11 July 2006 1 DESCRI PT I ONVIDEO ENCODING_NETHO? ﬁNP PPARATUS
AND Vi DEO DECODI NG METHOD AND APPARATUS 5 Techni cal Fiel d 1t Bypir%é?éent
invention reldtes to a notion conpensation predictive inter-frame encodi ng
met hod and apparatus and notion conpensation predictive 10 inter-frame
-decodi ng nmet hod and apparatus, which use a plurality of reference franes.

- Background Art As notion conpensation piedictive inter-frame encoding

met hods, MPEG i (1SO1EC11172-2), MPEG 2 15 .(+SO'| EC13818-2), MPEG 4
(1SQO 1 EC14496-2), and the |ike have been widely used. In these encoding
schemes, encoding is perforngdgby a gorbipnatiron @f intra-franme encoded
pictures (I pictures), forward predictive inter-frane encoded pictures (P
pi ctures), and 20 bi-directional predictive encoded pictures (B pictures).

A P picture is EDCOG?BEBVngﬂNéhﬁE&ﬁaﬁdjxﬁbeAymﬁf@ssdmg P or | picture
as a reference pi Ctyk gy oAk oBtRE WifThSpCAIBIRAPRNAEEENG the |mmediatel y
precedi ng 25 and succeedi ng %. or | pictures as reference pictures. In

MPEG, @ predictive picture can be selectively
Technical Field
The presenf invention relates to a motion
compensation predictive inter-frame encoding method
and apparatus and motion compensation predictive
10 inter~frame decoding methed and apparatus, which use a
plurality of reference frames.
Background Art
As motion.compensation predictive inter-frame
encoding methods, MPEG-1 (ISO/IEC11172-2), MPEG-2
15 (ISO/IEC13818-2), MPEG-4 (ISO/IEC14496-2), and the like
have been widely used. In these encoding schemes,
encoding is performed by a combination of intra-frame
encoded pictures (I pictures), forward predictive
inter-frame encoded pictures (P pictures), and
20 bi-directional predictive encoded pictures (B
pictures).
A P picture is encoded by using the immediately
preceding P or I picture as a reference picture. A B
picture is encoded by using the immediately preceding
25 and succeeding P or I pictures as reference pictufes.
'In MPEG, a predictive picture can be selectively
generated for each macroblock from one or a plurality

~of picture frames. In the case of P pictures, a




generated for each macroblock fromone or a plurality of Hiﬁinﬁmfranes.
In‘the case of P pictures, a 11 July 2006 2 predictive pict& 204 Generally
~generated on a nacrabl ock basis fromone reference frame. In the case of
B pictures, a predictive picture is generated by- either a nethod of
generating a predictive picture fromb5 one of a forward reference picture
and a backward reference picture, or neghod of generating a predictive
picture fromthe average val ue of reference nacrobl ocks extracted from
both a forward reference picture and a backward reference picture. The

i nformation 0. predictio IS enmhe in_encoded data for
each rmacr obﬁ%%i&%é gﬁecfcqlofé tjhé;sfgg}g%%%%f iq%eﬁaﬁ%edﬁﬁ n%n et hods, however,
when the samg, i G MVES; d Ao Albrdprd 2 | Y fetygenddanes in
an area . equal to or 15 larger than the size of each macrobl ock, a good
prediction resuly matdieobtaiged Wit negand d 0 s QMY Aled by
enl argenment/reduction and rotation of pictures or tinme jitters in signal
anpl i tude suefitasr adedthaan® £ fRde Il ind VMG dU G RdIGld From
ef ficiency cannot 20 al ways be obtai ned by the above predictive encodi ng
met hod5 | n ereediofy aatf caweais e ddiricd aliestue pRY td GHBfwadd pictures

wi th poor prediction efficiency are input to the encodi ng apparatus, a
great deteriarederence picture, or method of generating a predictive

picture from the average value of reference macroblocks
extracted from both a forward reference picture and a
backward reference picture. The information of these

10 prediction modes is embedded in encoded data for eéch
macroblock.

In either of these predictive encoding methods,
however, when the same picture moves temporally and
horizontally between frames in an area equal to or

15. larger than the size of each macroblock, a good
prediction result can be obtained. With regard to
temporal enlargement/reduction and rotation of pictures
or time jitters in signal amplitude such as fade~in and
fade-out, however, high prediction efficiency cannot

20 always be obtained by the above predictive encoding
-method. In encoding at a constant bit rate, in |
particular, if pictures with poor prediction efficiency
are input to the -encoding apparatus, a great deteriora-
tion in picture quality may occur. 1In encoding at a

25 variable bit rate, a large code amount is assigned to
pictures with poor prediction efficiency to suppress a

deterioration in picture quality, resulting in an




tion in picture quality may occur. I'n encoding at a 25 var ? @ rate, a
| arge code anount is assigned to pictures with poor predlé? sz'b$|ciency
to suppress a deterioration in picture quality, resulting in an 11 July
2006 3 increase in the total nunber of encoded bits. On the other hand,
tenporal enlargenent/reduction, rotation, and fade-in/fade-out of pictures
can be approximated by affine transformation of video signals. 5
Predictions using affine transformation will therefore greatly inprove the
prediction efficiency for these pictures. In order to estimte a paraneter

for affine transfornatlo an enor S a nt o rameter estimation

conput ati on IDFERRT aﬁ & Nt rﬁrré“ﬁlil“b %tﬁ Qﬁ:bé)c?I\liblrtefS speC| fically, a

ref erence plcture st, be _transforne n

transformation rﬁﬁ%ﬂ%Fh%ﬁgl & ewééfiénébéh ?eméﬁlé% s the

m ni num pr edi ¢t residy r Thiys, requires an
ta ‘%fflont ran;ﬁfor add Cinﬂﬂ%?&e %%1150@%}% TS

enor nous am)un I'on conput ati on ~to an enor nbus

anount of ency r t
iz adlgﬁﬁagin Ay e O m%%ﬂlw ec?@%dé”b hardpare, cos

and the Ilke a trans ornatlon paraneter itself rnust be
encoded as W@Jﬂedl%f%l%%sa Wy Bl i Ohd asiaido el t0on mduhetrzfeecetmeencoded

dat'a becones enornous. In addition, inverse affine
greatly improve the prediction efficiency for these
plctures. 1In order.to estimate a parameter for affine
transformation, an enormous amount of-parameter
estimation computation is required at the time of
10 encoding.

More specifically, a reference picture must be
transformed by using a plurality of transformation
parameters, and one of the parameters which exhibits
the minimum prediction residual error must be

15 determined. This requires an enormous amoﬁnt of
transformation computation. This leads to an enormous
amount of encoding computation or an enormous increase
in hardware cost and the like. 1In addition, a
transformation parameter itself must be encoded as well

20 as a prediction residual error, and hence the encoded
| data becomes enormous. In addition, inverse affine
transformation is required at the time of decoding,
resulting iﬁ a great amount of decoding computation or
a very high hardware cost.
25 . As described above, in the conventional video
| encoding methods such as MPEGs, sufficient prediction

efficiency cannot be obtained with respect to temporal




transformation is required at the time of decoding, resulébg%fi%ﬂg gr eat
anmount of decoding conputation or a very high hardware cost. 2

descri bed above, in the conventional video encoding nethods such as MPEGs,
sufficient prediction efficiency cannot be obtained with respect to
tenporal 11 July 2006 4 changes in video pictures other than translations.
In addition, in the video encodi ng and 4decodi ng nmethod using affine
transformation, although prediction efficiency itself can be inproved, the
~overhead for 5 encoded data increases and the encodi ng and decoding costs

greatly i ncr%%%glges %SQJLQ%‘H &, ;e Javentihan gtthairF a0 hi8GLnYf the present

invention to vi de a video encodi ng nmet hod and apparatus and video 10

decodi ng met heg;aNdAPRGY A4S WL GRB A WRPLESS AL hdhogonput ati on
amount and the overhéad for encoded data while greatly I nproving

prediction efsfiingi ergune tth-aresResation) adil kG RIS WiresidtAonparticular, in
- whi ch the conventional video encoding 15 nmethods such as MPEGs have a weak

poi nt. Accordifigik®cd fitsell faspecheofimphevergsemle ovv@rbidoOFoxrt here is
provi ded a video encodi ng nethod of perform ng notion conpensati on
predi cbi ve i rheodedanitaeiteticngesf aadt thekecenoaded bnanecbpdieterring to a
| costs greatly increase.
Disclosure of Invention
It is an'object of the present invention to
provide a video encoding method and apparatus and video
10 decoding method and apparatus which can suppress
incredses in computation amount and the overhead for
encoded data while greatly improving prediction
efficiency with respect to fading pictures, in
particular, in which the conventional video encoding
15 methods such as MPEGs have a weak point.

According to a first aspect of the present
invention, there is provided a video encoding method of
performing motion compensation predictive inter-frame
encoding of a to-be-encoded frame by referring to a

20 plurality of reference frames for each macroblock,
comprising generating a plurality of macroblocks from
the plurality of reference frames, selecting, as a
predictive macroblock, one of macroblocks obtained by a
linear interpolation prediction or a linear extrapola-
25 tion prediction using cne of the plurality of reference
| macroblocks, an average value of the plurality of

reference macroblocks, or the plurality of reference




20 plurality of reference frames for each macrobl ock, conprisi
generating a plurality of nmacroblocks from the plurality Fngggp@nce _
‘frames, selecting, as a predictive nmacrobl ock, one of nacrobl ocks obtai ned
by a linear interpolation prediction or a linear extrapola 25 tion
prediction using one of the plurality of reference nacroblocks, an average
value of the plurality of reference nmacgobl ocks, or the plurality of
reference 11 July 2006 5 macrobl ocks, and encoding a predictive error
signal between the selected predictive nmacroblock and a to-be-encoded
macr obl ock, predictjon node inforqgiion aqg.aEnDtion vect or . Accor di ng
© tFoRT ¢

to a second af%%%‘fbjc)‘?dﬁ]‘e.ﬁ%s%rhf 10 eh Fthet? (?I.ér(blf o%ll%a a video
decodi ng net %?‘%/jt‘??%?%?%‘%gé?n eg@%{; (Eél%%:(?%&g\?g%o&%fgagt&yf inter-frame

encoded data eférence  franes for each

mcr obl ock, conmrl sing, g e6i.vingh A0 ncodsss OPLL 0T Vet Qi esiaf o Ancoded

prediction ormation, an ed predictive error signal,

sel ecting, iqﬁﬁgggkﬁg?ﬁgnm@é$?5€p notion vector data and the prediction
e a

node i nformation, er to generate a predictive macrobl ock froma
specifig 15 reference faang 06 Lhscpbuakibyceforetrs epeasésames, (b)

generate a plurality of macrobl ocks fromthe plurality of reference franes
SO as to genef@&nh@fon, there is provided a video decoding method of
| decoding motion compensation predictive inter-frame
encoded data by referring to a plurality of reference
frames for each macroblock, comprising receiving
10 encoded motion vector data, encoded prediction mode
information, and encoded’predibtive error signal,
selecting,'in accordance with the motion vegtor data
and the prediction mode information, whether to (a)
generate a predictive macroblock from a specific
15 reference frame of the plurality of reference frames,
(b} generate a plurality of macroblocks from the
plurality of reference frames_so as to generate an
average value of the plurality of reference frames as a
predictive macroblock, or (c) generate a predictive
20 macroblock by a linear extrapolation prediction or
.linear interpolation prediction, and generating a
decoded frame by adding the generated predictive
macroblock and the predictive error signal.
- In conventional video encoding schemes such as
-25-_ MPEGs, in order to generate a predictive macroblock
from a plurality of reference frames, reference

macroblocks are extracted from the respective reference




average value of the plurality of reference franmes as a pr?ﬁ5ﬁ&i§§
macr obl ock, or (c) generate a predictive 20 nacrobl ock by iy 2806
extrapol ation prediction or linear interpolation prediction, and generating
a decoded frame by adding the generatged predictive macroblock and the
predictive error signal. In conventional video encoding schenes such as 25
MPEGs, in order to generate a predictive macroblock froma plurality of

reference franmes, reference _macrobloc are_extracted fromthe respective
reference 1f ﬁﬂ‘%?%dﬁ%_vid%ﬁaﬁ’dé’guirﬁsviog rpi%&aﬁ?r &$38¢ é‘FlPHSn &Panjsl ations.
n additionqds (e uidescensedingandsdecading meihad nushag af fine
transformation, although prediction efficiency 1tself “can be i nproved, the

over head f omysienteded dataanRGeases oalnd Jike ceReodi-ediandodecodi ng  costs
greatly increase. Disclosure of Invention It is an object of exanple

enbodi nent s edffitdieengyr dsertl fi maanbieoinipaoyeayi dkea ovedreadncodi ng net hod
and apparatus and video decodi ng net hod and apparatus which can suppress
i ncreases i FIERHAR seiten lavseasesandd fheoeachdanof endedesaddndat a whil e

greatly inprovin redi ct.ion efficiency with respect to fading pictures,
in particuléF?ﬁ%iﬁﬁ%%ﬁ1ﬁIﬁ?crﬁéﬁﬁentional vi deo encodi ng net hods such as

MPEGs Disclosure of Invention

It is an object of example embodiments of the
present invention to provide a video encoding method
and apparatus and video decoding method and apparatus
‘which can suppress increases in computation amount
and the overhead for encoded data while greatly
improving prediction efficiency with respect to
fading pictures, in particular, in which the
conventional video encoding methods such as MPEGs
have a weak point.

