The déta intrad4x4 pred mode 11 is encoded when
intrad4x4 bi pred flag is TRUE.
Details of the syntaxes will be described below.
Transformation is performed to lumaédx4Blk
according to a table shown in
blkConv(block order flag] [lumad4x4BlkIdx] every
block order flag to calculate a block index :order
indicating a sub-block to be encoded (FIG. 8).
When 4x4 pixelblocks indicated by a block
index :order are to be predicted, as shown in FIG. 28,
intrad4x4 pred mode 10 org{block order flag][order] is
transformed into intra4x4 pred mode 10[order]. This is

a process which is performed because usable prediction

modes change depending on block order flag and



bl ock-order-flag is O

(FALSE), intrad4x4 pred node 10 org 1is directly

assigned to intrad4x4 pred node 10. At this 5 tine,

i ntradx4-pred-node-10 is data representing a specific

predi cti on node used in prediction of the 4x4

pi xel bl ocks in prediction nodes of nine types of the

uni di rectional prediction. On the other hand, when

bl ock order flag is 1 10 (TRUE

extrapol ation/interpol ation block prediction), tables

are spbtchedndepéendhagsen poséibonskef idxdhe macroblock.

pi xel bl ocks in a macrobl ock to be encoded. FIG 30
showsMpredsperohinadey, waschhean be BEeéd 29r respondi ng

to the_sub-bl ocks éinterpolation bl ocks &;), (2), and

15 (3plogkdoeseraporat i ®nl bl BRkSE 4) inshatwd Lar & gnodgplo_org
and nanes of the prediction ppdes when |eft, upper, ,
ipper o1 FURCSE AHa2 ABpEREReT? MR obT beRE= A aiBnt b1 o AT this

5the g@ﬁgobgﬁgk 50 be encodﬁg fﬁn.be referred to
e_
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.. As
i s appar eht rﬁﬁwﬁfefr%ﬁrm? t%?p%?%fi%%pr%%e%Tb%% a
(1) capelse;al bféggcézoﬁoﬂgée @ditbrg %géf&mmgnthe ax4

bl ocks (2) and cannot use sone o nodes. For

this persop1cdrs SIAWIrédi &t Bn dfvdes of nine types of the
i ntradx4 _pred node_ 10 org[ bl ock _order flag][order] is

transtint aedetbiond bt padxdcpted. node 10 by node

Conv[][] 25 to renove an unusable prediction node in
advance, sOn thatothereh&ndj enmcynoblenkropgeentbagnygs 1
(described later) is inproved. As a concrete

t r ansf 6RPRE | D1t BEPO exhhpl &1 N Whvewo ba prerli k1 ¢oh prordiofion)

the interpolation block (2) is node 15 (jnverse
vertiEéPlg?gﬁ¥e switched depending on positions of 4x4

pixelblocks in a macroblock to be encoded. FIG. 30
shows prediction modes which can be used corresponding
to the sub-blocks (interpolation blocks (1),.(2), and
(3), and extrapolation block (4)) shown in FIG. 13B and
names of the prediction modes when left, upper, upper-
right, and upper-left macroblocks adjacent to the
macroblock to be encoded can be referred to.

As is apparent from FIG. 30, the interpolation
block (1) can use all the 17 modes, and the
interpolation blocks (2) and (3) cannot use some of the
modes. For this reason, as shown in FIG. 28,
intradx4 _pred mode_l0 org[block order flag][order] is
transformed into intradx4 pred mode 10 by mode Conv[][]
to remove an unusable prediction mode in advance, so
that the efficiency of entropy encoding (described

later) is improved. As a concrete transformation



prediction), "13" is assigned to intra4x4 pred node
10. When a prediction node of the interpolation bl ock
(3) 5 is node 14 (inverse horizontal upper

prediction), "12" is assigned to intra4x4 pred node
10. When intra4x4 pred node 10 is to be encoded, since
t he nunbers of states of usabl e nbdes change dependi ng
on bl ock-order-flag and bl ock po&itions, entropy 10
encodi ng (Huf f man encodi ng, Gol onb encodi ng, or
arithnetic encoding) is perfornmed dependi ng on

posi t epaspbé, t heedxd prael bt boksmbde bef eticodadte el ation
nunber of states which can be taken by concrete

- synbobsocks (ghowp nadfl & 30nvdhee apevei¢sl t heght

description of 15 the syntax related to encodi ng of

i ntraBk29pFedofbde” 10" ot §. 2 SREAN AL Fadkat B 4 pt g 94 agede_10.
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is TRUE, intrad4x4 pred node 11 org is further, encoded,
Wt h TEBEpRCPEEn T ehbot Aguer ol nth Saiiar b dl Hoket TaLcck (3

org, 2 rocess _which i s _alnp the sanme as.that in ...,
cace 6f Poalr Shainy B Rohd-$oRPy: | SRR G I/ 1 a2

First, i pred; [ ansformed into
intraﬁ§4%%§géﬁﬁ%dgﬁ1&”2%%%%%f§gg?oﬁ%%%epﬁbnv[][] to

entropy-engade iAtiadx4 pred rede 14 by @oVieéi abt6d28, since
| engt h code dependi ng on bock-order-flag and order.

Si ncethat nadikdrpret sodeedloandsiinl¢ adxde prethmpeleddending
cannot have the sane prediction node, the nunber 66
obt ai pedbbyckubtdact f hgg lafidopl ¢be pusbeions, strat espof

intrad4x4 pred node 10 is the nunber of states of
encoding (Huffman encoding, Golomb encoding, or

arithmetic encoding) is performed depending on
positions of the 4x4 pixelblocks to be encoded. The
number of states which can be taken by concrete symbols
is shown in FIG. 30. The above is the description of
the syntax related to encoding of
intra4x4 pred mode 10 org.

When intrad4x4 bi pred flag is TRUE,
intra4x4 pred mode 11 org is further encoded. With
respect to encoding of intrad4x4 pred mode 11 org, a
process which is almost the same as that in case of
intrad4x4 pred mode 10 org is performed.

First, intrad4x4 pred mode 11 org is transformed
into intra4x4 pred mode 11 according to mode Conv([][]
to entropy-encode intradx4 pred mode 11 by a variable-
length code depending on bock order flag and order.
Since intrad4x4 pred mode 11 and intrad4x4 pred mode 10

cannot have the same prediction mode, the number
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synbol s which can be taken by intrad4x4_pred_node_ 11.

On the basis of the nunber of states, entropy encodi ng

5 is perfornmed. As anot her exanple, intrad4x4(8x8) pred

node 10 org and intra4x4(8x8) pred node 11 org may be
entropy- encoded w t hout being transformed by using

nmode Conv[][]. The above is the details of the

syntaxes. 10 In this case, blockseorder flag and

intrad4x4 bi pred flag may be encoded, nultiplexed into
encodi ng streans, and then transmtted. On the other
hand, oyt bhevl peréertiageihg Muftoéml exé nguapertbe states of
transm ssion, information of block order flag and 15
|ntraﬂxdrbnxprpdeﬁlmgdaayobESem@ees&@mebyofhetatesvofy
information cal cul ated fromthe encoded bl ocks and

pi xel symbalshisicasean absot aken hey decoti fiyd shred_hyde_11.
using the same logic as that on the encodi ng side, as

t he |ﬂFoFﬁﬁtP6ﬁ16fOBI%%% DFRREL P AgS BREHE 20 $hEFaRY%4eBFoding
pred flag ghe same information as that on the

encodt NgP&F H8EPEYshown. In the 8x8 pixel prediction,

ds ShP““ Ipreég%gggr e%gﬁ ge §¥P£§%4§§xéggéré8fﬁgge 10 _org

4x4 pi xel Ion 1s

descripgi 99t9£4m@8§§§ g]_Se@Irx@ae PLedbed iRy Wil eBeropy-
omtted. anot her exanpl e; 1 ntTa4x4 pred node 10 org

may @ﬁc@ﬁ@@dﬁﬂtb&uﬂsb@gn@ €osfiefthen P 6ing nhsadx4s
pred node 10 org in an adjacent block. A concrete
synt agoconf i gur athenabsvshosnthe F&aiB4.ofhehe syntaxes.

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

In the 8x8 pixel prediction, as shown in FIG. 27,
the same syntax as that in the 4x4 pixel prediction 1is
used. For this reason, the description of the 8x8
pixel prediction will be omitted.

As another example, intrad4x4 pred mode_ 10 _org may

be encoded by using a correlation to
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configuration of the macrobl ock prediction syntax

shown in FIG 27 is replaced with the configuration

shown in 5 FIG 31. In FIG 31

preyi ntra4x4 _pred _node_ 10 fl ag[ bl ock_order _fl ag]

[order] is a flag representing whether a prediction

node ref pred node org of list O calculated froma
reference bl ock (described laterg7is equal to a 10

predi ction node intrad4x4 pred node 10 org[ bl ock order
flag][order] of list O of the block. FIG 32 shows a

met hothofadlet i yreag mody 10tsbadxdn prrechdipdeerd block. A
flag[ bl ock order flTag] 15 [order]. In this case, ref

bi KA roderdQei syt & Snf demotesom g edhotn om node ofl. The
list O of a nearest encoded bl ock bi kA | ocated on the

|l eft ePnfheubtbERn B ke arrlc F &P L F k B Tsthes Pl efiBt e shown
a prediction de of |ist O of a nearest,K encoded '

bl ock'T ochf ed” bn' t MESRIpPET 20" St de’ Df e Bt it B kKEoWn 10
The positions of r bl node 10 and ref bl kB node 10
changgﬁ%Engdingn %%Fbl% k-order-flag. Mire

speci fical it e in E ,
o AT e e 0 S SEIULN HR Fhoo

FALSE; o kA angl Bl kKB @r fep £ §e@nth 2 AP r @NGodat ction
blockéoadjakent to tﬁg bl%ck ?FHCEQBS). é% t he ot her

hand, maen: & hep f éagnbse TRUE, ot hiei Hif oT ksa 1 dui ke e o thirk By

are left and upper encoded bl ocks nearest 68 to the

bl ockrbfkrermre bl &k&k (MG r ] UaBs r 4G anckl 44D)a .
prediction mode
intrad4x4 pred mode 10 org[block order flag](order] of
list 0 of the block.

FIG. 32 shows a method of deriving
prev_intra4x4_préd_mode_lO_flag[block_order_flag]
[order]. In this case, ref blkA mode 10 in FIG. 32
denotes a prediction mode of list 0 of a nearest
encoded block blkA located on the left of the block
blkA, and ref blkB mode 10 denotes a prediction mode of
list 0 of a nearest encoded block located on_the upper
side of the block blkB. The positions of
ref blkA mode 10 and réf_blkB_mode_lO change dépending
on block order flag. More specifically, the positions
are shown in FIGS. 33, 44A, 44B, 44C, and 44D. When
block order flag is FALSE, blkA and blkB are left and
upper encoded blocks adjacent to the block (FIG. 33).

