Speci fication | MAGE ENCODI NG DEVI CE, | MAGE DECCDI NG DEVI CE, | MAGE ENCODI NG
METHCD, AND | MAGE DECODI NG METHOD Fiel d of the Invention a[ 0001]

present invention relates to an inage %ncoding devi ce, an inage decodi ng
an i mage encodi ng nethod, and an inmage decodi ng nethod which are

devi ce,

The

used for an inmage conpression e g L8ChHH que, a conpressed i nmage data
transm ssion 10 techni que, etc. Background of the Invention [ 0002]
Convent i onahty, ENQOH NtEMEAtIcIN ak MatGanderdp viid e encodimg.arethodsrnguch as
MPEG and I TU-T H 26x, each input video 15 frane is subjected to a

conpressi on process WMETHGIE \ANded MAGNHIEIGAIMATIED | nto macro bl ocks

each of which consists of 16x 16 pixel blocks. [0003] On the other
recent yehFs:idaof eehmi ueeotiQ0 conpressi on-encodi ng a hi gh-definition
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encoding technique, a compressed image data transmission
technique, etc.

Background of the Invention

(0002]

Conventionally, in internaticnal standard video
encoding methods, such as MPEG and ITU-T H.26x, each input video
frame is subjected to a compression process with the video frame
being divided into macro blocks each of which consists of 16x16
pixel blocks.

[0003]

On the other hand, in recent years, a technique of
compression-encoding a high-definition high-quality video
having a video format, such as a 4Kx2K-pixel video format having
a space resoclution which ig four times as high as that of BHDTV
(High Definition TeleVision, 1920x1080 pixels), a 8Kx4K-pixel
videc format having a space resolution which is further
increased to four times as high as that of the 4Kx2K-pixel video
format, or ad:4:4 video signal format of increasing the number
of sampled chrominance signals, thereby improving the color
reproduction nature, has been desired. When
compression-encoding such a high-definition high-quality

video, it is impossible to perform an encoding process by using

in

2



an image signal correlation in a 16x6 pixel macro block to a sufficient
degree, and it is therefore difficult o provide a high conpression ratio.
In order to deal with this problem for exanple, a technique of extending
the size of each 5 conventional 16x6 pixel macro block to a 32x2 pixe

bl ock, asadi sehgsedignzhonpatenit fef ernence dxl @nd sdicheasingithe upit to
whi ch a notion vector is allocated, thereby reducing the anmount of encoded
par anet er 8 syl ¢iethf oregpreedi ehilont ior taetrechmieqais 6f cihereagirag itdee bl ock
size for the conversion 10 encoding of a prediction error signal, thereby
renovi ng a tigrt EPRPIreéa shetweehipi xelrs ogtletheo preadi gt Ebritleks orosilgnal
effectively, have heen proposed. [0004] Fig. 12 is a block di agram show ng
t he strucf%FeQﬁa °15 endSdg Wevi 0 GXSENGsed i Ripospatentt r éBehence 1.

(i vi 085 BROTRBUTt SUr i Mo S TOT Wl 4 804 (o g S0 e FaEdded i nto
bl - : f l.um ! [ 32
pixels X35 I REe) ana e B Ut Cad " COS B G0 ot na ARt 1004 “4¢ “an

encoded videgn stgnalmd003, 0005 The preditcld NG étidn 1 0Q4 predi ¢t,g an

i mage signal of each color conponent in each macro bl ock within each frane
and 25 beimeemt fsanescbOecachdirhgedepredbgl:iondereer pskanak:14005¢r a
Especial ly, when perform ng a notion-conpensated prediction between franes,
t he predittimylamttoseanchessfion amothilomlvector for eaehcoaceashback
itself or each of subblocks into which each macro block is further divided,
creat¥s a2BO°HOY ofl compeivskicdd opr it onldilge Beebeldi ngenovihe motion

correlation between pixels of the prediction error signal
effectively, have been proposed.
[0004]
Fig. 12 is a block diagram showing the structure of an
15 encoding device disclosed in nonpatent reference 1. In
encoding disclosed in nonpatent reference 1, a block dividing
unit 1002 divides an inputted video signal 1001 which is a
target to be encoded into macro blocks (rectangular blocks of
a luminance signal each having 32 pizels x 32 lines), and is
20 inputted to a predicting unit 1004 as an encoded video signal
1C003.
[(0005]
The predicting unit 1004 predicts an image signal of each
celer component in each macro block within each frame and
25 between frames to acguire a predicticon error signal 1005,
Especially, when performing a motion~compensated prediction
between frames, the predicting unit searches for a motion
vector for each macro block itself or each of subblocks into
which each macro bklock 1s further divided, creates a

30 moticn~compensated prediction image accerding to the motion



3 vector, and acquires a prediction error signal 1005 by calculating the

di fference between the notion-conpensated prediction i mage and the encoded
vi deo signal 1003. [0006] aAfter perfdotm ng a DCT (discrete cosine
transforn) process on the prediction error signal 1005 to renove a signal
correl atipacteem the paedihekibon £rpeeaskgnah 1005 mhiskenghangigy the bl ock
size according to the size of a unit area to which the notion vector is

al | ocat edgzacebaptegsichg uniftf <k@ntROG Guandn zeset hetpoedi-ehpensarkar si gnal
to acquire conpressed data 1007. While the conpressed data 1007 is

ent r opy- epceded: amd ow pat ted alse achiddstreaned 099yl al¥@ki abl e | ength
encodi ng unit 1008, the conpressed data is also sent to a | ocal decoding
unit 1010/ @ne°h decoded prediction error 15 signal 1011 is acquired by this
| ocal decoding i This decoded prediction erragr signal

unit. [00Q7]
1011 % added HﬁﬂéﬂbréﬁFgﬁ%ﬁhDQighaPC?oﬁéhﬁﬁFéﬁfﬁsC%%%%?tBréPéépéH@he
prediction_error sigHaI 1395 %o create a.dec g§g3§i nal 1013, and_this 20
Gecoded stHRAT™T €1 PGtREG TS 0T 6o i L 8r= 101> The tREbach “SPGRA 1013
| s storedin.amemuy 1046 as. 2 relarencs, | skgnak 1101 ogigating a

subsequent prediction signa ter the decoded signal 1s subjected to

a process:@in ﬁﬁf(gvdkﬂg A QOGK A SLebieR oY ol PEel 0P fd# teRN5Q14 A _
parameter 1017 25 used for the creation of the prediction signal, which is
det er m negh bynidie qpredictictg witor 1004 4in cefdesd,t @ aoapireestihe unit

predi ctionsignal 1012, is sent to the variable I ength encoding unit 1008,
and i1® midG6pl exeditiimes a tlist streeamt1009 andothisidial sticeamciosioet put t ed.
| nformation, such as intra 30 prediction node information showi ng how to
per f or m &£ ¥pees s pledpctlilon -wi tHinl eathef campredsdca Hotd on0Véct6r

show ng an anount of inter-frane nnxgnent, S incluggg%%n t he agﬁneter

1017 usedHorOR ReSET &t 1 6 I HHE Predfc Poh SLitgidl ye%(ﬁﬁlgé. 5[ 0008]

Wil e a conv i | ;i n ti t.andard vi deo adi.ng t hod, _such as
MPEG prlﬁ%&ﬁgﬁiéﬁgédigigﬁﬁgil pﬂxek§3§$ﬂﬁﬁ§%@%%gﬂbaoé% g?%@,é?ﬁg
encoding devl 8 Ahs elased rignuAeRPahenl 5T LIRNGRiCH Y3R%0132x37 Bixels as the
macro bl ock size 10 (super 'macro block: SMB). Fig. 22 shows the shapes of

di vi ded reghoas 1o each afquhi&d 13y Mohi onlyest olletsaahdogated at the tine
of performng a nntlon-conpensatedypredlctlon for each MM pi xel nmacro

bl ock, and®ig. 22(a) shows each SMB di scl osed in nonpatent reference 1 and
Fig. 22(b) shows each macro bl ock

This decoded prediction errcr signal 1011 is added to
aprediction signal 1012 which is used to create the prediction
error signal 1005 to create a decoded signal 1013, and this
20 decoded signal is inputted to a loop filtexr 1014. The decoded
signal 1013 is stored in a memory 1016 as a reference image
signal 1015 for creating a subsequent prediction signal 1012
after the decoded signal is subjected to a process of removing
a block distortion by the loop filter 1014. A parameter 1017
256 used for the creation of the prediction signal, which is
determined by the predicting unit 1004 in order to acquire the
prediction signal 1012, is sent to the variabkle length encoding
unit 1008, and is multiplexed into a bit stream 1009 and this

bit stream 1is outputted. Information, such as intra

30 prediction mode information showing how to perform a space



15 based on conventional MPEG 4 AVC/ H. 264 (refer to nonpatent reference 2).
Wil e each SMB has a |large area for each notion prediction region which is
covered by a single notion vector wi t i t he nunber of pi xel s M=32, each
conventional macro bl ock uses the nunber of pixels M2=16. As a result,

because iprthec2fogaser9fn B ttheamount 9of nd nf o matd on- efhdhegmti on
vector which is needed for the entire screen decreases conpared Wwth the

case of cenventionalntmcro-loaks havicngithenaundes of tpiexeksaMe2s16, the
anount of notion vector code which should be transmtted as a bit stream
can be redutédus2s Relratiete actedotunentt Ndmpateniicefer entenfd009pr
Nonpatent reference 1: Siwei Ma and C -C Jay Kuo, "Hi gh-definition Video
Codi ng W ERamDper - macr obl ocks", Proc. 30SPIE, Vol. 6508, 650816 (2007)
Nonpat ent 6§ference 2: MPEG 4 AVC (1SO I EC 14496-10)/H I TU- T 264 standards
Sunnaﬁ& ot Y¢H&) I nventi on [ 0010] 5In the conventional methods disclosed in

t ent f 1 d 2, . i al d | | Ki de.i.n which
any data whi ch GHOUT d “be ERCEHEACGT a-FotT Gh Veltbr Hrd B bt edi6EPon err or
signal dogs.ngt g%‘trh A, Qb&igass ApEeSHl &TBLTt}h.ez@}p,OME'egef‘éJPé‘gq getion
prediction is di poseéﬁ For exanple, i n nonpatent referencé 2, a case in

whi ch "t hes MBELORaVest on Jrat ches | tishdredi &4 £dy vakverc apdsal Lskhe jtransform
coefficients of the prediction error signal are zero" is defined as a skip

nmode. Furidepapse; rdfersitide mde:canxbe sieleicd ed o ypavwhen tdhe: kegieon to

whi ch the notion vector is 15 all ocated has the sane size as a macro bl ock.

Ther efffor e{ swyren ntarer cn¢ po kbl BEK) si 28 g .s2eéndlarged hassshpwn dfhdienpatient

reference 1, the skip node is set only to a notion prediction block having

a maxi munk 2% ens AprgBitent ghiksr ef Bpbiehatether ski pinvde tissl mdt thpplied to

any nntionkgged'ctio bl ock having a size smaller 20 than the maxi num si ze,
[

- T QUMY ¢ THPriovE G S (G Ry Bt encoBPRg. [0011]

and hence-t
The pres%@hﬂEH&%HFRQQrE%&ﬂ%%E E%QPEQSf ff@gpg%%w%hgachE%MSdisclosed
in nonpatent reference 1 and Fig. 22 (b) shows each macro block
15 based on conventional MPEG-4 AVC/H.264 (refer to nonpatent
reference 2). While each SMB has a large area for each motion
prediction region which is covered by a single motion vector
with the number of pixels M=32, each conventional macro block
uses the number of pixels M/2=16. As a resulf, because in the
20  case of SMBs the amount cof information of the motion vector
which is needed for the entire screen decreases compared with
the case of conventicnal macro blocks having the number of
pixels M/2=16, the amount of motion vector code which should
be transmitted as a bit stream can be reduced.
25 Related art document
Nonpatent reference
[6009]
Nonpatent reference 1: Siwei Ma and C.~C. Jay Kuo,
"High-definition Video Coding with Super-macroblocks™, Proc.

30 SPIE, Vol., €508, 650816 (2007)



above-nentioned problem and it is therefore an object of the 25 present
invention to provide an i nage encodi ng device which inplenents a video
encodi ng nmet hod havi ng good | oad bal ance, of renpbving a signal correlation
nore effectively according to the statistical and |ocal properties of a

vi deo si YnaratibhiEhrs5ererar get MEE Chéd BHEobEH Al per drmitd FeffhittiTent
information 30 c ression, thereby inproving the optimality for encoding
of 6 anzﬁﬁtﬁéﬁﬁgé d8efinition video signal, and a nmethod of inplementing

t he inagg encodi n g%Vi e, and an i mage decodi ng device and an i nmage

decodi ng H@?ﬁBé.ogo 5] 'B1"§"5¢88r dance with the present invention, there is
provided[gg bTage encodi ng device including: a predicting unit for

adapti vely ée ermning a size of a notion prediction unit block in each
macr o5 bl ock aceQr diRg &ondePf £66L Er Hen®d agongli 4d Dfs ed@ndnf aforgiati«ditng t he
above-nentioned notion 10 prediction unit block into notion vector

al | ocati eafeeghons it arsearch fioscha Mtddnceettdra @Ang andencodimgzunit for,
when a notion vector is allocated to a whole of the notion prediction unit
bl ock, penfodatagwencbdisthguilnl &ef igrstodskl [ arode Mot itde s e idned
notion vector is equal to an estimated vector 15 which is determ ned from
otion veBEBASCLACBUREBARAPhE ABLIORS FrEfdiciqbh Almpt LbRBckst S ddtla to be

encoded a tion prediction error signal,does .not .exi and for, when
each of ?ﬁ@ réﬁ%%ﬁf Y orRat | EAtiC8h ¥ ?bﬂgl%%slﬁ;s?%%péé%gr to&%é | ar ger

than,@ predghect Nied 5l 28 And 8 ApLhon yedl aLsks; 20, ald0eahedyd 0 4, whol e of

each of t tion vec ocation regions, performng encoding in a

second skipraRdeiticrhe abover aBnttoned. Mt oanveetar dik equals tormn
estimated vector which is determned fromnotion vectors in surroundi ng

noti on veetoriakkacaticon teg pasdandidat aitxambes emendedras za@mot i on 25
prediction error signal does not exist.
defined as a skip mode. Furthermore, the skip mode can be
selected only when the region to which the motion vector is
15 allocated has the same size as a macro block. Therefore, when
the macro block size is enlarged as shown innonpatent reference
1, the skip mode is set only to a motion prediction block having
a maximum size. A problem is therefore thalt the skip mode is
not applied teo anymotion predictionblock having a size smaller
20  than the maximum size, and hence it is difficult to improve
the efficiency of the encoding.
[0011]
The present invention is made in order to solve the
above-menticned problem, and it is therefore an object of the
25 present invention to provide an image encoding device which
implements a video encoding method having good lcoad balance,
of removing a signal correlation more effectively according
to the statistical and local properties of a video signal which

is a target to be encoded and performing efficient information

30 compression, thereby improving the optimality for encoding of



[0013] In accordance with the present invention, there is provided an inmge
decodi ng device including: a decodinggunit for decoding a bit streamto
acquire data showing a size of 30 a notion prediction unit block in each
macro bl ock, a notion 7 prediction node for specifying a shape of each of
nmot i on vedt oblhkbobatihonefégiioneni ntodehi ch arké ,noehdn Ppr editétidono tini t

bl ock is divided, and a notion vector corresponding to each notion vector

al | ocat i OPHIEFIGH, L ighd Fot "6t PRI Y Wedtker ord ot 1Baghed apeRong
prediction unit block is in a first skip node and whet her or not one of the
mot i on vEEtor- it dtt ontd ey G %93r@é% -ond skip node fromthe

above- mentd @ﬂd notion prediction node; and a predicting unit for, when the
notion prediction unit block is in the first skip node or one of the 10

motiop vector 3kl oaald,lhAEgi ARSK S Lhes secondyskipopdendal ergining an
estimated vector from surrounding notion vectors, and sefting this

esti mat eghre@QlaSd @5 iamdmd baRoveehMe@Nek ahsa usehli: g pall e, edi ction
error signals to zero to create a prediction i mage, and for, when the

noti on 15opr edeptionlyniétblocking mati denofhe ridtrist spkepimodenandit he
motion vector allocation regions of the above-nentioned notion prediction
unit bl o8k oge ot darh heaseecordl ki parodediopeatd ng appreeierihoned mage on
a basis of th%anotion predi cti on npde and the notion vector which the

decodi ng Tt taOui r 88%byt 2D dECHR R t Hé'ebi ELsVPERANLO0EE] FATHeROr dance
1 N LSS A YR B e RIS 924, 20 Limge encodog, pthod,
prediction WbktcR5-Ol ofkdin AR ITRG!0:RKOSk AGGUHNUNLE R edgLer m ned
amotion vector is allocated to a whole of the motion prediction
unit block, performing encoding in a first skip mode if the
above-mentioned moticn vector is equal to an estimated vector
15 which is determined from motion vectors in surrounding motion
prediction unit blocks and data to be encoded as a notion
prediction error signal does not exist, and for, when each of
the motion vector allocation regions has a size equal to or
larger than a predetermined size and a motion vector is
20 allocated to a whole of each of the motion vector allocation
regions, performing encoding in a second skip mode if the
above-mentioned motion vector is equal to an estimated vector
which is determined from motion vectors in surrounding motion
vector allocation regions and data to be encoded as a motion
25  prediction error signal does not exist.
[0013]
In accordance with the present invention, there is
provided an image decoding device including: a decoding unit
for decoding a bit stream tc acquire data showing a size of

30 a motion prediction unit block in each macro block, a motion



condition, and dividing the above-nentioned notion prediction unit bl ock
into notion vector allocation regions to search for a notion vector; and an
encodi ng step of, when a notion vector'is allocated to a whole of the
notion prediction unit block, 30 performng encoding in a first skip node

i f the abgvesientbangdie 80 0N MECLOL 415:,60ual 10, 3% £5t ] mt.edyect or

which is determned fromnotion vectors in surrounding notion prediction

unit bl ocksiandtdaha 4 hies encodad: @s cacmit Din prediictiion ©ffron1si-gnal does
not exist, and of, when each of 5 the notion vector allocation regions has

a size equaldivoided) agrgera trhan oa pretdetecar nespsn@énanth a&amit mon ivect or 1 s
allocated to a whole of each of the notion vector allocation regions,
per f or m ngeehesddi-hietat aos etondskignaddes feteheliaboyesineltéormed nedt i on
vector_ is equal to an estimted vector 10 which is determ ned fromotion
vect ors | hPEURP btmidi ek (ot | B9 vidttior 1@19%0d &t i Bna r B ohss Eil ipstea 206 be

encoded as, a_notion prediction error_.signal does. not exist. [0015] In
accordanc%h%FPﬁrt%%rg?é?@ﬁtO?HVEﬁPFHwagH@FEOFsaﬁgoﬁ?Bﬁ?%éﬁi rﬁﬁgﬁe

decodi ng et hod Jnelidi ng: a desoding, st ep.of, decoding. 2 hid steam to

acquire data showing a Siz a motion prediction uni ock I'n"each macro
bl ock, al ?Péﬁ?@tpéﬁ%ﬁéépnaﬂ@d§ B q SPeCd WING: & Shapgf @ach ef; Jpotion
allo

vect or cation regions into which the notion prediction unit block

prediction unit block is in the first skip mode or one of the

10 motion vector allocation regions is in the second skip mode,
determining an estimated vector from surrounding motion
vectors, and setting this estimated vector as a motion vector
and also setting all motion prediction error signals to zero
te create a prediction image, and for, when the motion

15 prediction unit block is not in the first skip mode and the
motion vector allocation regicns of the above-mentioned motion
prediction unit kblock are not in the second skip mode, creating
a prediction image on a basis of the motion prediction mode
and the motien vector which the decoding unit acquires by

20 decoding the bit stream.
[0014]

In accordance with the present invention, there is
provided an image enceding method including: a predicting step
of adaptively determining a size of a motion prediction unit

25 Dblock in each macro block according to a predetermined
condition, and dividing the above-mentioned motion prediction
uniit block into motion vector allocation regions to search for
a motion vector; and an encoding step of, when a motion vector
is allocated to a whole of the moticn prediction unit block,

30 performing encoding in a first skipmode if the above-mentioned



20 is divided, and a notion vector corresponding to each notion vector
allocation region, to determ ne whether or not the notion prediction unit
block is in a first skip node and whether or not one of the nobtion vector
allocation regions is in a second skip node fromthe above-nentioned notion

predictioporRde; @ AR:skip nfeipredi Gtd ngseieR: 0f, wahen t hen MBI an
prediction unit block is in the first skip node or one of the notion vector
al | ocat i onetegnonsdi stirbmt heoseeandvekipreaoden deterFindAgganrestiomat ed
vector from surrounding notion vectors, and setting this estinated vector
as a noti ppevéctoenandial $6 osdtst iamgl aldtB0coobe oanpeedd césFon eotdrnsi gnal s
to zero to create a prediction 9 inmmge; and a predicting step of, when

t he noti oRrpaédléenonr oAl tsilvtk dogmert AxLRE, f fpdtoskivgiabd@dand Lt he
notion vector allocation regions of the nption prediction unit block are
not irP t he"§eBBhE Sk pChBle? - tecdtt My THEL DIt T eamt’s &4l é 5 dat a

show ng tTe nnti%n vect or cgé%gﬁﬁondin to each notiqgn vector _allaqcation
|

region to cfeéate gaﬁréaigfﬁ §868n%§2§hs?%dpﬁ Pﬁéjéﬁbvg?ﬁﬁﬂfi6ﬁed
motion vegt poandathe LRiian. Rredhet g&g@%&ﬂ&b Vet 2eauhned by fecodi ng

the bit streamin the decodi ng step. cording to t

present ipygnbhon, phecausgnbhentiohgthqskip smode-and §he,sgeqnd;skipmode are
set up for each notion prediction unit block and its notion vector

al | ocati oaboeghoast icespecti Ml weckhe ipegeieneoding: deMmice:@nddhe | mage

decoQ&Pg which is determined from motion vectors in surrcunding motion
vecter allocation regicns and data to be encoded as a motion

prediction error signal does not exist.