According to a first aspect of the present
invention, there is provided a video encoding method of
performing motion compensation predictive inter-frame
encoding of a to-be-encoded frame by referring to a
plurality of reference frames for each macroblock,
comprising generating a plurality of macroblbcks from
the plurality of reference frames, selecting, as a
predictive macroblock, one of macroblocks obtained by a
linear interpolation prediction or a linear extrapola-
tion prediction using one of the plurality of reference
macroblocks, an average value of the plurality of

reference macroblocks, or the plurality of reference




have a weak point. According to a first aspect of the prei§E5 Engntion,
there is provided a video encodi ng nethod of performng iww
conpensation predictive inter-frame encoding of a to-be-encoded franme by
referring to a plurality of reference franes for each nacrobl ock
conprising generating a plurality of macroblocks from the plurality of
reference franes, selecting, as a predictive macrobl ock, one of
macr obl ocks obtained by a |inear .interpolation prediction or_a |inear

extrapol a- 16T PHEG i GRUSPRGWRE &f ﬁél_lﬁl’:&f*’gl FEYO8f StePalence
nacroblocksﬁé¥%é%ber e ggﬂégkﬁﬁ.épgdglgr gl&gcggb r%&egggf%inacroblocks,
a uty— 200 i

or the plurality of referéence 5 macrobl"ocks, "and encodi ng a

predictive el 9k-8hebdtd Reimpanddepseliect esh MRA GtirkeBGRP! ock and a
t o- be- encoded macrobl ock, prediction node information, and a notion

vect or, wheragid at hetpredivetitor, netie reiiif @heabiredititbydasda first flag
indicating a single prediction using specific reference frane or a
conposi t e prA@dicgmadn onsiingladgluralfiirgtoff legf éndacetihgamesingdea second
flag indicating whether the conposite predictiagn is a prediction based on
an aver age RFAUE T3P 0 USEOFaPPEF LEf Cr EPEPERBECNAERBSBI BEKE or the |inear

ext 1 apol at | g Rdiee! {904k eh ICYk 1n"LopR0L AT k0] BECULELLR ! e second

‘frames and a second flag indicating whether the
composite prediction is a prediction based on an
average value of a plurality of reference macroblocks
or the linear extrapolation prediction or linear
interpolation prediction, the second flag being
contained in header data of the to-be-encoded frame

- or header data for a plurality of to-be-encoded

frames,.




contai ned in header data of the to-be-encoded frame or heager d§6§ for a
plurality of to-be-encoded franes. 11 July 2006 6 Accor di hy ¥y econd
aspect of the present invention, there is provided a video decodi ng net hod
of decoding notion conpensation predigtive inter-frane encoded data by
referring to a plurality of reference "franes for each nmacrobl ock
conprising receiving encoded notion vector data, encoded prediction node

i nformation, and _encoded predictive error signal, 11 July 2006 7 sel ecting,

i n accordance w FWIHET i'6h & SR U AR En@ Lt FESpPEFERTon node
Lnf orfmt i on; AAGHEAM LRL-e 0EDSLALLANOL §; BLEULIIE, TREtaRlogk ffom a

specific reference frang of e pIura |ty of erence Trames (b)

generation Qfec®Biny #Mdttibrofcdmerlaeks ¢ frre‘a'l‘cttfi%e H'n'at&%%'—'ftr&m@f 11 July
2006 8 reference franes so as to generate an average value of the

plurality oferreefderenie of amesefasrdny edi et bl rataeroblfoclkfe@ente)
generation of a predictive macroblock by a |inear extrapolation prediction
or |linear iffaagsolfat @@ ghr edicsobdmckangdogerésaniongegeiving

encoded motion wvector data, encoded prediction mode

information, and encoded predictive error signal,




decoded frame by adding the generated predictive 11 July 28?@ 9 ﬁ&ﬁ;oblock
and the predictive error signal, wherein the received predi s de
information includes a first flag indicating a single prediction using the
specific reference frane or a conposiLF prediction wusing a plurality of
reference frames and a second flag indicating whether the conposite
prediction is a prediction based on an average value of a plurality 11
July 2006 10 of reference nacrobl ocks or the |inear extrapol ation

predi ction otred§5ed9 i dtterFssIcdage pmadine tthen motien yessed FRE§ bei ng

recei ved as he r data .of .an _encoded frane or part .of header data of a
plurality 5?“2%’5Héﬂx¥?éﬁ€§¥lff’fhﬁﬁgfﬁﬁgtfancggﬁdFﬁﬁmtga third aspect
of the presepl, o et i, _tgﬂ%rtﬁdtg_v%r Maicdes 13 W %meﬁcgg'egﬁf%t hod of
perform ng nmotion conpensation predictive inter- franme encoding of each

t 0- be- encoded fregicc ARG HHe pliQaletenesded rhrame o raneknput video
by using 11 July 2006 12 at |east one reference frame, conprising: a step

of (b) generation of a plurality of macroblocks from the

plurality of




selecting, for each to-be-encoded bl ock, one of a first prsgictiﬁg bl ock
signal froma single reference frane and a second predictﬂ ulpy29
generating node of generating the predictive block signal by a linear 11
July 2006 13 sumof a plurality of refgerence frames; a step of encoding a
differential signal between the selected predictive block signal and a
signal of the to-be- encoded bl ock; a step of selecting;, for each set of a
11 July 2006 %A&pluragitxlof %ixel bl ocks in the to-be-encoged frame or the
each to- be- ERESAEEFr AFESEhEPhEF The IFIRERFS &linfSPEAPEL /BRFs perf or ned
as an average valeue, pgdigl ben hasednen herabusal Lty.oh;peigeence bl ocks
ased on the p

or a linear interpolation prediction lurality of reference
frames and aadirsplaykii & qk)lyedukyt20860k5at Bectiockevencoded frane; a
step of encoding, for the each to-be-encoded bl ock or each set of a
plurality ofRcrobBecdnbydedlbheeksextirapblendodi pgedbddeionformati on
indicating that a specific one of the first and second predictive block
gener ati ng Addesar dntegpedpédont PrRELELABNof 2§EnERPBELBALIBE Ehe predictive

bl ock si gnal ;ec%g%dafsr%%% %fy ggggglgnghef (g)éan%%ggeae%)rgfdictive




11 July 2006 16 a plurality of pixel blocks of the to-be-enf%ged frame or
the each to-be-encoded frane, second encoding node i nf or mht i Hzpw@icating
that a specific one of the average value prediction and the |inear
interpolation prediction is selected the linear sumprediction. 11 July
2006 17 According to a fourth aspect of the present invention, there is
provi ded a video decodi ng nethod of perform ng notion conpensation

predictive inter- .frame decodi ng of each to-be-decoded bl ock,contained in
B - b tlec SRS IR 6ok (URIBs G CEITE By T8 Rgont aurhos808 16 at I east

one referen fr . i Sis NG t ' .00 Lctive error
signal for gggi5%%%?8%%npﬁgﬁﬁggﬁgid?@?%egggpgg%%gSBrégﬁgﬁgg%ggto a
predictive ek rSisgnahdidastien af sdegadi pgedhieritheusash tazbe- decoded
bl ock or each set of "a plurality of to-be- decoded bl ocks, first encoding
node i nf or metpeari fit Jelfyr20de I2amediocati pgmpbsdihcopecat caibnrst predictive
bl ock generating node of generating a predictive bl ock

using a plurality of reference frames and a second
flag indicating whether the composite prediction is a

‘prediction based on an average value of a plurality




signal froma single reference frane and a second predicti blﬁ&i
generating node of generating the predictive block signallggmﬁz ear sum
prediction based on a plurality of reference franes is selected 11 July
2006 20 at the time of generation of aypredictive block signal on an
encodi ng side; a step of decoding, for each set of a plurality of pixel

bl ocks of the to-be- decoded franme or the each to-be-decoded frane, second
encodi ng nodg i_nformation indiﬁating wh%&% qne of an, 11 ng¥.2006 21
average val 18 predireticon "B5eq 16 *th e pIthFarity 25 SXFEPBPEALECBI ocks and a
| i near inter I redi:cti . . ity of ference frames
and a display f?%gggp ?ﬁéqﬁﬁ%ﬁg?éﬁg§§§3q%F%%§ PégaggrgéPédtgg the |inear
sum predi ctisitondl FheR okihl JeloeiZ@06 222 nhgeneratkhg blFeapr edi ctive bl ock,
in accordance with the decoded first encoding node information and the
decoded seceamtosircbdiregenoade panfroofaticanerandta sfep pabirgénéyati ng a
reconstructed video signal by using the generated predictive bl ock signal
and the decéde@ncededi Ergpeserror signal . Brief Description of Draw ngs




FIG 1 is a block diagram showi ng a video encodlng met hod ﬁiﬁ ra g to the
first enbodi ment of the present invention; FIG is abld 2

showi ng a video decoding nethod according to the flrst enbodi ment of t he
present invention; FIG 3 is a viewghowing an inter-frane prediction
relationship in V|deo encodi ng and decodi ng nmethods according to the
second enbodi ment of the present 11 July 2006 23 |nvent|on FIG 4 is a

vi ew showi ng an inter-fra Jpre h rel ati ﬁ% in video encodi ng and

decodi ng net hods ® CEOES&Ch t@ { r@hPPHegﬁb8él 6F°FRe present 5 -
invention; KL ayl i ot a o rel ati onship
in video enco eﬁglgﬁd égg I ng ﬁg%glged gc?%?%?ngﬁfgaﬁﬂg ?%3?? enbodi nent
of the preset geterti®g; motdonl Gompehsadivhewrban c@xpkaintBg-vect or
‘information encodi ng and decodi ng net hods according to the fifth

enbodi nent. diramiee epresiénty iofiveatchonp-BeGendéodsdabilbew tontexpéedi ni ng vect or
informati on encodi ng and decodi ng nmet hods according to the sixth 15

enbodi ment & ghé&opPesercodadehtrpag; of en dnpytavide® Pyr vekpPai ni ng vect or
i nformation




encodi ng and decodi ng net hods according to the seventh en‘gg?i mé% of the
present invention; FIG 9 is a block diagramshowng a vid W ?ng 20
apparatus for executing a video encoding nethod according to the eighth
enbodi-ment of the present invention;,5IG 10 is a flow chart show ng a
sequence in a video encoding nethod according to the ninth enbodi mrent 25
of the present invention; FIG 11 is a view showi ng an exanple of the data

structure. of t\rﬁleea%itcture header orrﬁsrlﬁi ce header. aof 11 Jul% 2006 24
t 0- be- encodé VIS dita IH THE W dAch b sH SN & S13P §ta view

showi ng an : t _Yet | bl.ock .af _t o- be- encoded
vi deo dat a egi@nirgtghtgﬁ'nt%%e?r%%ﬁi rsrctedn'?!)cet %rr%logecgﬁgkg \??%Woghgvm ng the

overal | dat afi st ystddiecfvd wike-lenceged Wiap datidg@ecekdicignic-e the ninth
enbodinent; FIG 14 is a flow chart showi ng a sequence in a video decoding
met hod accorfdiamge taod hee segurid Hreshibadiventlodd GenExatding woew f or
explaining tenporal linear interpolation in the ninth enbodinment; FIG 16
i's a view f &t S@laiatiiiy tparaciaties blowkesganati &y @n liReadi nt h

enbodi ment ; :




15 FIG 17 is a view show ng an exanple of a |inear predifﬁive 8 fficient
table according to the first and eighth enbodinents; FIG fuly 2040/ ew
showi ng an exanple of a linear predictive coefficient table according to
the first and 20 eighth embodinments;;£IG 19 is a view showing an exanple
of atable indicating reference franes according to the first and eighth
enbodi nents; FIG 20 is a block diagram show ng a video 25 encodi ng

appar at us accordi tqQ the. 10t h enbaodi ment of the present invention; FIG
21is & bl oGRMCdgPakiSRGWIRY AEviGAG EECT Y3606 55566808 ng appar at Us

according {QNe: 3l arbediaRat of ;LA PLERRRL PKENLEADLLELG 22 s a
vi ew showi ng an exanpl e of "a syntax i’ndi cat’i ng ['i riear prealctlve
coefficient pracaendvagpiockSsihaaenbadi geat gabit Be preseptpknvention; FIG
23 is a view showi ng an exanpl é of a table “show ng reference franes
accordi ng tendeeleceinbddicient: -etept b petsentngpvedki eachFE&: 24 &S a vi ew
for explaining a notion vector 10 information predictive encodi ng nethod
according to the enbodinment of the present invention; FIG 25 is a view
for explaining a notion vector ' :




information predictive encoding nethod according to the enig&&gﬁn of the
present invention; 15 FIG 26 is a bl ock diagram show ng tf ﬂéenent

of a video encodi ng apparatus according to the fourth enbodiment of the
present invention; FIG 27 is a view Pr expl ai ning an exanple of a linear
predictive coefficient determ nation nethod 20 according to the enbodi nent
of the present invention; FIG 28 is a view for explaining an exanple of a

| i near predictive coefficien termnation method according to the
embodi ment ﬁglﬁﬁegénplﬁﬁgegﬁPﬁﬁF ?PGFhQQtP§bS'9P8ﬁﬁF8rfégﬁﬁaining an

exanpl e of i r predicti oefficien rmnatiqQn t hod

accordi ng t%rfﬁgeeﬁgggi%@n?go%hfégegrgggﬁ%'iHbggﬁ%gnghﬁliéggag?s a view for
expl ai ni ng ammeyaeRket9bna ikl pdily 4006236 ki nearagLeghehitve coefficient
determ nation method according to the enbodi nent of the present invention;
FIG 31 is aredéewtiion bxpkd phnghanpéxaaplieyobfarckeneatepbedcksi ve
coefficient determnation nethod 5 according to the enbodi nent of the
present i nvedt BoAlnefrGing2ripglativewrtediexpbai hkagdaonothen vect or

search method according to the enbaodi nent of the, present invention; FIG
33 is a vierP6@lé%§IB%nFﬁéeéeﬁﬁﬁigﬁaméétépd 30dégnter hefRoBfaccording to
t he enbodi nent of the




present invention, FIG 34 is a view for explaining a noti vect or

encodi ng net hod according to the enbodi nent of the presen l'rr‘l"lyéﬂ& on; 15
FIG 35 is a view for explaining a notion vector encoding nethod according
to the enbodi nent of the present inveption; FIG 36 is a view show ng an
inter-frame prediction relationship according to the enbodi nent of 20 the
present invention; FIG 37 is a view for explaining a notion vector

encodi ng nmet hod accordi ng to the enbodi nent of the _present inpvention;, FIG