On the other hand, when the flag is TRUE, the blocks

blkA and blkB are left and upper encoded blocks nearest
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When prey intra4x4 pred node 10 fl ag[ bl ock order
flag][order 5 ] is TRUE, information of intra4x4 pred
node 10 org can be expressed by 1 bit by using a
correlation to an adjacent block. For this reason,
encodi ng efficiency is inproved. On the other hand,
when 10 prey intrad4x4 pred node 10 fl ag[ bl ock order
flag][order ] is FALSE, as a pragiction node of |ist
0 except for

prev_intrad4x4 _pred_node_10_fl ag[ bl ock_order flag][orde
r rentottadxdpsednoten 180l iotks oFtes. f4dag) [o4Berd4c) sand
shown. This is data expressing a specific 15

predi ¢4Pbn node of prediction nodes except ref pred
node org from

rem i ntra4®aepred node 10 [bl ock order flag][order].
The data is entropy-encoded on the basis of the n

umber
of stRfe%-EXCEPt* T PP TDdE of tA T FOMT E e 5Yfbot s22plorder
whi ch, can ! aken.in a prediction de of |ist O. n
the 8kor i WEVE pr Saf LT T ShEo S E o T B B e yody jhd Torg can
sanme n [ 4x4 pixel. predjcti is
o e e XA, BL s Reetl ol o o

pi xel apy £t i OMoMk | | Ber ot s efe 2 250 Then SYM B efficiency
structure as descri bed above is arranged to inprove

encodisngimpfoeency even in encoding in a prediction

node. 69 (Second Exanple of Syntax Structure) FIG 34

shows anot bertexaopher ohahdie slyabax
prev_intrad4x4 pred mode 10 flag[block order flag] [order
] 1is FALSE, as a prediction mode of list 0 except for
prev_intra4x4*pred_mode_lo_flag[block_order_flag][order
1, rem_intra4x4_pred_mode_10[blqck_order_flag][o:der]
is shown. This is data expressing a specific
prediction mode of prediction modes except
ref pred mode org from
rem_intradx4 pred mode 10 [block order flag] [order].
The data is entropy-encoded on the basis of the number
of states except ref pred mode org from the symbols
which can be taken in a prediction mode of list O.

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

The syntax structure as described above is

arranged to improve encoding efficiency even in

encoding in a prediction mode.



structure used in the image encoder 100. Necessary
syntax information is the macrobl ock [ ayer syntax 208
5in FIG 25. In this case, a configuration of a
macr obl ock | ayer syntax shown in FIG 26 is replaced
with a configuration shown in FIG 34. Syntaxes w ||

be descri bed bel ow. Bl ock-order-flag which is shown in

a macroblock 10 layer syntax inedFlIG 34 is a flag
representing whether sw tching of prediction orders

is perfornmed by the nmacroblock. Wen bl ock-order-fl ag
is TRUE, theecphadigthplheostlessnese switichetet o

perform extrapol ation/interpolation block prediction.

On the 15 ot@er 3handowahemobheckepamele fdéAgrhs $FALSE:

bl ock prediction is perfornmed without swi tching the
predi eEroatordersed Al ofle? etea gt toePdF L desr i Bisgpesary
predi cti on order when block-order-flag is TRUE is .
shownSYRhaB| bekoBPaet O nt frbt Mo dBaC BPRIC hriye s syprax 208
node 20 gﬂgms g prfdi tion_order_as fPJIomst.W$enfthe

pr edi et %I i s ho l?),caas%’r edi St o Vot der” ot the
extr j i nt erpol at i b et :
describer v B0 ket FI L LB ERr B oL i e oo

predi ¢1 {9 ERs | §uPPdeod, sRo @M Natd OMAf 2B ntaxes will
prediction orders is converted into an index, and a

prediséi @8sOF deed i se Bxpr essed by index informtion.
When a prediction order is to be determ ned for four
70 Dbl ocksRPlonk ofd28 Cbadiwiatconss ofhpwredicta onacroblock
orders except raster block prediction from 24
10 combi havépnsyntax in FIG. 34 is a flag representing whether
switching of prediction orders is performed by the
macroblock. When block order flag is TRUE, the
prediction orders are switched to perform
extrapolation/interpolation blcock prediction. On the
15 other hand, when block order flag is FALSE, block
prediction is performed without switching the
prediction orders. A concrete method of describing a
prediction order when block order flag is TRUE is shown
in block _order in mb mode. Block order_in mb_mode
20 -shows a prediction order as follows.

When the prediction mode is mode 0, a prediction
order of the extrapolation/interpolation block
prediction described in the first embodiment is given.
When the prediction mode is mode 1, a combination of

25 prediction orders is converted into an index, and a

prediction order is expressed by index information.

When a prediction order is to be determined for four
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4P4) is determ ned for each macrobl ock by a
permutati on. Mre specifically, block order idx in 5
FIG 34 gives the bl ock conbination index. Wen the
predi ction node is node 2, an order nunber is directly
shown on each block. Wth respect to 4x4 pi xel bl ocks,
the order nunbers are shown on 16 bl ock order4x4[ BLK] .
Wth respect to 8x8 pixel bl ocks,7¢t he order nunbers are
10 shown on 4 bl ock order8x8[ BLK]. The above synt ax
structure can have the following nodifications. (a)

Wien ] 96ks orsles on ab @Q@iﬂ&tﬂon@%ﬁ’gﬁ{%i@i@k orders

whi ch is encoded first may be shown. 1 Since the
nunbesx ©épt nelexesr obl ecprehdidoion of er 148 @moyimatsions (=
in the 4x4 pixel prediction, the prediction order of

t he 4424 pi xeldeshowmed fon tsadf mBx®ipio@t Bivocks may

be repeated four tines to reduce the information of

t he iPRiERES2t 2N ( c)MerrsRR oEk! grtler, i Ik yRE I stdx in

bl ock_order 4x4] BLK] may be shown by an external table,

or a TiFfelbrite’ vt WP 1ok BT SRR et i k) dRtEankhe
adj acent bl ock order4x4[] may, be expressed a . .

vari abt e toue T i %.liﬁl??ﬁ S s C&Cgeﬁ anslfmb%ﬁroclks directly
order 4x4J 15] . i I nj [ Ct 0 r

or dersﬁa‘%r}é}n néeaé ﬁ%%g@;gg 2}?]{3%“% &ésﬂa?r{eb ilfsﬂlgpppll)%gelgﬂl&xks'

to t hen8x8rdd Xeh BhioCks . afd st heh 4@ Dix® orderdx4 [BLK] .

prediction, a prediction order of the 4x4 pixel bl ocks

showwith urédseof BGx83p8 xel bt nsksci@y the order numbers are
shown on 4 block order8x8[BLK].

The above syntax structure can have the following

modifications.

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

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

(c) When block prder in mb mode is 2,
block_order4x4[BLK]'may be shown by an external table,
or a difference between the block order4x4[BLK] and an
adjacent block order4x4[] may be expressed by a
variable code length.

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

be shown. The same is applied to the 8x8 pixelblocks.



be repeated four tinmes to reduce information of block
order4x4. 5 (e) Values of information such as bl ock

order in nb node, block order idx, block order4x4, and

bl ock order8x8 may be adaptively set in units of
sequences, pictures, slices, or macroblocks. 10

(Third Exanple of Syntax Structure) FIGS. 35, 36, 37,

38, and 39 show still another éeXanple of the syntax
structure used in the image encoder 100. The syntax
information required in this exanple includes a
sequehoetpar antt pi xsktpsynt axid02, a apde&djpécieam eorder of the
paranmeter set syntax 703, a slice header syntax 705,

and a4nﬁcpbb$bl@k0¢la§/e$h@ym1tm 08t § o | & 8 2Bixelblocks may
Synt axes shown in FIGS. 35, 36, 37, 38, and 39 are
addedb?or?ﬁ%a%?ﬂt%ﬁuét?ﬂﬁ?%r%oo¥e?%%ﬁf+?%?r%&%hﬁﬂe

The s e descri bed below 20 Bl ock order
in se%P ﬁ%ﬁ% ?h t he sequence paraneter set

s syntax in %: g’%é? S‘fflﬁ@or%eﬂgrﬁeg&&masv‘het her

smﬁtching prediction orders I's nade possible in a

sequepcse i IEge bl O knor fede | nbﬁ@&k%@c@ei sidRUE, the
predi ction~orders can be switched Tn the sequence. 25

On t hel et ket r dangx 4 whemd bb Dekk 0f e r 8 68 sedly fd@gadsptively
FALSE, prediction orders cannot be switched in the
sequesee. i72un Bt ockf oselguence pj coftagrshownl ices heor

pi cture paraneter set syntax in FIG 36 is a flag

r epr es@ptrppgocks.

10 (Third Example of Syntax Structure)

FIGS. 35, 36, 37, 38, and 39 show still another
example of the syntax structure used in the image
encoder 100. The syntax information required in this
example includes a sequence parameter sét syntax 702, a

15 picture parameter set syntax 703, a slice header syntax
705, and a macroblock layer syntax 708 in FIG. 25.
Syntaxes shown in FIGS. 35, 36, 37, 38, and 39 are
added to the syntax structure of the first example.

The syntaxes will be described below.

20 Block order in_seq_flag shown in the sequence
parameter set syntax in FIG. 35 is a flag representing
whether switching of prediction orders is made possible
in a sequence. When block order in seq flag is TRUE,
the prediction orders can be switched in the sequence.

25 On the other hand, when block order in seq flag is
FALSE, prediction orders cannot be switched in the

sequernce.



10

20

25

whet her switching of the prediction orders is nmade
possible in the picture. Wen block order_in_pic_flag
5is TRUE, the prediction orders can be switched in
the picture. On the other hand, when bl ock order in
pic flag is FALSE, the prediction orders cannot be
swtched in the picture. Block-order-in-slice-flag
shown in the slice 10 header symax in FIG 37 is a
flag representing whether switching of the prediction
orders is made possible in the slice. Wen

bl ock- ordeibpksbiraerf iagpis TRUE, shben pretdhetpodture
orders can be switched in the slice. On the other
hand, pahemebtockeordenteén shi EEGf|ag is FALSE Agprdrenting
predi ction orders cannot be switched in the slice.

Bl ockvbedBerf pegtshons Ph Ehe Paefobl belk PEGRFS Ly mtase

in FIG 38 is a flag representi ng whet her ggﬁtchiﬂg

of th@Ofa%éai%wanthde% t?geper‘f]%‘?ﬂeﬂi?%ﬁ% er_in_pic_flag

macr obl o Wh bl -order-fl is TRUE, th 0

U ot DRUB( (EPe RPEULEF Peh et Ber Lo d i e Sifedled in e
t pLon/i | at k iction. On th

ot hey PRaa e ahEERE B Pufer MEd P e 1

predigiibon grdersiAargiRot1 sy tehefé®, perd okfRdiction orders
predi ctionraster btrock prediction. Block-order-flag

25 i scehheetb¥eswhesnbhock-ordepittuséice-flag is TRUE

and can be used only when the prediction type of the

macr obl ockBilsckherdrtr anf safreepfédgcthonn ¥3 thatsdibe

pred in seq flag shown in the sequence paraneter set

synt akep@eF| syn88xj snafffag3¥ epFeseht@¢pgrepresenting whether
switching of the prediction orders is made possible in
the slice. When block order in_slice_flag is TRUE, the
prediction orders can be switched in the slice. On the
other hand, when block order in slice flag is FALSE,
the prediction orders cannot be switched in the slice.