[0015]

In accordance with the present invention, there is
15 provided an image deccding method including: a decocding step
of decoding a blt stream to acguire data showing a size of a
motion prediction unit block in each macro block, a motion
prediction mode for specifying a shape of each of motion vector
allocation regions into which the moticon prediction unit block
20 is divided, and a motion vector corresponding to each motion
vector allccation regicn, to determine whether or not the
motion prediction unit blockis ina first skip mode and whether
or not one of themotion vector allocation regions is in a second
skip mode from the above-mentioned motion prediction mode; a
25 skip mode predicting step of, when the motion prediction unit
block is in the first skip mode or one of the motion vector
allocation regions is in the second skip mode, determining an
estimated vector from surrounding motion vectors, and setting

this estimated vector as a motion vector and also setting all

30 motion prediction error signals to zero to create a prediction



15 device can be constructed in such a way as to be able to express a

hi erarchy of skip nbdes when encodi ng and decodi ng a video signal having
the 4:4:4 format and be adaptive to tWe characteristics of a t enpor al
change of each col or conponent signal with flexibility. Therefore, the

i mge encogidg; devd Ge 2 can pef fardn aF optiek nengedi Ry EE@@@%@;%H the
video signal having the 4:4:4 format. Brief Description of the Figures
[0017] [Fagit Hldeikgislnds i vihewr show sigid hedd: And fiof mat: iwhi ebeiksr25 a
target to be processed by an i nage encodi ng devi ce and an i mage decodi ng
devi ce i e hteordanteewitch sEabadiarent 1dn pReQl c2]oFiugit2blsch aicooktdi agr am
showi ng the structure of the inmage encodi ng device in accordance with
Enbodi ment? 1thg Fefors] Fiigp pdes gec@dinahater Y idr sagrshoweaguareef erence
30 bl gck xhich a bl ock dividing unit shown in Fig. 2 creates; 10 [Fig. 4]
Fig. 2 isCarf Xpiamsd orff didihy VSdWn G oexsmprasiior sRapeshi #ebiqhi ch a
predictin qﬁ%taﬁgo%n I. N Fkg%.z givide a_set of notion $redic%ion uni t

bl ocks, each of St he“shapss Tondl §Pig 0" Bfe &6F Trord BRAT ¢ OBIDERE 5[ Fig. 5]
Fig. 5isa kg%&;@rﬁeﬁ@g%@@ e BPELAtL O Af DG rRd] BELROCUGLE Shown
in Fig. 2 fFlg. 6] Fig. Is a view for explalning a netno of “ca cul ating
a cost J WH&€hyh SciexesutRdn B dcne, Predishing WAkt piltFighredn FL9- tieis a

vi ew showi ng an exanple of determation 10 of an estinmated vector PW in
each of mdd@hipredieti on nodes nc nodel to nt noded4 which is carried out
by the predicting unit; [Fig. 8 Fig. 8 is a view for explaining a skip
node;10[ Figi0XA] Fig. 9 is a view for explaining an entropy encodi ng 15
met hod which a variable | ength encoding unit uses;

According to the present invention, because the first
skip mode and the second skip mode are set up for each motion
prediction unit block and its motion vector allecation regions,
respectively, the image encoding device and the image decoding

15 device can be constructed in such a way as to be able to express
a hierarchy of skip modes when encoding and decoding a video
signal having the 4:4:4 format and be adaptive to the
characteristics of a temporal change of each color component
signal with flexibility. Therefore, the image encodingdevice

20  can perform an cptimal encoding process on the video signal
having the 4:4:4 format.

Brief Description of the Figures
[0C17]
[Fig. 1] Fig. 1 is a view showing the 4:4:4 format which is

25 a target to be processed by an image encoeding device and an
image decoding device in accordance with Embodiment 1;
[Fig. 2] Fig. 2 1is a block diagram showing the structure of
the image encoding device in accordance with Embodiment 1;

[Fig. 3] Fig. 3 is an explanatory drawing showing a reference

30 Dblock which a block dividing unit shown in Fig. 2 creates;



[Fig. 10] Fig. 10 is a block diagram showi ng the internal structure of the
vari able |l ength encoding unit shown in Fig. 2; [Fig. 11] Fig. 11 is a
fl ow chart showi ng the operation of t A& 20 variabl e | engt h encodi ng unit
shown in Fig. 2; [Fig. 12] Fig. 12 is an explanatory drawi ng show ng the

concept bﬁﬂ”“i@ﬂ A ¢qnt ext; mgel «64bxhi orhFh8awldl $1 Qi B eh:Sin@n 8xBlranat ory
drawi ng showi ng ‘an exanple of a context "nodel (Ctx) related to a notion
vector; 28idbpgs Id]o Ritgh e 4 ivse e explial nirgira idi Ffierencaiivndthe
correlation in a notion prediction node, and Figs. 14(a) and 14(b) show two
st at es ofatdet nof i oot poedpceddnt hodeunht chlarkssekechedff bhebaskpebl ocks B,
and Bb, respectively; [Fig. 15 Fig. 15 is a view showing a result of

bi nari zat¢oms B3Ot biy the it oh predi e2$on bdekshich is carried out by a 11
bi nari zation unit shown in Fig. 10; [Fig. 16A] Fig. 16A is a view

expl ai‘ni nfthe bl fard zat ilénaogl?ﬁec%ﬂ o e dtiicorrfddd 1Car PifedDBut by
the binarization unit shown, in_Fig.,10, and shows a nethod of selecting
a cont extP5Hbdet"$ or bt ndP O FHY. F46B]“Fig. 16B is a view expl ai ning the

a context’’s moef brno; TFTY.. ). 16! t aining tf
ot shourt T Flo TT00 bad SRS BRpRaarsF kit Pl n ittt el for
binl ; 100Fi8s 06Tl &, 16GkSce yh v, expl ab ALagc1 e biuaar] zati on of the

notion prediction node carried out by the binarization unit shown in Fig.
10, and shows. & metiaQd7ofs sekeehd pEcriagnNiexdxamsled JforebeRrAination
10 of an estimated vectecr PMV in each of motion prediction modes
mc moedel to mc moded which is carried out by the predicting
unit;
[Fig. 8] Fig. 8 is a view for explaining a skip mode;
[Fig. 9} Fig. 9 i1s a view for explaining an entropy encoding
15 method which a variable length encoding unit uses;
[Fig. 10} Fig. 10 is a block diagram showing the internal
structure of the variable length encoding unit shown in Fig.
2;
[Fig. 11] Fig. 11 is a flow chart showing the operation of the
20 wvarisble length encoding unit shown in Fig. 2;
[Fig. 12] Fig. 12 is an explanatory drawing showing the concept
behind a context model (ctx);
[Fig. 13] Fig. 13 is an explanatory drawing showing an example
of a context model ({(ctx) related to a motion vector;
25 [Fig. 14] Fig. 14 is a view explaining a difference in the
correlation in a motion prediction mode, and Figs. 14({a) and
14 (b) show two states of the motion prediction mode which are
selected for basic blocks B, and By, respectively;
[Fig. 15] Fig. 15 is a view showing a result of binarization

30 of the motion prediction mode which is carried out by a



[Fig. 16D] Fig. 16D is a view explaining the binarization of 15 the notion
predi ction node carried out by the binarization unit shown in Fig. 10, and
shows a method of selecting a context fodel for bin4; [Fig. 16E] Fig. 16E
is a view explaining the binarization of the notion prediction node carried

out by'thSiQéPgEé%?&ﬁonnFEighgg?ﬁggm@fé?gfbgf]lo’ and shows a nethod of

sel ecting a context nodel for Fig. 17 is an explanatory

drawi ng shewng ¢Ae waf a 13 aRggnent, of gy Pitisd rneamyihig.2248kFbg. 18 is
a bl ock di agram show ng the structure of 25 an i1 nage decodi ng device in

accor dancehaidch ibrbede aeat 1 dn r{ddegea 10] edfriogt 19 the 18d o OCKa € @gham-show ng
the internal structure of a variable I ength decoding unit shown in Fig. 18;
[Fig. 20]skpgn 20 I'sga ¥0overcharitowhaninsg Hdre cdperdticdn nof at kenvakxitabl e
| engt h decoding unit shown in Fig. 18, 30[Fig. 21] Fig. 21 is a block
di agr @m shewrhgf ®hebstPucture of 12 an encodi ng device di scl osed by
nonpatent reference 1; and [Fig. Zﬁ% Fig. 22 Is a view show ng the
appear ance* o7 - di ¥ deéd %h 16f 2aV wbt | TP YRR B9 10 &a1edH 446dion 4t t he
time of perform.ng a tion-co nsat ed prediction for each nacro.5 bl ock
i the encorig ABVIEE tF StTOLBH by HohPACER oY Srerehew: 12° Enodt tbnt s of
the | nventjan, [0018]q Enbodimmante d, J Qhielsafd ery. Lhe naterced sofodi ment s
of the present Tnvention Wi be explained I1n detail with reference to the
draw ngs.model for binl;
10 [Fig. 16C] Fig. 16C is a view explaining the binarizaticn of
themotion prediction mode carried out by the binarization unit
shown in Fig. 10, and shows a method of selecting a context
model for bin2:
[Fig. 16D] Fig. 16D is a view explaining the binarization of
15 themotion prediction mode carriedoutf by the binarization unit
shown in Fig. 10, and shows a method of selecting a context
model for bind;
[FPig. 16E] Fig. 16E ig a view explaining the binarizaticn of
themotion prediction mede carried out by the binarization unit
20 shown in Fig. 10, and shows a method of selecting a context
model for binbd;
[Fig. 17] Fig. 17 is an explanatory drawing showing the data
arrangement of a bit stream;
[Fig. 18] Fig. 18 is a block diagram showing the structure of
256 an image decoding device in accordance with Embodiment 1;
[Fig. 19] Fig. 19 is a block diagram shecwing the internal
structure of a variable length decoding unit shown in Fig. 18;
[Fig. 20} Pig. 20 is a flow chart showing the operation of the

variable length decoding unit shown in ¥Fig. 18;

30 [Fig. 21] Fig. 21 is a block diagram showing the structure cof



In this enbodi nent, an i nage encodi ng device which perforns conpression of
a digital video signal having a 4:4:4 15 format inputted thereto and which
is adapted for the state of a signal df each col or conponent to performa
notion conpensation prediction process, and an i nage decodi ng devi ce which

perforns extensbamof qavdigi hak-vhdeq sional, havipo, ar4:énd.f ot mgt and
which is adapted for the state of a sighal 2% of each col or conponent to

perform a[mp§i are cagnpensat i eny priedi ehb@Anpr e88SSHVEA Hake: deserivhedg [ 0019]
Fig. 1 shows the 4:4:4 format which the i mage encodi ng device and the inmge
decodi ng despee ©h acrpordanceewtblh 251Enhodbnentglonsetashkheifer pgt of an
input. The 4:4:4 format denotes a format in which, as shown in Fig. 1(a),

t he pi xel PALADERSNG at Modd cxi-gredipcosmiode Ot iCr, &md €2chhimelrroonst r uct
a colaor noving inmage are the sanme as one _another. The col or space of the

t hr ee %i gh&Pc dr%@%@n?%c%%h“%@q?@@%fdl:?GlX‘?Z,d BY P aebr rgREResseand
color difference (YUY, YCbCr, 13 or YPbPr). In contrast with the 4:4:4
format, a“4:2:0 format as shown in Fig. 1(b) denotes a format in which the

color sp LS. Y/ or_YPbPr, and each of color difference signa
el enent s ﬁ?%&l %%dg%§{?% %%%egg%%nof YCbCr) has pixels in each of a

hori zontalg@igection Wand a vertical direction H whose number is half that
of the brightness Y in each of the horizontal direction and the verti cal
di recti onenp&026dnidhe. i mage encodi ng devi ce and the i mage decodi ng device

10 Hereafter, the preferred embodiments of the present
invention will be explained in detail with reference to the
drawings.

In this embodiment, an image encoding device which
performs compression of a digital video signal having a 4:4:4

15 format inputted thereto and which is adapted for the state of
a signal of each color compeonent to perform a motion
compensation prediction process, and an image decoding device
which performs extension of a digital video signal having a
4:4:4 format and which is adapted for the state of a signal

20 of each color component to perform a motion compensation
prediction process will be described.

[0019]
Fig. 1 shows the 4:4:4 format which the image encoding
device and the image decoding device in acceordance with

25  Embodiment 1 use as the format of an input. The 4:4:4 format
denctes a format in which, as shown in Fig. 1l{a), the pixel
numbers of three signal components C0, C1, and C2 which
construct a color moving image are the same as one another.
The color space of the three signal components can be RGB or

30 XYZ, or can be brightness and colcr difference (YUV, YCbhCr,



10 will be explained hereafter by especially limting to an exanpl e of
using a nethod of performng processeﬁ by assumi ng that the col or space of
the 4:4:4 format is YUY, YCbCr, or YP'%r, and each col or conponent is
equi valent to a brightness conponent. However, it is needless to say that

oper ati onsy kbt ich winl boberexpl wi fiedrherneaf. ek, eanr bey appl:icedodihkectly to
the brightness signal even when the inmage encodi ng device and the inmage
decodi ng dewircerdeal Fig 1 h @) )viddeotssgndbrhavi ng witemt2e &dlarmaback0021] 20
1. Image encoding device Fig. 2 is a block diagram show ng the structure of
t he i nageiendddi ngidevi ce YRo&ecorddncackhi ¢h Enflvodididrte rencEhe igmade
encodi ng device shown in Fig. 2 is constructed in such a way as to divide
each i nputt@tentdet® fF arl® HA\A d tRet28 gage4of ofGhiir )i Ma® Bligeks éach

havi ng a predetermned size, i.e. blocks each havi xxMrax pi xels (each

! Mra
bl ock A s Faferrled R *Peidr éhides B iguk™ f%ahéf@ér"cgﬁ)a,l aﬁaeﬁérlpar M a

notion prediction.on each aof. the reference blocks to,conpressi gqn-encode a
predictioﬁh%ﬁ?cﬁuﬁﬁiﬁuﬂg hf@fb&?ff Of4Eﬁe Brig %?%??Qgﬁj}ﬁﬁﬁﬁig vi'feo

i gnal 1 bl ef . 1 he: Lacgelnt gnbec ocoded, Lsn diyided; ipto Tef erence bl ocks

by a block dividing unit 2, and these cks are 1nputted to a predicting
unit 4 asy@gpgnpcoded signal 3. Each reference block created 5 by the bl ock
dividing unit 2 is showmm in Fig. 3. As shown in Fig. 3, each reference
bl ock i s constriuci echags eptedengeddy DEK adal ahwhimtdce Siccdtiidg davwhiech
rect angul ar bl ocks consisting of M.xMx pixels are collected. Although
ment il®nedv1at ebei mxgdiained thhwreafiesence blspek isilzeg Mrax disigdeter anned and
encoded 10 at an upper |ayer data | evel, such as a frame, a sequence, or a
&P (Grou?)x@ﬁpbif ctluresNg FHetlererenperbpsekgi pechhakeeaty Besemanged
within each frame. In this case, the reference bl ock size MW is specified
for each @P?%E%Srcqlr%r FP%Eei‘?f%H?cﬁT % Prarafry’ %ﬁ‘gnﬁ{@(?fbl%@b%e
col | ected, , 45L023] Fach reference bl ock data i, further divided into one
or nore "notlon preadlctlon uni OCKS ichare Li'XM pI Xxe
compenent. However, 1t 1s needless to say that operations
15 which will be explained hereafter can be applied directly to
the brightness signal even when the image encoding device and
the image decoding device deal with a video signal having the
4:2:0 format.
[C021]
20 1. Image encoding device
Fig. 72 is a block diagram showing the structure of the
image encoding device in accordance with Embodiment 1.
The image encoding device shown in Fig. 2 is constructed in
such a way as to divide each inputted video frame having the
26 4:4:4 format into blocks each having a predetermined size, i.e.
blocks each having Mpax*Mpax pixels {(each block is referred fo
a "reference block™ from here on), and perform a motion
prediction on each of the reference blcocks to

compression-encode a prediction error signal.

30 [C0z2]



bl ocks (i: color conmponent identifier), and the notion prediction and the
encodi ng are performed by defining eagh 20 notion prediction unit block as
a base. A pattern of notion prediction unit blocks shown in Fig. 3(a) has
LO=Mra./2 and MO=Mmax 2 and a pattern of notion prediction unit bl ocks
shown in Fig. 3{b)sthasaiiO=ihe /R andldD=Nwmal [Inwhdtch dofs Ehgsta3ga) and
3(b), 1,1=M =L2=M2-Mma.. In the follow ng explanation, it 25 is assuned
that the tefeeentecBrdcks ofivaalsid cioltor woipoem havilhy bheadbdodkf or mat
are the sane in size anong the three color conponents CO, C, and C2, and,
when the $ef&fEHE& BItock %W%é*%ﬁ%&bﬂ@Céﬁéﬁﬁédnppﬁéeﬂe?%ﬁ%ﬁéédbpééRgs|ze is

hanged t dent f | | t
addi 0t on, Ceor] @?s”tahé%ciéé%m?éﬂ%w of P4t o1 e R AaRFE2CE8 bl ocks
o b, sel Cc{)r?eb'b\’to%‘?ct grl%@%ﬂgf ghi pagh of.fhe 6ol Q%%P%‘rpop{ems &R s §L and

OWI’I
and ca e changed i n units o a sequence, %eference

bl ock, orpifes, 'J—;‘Qch l{%{&éﬁuéb%egcwc%mtt%ﬁ@d o8 r%rfedaegfaeoewekt bl ock

sizes Li and 5 N1 can be determned wth flexibility according to a
di fferenceada sthecipriopes tirgs afn tihe 3 gRek aolyueachrcelkas eerROBENHGW t hout

having to change the reference bl ock size Mrax. Efficient |nplenentat|on in
consi der ati dOR..oMpapakkebi zat icar land «pl .pekinhnggbfmé el eneddiang rand
decodi ng processing carried out
detail, the reference block size My is determined and encoded
10 at an upper layer data level, such as a frame, a seguence, or
a GOP (Group Of Pictures). The reference block size Mu.x can
be changed within each frame. 1In this case, the reference
block size Mp., 13 specified for each slice or the like in which
a plurality of macro blocks are collected.
15 [0023]

Each reference bleock data is further divided into one
or more "motion predicticn unit blecks" which are LixM; pixel
blocks (i: color component identifier), and the motion
prediction ancd the encoding are performed by defining each

20 mction prediction unit block as a base. A pattern of motion
prediction unit blocks shown in Fig. 3(a) has Lg=Mux/2 and
Mo=Mnax/ 2, and a pattern of motion prediction unit blocks shown
in Fig. 3(b) has Lp=Mps,/2 and Me=Mpax. In both of Figs. 3(a)

and 32 (b), Li=My=lo=M.=Mu... In the following explanation, it

]
oy

is assumed that the reference blocks cf each color component
having the 4:4:4 format are the same Iin size among the three
color components CO, Cl, and C2, and, when the reference block
size Mpax 1s changed, the reference block size is changed to
an identical size for all the three coler components. In