38 is a view TortSH EHIED Theticon & &€er o T28n&REddIng Trét kB8 accor di ng
to the enbodingnt_ of tl e t i.nventiaon; FELG 39 i iew for
expl ai ni ng gearﬁ) itéjn b\/eer(%t%ocroocgefis%l%of]%(? Geﬁ%er?cegdioﬁfg an’é)tﬁﬁ%a\iéggor ding to the
embodi ment  ofr the b dUEReHed MR FiklsE b8 nd floew chart showing a
procedure for video encoding according to the enbodi nent of the 5 present
invention; Hr@orkbhti®ra iHdEwaftdheXxpladi Bl BpeziFRicginieng £ phedi ction
according to the enbodi nent of the present invention;

first and second predictive block generating modes is

selected at the time of generation of the predictive

block signal;. and a step of encoding, for each set of




FIG 42 is a view show ng the data structure of 10 a plctx i %@ﬁgr
slice header according to the enbodinent of the present Ly FIG 43
is a view showing the first exanple of the data structure of a weighting
prediction coefficient table accordi?ﬁ to the enbodi ment of the present 15
invention; FIG 44 is a view show ng e second exanple of the data
structure of a weighting prediction coefficient table according to the
enbodi ment of the _present invention; 20 FIG 45 is a view show ng the data

structure of AHRe-dnc Gdedivicde51a5tE 8@66@&iﬁ@‘P@'FﬂEogﬁﬂodlnent of the
present invention; rag%'ﬁégc Qol%eaekggge%h%&am%ho FC%B§ procedure for

vi deo decodlng Sccor i ng to present Tnvention o t he present

i nvention. BestodYode rfele Q%EG%%B&l@HI15@%c%%&%§1%9%thG% pdchgia block

di agram show ng a vi deo encoding 11 July 2006 Z8 apparatus whi ch executes a
vi deo encodichg et @ accerd Rglue arecaibediomeahdoththeipeagent invention.
According to this apparatus, a predictive macroblock generating unit 119
gener at es ainfeggicdEitiemipgiedietfivomis tskd eftade ast shedlinearfir st

reference frame nenpry 117
sum prediction,




and the frame stored in a second reference frame nenory 13$TW§@$r dictive
macr obl ock selecting unit 120 selects an optimal predicti 881 ock
fromthe predictive picture. A subtracter 110 generates a 10 predictive
error signal 101 by calculating the gifference between an input signal 100
and a predictive signal 106. A DCT (D screte Cosine Transform unit 112
perfornms DCT for the predictive error signal 101 to send the DCT signal to

a quantizer 113. Th%’QH%pt%éﬁ%e%%%%égh%%%%%%ég%l%gg E%%S%% nal to send the

guanti zed signaﬁk¥%lé \Y _ _ iable length
encoder 114 Ma/dbldy | @aglls GRCRes he Juankbzad shgnal nbenadl PUL encoded

data 102. The variable length ghcoder 114 encodes nDtlgn vect or

i nfor mat i on e gbarRGntinomhotade icoheimiaitadn( becbectdescrihbed-l ater) and
outputs the resultant data together with the encoded data 102. The

quanti zed dimme delstoaiimegd olfy eblod dquabei-ziecotisd bdoaksoosentined a
dequantizer 115 to be dequantized.. An adder 121 adds 25 the dequanti zed

si gnal and tife Ppreviteridgeosiegh &irares ofo ag@ieest eigtnseabydeedasgd picture
103. The local decoded picture 103 is witten in the first reference frane
menory 117. In this enbodinent, the predictive error signal 101 is encoded
by a DCT transform quantization, and variable |Iength encodi ng. However,
the DCT 5 transformation may be replaced with a wavel et




transform or the variable Iength encoding nmay be replaced with arithnetic
encoding. In this enbodinent, a |ocal decoded picture of t A July2G8® encoded
i medi ately before the current frame is 10 stored in the first reference
franme menory 117, and a | ocal decoded,picture of the frane encoded further
before the above franme is stored in t%e second reference frame nenory 118.
The predictive macrobl ock generating unit 119 generates a predictive

macr obl ock 13 ﬁi%nal 130, %redictive macrobl ock signal 131, Qredictive
macr obl ock &itgr&PSt3®CanG tHrEd et Ve CmaEPBBIF o8k 87 gRaf t§83°  The
predictive o [ 130 i I ract.e om-only the
“picture in ?%%kgﬁk tgrgig%g%%é% rgﬁ%o%e%6g§giliékTﬁegggn%?e§Fctive

macr obl ock Stlhgsn%'o—%%ldke%o@e@ia%'l%@ko%k)rileg@@hdiﬁ?t gackedrbnopropky the
picture in the second reference frane nenory 118. The predictive
macr obl ock &ilg& sig2ali;saastegnalf detadned, byoavehageaght he-beference:
macr obl ock signals extracted fromthe first and second 25 reference frane
menori es. TWecededi btlliock muceebhoskt sifgrapleddlityaosi gaabeobt ai ned by
subtracting the reference nacrobl ock signal extracted fromthe second 11
July 2006 3§§9FEFePERESSTr 2AE SheRBFPI1lE PPERM LRECEMGRAP oDt ai ned by

doubling the anplitude of the reference macrobl ock




signal extracted fromthe first reference frame nenory 117, Th ae

predi ctive macrobl ock signals are extracted froma pIuraIﬂl%ﬂﬁﬁ @%sitions
in the respective frames to generate a plurality of predictive nacrobl ock
signals. The predictive nmacrobl ock seigcting unit 120 calculates the

di fference between each of the pluralitiy 10 of predictive nmacrobl ock
signals generated by the predictive nacrobl ock generating unit 119 and the

t o- be- encoded crabl ock signal extracted fromthe K inpuyt yideo signal 100.
The predictikﬂéﬂ%&ﬁ%ﬂﬂ YO chs angc P g Eiet1PeornEt 128l BLPS one of {he

predictive i r.abl o i I whi.ch _exhi bi t ..ni error for each
to-be-encodg%n%E%nggbgéé%égga %ﬁ§§aF%8958|€%FQEC%6H8 Fggt e subtracter
110. The subtirgeherrrbi0 a2 Gaheulategotaacdi fh-apangedbat weenntihe sel ected
predi ctive macrobl ock signal "and the i nput signal 100, 20 and out puts the
predictive ereaiiciiigrablbdk gEherapdsigt nedeobft hensehedchgdtpeedi ctive
macr obl ock relative to the to-be-encoded nacrobl ock and the generation

met hod for thedieitdseed Lpcddisduined ycroblioekrsisgmabreféntion the signals
130 to 133 in FIG 1) are respec 25 tively encoded as a notion vector and
predi ction HEEES PO SeRdNTEdHEY- Shc 5646 TBNEEK TTTRESY &S 6LECFBAGt h encoder
114 encodes the 11 July 2006 31 . '




encoded DCT coefficient data 102 obtai ned through the DCT i{éaﬁg’sf rmer 112
and quantizer 113 and side information 107 containing t he dtlya%@ect or
informa- tion and prediction node information output fromthe 5 predictive
nmode selecting unit 120, and outputs the resultant data as encoded data
108. The encoded data 108 is sent out to a storage systemor transm ssion
system (not shown). In this case, when a video signal is fornmed of 10 a

| um nance signagl. and chraom nance signals, the .predictive signal 106 is
gener at ed b;f‘g%gﬂ%/?%d“% sgfrpt?rar%q%or?fxslé‘ctpdﬁed&ﬁ&lﬁ’ree%F@ﬁkon node to the
signal co S espeqt ive recr ohl ocks £ 2 1S bl ock di agram
of a vi deorrgllb‘(:aiggg%ltlngoqI 1%-[1:65{)& a?l s,s\i%r%'c% g’ikee%utngs dé:ac\%d&é 'dgggdi ng met hod
accordi ng t eah eEod MmNty 16frdiie PrEsenkdINadNor the ‘odea-decodi ng
apparatus in FIG 2 receives and "decodes the data encoded by the video
encodi ng aparaiasts Acoer dimdgHeo daud frio-gie -eldvadiene ftragleowseicond20 FI G 1.
Mre specifically, a variable length decoding unit 214 decodes the

variabl e | er?g?tq‘i?cglét% msfde ppio radaded 1ngdica t200 Wb isht caet o4 predicti ve
error signal 201 and prediction node information 202. The predictive error
25 signal 201 is subjected to dequantization and inverse DCT in a
dequantizing unit 215 and inverse DCT unit 216. The resultant data is
added to a predictive




" second referen

11 July 2006 32 signal 206 to generate a decoded picture 20?. The decoded
picture 203.is witten in a first reference franme nenory 31 Fulyg0R6

predi ctive signal 206 is generated by a predictive macrobl ock generating
unit 5 219 and predictive macrobl ock | ecting unit 220 from picture
signals 204 and 205 in accordance with the notion vector and prediction
node extracted fromthe encoded data 200. The picture signal 204 is a

pi cture signal decoded i nmedjately before the encqoded_data 200 10 and
Pecor dad o TRETIS S Is drEie T Aao 317 PLrel5tet Gre i gnal 205

is a pictur 'gqgi deco re . i I i.gnal 204 and stored in a
e ce Crea%rrgo%g%bray%TZ%Ba#%%rgrleéi%gﬁoagQél%anal 206 is the sane
predictive gi@nlcdod aRIEGCdne ph MGhrIblack FHegralcusedmat the time
of encoding. FIG 3 schematically shows a rélationship of an inter-frame
predi ction usidhg tdisgleferdnee off ales tiorbeHeemderac ddiamg asd decodi ng
nmet hods according to the second enbodi nent of the present invention. FIG
3 20 shows sgltegtssl @rrcdded fineee 308 paefdiae o301 a wivedi afel y precedi ng
the to-be-encoded frane 302, and a frane 300 further preceding the frame
302. Wiile the franme 302 is encoded or decoded, a decoded picture of the
frame 301 is stored in the first reference frame 25 nenory 117 in FIG 2 or
the first reference frame




menory 217 in FIG 2, and the frane 300 is stored in the second reference
frame nmenory 118 in FIG 1 or the 11 July 2006 33 10 second ! Pelve08ce frane
menory 218 in FIG 2. A nmacroblock 305 in FIG 3 is a to-be-encoded
macr obl ock, which is generated by usi either or both of a reference

macr obl ock 303 in the reference frane 300 and a reference nmacrobl ock 304
in the reference frame 301. Vectors 306 and 307 are notion vectors, which

respectively indicate the positions of .th ref erence macrobl opcks 303 and
304. In encSdYd QﬁaFQSn,re¢9€598F &8Ciﬁa&PoBF88ESaﬁ88rHBFgck vector and

data. a seangfy i Jiale L9L<an ALedlal] Q0 IOYR L ak L BS 0phlRL oML i on

t o- be- encode . decodi ng oper ati a predictive S|gnaF IS generated
by using thejd®idedn scRbadl ehi-eairgdacerntairdedatichheagacqdadeps FIGS. 4
and 5 show exanples of inter-frane

of generating a reconstructed video signal by using

the generated predictive block signal and the decoded

predictive error signal.

Brief Description of Drawings

FIG. 1 is a block diagram showing a video encoding
method according to the first embodiment of the present
invention;

FIG. 2 is a block diagram showing a video decoding
method éccording to the first embodiment of the present
invention;

FIG. 3 is a view showing an inter-frame prediction
relationship in video encoding and decoding methods

aécording to the second embodiment of the present




fourth enbodi nents of the present invention. FIG 4 shows | e of
using a plurality of past reference franes, i.e., a linear

- extrapolation prediction. FIG 5 shows an exanple of wusing a plurality of
past and future reference franmes, 1i.e., a linear interpolation prediction.
Referring to FIG 4, a frame 404 is a %9-be-encoded franme, and franmes 400
-to 403 are 25 reference frames for the frame 404. Reference nunmeral 413 in
FIG 4 denotes an encoded macrobl ock 413. In encoding operation, reference
“macr obl ocks 3409 0 412 11 July 2006 34 in FIG 4) are extracted fromthe
respective rePEFBhEE" frames for each to-be-encoded macrobl ock in

aceor dance i (4941 09 YECLOLS(A0RAAInA08n! nFLE. cdhulob b crigEPect | ve

reference franes. Ctive macro IS generate roma plurality

of 1eference, URCoBhofks. 1RYvaqbbNEALo8XhEARRLANLEBAPhEIRELhORS A

combi nation of a prediction e and one of a pluralify of reference
macr obl ocks Qgcarﬁ!?ﬁlgoﬂovﬁﬁféoﬁhi@&hbﬁbbﬁ_ﬁlﬂeﬁt”bE" FHE predigti ve error in
edi

prediction using three or nore reference franes accordingliﬁuégﬁﬂéhird and
20

one of 10 pr ctron nodes for a predictive macrobl ock based on a |inear
predi cgion is,geheetgd. One conbination of |inear predictive coefficients
is determ ned for each to-be-encoded frame froma change in average

| um nance ' FIG. 5 is a view showing an inter-frame prediction

relationship in video encoding and decoding methods
- according to the fourth embodiment of the present
invention;

10 FIG. 6 is a view for explaining vector information
encoding and decoding methods according to the fifth
embodiment of the present invention;

FIG.‘7.is a view for explaining vector information
encoding and decoding methods according to the sixth

15 émbodiment of the present invention;

FIG. 8 is a view for explaining vector information
encoding and decoding methods according to the seventh
embodiment of the present invention:;

FIG. 9 is a block diagram showing a video encoding

20 -apparatus for executing a video encoding method
according to the eighth embodiment of the present
invention;

FIG. 10 is a flow chart showing a sequence in a
video encoding method according to the ninth embodiment

25 of the present invention;

| FIG. 11 is a view showing an example of the data

structure of the picture header or slice header of




between franes over tine or the |like. The determ ned 15 coq?iqgtiga of
predi ctive coefficients is encoded as header data for the dUB298% coded
frame. The notion vector of each macrobl ock, a prediction node, and a
predictive error signal are encoded for each macrobl ock. 20 In decoding
operati-on, a conbination of linear predictive coefficients received for
each frane is used to generate a prediggive macr obl ock for each nacrobl ock
froma plurality of reference frames in“accordance with a notion vector
and prediction node information. The 25 encoded data is decoded by addi ng
the predictive macroblock to the predictive error signal. Referring to
FIG 5, a fr&sebso2ncedgd Vigigloy d2te6 135 the- bdndhc eadddimemtE; and franes
500, 501, 503, and 504 are reference franes. In the case shown in FIG 5,
in encodi ng oper &tli%n l#nd Sdéc ydiaty Hperiad o everfeamds thepelatsol, 503,
504, and 502 are rearranged in this order. In the case of encoding, a
plurality ofSESB&FurﬁeESdemﬁFngﬂgcir8§e§°§P§“ﬁ§€8d§9Péﬁ@?eﬁégafranes.