Block order flag shown in the macroblock layer

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

can be used only when the prediction type of the

macroblock is the intra-frame prediction.



whet her bidirectional prediction can be perfornmed in
the sequence. Wien intra bi pred in seq flag is TRUE
5 the bidirectional prediction can be perforned in the
sequence. On the other hand, when intra bi pred in seq
flag is FALSE, the bidirectional prediction cannot be
perfornmed in the sequence. Intra bi pred in pic flag
shown in the picture 10 paraneter3set syntax in FIG
36 is a flag representing whether the bidirectiona
predi ction can be performed in the picture. Wen
intra bi pfedranopi prétiagni seqTRUEg thewbi threpséi saalience
predi ction can be perforned in the picture. On the -
ot herphaadetohenctiSsyntaa b Pied 3h pbcaffbygisepresenting
FALSE, the bidirectional _prediction cannot be _
per f of ARENER Phelprettreal IPRFPAIBTipRedl nd| PeelPT R in
shown in the slice header syntax in FIG 37 is a flag
showi hg® wWABERBRCEhe "BFT +%%¥?g%mpﬁ?%q+w%%§laﬁg peS TRUE,
perforned in.the slice. 20. Wen \

>intra BT _pred-rn-srice ?f%%l%/gl%@“t%% BFof PERTT ohh “he

predi ct n be.petfo i e slice. On the
0 EATE 7 S LR, L2 i

pred in slice flag is
FALSEint hg bidbrestionadq pregdicis opaLanNothdeidirectional
performed "inthe Slice. 25 Intra_bi _pred_in_nb flag
shownptadibei oactobhotkoe | pyefosydd axn i thél §&2q38nds. a
flag representing whether the bidirectiona
predi cti onIshnabeiperédr medrin_fheg7dhowmcinbtibekpicture
When intra bi pred in nb flag is TRUE, the '
10 bi di rez¥epaber pPedi eYionx chih DECped$ orfredl flag heepresenting

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

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

Intra bi pred in _slice flag shown in the slice
header syntax in FIG. 37 is a flag showing whether the
bidirectional prediction can be performed in the slice.

20 When intra bi pred in slice flag is TRUE, the
bidirectional prediction can be performed in the slice.
On the other hand, when intra bi pred in slice flag is
FALSE, the bidirectional prediction cannot be performed
in the slice.

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

the bidirectional prediction can be performed in the



10

15

20

25

macr obl ock. On the other hand, when intra bi pred in
nb flag is FALSE, the bidirectional 5 prediction
cannot be perforned in the nacrobl ock. Intra4x4 bi
pred flag shown in the macrobl ock prediction syntax in
FIG 39 is a flag representing whether the
bidirectional prediction is perforned in the

predi ction block. Wen intra4x4 b pred flag is 10
TRUE, the bidirectional prediction is performed in the
predi ction block. On the other hand, when intra4x4 bi
pred fkagobsoEALSEwhEReihtdarect posal in ptiedi Tédg ons i BRUE, the
not performed in the macroblock. Intradx4 bi pred
flag bsdetéectionelopkyduhenodScantipa bér poeded nimbthe
flag is TRUE and can be used only when a prediction
type ofcrhelaalrobPockhesotherihéprd- ¥hame prediction.

An initial value of the sgntax,is set as FALSE, .
<Ab0Uanﬁﬁg@lEﬁéaaLh@_%ﬁp Faguts Q@L%%,ahh?n%b%lrectlonal

d di t di mbodi t of.th

pr 69 eRE L RO BAP oRSBAGACT e T ES A0S “Ant Shobdl Rg BrT L
stream 320 BE?Q%EMtEEE %Eggk§g I?ﬁgﬁn ?Hpggénﬂacroblock
appar at us Eno shown F or—exanple, the inmge

encodjpgqappanat YSntAxFLEG rik. apd sent FhEQUBbL e 28nting
transm ssion systemor a storage systemis input. The

encodivngthet sheepM820ct sohehpprafityishof €dpéAf@fmed in

i nput buffer 901, separated by an inverse nultipl exer

75 30Bei preditsiof bPrLanks oWhtheibasaéxofba syadaklag is

and then input to a decoder 304. The decoder 304 has

an TRUE, the bidirectional prediction is performed in the
prediction block. On the other hand, when
intra4x4 bi pred flag is FALSE, the bidirectional
prediction is not performed in the macroblock.
Intrad4x4 bi pred flag is effective only when
intra bi pred in mb_flag is TRUE and can be used only
when a prediction type of the macroblock is the intra-
frame prediction. An initial value of the syntax is
set as FALSE.

<About Image Decoding Apparatus>
To an image decoding apparatus according to an

embodiment of the present invention shown in FIG. 40,
an encoding bit stream 320 transmitted from an image
encoding apparatus (not shown) (for example, the image
encoding apparatus in FIG. 1) and sent through a
transmission system or a storage system 1s input. The

encoding bit stream 320 is temporarily stored in an

input buffer 901, separated by an inverse multiplexer
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entropy decoder 305, an inverse quantization/inverse

ort hogonal transformation unit 306, an adder 307, a 5
reference i nage nenory 308, and a prediction signa
generator 309. In the decoder 304, the encoding bit
stream separated by the inverse nmultiplexer 302 is

input to an entropy decoder 303. In the entropy

decoder 303, 10 according to thersyntax structure

shown in FIG 25, <code strings are entropy-decoded to

a high-level syntax, a slice-level syntax, and a

macr o3bpock- levek osyntaxeof ot henensasi sgobid sfmean) and
respectively. In this nmanner, fromthe entropy decoder
303, thenlbnpddi tooa tdecodant B24ati ohhe¢ rdmsddzmatdonmas an
coefficient information 321 and quantization

par anefeFoPKf 8eAALEEHN305 i nkbr HAY RS (T W bt &3l ke onverse

nmode i ndex information, the block saé smﬁtching

i nf or ARENBACNEhet pRBEFCITORIBR dBR 1L s gch%gadde 307, a
infornaﬁion and_t he Qredict%gg nndg nunber.ZQ. : 1
swi t chf hGEFRFSr MREPon ar R Yendr al Ty cal ¥ 8¢ breti et T e
node | .o erei nafter) such as prediction node
indexégégggﬁé%ig%5331, bl ock size switchi ng

i nformatioR, 382, REEEALET BOR, OFHEr e SWbHEAYNPit stream
informati on 333 and prediction node nunber sw tching

i nf or gapbent834byht B 2Bvarserehat efléQe prewk cis onput to an

nodes are output. The quantization transfornmation

coef fecteapyi déopdati 303321Ini she néot nap ¥ ode obdar ngdi3,

by orthogonal -transfornmng and 76 quantizing a

predi ecfondiesi doakher sprtakgaakrucThee guawnt i Fatfbn- 25,

parameter information includes informtion
code strings are entropy-decoded to a high-level
syntax, a slice-level syntax, and a macro-block-level
syntax of the encoding bit stream, respectively.

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

quantization transformation coefficient information 321

is information obtained by orthogonal-transforming and
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such as a quantization width (quantization step size)
and quantization matrix. 5 The quanti zati on
transformati on coefficient information 321 is

i nversely quantized by the inverse

quanti zation/inverse orthogonal transformation unit

according to a decoded quanti zation paraneter and

further subjected to inverse orthe®gonal transformation

10 such as IDCT. In this case, the inverse orthogona
transformation is described. However, when wavel et
transfoematzongos phedhtkéohsrpetfioabedroort Beégnal. The
encodi ng side, the inverse quantization/inverse

ort hogomakizeransfpematebarunntoBgtomy pecfodas information
correspondi ng 15 inverse quantization/inverse wavel et
transPBERaBFoR BHaNthBALiRE. WAdpRedfieeNbAZRESPAUARSP Size)

error signal 322 is outgut,
quant P24t ABANFhGBF&8 oM ERBYBNal  transformation unit

306 and input to_the_adder 307. Ln 20 the adder..307, a
predictionegfgﬁﬁﬁngiéangBugr?PSﬁffﬁétlBPeSPE?F%ﬁleht
S'gnaanSQEFQ%QR 399 ?Qdiébsrgéfg'ﬁﬁé Qizéﬁsbguéhe inverse
error signa _ h _ _

a decgdgdti PBEEE) YAALr 3840 rTHEgHREPdEHahBBIEMaBi gRaLinit 306
324 is input to the reference i nage nenory 308, 25

gi venateoaninyt put abuétededlduanndzavti pht phranetbe and

out put buffer 311 at a tim ng of managenent by a
decodfngtbent sobfject8d0to7¥nvenstherohbgonhéntdrathéormation
predi ction node index information 331, the bl ock size

fromthe inverse

2 are added to ea other to enerate

10swi t chirAh RAf &PABtiI oAN this case, the inverse orthogonal

15

20

25

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

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

decoding controller 310.
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332, the prediction order switching information 333,

and the prediction node nunber switching information 5
334 decoded by the entropy decoder 305 are input to

the prediction signal generator 309. To the

prediction signal generator 309, a decoded reference

i mage signal 325 is further input fromthe reference

i mmge nmenory 308. The predictiom signal generator 309
generates the 10 prediction signal 323 with reference

to the reference inmage signal 325 on the basis of the
predi cti onOnodee bnbex hahoy mabeopr83ictide hboekisieze
switching information 332, the prediction order

swi t chihgrmépnfonnddiontB83hland $hee predichivh hpldermation
nunber 15 switching information 334. The decodi ng,

cont roPfertBEOPrpRiFot PR SBREF oFWbECRN Ent R FRIRRICHY NP 3
process exanpl e, contro

of the decoder 304, f fo
o R e T O I e R

contr 0 odi n timn a | ke. < t
Pyedi%%?oéegfggélgﬁb%%?a ﬁ%ﬁgg%iggg%ggr %ﬁi %%%q% I(HFO the
s gnag;rgéﬂ@{@smﬁgﬁaw %én@?atggsﬁ:@@ bedrbed oW pidd ot 1on
reference to FIG 241. The prediction signal generator

309 shoyRal NgEh&raddri soopasi gabdded Nee S&MBNSS iheye signal
predi ction signal generator 25 113 in the inmge

encodihy appacatusrdesslit betdoabove. refeardlce: #Adaga memory
predi ction order switch 370 switches prediction

or der30®f sTbebpoedscthon sagnabl aeketatehe3dB generates the
reference inmage signal 325 fromthe reference imge
menor§r888cbhonhelpazt s36f Yheh preliretionh b deie reference

image signal 325 on the basis of the prediction mode
index information 331, the block size switching
information 332, the prediction ordep switching
information 333, and the prediction mode number
switching information 334. The decoding controller 310
performs control of an entire decoding process of the
decoder 304, for example, control of an input buffer
301 and the output buffer 311, control of a decoding
timing, and the like.