30 addition, each of the sizes L; and My ¢f motion prediction unit



10 in units of a reference block can be established. [0024] The
predicting unit 4 carries out a notion-conpensated prediction of the inage
signal of each color conponent in eacHSreference block to acquire a
prediction error signal (notion 15 prediction error signal) 5. Because the
operation e _predicti Lty 4 ] eat ur f_ i .encadi ng

devi ce | nbg%%%gdz(i%%e%\% téﬁe '%ﬁ#s%bé%écfﬁérﬁﬁ%&tﬁ%]po%‘ge&gt?gﬁgg? {aﬁgor

predi cting,4pblieMi k| che sBNtionedh | atel d4h 98t @lanANd en penfar ming a
transform ng process, such as a DCT process, on 20 the prediction error
signal 5 teqlieneye :a:sk gnratr&es | el at i oredsombhiks r edectilen evkahgsi gnal ,
a conpressing unit 6 quantizes the prediction error signal to acquire

predi cti ohhes rorrconpressed datdon. pAtdt bt sotiure,t ttheokoapressingndnit 6
perfornms orthogonal transformation and quanti zation, such 25 as DOTI, on the
predi ¢t i ok enndre segpanibedandlodtlputsitthé yprediction tera gl idemprnessed dat a
7 to a variable length encoding unit (encoding unit) 8 and a | ocal decoding
unit 10. {0425 PTRES AR PaBetRegtH EneddiHy® GRILCTSEMP T Bacbees the 16

entropy-encoded prediction error conpressed data.a bit stream 9. The
Iocalpéec%ﬂYhﬁguEPtckﬁné@qu esr%f%%gﬂﬂézbﬁ?%ﬁiEf?%n%@WLorigﬁdﬁéanl from
th dicti . 7.. Thi iCct.i

G ona 11 P s T e A s I S R e ey 5 e i

used for cfeat i t et ¢kl ; [ Y. unit, so
that a de%%%%d s?%%gﬁ??gef§ﬁ§?%§ﬁ£gkgggaﬁéigﬁ%g%ggggfgng(?%ggﬁ%?ﬁFér 14

Par anet er sn Iiinfog §Ff edi e FOReStgNBl o€k eathoPe ¥bt bl aseedet erm ned by the
predicting unit 10 4 in order to acquire the prediction signal 12, are sent
to the varfd@bie | ength encoding unit 8, and are outputted as the bit stream
9. The descriptions of the paraneters 17 for prediction signal creation

wi || be explai gt ipregrigdtiers detdi ¥ bereiaafewy a ogétihercamplngnted
explanation of the predicting 15 unit 4. Furthernore, because a nmethod of
encodi ng HW@Q%&&%&&%%@EhT7M?%ﬁe6¥éHF%HPgﬁ%§#§ﬁ§ﬁoér%ﬁ@?%ﬁeﬂﬁﬂéheﬁﬁ@

iable | t h di it 8, ' . feat f thi di t 1, th
Encodi ng HOUHOT i 11 5t SDPEANAA T BT TH HEEAI 5 GO[DOBEE 705155 he | oop

filtey 1 Lp&ﬁf@{g&baegw kgﬁi;g%glr)tiiso.“ TB%jc%Q}éeO“cﬁé'%;?éi&@ic%%%s%h%” the

decoded signal 13 ont i C block distortion occurring as a result of
transfor mcoefdd chentn guanti zal i Q- e GONPHESSINg nudidi ng ke vRkggybacked

by using 25 both the paraneters 17 for prediction signal creation and
quant i zatirone@ased@ies swildn Thesdeepdedmnehgnal tBei spetraredni pracpmenory 16
as a reference image signal 15 for creating a subsequent prediction signal
12 after piweddecodedusignal liis beubjesdtiethad bepeoceéssdefanénpvirdgeencodi ng
noi se by the loop 30filter 14.
performing a transforming process, such as a DCT process, on
20 the prediction error signal 5 to remcve a signal cerrelation
from this prediction error signal, a compressing unit 6
quantizes the prediction error signal to acguire prediction
error compressed data 7. At this time, the compressing unit
6 performs orthegonal transformation and guantization, such
25 as DCT, on the prediction error signal 5, and outputs the
prediction error compressed data 7 to a variable length
encoding unit {(encoeding unit) 8 and a local decoding unit 10.
[0025]

The variable length encoding unit 8 entropy-encodes the

30 prediction error compressed data 7, and outputs the



17 [0027] In the video encodi ng net hods discl osed in nonpatent
references 1 and 2, when each reference block is defined as a nmacro bl ock,
a nmet hod of encoding each frane mhilelgelecting 5 intra-frame coding or
inter-franme predictive coding for each macro block is typically used. This

i s becausgnwhep,the-bater pteame mpti n -Bredi Gl o Jes) ngtasu;éigg gnt, the

use of a correlation between franmes can further i nprove the efficiency of

t he encodingeariepei nahker,oddl thecbange LAienqedingndemL£esi Reageendance
with this Enbodi nent 1, although any description about the intra-frane
codi ng andr¢tiecsebecteviby useyofl t Hel i rircar f tare epeddigtisnnotrexpr essly
stated in this specification when explaining the point of the present

i nvent i oncomiee s paged@nt odi ndhdevidesoglan! beetld cédnst euctedsiignsichla way as
to be able to selectively use the intra-frame coding for each reference

bl ock,? exteddtere shdigdicaiiqp foted ! 1P eRe Gtritge LBAE6d hg YBYFEe in
accordance wth t Eiﬁggﬁodinent 1, _.al t hough each reference bl qck can be

defi ned as® &“Hfetr® _ ?r?ﬁélpgrﬁfrg?%r %QQ?ﬁ%ﬁﬂ(%ﬁf?ﬁl%lQ§§ SelY
hereafteraﬁ%ﬂkﬁﬁpthﬂﬁlggﬁgga% gngéﬁgﬁgéﬁg%ﬁﬁégnIBL&p%gkate@ Fﬁﬁgggeafter,

the operation o e pré cting uni a feature o

Enbodi ment,J,widd de §lecg:i! ned { - def ai Iparzﬁ%t@n:l%dhﬁt i-Rg 59'@&%&&%

accordance wth this Enmbodinent 1 has 25 the following thfee features.
(1) Adaptatdren ofrdie Jref eheree abkogkt si#enandh§ heditrieen cpredi ghien unit
bl ock size 1 n connection with adaptation of the shape of each divided
regi A uskedirf arrdut iten gpreediret itdre prediction si@E2piDater mirpatkean ob a
notion prediction node and a 30 notion vector according to the properties
of each dolowarigbdenpeneht encoeding3)nifddpt pve sk puidde sel ect tba based
on the reference block size and the notion prediction unit block size

[0029] 5A3% 05 &ho¥R- fent ildfe i ¢AL LR HeCT e cftinfig RiniameAd &disvi Hestor

prediction signal creation will be explained in greater detail
hereinafter together with an explanation cof the predicting

15 unit 4. Furthermore, because a methced of encoding the
parameters 17 for prediction signal creation which the
variable length encoding unit 8 uses is a feature of this
Embodiment 1, the encoding method will be explained later in
detail.

20 [0026]

The loop filter 14 performs a block distortion rejection
filtering process on the decoded signal 13 onto which a block
distortion occurring as a result of transform cecefficient
quantization by the compressing unit 6 is piggybacked by using

256  both the parameters 17 for prediction signal creation and
quantization parameters 1%. The decoded signal 13 is stored
in a memory 16 as a reference image signal 15 for creating a
subseguent predicticn signal 12 after the decoded signal 1is
subjected to a process of removing encoding noise by the loop

30 filter 14.



each reference block into one or nore notion prediction unit bl ocks each
having Li xM pixels according to the pyoperties of the signal of each color
conponent, and further divides each notion prediction unit block into a
plurality of shapes each 10 of which consists of a conbination of one or
nmor e bl odkd2edch having |ixm pixels. The predicting unit 4 then perforns a
prediction by allocating a specific notion vector to each divided region,
sel ects the pl dPalfhey ofdashapee dilie iiprovd dedthel asd pr edvepavent
efficiency as the notion prediction node, 15 and then perforpns a notion

predi ct i &1 61 SE&ER di Vided /1 &GN By uSPA§ TERE SNBEPER 5éc%ﬁiaﬁaﬂ%ed as a
|t of t. t cquire a ediction.error.si.gnal . 5., Each of the

o ded erated Bt hec AR £ S RIRY Ch LR Ol Il 2 RGN S 1

conbi gat iy (i or ~hasi L . - af . whigh - Si of

oo Bt o 10 1aRg O MG oDAShLe bl AR (AN O PR FRITHELE

Embodi meffacke thendol h owiRg icensiraidds: "thtM 423" and ysle Lider 8Rh€

provi ded between M and m and

inter—frame moticn prediction is not sufficient, the use of
a correlation between frames can further improve the
efficiency of the encoeding. Hereinafter, in the image

10 encoding device in accordance with this Embodiment 1, although
any description about the intra-frame coding and the
selectively use cof the intra-frame coding is not expressly
stated in this specification when explaining the point of the
present invention, the image enceoding device can be

15 constructed in such a way as to be able to selectively use the
intra-frame coding for each reference block, except where
specifically noted. In the image encoding device in
accordance with this Embodiment 1, although each reference
block can be defined as a macro block, the term reference block

20 will be used hereafter for explanation of a motion prediction.
[0028]

Hereafter, the operation of the predicting unit 4 which
is a feature of this Embodiment 1 will be explained in detail.
The predicting unit 4 in accordance with this Embodiment 1 has

20 the following three features.

(1) Adaptation of the reference block size and the motion
prediction unit block size in connection with adaptation of
the shape of each divided region used for motion prediction

(2) Determination of a motion prediction mode and a

30 motion vector according to the properties of each color



between Li and li, respectively. The divided shapes each consisting of one
or nore basic bl ocks which are determjged 25 according to these
requirenents are shown in Fig. 4. Fig. 4 is an explanatory drawi ng show ng
exanpl es of the shapes in which the predicting unit 4 divides each notion
predi cti ofcBAPEEBY ock into units each of which consists of one or nore
basi ¢ bl ocks. Hereafter, in the imge encodi ng device of this 30 Enbodi nent
1, it is assumet’t AEEPtHe Spatt Brifels disisSiton™ R95paterhs) TRECHBHES t o
nc_node7 g{ dkvided sh pe$ shogn in Fig. 4. are conmon agnng%the t hree col or
component & °AS Ah* Al T&F nat T VECT TR BITT LT ohpatter ndt He* nbted to nt_node7?
can be de%§§%§ped i ndependently for each of the three color 5 conponents.
Hereafter, ese division patterns nc_nodeO to nt node7 are referred to as
"nmotign predi ction ndese -nd 00B8Meq (1), thO dhRivdeQ engedi pgBLRods

di scl osed in nonpatent references 1 and 2, the shape of each notion
predicti of=d0 appdigadd W dBgiidR ol Snki 8t tigsh-d gt irecharglier iandusyeh a

di agonal division as shown in Fig. 4 of each reference block into regions

i ncl udi nge o leyi omclothev 1 tdiahy &l r eckanguharcordgngntoanhet pbepuasedes| n
contrast with this, in accordance with this Enbodi nent 1, because the shape
of each drvitdeds e bl asclowrrisoirporegt, And dunhheh & Wotdoaaphedi ction
is applied is diversified, when a conplicated novenent, such as the outline
of a moviTy ob} et i IudedPilRcE Feferente R beky o #5EP6s BrEli ction
can ﬁ@ c%giﬁﬁian with a sEaIIer numher of notion vecto%% t han t hat used
in the cas FECFARGG Ar HISHS B2 FFuPPher hotd.® ©SOK5n86<End H.

B Lo e P00 Ph OB B hePAdLL: 3

Application to Hybri eo Codin _ _ uly I'scloses a
met hod ofpdiyessidying bhecshapas af HRYIANS: i Wi b8 £opyenti-qnal ,

macro bl ock is divided, and to each of which a 25 notion prediction is
appl i ed. dividis reefienenecelethe divipded sahapestagieapxpressedpbyvide
intersection positions each between a |ine segnent used for the macro bl ock
di vi si on,tiandcathpoekibor dere T Howevery asechaseot his prettiod liomcmedses t he
nunber of division patterns in each reference block while fixing the
15 and then performs a motion prediction on each divided region
by using the motion vector acquired as a result of the selection
to acquire a prediction error signal 5. Each of the divided
shapes in each metion prediction unit block can be constructed
of a combination of one or more "basic blocks™ each of which
20 consists cof lixm; pixels. In the image encoding device in
accordance with this Embodiment 1, the following constraints:
"my=M; /2" and "li=L;/2 " are provided between M; and m; and
between I; and 1i, respectively. The divided shapes each
consisting of one or more basic blocks which are determined
25 according to these reguirements are shown in Fig. 4. Fig. 4
is an explanatory drawing showing examples of the shapes in
which the predicting unit 4 divides each metion predicticon unit
block into units each of which consists of one or more basic

blocks. Hereafter, in the image encoding device of this

30 FEmbodiment 1, it 1s assumed that the patterns (division



30 pixel nunmber M the follow ng problens arise. 20 [0031] Problem 1:

The code anmount for describing the division patterns of each reference

bl ock increases. Wien an arbitrary nil%eeting 5 Mmax nod ml=0 is permtted,
t he nunber of division patterns in each reference block increases and it

becores ”8&@@@91‘1%)(32% %%%%tbﬁﬁ@ﬁz@&éﬁ%ff&{“f&@&is“}&éﬁg{é% €A, Of, the division

patterns as over “information. Because the probability that each certain

speci fic gdi yW:& oBopabherdnhAeeUEsedi speisesolB rascéfisomsnber ofadi wisi on
patterns increases, the entropy encodi ng of the division patterns becones
i nef fi ci eattandabecomeshani oves headas arrcode anoiait ccand tbelelotah

encoding ability reaches its limt. (0032] 15 Problem2: As the
nunber ofbdi deseonipatt ermdeparcieasks, fohe eavduntf ofthar ithnet | codperati on
required to select a division optimal at the time of the encoding

i ncr edsesCOBRRATRES t he ThiA T61e Thr édieds 61 Vil$ 1@Th@avf e d&d "pr 5eE§S #Ri ch
occupi es a Iar%% 20 ercentqgg of the, encodin grocessin | oagl, the
convent i AR HRbe® Ehcod HgE devi ¢ e? has" Mot O HeFeEhol t@ Biit9® be desi gned
in such a &@yoﬁs to verify and use only a specific division pattern anong
t he pIura{l y of division patterns if the conventional imge encoding

device uses an @ oqrd [mubl ¢hegd; hAcheasesst hespuoBer of dhviskencpatterns

blindly. Therefore, there is a case’in he conventional i mage
encodi ng geyd £6nE€aON0t Jraker f UltheUsenHie t B =g nabt abh | bt awhi-ehnt he

al gorithm has. [0033] 30In contrast with this, the approach shown in Fig. 4

of 2 application region is limited to a rectangle, and such a
diagonal division as shown in Fig. 4 of each reference block
into regiong including a region other than a rectangular region
cannot be used. In contrast with this, in accordance with this
Embodiment 1, because the shape of each divided region, as shown

15 in Fig. 4, to which a motion prediction 1is applied is
diversified, when a complicated movement, such as the outline

of a moving object, is included in a reference block, a motion
prediction can be carried out with a smaller number of moticn
vectors than that used in the case of a rectangular division.

20 Furthermore, "S. Kondo and H. Sasai, "A Motion
Compensation Technigue using Sliced Blocks and 1its Application

to Hybrid Video Coding", VCIP 2005, July 2005" discleses a
method of diversifying the shapes of regions into which a
conventional macro block is divided, and to each of which a

25 motion prediction is applied. 1In this reference, the divided
shapes are expressed by intersectiocn pesitions each between

a line segment used for the macro block division, and a block
border. However, because this method increases the number of
division patterns in each reference block while fixing the

30 pixel number M, the following problems arise.



t he i mage encodi ng device of this Enbodinent 1 solves the above-nentioned
probl enms by using the follow ng three nethods: the first nethod (1) of
enabl i ng a change of the val ue of Mrax®at an upper level, such as a frane,
according to the 5 requirenents on the encodi ng, and the resol uti on and
propertiesngt;{he video signal; the second nethod (2) of enabling a

di vi si on 0? each MraxxMrax pixel block into one or nore LixM pixel basic
bl ocks acgerding 10 the characteristics of each col or conponent C; and the
third nethod (3) of securing 10 variations of division while limting the
requi rements omideddievascanti Ado deasicithlracksect @iai di wh ot da ng di vi ded
shapes which satisfy the follow ng constraints: "ml=M/2" and "I 1=L1/2".
The val uecaththel sige-dMimxydf inthechasee bloeksn srhot remangedekdcakl y

wi thin each frame or each slice, and can 15 be changed only at a higher
order Mat¥nestRUETUre Ievedimisiicttade NHERE T @vell rs et PaTd Séfuéice (a
sequence or a GCR%. Thi s. mechani sm enabl es adapgation to a difference in
the nmeani AgC0f TEher FhagePsPghal "patEarA PREI ddedSFAMEACHEFEFERENCE DI ock.
For exarrplec &n a %gdeothaving a sgvél. esolu%&gy 20f(%!deo G%§phics Array:
VGA, or tHe P ke) Hrid 5 Video TRavi PE A 1A yR €S8l ubfon D™V o “the 1i ke) ,
their si %&?ﬂ%t@f’ﬁéeéé‘sokr@rﬁ@‘éah%f%“%émﬂp' é@l:aglsgc!ﬁh@a\{v'r%%aﬁaqﬁi%@”e Sl z€

expr ess erent meani ngs. en predicting an 1dentical object to be shot,
while a signaleRat @1 Clrosecte ribegst i YebHIBa Of c the 2habjigeh @ cle shot
is captured in a video having a small resolution, a signal pattern of a
further |sscathporlimbarofoft hiivabjieet pottbershointsessapl yrtoapkuredpyn a
video having a large resolution even if the sanme block size as that in the
case of tdecwitep havichg alisrwdior asolution becuged. 1Théfeforel when 30 the
reference bl ock size does not change depending on the 22 resolution, the
si gnal paP®@PREHiahiaY VA G éffepeffdehiBeRNhas 2 | % e tdi §8ce8rpdnent as

the resolutjon increases, and therefore it beconmes inpossible to inprove
the ability bf*hotFon pretirétiUh*bs a pattern matching technol ogy.

[0032]

15 Problem 2:

As the number of division patterns increases, the amcunt
of arithmetic operation required to select a division optimal
at the time of the encoding increases. Because the motion
prediction is a heavy lcad process which occupies a large

20 percentage of the encoding processing load, the conventiocnal
image encoding device has no other checice but to be designed
in such a way as to verify and use only a specific division
pattern among the plurality of division patterns 1f the
conventional image encoding device uses an algorithm which

25 increases the number of division patterns blindly. Therefore,
there is a case in which the conventional image encoding device
cannot make full use of the criginal ability which the algorithm
has.

[0033]

30 In contrast with this, the apprcach shcown in Fig. 4 cof



5[ 0034] Therefore, by enabling a change of the value of the
reference block size Mmax only at a hggh order data structure level, while
t he code anpbunt required for the signaling of the value of the reference
bl ock size Mmx canbe reduced, the signal 10 pattern included in each

r ef er ence- Bl oI FancBeCSPt ¥ nf2BUCAcESr ditig tFoladd medndilt i Bhsvesuehe as t he
resol ution and scene changes.of the video, and activity changes of the
entire sCLELT FIgh CHE UPERBEFHE Bf B RAT RS bnL pr BLF e (TSR e TR-RRGF i on to
this mec ' y Li n £ .of the divisi attern 15 within each
nntion_p?gg%EE?EE ﬂ%?ﬁggl6gk%?b?§§%gﬁ9%%?o§h%% ?d%gﬁFggggﬁgﬁoﬁgﬁﬁ%xFig. 3,
the unit 40 bg prasessed.for, the potjon predigtion, can be, pptim zed
according to the signal characteristics of each color conponent. In

addi t hon,rday: ipregartiang dgrestihieCt e chlagxighi | kb oththerdiyi st opnpath@rns to
20 each notion prediction unit block, as shown in Fig. 4, while the code
anount regquipred iteg expr eks theledi wvisjron pather ascunthive téach (L i oA
prediction unit block is reduced, the whole efficiency of the notion

predi cti Gi-edan NS & Mprdvddn Pdr ehehmirexMay pareyi hgoolt inhe precess of
determ ning the 25 value of the_ reference bl ock size Mmax at a frame | eve
with ef f GRéncl: Mt 38t PR IenR L eF K 8iaRcHite 3at ¢ &M% WAt ERCshbtPBLH2 checked

i thi i bl ock h b d dwthth
Convent | oa T AEROLoGPREC SRA Ce T D& Con L Fd "ENLO0 G APOLESS” B4R be

d d. ' C : h f }.ni f th
o1 or Encd Bllack 28 ik 1B el e hePe T & rarneae he PhT TR

The firsuirethed (d}oofadet enicnisngothaivakyenafadhe; vefauence,bhosk size
Mrax according to the resolution of the 5 video to be encoded. In the case

of the samgcMmxavakde, ahwi déolhawing acdasgeatressel ut'iorM épresenys that
an i mage signal pattern in each reference bl ock has a nore significant

noi se cofponent?"” andtiet vedewmed dibfef isdakt Mf.ar 04 hbei basyechbrcks tapture
the image sigpal pattern. In such a case, the Mrmax value 10 is increased to
enabl e alfot gaﬁn%e& oPCRS LYt bR et Hach negE S iGgh &R PaflefR, and canThe

secongd t ho 2) of assum ng that whether. or not the difference between
frang% r§e|5ga§?%§_aﬁ?gc%P;?gy%g nd,” d@%@ﬁgFF9FP§eiieVﬁ ge?u%%rfornﬁng
the mot'ga Brediabl Byl with 298! L Mimkcxalye, uhgheas, phensshe activity
is small, performng the notion prediction W th a arge X val ue’

Further mohes the:rsdiz@se0BhEBl o8t RS JMtlinR, 1S det enmiraedragcondi pg.to the
frane rate of the video to be encodéd. Because as the frane rate increases,
an i nt er meradegcof ndat nagebecones 20 Jargenct heedyinamaehr anger 8fc4 he

noti on vector itself becones snall and hence the code anobunt becones snall
a met hodbébcget t Frg thenynex vabue todacl mge nyalauesnial suchsalwayot hat this
val ue does not becone excessive even if the activity is sonewhat small to

make”{ t PUSSEBI ETRBIpFEdIETaNp V6ha PEnENARDY BNt 2BENA 251 Beo clomsivier ed, for
exanple.a large resolution (HDTV or the like), their signal patterns
in each Mpa*Mupax pixel block having the same size express
different meanings. When predicting an identical object to
be shot, while a signal pattern close to the structure of the
26 object to be shot is captured in a video having a small
resolution, a signal pattern of a further local portion of the
object to be shot is simply captured in a video having a large
resolution even if the same block size as that in the case of

the video having a small resolution is used. Therefore, when

30  the reference block size does not change depending on the



The third nethod (3) of conbining the nethods (1) and (2) by weighting
these nethods to determine the value of the reference bl ock size Mmax.