In the case of ggcodLng amglgnali y of encoded franmes are used as
reference frafes CFBr " 6768%EREGEEd macrobl ock 511, one of reference

raor obkocks, 05, B4R 4% $12s ML AL e et ve ot anal
 structure of to-be-encoded video data according to the
ninth embodiment;

FIG. 14 is a flow chart showing a seéuence in
a video decoding method according to the ninth

10 embodiment;

FIG. 15 is a view for explaining temporal linear
interpolation in the ninth embodiment;

FIG. 16 is a view for explaining temporal linear
interpolation in the ninth embodiment;.

i5 - FIG. 17 is a view showing an example of a linear
predictive coefficient table according to the first and
eighth embodiments;

FIG. 18 is a view showing an example of a linear
predictive coefficient table according to the first and

20 eighth embodiments;

FIG. 19 is a view showing an example of a table
indicating reference frames according to the first and
eighth embodiments; -

FIG. 20 is a block diagram showing a video

25 encoding apparatus according to the 10th embodiment of
the present invention;

FIG. 21 is a block diagram showing a video




sel ected on a macrobl ock basis and encoded, as in the enb?ﬂhqegt éhomn in
FIG 4. FIG 6 shows encoding and decodi ng methods for 15!ht¥eR%ect or
information according to the fifth enbodi nent of the present invention.
Assume that in inter-frame encoding operation using a plurality of
reference frames as in the enbodi ment shown in FIG 3, a predictive
macr obl ock signal is generated for each220 to-be-encoded nacrobl ock by
using a plurality of reference macrobl ock signals. In this case, a
plurality of pieces of notion vector information nust be encoded for each

macrobl ock. IeLefiore. 8 1NGs MUIhel 0l Meroll aehs, Ladhe telsr igd to

i ncr eases, tﬁ@ ion vector infornmation to be encoded

i ncreases. Thi . ri-oration. in encoding efficiency. According
to the net hoghé%’hg)\;\%n%ssﬁeﬁl%%q}e&tll%fﬂ]uI y 2006 36 when a predictive macrobl ock

signal is to be gengsatgd ; by, extd,ACHAG AETH] QIGAITRCIIDIOG i gnal s from

two reference franes,. respectively, one notion véctor and "the notion

vect or obtai ned iy 1S6R I1NGdhe graldi et iMRC e 1T il cAE GO LERBER 1 Wt ot he
inter-frane distance are used. A frane 602 is a to-be-encoded franme, and

framess 601 ape¢ AR AiGdmef eenee bramest Veslatsontl and 610 are notion
vectors. Each black point indicates a pixel position in the vertical
direction;, and eadi@hid® is a view showing an example of a table

showing reference frames according to the embodiment of

the present invention;

FIG. 24 is a view for explaining a motion vector

iO information predictive encoding method according to the
embodiment of the present invention;

FIG. 25 is a view for explaining a motion vector
information predictive encoding method according to the
embodiment of the present invention:

15 FIG. 26 is a block diagram showing the arrangement
of a video encoding apparatus according to the fourth
embodiment of the present invention:;

FIG. 27 is a view for explaining an example of a
linear predictive coefficient determination method

.20 “according to the embodiment of the present invention;

FIG. 28 is a view for explaining an example of a
linear predictive coefficient determination method
according to the embodiment of the presenf invention;

FIG. 29 is .a view for explaining an example of a

25 linear predictive coefficient détermination method
according to the embodiment of the present inﬁention;

FIG. 30 is a view for explaining an example of a




10 point indicates an interpolated point wwth a precision g& 6 gixel.
- FIG 6 shows a case wherein a notion conpensation predlctﬂ uly 2 B rf or med
with a precision of 1/4 pixel. A notion conpensation pixel precisionis

. defined for each encoding schene as 1 pixel, 1/2 pixel, 15 1/8 pixel, or

the like. In general, a notion vector is expressed by a notion
conpensation precision. A reference piggure is generally generated by
interpolating the picture data of reference franes. Referring to FIG 6,
wWith regard to a pixel 605 in 20 the to-be-encoded frame 602, a point 603
vertically separated, by 2.5 pixels, .fr i xel Lo t he r%f rence frane

I .
600 whi ch coﬂﬁ§§ﬁ6n8§eﬁécFﬁgepF?@Eféﬁéepg dPEEEPFEG £80 B5&"PHe noti on
vector 610 indicatin .5 is_enc d h other hand,
a 25 notion FEEPEFALR tgﬁd HS Pﬁﬂﬁ%ﬂ&ng §|%Eﬁ5pf85%ﬁ% e e%eﬁce frame 601
s generated by s t he en d . _not r _Qal cordance th
;heginter-frang 1%%55I312656 3%9gﬁéggﬁcgk%&a{§§h§ ggsgxa%ﬁg%ngfﬁgn vegtor

611 extendiggpgggngkggﬁekiﬁg 80219t 0B hATR A0MateoR meesber

correspondin 5 pixels froma pixel in the frane
601 Coéresloogg BQldtiggt RE BnRi XghoB9Rehl BQn%hgefs@E's@HtOfinTv@ﬁtl:LBher frame

di st ance. 4 in the reference frane 601 is used as a reference
pi xel for the p'X%ﬁG60@2'ﬂstﬁevﬁ@waD@HQQ@lenlng a motion vector
search method according to the embodiment of the
present invention;
FIG. 33 is a view for explaining a motion vector
i0 search method according to the embodiment of the
present invention;

FIG. 34 is a view for explaining a motion vector
encoding method. according to the embodiment of the
present invention;

15 FIG. 35 is a view for explaining.a motion vector
| encoding method according to the embodiment of the
present invention;

FIG. 36 is a view showing an inter-frame
prediction relationship according to the embodiment of

20 the present invention;
| FIG. 37 is a view for explaining a motion vector
encoding method according to the embodiment of the
present invention;

FIG. 38 is-a view for explaining a motion vector

25 . encbding method according to the embodiment of the_
preSent invention;

FIG. 39 is a view for explaining a motion vector




frame 602. Since notion vectors are scaled with the sane 12 Ereci ion in
encodi ng and decodi ng operations, only one notion vector b&dE 2090 pe
encoded for each macrobl ock even when a to-be-encoded nacrobl ock refers to
a plurality of frames. In this case, if the notion vector scaling result
does not exist on any of sanpling 15 points with the notion conpensation
precision, the scaled notion is rounded,by rounding off its fractions to
t he nearest whole nunber. FIG 7 shows a notion vector information encoding
and decodi ng net hods according to the sixth enbodi ment 20 of the present-

i nvention, which differ fromthose of the enbodiment show in FIG 6. In
the enbodi mefRcO§hBENTERIPLGacEOTRHEW ttve HEMSEPAIFEH P Isfé€d of a video
picture is constant, the overhead for notion vectors with respect to
encoded dat aPE&FeBE PVEEILeRy 25 reduced. In a case wherein the tenporal

novenent of a -vi pi.cture is..nonotonqus_.but. the noving, spe IS not
constant, the useqﬁ?"aqgji ﬁﬁ Y2 sfclﬁwed: i gﬁlo\y"el&gora %fﬂ%u% 3%%5006 38 | ead
to a decrease.i;n predigtiqon _effici.ency a h cr i n encodi ng
efficiency. VﬁdFﬁeeggggaéﬁoﬁ%qoé%l§%6%07E%gé%&%%t gmggégﬁgﬁgﬁn in FIG 6, a

predicgive Egéglnksigggﬁ%qbgd fromtwo reference frames 700 and 5 701 by
using-a pixe 6 as’a reference pi xel . Assune _

' FIG. 41 is a view for explaining a weighting
prediction according to the embodiment of the present
invention;

FIG. 42 is a view showing the data structure of

10 .a picture header or slice header according to the
embodiment of the present invention;

FIG. 43 is a view showing the first example of the
data structure of a weighting prediction coefficient
table according to the embodiment of the present

15 invention;

FIG. 44 is a view showing the second example of
the data structure of a weighting prediction
coefficient table according to the embodiment of the
present invention;

20 - FIG. 45 is a view showing the data structure of
| to-be-encoded video data according to the embodiment of
the present invention; and

FIG. 46 is a flow chart showing a procedure for
video decoding according to the present invention of

25 the present invention.
Best Mode for Carrying Out the Invention

FIG. 1 is a block diagram showing a video encoding




that a pixel 703 in the franme 700 and a pixel 705 in the frame 701 are
referred to. As in the fifth embodi ment shown in FIG 6, allf¥i2Z880vector
710 with respect to the frane 700 is 10 encoded. A differential vector 720
bet ween a notion vector 711 with respect to the frane 701 and the vector
obtai ned by scaling the notion vector 710 is encoded. That is, the vector
generated by scaling the notion vector 410 to 1/2 indicates.a pixel 704 in
the frame 15 701, and the differential vector 720 indicating the
difference anbunt between the predictive pixel 705 and the pixel 704 is
encoded. In general, the magnitude of the above differential vector

decr eases wi BRPEESHESt Whd Chia s&RYded 13y Visifst sisest idsy @sdied Even i f,
therefore, 20 the noving speeg is not caonstant, the prediction efficiency
does not decPE58EI1ZHd t&h dh SaTERt pd PHESE ror Y SR3HO8n vect or i s

d. Thi kes it ible t f ffi.cient ding. FIG 8
shows stil| BERGFOBE Gff VECCorPRREGIEYI 6n P25 addd Agait 860odi ng

et hods according o the, sevenih g eabadient of dihe regent Lavention. In

t he embodi medt “CSAOWH i 1 I's a to-be-éncoded frane, 39
o 8 CBhe SRR LRl B e s, LRI ol icfan 20 b o
800 and a pkxgl +8@5 rir3rlhetheker ence . e Bl rarendeed radfe memory
118. A predictive macroblock selecting unit 120
selects an optimal predictive macroblock from the
predictive picture. A subtracter 110 generates a
10 predictive error signal 101 by calculating the
difference between an input signal 100 and a predictive
signal 106. A DCT:({Discrete Cosine Transform}) unit 112
performs DCT for the predictive error signal 101 to
sénd the DCT signal to a quantizer 113. The quantizer
© 15 113 quantizes the DCT signal to send the gquantized
signal to a wvariablé length encoder 114. The variable
length encoder 114 variable-length-encodes the
quantized signal to output encoded data 102. The
variable length encoder 114 enccdes motion vector
20 information and prediction mode information (to be
described later} and outputs the resultant data
together with the encoded data 102. The quantized
signal obtained by the quantizer 113 is also sent to a
dequantizer ilS'to be dequantized. . An adder 121 adds
- 25 the dequantized signal and the predictive signal 106 to
| generate a local decoded picture 103. The local

decoded picture 103 is written in the first reference




5 reference pixels to generate a predictive pixel. As in the enmbodi nent
~shown in FIG 6 or 7, a notion vector 811 with respect t oll hyREP@r ence
frame. 800 is encoded. A notion vector with respect to the reference frane
801 can al so be generated by using the 10 noti on vector obtained by scaling
the notion vector 811. In the case shown in FIG 8, however, the notion
vector 811 nust be scaled to 2/3 in con bderation of the distance between
the reference frane and the to-be-encodéd frame. In the enbodi nent shown
in FIG 8 15 and other enbodinments, in order to performarbitrary scaling,
division is required because the denom nator becones an arbitrary integer
ot her than afpemer meftozy INDt.i on vectors nust be scal ed in both encoding
operation and decodiqgioperation. Division, ip 20 particular, requires nuch

cost and conput at i'gh fife gpodigiant oftNotF Hhirdnate P s otidi e,

resulting in_ increases jin encoding and decodi ng cost.s. .I.n_the _epbodi nent
shown in FIGLO§, 1% r‘?ﬁﬁoéiﬁ‘i/g’éft 6r DC%lGr(?B’tsdﬁoﬁfé‘H &VM’CI%%gaﬂggb
t 0o- be-encoded matiqn 25 vector 811 with_the inter-fr di stance is
encoded. Th¥adifPde %%V§@F8 lﬁgfmeé%”Y?ﬂ?ﬁhﬁﬁhﬁh%@gbtor obt ai ned by

soel g the BOLI SR O, VBB AR,y ZOB6AQara, (e oft gina
to'be'enCOde%rEE%%%rﬂﬂdor the variable length encoding may be
.replaced with arithmetic encoding.
In this embodiment, a local decoded picture of the
frame encoded immediately before the current frame is
10 stored in the first reference frame memory 117, and a
local decoded picture of the frame encoded further
before the above frame is stored in the second
" reference frame memory 118. The predictive macroblock
generating unit 119 generates a predictive macroblock
15 signal 130, predictive macroblock signal 131, |
predictive macroblock signal 132, and predictive
macroblock signal 133. The predictive macroblock
signal 130 is a signal extracted from only the picture
in the first reference frame memory 117. The
20 predictive macroblock signal 131 is a macroblock signal
_ektracted from only the picture in the second reference
frame memory 118. The predictive macroblock signal 132
is a signal obtained by averaging the reference
macroblock signals extracted from the first and second
25 reference frame memories. The predictive macroblock
-Signal 133 is a signal obtained by subtraéting the