<About Prediction Signal Generating Unit 309>

The prediction signal generator 309 will be
described below with reference to FIG. 41. The
prediction signal generator 309 shown in FIG. 41 1is
basically the same as the prediction signal generator
113 in the image encoding apparatus described above.
In FIG. 41, a prediction order switch 370 switches

prediction orders of sub-blocks in a macroblock to the



5

10

15

20

25

switching informati on 333. The i nmage signal the

predi ction order of which is switched by the

prediction 5 order switch 370 is input to a

uni directional predictor 371 and a bidirectiona

predi ctor 372. The unidirectional predictor 371

sel ects one prediction node froma plurality of

prepared prediction nodes on thes basis of the

predi ction node index 10 information 331 and generates

a prediction signal wwith reference to the reference

I mmgersfgnahcd2bmageos tigngl Bo5t heosetieet edf prediet ivage
node and the block size swtching information 332.

The bhehpegt BoBabnpredilbéors @72tgel preditwoon order
prediction nodes of the plurality of 15 prepared

predi et i bANhbdesn SArPRElPASE 33 of The ipredi tivon! nbae
index information 331 apd generates a redi ction o
si gnaPTaft At +eRePEREE P Yﬁbc?e$%r%%t%c$%§g%y Shgnarediction

325 according.to t sel ect ed_prediction. npdes _and . .
the bTo0R sTIALChi Coh nG T NSH nt i or 5 FRReTepdT breaicror

pr edi ¢4 0g, 51 9ngl s, QUL PHLAL [ OB Lhe ol digect i onal

predi ct or and t Idirectional predictor 372 are

i nput to arpeedhelii eBcMRERaNUPPEHI VbECH7373e1L Bt Ehbse

case, the prediction nodes regulate a manner of
referprogitoidecoded prxel s phenaaipyedf chropasé@natediction
of 25 a sub-block is generated. The prediction node
nunbencdeastch B8 basisonfroh¢ edradtor domgnodet hedex

predi cti on node nunber 79 sw tching information 334 .

to seletprapyione3ol ane Jpredftefon BIgABFt yehefhgleal with

by the unidirectional _ , ,
reference to the reference image signal 325 according

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

The prediction mode numper switch 373 is

controlled according to the prediction mode number
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predi ctor 371 and the prediction signal generated by

the bidirectional predictor 372 to output the selected

5 prediction signal 323. The prediction order switch

370 is controlled by the prediction order swtching
information 333 and sw tches prediction orders of
sub- bl ocks by transformng the index :blk serving as

a reference by a 10 val ue of :bliock-order-flag
(described | ater) expressing the prediction order
switching informati on 333. To an order :idx of

sub- bkeckshiag infexmaoider3fexps essidgr aanprad: céf othe -
order) of a sub-block in actual encoding is as

expr essedifhicquat foal (Syneratednsy ormatoid izt bl dsal
to transforn1b|ockCDnv[%[] is as shown in FIG 8.

When arﬁﬁaat©5|%6k drde h?l%@e?%c?ﬁ?¢¥ﬁfﬁﬁalzﬂ?“??ﬁﬁﬁ@ by

:order of a sub-bl ock tual ictive enc n
o e TR Ot S8a T P B A 1 T S i e cted

and pr. ction of 0 and a prediction 20 order
are n%?ga é% 2d s@c%lpggdlctlon by the prediction

order is C%Ee réﬁ%@@&h%r@é?dé&it@r@ 3N@r 8k n@&%@f%lled by
FIGS. 6B and 7B show prediction orders obtained by

sequephtabrpaedt cbhonsdé P &l GSh by aldrdAvation 333 and
respectively. 25 On the other hand, when the flag

bl ockwotdeesfpagdicsidn (JRUEs ah suldexlookdasy of a

sub-bl ock in actual predictive encoding shows a

predi créanafordengi nhehiche:n 80lk diagonad dé ockrofefenge by a
sub- bl ocks is predicted first by extrapolation and

t he t¥hfeeerefmihiagkbPodks_&kag (described later) expressing

the prediction order switching information 333. To an
order :idx of sub-blocks, an index :order (expressing a
prediction order) of a sub-block in actual encoding is
as expressed in Equation (3). A transformation table
to transform blockConv (][] is as shown in FIG. 8.

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

On the other hand, when the flag :block order flag
is 1 (TRUE), an index :order of a sub-block in actual

predictive encoding shows a prediction order in which a
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predi cted by extrapol ation prediction or

interpolation. The prediction perforned in the

prediction order is 5 called

extrapol ation/interpolation prediction hereinafter.

FIGS. 6C and 7C show changes in prediction order by
extrapol ation/interpolation predictions to FIGS. 6A

and 7A, respectively. As described above, the

sub-bl ocks the prediction 10 orders of which are

switched by the prediction order switch 370 are i nput

to theidgbdeleplboRabfpredictab-bBddkeorisheredicted first by
bi directional predictor 372 to generate prediction

si gnaéstcepréspondi agdt bhehehseab- héweksing Theocks are

predi cti on node nunmber switch 373 outputs a 15

predi BEFBACEEENAY ObtaRRedabyorher edi@F FeetPpondpterpolation.
predi ctor 371 when the prediction node nunber ,
smﬁthPﬁgpfFﬂFSFhﬁPiBﬁrggﬁm?ﬂd?6a¥%§ BEPREdT £PT onf PDbe! S
nunber % 1" and_ou ts a.prediction signal.obtained

by tnebi g sRFFaRdt bt BarLBberEsbt Ohed FREHHTRPLL  on
mode 20, DURRELe swi t ePLAY kAT opmsE op, S34chadicat gs a

predi ction node nunber : e prediction Signa

out pubr£a0Rt 1B oPHEHI B} R PREEI HUIDEY i SV £ 551 37 Boh S
extracted as an output 323 fromthe prediction signal
gener gt e8i309onIhecpredsct 6RNanvdea pupbepe S ¥€hy 373

is 25 controlled according to the prediction node

nunber swhbchengribtdr pbven 8B4 gulkehlonksinths pfediction
predi ction blocks (4x4 pixel bl ocks or 8x8

pi xel BFreeks) of owbuepbudrglswi hehpdedy ckhonPseghati@p3order
More specifically, in case of 4x4 pixel prediction,

i ntra2%xteh Bygdafgabnpgt to the unidirectional predictor

371 or the bidirectional predictor 372 to generate
prediction signals corresponding to the sub-blocks.
The prediction mode number switch 373 outputs a
prediction signal obtained by the unidirectional
predictor 371 when the prediction mode number switching
information 334 indicates a prediction mode number "1",
and outputs a prediction signal obtained by the
bidirectional predictor 372 when the prediction mode
number switching information 334 indicates a prediction
mode number "2". The prediction signal output from the
prediction mode number switch 373 is extracted as an
cutput 323 from the prediction signal generator 309.
The prediction mode number switch 373 1is
controlled according to the prediction mode number
switching information 334 given in units of predicticn

blocks (4x4 pixelblocks or 8x8 pixelblocks) to output
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described in units of 4x4 pixel bl ocks. Mre
specifically, the prediction node nunber 5 switch 373
sel ects the prediction signal obtained by the

uni di rectional predictor 371 when a fl ag

cintra4x4_bi _pred_flag serving as the prediction node
nunmber switching information 334 is FALSE, and

sel ects the prediction signal okdmi ned by the 10

bi directional predictor 372 when
intra_4x4_bi_pred flag is TRUE. Since concrete
processespoédibeiuni digeeli dpal poedi spociBidaand, the case
bi directional predictor 372 are the sanme as those in
the uafdirécpivadl ppeddction, 1vitisdahdot hered flag is
bidirectional predictor 172 in the inmge encoding
appar @tBSriacdestriptFonct hertopivplploeksonitted. A

syntax structure is basically as showmn in FIG 19.
However, al'ebff PHGFatF6AtoY, atiBcPbBfogkiopgmode number

el ect BHCAT 1 1 bosBLSGH T Dol bel St 1 FF Ff S Shc [bined by
FIG 20 &K@P&&PL?&&O PS&iééﬁgLﬁmr@ﬁggB$kl dx] in

FIG 27 has a transformation ta ich transforns a

25 predigtioncprdlel 88 shoan: i iy H&G v Bn@ngds ot PUL Se@ction
i ndex of a bl ock to be decoded.

| nt r adxde pri @todDdew 10E bl ©g ki 0f sletiaf 1 @g] § 94 deg | FAssSKAt @nd
82 of the decoded index. Intra4x4 bi pred flag in
FIG 29l¢sta fhagemwhdthtion signal obtained by the
bidirectional predictor 372 when intra 4x4 bi pred flag
is TRUE.
Since concrete processes of the unidirectional
predictor 371 and the bidirectional predictor 372 are
the same as those in the unidirectional predictor 171
and the bidirectional predictor 172 in the image
encoding apparatus, a description therecf will be
omitted.
A syntax structure is basically as shown in
FIG. 19. However, a configuration of a macroblock
prediction syntax used when 4x4 pixel prediction is
selected will be described below with reference to
FIG. 27.
BlkConv(block order flag][lumad4x4BlkIdx] in
FIG. 27 has a transformation table which transforms a
prediction order as shown in FIG. 8 and outputs an

index of a block tec be decoded.

Intrad4x4_pred _mode_l0[block order flag][order] is data



swi tches between a state in which the bidirectiona
prediction is perfornmed to the 4x4 pixel block and a 5
state the bidirectional prediction is not perforned to
the 4x4 pixel bl ock. Mre specifically, the flag

intradx4 bi pred flag which is FPLSE neans that the

uni directional prediction is perfornmed to the 4x4

pi xel bl ocks. The flag which is TRJE neans that the 10
bidirectional prediction is perfornmed to the 4x4

pi xel bl ocks. Intra4x4 pred node Il in FIG 27 is data

of a odetbdedecndex. ifHexdata intrad4x4 pred node |l is
decoded when intra4x4 bi pred flag is TRUE. 15 Details
of the syntiakesdwidl bibergdvéhabelowrIGLuAB4%4Berkillgg which
transfornmed in units of blockforder-flag according to
a tabF¥iSARBGS PREWBPRCBNVFBFBckNorBéfF the bidirectional

f1ag] [l une4x4Bl kldx] to calculate a  block ind
or QP NGl EAEImd A EGROENBEK  Cot BE SRhoHLE® 20°7 kI €0 2

58). V@%Qtéxﬁhggégéggggg§oh99i8?289c9¥o£h§s RLocke LPYEXed to
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order "are to

intradxd_predonmde 10LRl ockoprdep bl agllorderinlsreiag
decoded and i nverse-transfornmed into 25

i ntra4xé4rpued_poderd@_erghblkrcknorderaftaghéondeshaasthe
shown in FIG 42 This process is perforned because

usabl enpredectionaimdesdthange deppadfogmett 83 the 4x4

bl ock-order-flag and positions of the blocks in the

macr obilsekblhbke. spébef Etatl yhiak SHOWRUE nmé&diG dBat the
bidirectional prediction is performed to the 4x4
pixelblocks.