[ 0036] 30After the value of the ref eréfce bl ock size Mmax is 24

determ ned, the sizes Li and M of each notion prediction unit block for

each col or-coMPENBRAL 1%: @%%&%aﬁ‘ﬁﬁ%ofr@&;%@%&ch iR fbhe eS8 & i Witkh whi ch
the inputted video S|gna is defined in the color space of YUV (or YChCr

or the likelarbke WoV % campanenis W chhéSrasehtenbnaneerskgeal, has a
narrow si gnal band conpared with the Y conmponent of the brlghtness si gnal .
Ther ef or efhareéprrance wetdume st hiendsl soclksl beiconmaspsoed | tbenpariédtw it t hat of
the brightness. An exanple of a determnation criterion by which to

det er mi nemphaosi pesdiirtand M of pehechvmddchénpoheahnphogreh a way t hat
they are Iar er than the sizes Li and M of the Y conponent of the

bri ghthes$U8ffnal on the basis of the fact that a variance within the

bl ocks becones snall .conpayed w h that of the brjghtness.can he considered
(refer to Fig. 35735 ?6%37593’ ena 1l?ﬁeavaﬂf@&geofo hgh%l BekuSi ‘22 "N, :Cm

an M (CPUEERGnES AUSE SRl o1, M e PaTLPOEt a0,d boss. Sefsimgay ons are

variabl e | epgth gpcadicng upit mr{teﬂ_»%@@%dbf@f@% 3€4201 4 Afos Mtjon 18.
By sinply setting Liand ML as derivabl'e val'ues wWith respect to Mrax t hrough

si npl e ar i/ hivetd Tt PP &lAd e BSc8RMMEd I, FicGn Be nthRicddss Nesessaky IS j ust
to encode the identifiers of conputation expressions instead of encodi ng Li
and MO aspahdependenfludaliuas. cEher efafe;etdre lcbdek amaunbe2bptaouizieed f or
the reference bl ock size information 18 can be reduced. Although not

i |l ustratedepadineutardhe ranpitglions . t wech megéhentedphgt devizel carise
constructed in such a way as to include a reference block size determ ning
unit for @@aﬂé?%ﬁﬁihhﬁd“%#%”véPGé%ﬂﬁﬁﬁwﬁhﬁhaﬁﬁeSdﬁ%Lﬁﬁze%hﬁr%é¥ﬂﬁvpng t hese

from the viewpoint of the meotion prediction. In addition to
this mechanism, by enabling a change of the division pattern

15 within each motion prediction unit block for each color
compecnent, as shown in Fig. 3, the unit to be processed for
the motion prediction can be optimized according to the signal
characteristics of each colcr component. In addition, by
providing restricted flexibility of the division patterns to

20  each motion prediction unit block, as shown in Fig. 4, while
the code amount required to express the division patterns
within each motion predicticon unit block is reduced, the whole
efficiency of the motion prediction can Dbe improved.
Furthermore, by carrying out the process of determining the

25 value of the reference block size Mpax at a L[rame level with
efficiency, the variations of division pattern which should
be checkedwithin each reference block after that can be reduced
compared with the conventional techneologies, and the load on
the encoding process can bhe reduced.

30 [0035]



25 values to each unit, and determ ne the reference bl ock size information
18. [0038] The predicting unit 4 perf%rns a notion detection process 5
usi ng the division patterns shown in ﬁgs 3 and 4 according to the notion
prediction unit block sizes Li and M which are derived fromthe reference
bl ock size infoggatdiont8odFhg. abrd sman fh@wrehast ushoning: tthe operati on of
the predicting unit 4. The predicting unit 4 carries out a notion

predi ctiopletkleitbeml,, conposenthpt, t beefeaneeci neunbtis of achbwen

predi ction unit block having LixM pi xels. Fundanentally, in this process,

t he predicting Tnetfdesechstindopli nom meticoniveogothenvedek difvitded regi on
within a specified novenent search range for each of the division patterns
nc_node0 rofpcenbde7lehbwhiid Mbx Reroddinhd d itha 1nesfetidriimes Whisch one
of the division patterns nt mode to nt node7 shoul d be uied for .the notion

predi i oHlGﬁPtt%PS&chffi%estIlnoﬁh? & P100F de*t BRI ‘Ghedt Hredt SEioFe
eff|C|enc¥ L0039] 20The tlve eff|C|epc $ deflned b% t he fﬁjlomjng
cost J whi'@htid 8e#@§§§ 1 H?Wrﬁ??%ﬁ%ﬁ % Shotht RS vectors

Wthin th E‘P&k lrpreeag%}gtﬂe%rlé@fcte ?‘1%%:‘% Wﬁl C%trh‘&@@i edﬂ?TcOJn@ %‘1‘5%“ on

error bet en t e prediction signa IS Crea romt e reference

i mage storgdpbRefPe ZRaMBADEYc3QeRY qarrapphi-cabi-on abttike akovementioned
not i on vectors and t he inputted video signal 1. The predicting unit 4 is

construct eapt@relmde anxgy sagynzq o&t paint herrmptichn paed) atheon, nodd vand t he
nmotion vector which mnimze this cost J. J=D+XR(A: constant) (1) 26
Ther efibr ej st hecpeediédt ingeumble 4 cabtubratescitdre toostapik o diheedotrgsot | on
predi ction node nt_nodek first (step ST1). Wth reference to Fig. 6, a
met hod of séaheul aéFhgrehe cost J will be explained by t aki ng the case of

nc_node5 as an exanple. 5 At this tine he nDtlon ction unlt bl ock
which is a tar g%@etﬁ%n%r%%?lﬁ‘?%d(%)n %eﬁﬁf%—%q:ﬁ*) 6&5@}@5]? S O\ di vi ded

regi ons Bp, an Furt hernore { 1S assune r.s mages F
(t-1) andQ%E %%E%?r%%?%h @%e%e%%am??e%%y en o ed amgu{oca %Geco éd are
stored in, ﬁ?@%&mtm aa@g ﬁaﬁﬁ'b%hﬂg Ll ty G@n, ¢ r@el%m@q mot i on

predlctlon usin e two referen ges 1) and F -2) for the
di vi ded regtens ma@pcban@;.vémé,havf%@émé e,omn Erga aﬁstﬂﬂ&:}pri@is@rtaﬁlﬂg uni t

detects a notion vector Mt _2(130) using the reference inage F' (t-2) for
t he divi dedrfeghongBahecanthtal@o detectsianmatitbn a large M.y value.
Furthermore, the size control at this time is determined
according to the frame rate of the video to be encoded. Because
as the frame rate increases, an inter frame correlation becomes
20 large, the dynamic range of the motion vector itself becomes
small and hence the code amount becomes small, a method of
setting the Mu.x value to a large value in such a way that this
value does not become excessive even 1f the activity is somewhat
small to make it possible to predict up to a fine movement can
25 be considered, for example.
The third method (3) of combining the methods (1) and
{(2) by weighting these methods to determine the value of the

reference block size Muax.

[0036]

30 After the value of the reference block size Mu.x is



15 vector MVt _1(81) using the reference image F' (t-1) for the divided

regi on Bl. When each divided region is expressed as B, the pixel value at
the position x=(i, j) in the screen offthe n-th frame is expressed as
Sn(x), and the notion vector is expressed as v, the anount D of prediction
error of the.20; diyi ded wegian; B.ganybe rcakculated, using ithe csuphof
absolute differences (SAD) according to an equation (2) shown bel ow.

D=El S" (X)pBddX fow)ddd) detdr [OEdndToms e el .DorapdePhmpf ¢,
predi ction error 25 corresponding to the divided regions Bo and Bl,

which is
above- ne

ac qbier egdsad nthethesdlildh ohe timguwaleculr atlieors ugialgltitedefined
nti oned equation (2), the anobunt D of prediction error i

s
det er ni ned? ash®=ppdox . speog2pt 2PV (or YR her otler i hisdlb, aketB/H

code anmobunt R

(Bl) o aciiteeMoti‘onrvet 6r

each of

t ot al

the predicting unit uses estimted vectors PW (B0) and PW
PrEFICEGE Filrérleféés AMIBE3OY aneafyD( B1)

anpunt

di t t] 3 h bel h [ t
conver | 0 01 THESE SVhILe T atdurhe Lot Smdui &7 A0 ARG Rl SAAGSdet or i ne

the tota
MD( B1) =

P T S D AL M) e

det er m negh ke predictdng wnidn 4 Lal cuhat eg.tReCcost 1l 0teRCN0f o8l | the
notion vectors which are targets to be exam ned in the search range,

10

15

20

30

criterion by which to determine the sizes L; and M; of the U/V
component in such a way that they are larger than the sizes
L; and M; of the Y component of the brightness signal on the
basis of the fact that a variance within the blocks becomes
small compared with that of the brightness can be considered
(refer to Fig. 3),

[0037]

The values of the block sizes Muax, Li, and M; acquired
as the result of having performing these determinations are
netified to the block dividing unit 2, the predicting unit 4,
and the variable length encoding unit 8 as reference block size
information 18. By simply setting L; andM; as derivable values
with respect to Mu.x through simple arithmetic operations, as
shown in Fig. 3, what is necegsary is just to encode the
identifiers of computation expressions instead of encoding L;
and M; as independent values. Therefore, the code amount
regquired for the reference block size information 18 can be
reduced.

Althcugh not illustrated particularly in Fig. Z, the
image encoding device can be constructed in such a way as to
include a reference block size determining unit for

determining the values of My, Li, and My, and notifying these

and



determ nes the solution which provides the smallest cost J as 15 the
division pattern of nt_npde5. An exanple of the determ nation of the
estimated vectors PW in nt nodel to A noded4 is shown in Fig. 7. In Fig.
7, each arrow neans a notion vector MV in a surroundi ng or adjacent region

which is ysgek{ or, thederdmat i of-tlheiest et ed rueehok, napdiaspedi an 20
of three notion vectors MWV enclosed by o is defined as the estimted vector
PW of thenehwhgedon egi on i ndi cated by the nmedi an. When k=7, i.e.
nc_node7, is selected for each Li xM pi xel bl ock, each of the notion
predi cti opCh®dgles corresponding to 25 the nodes of nt node to nt node7 is
sel ected for each of the |lixm pixel blocks. The nodes at this tinme are
named as sub néthode¢)icbisabmd fpdeZormesprotiivaldetdurionyventence'
_ sakg. A process of determ ning sub_nc_node for each of the lixm pixel
bl ock$ | SUTHIF itdif Fit7iadEor dPRGTEHSt RBOPRotess 4% ow 30:%bf £F§Or8inEnd t he
cost J7 in nmode7 in the.correspondin 28 Li xM_ pi xel block is the sum
Lotal of oSt ACqUICTel G81 fily) lbthe - rotes Betieih fed™ PoredEh o6t Sthe 11 xni
pi xel le%&?ived—{Jé%ﬂ¥ge reference block size information 18. Fig,
5 is a flow chart showing the operation of the predicting unit
4. The predicting unit 4 carries out a motion prediction of
10 the C; component of the frame in units of a motion prediction
unit block having L;xM; pizels. Fundamentally, in this process,
the predicting unit detects an optimum motion vector in each
divided region within a specified movement search range for
each of the division patterns mc model to mc_mode’ shown in
15 Fig. 4, and finally determines which one of the division
patterns mc model to mc mode7 should be used for the motion
prediction unit bleck in question to provide the highest
predictive efficiency.
[0039]
20 The predictive efficiency is defined by the following
cost J which is derived from both the total ccde amocunt R of
motion vectors within the motion prediction unit bleock, and
the amount D of prediction error between the prediction signal
12, which is created from the reference image stored in the
256 memory 16 by an application of the above-mentioned motion
vectors, and the inputted video signal 1. The predicting unit
4 is constructed in such a way as to cutput themotiocn prediction
mode and the motion vector which minimize this cest J.

J=D+AR {A: constant) {1)

30 [0040C]



Next, the predicting unit 4 verifies whether or not the 5 Cost Lik in
nt_nodek which the predicting unit ha§6deternined inthis way is snmaller
than the cost in nt_nodek which it has verified until now (step ST2), and,
when the cost Jkinnt nodek is smaller than the cost in nt nodek which it

has verified untidr&ow 4] frneYgseditsShepusie)4 Jaalds e smodekease the notion
10 prediction node which is assuned to be optimal until that tinme, and al so
hol ds t hefaot eenhveotovnapdetiletpredineticomeemode,sEgnat detepnismed .at t hat
time (step ST3). After finishing verifying all the notion prediction nodes
(i f "Yes"WinhstepST4e thd igredicti hgtoadto? outputst trhe tiot icomstpdedi cti on
node, the 15 notion_vector, and the prediction error signal 5 which the
predi cti ngl bhi® AABLHERACHDI dRAGNENEES CHGR @5 ME_ 98> 8614t BFAMPIEep ST5).

O herw se_ (if "No' in step ST2 or if "No" in step ST4), the predicting
a8 B G LTeL T BT SR FE U ABNE R BIG RN P grhb 6okt op ST1
and verif{gsb h 08 %tggthgnt%p nggctg @)nnde.i£9045¥ fwo di I, %ach of a
notion prédic i§n node correspé% |ﬁb€?o ﬁc node” and” no ionoprégﬁg?lon nodes

correspongding. Lo sUb ey rpde, a,cage i -whi oh the mobignvecior mgtches the

25 estimated vector (the prediction difference to be encoded is zero)

and al | thersesidd cirenfss of tthe )t paastoraed) apg: guantdzed & ediretizon error
signal are zero is defined as a special skip node. Hereafter, the skip node

corr esponghiargidd amel hodel-tecodkbedr e tskicpl ndehd aeckiorst 16Kigndede), and
the skip node 30 corresponding to sub_nt_node0 is called sub nc_skip node
(a 219 segodrdl skipd node) .o ra@y W v ewifion gxplddionilng tlkenskicpenodes,
and Fig. 8(a) shows an exanple in which each rectangle enclosed as a solid
line dendt'®s &°HBEFORprEdiccs on' Unit!) bRBEK | 'did<ilt s ot Foh PéEterdi s
denOtedl%%@@éné“&}gh%,%aveﬂx¥m%e example of Fig. 6, the predicting

unit detects a motion vector MV..; (Bg) using the reference image

F'(t-2} for the divided regicn By, and also detects a motion

15 vector MVi.;(B;) using the reference image F'(t-1) for the

divided region B;. When each divided region is expressed as

B, the pixel value at the position x=(1, 3} in the screen of

the n-th frame is expressed as S,(x), and the motion vector

is expressed as v, the amount D of predicticn error of the

20 divided region B can be calculated using the sum of absolute

differences (SAD) according to an eqguation (2} shown below.

D=S18,(5) =S, (x4 V)] (2)

xeh

(0041]
From the amounts Dy and Dy of prediction error
25 corresponding to the divided regions By and By, each of which
is acguired as the result of the calculaticn using the
above-mentioned equation (2), the amount D of prediction error
is determined as D=Dy+D;.

[0042]



5 predicting unit cal culates an estinmated vector PW in a notion prediction
unit bl ock by using, for exanple, the&imotion vectors in surrounding or
adj acent notion prediction unit blocks, as shown in Fig. 8. Because the

di f th [ t is d b di t.h di.ct] diff
Val ue between 10 HE RHCIOn Vatdor ante e et mared VBTG i S ot on
ue bet ween 10 tHiE i or* it e BSEY el 78 ot
o1 cdi oL O “F T aF Ghes e S8 o L MV Pty Ena TR BYCdicti R oriar ol gnal

has no nep: é%«ai%e%itqio%ntv%ctt%rbg_r%age%gn ﬁyrﬁa%ﬂ%g,wwgoﬁ(m%i s an
enl arged di splay of a 15 part of Fig. 8(a) with the hatched basic bl ock

shown i nMRing B, 8( aycbennggcent ene@dqua ttibe emharged f irgurs;, andi a-idick |ine
frame shows a notion prediction unit block region. In this case,

sub_nt_ npderdfst hettardetantasitc cbhoek siisnsub tiz srdefuevhen ddpanmt i on
vector at this tine is expressed as MVs and 20 the estimted vector at this
tine i s Expressedrds Pwsend e abti detpradinet ithe rsde whiate ianepptied to
this basic _block is assumed to be sub_nt_skip node in case that the
predicti nidi¥¥erence is zero (MVs-PWs) and the prediction error signal 5

has no non-zer ffieients .t encoded, like in the, gase 25 of the
det erm nati on %Yngugﬁ?%VzE%@43?Rfﬁ%9he convent i onal enég i ng nmet hods

di sclosed in, {of gxpowbe, Bonpaken  references 1 and 2, nc_node0, i.e. the
ski p node corresponding only to the lTargest notion prediction unit 30 bl ock
(in nmonpatenijreferences 1 and 2, a reference block as 30 shown in this
Enbodi nent 1 has the sane size as a notion prediction unit block as shown
in this Enbodi Aerd rEsudand the darigest smbitieamipredi ct i Dne unidd bl ook
corresponds to a macro block) is provided typically, and, in the skip node,
it is 5 destghethlwilateentedecahydiof ermiat Poreladbolite mationblecks:at

which are targets to be examined in the search range, and

determines the solution which provides the smallest cost J as

15  the division pattern of mc mode5. An example of the

determination of the estimated vectors PMV in mc model to

mc moded is shown in Fig. 7. In Fig. 7, each arrow means a

motion vector MV in a surrounding or adjacent region which is

used for the derivation of the estimated vector, and a median

20 of three motion vecters MV enclosed by ¢ is defined as the

estimated vector PMV of the divided region indicated by the
median.