. reference macroblock signal extracted from the second




each reference frame. That is, the reference pixel 804 is ?enerated from
the notion vector obtained by 5 tripling the normalized not @HY@@Qéor 810

and a differential vector 820. The reference pixel 805 is generated from
the notion vector obtained by doubling the normalized notion vector 810
and a differential vector 821. The nethod shown in FIG 8 prevents an 10
i ncrease in the encodi ng, overhead for g@tion vectors w thout decreasing
the prediction efficiency. In addition, ”since scaling of a notion vector
can be done by nultiplication alone, increases in the conputation costs
for encodi ng and decodi ng operations can also be 15 suppressed. FIG 9 is
a bl ock di agkgiegEngevifdescenecndivyg 1 18y Farat ude whigola lexdddutiesda byi deo
encodi ng nethod _according to the eighth enbodi nent of the present
i nvention. |A°PRéiePgkhR anBddtest ola thede efetreniciengazlolmliccko00 for an
i nput picture 900 is added to the video K encoding apparatus according to
t he macrobl oERIBROWRXER2EFE] fromhéheadd radt aafiengnasi L1908 awenlvat es an
aver age Iuniﬂiﬂce iglue for eaﬁh frame o& the input video signal. If a
change in | uhidancé858r PEFHECHAY Cae5 TP @ste ShDREd Ss P Se extacsed
det er nkned t? t he_pi.ctur is a fadi.ng pi,cture. A result 901 is notified
1o a n%redic ?ég ﬁnaghE%F%§¥iﬂ BRPE i?g$ i ?b?yrQEBSCtlve frames
to generate a plurality of predictive macroblock
signals.
The predictive macroblock selecting unit 120
calculates the difference between each of the plurality
10 of predictive macroblock signals generated by the
predictive macroblock generating unit 119 and the
to-be-encoded macroblock signal extracted from the
input video signal 100. The predictive macroblock
selecting unit 120 then selects one of the predictive
15 macroblock signals, which exhibits a minimum error for
each to-be-encoded macroblock, and sends the selected
one to the subtracter 110. The subtracter 110
calculates the difference between the selected
 predictive macroblock signal and the input signal 100,
207 and outputs-the predictive error signal 101; The
position of the selected predictive macroblock relative
to the to-be-encoded macroblock and the generation
method for the selected predictive macroblock signal
(cne of the signals 130 to 133 in FIG. 1) are respec-
25 _tively encoded as a motion vector and prediction mode

‘for each to-be-encoded block.

The variable length encoder 114 encodes the




41 If the fade detecting unit 900 determnes that the input _picture is a
fading picture, a prediction node is |limted to a predictﬂmeVFBaéone
reference frane or a  prediction based on |inear extrapolation or |inear 5
interpolation of a plurality of reference franes. An optiml notion vector
and prediction node are then determ ned for each macrobl ock. The first
flag indicating the determ ned notion yector and prediction node is
written in the header of a macrobl ock, 4hd a 10 predictive error signal is
encoded. Meanwhile, the second flag indicating a possible prediction node
conbination is witten in the header data of the frane. If the fade

det ecti ng uneRcoded deterepmbbichentt detapl 62 uplet 2 nadt thrbudhnghei cture, a
prediction mode is 15 limted to a _prediction fromone reference frane or a
predi cti on PRsEdtERTfrRRerhbe Rfueuyrthzer ukhdiayd sideeference frames.
An opti mal npt%on vect or. and rediction node are then determ ned. The
nmotion vecttrIOMRAEFR W i th! nodet 2 iR gr B R VORI YoFter ghafor®®a™ 101 are

crcoded, Whep, e gots encoged by he, el of, Lhe epbpdent show
delerned LS OIAN I bRlo 2y peceI 26 12! caldng Bl ecl gl on 20 .
each macrobl gok, and\d heaea as encoded data 108. The encoded data
108 is sent out to a storage system or transmission
system {(not shown).
In this case, when a videc signal is formed of
10 a luminance signal and chrominance signals, the
predictive signal 106 is generated by applying the same
motion vector and prediction mode to thelsignal
components of the respective macroblocks.
FIG. 2 is a block diagram of a video decoding
15 apparatus, which executes a video decoding method
according to an embodiment of tﬁe present invention.
The video decoding apparatus in FIG. 2 receives and
decodes the data encoded by the video encoding
apparatus according to the first embodiment shown in
20 FIG. 1.
More specifically, a variable length decoding unit
214 decodes the variable length code of input encoded
data 200 to extract a predictive error signal 201 and
prediction mode information 202. The predictive error
25 signal 201 is subjected to dequantization and inverse
DCT in a deéuantizing unit 215 and inverse DCT unit

216. The resultant data is added to a predictive




determ ned prediction node. The encoded predictive 11 July 2306 42 error
signal is decoded and added to the predictive signal to déé ¥ 208 encoded
data. This nmethod can reduce the encodi ng overhead for prediction node
~information. 5 A sequence in a video encoding nmethod according to the

ni nt h enbodi nent of the present invention will be described with reference
to FIG 10. To-be-encoded video franes are i nput one-by one to a video
encodi ng apparatus (not shown). A fading2l0 picture is detected for each
slice formed froman entire frane or a plurality of pixel blocks in the
frame on-the basis of a change in intra-frane average |um nance val ue over

time or the 3indstam S gdhesinigle ddRIRprofl Gl om gpde of Iinear sum
C

predi ction 15 node is selected for each pixel "blo inaframe. The single
frame prediction mude decaddd e edian apde Ofyr- gener athng g predictive
pi xel block signal by selecting one optimal reference frane froma
plurality of refefremence famneemoihe dimearrhsupiiddiction mda ima 20
prediction node of generating a predictive pixel block by a prediction
based on the il rgemersthmdbobut wo prieefiertdvee mpictelb e kystiagnal ing mitthe
~linear sumprediction node, when an input video picture is detected as a
f adi ngopi ct urd? @nd predictive macroblock selecting unit 220 from
picture signals 204 and 205 in accordance with the
motion vector and prediction mode extracted from the
encoded data 200. The picture signal 204 is a picture
signal decoded immediately before the encoded data 200
10 and recorded on the first reference frame memory 217.
The picture signal 205 is a picture signal decoded
before the picture signal 204 and stored in a second
reference frame memory 218. The predictive signal 206
is the same predictive signal as the predictive
15 macroblock signal used at the time of encoding.
FIG. 3 schematically shows a relationship of an
inter-frame prediction using two reference frames in
video encoding and decoding methods according to the
second embodiment of the present invention. FIG. 3
20 shows a to-be-encoded frame 302, a frame 301
immediately preceding the to-be-encoded frame 302, and
a frame 300 further preceding the frame 302. While the
frame 302 is encoded or decoded, a decoded picture of
the frame 301 is stored in the first reference frame
25 memory 117 in FIG. 2 or the first reference frame

memory 217 in FIG. 2, and the frame 300 is stored in

the second reference frame memory 118 in FIG. 1 or the




25 tenporal linear interpolation (interpolation or extrapolatiaon based on
an.inter-franme tine distance) prediction is perfornmed to ébﬁ@yépgﬁa '
predictive pixel 11 July 2006 43 block. If the input video picture is not a
fading picture, a predictive picture block is generated from the average
val ue .of two reference pixel block signals. Second to-be-encoded node
information indicating 5 whether a linear sumprediction using a plurality

- of franmes is an average value predictigmor tenporal |inear interpolation

prediction is encoded as the header data of a franme (picture) or slice
(step S2) It is checked whether or not the input video 10 picture is a

fading pictur (I erm th he.i nput video picture
is a fading. %?ccéz u?gfég%r%%%%d#%%ﬁ%@wc%fgelxhrilgﬁé‘ & hi gher encodi ng

pi x| bl ek T1om an e Soenar Ry pode of 126l ot rg EOSPho LRI ot i on bl ock

pi xel block froman 15 encoding no selecting a single

froma pluraliddrsdldet engnce ff@%éﬁﬁh %33) @%n%hsq{k%qup e based
ste S

on a tenporal linear interpolation prediction (step ). A
macrobl ock heatles womdmdridgndd@idat Bneodi nghe 2% MG, dNfQrmL | On

indicating the single frane prediction node or |inear sum prediction node
and ot Her pi edEs wfd d Nfefiomiicon rcanedidlg 30e selad ed racediag mode
frame 301. Vectors 306 and 307 are motion vectors,
which respectively indicate the positions of the
reference macroblocks 303 and 304. In encoding
operation, a search is made for an optimal motion

10 " vector and prediction mode for the to-be-encoded
macroblock 305. 1In decoding operation, a predictive
macroblock signal is generated by using the motion

 vector and prediction mode contained in the encoded
data.

15 FIGS. 4 and 5 show examples of ‘inter-frame
prediction using three or more reference frames
according to the third and fourth embodiménts of the
present invention. FIG. 4 shows an example of using a
 p1ura1ity.of past reference frames, i.e., a linear

20 extrapolation predigtion. FIG. 5 shows an example of
using a plurality of'past and future reference frames,
‘i.e., a linear interpolation prediction.

Referring to FIG. 4, a frame 404 is a
to-be-encoded fréme, and frames 400 to 403 are

25 reference frames for thé.frame 404. Reference numeral
413 in FIG. 4 denotes an.encoded macroblock 413. In

encoding operation, reference macroblocks (409 to 412




(e.g., the identification information of a reference frame to be used for
g p?ediction and notion vector) is 25 encoded (step 510).1kﬁﬂaﬂp9§ t he
differential signal (predictive error signal) between the sel ected
predictive block signal and the signal of the to-be-encoded block is
encoded (step S11), and the encoded data is output (S12). If NOin step
S3, an optimal encoding node is selected fromthe single frane prediction
node (step 5 S6) and the average val ue3arediction node (step S7) (step
S9). Subsequently, in the same nanner, encoding of the information
concerning the encodi ng node (step S10) and encoding of the differential

signal (step;i®lBrg.arg RE' %rx%c%a% gach Il%lsg%ll%qiqlealf rf%pn;e or, slice is

encoded in accordance wth the fade detection. r in'ste "~ and

encodi ng of &hlandche MRirxeladp eeksd-rRRRidd ?r[g%ro(lﬂi?%twri%) Vcgld ce is

e
conpleted (step S12), fade detection is perfornmed with respectr%o t he

frame or 15 siiit¢ernionibe erceded nes (2t e@sShh rErcodingd,s tperformed
through simlar steps. 20 According to the above description, one frame is

encoded as omespiecttive. rdfeeeaice drenfsane ARy B8 cteReodadras1eRe pi cture
on a field basis. FIGS. 11 and 12 show the structure of to-be-encoded
vi deo 8at a adeonegnegatedt Hirsmembpdiumeitity of reference macroblocks
by a linear extrapolation'prediction.
A combination of a prediction mode and one of a
plurality of reference macroblocks or a motion vector
.exhibiting a minimum predictive error in one of
i0 prediction modes for a predictive macroblock based on a
linear prediction is selected. One combination of
linear predictive coefficients is determined for each
to-be-encoded frame from a change in average luminance
between frames over time or the like. The determined
15 combination of predictive coefficients is encoded as
header data for the to-be-encoded frame. The motion
vector of each macroblock, a prediction mode, and a
predictive error signal are encoded for each
macroblock.
20 ' | In decoding operation, a combination of linear
| predictive coefficients received for each frame is used
to generate a predictive macroblock for each macroblock
from a plurality of reference frames in accordance with
"~ a motion vector and prediction mode information. The
25 = encoded data is decoded by adding the predictive_'
| .macroblock to the predictive error signal.