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

Details of the syntaxes will be given below.

Luma4x4Blk is transformed in units of
block order flag according to a table shown in
blkConv[block order flag][lumad4x4BlkIdx] to calculate a
block index :order indicating a sub-block to be encoded
(FIG. 8).

. When 4x4 pixelblocks indicated by the
block index order are to be decoded,
intra4x4_pred_mode_lO[block_order_flag][order] is
decoded and inverse-transformed into
intra4x4_pred_mode~lo_org[block_order_flag][order] as
shown in FIG. 42. This process is performed because

usable prediction modes change depending on
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or odi BT 6 VRERIIRRPadla pr GUC RS

sdecodtciguieg?ii gLarpsbobian Dhpcks(), g 12, (ne

predi ction nod
becon§§t;§4§nn%§5aemoaernéoakellgpggﬁapiﬁéie£t98a a

When i ntradx4—

I ntragxddpeedonorleddlihl eekiordercttag] fesdethei sregdred

decoded. The decoded

i ntradgxrddpcedonodedédd[ bEookner depeél ag] fbedenldisectional
transforned into 84

i nt radxadpredonoded10noreg[ bboskedr erdétagifordérhasdx4

shown in FIG 43.

when bl ock-order-flag is O (FALSE), a val ue of
intradx4 pred node |10 is directly assigned to 5

i ntradx4 pred node 10 org. At this tine,

i ntradx4_pred_node_10 org is data indicating a

predi cti on node which is selected fromthe prepared
predi ction nodes of nine types of the unidirectiona
predi ction and which is used in 8&codi ng of the 4x4

10 pi xel bl ocks. On the other hand, when bl ock order

flag is 1 (TRUE :extrapolation/interpolation block
predi elpoh) prdeablfésgaredspbtthédndepéntdhagbbocks in the
positions at which the 4x4 pixelblocks are |ocated in

a nacméﬁr@ékocxbreMgsesgé@Pﬂﬁeaaﬂyy whenshavrain4Epreds 3,
node 10%%]Lorder decoded to the I nt erpol ati on bl ock

j ¢h tReX_prearctied mdd8 i(hPkaEX4 ﬁré@lHﬁd@flo

rse v rtlca
He

VoS ohrdoro
er]

pred ffrag”is TR

pixelblocks.

On the other hand, when block order flag is 1
(TRUE :extrapolation/interpolation block prediction),
tables are switched depending on positions at which the
4x4 pixelblocks are located in a macroblock. More
specifically, when intradx4 pred mode 10[1] [order]
decoded to the interpolation block (2) is 13, the
prediction mode intrad4x4 pred mode 10 org[l] [order]
becomes 15 (inverse vertical riéht prediction). When
intra4x4 pred mode 10[1l][order] decoded to the
interpolation block (3) is 12, the prediction mode
intra4x4_pred_mode_10;org[l][order] becomes 14 (inverse
horizontal upper prediction).

When intradx4 bi pred flag is TRUE,
intra4x4_pred_mode_ll[block_order_flag][order] is
decoded. The decoded
intra4x4_pred_mode_10[block_order_flag][order] is

transformed into
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I n anot her enbodi nent, information of

bl ock-order-flag and intrad4x4 _bi pred flag is
separated 5 fromthe encoded bit stream and decoded.
However, information of block-order--flag and
intra4x4_bi _pred_flag nmay be shown by the activity

i nformati on cal cul ated by decoded bl ocks and pi xel s.
In this case, by using the same Bégic as that on the
10 encoding side, the same information as that on the
encodi ng side is shown as information of

bl ock-iortderd<H#l ggeancodet n@dx4gliblprédotrbag. fFay)thrser] as
reason, the separation fromthe encoded bit stream and
t he débedinngpEdéesd3are not necessary. 15 As stil

anot her exanple, intra4x4 pred_node 10 _org may be
encoded by sidRg A cSRECafesh t gnformation of

intra4x4 pred node.10 org i.n_an dji acent bl ock. A
concrgﬁgtgyﬁfgfrsg#ﬁgfﬁpg thrgﬁéank?npﬁ?%ffgi9 angsgparated
confi rati 20 .. (o r edi iQn s

shoun ERTErER FhcbiEaTRart SRR A SELERLET K Ber,
Prev_iintbadxd iBhed smpde k0.t hagl Bh ggkpnder _flag] [orde

r ] in FIG 31 is a flagrepresenting whether a

predi ghicen4radeir girepr €dagofeyobg 8holhsbyOtgal gyt atedy
25 froma reference block (described later) is equa

to a iprfedimetion mBdeulated by decoded blocks and pixels.
i ntrad4x4_pred_node_10_org[ bl ock_order_flag][order] of

85 | ilst thief casear §et ubiookthFl €amg2lehbwsaa wkehodn the

f derivi
lOo eriving

15

20

25

encoding side, the same information as that on the
encoding side is shown as information of

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

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

Prev_intra4x4 pred _mode 10 flag(block order flag] [order
] in FIG. 31 is a flag representing whether a
prediction mode ref pred mode org of list 0 calculated
from a reference block (described later) is equal to a
prediction mode

intradx4_pred mode_ 10 org[block corder flag][order] of
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preyi ntra4x4 _pred_node_10 fl ag[ bl ock_order _fl ag][ order .
]. Inthis case, ref blkA node 10 in FIG 32 denotes a
5 prediction node of list 0 of a nearest encoded bl ock
bi KA | ocated on the left of the block bl kA. Ref bl kB
node 10 denotes a prediction node of [ist O of a

near est encoded bl ock | ocated on the upper side of

the bl ock bl kB. 10 The positionss®f ref bi kKA node 10
and ref bl kB node 10 change dependi ng on

bl ock-order-flag, nore specifically, are shown in

FI GS. 138t 448f 44Bargd4Cpland.44D. \Wen

bl ock-order-flag is FALSE, bl kA and bl kB serve as

| eft and uppér décededsbbovkshadjafederiving a target
block (FIG 33). On the other_ hand, when

bl ockp6fHetDEFadxfsPTREENCHR] 1) kA2ahdl pek_orger skkgel [order

as | eft and upper decoded bl ocks nearest to_the ggrget
bl ock! ¢ FI 68, “A#A ca3B, #AE_PLKO-_BAEF-1Wweh oo enotes a

prev_intrad4x4 pred_ node 10 fl ag[block order fla rd
P B R R PGP mr Foh 5F [ PF adar e a0erg | sook
shown,_wi th LL4qbY, US,p0;8FC0LEELALI t t he
targe?w%ﬁoé cgﬁ%daﬁnagrgcégf b gcteédﬁp??g %?ﬁgi hand,

when 2arpre¥bnhbadx4pr gdnedes19f haghblockn 0r€E of 1ist 0 of
flag] (order T is FALSE, as a prediction node of I|ist

0 excephehoestperyotstir sdsdkpledatedecdOciitagppépckide of
order flag][order 86 remintra4x4 pred node 10[ bl ock
order theapglpokdei kBis shown. Data representing a
predi ction node sel ected
The positions of ref blkA mode 10 and
ref blkB mode 10 change depending on block_order_ flag,
more specifically, are shown in FIGS. 33, 44A, 44B,
44C, and 44D{ When block_order_flag is FALSE, blkA and
blkB serve as left and upper decoded:blocks adjacent to
a target block (FIG. 33). On the other hand, when
block order flag is TRUE, ref blkA and ref blkB serve
as left and upper decoded blocks nearest to the target
block (FIGS. 44A, 44B, 44C, and 44D).
When
prev_intrad4x4 pred mode 10 flag[block order flag][order
] is TRUE, information of intrad4x4 pred mode 10 _org is
shcwn with 1 bit by using a correlation between the
target block and an adjacent block.
On the other hand, when
prev_intra4x4 pred mode 10 flag([block order flag] [order

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

prev_intrad4x4 pred mode 10 flag(block order flag] [{order
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from predicti on nodes except ref pred node org from
remintra4x4 pred node 10[ bl ock order flag][order] is

5 decoded on the basis of the nunber of states except

ref pred node org from synbols which can be taken
according to the prediction node of list 0. Wth

respect to the 8x8 pixel prediction, the sane syntax

as that used in the 4x4 pixel pmrediction is used 10

as shown in FIG 27. For this reason, a description of
the 8x8 pixel prediction will be omtted. An inmage

encodji Ngr&ap piat et 48 AGoerdintgid A ENOLdEH oretdod MRyt [order)
wi Il be described below with focus on parts different
fromishoseowm. t Hetebowp esortiiptd en.prEsiiction mode selected
Bl ock-order-flag shown in the macrobl ock | ayer syntax

i n FITGomiedix ey nafsresermdanty Metthe@d_swideclfiney fgfom
prediction orders is perforned. Wien bl ock-aorder-fl ag

i s TR YHe" 3 edirt S i taer & s ki i te d 439 &t 1s
t | ation/int | ati l.ock diction. On th

o oA TR e L e T e

o and,” wit . S tohig

o o G R {RE N T e 3 (G B e

concrat e fetod o afp descrd hing A Wiedigt ianorgder is

shown by 25 bl ock order in nb node. Block order in nb
nmode showsyach presh&dt oo ofrers aC oo N e id®ion, the same

foll owi ng manner. (a) Wen the node is O, a prediction
or dersysetk &k tieen wdd apoltatd o4 misrgolpatddirc thlaockis used
prediction is perforned is given.
as shown in FIG. 27. For this reason, a description of
the 8x8 pixel prediction will be omitted.

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

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

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

prediction order according to the following manner.

(a) When the mode is 0, a prediction order used
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(b) When the node is 1, a conbination of prediction
orders is converted into index information, 5 and a
predi ction order is shown by the index infornmation.
When a prediction order is determned to four bl ocks,
one of 23 conbinations of the prediction orders '
except the raster block prediction from4P4 = 24

combi nati ons obtained is determgfied by pernutation for
10 each macrobl ock. Specifically, block order _idx in
FIG 33 gives the block conbination index. (c) Wen

t he moden iext2;aarl coridet/ imtrdxgro liss i adh detdky psteglic taren 1s
each block. Wth respect to 4x4 pixel bl ocks, the

or derpenuiparesd are ghwm on 16 15 bl ock order 4x4[ BLK] .
Wth respect to 8x8 pixel bl ocks, the order nunbers

are shown &9 fHE" bR KNRlek Bx8[ BLIGOMAN HGTheétt

exanpl e, when block order_in nb node is .1,,only one ..

bl ockP kT He- it § rst W%@%@ﬂdmo S RHS B Lon
pi Xelarp eadi Cgéé)indtitohe M reriSOfsl"io%e)Be}; tclllfe i %%ithi on
order® 9 & ehormous. - Eor tHi s r eason, the oré%r of the

4x4 pixel hacks, shawne f n yids: Of i $x& r i Xelbleksr@ed to
be repeated four times to reduce the information of

t he ifslexeslo@ds Wiste bd0cks afdi@sirdt idhsmde the drediction
bl ock order4x4[ BLK] may be shown by an external table.
A di fdedene e hetpeerhd] ok or derdbd [Bladi amndradjaret®d = 24
88 Dblock order4x4[] may be cal cul ated, and bl ock
or derdodf Bidq iomey Bzt ekprasisedidhe mniverd dl @gddation for
each macroblock. Specifically, block_ order_ idx in
FIG. 33 gives the block combination index.