When k=7, i.e., mc mode7, is selected for each LyxM; pixel

block, each of the motion prediction modes corresponding to

Z2b the modes of mc_model to mc mode? is selected for each of the

lixm; pixel blocks. The medes at this time are named as

sub mc model to sub mc _mode7, respectively, for convenience’

sake. A process of determining sub mc mode for each of the

lixm; pixel blocks is carried out according to the process flow

30 of Fig. 5, and the cost Jy in mc mode? in the corresponding



all. In contrast, this Enbodinent 1 is characterized in that this is
further defined also in the hierarchigal Iayer of sub nt node. In the
conventi onal encodi ng met hods di scl osed in, for exanple, nonpatent
references 1 and 2, because a video 10 signal mhlch i s handl ed has a
relat|velyywﬁwp§mﬂﬂ|hkquuxBVWh@hsmm oftéheodr destef apput octthesrnesol uti on
of HDTV, a notion prediction unit block having a smaller than a macro bl ock
si mpl y nme@ns_PRaficdfedfrbyeRentdbbebneackonpl Feat edmakd <t s octer-ef or e
difficult hﬁ girryout the encoding with efficiency 15 even if the skip node
is taken iRY8%¢onsideration. On the other hand, when encodi ng a video

having & sanpl | G Fata oRGS8ar i Ehat b i 157 WP5rhgs %f&'r?rﬁ ‘cﬁ%& hg the
daadormly 5 R % dLepAsINg: &, skl SIS Lt foNslderall anat,gnly 20 the
si ze of each notion pre i'ction unit bloc |c consists of an LiX pi xel
bl ock canpgtciid ljAe ithenkequir eRBRAtSH@RUML in me modey which it has
verified until now {(step $T2), and, when the cost Jx in mc _modey
is smaller than the cost in mc_modey which it has verified until
now (if "Yes" in step ST2), holds mc modey as the motion
10 prediction mode which is assumed to be optimal until that time,
and alsc holds the motion vector and the prediction error signal
determined at that time {step ST3). After finishingverifying
all the motion prediction modes (if "Yes" in step S5T4), the
predicting unit 4 outputs the motion prediction mode, the
15 motion vector, and the prediction error signal 5 which the
predicting unit has been holding until now as a final solution
{(step ST5). Otherwise (if "No" in step ST2 or if "No" in step
ST4), the predicting unit, in step ST6, increments the variable
k, and then returns to step 8Tl and verifies the next motion
20 prediction mode.
[C045]
In each of a motion prediction mode corresponding to
mc model and motion prediction modes corresponding to
sub mc mode0, a case in which the motion vector matches the
26 estimated vector (the prediction difference to be encoded is
zaero) and all the coefficients of the transformed and quantized
prediction error signal are zero is defined as a special skip
mode. Hereafter, the skip mode corresponding to mc medel is
called mc skip mode (a first skip mode}, and the skip mode

30 corresponding to sub _mc medel is called sub mc skip mode (a



skip effectively when choosing a basic block (or a notion vector allocation
region which is determ ned by a conbi gtlon of basic bl ocks) smaller than
each notion prediction unit block, and”25 therefore a notion vector having
a zero value and zero coefficient values are encoded explicitly at al

times andsthenéncioth ngh@ff i cirercy si ssbadvidheref engldihg igmge encedi ng
device in accordance with this Enbodinent 1 is constructed in such a way as
to, when motlesnlanedthy .nBilhonsipresiat ieoampiiet 180sbl dtleadti ckctangiliet s of an
Li xM pixel block which is a unit 31 for nt node allocation has a size

| ar ger th@ﬂcéoé%ﬁﬂsafhﬁoéllﬂellltﬁjﬂeaPE@S@a@%tb@@Meb‘ill@@nqmwltht bépsikst s of an
lenlplxel glock which is a unit faor sub nt node allocation has a size

hah® mﬁBhg?aﬁ?ckaelFIﬁgpPLeﬁlgﬁtVV -bePhblBiEot$BFectN&Nd use a

| ar ger
b K d f he_th hol ds nt b
P B s S R et L L

I el o A e g b g st e

Seéquence. in surrcunding or adjacent motion prediction unit blocks, as
shown in Fig. 8. Because the encoding of the motion vector
is done by encoding the prediction difference value between
10 the metion vector and the estimated vector, this motion
prediction unit block is assumed to be in mc_skip mode in case
that the prediction difference is zero (MV==PMV) and the
prediction error signal 5 has no non-zero ccefficients to be
encoded. Furthermecre, Fig. 8{b) is an enlarged display of a
16 part of Fig. 8(a) with the hatched basic block shown in Fig.
8(a) being centered in the enlarged figure, and a thick line
frame shows a motion prediction unit block region. In this
case, sub_mc mode of the target basic block is sub_mc modeC.
When the moticn vector at this time is expressed as MVs and
20 the estimated vector at this time is expressed as PMVs, the
motion prediction mode which is applied to this basic block
is assumed to be sub mc skip mode in case that the prediction
difference is zero (MVs==PMVs) and the prediction error signal
5 has no non-zero coefficients to be encoded, like in the case

25 of the determination of mc skip.

[0046]

In the conventional encoding methods disclosed in, for
example, nonpatent references 1l and 2, mc model, i.e. the skip
mode corresponding only to the largest motion prediction unit

30 block (in nonpatent references 1 and 2, a reference block as



10[ 0047] Through t he above-nenti oned process by the predicting unit
4, the prediction error signal 5 and Eﬁe paraneters 17 (the notion

predi ction node and the notion vector) for prediction signal creation are
outputted, and these are 15 entropy-encoded by the variable | ength encodi ng

unit 8. Hemneaht am, @ £ntropyi 6ot Ny mekhad,ofs. 00t r opye= ensodi ng,ttihe
paraneters 17 for prediction signal creation which is a feature of the

i mage encedidgcdevincenin atcok danceomt int hihg sEmhbdibeatt 11 widdd hee

descri bed. 20[0048] In the encoding of the paraneter 17 for prediction

si gnal creéargeatwhibthowi prebecexphained herehfteryeshendada ypes wofo
paraneters including the notion vector and the notion prediction node are
t he targeblefkexpPardtivofedritgrigaildva 28dvi éfy fibe SXParwidey tifie iént r opy
codi ng. met.hod whi.ch the variable | ength encoding unit 8 uses. In the inmage
encodihg H80FEHCPIAECTR G AN CHES TERbOHPNEREL, MaE SHOWF I i g, 9,
when encoding t i.Q redi.ctl.on pode B). of. a basic.blqgck B,, .whichis
a target %?'prggfbtFﬁgggﬁcggﬁﬁgﬁﬁ¥%%l@%??g%ﬁg §BaF%ﬁ§? lé%@dﬂ?%&%ﬁﬂt

performs thesentr opy ¢Qdi mé%eé%lé&'ﬁﬁt%gs' m@@fa%&eg%tqa he sfate of
) of | oc he e

the prediction node nm(B") of the basic B, ont t of the target

basi ¢ bl ogkbi Act heasanerd nare cbhiknttibaast ahec8f n{hse Qi cliion Jwde m(Bb)
of the basic block Bb just above the target basic block in the

in, for example, nonpatent references 1 and 2, because a video
10 signal which is handled has a relatively low sampling rate which
is of the order of up to the resolution of HDTV, a motion
predictionunit block having a smaller than a macro block simply
means that the movement becomes complicated, and it is
therefore difficult to carry cut the encoding with efficiency
15 even if the skipmode is taken into consideration. On the other
hand, when encoding a video signal having a high sampliing rate,
such as an ultra-high-definition video having a sampling rate
exceeding that of HDIV, or a video signal having the 4:4:4
format, simply disposing a skip mcde in consideration of only
20 the size of each motion prediction unit block which consists
of an IL;xM; pixel block cannot utilize the reguirements about
skip effectively when choosing abasicbleck (or amotion vector
allocation region which is determined by a combination of basic
blocks) smaller than each motion predicticon unit block, and
25 therefore a motion vector having a =zero value and zero
coefficient values are encoded explicitly at all times and the
encoding efficiency is bad. Therefore, the image encoding
device in accordance with this Embodiment 1 is constructed in
such a way as to, when not only each motion prediction unit

30 Dblock which consists of an L;xM; pixel block which is a unit



5 sanme frane F(t), and the state of the notion prediction node n(B) of the
basic block B, at the sanme position as _the basic block 13" in the

i mredi at el y precedi ng adj acent frane el (t-1). [0049] Fig. 10 shows the
internal structure of the variable 10 |l ength encoding unit 8, and Fig. 11
shows a flew R ihe aperatitanRohakhe svyakl ablg: F englihaengoding. unit., The
vari abl e |l ength"encoding unit 8 in accordance wth this Enbodinent 1 is
conpri sedbat @l sorbextba®iel ldekerim ¢ _Gnuwiist s245 fer 1 det;ef &l Ry c&kcont ext
nodel (which will be nmentioned |ater) 15 defined for each of data types

i ncl udi ngwhhehnmbs i onuprtedicot isok_modecdrdat hecabi bonaect ari awhilehrgare dat a
to be encoded, a binarization unit 22 for converting nulti-valued data into
bi nary dathabceordidigiitlo sa 45 natt zat Moheul edebéent aetke fort each vgat a type
to be encoded, an occurrence probability 20 creating unit 23 for providing
the octurFeABB BFoBAbPI FP§eofO8agRchaPalcoPIFC b eﬂtﬁh Wi 2 bim, an

di it 24 f f.ormi i thiet| i ding to th
Creat o0 of B Pont” grOBMBI Tty e AR RLu T ShCE B GUaRTY | Ty YmPSwat i on
storage mpmory, 25 for.;stori AdaPofi ML 79y 25 nprobabi |y Ly, I nfofrati on,

[
Herei nafter, ‘anéxpl ahati'onw | [be made“by |imtihg tHe input” td the context

model det enpbBhAYqE AN 84 .0, 461 imtd QR R LHEoR e ARtk the 1Rt on

vector anong the paraneters 17 for prediction inage creation. [0050] 30(A)
Cont ext nodel bdet et peahngtpaotessl (step £41d FRakkgorld)seddence. A
context nodel nodels a dependency relation with other information resulting
in a Mari &60én] of the occurrence probability of an information source
synbol, and it becones able to perform encodi ng which is adapted according
to the 5 actual Therurh dite ghrotabidntionid Padssl by telsargieng cthegst at e of
t he occurrence prpbabih%iy dependi ng on this dependency rel ation. The
concept beht hd®t he e dmt et < inodfel S X |5 Ehowr idnFitgie PRI amsteRiSs 1l gur e,

I th h i nf ti mbo| i i , 0t be alt tivel
mul U1+ val DA 10 ever SO RCT Al o Eoat Rent T BRNYOR nary &t (ALl e
encoding | s, handl &4 Sgg?l?zl:h] creat%o@%'r%esogt l?t‘ﬁecﬁ)f the context jyadel ctx

shown in Fig. 12 are ned on the assunption that the state of the 15

occurlrsenc&q@f@%ﬁbéﬂl&@&e@f dhechaf euration spuieen symeliiwsl ngrihi g cont ext
nodel ctx would vary according to conditions. Applying thi's definition to

t he | mgeHencotiiag, daviee tdpacoaridanee tidd dhies tbrbodiemeridity the val ue
of the context nodel ctx is changed according to the dependency relation 20
bet ween tiver@ncoded ldat @r iprrea icgrivai il ged ecerees iblhogki @nd sthécencaded dat a
in anot her reference block adjacent to the reference bl ock.
cf the image encoding device in accordance with this Embodiment
1 will be described.
20 [oc48]

In the encoding of the parameter 17 for prediction signal
creation which will be explained hereafter, the two types of
parameters including the motion vector and the motion
prediction mode are the target of explanation. Fig. 9 is a

25  view for explaining the entropy coding method which the
variable length encoding unit 8 uses. In the image encoding
device in accordance with this Embodiment 1, as shown in Fig.
9, when encoding the motion predicticon mode m(By) of a basic

block B, which is a target for predictive encoding, the variable

30 length encoding unit performs the entropy coding by



[ 0052] For exanple, Fig. 13 shows an exanple of a context nodel 25 about a

notion vector which is disclosed by "D. Marpe et. al., "Video Conpression
Usi ng Cont ext - Based Adaptive Arithnetdé Coding", International Conference
on | mage Processing 2001". In the exanple of Fig. 13, a notion vector of a

bl ock C i I di,ff I
30 k(O AT Eh TS pradcUa [ o The RbEr cnUeaPsr o 10" bl 6k 534 C fr om

adj acent @for;ﬂfe Mse&weﬁ@@ﬁ. B W fr%ren%%t %tfxx'frl‘éd(tgﬁrgié)c shQws. :cent ext
nodel applied to the notion vector of the block C. midk(A) shows a rmtron

vector predittid eandi ffenencer i n tabkoskeof amd prdk(B) ishowsda o
vector prediction 5 difference in a block B. These val ues are usec? for t he

defini ti onf dfheabaeval naved Majuetekf&ye fidre changitngathe kontlextn mhdel . The
eval uated val ue ek(C) shows variations in the adjacent notion vectors.
Gener & | ysamheir atredel War isatdi ohs atetsnaf |tha e tioti grredécttdionpmedict i on

di fference value nvdk(C 10 is small, whereas when the eval uated val ue
ek(C) is méfﬁcdeoft heen%e%ﬁ %e%quoeédFEerW%quSer@r@“e Afraltlie( Bpshas a

t endency t t.h fore desirabl e, t hat the ol occurrence
or obabi |yiff§ POF R Al R 5 BAFEERORO e e e SHEG) Fre) adapt od

accor di ngd Ee eval uated value 15 ek(C). A set of variations of this
occurrence pro ability is context nodels, and, in this case, it can be said

that there are g eemymeftpecyrreﬂﬁglpgep@ethkéyoyarhet 'vg@gathOSB]
Thus, context nodels are defined for each data to be 20 encoded | n advance,

and amwe shatgth betwaenqgtiheld BRgeERegdiingsKHevs eer B ofrthend Apgeadesadi ng
devi ce. The context nodel determning unit 21 carries out a process of

sel ecti ngelonehof vandeb ke piedeter ennediagcondicng Thet hertypecofieayeh data to
be encoded. Which occurrence probability variation in the 25 context nodel
is sel ecteétp%#&%sp@hﬁs % ollanageeurrance iriobabhl bt yErdroedtieng pr ocess (C)

which will be sho&rvn bel ow. [0054]C _ o ,
comprise a contex model determining unit 21 for

determining a context model (which will be mentioned later)

15 defined for each of data types including the motion prediction
mode and the motion vector which are data to be encoded, a
binarization unit 22 for converting multi-valued data into
binary data according fo a binarization rule determined for
each data type to be encoded, an occurrence probability

20  creating unit 23 for providing the occurrence probability of
each value (0/1) of each binarized bin, an encoding unit 24
for performing arithmetic encoding according to the created
occurrence probability, and an co¢ccurrence probability
information storage memory 25 for storing occurrence

25 probability infeormation. Hereinafter, anexplanationwill be
made by limiting the input to the context model determining
unit 21 to the motion prediction mede and the motion vector
among the parameters 17 for prediction image creation.
[0050]

30 (A) Context model determining process (step ST11 in Fig. 11)



In Fig. 10, the variable Iength encoding unit 8 is characterized in that it
prepares two or nore candi dates for 3@s3a context nodel 26 which is to be
all ocated to the notion 35 prediction node and the notion vector, and then
swi tches between the two or nore candidates for the context nodel 26 which
the variabl e | ehgtH &idodPRG L URPEE US &5 IGPEHEENRY FolEheck ohtléx O thvdel

selection,information 27. ., shown in Fig.. 9,. 5 because it can be
considereangﬁﬁPg?ﬁgnnﬁﬁﬁﬁﬁﬁgﬁgﬁi&Pidﬁ ﬁﬁ&éaﬁ€§flo?%tﬁgmba§F€u5F8@EeBx whi ch
is the ta .predictio encodi ng. .has a high correlation with the
state of gggi&%{ﬁggl?gg?foné%ﬁ 8 S A rcgepastbfmakflqgly \ﬁintdLilﬁ hE°SSTe frane

i f the cogpebathop.abgut, teaeoaﬁageweﬁcﬁvygr@agggswg@eo%ggsﬁ%i%s tl%g | ow

(more specifically, the value of "the notion prediction np

strongl y astlhaenced by idesdbwhged; shapes Siyﬂlbbh%ﬂ%iaﬁgiﬁ?e@l&tsit%@em)des

m Be) and m(Bb)), both the notion prediction node m Be) of the basic block
BI D on thefleht ofcthectaegptrobabitiblodkpehtibi:g thetsasedkpaneeang the
motion prediction mode m( Bb) 15 of the basic block Be just above the
target bas¢tabloek wiltchioondeetshmbihdahkearenused fatel ke détsesionat i on of
the context npdel_ 26. An exanple which constitutes grounds for this concept
is shown th F9: 44, FEigthis Jiowsea edimpariadornbéphesnatwenseateseof the
not i on predi on des selec%ed for the basic 20 bl ocks_ Be and Bb in the

.
case of t%%mﬁ% i 6 prefitii on Inotd nPBx )2 e s S hh PHETLrPdusAown in

Fig. 34( t.he_ br. + Of.._di Vi.Si f h, of .the basic bl ocks Be and Bb
are g@nng%?%%aﬁ%iﬁﬁa ?@9?%§¥ﬁ%31?ﬁigééggﬁ%nga%H‘% é?ﬁﬁﬁ%%ﬁfeBFggﬂggion node
m Bx), respeciiyely. In contrast, in the state shown in Fig. 25 14(b), the
breaks of division of each of the basic blocks Be and Bb are not connected
natural |l yia@1he di vided shapes. In general, because these divided shapes
in each reference bl ock show the existence of a plurality of different
nmovement regi orithcexiest ingd 12 tife thef eveneetbhock,l theyseashl ynrefibect the
30 structure of the video. Therefore, it can be considered that 36 the
state showh PACFiIdRIiIg(ch) ohs tRe seasenwhieh Happensheasickyt raf hehet han t he
statﬁéshomn in Fig. 14%%5” More specifically, the occurrence probability of
the mBti S PrEdiEds BFOREde tmtyEeS e dpfected iy $hier &t Y89 g LehaInot i on

predicti %i@dceosntrngca)mégenP %?s»zéuigoégly according to conditiocons.

Applying this definition to the image encoding device in
accordance with this Embodiment 1, the value of the context
model ctx is changed according to the dependency relation
20 Dbetween the encoded data in a certain reference block and the
encoded data in another reference block adiacent to the
reference block.
(00527
For example, Fig. 13 shows an example of a context model
25  about a motion vector which is disclosed by "D. Marpe et. al.,
"Video Compression Using Context-Based Adaptive Arithmetic
Coding", International Conference on Image Processing 2001".
In the example of Fig. 13, a motion vector of a block C is a
target to be encoded (precisely, a prediction difference value

30 mvdy (C) which is predicted for the motion vector of the block



Simlarly, because it can be considered that the notion prediction node
mB) of the basic block B. has a highagorrelation with the state of an

i mge region which is adjacent 10 with respect to tinme if the correlation
about the s%ate of ., movement bhetween frames is hiqb (rmore specifically, the
probabi | i ty" AT H 1 HE O G 57 ddi RFBASbde T TP Hav € tvarives Cdependi ng
on the divyided shapes in the tion prediction node nm(B,)), the variable

| engt h en%&d?nﬁwan tC%PFﬁ?SéITéaé% FW@qf§dnﬁPiBﬁed?%B}%@i TRy In(86) of the
basic blo t e |t t he pbasic block B. in_the
innediateﬁgoggégéd%ﬁghzgfd%gﬁgéf?gﬁ%%%grV?ﬁgoﬁé%%?%¥%%vybﬁlg¢eﬁﬁ@C@ontext
nodel 26. ;0956 Shmnl arl-y, e LNL,N he. .c I, for the
20 notion vector?§5Ph¥hgn§03$£§g??o%ggggu% gﬁ%lgFa?EEg?%ngggﬁéﬁﬁgggtmeen
franmess i sdi oeréheevani abl p1bergtth engodidng Hnibs 8 suses, oot hethe .ppti on
vector of the block Ba on the left of the target basic block wthin the
sane frangefandtibe afbbharvalectierd ok ltbe:icocke BEhapnysthgaboyeohhe st-ar get
basi c block for the 25 determ nation of the context nodel 26. In contrast,
if the corp@tati oRhabeurlukéest ated wof ewiémentowet weehe f tanesins thisgh, the
variabl e Igngth encoding unit 8 uses the notion vector of the block B, at
the same POsTEFohMad itRevdFoeks B. Goiarid livimede attdlep epy aekali henadiracent

frame for det.erm nati on of 30 the,context npdel 26. Like in the case of
deternini%égf%étjg%nmglon vector preglctlon dlg?erence value mvdy {C)

10 is small, whereas when the evaluated value e, () is large, the
motion vector prediction difference value(C) has a tendency
to be large. It is therefore desirable that the symbol
occurrence probability of the motion vector prediction
difference mvdy (C) is adapted according to the evaluated value

15 ex(Cy. A set of variations of this occurrence probability is
context models, and, in this case, 1t can be said that there
are three types of occurrence preobability variations.
[0053]

Thus, context models are defined for each data to be

20 encoded in advance, and are shared between the image encoding
device and the image decoding device. The context model
determining unit 21 carries out a process of selecting one of
models predetermined according to the type of such data to be
encoded. Which occurrence probability wvariation in the

26 context model is selected corresponds to an occurrence
probakility creating process (C) which will be shown below.
[0054]

In Fig. 10, the wvariable length encoding unit 8 is
characterized in that it prepares two or more candidates for

30 a context model 26 which i1s to be allocated to the motion



context nodel for the notion prediction node, the variable | ength encoding
unit can use a correlation between the,.color conponents also for the
deternminati on of the context nodel. 26”for the notion vector. 5[0057]

The i mage encodi ng devi ce can detect whether the correlation about the

state of ppwamentohetween franesei mohigh Gfed@W byausi AB-A RLedeterym ned
nmet hod, and can explicitly nultiplex the value of the context nodel

sel ecti onbehveemathentd0 @7 whtd ¢drelbidtest rieamihd editansmidoddi seval ue of
the context nodel selection information to the inmage decodi ng device. Both
t he i mage"BheBdiy Vdeviske cahdnohe ¢heeeldecodingsdeviceccdhnde cahst r uct ed
in such a Waggas to determne the value of the context nodel selection

i nf or mat i BAD 27X ACLOTEH i+ W5 1 et Eralsi té Ao nalt § othoBeclaude a-hé@vi deo
IS unsteady