Referring to FIG. 5, a frame 502 is a




FIG 11 shows part of the data structure, which includes the header data
of a picture OP slice. FIG 12 shows part of nacroblock.daﬂbﬁﬂVQO %he header
25 area of the picture or slice, the following information is encoded:
information "time info to be displayed" concerning the display tine of a
t 0- be- encoded frane, 11 Jul y 2006 45 and flag "linear_weighted_prediction
flag" which is the second encoding node information indicating whether or
not an average value prediction is seled®%d. In this case,

“linear_wei ghted_prediction_flag" = 0 represents 5 an average val ue
‘prediction, and "linear_weighted prediction_flag" = 1 represents a

tenporal |inegg_y i edi.cti T cqﬁff of | cture or
sl irrge cont ai ﬁgéabé%ﬁ%% yplf)%‘ﬂ%e'ng% edﬂn]aanéer%gﬁcgg’k a ’a.c?g’ch‘—’1 cifdo |l ock 10
~data has a stametiseetdi@ thatmshown i nf %as]@-séid%ﬁ he, header, argea of the

macrobl ock data, information (first encoding node I nf?r mat1'on)’ i'ndi cati ng
a single framcqtiad dpanbasednn deRlier ehidigls,f e Sfaks
prediction based on the |linear sumof a plurality of 15 franmes is encoded
as "macrobl ock0G,ypel,, tiafet a4 widr S8 ectd ardrifa@igERt iien gncerning a
reference frame, notion vector information, and the like. FIG 13

schematS cal | ywishows the Wheerade dfi rmcseriings . st plckwle tof dha deeribe- encoded

vi deo data .
o - decoded picture frames are used as reference frames.
In the case of decoding, a plurality of encoded frames
are used as reference frames. For a to-be-encoded |
macroblock 511, one of reference macroblocks 508, 510,
10 512, and 513 or one of the predictive signals obtained
from them by linear interpolation predictions is
seiected on a macrobleck basis and encoded, as in the
embodiment shown in FIG. 4.
FIG. & shows encoding and decoding methods for
i5 motion vector information according to the fifth
embodiment of the present invention. Assume that in
inter~frame encoding operation using a plurality of
reference frames as in the embodiment shown in FIG. 3,
é predictive macroblock signal is generated for each
20 - to-be-encoded macroblock by ﬁsing a plurality of
.reference macroblock signals. In this case, a
plurality of pieces of motion vector information must
be encoded for each macroblock. Therefore, as the
number of macroblocks to be referred to increases, the
25 . . overhead for motion vector information to be encoded
increases. This causes a-detefioration.in encoding

efficiency. According to the method shown in FIG. 6,




20 including the structure shown in FIGS. 11 and 12. In the_head of the

t o- be-encoded data, information of a plurality of encodlné @gygﬂﬁﬁers
which remain constant w thin one encodi ng sequence, such as a picture
size, is encoded as a sequence header (SH). 25 Each picture frame or field
is encoded as a picture, and each picture is sequentially encoded as a
conbi nation of a picture header (PH) and picture data 11 July 2006 46
(Picture data). In the picture header (BH), information
"time-info-to-be-displayed’ concerning the display tinme of the

t 0- be-encoded frane shown in FIG 11 and second encodi ng node infornation 5

"linear wei ghtied, Py sk &dd O d %c@am&épsef Aavle' @&G&ed n%sr and L\P.
and

The picture data is divided 1nto one or urality of sl ces

the data arg,sequanid@ldy @mdﬁ&é%a&%%hééﬂ %%quenkélnt e SL_C an

encodi ng paraneter a5500|ated wi th each pixel slice is
encoded as a :dfeheaderan(cd) reatiORR10f, il WA idy xfgctf&“a%lei eck data

(MB) are sequentially encoded follow ng the slice header SH.
nmacr obl ock datre M tciant aiqtscancaded rdat & MVBEAfing e altadkh tv)é@ee Mhich is

the first encoding node 15 information shown in FIG 12, the encoded
i nforneéti on igorceratidepeEncddinghef iederfireele idistthecsmenrebheel. e.g.,
not i on vector information (M), and the
A frame 602 is a to-be-encoded frame, and frames
601 and 600 are reference frames. Vectors 611 and 610
are motion vectors. Each black point indicates a pixel
position in the vertical direction, and each white
10 point indicates an interpolated point with a precision
of 1/4 pixel. FIG. 6 shows a case wherein a motion
compensation prediction is performed with a precision
of 1/4 pixel. A motion compensation pixel precision is
“defined for each encoding scheme as 1 pixel, 1/2 pixel,
15 1/8 pixel, or the like. 1In general, a motion vector is
expressed by a motion Compensationlprecision. A
reference picture is generally generated by
interpolating the picture data of reference frames.
Referring to FIG. 6, with regard to a pixel 605 in
20 the to-be-encoded frame 602, a point 603 vertically
separated, by 2.5 pixels, from a pixel in the reference
.frame 600 which corresponds to the pixel 605 is
referred to, and the motion vector 610 indicating a
shift of 2.5 pixéls is encoded. On the other hand, a
25  motion vector extending from the pixel 605 to the’

reference frame 601 is generated by scaling the encoded

motion vector 610 in accordance with the inter-frame




orthogonal transform coefficient (DCT) obtained by perfornin%.an

orthogonal transform (e.g., a discrete 20 cosine transfornﬂléFY@WQ5

t o- be- encoded pi xel signal or predictive error signal and encoding it. In

" this case, second encodi ng node information

"l inear-wei ghted-prediction-flag" contained in the picture header HP may
be encoded by the slice header SH 25 for each slice. A sequence in a video
decodi ng net hod according to .the nintB’%nbodiment will be described bel ow
with 11 July 2006 47 reference to FIG 14. In the video encodi ng nethod of

t hi s enmbodi nent, encoded data which is encoded by the video encodi ng

met hod shown diktRlze 10 Bndhas @ndit aisd mst e Jddke b dihat shown in FI GS.
11 and 12 is input and decoded. The header information of a picture or

slice cont ai nederdiddeftgmputhe gdiede dag @b 1o dacodatmdMoa speci fical ly,
information "time-info-to-be-displayed" concerning the display tine of a
t 0- be- encodedrdatarre andresbrsbicondenc atiing: nmde imforEmat.i2én pixels
"l inear_weighted prediction_flag" are decoded (step S30). In addition, the
header i nf or fetdmore ¢fixealchin Moy dasesk 6 tdve pEsgtamdd nor tsl ithe i s decoded.
That 15 is, "macrobl ock type" including the identification
5 pixel 605 in consideration of the inter-frame distance.
A pixel 604 in the reference frame 601 is used as a
reference pixel for the pixel 605 in the to-be-encoded
frame 602.
Since motion vectors are scaled with the same
10 - precision in encoding and decoding operations, only one
| motion vector needs to be encoded for each macroblock
even when a to-be-encoded macroblock refers to a
plurality of frames. In this case, if the motion
vector scaling result does no£ exist on any of sampling
15 © points with the motion compensation precision, the
scaled motion is rounded by rounding off its fractions
to the nearest whole number.
FIG. 7 shows a motion vector information encoding
and decoding methods according to the sixth embodiment
20 of the present invention, which differ from those of
the embodiment shown in FIG. 6. In the embodiment
shown in FIG. 6, when the temporal moving speed of a
video picture is constant, the ovérhead for motion
vectors with respect to encoded data can be efficiently
25 . reduced. In a case wherein the temporal movement of a

video picture is monotonous but the moving speed is not

constant, the use of a simply scaled motion vector may




information of a reference franme, notion vector informati and first
encodi ng node information and the |ike are decoded (step %éi?y 2096t he
decoded first encodi ng node information 20 indicates a single frane
predi ction, a predictive block signal is generated in accordance with the
identifica- tion information of a reference frame and prediction node
i nformati on such as notion vector information (step S34). Assune the first
encodi ng node i nformation 25 indicates §8prediction based on the linear sum
of a plurality of frames. In this case, in accordance with the decoded
second encodi ng node information (step 11 July 2006 48 S33), a predictive
signal is generdt ed hydectbesecann aveddgeipnedifcticonnngt hbod hshep &35) or a
tenporal linear interpolation prediction nethod (step S36). The encoded
predictive edecressgnah escdddodeefdndicbcgddednt bheheapeedhowhveénsi gnal .
Wth this operation, a decoded picture is generated (step S37). Wen each
macr obl ock i KIthe7pi esuie sheskirse isbowaqdantial| § aeﬁéﬁééCtévartlng from
each macrobl ock head, and all _the macroblocks in the picture or slice are
conpl etel y 1916€é0éédg€§ﬁéﬁt3§8froﬂe688|ﬁ@f?§366ﬁséEﬁFF?eVQOpéP@orned
agai n, startln% froma picture or _slice head As described above,

[

accordPng to’f §YeHﬁéﬁﬂn§nPlxe#nf85nﬁF|BnregﬁE%Pﬁ?nBléﬁ odi fAig>BBes is
di virded IntOthat a pixel 703 in the frame 700 and a pixel 705 in

the frame 701 are referred to.
As in the fifth embodiment shown in FIG. 6, a
motion vector 710 with respect te the frame 700 is
10 encoded. A differential vector 720 between a motion
vector 711 with respect to the frame 701 and the vector
obtained by scaling'the motion vector 710 is encoded.
That is, the vector generated by scaling the motion
veétor 710 to 1/2 indicates.a pixel 704 in the frame
.15 701, and the differential vector 720 indicating the
difference amount between the predictive pixel 705 and
the pixel 704 is encoded. In general, the magnitude of
the above differential vector decreases with respect to
a temporally monotonous movement. Even if, therefore,
'20 the moving speed is not constant, the prediction
.efficiency does not decrease, and an increase in the
overhead for a motion vector is suppressed. This makes
if possible to perfdrm efficient encoding.
FIG. 8 shows still other motion vector information
25 °° encoding and decoding methods according to the seventh
| embodiment of the present.invention. In the embodiment

shown in FIG. 8, a frame 803 is a to-be-encoded frame,




the first encoding node information indicating a single 15 frane Brediction
or a prediction based on the linear sumof a plurality ofliﬁgﬁgg,ﬁand t he
second encodi ng node information indicating whether a prediction based on
a linear sumis a tenporal linear interpolation prediction or an average
prediction. The first 20 encoding node information is encoded for each
macr obl ock. The second encodi ng node information is encoded for each
picture or slice. This makes it possibPB& to reduce the encodi ng over head
for to-be-encoded node information while naintaining the 25 encoding
efficiency. That is, the second encodi ng node information indicates

br oad- based ghar gst@idsstaqas drd @0 afe suell Bk Rer2006 4%aaesa fading
picture. If, therefore, the second encoding node information is encoded
for each sligater a fAran® S0P ibEireaSkippecide WEMunte Ipeqii tedat o encode
~the encoding node information itself can be suppressed 5 while a great
deteriorati opiixelesdsdi reg peiffdlci8énicyincdie e fsusprass Sedras 860npaded with
t he nethod of encoding the information for each macrobl ock. Encoding the
first encodi wgxeddédnfior rdte ore fegrenceadiy amec 808l @gle waess aist possible to
determ ne an 10 appropriate node in accordance with the individual

char acBeri st refesensscpigedd 19 aepetats 2 prmddciiee pixel.

As in the embodiment shown in FIG. 6 or 7, a
motion vector 811 with respect to the reference frame
800 is encoded. A motion vector with respect to the
reference frame 801 can also be generated by using the
10 motion vector obtained by scaling the motion vector
811. 1In the case shown in FIG. 8, however, the motion
vector 811 must be scéled to 2/3 in consideration of
the distance between the reference frame and the
to-be-encoded frame. In the embodiment shown in FIG. 8
15 and other embodiments, in order to perform arbitrary
scaling, division is required because the denominator
becomes an arbitrary integer other than a power of 2.
Motion vectors must be scaled in both encoding
operation and decoding operation. Pivision, in
20 . - particular, requires much cost and computation time in
terms bf both hardware and software, resulting in
increases in encoding and decoding costs.
In the embodiment shown in FIG. 8, a motion vector.
810 obtained by'normalizing the to-be-encoded motion
:25_'. vector 811 with the inter-frame distance is encoded.
The differential vector between the motion vector

obtained by scaling the normalized motion vector 810




that partly appears and di sappears over tinme). This makes_ it possible to
“further inprove the encoding efficiency. 15 In this enbodﬂhﬁWﬂzogﬁnce t he
encodi ng frequencies of the first encodi ng node information and second
-encodi ng node information are determined in considera- tion of the
characteristics of video pictures, high-efficiency, high-picture-quality
encodi ng can be 20 done. A tenporal linear interpolation prediction in
this enbodinment will be described in ddtail next wwth reference to FIGS.
15 and 16. Reference synbols FO, Fl, and F2 in FIG 15 and 25 reference
synbols FO, F2, and FI in FIG 16 denote tenporally consecutive franes.

Refer i ng Fl Godl® 2N i d DG JUAIP Sk & 4 QR RICaded e decoded

11 July 2006 frame, a e franes are re erence

Assune that indhereModidieie shawedd dHSS ot Med 73 adievamari xel

block in a to-be-encoded frame or a to-be-decoded frane is predlcted from

the linear sumcof rdfrdimndefmrance fmaress, frHde dicheatesyaxpiediopation is
an average value prediction, a predictive plxel bl ock is generated from

the sinpl e aier agdeofatiche Meherercadyieotksexidrached inkHopyt he respective
reference frames. Letting refO and
5 - tripling the normalized motion vector 810 and a
differential vector 820. The reference pixel 805 is
generatéd from the motion vector obtained by doubling
the normalized motion vector 810 and a differential
vector 821. The method shown in FIG. 8 prevents an
10 .increaSe in the encoding overhead for motion vectors
- without decreasing the prediction efficiency. In
addition, since scaling of a motioﬁ vector can be done
by multiplication alone, increases in the computation
costs for encoding and decoding operations can also be
15 suppressed. |
FIG. 9 is a block diagram of a video encoding
apparatus, which executes a video encoding method
according to the eighth embodiment of the present
invention. In the eighth embodiment, a fade detecting
20 unit 900 for an input picture 900 is added to the video
encoding apparatus according to the macroblock shown in
FIG. 1. The fade detecting unit 9200 calculates an
average luminance value for each frame of the input
video signal. If a change in luminance over time has a
25 V. predetermined slope, it is determined that the picture

"is a fading picture. A result 901 is notified to a

' predictive mode selecting unit 120.