(c) When the mede is 2, an order number 1is
directly shown on each block. With respect to 4x4
pixelblocks, the order numbers are shown on 16
block order4x4[BLK]. With respect to 8x8 pixelblocks,
the order numbers are shown on four
block order8x8 [BLK].

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

When block order in mb_mode 1is 2,

block order4x4 [BLK] may be shown by an external table.

A difference between block orderd4x4 [BLK] and adjacent
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| ength. Since the | ast bl ock order4x4[15] is one
remai ni ng order, bl ock order4x4(15] need not be shown.
5 The sanme can be applied to the 8x8 pixel blocks. In
the 4x4 pixel prediction, the order of the 4x4

pi xel bl ocks shown in units of 8x8 pixel bl ocks may be
repeated four tinmes to reduce information of block
order4x4. To information such as8bl ock order in nb
node, 10 bl ock order idx, block order4x4, and bl ock
order8x8, values may be adaptively set in units of
sequences k quadnAes] sldycdss eaniduimtraahl coks.
According to one enbodi nent of the present invention,
a predictk o agnterd (B hinde s dlectablessesb b]ss at hetr ifgrle code
only extrapolatlon u3|n%_a correlation to,

exanpl & %lefﬁlrb?elfmfe apﬁ&éﬂ@%@fﬂ@s&ﬂ%@e%pdﬁaﬁ%
effectlvel usi n rrelatlo ht

o Xl I T D T o S e A M?fb@rei i de shoun.
redi-gti o de sel £

gldlpgblf%ﬁﬂ$ ﬁ§é3)0t| g% cé] s 6%%3 ction In the

si gnal.s, %@lnep‘}l:éﬂ@um#r 84}44 yorcgerproeﬁdltq;é mmﬁ%lmocks

units of ‘pixels is selected to make it possible't

real iz ghh prreidi £td o ef fdGiancydies an0md %peated four
texture. Furthernore, prediction order switching 25

I nf ortniatd Ot rrguhedd citrd anrmadiesrs el fedilicark rordeerd x4 .

i nformati on can be encoded such that the pieces of

i nf or mat i die aref adept ivelsuswiachebdln amdes of g9 mode,
sequences, pictures, slices, nacrobl ocks, or sub-

bl ocKsLoPhet et 6 4 e FnctH Ty Haviany M IGe kst iy 8 -
values may be adaptively set in units of sequence,
pictures, slices, and macroblocks.

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

information are adaptively switched in units of
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efficiency and decodi ng of the encoded i nage can be
realized. 5 An image encodi ng process and an i nmge
decodi ng process based on the enbodi nent descri bed
above can be realized by hardware. However, the
processes can also be perforned by executing software
by using a conputer such as a personal conputer
Therefore, according to 10 this8® ewpoi nt, an image
encodi ng program an inmage decoding program or a
conmput er readabl e storage nmedium in which the

pr ogrseampuext@e st gy isck whe €h dAlriecdrsethdar obdaits® ,a or sub-
conmputer to execute at |east one of the imge
encodilnr it oc el b ehe dimeerre edecoding hevdeas $1igdn el oding
al so be provided. The present invention is not

dire@ifi FisRedtd datrdidsb e disodingastes. im@dgn can be

execution phase, the invention can be enbodi ed by
chandi§fy 13 constituent el ements without departing
fromthe spirit_ and scope of 20 the inventi.on. Various.

i nvent i ons}p% a{fﬁ% 3 f%r}crr%cg‘rb%/ P raopcpersosp A'at €'c ol.rlrrbal qﬁeatc{eocno.sdslng
of t c%égsalﬂésyecpfon %tér{%%%eﬂte@%t&i@eﬁcla%% Idhn be
the enbodi ments. For exanple, several constituent

el emeid5] iy be, nermved-e fr amwalde it he Heopstdddéants can also
el ements described in the 25 enbodi nents. Furthernore,

t he aongddidfenieelBmeniscofindg e fdivafrer ent wwibediameinputer

may be appropriately conbined to each other. 90

| ndustudhale Applpeamralt yeoire tres eMhamients, or ccanrdieng to

used in a high-
this viewpoint, an image encoding program, an image
decoding program, or a computer readable storage medium
in which the programs are stored which are used to
cause a computer to execute at least cone of the image
encoding process and the image decoding procesé can
also be provided.

The present invention 1s not directly limited to
the above embodiments. In an execution phase, the
invention can be embodied by changing the constituent
elements without departing from the spirit and scope of
the invention. Various inventions can be férmed by
appropriate combinations of the plurality of
constituent elements disclosed in the embodiments. For
example, several constituent elements may be removed
from all the constituent elements described in the
embodiments. Furthermore, the constituent elements of

the different embodiments may be appropriately combined

to each other.



efficiency conpression encodi ng/ decodi ng techni que of
a noving imge or a still image. 92 CL Al MS 1.
An i mage encodi ng nmethod for performng predictive
encodi ng for each of a plurality of pixel bl ocks
obtained by dividing a frame of an input 5 inmage
signal, conprising: selecting a prediction order of a
plurality of sub-bl ocks obtained by dividing the

pi xel bl ock froma plurality of predetern ned
prediction orders; selecting, froma plurality of

predi ction nodes 101wAuehrieguhgbeiaapannery of _
referring to an encoded pixel when a first prediction
si gnal of ®ech madem dokventneranteec édentsdsasinsja kg gh-
generated for the encoded pixel, the nunber of _

pr ediedtfi ioh arsde s arged S o npreadiostiingr defcadia of iteghnique of a
predi ction signal; 15 selecting prediction nodes of

t he MM dfacSeldetted Priddildlidsn nodes from the
plurality of prediction nodes to use in prediction of
the first prediction signal; generating the first
predi ction signal in the 20 selected prediction order
by using the nunber of selected prediction nodes to
generate a second prediction signal corresponding to
t he pi xel bl ock; and encoding a prediction residua
error signal expressing a difference between an i mage
signal of the 25 pixelblock and the second prediction
signal to generate
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encoded data obtained by the predictive encoding. 2.
An i mage encodi ng apparatus which perforns 92
predictive encoding for.each of a plurality of

pi xel bl ocks obtained by dividing a franme of an input

i mge signal, conprising: a first selector which
selects a prediction order 5 of a plurality of
sub- bl ocks obtai ned by dividing dithe pixel block froma
plurality of predetermi ned prediction orders; a
second sel ector which selects, froma plurality of
predi cti on nodes whi ch regutaterarmanger of 10
referring to an encoded pi xel when a first prediction
signal of gachAsubmbyeckntsdgeneratiedd f Dor tper Encoded
pi xel , the nunmber of prediction nodes used in
predigre¢dhcoive hend¢edsng pfedi ead¢oresigralural 1t ref

sel ector whjich selects prediction nodes of 15 the
numbe? 1 el bR @S PR Et O Yiotest 4 ¥ & ner e il 3 ylnput
of prediction nodes to use, in prediction of the first

pr edi tEFHN %}%ﬁﬁﬂﬁ LYenet Wt dr which generates the
second pregéfé%gpn%sé989%d?¥t¥§&”8r%%9t%fr§F§%¥Eﬁ%%iy of

prediction SigQ 0" correspondi ng e pi

| thesebected opretes ion Qrdsts by N g b berron 5

of selected prediction nodes; and an encoder whic
encodesy Ba I €di 6t | Predesd diiphed 65 Ffi Sl Oftal o RXPFL5SI Ng

a difference between an image 25 signal of the
pi xel bl ocksanhéct heg setomd preducildony of prediction modes
which regulate a manner of referring to an encoded
pixel when a first prediction signal of each sub-block
(no antecedent basis) 1s generated for the encoded
pixel, the number of prediction modes used in
prediction of the first prediction signal;
selecting prediction modes of the number of
selected prediction modes from the plurality of
prediction modes to use in prediction of the first
prediction signal;
generating the first prediction signal in the
selected prediction order by using the number of
selected prediction modes to generate a second
prediction signal corresponding to the pixelblock; and
encoding a prediction residual error signal
expressing a difference between an image signal of the
pixelblock and the second prediction signal to generate

encoded data obtained by the predictive encoding.

2. An image encoding apparatus which performs



5

10

15

20

25

signal to generate encoded data obtained by the

predi ctive encoding. 93 3. The inage encodi ng

apparatus according claim2, wherein the inmage

encodi ng apparatus is configured to performthe
predictive encoding by using at |east one 5 of
intra-franme prediction and inter-franme prediction. 4.

The i mage encodi ng apparatus acaxding to claim 2,
wherein the first selector selects the prediction

order for each of the pixelblocks. 10 5. The i nmage
encodp ngd appavat eiscadtoy di ong ¢ach cd@ian @2, uwdkeirey mof he
first selector selects any one of a first prediction

or derpanglalesecondopr ek @t hord by tding o rate ®f atheinput
pi xel bl ocks. 15 6. The image encodi ng appar at us

accor HPaget 198 hi nFQPwhete¥h the first selector is
confi gured t?.contro whet her %he Prediction rders g
are sel ect 8d by befRgSCER ¢ ¥ReT £ o7 1 8ach dFPRHALcion order
pi xel bl ock .. The | di ppar 5
Bccordi g P Fet i St Soral s Fhe P o S e dfiyiqing the

Confi§y£§9b19c909£5ﬁlafgiuréﬁﬁ%b(%ft$¥éig8§%$ﬂﬁgai rediction

whet her any one of the first prediction order and the
secongdrpees ction order is 25 sel ected.

a second selector which selects, from a plurality
of prediction modes which regulate a manner of
referring to an encoded pixel when a first prediction
signal of each sub-block is generated for the encoded
pixel, the number of prediction modes used in
prediction of the first prediction signal;

a third selector which selects prediction modes of
the number selected prediction modes from the
plurality of prediction modes to use in prediction of
the first prediction signal; |

a generator which generates the second prediction
signal by using the first prediction signal
corresponding to the pixelblock in the selected
prediction order by using the number of selected
prediction modes; and

an encoder which encodes a prediction residual
error signal expressing a differeﬁce between an image
signal of the pixelblock and the second prediction
signal to generate encoded data obtained by the

predictive encoding.
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8. The imge encodi ng apparatus according to claim 2,
wherein 94 the encoder is configured to encode

i nformati on representing the selected prediction order

to generate the encoded.data. 9. The inmage encodi ng
apparatus according to 5 claim?2, wherein at |east

one of the prediction nodes is a spatial directiona
predi cti on node which refers to $$he encoded pixel in

a specific direction defined by the input inmage

signal. 10 10. The inmage encodi ng apparatus according

to claim2, wikeeimapheeprediotoappasatufi astording
predi ctor which predicts, when a prediction node is

sel ecebaifrom¥herephural ity of prediction nodes, the

pi xel bl ock according 15 to the sel ected prediction

order and the S$BPEet8A°°PtRA| BPPBR2Hodel S anen 51 8REBRIC
predi ctor which predicts when at | east two

r odi BTT BATHOHAS B €0 Sof BUE ¢t TP oMY LhE BT UidI Tyl eFst one
predi Cfi d ' c C Il he . ..
el ect bt by Bai r i Braer LRy oo SFFOLE o pfatccion.
sel ected Dﬁ?d'@EéODmQBQeénEQdQﬁge£§£§r§tug!Qéé&k&Xn?fto
predi ction signals and the second " prediction signa

by cosbinhng, tdiee pgedi ction signals for each pixel.