Si gnal5 b t he effici eglc gif rithmetic encodi ng can be i nproved
by maki ng°Tr-posst bIet & aPry ﬁ%’fe uERAt NN Qdipt s e REGHTGI-0T B958] (B)
Bi nari zat pr T hown. i,n .Fi 11) 20 The binarization unit
22 forns llgg]g)f% gggﬁtgo}&%éﬁgr@oo ed%f“n 6% B“isngiﬁﬁ %%ﬁ ehce akd® éf%tlfﬁnnes a

cont ext npgeleAcGONd RYst 9 f?iagqh_cgir@e(lgitri‘%hywpig)ﬁittrLeogi)csa?%i %Pearpiiﬁg

¥
sequence. The rule of binarization follows a roug uti on 6f val ues

whi ch eacheenended elatias cam have e piiaii izatinen udt fRarfor s 25

conversion of each data to be encoded into a variable-1length binary

sequence. tiBecause: liat itdre abiondr tzatd o« ddt acvenbet encodesh whieh:can be

originally nmulti-valued is encoded per bin rather than being

ari t hifet i ecerdeodedpest faeallyi shet el bd pdriratoon chasredies tierni tode bei ng

able to reﬂg%e,the nunber . 30 of divisions of a probability nunber |ine and
T

hence si ipHfly® S 3§ 7RG g HEhiettecdper ats o7 isrd tionats dntHes Bontext nodel ,
o o S L 00 oo O gTIBTP, ot Y 12, 0ut, L e encodi g
?%?g;' zath Qi Qf it & M08, B £, 4,08, TRAE) a8, shawn {0 .Fi g5, 13(a) and
block within the same frame and the motion prediction mode m {By)
15 of the basic block B, just above the target basic block within
the same frame are used for the determination of the context
model 26. An example which constitutes grounds for this
concept is shown in Fig. 14. Fig. 14 shows a comparison between
two states of themotion predictionmodes selected for the basic
20 blocks By and By in the case of the motion prediction mode
m(By)=mc mode3. In the stale shown in Fig. 14{a), the breaks
of division of each of the basic blocks B, and By are connected
naturally to the divided shapes in the motion prediction mode
m(By), respectively. In contrast, in the state shown in Fig.
25 14(b), the breaks of division of each of the basic blocks B,
and By are not connected naturally to the divided shapes. In
general, because these divided shapes in each reference block
shiow the existence of a plurality of different movement regions

existing in the reference block, they easily reflect the

30  structure of the video. Therefore, it can be considered that



Cont ext nodels as shown in Figs. 16A to 16E are applied to Bin, Binl, Bin2,
Bi n4, and Bi n5, respectively. As shovxgﬁlo in Fig. 16A, Bin() has a .
criterion by which to switch anong thé occurrence probabilities according
to whether or not the states of the notion prediction unit block at the

upper positticont{ibd eelow) 1and ¢ hesmey i 0N aprodi €4 L,on Ui o Pk ok At; the |eft

position (block B) with respect to the data to be encod%d (block 15 C) are
"ski p nodesathAs Shwwihiens Fage skEBin Bhritidasg dberi tiestorpay: iihiceh 160 switch
anong the occurrence probabilities according to whether or not the states

of the nothére@red wtdorrabiab lBlideko attHehwo Uppe mposidtiiem fbkeck(#); and t he
motion prediction unit block at the |left position (block B) are 20 "whether
or not théFea% A D EYORBrEtt €t ofF bRBcKOEi ¥ $ireRiCtA9nshpdAsimtRg. 16C,

Bin2 has a criterjon by which to switch anmong the occurrence probabilities
accor di nga{@ I\5\1,1!1§]E)h‘er or not the states of the notion prediction unit block
at the up%ng?siti on (block A) and the notion prediction unit block at the

Similarly, because it can be considered that the motion
prediction mode m{Byx) of the basic block B, has a high
correlation with the state of an image region which is adjacent

10 with respect to time if the correlation about the state of
movement between frames is high (more specifically, the
probability which the motion prediction mode m(By) can have
varies depending on the divided shapes in the motion prediction
mode m(B.) ), the variable length encoding unit 8 uses both the

16 motion prediction mode m(B.) of the basic block B. at the same
position as the basic block By in the immediately preceding
adjacent frame for the determination of the context model 26.
[0056)

Similarly, when determining the context model 26 for the

20 motion vector, if the correlation about the state of movement
between frames is low, the variable length encoding unit 8 uses
both the motion vector of the block B, on the left of the target
basic block within the same frame, and the motion vector of
the block By fjust above the target basic block for the

25 determination of the context model 26. In contrast, if the
correlation about the state of movement between frames is high,
the variable length encoding unit 8 uses the motion vector of
the block B. at the same position as the block B, in the
immediately preceding adjacent frame for the determination of

30 the context model 26. Like in the case of determining the



25 left position (block B) are "where or not the state is a conplicated
notion prediction node". For Bin3, no. ontext nodel is defined and the
occurrence probability is fixed to a predeterm ned occurrence probability.
As shown in Fig. 16D, Bin4 has a criterion by which to switch anong the
occur r enceod@eprobabilli tFoes taecardiing e asiethen abdrgt tthe stateef the
39 notion prediction unit block at the left position (block B) is "whether
or not théepgthoanprédingtinnt shapeisdi wi sbonel st Aohadsézosdaltidi vicsican". As
shown in Fig. 16E, Bin5 has a criterion by which to switch anong the

occur r encE°BPRREBABI #1$9 s radber de hgrronahethert henoonthet statel ¢ t he
notion pr dic%ion uni.t bl ock at the upper position (block A is "whether or
not the mottFoh™prBarétlolcshape division is a vertical division". By
deterq§nimggghﬁ context nodel 26 according to the shape of the notion
prediction region in this 10 way, the selection of the occurrence

probability rel@ﬁgdlﬁ@%ﬁbeeﬁ§559982;§@$fééOQxﬁgdﬁekgﬁggjwté§Héfan be nmade

adapt atively dependi ng on t pr o res of 1 oca eo S|gn§P? and the

encodi ng ebtieieneynfpdihecari hiet i¢ e9coHLRY kan,Le, ppreved, ;. The i mage
I N a

encodi ng device is constructed in 15 such a way as to, when nma

deci si on aotlte ugeusihgne_skkpeabriinab=46thbhe bhtesheal d31516+and the
threshol d nt>=16), not encode Bin shown in Fig. 15(b). [0060] (O
CQceur r encel bt bphdk [tilteyvet eatd hghprovessx: i step 1 STdB=shiown 120 oirmakiign 11)
In the processes (steps ST11l and ST12) of above-nentioned (A and (B), the
bi nari%at ¥ 6 gt Eaenk il $5 csar Fediodat N $ol be herrc sdédeand thve conteptof the
cont ext noq§l.mhiﬁh %S applied to each bin are conpleted, and the
prepar at i BA ¢ or SEhEERLBAIAG O3Bt OBorhsl il 1TTHES oee PR eRse dpVababI | ity
creating i 3.t carrli out, a.creatin rocess of creating. the
occurrenc%§%§3§§%f%%&f %ﬁf8§§§9i8 vﬁggda?grgﬁgé”%¥¥?ﬁﬁﬁ?ﬂ&n§n€8gﬁﬁ6.
Because vanh ald ons0fr heOeuLLEnCe BPBAbLLT Ly corTgeRanding Lo gach of

the values 0 and 1 is included i n each cont ex e occurrence

probabi | itye ceeatieRg Whdel selection information 27 according to

16 detectable information. Because the video signal is unsteady,
theefficiencycﬂfarithmeticencodingcankxaimprovedbynmking
it possible to carry out such the adaptive control.

[C058]
(B) Binarization process (step ST12 shown in Fig. 11)

20 The binarization unit 22 forms each data tc be encoded
intoeabinarysequenceandckmermineseacontextmodelaccording
to each bin (binary position) of the binary sequence. The rule
of binarization follows a rough distribution of values which
each encoded data can have, and the binarization unit performs

25 conversion of each data to be encoded into a variable-length
binary sequence, Because in the binarization, data to be
encoded which can be originally multi-valued is encoded per
bin rather than being arithmetic-encoded just as it is, the
binarization has the merit of being able to reduce the number

30  of divisions of a probability number line and hence simplify



40 carries out the process with reference to the context nodel 26
determned in step ST1l. The occurren%g probability creating unit 23

det erm nes an eval uated val ue for the “Sel ection of an occurrence
probability, such as an evaluated 5 value ek(C) shown in Fig. 13, and

det er mi neshwhi:ehtBEEYE Eenser PF ObaPidid ovaniat tep thecoccurdence ro
probability creating unit will use for the current encoding according to

t hi s eval eateglwval ue from anong the choi ces of the context nodel to which
the occurrence probability creating unit refers. 10 |In addition, the

vari abl e 1l€A§Ph encoding unit 8 in accordance with this Enbodinent 1 is
provided with an occurrence probability information storage nenory 25, and
has a mechani snmi PBre>srlicngvhae aciirirgnheet priobabi i yaivifidr heti:e228 whi ch
is updated in turn th ouggbthe encodi ng, process, the 15 pi eces of

occur rencé™fro aﬁ?vﬂﬁa i nfUF nEPTORT SERTER asUERE rédul PESEOFRE updst e
correspongdi . he _vari.ations.of the,.context del. used. The qccurrence
probabiIi?;Hg?%g?%ggndﬁfgﬁfﬁmaegan?ﬁ%gl? B K TeAte” BrEbati Fitdy -
infornatng(gg whichsigyused for the current encoding according to the

val ue of the 20 context nodel 26. [0061] (D) Encoding process (step 3T14
shown in Fig. 1ddntext moddld he ahews- mentigpned oor 06esse (Lo $18RIT13)
because the occurrence probability of each of the values 0 and™1 on 25 the
probabi | i ty BmunberBinhe Fietyi Bech4f,0anthriab] t hegbé et eREDE NG PLEBESS | S
acquired, the encoding unit 24 perforns arithmetic encoding according to

t he pHbcess Tmnt ilehedBastahconrventitemabnexanliel( $vepw STdH )among the
Furthernore, the actual encoded value (0/1) 29 is fed 30 back to the

occur r ence“probabrei Py cbpEatifgeeniacoadithe tal1 vheshererce peobabel ity
creating ugit counts thg freqﬁg cy of occurrence of each of the values O

and 1 in ordef” o UpHELE 'PREUsE ocCutPende BroBhbinG t9PF hPerratron 28
(step STiabiofRrs eXBl eyl Lot $oRSpUNRA L0L wheD Lhg gncoding progess of 5

encodi ng In(s) 1S carried out“using a certain prece nce

probabi | 1 §ys1 8 O MBll0N: BB, LA 6CHEE 2DCE, PLaRabid bl &% Sl @ggc} in the

occurrence probability variation are 0.25 an respective nthis
case,15nvhen) 'ak'e I'skepaesed’ USinRgshBen S igCCUSE MG IPReBabikii k% YA ati on,
10 the frequency of occurrence of "1" is updated, and the occurrence
probabi | ity esstafct0 awd fwiary tamOng@d7lend drclbZerrcespecbibwelyitsing this
mechani sm the encoding unit becones able to performefficient encoding
whi ch is #@piend §e vhether gal notdura ehebeprobabilndlyion prediction

unit block at the upper position (block A) and the motion
prediction unit klock at the left position (block B) are
20  "whether or not there is a motion prediction block division™.
As shown in Fig. 16C, Bin2 has a criterion by which te switch
among the cccurrence probabilities according to whether or not
the states of the motion prediction unit block at the upper
poesition (block A) and the motion prediction unit bleock at the
25  left position ({(block B) are "where or not the state is a
complicated motion prediction mode'". For Bin3, no context
model 1s defined and the occurrence probability is fixed to
a predetermined occurrence probability. As shown in Fig. 16D,
Bind4 has a criterion by which to switch among the occurrence

30 propabilities accerding to whether or not the state of the



15[ 0062] After the encoding process on all the bin (5) is conpleted,
an arithmetic encoding result 30 which the encoding unit 24 has created
beconmes an output fromthe variable Ié%bth encoding unit 8, and is
outputted fromthe i mage encoding device as the 20 bit stream9 (step
ST16). [0663]ic2 pSkructue ohithpiengoded:Rit) st eam Fhe.l nputded yi deo
signal 1 is encoded by the image encoding device of Fig. 2 according to the
above- mentlisofiede25epr ocesses;hamditihe eneaded ivhdepapbgialissoRuiHPUL t ed
fromthe i mage encoding device as the bit stream9 in units each of which
i s a bundlercEnsiteti my ofs kol ur akit phofirr efrer Enge bléacksB{eachaanid is
referred to.as a slice fromhere on). The data arrangenent of the bit
stream 9 F§l§ﬁ6ﬁﬁnin g. "AFCh Th&Cpi tSW30-F r edPDS i s LEENSITUBIIBETAS: t he one
ata. whose nunber is equal to the nunber

in whigh .0f. _encoded .42

BP re}ére 5§%%B§g%§lfﬁcﬁﬁ&85d?ﬁge Oh "PELRE Tard @8¢Ié@@e&t@ﬁ86é€TtﬁKage, ?nd
th f I - if] in each,slice. A picture |eve eader to
mh?cLetﬁ;%?g ggeﬁgéa%?%gﬁgn%%*%ﬁgVﬁgiF% the ggﬁgff?ékﬁﬁ%??eié%o%gzﬁ_connDn
par anet er kS prepaEedr ansk the Ea%ft%%“g?eéke% 5l é&%@ﬁﬂ&%i&ﬁ 48 1S
stored in this picture level header. IT the reference block size X is
fixed perveequeate dtviaiirgher pevaktbhannthe RiHet W& 1&vel nohhe ref erence

bl ock size information 18 can be forned to be nultiplexed into the sequence
according to the shape of the motion prediction region in this
10 way, the selection of the occurrence probability related to
the motion prediction mode information can be made
adaptatively depending on the properties of the local video
signal, and the encoding efficiency of the arithmetic encoding
can be improved. The image encoding device is constructed in
15 such a way as to, when making & decision not to use sub mc_skip
at liy=m;=16 {the threshold 1,>=16 and the threshold me>=186),
not enccede Bin0O shown in Fig. 15(b).
[0060]
(C) Occurrence probability creating process {step ST13 shown
20 in Fig. 11)
In the processes (steps ST11 and $ST12) of above-mentioned
(A) and (B), the binarization of each multi-valued data to be
encoded and the setup of the context model which is applied
to each bin are completed, and the preparation for the encoding
25 is completed. The occurrence probability creating unit 23
then carries cut a creating process of creating the occurrence
propability information used for the arithmetic encoding.
Because variations of the occurrence probability
corresponding to each of the values 0 and 1 is included in each

30 context model, the occurrence probability creating unit



10 | evel header. [0064] Each slice begins fromits slice header, and
t he encoded data of each reference blgﬁ% in the sllce.are arranged
continuously after the slice header. e exanple of Fig. 17 15 shows that
the K reference blocks are included in the second slice. Each reference

bl ock dat aars iconmpritseteobrackekenengerbkoekyheadsrqnd-prediction, grror
conpressed data. In the reference bl ock header, the notion prediction nodes

mc_node afd tdetenriondvect ossepf sthe.notTien predi-ethon wWidnHlocks, 20 in

t he correspondi ng reference bl ock (they correspond to the paraneters 17 for
predi cti of I§E¢AAIS credti o) , deherguansi zat i onaparbaet erslukd dsed Hog
creation of .the prediction error conpressed data V, etc. are arranged.
[0065] 25N6AEFYHE Phf OF Rt TR CH2E e hotlilort Yor edicst #8re irode It rotle,

i ndi i i p~.or_.one of nmodeO to node7 i s encoded first, and,
;Eehcﬁ Ln%%?ﬁgigbﬁéhf%¥¥ghsﬁnggfnﬁEﬁD5%“¥g%ﬁf:gﬁgﬁft%%§C§3g§ﬁﬁ?ﬁﬁﬁigi?gﬁs

f I AG : r 1 are no .. ‘
ot ediot i on 36 hade e e Loty e hRntE s Bt Rbade £ ke iecds of | 43

notion veehek ifiar npid ops of (e fpt)i VEC &iﬁ%'888&%89n599£0ﬂ§F§PeCified
by the notion prediction node are encoded. en the notron”prediction node
nt_node i svatumbde7yadhet ResnoindRl SHb Mo skip 46 dmecladad i g code of
sub nt node is _ _ _ _

to which the occurrence probability creating unit refers.

10 In addition, the variable length encoding unit & in
accordance with this Embodiment 1 is provided with an
occurrence probabllity information storage memory 2%, and has
an@chanisn&forstoring1jm3occurrenceprobabilityinformation
28 which 1s updated in turn through the encoding process, the

15 pieces of occurrence probability information stored as the
result of the update corresponding to the variations of the
context medel used. The occurrence probability creating unit
23 determines the occurrence probability information 28 which
is used for the current encoding according te the value of the

20 context model 26,

[0061]
{D) Encoding process (step ST14 shown in Fig. 11}

In the above-mentioned process (C) (step 3T13), because
the occurrence probability of each of the values 0 and 1 on

25 the probability number line required for the arithmetic
encoding process is acquired, the encoding unit 24 performs
arithmetic encoding according to the process menticned as a
conventional example (step ST14).

Furthermore, the actual encoded value (0/1) 29 is fed

30 back to the occurrence probability creating unit 23, the



determ ned according to the reference block size information 18.
Hereinafter, it is assumed that the thresholds used for determ ning whether
or not sub nt_skip are included in the code of sub nt node are defined as
|t-L1/2 and nmt=14i/2 fromthe _ _ reference block sizes M and LI.Noreover,

when the 2@cuequicenpntsabllitj>tteanthmuomits caneisathsfied,udhe, encodi ng
of sub nt node including sub nc skip is performed according _ _~ _ to the
bi nari zat PERVFEEECShoWNeBnhFDE. tiS( by iuta Comtd astin wheled ke e@dLMeNt s
of "li>lt and m>nt" are not satisfied, only the encoding of BinO is

excl uded FPENHERE BEAAF T 9BEF AT ABak bl Bt showroima R @ 25 (teFwitttar.nor e,

t he cont ext nodel ﬁglection i nformation 27 showing a guide for selecting a

context nodél “FHY ’a}?t%ﬁnﬂqﬁﬁﬂﬁﬁb6&?ﬁgwﬁﬁntﬁ%zp%ﬁi hW$ZédKE§E?BégE?e and
i : b Sl C . ref ' ader. |

At hough RBECET Ltst 73 86 (ThetF dFer SHEE ST o0 9136 Gevarmmirg e Can be

construct gd-ipreNED ap?@ﬁaﬁ§lH?yseH§%§5bE§iéhze%8L' ggd M_ of each notion

prediction unit block which aré’use ' each"r ef er'énc&“HHGEKR6r each

ref er encepbblogki 1 25: and gl bi pliex the si zgs Lj ﬁﬁdf Of Lhe ot on
predictio% unitlbloék whi ch are used hﬁthin eé% reference %FOCklIHtO each

ref er encevt dzkiheader 0. bostrend .o, b pptexiany t hersiges ddsand, M, into
t he sequence or the picture | evel header. As a result, although the inage
encodi ng H%Wﬁ@e@ﬂ@@@%dﬂbﬂGNEDUefﬁh@aoccurrencmapxobability'variation,
16 the frequency of occurrence of "1" isg updated, and the
occurrence probabilities of 0 and 1 vary to 0.247 and 0.752,
respectively. Using this mechanism, the encoding unit becomes
able to perferm efficient encoding which is adapted for the
actual occurrence probability.
15 [0062]
Aftertheencodingprocessoneatlthebin(s)iscmmpleUaL
an arithmetic encoding result 30 which the encoding unit 24
has created becomes an output from the variable length encoding
unit 8, and is outputted from the image encoeding device as the
20 bit stream 9 {(step ST16).
[0063]
2. Structure of the encoded bit stream
The inputted video signal 1 is encoded by the image
encoding device of Fig. 2 according to the above-mentioned
256 processes, and the encoded video signal is outputted from the
image encoding device as the bit stream 9 in units each of which
is a bundle consisting of a plurality of reference blocks (each
unit is referred to as a slice from here on). The data
arrangement of the bit stream 9 is shown in Fig. 17. The bit

30 stream 9 is constructed as the one in which a number of encoded



30 sizes Li and M of each notion prediction unit block for each 44

ref erence bl ock, the inmage encodi ng divi ce can change the sizes of each
notion prediction unit block according to the properties of the |ocal inmge
si gnal able to performthe notion prediction with a higher

b
degr ee o%g%aaﬁﬁ(éggfwsﬂ?ﬁ? F Rf PRt iT6h tihﬁdpeapﬁﬁgo%%%%%e%eéﬂ%fs
I tipl i i M f h ti dicti it b kK int
i ther cadh RaRer dhoa plock HEagEr oF Hf ExbaTy Tt pl B e Thid s header
at an uppekhevel, LSYEh.: r@&%%%ﬁfinae%’slaic%?tWﬁiﬁ@ﬁrg slj&e can be

mul ti pl exed, as 10 1dentification information, into the héeader at ‘an upper

level , suehdas & §8GUENAE: rafEPnca PRI e 1 fgan§liicCehe ASnd fESW t, when
the influence exerted upon the notion prediction ability -- is small even

i f the sirzésrofs eachunot panapeedrGid pnepar&d plaock: e e efFiexedk-y vnddit pl exed
into an upper |evel header, the inmage 15 encodi ng device can reduce the
over headsiégguitnédrfieit lencodi ng shersilzées thiandi Muod lemohl rotdder .
prediction unit block for each reference block, and hence performthe
encodi ngtwi 't eRfPERBAREY L (ODBTEE20-31 3 Ifegel MeE 686G ge\dca higher Fig. 18
is a block diagramshow ng,the structure of the j mage decodi ng device in
accor dan Sv\?/illt ﬂt}ﬁﬁst%ﬁboﬁ%ﬁ‘gﬁ{el.leﬂfetlier FRReilA bp(tfoggresalrﬁeg shown
in Fig. - h i ] lLevel er, .a._vari e length
decodinglg%BS%P%l?ﬁé@%é?ﬁéﬂ%ﬁ%?ﬁe§8gy§£g§ﬁé§%ﬁﬁ§%§?%§%?é% é%%#ﬁﬁggaer and
al soijglecodes it hesnaf-ormati on showi ng the reference bl ock size. As a result,
the variable I ength decoding unit recognizes the size Mrax of each
referencéobka¢ck and the sizes Li and M of each notion prediction unit

bl ock which are used for the picture, 30 and notifies this reference bl ock
size informati Bach&ticabediBs from its slice header, and the encoded

data of each reference block in the slice are arranged
continuously after the slice header. The example of Fig. 17

15 shows that the K reference blocks are included in the second
slice. Each reference block data is comprised of a reference
block header and prediction error compressed data. In the
reference block header, the motion prediction modes mc_mode
and the motion vectors of the motion prediction unit blocks

20 in the corresponding reference block (they correspond to the
parameters 17 for ©prediction signal creation), the
quantization parameters 19 used for creation of the prediction
error compressed data 7, etc. are arranged.