10 refl be the reference pixel block signals extracted from.the franes FO
and Fl, respectively, each of predictive pixel block signéﬂgmﬁﬂgaé in

FIGS. 15 and 16 is given by pred2=( refO+ refl ) / 2 (15) 15 If the linear
sum prediction is a tenporal linear interpolation prediction, a |inear sum
is calculated in accordance with the tine difference between a
to-be-encoded frame of a to-be-decoded frane and each reference frane. As
~shown in FIG 11, information 20 "tinmetd nfo-to-be-displayed" concerning a
display tinme in a picture or slice header area is encoded for each
~to-be-encoded frame. At the time of decoding, the display tinme of each

frame is cal cul ated eRet hggbagtsecceinghiifiitnboonattenniAesutrat hatiet he
display tinmes of 25 the franes FO, Fl, and F2 are respectively represented

by Dt O Dtl,;apdtb2ctdhe eabedisenhgshombuia, R Grddi exeoplnddesia 11 July
2006 51 10 linear extrapolation prediction for predicting the current
frame from t wompasd o asesredbet eobodromndne shofwremcd| 3railé exemplifies a
linear interpolation prediction fromfuture and past franes. Referring to
FIGS. 15 andp#éqditetonngafedbent heneameedisapmbetion or linear
5 interpolation of a plurality of reference frames. An
optimal motion vector and prediction mode are then
determined for each macroblock. The first flag
indicating the determined motion vector and prediction
mode is written in the header of a macroblock, and a
10 predictive error signal is encoded. Meanwhile, the
second flag indicating a possible prediction mode
combination is written in the header data of the frame.
If the fade detecting unit 900 determines that the
picture is not a fading picture, a prediction mode is
15 limited to a prediction from one reference frame or a
prediction based on the average value of a plurality
of reference frames. An optimal motion vector and
prediction mode are then determined. The motion
vector, predictién mode, and predictive error signal
20 101 are encoded.
| When the data encoded by the method of the
embodiment shown in FIG. 9 is to be decoded, a
prediction mode for each macroblock is determined from
the first and second flags indicating a prédiction
25 mode. A predictive macroblock signal is generated from

. a motion vector sent for each macroblock and the

determined prediction mode. The encoded predictive




bet ween two reference franes, and Rc be the tine distance fromthe earliest
reference frame with respect to a to-be-encoded frane to L hduly208@- encoded
frane, the tinme distance Rr is given by Rr=Dtl-DtO Rc=Dt2-DtO (16) In
both the cases shown in FIGS. 15 and 16, the linear extr.apol ation
prediction and liner interpolation prediction based on the above tine

di stances are calculated by 15 pred2={ (R-Rc)*refOtRc*refl } / R (17)
Equation (17) can be transforned into eﬂ ation (18): Pred2=refO +
(refl-refO* R/ R (18) In a picture such as a fading picture or
cross-fadi ng picture whose signal anplitude 20 nonotonously varies over
time between Jiraresidnag tismelddodesy drml sidypeal tanpihie pdediatiye | inearly
approximated wthin a very short period of tinme (e.g., equivalent to

three frames)sighali na kiesceibddienemcodaskrdsftar.e, Th ismdied hack ¢edt e
predictive picture can be generated by 25 perform ng tenporal |inear

i nt er pol at i onreducredheeeryceasdinat icorerdread r A4 O&t M9 i n accor dance
with the tinme distance between a to-be-encoded franme 11 July 2006 52 and
each of two rieffer@ade ofr-anmes. As a consequence, the inter-frame prediction

efficiency .inproves. This , .
5 yorm A sequence in a video encoding method according to

the ninth embodiment of the present invention will be
described with reference to FIG. 10.
To-be—encoded video frames are input one by one to
a video encoding apparatus {(not shown). A fading
10 picture is detected for each slice formed from an
entire frame or a plurality of pixel blocks in the
frame on the basis of a change in intra-frame average
luminance value over time or the like (step S1). A
single frame prediction mode or linear sum prediction
15 ‘mode is selected for each pixel block in a frame. The
‘single frame prediction mode is a prediction mode of
generating a predictive pixel block signal by selecting
one optimal reference frame from a plurality of
reference frames. The linear sum prediction mode is a
20 ' prediction mode of generating a predictive pixel block
by a prediction based on the linear sum of two
reference pixel block signals.
In the linear sum prediction mode, when an input
video picture is detected as a fading picture, a
25 femporal linear interpolation (interpolation or
extrapolation based on an inter-frame time distance)

prediction is performed to generate a p;edictive_pixel_




makes it possible to reduce the generated code anbunt w thout degradi ng
~the picture quality. Alternatively, 5 this nakes it possi blléJ?]é’ZBaﬁorm
hi gher-quality encoding with the same bit rate. The above encodi ng and
decodi ng processing in the present invention nmay be inplenented by
hardware, or part or all of the processing can be inplenented by 10
software. FIGS. 17 and 18 each show an exanple of a predictive coefficient
tabl e used for one of the prediction mddes in the first and eighth
enbodi nents which is based on the linear sumof a plurality of 15
reference frames. Predictive coefficients change on the macrobl ock basis

in the firstaedi mart trand nmiangeien ditedrans has s ifadihg ei ghth
enbodi ment. There is a conbination of two coefficients: "average" and
"l'i near extr gpetatriegn’a ATt indei(@ade mbdees )issheweriated Esonl7 and 18
is encoded as header data for each macroblock or frane. In the eighth
enbodi ment, sihrcavaddgeearalpreedifettiwee redeefehics gritkels tdomdt sngnkds .each
franme, encoding may be performed by using only the header data of a frane.
In 25 the pr &dicotidy & cctef-fargiaeind tmaslee isfowmatiofl Gndizattimg nuneri cal
val ues of the coefficients are explicitly defined. The predictive
coeffi & ent walsitdeghewd iinearl shy przodgtgen using a plurality of
' | frames is an average value prediction or temporal
_linear interpolation prediction is encoded as the
header data of a frame (picture) or slice (step S52).
It is checked whether or not the input video
10 picture is a fading picture (step $3). If it is
determined that the input video picture is a fading
picture, an encoding mode which exhibits a higher
encoding efficiency and the small number of encoded
bits is determined for each pixel block from an
15 encoding mode of selecting a single prediction block
from a plurality of reference frames (step S5) and an
encoding mode based on a temporal linear interpolation
prediction {(step S4) (step S8).
A macroblock header containing the first encoding
20 mode information indicating the single frame prediction
mode or linear sum predibtion mode and other pieces of
information concerning the selected encoding mode
(e.g., the identification information of a reference
frame to be used for a prediction and motion vector) is
25 encoded (step S10}. Finally, the differential signal

(predictive error signal) between the selected

predictive block signal and the signal of the




FIG 18 indicates "average" or "linear prediction (interpolatiaon. or
extrapol ation)". By encodi ng such indexes, the anount of ﬂh&@ﬂ@ﬁpgon to be
encoded can be reduced, and hence the encodi ng overhead can be reduced 5
as conpared with the case wherein linear predictive coefficients are
directly encoded. FIG 19 is a table indicating a conbination of reference
frames (Reference franme) associated with various prediction nodes in the
first and eighth 10 enbodi nents of the present invention. Referring to

FIG 19, Code nunber = 0 indicates a conbination of reference franes in a
prediction node froman immediately preceding frame (one frame back); Code
nunber = 1, itodpredicté@midde {neicod®s backy db1 pnda@dgnaunber = 2,
in a prediction node based on the |linear sum of franes one frane back and.
two franmes baskcodedtBetgabe aitode(siuaper = 2, the prediction node using
t he above |inear predictive coefficients is wused. 20 In the first and

ei ght h enbodi nentsJftheé icosbémats onsnobpthel eececdiagesodanide changed on
the macrobl ock basis, and the indexes in the table in FIG 19 are encoded
‘on the macroldobkchbedi Sror| B8 201@krl Dramd aw edvec brorangehentsterd a vi deo
25, encodi ng apparatus and vi deo decodi ng apparatus according to the 10th
enbodi Rent ofS ¢heapf eSentaveraghtyahiie IRFe R FiotNagR] &t 1 Bnbodi nent s,

a . '
(step 59} . Subsequently, in the same manner, encoding

of the information concerning the encoding mode (step
510} and encoding of the differential signal (step S$S11)
are performed.

10 When each block in a frame or slice is encoded in
accordance with the fade detection result in step 81,
and encoding of all the pixel blocks in one frame
(picture) or one slice is completed (step S12), fade
detection is performed with respect to the frame or

15 slice to be encoded next (step 51}). Encoding is
‘performed through similar steps.

According te the above description, one frame is
encoded as one picture. However, one frame may be
encoded as one picture on a field basis,

- 20 FIGS. 11 and 12 show the structure of
to-be—-encoded videc data according to this embodiment.
FIG. 11 shows part of the data structure, which
includes the header data of a picture or slice.
FIG. 12 shows part of macroblock data. In the header
.25 area of the picture or slice, the following information
.'is encoded: information "time info to be displayed"

concerning the display time of a to-be~encoded frame,




- 11 July 2006 54 prediction is perfornmed on the basis of the Ilnear sum of
a maxi nrumof two reference frames. In contrast to this, t A& Jalyi2R0

enbodi ment can performa prediction based on selection of one speC|fic
frame for each 5 nmacrobl ock by using three or nore reference frames or the
linear sumof a plurality of reference franes.. The video encodi ng
apparatus shown in FIG 20 includes reference frame nenories 117, 118, and
152 corresponding to the maxi mum referéfce frame count (n). 10 Likew se,

t he video decoding apparatus in FIG 21 includes reference frame nmenories
217, 218, and 252 corresponding to the maxi numreference frame count (n).

In this e”bOQh@EEuag'nl@n@%@dW%Eb%@egai%@dﬁ%tgoh'@gﬁﬁg sta-neagh.af

predi ctive macrobl ock generators 151 and 15 251 tes a predictive

pi cture signakcbydcenputiing mbhe §H$b9ha%ﬂ%npﬁﬁgg%%%lﬁh Rﬁ@@h&&'%?
coefficients W to W and reference nacrobl ocks extracted fromthe

respective rabeér encevbragesvandeshicbtiingibheisesehbctag.t henr kght by Wi
bits. The reference frames to be 20 sel ected can be changed for each
macrobl ock, endethéliheneawepybdidt predtaetbhcirentys san bepebasged for each
frame. A conblnatlon of linear predictive coefficients is encoded as
header>dat a #oragefrpameyadnd phedsetéoni oandnformati on of reference frames
is encoded as. . 25 header data for each macrobl ock. _
"linear weighted prediction _flag" = 1 represents a
temporal linear interpolation prediction.
The encoded data of a picture or slice contains a
plurality of encoded macroblock data. Each macroblock
10 data has a structure like that shown in FIG. 12. In
the header area of the macroblock data, information
(first encoding mode information) indicating a single
frame prediction based on a selected single frame or a
prediction based on the linear sum of a plurality of
15 frames is encoded as "macroblock type", together with
selection information concerning a reference frame,
motion vector information, and the like.
FIG. 13 schematically shows the overall
time-series structure of the to-be-encoded video data
' 20 including the structure shown in FIGS. 11 and 12. 1In
| the head of the to-be-encoded data, information of a
plurality of encoding parameters which remain constant
within one encoding sequence, such as a picture size,
is encoded as a sequence header (SH).
25 Each picture frame or field is encoded as a

'~ picture, and each picture is sequentially encoded as a

. combination of a picture header (PH} and picture data




FIG 22 shows a data syntax for encoding by using a |inear predig%ive
coefficient as a header for a frame 11 July 2006 55 accordﬂhéﬂygo i's
enbodi ment. In encoding linear predictive coefficients, the maxi mum nunber
of reference frames is encoded first as Nunber-O - Max- References. 5

Wei ght i ngFact or Denom nat or Exponent (Wl in FIGS. 20 and 21) indicating the
conputation precision of linear predictive coefficients is then encoded.
Coefficients VEightingFactortherator[ﬂﬁ (WML to Wh in FIGS. 20 and 21)
corresponding to the respective reference franes 10 equal to

Nunber - O - Max- Ref erences are encoded. The linear predictive coefficient
correspondi ng Hiactihe iddta)r.ef ehrende: fprianmides tgiacar bypAN, /2Wl (19) FIG 23
shows a table indicating a conmbination of 15 reference franmes to be
encoded for dadtormmedriehi ddkimeaciodraitng he ditpsl sgrdsddiarertte r ridade -tipgnber = 0
i ndi cates a prediction based on the linear sumof all reference franes.
Code number =iBrlsdl dames afhdithen tadferamuddead dmanes shwasgéci fic frane and
that a frame 20 a specific nunber of frames back is used as a reference
frane. A predil&i dd FaskdBiPhenqaEad Ao arnatdfar ence frames is

perfornmed by using the predictive coefficients shown in FIG. 22. In this
case, sone of 1inear_weighted prediction_flag" are respectively

encoded as DTI and LWP. The picture data is divided
into one or a plurality of élices {(SLC}, and the data
are seéuentially encoded for each slice. In each slice
SLC, an encoding parameter associated with each pixel
10 block in the slice is encoded as a slice header (SH),
.and one or a plurality of macroblock data (MB) are
sequentially encoded following the slice header SH.
The macroblock data MB contains encoded data MBT of
"macroblock type" which is tﬁe first encoding mode
15 _ infofmation shown in FIG. 12,7the encoded information
. concerning encoding of each pixel in the macroblock,
e.g., motion vector information (MV), and the
orthogonal transform coeffiéient {DCT} obtained hy
performing an orthogonal transform (e.g., a discrete
20 cosine transform) of the to-be~encoded pixel signal or
predictive error signal and encoding it.
In this case, second encoding mode information
"linear weighted prediction flag" contained in the
picture header HP may be encoded by the slice header SH
25 . for each slice.
A sequence in a video decoding method according to

the ninth embodiment will be described below with




the predicti

based on a conbination of arbitrary reference franmes can b

ve coefficients are set to 0 so that a 25 linear %5 tion
E'@ 9 ed on

the frame basis in the linear prediction node. In this enbodi mrent of the
present invention, a 11 July 2006 56 notion vector or differential vector
is encoded by wusing the spatial or tenporal correlation between notion
vectors in the follow ng manner to furhg% decrease the notion vector code

amount. 5 A

notion vector conpression hod using a spatial correlation

will be described first with reference to FIG 24. Referring to FIG 24,
reference synbols A, B, C, D, and E denote adjacent nacrobl ocks in one
frame. Wen e frantarore viectRIG.orld differential vector of the 10 nacrobl ock A
is to be encoded, a prediction vector is generated fromthe notion vectors
of the adjacent nEcrigit ockde®d erGodinamettiodny ke antrdig@ieen t he
notion vector of the prediction vector and that of the macroblock Ais

encoded. On
sane naenner
differenti al

tetres dtach sﬂhﬁ?he%%f?qﬁQQﬁthﬂthﬁﬂﬁ%ﬂeqE?WQQQﬁﬂgated in the

as in an encodl ng oper atio The :!E i on wvector

FioWhe blldtlend ihasyén Eb&ﬁﬁ? %ﬂﬁﬁrﬁ}QQNs

predi ction ve to t he eqﬁ%ggd rroQi]ig%ggunpd% d“ﬂég%&%d““'on vect or

error By vari

10

15

20

25

The header information of a picture or slice contained
in the input coded data is decoded. More specifigally,
information "time info to be displayed" concerning
the display time of a to-~be-encoded frame and
second encoding mode information
"linear weighted prediction flag" are decoded
(step S30). |

In addition, the header information of each
macroblock in the picture or slice is decoded. That
is, "macroblock type" including the identification
information of a reference frame, motion vector
information, and first encoding mode information and
the like are decoded (step S31).