11. The i nage encodi ng apparatus according to 25

cl aim 10, wheréfinst selector selects the prediction order

for each of the pixelblocks.
5. The image encoding apparatus according to
claim 2, whereiln

the first selector selects any one of a first

prediction order and a second prediction order for each

of the pixelblocks.

6. The image encoding apparatus according to
claim 2, wherein

the first selector is configured to control
whether the prediction orders are selected by being
switched for each of the pixelblocks.

7. The 1lmage encoding apparatus according to
claim 2, wherein

the first selector is configured to control for
each of the pixelblocks whether any one of the first
prediction order and the second prediction order is
selected.

8. The image encoding apparatus according to

claim 2, wherein
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the second predictor is configured to performa ,
conbi nation of the pixel units by at |east one of (a)
a 95 weighted average, (b) a maxi numvalue filter,
(c) a mninmumvalue filter, (d) a nedian filter, and
(e) an angle of the directional prediction which
refers to the encoded pixel wth respect to a
specific spatial 5 direction def¢ned by the input

i mage signal or a table 1in which weighting factors
dependi ng on the nunber of the selected prediction
nodes are descenkederl2s therifagedencodhbgdapparatustion
according to claim2, wherein 10 the encoder is

conf i gapegstoténgodeei nEdembedoprediept esendirdgrt he generate

nunber of selected prediction nodes to generate the

encodébedgngoded. d¥he. i mage encodi ng appar at us

accordi ng to claim2, wherein 15 the first selector

i s configured f5esémede fRecdppedPEPRBACBEdBFCOrding to
accordg g tg acé|V|t information of the pixel bl ock

or adfacéft “pi ¥ FBF& 14. The i mage encodi ng

apparat us %Cﬁrgs@gok o%' @hE‘ é{ @’ESE% rﬁQdéQelE ESEPatlal

selector is con |gure to se rctron ord

aCCOfghQQCEQoﬁSE'EkEMleEQﬁnﬁéﬁanﬁichtP@f@f§e£@|9ﬁg encoded

or adj acent pixel bl ocks, and the encoder is configured
to al soxencedea kpternpti anreepiesenttnged hieysehect edut

prediction order 25 to generate the encoded dat a.
image signal.
10. The image encoding apparatus according to

claim 2, wherein

the predictor has a first predictor which

predicts, when a prediction mode is selected from the

plurality of prediction modes, the pixelblock according

to the selected prediction order and the selected

prediction mode, and a second predictor which predicts,

when at least two prediction modes are selected from

the plurality of prediction modes, the pixelblock

according to the selected prediction order and the at

least two selected prediction modes to generate a

plurality of prediction signals and the second

prediction signal by combining the prediction signals

for each pixel.
11. The image encoding apparatus according to
claim 10, wherein

the second predictor is configured to perform a

compbination cf the pixel units by at least one ocf (a)
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15. The i nmage encodi ng apparatus according to claim

2, wherein 96 the second selector is configured to

sel ect the nunber of prediction nodes used in

prediction of the first prediction signal according

to activity information of the pixelblock or adjacent

pi xel bl ocks. 5 16. The i mage encodi ng appar at us

according to claim?2, wherein tde second selector is
configured to select the nunber of prediction nodes

used in prediction of the first prediction signa

dependt hghoad astevady, 100) nd ofiaainan of 1 ddefr i et bl ook a
or an adjacent pixelblock, and the encoder is

conf igunedunoval s® £htode, [af ox meedom representamy (e) an
t he nunber of selected prediction nodes to generate

the eftddedCHate dbraTtigpdi negrd ekl i Het hf gt to the

decodi n ncoded data for each of a plurality of

pi xe|%ﬁ‘g%§§30%%>é?heﬂl%y LR of nboaafg%‘?r%l © atPa igut

i mage,signal, c rising. selecting a prediction order

of & BRGTarty Of RED-BY ook DVUAT el By WV Y therable
pixel bl 0gi; L O 2gn 20y P ML ALy QLo LA SHMNRE number of
predi ction orders; selg&cting, rom a pﬁu ality of

predi ché 08 MDEES] YW Eh- eQul b & @ dBNeLsof sgeferring
to an encoded pixel when a first prediction signal of

each sub-black The gengsatedodongaaplesoseds phxebrding to
nunber of 25 prediction nodes used in prediction of
the f¢kastm 2, wherein
the encoder is configured to encode information
representing the number of selected prediction modes to
generate the encoded data.
13. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to select the
prediction order according to activity information of
the pixelblock or adjacent pixelblocks.
14. The image encoding apparatus according to
claim 2, wherein
the first selector is configured to select the
prediction order according to activity information of
the pixelblock or adjacent pixelblocks, and
the encoder is configured to also encode
information representing the selected prediction order
to generate the encoded data.
15. The image encoding apparatus according to

claim 2, wherein
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predi ction signal; selecting prediction nodes of the
nunber of 97 selected prediction nodes fromthe
plurality of prediction nodes to use in prediction of
the first prediction signal; generating the first
prediction signal in the 5 selected prediction order

by using the nunber of selected prediction nodes to
generate a second prediction si¥nal corresponding to

t he pi xel bl ock; and generating a decoded i mage si gha

by using the second prediction signal. 10 18. An

i mage decodihagsappadacasewhpchidecodésguendotedsdaeat the
for each of a plurality of pixelblocks obtained by
d.v.dPH@barfPénereﬁlﬁﬁl@ﬁpm@dﬁﬁa@@egug%apredlctlon of the

conprisin a first selector which selects a
o ETr R sPautteieRor Tehel Forsre e Chbet buiey

Obtalgﬁ ?PMaQHX%dngtRQ 1Qéf§lQ£QC§rfé acep£géfxe%glocks

of predetermne Yon or ders; ttond ec

whi ch sel eggs, &BQ”&ﬁaBEUéﬁEbB¥n 05p££?§£8£'98c899§§% to

whi ch regul ate a manner of 20 referring to an encode

pi xel cvhen 2, fivrsteprediction signal of each
sub-bl ock is generated for a decoded pixel, a nunber

of predictitba spdesdusedletnopr edi ebhohguokdt he Eelstt the

prediction signal; a third selector which selects

pr edi cthbar nofesrofiiclbon heodesbesedfisepeededtion of the

predl%ELgQ g?g§§céiggwgygnal depending on activity
information of the pixelblock or an adjacent
pixelbiock, and

the encoder is configured to also encode
information representing the number of selected
prediction modes to generate the encoded data.

17. An image decoding method for decoding encoded
data for each of a plurality of pixelblocks obtained by
dividing a frame of an input image signal, comprising:

selecting a prediction order of a plurality of
sub-blocks obtained by‘dividing the pixelblock from a
plurality of predetermined prediction orders;

selecting, from a plurality of prediction modes
which regulate a manner of referring to an encoded
pixel when a first prediction signal of each sub-block
is generated for a decoded pixel, a number of
prediction modes used in prediction of the first

prediction signal;

selecting prediction modes c¢f the number of



plurality of prediction nodes to use in prediction of
the first prediction signal; 98 a generator which
generates the first prediction signal in the sel ected
predi ction order by using the nunber of selected
predi ction nodes to generate a second prediction
signal corresponding to the 5 pixel block; and a
generator which generates a deco®#ied i mage signal by
usi ng the second prediction signal. 19. The inmage
encodi ng apparatus according to claim18, wherein 10
the fbBestcsebepteriselientsotibe predi chéeoplordeityfof
each of the pixel bl ocks. 20. The i nmage encodi ng

appar Brasiacéendirngesotochagnmingprofereiant e thesfirst
sel ector selects any one of a first 15 prediction

or derPRRA+ 5 ¢8BoAYIPREdi ction order for each of the

i xel bl ocks, 21. The image. encoding. t .

accor ding BBTCEFST Y18 Suhe & nPFRALF T PSP SePBRFol™ 5
fi gl . 20 h L Cti -

“order o are°8d BETRaThy fer RATE afr EnEnfr SFt ShERBer ohie

pi xel BLogksed28redher i BRUG- LSOl NG APPRF AL MSsecond
according to claim 18, wherein the first selector is

confi gueetict 0o60BL§0L1T 66 r r@bpeaghn§f t & henpi xekdblorksk; and
whet her any one of the first
generating a decoded image signal by using the

second prediction signal.
10 18. An image decoding apparatus which decodes
encoded data for each of a plurality of pixelblocks
obtained by dividing a frame of an input image signal,
comprising:

a first selector which selects a prediction order
15 of a plurality of sub-blocks obtained by dividing the
pixelblock from a plurality of predetermined prediction
orders;

a second selector which selects, from a plurality
of prediction modes which regulate a manner of
20 referring to an encoded pixel when a first prediction
'sigral of each sub-block is generated for a decoded
pixel, a number of prediction modes used in prediction
of the first prediction signal;

a third selector which selects prediction modes of
25 the number of selected prediction modes from the
plurality of prediction modes to use in prediction of

the first prediction signal;
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predi ction order and the second prediction order is

sel ected. 99 23. The inmge encodi ng apparatus

according to claim 18, further conprising a

separation unit which separates first information,
included in the encoded data, representing 5 a
prediction order of a plurality of sub-bl ocks obtained

by dividing the pixel bl ock, wher& n the first selector

is configured to select a prediction order indicated

by the first information. 24. The inmage encodi ng
appar at us acgendragotowhdcil aenet8tewnhenei iast|pastiiction
one of the prediction nodes is a directiona

predi Tt9on* nbdet vhi ehl ¢eted spredihiel decodder py xesing the
a specific spatial direction in a space defined by

the iR e%.ﬁ%a%@ q_%t% p%%l?%@% B FRy %%%’F%ﬁ%sa
accordin i ctor

% d n the rqg
Pt R a CReFt BHTLA B €t bt SoT URRRDS preare o
node§5§ %§$§gégd % remthe plurality of prediction

e pi xel bl ock according 20 to the sel ected

pred|Ct|onaoégﬁérQBgrtpﬁléﬁlS@ﬁ@gatgéeg|&éé@@e@ngﬁage signal
and a second predictor which predicts, when at |eaSt

two pedisinnm@descane setectedod r@f@nah.e plurality
of prediction nodes, the pixelblock according to the

sel ected piedi cThonioagereanddihe app2bateassictawding to
sel ected prediction nodes to generate a
claim 18, wherein
the first selector selects the prediction order
for each of the pixelblocks.
20. The image encoding apparatus according to
claim 18, wherein
the first selector selects any one of a first
prediction order and a second prediction order for each
of the pixelblocks.
21. The image encoding apparatus according to
claim 18, wherein
the first selector is configured to control
whether the prediction orders are selected by being
switched for each of the pixelblocks.
22. The image encoding apparatus according to
claim 18, wherein
the first selector is configured to control for
each of the pixelblocks whether any one of the first

prediction order and the second prediction order is

selected.