[C0E5]

25 Mode type information, as the motion prediction mode
mc_mede, indicating mc skip or one of mc_mode0 to mc _mode7 is
enceded first, and, when the motion prediction mode me mode
is mc skip, any subseguent pieces of macro block encoding
information are not transmitted. When the motion prediction

30 mode mc mode is one of me model to me mode6, the pieces of



prediction error decoding unit 101 and a predicting unit 102. The variable
| engt h decoding unit 100 is constructgd in such a way as to, when the bit
stream has a structure in which the sizes Li and M of each notion
prediction unit block can be 5 nultiplexed into each reference bl ock
header, dedode theclicenitforastomi nfortimet imon ishowiarg-anhet hevcarimot t he
sizes Li and M of each notion prediction unit block are multiplexed into
each ref éFERCEHFBEK RdEdebyY Bhe Tcoynirzeding oz Bedp) agpdeModtd each
notion prediction unit bl ock, by decoding each 10 reference block header
accordi n ?’t@ H?@ ﬁ“agﬁ?flf?{:%‘ﬂ% l?‘ﬁf%?%?ﬂ%ﬁ?°%6§8?¢ﬂ%d9 ri%btefengt h
decodi ng yni.t..s ts .d i erence bl ock data from decodi ng of
t he refefgh%%tb%g%kﬁ55§%ggdgg f??g%ﬁgéﬁu}ﬁﬁgéﬁngegs,S?%emga?? %I%FIength

decodj ng qeitietn1 Q@ cdecedes  her SOt £xte mmdel - Seheckd gﬁi‘z!e nf &f&fﬁﬁé%xﬁg- Next,

according to the decoded context nodel selection information 27, t

vari abl e 1Bengtibr deaediag, uni ti decndesd hearothentpredhet han gpderyhi ch i's
applied to each notion 20 prediction unit block for each col or conponent.
When decgéitrgrtihe ngothonher edi ot enonode s kilez varinableskengthedesddi ng uni t
decodes nt node for each notion prediction unit block first, and, when
nc_node SRoWHMEGRIgsie deter dfhesednasstliimhted wedt vr=Mw/Em adjracem noti on

vectors ac%ordin% to thi 25 requirements shown in Fig. 8 and allocates the
esti mat ed eV EEEGFE bloc sizes My and L;. MoreoVer, when the

10 reguirements of "1:;>1¢ and m;>m" are satisfied, the encoding
of sub_mc_mode including sub mc skip is performed according
te the binarization rule shown in Fig. 15({(b}). In contrast,
when the reguirements of "1;>1, and m;>m:" are not satisfied,
only the encoding of Bin0 is excluded from the binarization

15 rule shown in Fig. 15(b). Furthermore, the context model
selection information 27 showing a guide for selecting a
contexl model in the arithmetic encoding of the motion
prediction mode and the motion vector is included in the
reference block header.

20 [0066]

Although not illustrated, the reference hlock size
determining unit can be constructed in such a way as to select
the sizes L; and M; of each motion prediction unit block which
are used within each reference block for each reference block,

25 and multiplex the sizes L; and M; of the motion predicticn unit
block which are used within each reference block into each
reference block header, instead of multiplexing the sizes L,
and M; into the sequence or the picture level header. As a
result, although the image encoding device needs to encode the

30 sizes Li and M; of each motion prediction unit block for each



to the current notion vector. Wien nt node shows nt node7, the variable

| engt h decodi ng unit decodes sub_nt_npde for each basic bl ock according to
the requirenments shown in Fig. 8. At this tinme, on the basis of the
reference bl ock size information 30 18, the variable | ength decoding unit

det er m neseWbethee Moc 461 NOti it USH-SUbN AT SKIR 886 MAIRG t0: he .sanme
determ nati on criterion as that which the i nage encodi ng devi ce uses,

and then pérfarats acpriocessrofiidetcodi ng:isubpreciodecase@idingd:d Othe

t hi sdet er mi nati on. Whenusi ngsub_nt_skip,if 5 sub nt node==sub nt skip, the
vari abl e PEARERtERBOBENGhENItocal imagki psyndle, decddbagonést hblenceded dat a
of the basic_block in question, and allocates an estimated vector which the
vari abl e PERGPHNdEdtti RGtanit BEESE AT AR bYl Wsi Ag Bhehaet Hststowetin Fi g.

8 t J t. NDti . W de sho 10 anot her node, the

vaﬁ?ag?g %e%%E%bHQ%B%PEQVﬁﬁ%gg E%%&quWEQéaﬁ%%y@QEFB?Iiﬂ“%a@ﬁtaﬁrthed
b f i ti i ding to t. .cont ext node

ol oot i on o e O P e B o it Fh e B Be RO LR bt | o

about _then GaRt i 28ki QA NAKANELS! Syd e, LR PLAdG! o, 1 of - compLesged 15
data 7, etc. in turn for each reference block. [0 The prediction

error conpibssetedather andot he nauartd zat ign paranet efs) 19:a88 Lopytted to
the prediction error decoding unit 101, and are deconpressed to a decoded

sequence, a GOP, a picture, or a slice can be multiplexed, as

10 identification information, into the header at an upper level,
such as a sequence, a GOP, a picture, or a slice. As a result,
when the influence exerted upon the motion prediction ability
is small even_igfthe sizes of each motion prediction unit block
are fixedly multiplexed into an upper level header, the image

15 encoding device can reduce the overhead required for encoding
the sizes L; and M; of each motion prediction unit block for
each reference block, and hence perform the encoding with
efficiency.
tOO67]

20 3. Image decoding device

Fig. 18 is a block diagram showing the structure of the

image decoding device in accordance with this Embodiment 1.
After receiving the bit stream 9 shown in Fig. 17 and then
decoding the sequence level header, a variable length decoding

256  unit (decoding unit) 100 decodes the picture level header and
also decodes the information showing the reference block size.
As a result, the variable length decoding unit recognizes the
size Mpax of each reference block and the sizes L; and M; of

eachmotionpredictionunit blockwhich are used for the picture,

30 and notifies this reference block size information 18 to a



20 prediction error signal 11. This prediction error decoding unit 101
carries out a process equivalent-to tq%t carried out by the | ocal decoding
unit 10 in the inage encodi ng device shown in Fig. 2. The predicting unit
102 creates a prediction signal 12 25 fromboth the paranmeters 17 for

pr edi cti oprsiignat car eat o oricdesded uby tt hel vard abbestengt hgdecodilng uni t
100, and a reference imge signal 15 stored in a nenory 103. Al though the
predi cti nghenveriglleateiesh cltcaliprocess éqii val emtstouthad carsiced out by
the predicting unit 4 in the i mage encodi ng 30 device, this process does
not 1 ncl ude’any2fotd-onNeEctBe P47 ettt infg epekatirbrreThe wotdlorrhe

predi ction,node_is either of node to nc node7 shown in Fig. 4, and the
predi cti ngafft “10¥'¢ridatds 2By SR Cor GGt 108 BV iisitng Phé afoticon

vect or, al . each basi ¢ bl ock according, to the divided shapes. 5
The dé%od%gigégg?%ggoﬁ%gPr%?M%}g%%.eﬁ n%%db@%gkpBSSESFrond§F383|%%f are

dded b ' k i . fli i d ded
added by §8e§99§gg%‘ggé8 §H.@ogﬁa§ti89%ﬂ§m Gl 00p- T1 L 1er thge gngeﬁeeco e

signal 13. This sign 13 is stored in the nenory 1

ref erencer magevsicgnak chSnbof c§raalding @ s ubsequent xpredimghivan, 19,90l 12
after the 10 decoded signal is subjected to a process of renoving encodi ng

noi se in thecl eophfidferedfd. biNdihoughiengt anld ustbatedet onEi gizd8,1,t he | oop
filter 104 carries out a process equivalent to that carried out by the |oop
filter 14and Mhefi mage sntodinngrdevitéohyunst nglédk tler deaefdiimg ertch
information_20 in addition 15 to the paraneters 17 for prediction signal
creattbn aRbCtRRCHUANtYSat TG dsdr arEEEreing whp cH I e igeglilidgatiosugh t he
decoding by.the variable | ength decoding unit 100, to create the reference
i mage sighéfoi%?tﬁpﬂrfference between the loop filter 14 of the image
encodingmﬁgyggf and the loop filter 104 20 of the inmage decodi ng device is
in that ife the former creates the filter coefficient information 20 with

reference to thesencndethid gnalyh wkehihs, hite- o4l ot valqd g, olanal , the
g process th reference to the filter
coeffici entféndoceabionk2@zacquded ycsecedi 89 the Betestheamsyds.x [0070]
16 header first. In this process, the variable length decoding
unit 100 decocdes the context model selection information 27.
Next, according to the decoded context model selection
information 27, the variable length decoding unit decodes the
moticon prediction mode which is applied to each motion
20 prediction unit block for each color component. When decoding
the motion prediction mode, the variable length decoding unit
decodes mc _mode for each motion prediction unit block first,
and, when mc mode shows mc_skip, determines an estimated
vector from adijacent motion vectors according to the
25 requirements shown in Fig. 8 and allocates the estimated vector
to the current motion vector. When mc mode shows mc mode’,
the variable length decoding unit decodes sub _mc mode for each
basic bleock according to the requirements shown in Fig. 8. At
this time, on the basis of the reference block size information

30 18, the wvariable length decoding unit determines whether or



Hereafter, the process of decoding the notion prediction node and the
motion vector of each reference bl ockymhich is carried out by the

vari abl e I ength decoding unit 100 will be 30 described. 48 Fig. 19
shows an internal structure associated with the arithmetic decodi ng process
carri ed autt by tiee \a@irh abt est engt doohedbud nige uniie 400: dede FEhgnal0oshows an
operation flow of the arithnetic decodi ng process. 5[0071] The

vari abl e 98idth edddithg tumint: clod hien 15ee6r aaredinit Revhis Erbodi Aedt 1 is

conprised.of a cantext nodel determning unit 21 for determ ning the type
of each ym?hge&gPémFoabﬁrﬂﬁﬁéﬂéﬂfg%%FﬁgﬁﬁbSPPemﬁapgﬁﬁtéP§O§?lP6rtO

predicti .Sl gn I iqQn including the motion_ predictjon node, the
not i on vecj%%, g%%%&“ﬁﬁgﬁ%fgﬁictiongé?gor Egﬁﬁgessﬁﬁbd%fas +Pand the

quant jzatdy @ -RARAIRI-ES S Sl 0 ek ﬁﬁﬁkﬁ%a%i%ga@e§gn5996he&@aﬁg | gadefined in
common withthé i mage encoding device for each target to be écode data, a
bi nari zatdxampsunhte 22chbanner eat i ng dScaidi ngyizald ener yhaiwhihehiksidefined
according to the type of each data to be decoded, an occurrence probability
creati ng amsistz 123, f end priovi ol g thee oicinl r@hee cpoebabi ¢t tyhcofaeaghibin (0 or
1) according to the binarization rule and the context nodel, a decoding
uni t 105 Hemd thadegrAgneutinati ¢ahetintndedodi rmi R0 tAccoeding tbowheicr eat ed
occurrenqgéprggabili y, and decodi ng the encoded data on the basis of a

bi nary séddenct hBeqliffedHs et g8al0Bf VERECHS | t HRED A atuth nghand t he

b A i i i zati . , d : bilit
nf ofhat TSR Dror Agetrennry (28 PbrestBrong BECrT Rodn o cBABPRFE) 2S
'nfor”atb%Qi%%“v§@EQKQQiEaéﬁ%ﬂhthﬁ199%&%?%%qg3pﬁmﬁQ%c%%an{ %géggce nuner al

as that denoting an intern conponent t'he vari able Teng enc%%ing uni t

8 shown irRgfiicghs 30co2BBRAY thHe: pids showmddr 1FE8:1 49 oReS f 85 PRt he, sane
operation as that perforned by the internal conponent. 30[0072] (B

Cont ext Bodekndetfarnmhrirngeppoeesshebinarizabifonn proGesSonaltdoQECHREENCE
probability creating process (steps ST1l to ST13 shown in Fig. 20) Because
t hese préb@égdagatsrapyaShle tiey sSTE3) taeepseditatod toreohecpnocesses (A) to
(O £§teps ST11l to ST13 shown in Fig. 11) carried out by the inmage encodi ng
devi &8, tR&3exXpl &réti 6 SRhd ogt phwind L Ferei tiled hereafter. For the
deterning%b%@ of a context nodel which is used for decoding the notion
prediction nn&e and the notion vector, the above-nentioned

The prediction error compressed data 7 and the
quantization parameters 19 are inputted to the prediction
error decoding unit 101, and are decompressed to a decoded

20 prediction error signal 11. This prediction error decoding
unit 101 carries out a process equivalent to that carried out
by the local decoding unit 10 in the image encoding device shown
in Fig. 2.

The predicting unit 102 creates a prediction signal 12

25  from both the parameters 17 for prediction signal creation
decoded by the variable length decoding unit 100, and a
reference image signal 15 stored in a memocry 103. Although
the predicting unit 102 carries out a process equivalent to
that carried out by the predicting unit 4 in the image encoding

30 device, this process does not include any motion vector



10 decoded context nodel selection information 27 is referred to. [0073]
(F) Arithnetic decodi ng process (stepg;ST21, 5T15, and 5T22 shown in Fig.
20) Because the occurrence probability of bin which the 15 decodi ng unit
105 is going to decode fromnow on is decided in the above-nentioned
process (Bteathedepediaig ami t The5neeconregsics itthenyde ues ofl thier aécor di ng
to the predeterm ned arithnmetic decodi ng process (step ST21). The.
reconst r ELSPRA G€ BE_TRL§ T9WBfilhiidG-sdf et BddIE P6 e tdESURRERce 20

probabili%y creating unit 23, and.the fLZ uency. of occurrence of each of 0
SR

and 1 i s COUNTER F6r CaR GPdat-dCof LPAECUSE Lo Br&baBi PEEGeT

i nf i : i . L. d | f h
bl 8 e s A BB Slemhue e LY o bR M A DR of PO LR EBRE oy %
val uesmat ches anhi Nak Y428 sYequUence,Patt&F 3 ideterm eﬁeeﬁfét:@&ggmgtwnt he

bi nari zation rule, and outputs the data val ue indi cat e pattern

whi ch t hes ireeansSty weteed R yTaic hesicas va idecoded sdat anyak ueq106 £step
5T22). Unl ess any decoded data is decided, the decoding unit returns to
step 5T1lcand fédritsimués elseadéeodilag piacessl3 30[M00E4Hecbled signall t hough
the context nodel selection information 27 is nultiplexed in units of a
ref erence biscktaned iR the mpevey neht iohddeexpifangriconinele sbatekt nodel
selectio formati gn can be alternativebéﬁnultipLexed inunits of a 5

[
slice, aqﬁﬁ Gr XSG 1 A iRESGN A T RLEF T "M R 1ORE Lc oAt ext eFolar
sel eghion, i nforymation . is l.ti pl.ex as a flag positioned in_a higher data
ayert saros By Pa R B EET S et dt AP St Pt hegr o o
encodi ng gfifd.Cl : I by 1 i ; I 5 hi gher
Chan a 100aioe uar hehd biis Gon b F BCcen 't houteHure BN Thg (he
cont ext medekhselieeti an litfronmat i-aRr3¢s08atby BREecatst Beuk ehergpCce, bl ock
| evel . [0075] Furthernore, the context nobdel selection information 27 15
can be i fhertmatiron ewhbol by detersdmeti Widhin tie theagaadecedingitdevi ce
according to related information different fromthe context nodel selection
i nf or mat 96N igwdb i nes bded i - aheokiftt isticagaminfaraddi ohot) ial eddughonn the
above:menti oned explanation, it is explained that the variable length
encod? ng “20 Ui Pagagitd etife Warficdbbe erd Gt R d6é 8RRg iRt 10B02BEr Efout the

ithmeti di dt it ti c decodi , th
Pt OcosseEUBN 156 T ED TG BHCOi Ry BPOCHSE "Snd S e HeCBR RO pr acess
and the coubextqThdelpselection.i nLolfridon 21, pan. fe sused gs g, fpans for
[ Ing ta pti Yy

changing a variable 25 | ength enco e a vel
the reference image signal 15. A difference between the loop

filter 14 of the image encoeding device and the loop filter 104
20  of the image decoding device is in that while the former creates

the filter coefficient information 20 with reference to the

encoded signal 3 which is the original image signal, the latter

carries out the filtering process with reference to the filter

coefficient information 20 acquired by decoding the bit streanm
25 9.

[0070]

Hereafter, the process of decoding the motion prediction
moede and the motion vector of each reference block which is
carried ocut by the variable length decoding unit 100 will be

30 described.



[ 0076] The i mage encodi ng and decodi ng devi ces which are constructed as
above can express a hierarchy of skips#modes and can encode information
including a notion prediction node and 30 a notion vector adaptively
according to the internal state of 51 each reference block to be encoded,
and can thereféﬂ@‘cé?r%h@%ﬁfﬁhénéﬁé@dﬁngtmﬁ@huééfaiﬂQ§W§¢eC[@OI%]ths

menti oned abqve, e encodi ng device in 5 accordance w th Enbodi nent
1is consatrr g@ﬁ@ﬁgggv%ﬂp%%sﬁ GAFReRGde | ke bredicdtithg SuhfRIBhf or
adaptivel ernlm

noti on redlctlog uni t bl ock
d

accordin @5¥5Pn&5nﬁgﬂén?n gﬁ%1§ﬁfﬁﬁawﬁo?n Rﬁ?ﬁﬁﬁan et bhe
pred|ctl%gigyﬂegyéxgg(ggﬁbéTﬁ §ctor all ocation regions to search for
aH

10 a notion vector e | ength encoding unit 8 for, when a
motiop vecgtorijis allocated to the whole of each notion

The variable length decoding unit 100 in accordance with
this Embodiment 1 is comprised of a context model determining
unit 21 for determining the type of each of the data to be
decoded including the parameters 17 for prediction signal

10 creation including the motion predicticn mode, the motion
vector, etc., the prediction error compressed data 7, and the
gquantization parameters 19 to determine a context model which
is defined in common with the image encoding device for each
target to be decoded data, a binarization unit 22 for creating

15 a binarization rule which is defined according to the type of
each data to ke decoded, an occurrence probability creating
unit 23 for providing the occurrence probability of each bin
(C or 1) according to the binarization rule and the context
model, a decodingunit 105 for carrying out arithmetic decoding

20 according to the created occurrence probability, and decoding
the encoded data on the basis of a binary sequence acguired
as a result of the arithmetic decoding and the above~menticoned
binarization rule, and an occurrence probability information
storage memory 25 for storing occurrence probability

26  information 28. FEach unit which is designated by the same
reference numeral as that denoting an internal component of
the variable length encoding unit 8 shown in Fig, 10, among
the units shown in Fig. 19, performs the same operation as that
performed by the internal component.