plurality of prediction signals and a prediction
signal corresponding to the pixel bl ock by conbining
the 100 prediction signals in units of pixels. 26.
The i mage encodi ng apparatus according to claim 25,
wherein the second predictor is configured to perform
a 5 conbination of the pixel units by at |east one of
(a) a weighted average, (b) a n&%i mum value filter,
(c) a mninmumvalue filter, (d) a nedian filter, and
(e) an angle of the directional prediction which
refers to Re &heodedgpi rekowith respestutoaacording to
specific direction in a 10 space defined by the input
|nagecéﬁgﬁaﬂ8orféfoBFeCPﬁpr%ﬁFéﬁ wei ghting factors
dependi ng on the nunber of the selected prediction

nodes are &e§€PF6€&loﬁ7unTﬁeWPﬁﬁaeS§H€68Fﬁ§ Sppafat us

| 1 th 1
separ SUE SR G Brani BF Lugphr bt esPEetBras ?a?i,m Fapresenting
| t t er
Sof prodPiRskREshngened 62 8 pispaERe] 3’?95“5'%'8%?‘?5?
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predisbtamnaagagldlw@sﬁﬁgntﬁsep§ggpﬁﬁoéﬁlector i's
configured to 2

I ndi cat ed byietrben seeondrknf eenmatton. i28codbhegiirBgeto select
encodi ng apparatus according to claim 18, wherein the
firstaspkediotips codérgunetdcévedebecthéhfir26 information.
predlctlon2order according to activity information of

sel ect the nunber of predlctlon nodes

The image encoding apparatus according to

claim 18, wherein

at least one of the prediction modes is a
dlrectlonal prediction mode which refers to the decoded
pixel in a specific spatial direction in a space
defined by the image signal.

25. The image encoding apparatus according to
claim 18, wherein

the predictor has a first predictor which
predicts, when a prediction mode is selected from the
plurality of prediction modes, the pixelblock according
té the selected prediction order and the selected
prediction mode, and a second predictor which predicts,
when at least two prediction modes are selected from
the plurality of prediction modes, the pixelblock
according to the selected prediction order and the at
least two selected prediction modes to generate a
plurality of prediction signals and a prediction signal

corresponding to the pixelblock by combining the
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the pi xel bl ock or an adjacent pixel bl ock. 29. The

i mge encodi ng apparatus according to 101 claim 18,
further conprising a separation unit which separates
first information, included in the encoded dat a,
representing a prediction order of a plurality of
sub- bl ocks 5 obtai ned by dividing the pixel bl ock,
wherein the first selector is coabigured to sel ect

the prediction order according to at |east one of the
first information and activity information of the

pi xel dt@tkcof odns aghhacenin pirxet bl Ot ko i 30. The i mage
encodi ng apparatus according to claim18, wherein the
second sel 26t orThe ctoafé gemedding sebpeiathe agumbdingfto
prediction nodes used in prediction of the first
predi€t3 YR sPgnaleBREDrding to activity 15 information
of the pixel bl ock or an gd%acent gixglblock.h31. Tpe

i mge encobi'figS &pPar at B3 HTEoF dt Higc Pt 1 $¥ &F n 4B, Pertorm a
furt@gnﬁgggyrisingfatﬁgparatiqp unj t mhicrhge ar at es

secon i oT et T on, < i et uded the Ehcode 0|oarfea,of la) a

repr gsentih ngy gﬁﬁgﬁfg{bpfa ﬁ-{.%ﬂrﬁ% esiused ip) o

prediction of _ prediction signal, wher €i n
the seconguselectoOrri sc&onf | QuretndPiarset €tledt h@angd (e) an

nunber of prediction nodes used in 25 prediction of
t he fansle psediesd | dNrstginaha dependlidxi @0 which refers to the
encoded pixel with respect to a specific direction in a
space defined by the input image signal or a table in
which weighting factors depending on the number of the
selected prediction modes are described.
27. The image encoding apparatus according to
claim 18, further compriéing
a2 separation unit which separates second
information, included in the encoded data, representing
the number of prediction modes used in prediction of
the first prediétion signal,
wherein the second selector is configured to
select the number of prediction modes indicated by the
second information.
28. The image encoding apparatus accofding to
claim 18, wherein
the first selector is configured to select the
prediction order according to activity informafion of

the pixelblock or an adjacent pixelblock.

29. The image encoding apparatus according to
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at | east one of the second information and activity

i nformati on of the pixel block or an adjacent 102

pi xel bl ock. 32. A conputer readabl e storage nedi um
having stored therein an i mage encodi ng program which
causes a conputer to performinmage encodi ng i ncl uding
predictive 5 encoding for each of a plurality of

pi xel bl ocks obtai ned by dividingia frame of an i nput

i mge signal, the program conprising: neans for
causi ng the conputer to select a prediction order of
a plusphihy1®f swbckdocksmebtiaimed 10 by dividing the
pi xel bl ock froma plurality of predetermn ned

predi cti onaosédeesat ieansnforwicacisi ngpd hetesnputer to
select, froma plurality of prediction nodes which
regul Brecanakieer influddedrin nghe cragodse odets pi xepresenting
when a first 15 prediction signal of each sub-block is

generatRECHHFt L heC B DR PikBirathey minbeiboplocks
rediction es used .in predictiaon of the first
Bredi%??%hn£$gm%lglﬁﬁﬁﬂggf ecﬁﬁﬁﬁ%éﬁ?%@'conputer to

sel ect rediction des er_s ed
predictigngg%?%%ﬁegﬁgrgh%%%eégf%$§ |t£so$$§§% ?E??o%o select

nodes 1O LSEqi &k i PF esligd i oA A Nie; Td g st predictdan of the

signal ; neans for causing the conputer to generate the
firstspred of f Ormst ghal addd ddei sed ecteth predi &t i ®N the

order by using the nunmber of selected prediction nodes
25 t oo genks kbek ao s eo g @ et o0e b gak .
corresponding to
30. The image encoding apparatus according to
claim 18, wherein
the second selector is configured to select the
number of predictipn modes used in prediction of the
first prediction signal according to activity
information of the pixelblock or an adjacent
pixelblock.
31. The image encoding apparatus according to
claim 18, further comprising
a separation unit which separates second
information, included in the encoded data, representing
the number of prediction modes used in prediction of
the first prediction signal,
wherein the second selector is configured to
select the number of prediction modes used in
prediction of the first prediction signal depending on

at least one of the second information and activity

information of the pixelblock or an adjacent



10

15

20

25

t he pi xel bl ock; and neans for causing the conputer to
encode a 103 prediction residual error signa
expressing a difference between an i mage signal of
the pi xel bl ock and the second prediction signal to
generate encoded data obtained by the predictive
encoding. 5 33. A conputer readabl e storage nedi um
having stored therein an i magel@écodi ng program which
causes a conputer to performinmage decodi ng including
decoding of encoded data for each of a plurality of

pi xel biveksloobt ai ned by dividing a frame of an imge
signal, the 10 program conprising: means for causing

t he conput é¢-t o~sePeertar p@@@@%g?oﬁtwfa@@ pedpum having

pluralit f _sub- bl ocks, obtained by dividing the

pi xel%‘?%%?gf?%ﬁ?%“blﬁ‘?a}m??e ofc %%%t%lf‘?ﬁ’* which causes a
predi ction orders; 15 means_for_ causing the conputer ..

Lo seT@lY" “FF ont a® BT Al 113701 §redt cT1 Oh Hodes v i e ve

regul . AN referri .. an %gﬁ

when %ﬁ ??131?3 g?fed?%t&? oﬁ]g s% gé%gr%)%?ﬁeggg% sutgl-%c[qlosck

is genstatedd Horqaay decoged pixed . of MMguoOfinage signal,
predi ction nodes used 20 in prediction of the first

pr edi cii¢ opr 54 gaval compredgdsnd or causi ng the conputer to

sel ect prediction nodes of the nunber of the selected
predi cti onmgadesféromrthengl unal coypofet otasegelact a
prediction of the first prediction signal; 25 neans _
for cRIsihgtipe eodputet @ yerelhte ¢hesub-blocks obtained

by dividing the pixelblock from a plurality of
predetermined prediction orders;

means for causing the computer to select, from a
plurality of prediction modes which regulate a manner
of referring to an encoded pixel when a first
prediction signal of each sub-block is generated for
the encoded pixel, the number of prediction modes used
in prediction of the first prediction signal;

means for causing the computer to select
predictibn modes of the number selected prediction
modes from the plurality of prediction modes to use in
prediction of the first prediction signal; |

means for causing the computer to generate the
first prediction signal in the selected prediction
order by using the number cf selected prediction modes
to generate a second prediction signal corresponding to
the pixelblock; and

means for causing the computer to encode a
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first prediction signal in the selected prediction
order by using the selected prediction nodes to 104
generate a second prediction signal corresponding to
t he pi xel bl ock; and neans for causing the conputer to
generate a decoded i mage signal by using the second
prediction 5 signal.

103

prediction residual error signal expressing a
difference between an image signal of the pixelblock
and the second prediction signal to generate encoded
data obtained by the predictive éncoding.

33. A computer readable storage medium having
stored therein an image decoding program which causes a
computer to perform image decoding including decoding
of encoded data for each of a plurality of pixelblocks
obtained by dividing a frame of an image signal, the
program comprising:

means for causing the computer to select a
prediction order of a plurality of sub-blocks obtained
by dividing the pixelblock from a plurality of
predetermined prediction orders;

means for causing the computer to select, from a
plurality of prediction modes which regulate a manner
of referring to an encoded pixel when a first
prediction signal of the each sub-block is generated
for a decoded pixel, a number of prediction modes used
in prediction of the first prediction signal;

means for causing the computer to select
prediction modes of the number of the selected
prediction modes from the plurality of to use in
prediction of the first prediction signal;

means for causing the computer to generate the
first prediction signal in the selected prediction

order by using the selected prediction modes to



104

generate a second prediction signal corresponding to
the pixelblock; and

means for causing the computer to generate a
decoded image signal by using the second prediction

signal.