30 [0072]



predi ction unit block, performng encoding to create a bit stream 9 by
setting the notion prediction node to4or_skip node if the notion vector is
equal to an estinmated vector which is 15 determned from notion vectors in
surroundi nmoti on prediction unit blocks and data to be encoded as a
predictio&geFP8Faﬁth8ge dBkerHob LR O IR 2 TWRER 18RCRY 8FSEBRe noti on

|l ' ' ' | t I th
b edot or G0 0% AR Ao RO B Eet 6ro 6 a0 | BLATBA- £ oo FRee 20 hhof & of each

of the . vesteralfocatd regions, performng encoding to create a
bi t strgg%$%95§ sé?ﬁfﬂgiﬁ e %g?ion predi ction node to sub_nt_skip node if

the notion vectQl s LaHaketOr Al £514 Mated VeEL Or Wat o) iasr,edgﬁﬁ&rﬂiawd from
notion vectors in surrounding notion vector allocation regions and 25 data

to besencadeteapracpeedisCihon-er(or sitgnal sTdoese ot st Therefore, in
order to encode a color video signal having the 4:4:4 format wth
ef ficiendy, therimageutncpdilng ideviecencaniexpteasisteg hher akchynoefiski p nodes
and can encode the infornation
of the steps will be omitted hercafter. For the determination
of a context model which is used for decoding the motion
prediction mode and the motion vector, the above-mentioned
10 dececded context model selection information 27 is referred to.
[0073]
(F) Arithmetic decoding process (steps ST21, ST15, and ST22
shown in Fig. 20}
Because the occurrence probability of bin which the
15 decoding unit 105 is going to decode from now on is decided
in the above-mentioned process (E), the decoding unit 105
reconstructs the value of bin according to the predetermined
arithmetic decoding process {step ST21}. The reconstructed
value 40 (Fig. 19) of bin is fed back to the occurrence
20 probability creating unit 23, and the frequency of occurrence
of eachof 0 and 1 is counted for an update of the used occurrence
probability information 28 (step S$T15). Every time when the
reconstructed value of each bin is decided, the decoding unit
105 checks whether the reconstructed value matches a binary
25 sequence patltern determined according to the binarization rule,
and outputs the data value indicated by the pattern which the
reconstructed value matches as a decoded data value 1086 {step
ST22) . Unless any decoded data is decided, the decoding unit

returns to step STI11 and continues the decoding process.

30 [0074]



including the notion prediction node and the notion vector 30 adaptively
according to the internal state of eagf reference 52 block to be encoded.
As a result, when carrying out encoding at a low bit rate providing a high
conpression ratio, the i mage encodi ng device can carryout the encoding

whi | e reduci ng Atllié:cdude tavoant tek tt hedabt $ @he viettorl refdfracttivel .7 5(50078]
Furthernore, the inmage decodi ng device in accordance with Enbodinent 1 is
const r uct'® § P it a ayUBst o Ghchudes Eveeneg | &BPEX ewgth décodihfAg unit

100 for d %gng q%bit tream. 9 inputte there%o %o acqui re paraneters 17
for prediction T YA 8%8;%?8518Hpmﬂ%§3tﬁ8n Ffe dt°Each®fofFoncn

predi cti ofy tiftinda 1ALk o2 WOLL PP PLEEI $L1 O TPOB T 0L §PECTIYI DG Lpe shape of
each of notion vector allocation reglons i AT 0~ WAT Ch- @ach ROt on pr%dlctlon

uni t Bl ock ik diavihdednrand, A vH 10ReVeCct 91, cOLEESPOnt Ng 4 eagh.aption

vector allocation region, and for 15 determ ning whether or not each notion
predi cti omdi t selleck ich | N skitn Jde sandnwkephekeer aet anerofgt he
ot | on vect or
positiconed in a higher data layer, such as a slice, a picture,
Or a sequence, and an adequate degree of encoding efficiency
can be ensured by switching among upper layers higher than a
10 slice, overhead bits can be reduced without multiplexing the
context model selection information 27 one by one at the
reference kblock level.
[C0T75]
Furthermore, the context model selection information 27
15 can be information which is determined within the image
decoding device according to related information different
from the context model selection information and included in
the bit stream. In addition, although in the above-mentioned
explanation, it is explained that the variable length encoding
20 unit 8 and the variable length decoding unit 100 carry out the
arithmetic encoding process and the arithmetic decoding
process, these processes can be a Huf fman encoding process and
a Huffman decoding process and the context model selection
information 27 can be used as a means for changing a variable
256 length encoding table adaptively.
[0076]
The image encoding and decoding devices which are
constructed as above can express a hierarchy of gskip modes and
can encode information including a motion prediction mode and

30  a motion vector adaptively according to the internal state of



allocation regions is in sub nc skip node fromthe _ _ above-nentioned
notion prediction node, and the predicting unit 102 for, when a notion
prediction unit block is in nt_skip 20l node or one of the notion vector
allocation regions is in sub nc skip node, determ ning an estinmated vector

f ' ' , ti t hi timated t
ot o etor And S0, SOtng b GACGHEd pred: CElion X Tor Si GRS 11 fo
zero to %@@t&@bﬁ{&g&ﬁ{é%% %@fié‘{en@.d for, 25 when the notion

oc ski

prediction unit Is not in nc_skip node and the notion vector

al | ocati ojygegi ons of the notion prediction unit block are not in sub nc
skip node, creating _ _ a prediction signal 12 on the basis of the notion
predi cti on nodewsangslehbeonetli afborest onchehi ehatbe arardable bergtl degodi ng 30
unit 100 acquires by decoding the bit stream Accordingly, the video
decodbng adexdgmrgan whdehcandbbdioeead Llnisuctne: maytead o scatr espepdato t he
above- nenti oned i nage encodi ng device. [0079] Although in this Enbodi nent 1
t he exanﬁﬁéjﬁﬁﬂWﬁkt hg prediofigeounit 4 for adaptively determining

the size of eachmotion prediction unit block according to color
component signals, and for dividing each motion prediction
unit block into motion vector allocation regions to search for
10 a motion vecter; and the variable length encoding unit 8§ for,
when a motion vector is allocated to the whole of each motion
prediction unit bleock, performing enceding to create a bit
stream 9 by setting the motion prediction mode to mc_skip mode
if the motion vector is equal to an egtimated vector which is
15 determined from motion vectors in surrounding motion
prediction unit blocks and data to be encoded as a prediction
error signal 5 does not exist, and for, when each of the motion
vactor allccation regions has a size equal to or larger than
a predetermined size and a motion vector is allocated to the
20 whole of each of the motion wvector allocation regions,
performing encoding to create a bit stream 9 by setting the
motion prediction mede to sub me skipmode if the motion vector
is equal to an estimated vector which is determined from moticon
vectors in surrounding motion vector allocation regions and
25 data tobe encoded as a prediction erroxr signal 5 does not exist.
Therefore, in orxrder to encode a color video signal having the
4:4:4 format with efficiency, the image encoding device can
express a hierarchy of skip modes and can encode the information
including the motion prediction mode and the motion vector

30 adaptively according to the internal state of esach reference



5 signal is encoded and decoded is explained, it is needless to say that

t he encodi ng and decodi ng processes in accordance with the present

i nvention can be applied to a case i ®2whi ch encodi ng and decodi ng are
carried out in units of a reference block, such as a macro bl ock, in video

cncoding,med; aty encet g o 40 Y1 deg having 2 0,200, 0 22 Lot i

whi ch a caolor iI'NhiNg operation i's

I di - ALt r evi ; i.qned rial
P B e T

decodi Ngendewieg, aéheck BEe caReQdbng vt hedosand: Lhe1kMage,daepdivag net hod
in accordance with the present invention nmake it possible to performan

opti mal encdedenguptoe€sshenmatybtegestgnrakriiavthgethe 4:4:4 format, they
are suitable for use in 20 an inmage conpression coding technique, a
conpressefdOi’fige data transm ssion technique, etc. 54 Cains [1] An i mage
encodi ng device which divides each frane of an noving inmage signal into

bl ocks each haVihgharpeedet ehfi ARACE dpgedand perfieens ra assirgangeedi cti on
for each of the blocks to create a predictive-encoded bit stream_ said

i mage en¥oiPngMBeYRE Eohpht SARgtructed 1 Shehi &t VHY 3MitC Ao 1ad8pt i vel y
det er m nj Si of a tion predictio it block.in each of said bl ocks
accordingﬂgdéfﬁuégﬁ?ggggggﬁ%ﬁ%?:%5%8F%Fdﬁ?&§ﬁg %ﬁo }9$6$%bt§ i"d ot i on
predi cti n;upLEcBhoekekBL B! LAB,YCE! BL.BhLoCL 9 189! s dia segrch for a
noti on vector; and an enc Hlng nit for, when a tion vector is

al | opat edigRad ol Of sBalingRli0n; peed 84ERMJHIN Bl-ogKet PeE QR Ng 15
encoding in a first skip node if said notion vector 1s equal to an

esti mat edlwekt ox whi Chn i Sre@t et ivmeshdd oo notgean MeetPrid rhege oEndi ng
notion prediction unit blocks and data to be encoded as a notion prediction
error sigaah cdopst hon vexitsty; a dhdcd ok on wieari ceschnod widich eath owtviect or
al l ocation regions 20 has_a size equal to or larger than a predeterm ned
si ze andPBRERDEFORANVEttor PdO&H otat €t Fired mhdPe of iM% FECEOFDL i on
vector allocation.regions, performn ncg%{n in a second skip node if
sai d rmt?%:'ﬁr‘?/%%?%?l’i-‘g té:’qﬁaFBtnbOtaf‘r?rbggFﬁﬁF %}gﬁ.ﬁo%ﬁgﬁf}% ?fécﬁ)gpﬁi ned from
moti N VELLOFR1 b Pn§ U AU NG TRLT 90 motion prediction unit block
is in mc_skip mode and whether or not one of the motion vector
allocation regions 1is in sub mc _skip mode from the
above-mentioned motion prediction mede, and the preédicting
unit 102 for, when a motion prediction unit block is inme skip
20 mode or one of the motion wvector allocation regions is in
sub mc skip mode, determining an estimated vector from
surrounding motion vectors, and setting thig estimated vectoxr
as amotionvector and also setting all decoded prediction error
signals 11 to zero to create a prediction signal 12, and for,
25 when the motion prediction unit block is not in mc_skip mode
and the motion vector allocaticon regions of the motion
prediction unit bleck are not in sub mc skip mode, creating
a prediction signal 12 on the basis of the motion prediction

mode and the motion vector which the variable length decoding

30 unit 100 acquires by decoding the bit stream. Accordingly,



25 vector allocation regions and data to be encoded as a notion prediction
error signal does not exist. [2]Animagedecodi ngdevi cewhi chacceptsa

predi ctive-encoded bit streamwhich is created by dividing each frame of a
novi ng | %e signal i nto bl ocks each having 30 a predeterm ned size and by
per f or ni ES a” HBEP e preHi €tG DR FDCas5eeaehs bf U el bilbSKED andewnith
decodes %aigogggsstggag1t hacqgiremsaig.rmvin i mage signal, said inmge
decodi ng “device“E8npri Png.e dbove-LenblAuFAgr it Foro Gerodng i d bit
strean1tq0@§gqire data showing a size of a notion prediction unit block in
each of said blocks, a notion prediction node for specifying a shape of
each of mOEheNgUest oh ial hRsal 1R, f 801008 xLRLY W GR i 8Ri Lamat oy predi ction
unit block is gIVIded, and a notion vector corresponding to said each

not i o vecdtarlal $ aaatdde regi drcol@dand 4:051 detet mini ng nbeshegsarg not said
nmotion prediction unit block is in a first skip node and whether or not one
of said mevitdmivebtomaidicoabndreeyions pirsciensassiecandosperpde:f rom sai d
motion prediction node; and a predicting unit for, when said notion

predi cti BhedHiasas- phyektiion ear he dprsiedkicp: rode Bt wbashafneadichdmot i on
vector all catiog.regions is in the second,ski$ nmode, _det erm nji ng an
esti mat e@"VeCEort FEnfEGr FBORUPAGC DL FBNUVEEE P §, 2 arftl TRt Fh 1

estinate cLor a.mtion vector. and alsa.setting.all notion prediction
error si gﬁéﬁsg?oa ?%f% 0 lcor({e]fa{t gl%a%ﬁrd%& 8{’.‘“8%15‘8 ?%gg,a!anecfl?% l,nqa/r?en t he

moti n predieti A Ui 4be@kO£54;(rqutz ien e Eﬁrvﬁ{i&l(iapcgz)gﬁl‘%giﬂ]ﬁi% mot i on

vector allocation regions of said notion prediction unit are not in
the secoadesktponode, heaihng: aipr gdicehiventiigage o iaHBagiss ofstde notion
predi cti on node and the notion vector which the decoding unit 25 acquires
by decodilngfehenbet cstipeamnt| IpAmaitnage emeodiong Liyethad iohedi.vi di ng each
frame of an noving i mage signal into blocks each having a predeterm ned

si ze andI%@?¥6¥hﬁggAﬁp £RbAlptedi ction for each of the bl ocks

[0080O]

15 Because the image encoding device, the image decoding
device, the image encoding method, and the image decoding
method in accordance with the present invention make it
possible to perform an optimal encoding process on a video
signal having the 4:4:4 format, they are suitable for use in

20  an image compression coding technigue, a compressed image data

transmission technique, etc.



to create a predictive-encoded bit stream said image encodi ng 30 net hod
conprising: 56 a predicting stgp of adaptively determning a size
of a notion prediction unit block in each of said bl ocks according to a
predeterm ned condition, and dividing said notion prediction unit block
into notion vector allocation regions 5 to search for a notion vector; and
an encodi ng step of, when a notion vector is allocated to a whole of said
motion prediction unit block, perfofriag§sencoding in a first skip node if

said noti vector, is equal to an estinpted vector which is determ ned from
not i on vegﬁérs B KU ﬁd@ﬁggﬁﬁﬂFSSE%%%RHQﬁW%ﬂ?%Jﬁ?thfB%%%<§%d”ﬁata to

b d i jcti i . do t i st d of, wh
cach of <aPaAd TER SenPuRE Lt 60h Pt F e gt ans e & $aMstaHo%s, | ar gor
than a; pr gdetesmi nedr 8l 26 and,a <ot ge_edx@@i% ks al gkga&@dcﬁeob% dk%' e of

each of said notion vector 15 allocation regions, performng encoding in a
second skip dmde d b Saddh i O V@A phs Sapaint @20 8844 IRHed Mt or
which is determ ned fromnotion vectors in surroundi ng notion vector

al | ocat i ofdevegeonsmandlsdatta to be encoded as a notion prediction error

si gnal does not exist. 20[ 4] Ani magedecodi ngnet hodof accepti nga

predi cti ve- encotledk dplitcsitreamivhifolr hdapréatéd dHycedinviding ®achd rdne of a
movi ng i nmage signal into blocks each having a predeterm ned size and by
per f or m ng "% oYl BREPE €8 ePigh F Bl ogkchn Qﬁcbl‘fép BRéclksl cant adecadilng sai d
bit streamto acqgi e 25 said ngving i mage signal, said i mage decodi ng

met hod conPr sPhg R HEE0ar ng°Eteptoh deBadiRY SardoBie SErEamta &cquire

oL b o 26 g TR R L ELgaK L Sach 2 2L

motion veect ofedboCatlon £801 GRSy ERL Oy WhiGH said

an encoding unit for, when a motion vector is allocated

to a whole of said motion prediction unit block, performing

15 encoding in a first skip mode if said motion vector is equal

to an estimated vector which is determined from motion vectors

in surrounding motion prediction unit blocks and data to be

encoded as a motion prediction error signal does not exist,

and for, when each of said motion vector allccation regions

20 has a size egual to or larger than a predetermined size and

a motion vector is allocated to a whole of each of said motion

vector allocation regions, performing encoding in a second

skip mode if said motion vector is egual to an estimated vector

which is determined from motion vectors in surrounding metion

25 vecter allocation regions and data to bhe encoded as a motion
prediction error signal does not exist.

[2] An image decoding device which accepts a

predictive-encoded bit stream which is created by dividing

each frame of a moving image signal into blocks each having

30 a predetermined size and by performing a motion prediction for



57 nmotion prediction unit block is divided, and a notion vector
corresponding to said each notion vectgr allocation region, to determne
whet her or not said notion prediction unit block is in a first skip node
and whet her or not one of said notion 5 vector allocation regions is in a
second skiepchodetheomasaid aotivon gr édictiessanpde] t stream o skiqm imede
predicting step of, when said notion prediction unit block is in the first
ski p nodeS8FConBCBINGai H\¥BEi onl Viext or B Idcalriase r elficonkinas idevtike second
skip node, 10 determ ning an estimated vector from surroundi ng notion
vectors, SRUPSEELIPAG this estimated vector as a notion vector and al so
setting all notjq rediction error signals to zero to create a prediction
i mge; and a pr% |é%%ﬁﬁ“%#@ﬁtof?rﬁﬁgﬁxggﬂﬂSﬁ&f%éﬁtp?gﬁ?@Tﬁﬁha&ﬂW?rFS bl ock
IS notsin i I pimmd i 0 I i on. regions of
sai d rrODt [ %%P%rgé%(%ﬁ?g:n@ Erlug;% gF%%&§§%%8?2c¥ﬁ§%ségg%ﬁg€%]E) lr?o&@,%%decodi ng

the bit sbfeamd 91364Y] rLndat anshow ng thenpaki a5 weetokcanrespopdi ng to
said each notion vector allocation region to create a prédiction image 20

on a basisf ofaslai@lf metd om westworr and dde: imt ienyiprediictdcomhmede swhisch is
acquired by decoding the bit streamin said decodi ng step.
motion prediction unit block is divided, and a motion vector
corresponding to said each motion vector allocation region,
10 and for determining whether cr not said motion prediction unit
block is in a first skip mode and whether or not one of said
motion vector allocation regions is in a second skip mode from
said motion prediction mode; and
a predicting unit for, when said motion prediction unit
15 Dblock is in the first skip mode or one of said motion vector
allocation regions is in the second skip mode, determining an
estimated vector from surrounding motion vectors, and setting
this estimated vector as a motion vector and also setting all
motion prediction error signals to zero to create a prediction
20 image, and for, when the motion prediction unit block is not
in the first skip mode and the motion vector allocation regions
of said motion prediction unit block are not in the secend skip
mecde, creating a prediction image on a basis of the motion
prediction mode and the motion vector which the decoding unit
26 acqguires by decoding the bit stream.
[3] An image encoding method of dividing each frame of an
moving image signal into blocks each having a predetermined
size and performing a motion prediction for each of the blocks

to create a predictive-encoded bit stream, said image encoding

30 method comprising:
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30

a predicting step of adaptively determining a size of
amotion prediction unit block in each of said blocks according
to a predetermined condition, and dividing said motion
prediction unit block into metion vector allocation regions
to search for a motion vector; and

an encoding step of, when a motion vector is allocated

to a whole of said motion prediction unit block, performing
encoding in a first skip mode if said motion vector is equal
to an estimated vector which is determined frommotion vectors
in surrcunding motion prediction unit blocks and data to be
encoded as a motion prediction error signal does not exist,
and of, when each of said motion vector allocation regions has
a size equal to or larger than a predetermined size and a motion
vector is allocated to a whole of each of said motion vector
allocation regicns, performing encoding in a second skip mode
if said motion vector is equal to an estimated vector which
is determined from motion vectors in surrounding motion vector
allocation regions anddata to be encoded as a motion prediction
error signal doss not exlist,
[4] An image decoding method of accepting a
predictive-encoded bit stream which is created by dividing
each frame of a moving image signal into klocks each having
a predetermined size and by performing a motion prediction for
each of the blocks, and decoding said bit stream to acguire
said moving image signal, said image decoding method
comprising:

a decoding step of decoding said bit stream to acquire
data showing a size of a motion prediction unit block in each
of said bleocks, amotion prediction mode for specifying a shape

of each of motion vector allocation regicons into which said
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motion prediction unit block is divided, and & motion vector
corresponding to said each motion vector allocatlion region,
to determine whether or not said motion prediction unit bleck
is in a first skip mode and whether or not one of said motion
vector allocation regions is in a second skip mode from said
motion prediction mode;

a skip mode predicting step of, when said motion
prediction unit block is in the first skip mode or one of said
motion vector allocation regions is in the second skip mede,
determining an estimated wvector £from surrounding motion
vectors, and setting this estimated vector as a motion vector
and alsc setting all motion prediction error signals to zero
to create a prediction image; and

a predicting step of, when said motlion prediction unit
block is not in the first skip mode and the motion wvector
allocation regions of said motion prediction unit block are
not in the second skip mode, decoding the bit stream to acquire
data showing the motion vector corresponding to said each
motion vector alleocation region to create a prediction image
on a basis of said motion vector and the motion prediction mode
which is acquired by decoding the bit stream in sald decoding

step.