If the decoded first encoding mode information

~indicates a single frame prediction, a predictive block

signal is generated in accordance with the identifica-
tion information of a reference frame and prediction

mode information such as motion vector information

{step S34). Assume the first encoding mode information

indicates a prediction based on the linear sum of a

plurality of frames. In this case, in accordance with

. the decoded second encoding mode information {step




encodi ng or arithmetic encoding can conpress the pi cture W|th hi
efficiency. A notion vector can be predicted by using, Raﬁﬁgé,‘the
medi an or average value of the notion vectors of the nacroblocks B, C D
25 and E as a prediction vector. A notion vector conpression nethod using a
tenmporal correlation will be described with reference 11 July 2006 57 to
FIG 25. FIG 25 show two consecutive franes (FO, Fl). Referring to FIG
25, _reference synbols A, B, C D, and E8denot e adj acent macrobl ocks in the
frame FI; and a, b, ¢, d, and e, nacroblocks at the sane 5 positions as

t hose of the macroblocks A, B, C, D, and E in the frane FO Wen the

mot i on vect ors3a) ,diaf feredcttivel siertadr icf dene radedolyoek tAdrs afo be
encoded, the nDtlon vector of the macroblock a at the sane position as
that of the reerebicopkediicsiset rashadoriedient iS69) 101V ecttemPoTi?d not i on
vector information can be conpressed by encoding only the error between
this predictliioparednderand atheny ersk cifiorh@efefobissEr K304 -

t hr ee- di nensi onal predlctlon |s further nade on  the notion veﬁ% of the
macr obl ock A by udihfy epcrsieshay lé%ﬁ?d’reale%’rrr Sigadn Ehdagpd

vectors of the macrobl ocks B, and anme Fl and of the

macr obPocks & d@ &o &heaﬁ’aeélllcﬁltvﬁe 549, 'FO.Wl‘Fﬁet CEE T8y &an be

conpressed V“ eco e%h%&c%h&%cagn%%nerated (step S37). When each

macroblock in the picture or slice is sequentially
decoded, starting from each macroblock head, and all
the macroblocks in the picture or slice are completely

10 decoded (step S$38), decoding is consecutively performed
again, starting from a picture or slice header.

As described above, according to this embodiment,
information concerning encoding modes is divided into
the first encoding mode information indicating a single

15 frame prediction or a prediction based on the linear
| sum of a plurality of frames, and the second encoding
mode information indicating whether a prediction based
on a linear sum is a temporal linear ihterpolation
prediction or an average prediction. The first
20 encoding mode information is encoded for each
macroblock. The second encoding mode information is
encoded for each picture or slice. This makes it
possible to reduce the encoding overhead for
to-be-encoded mode information while maintaining the
25 encoding efficiency.
“That is, the second encoding mode information

indicates broad-based characteristics in a frame such




by encodlng onIy the error between the prediction 20 vector_ and the

to- be-encoded vector. A three-di-nensional prediction on a AR ct or
can be realized by generating a prediction vector from the nedi an val ue,
average value, or the like of a plurality of spatiotenporally adjacent
nmoti on vectors. 25 An enbodi nent of macrobl ock skipping according to the
present invention will be described. Assune that in notion conpensation
predi ctive encoding, there are 11 July 3§06 58 macrobl ocks in which al
prediction error signals beconme 0 by DCT and quantization. In this case,
in order to reduce the encodi ng overhead, macrobl ocks that satisfy
predefined, predetfedinmegicandid.i ols ,artterstf i eonddaediedarsd udi ng t he
header data of the macrobl ocks, e.g., prediction nodes and notion vectors.
O the headensodfing dederrorishimedkisn o endusksl dfomeadblsdales or
corresponding to the nunmber of macrobl ocks that are consecutively skipped
are encoded. fmame,desodingy <EG copdr &A%, aMave! ts KT 9RO INGEES are

decoded in accordance with a predeflned predeternln d node. In the first
node of macr dbleoCRCORILBSI ﬁ@d@:clé’rfd%rﬁ& B S Sé’fpptrﬁé“"sﬁfjesent
i'nvention, nacroblock ski p i efined to s .|sf t he follomnng 15
condi t Bons t R 1g Peﬁéﬁ@ﬁbép & e FY %?g 9ﬁ%%ﬁ¥|

predeternlne% f%%%%resse Jg(g%ﬁgggég'Wlth the method of encodlng

the information for each macroblock.
Encoding the first encoding mode information for
.each macroblock makes it possible to determine an

10 appropriate mode in accordance with the individual
characteristics of each pixel block (e.g., a picture
that partly appears and disappears over time). This
makes it possible to further improve the encoding
efficiency.

15 In this embodiment, since the encoding frequencies
of the first encoding mode information and second
encoding mode information are determined in considera-
tion of the characteristics of video pictures,
high~efficiency, high-picture-quality encoding can be

20 done. |

A temporal linear interpolation prediction in this
embodiment will be described in detail next with
reference to FIGS. 15 and 16.

Reference symbols F0O, Fl, and F2 in FIG. 15 and

25 - reference symbols F0, F2, and F1 in FIG. 16 denote

| temporally consecutive frames. Referring FIG. 15 and

16, the frame ¥2 is a to-be-encoded or to-be-decoded




el enments are O, and all prediction error signals are 0. 1In_a decoding
operation, a predictive macroblock is generated fronlpredéﬂéFW?W@@
reference frames as in the 20 case wherein a notion vector is 0. The
generated predictive macroblock is reconstructed as a decoded macrobl ock
signal. Assunme that setting the linear sumof two imediately preceding
~frames as a reference frane is a 25 ski%ping condition for a reference
frame. In this case, nacrobl ock skippin& can be done even for a picture
whose signal intensity changes over tine, like 11 July 2006 59 a fading
picture, thereby inproving the encoding efficiency. Alternatively, the
ski ppi ng conditanom reyd tes cheawmpsd Roranshdhil faman dfesdmt fgranss i ndex of a
reference frame serving as a skipping condition as the 5 header data of
each frane. Bssandibag tire ﬁhéar@b%ig@iﬁmtngsmilﬁ L GFor eadh G ridire, an
optimal skipping condition can be set in accordance with the properties
of an input pi e RiTaleBAedddd fy I siibndRy TARHEd.2 10 In the

second node of macrobl ock skipping accordin ot enbodi ment _of the
present inverftQ et LCIRRG oF W tior REE (gt‘%%‘f &Ei’e‘?]ggdbﬁfr Eéjé[hr?eftthat a
macr obl ock ski pping. condition is that the error signal of a notion vector
"~ is 0. The reﬁdrogﬁ‘?&%‘ﬁ’(ﬁ?i e
) - If the linear sum prediction is an average value
. prediction, a predictive pixel block is generated from
the simple average of the reference blocks extracted
from the respective reference frames. Letting ref0 and
10 refl be the reference pixel block signals extracted
from the frames FO and Fl, respectively,; each of
predictive pixel block signals pred2 in FIGS. 15 and 16
is givén by
pred2=( ref0 + refl ) / 2 {15)
15 If the linear sum prediction is a temporal linear
interpolation prediction, a linear sum is calculated in
accordance with the time difference between a
to-be-encoded frame or a to-be-decoded frame and each
reference frame. As shown in FIG. 11, information
20 ."timeminfo_to_be_displayed" concerning a display time
in a picture or slice header area is encoded for each
to-be—encoded frame. At the time of decoding, the
display time of each frame is calculated on the basis
of this information. Assume that the display times of
25 - the frames FO, Fl, and F2 are respectively rep;esented
by Dt0, Dtl, and DtZ. |

‘The embodiment shown in FIG. 15 exemplifies a




- 15 the sane as those for macrobl ock skipping in the first node described
above. In the second node, in decoding a skipped nacrobloék?ﬂazﬁp@diction
notion vector is g@generated first. A prediction picture is generated from
predeterm ned reference franes by using the 20 generated prediction notion
vector, and the decoded signal of the macroblock is generated. In the
third node of nacrobl ock skipping accorgang to the enbodi nent of the
present invention, a skipping condition is that to-be-encoded notion
vector 25 information is identical to the notion vector information
encoded in the imedi ately preceding nacrobl ock. To-be-encoded notion
vect or i nf or matiean iextthpdilky i2006rediatioedifct mregiicdringed®dr when a
notion vector is to be predictively encoded, and is a notjon vector itself
when it is netrpreedi diiavel fremcdued Patie framgisni ndhec SR SRR tare t he same
as those in the first node 5 described above. In the thir de of

macr obl ock slahopimgn WHén 46 SKeppd ffesr GbllddrRaTs g 95&° ed, the

t o- be-encoded notion vector information is re%%{ded %% ..and the notion

vector is recsiestiaidoed LA LEGIEE R PRET TS g TS S Sm- _

Vector 5 and IS -adcoded dPgnaf:6neh ey aotodi 1o tergted. O

R | between two reference frames, and Rc be the time o
distance from the earliest reference frame with respect
to a to-be—encoded frame to the to-be-encoded frame,
the time distance Rr is given by

10 Rr=Dt1-Dt0, Rc=Dt2-Dt0 {16)
'Iﬁ both the cases shown in FIGS. 15 and 16, the linear
extrapolation prediction and liner interpolation
prediction based on the above time distances are
calculated by

15 pred2={ (Rr-Rc)*ref0+Rc*refl } / Rr (17)
Equation (17) can be transformed into equation (18):

Pred2=refl + (refl—refO)* Rc/ Rr (18)
In a picture such as a fading picture or

cross-fading picture whose signal amplitude

20 monotonously varies over time betweén framés, the time
jitter in signal amplitude can be linearly approximated
within a very short period of time (e.g., equivalent to
three frames). As in this embodiment, therefore, a
more accurate predictive picture can be generated by

25 performing temporal linear interpolation (linear
"extrapolation or linear interpolation) in accordance

with the time distance between a to-be-encoded frame




Assume that in the fourth node of macrobl ock skipping, a conbination of
reference frames to be used 15 for a prediction is i dent i daFuly30Pmat for
the inmedi ately encoded macrobl ock. The renai ni ng skipping conditions are
‘the same as those in the first node described above. Assume that in the
fifth node of macrobl ock 20 ski pping, a conbination of reference franes
used for a prediction is identical to that for the imediately encoded
nmacrobl ock. The renmai ning ski ppi ng con ions are the sane as those in the
first node described above. 25 Assune that in the sixth node of macrobl ock
ski ppi ng, a conbination of reference franes used for a prediction is

i dentical toatdhadadlorof hiews metiatety fdadesy 28962 6lowvaedadedcaacr obl ock.
The renai ning skipping conditions are the sane as those in the third node
descri bed abioweinecofdimg poed het s&ih ppf Atc temely t i BpsoVAsSei t FBESof 5 the
first to sixth nodes described above, a reduction in encoding overhead and
hi ghly effi chehes ehtoelb pgjilebn theredade Zele b‘ireléﬁfﬁ‘é‘?%n??éec% ¥R

macr obl ock skipping by using the property that the rel ation. of novenent
bet ween adj aebhpowhciebr #dkad ofhe HahgB T f SiyhatY 10 gﬁ%%ﬁg? VVobdt tine is

i gh. 5 this makes it possible to perform higher-quality
encoding with the same bit rate.

The above encoding and decoding processing in the
present invention may be implemented by hardware, or
part or all of the processing can be implemented by

- 10 - software.

FIGS. 17 and 18 each show an example of a
predictive coefficient table used for one of the
prediction modes in the first and eighth enbodiments
which is based oﬁ the linear sum of a plurality of

15 reference frames. Predictive coefficients change on
the macroblock basis in the first embodiment, and
change on the frame basis in the eighth émbodiment.
There is a combination of two coefficients: "average”
and "linear extrépolation".

20 . An index (Code number) shown in FIGS. 17 and 18 is
encoded as header data for each macroblock or frame.

In the eighth embodiment, since a linear predictive
coefficient is constant for each frame, encoding may be
performed by using only the header data of a frame. In
25 | ' the predictive coefficient table shown in FIG. 17, the
numerical values of the coefficients are explicitly

defined. The predictive coefficient table shown in




FIG 26 shows an enbodinent in which a linear predictive coefficient
.estimator 701 is added to the video encodi ng appar at us acébﬁ&yﬁéogo t he
enbodi ment shown in FIG 20. In the linear predictive coefficient 15
estimator 701, predictive coefficients for a |inear prediction are
determined froma plurality of reference franes in accordance with the

di stance fromeach reference franme and video frame, a tenporal change in
DC conponent within an input frane, andsghe like. A 20 plurality of

enbodi nents associated with determnation of specific predictive
coefficients will be described below FIG 27 shows a prediction nethod of
predicting afa.ars firaddized i'earayal ofr t'\Wo et Hremiextia@s Ref erence
frames FO and FI are used for a video frame F2. Reference synbols Ra and
Rb denote t he{intterpdlraineon disteompPdeattideen "t-he Bregaead g r1%dt ence
frames FO 11 July 2006 62 and FI and the video frane F2. Let WD and WL be
linear prediigidarepoditie @it i PHOmEtddnd® MamceEsd 4/ A A

conbination of first linear predictive coefficients is (Q.5, 0,5).. That
is, this condistiiGsh FRAMNYEDHE FEFIFTGHA tOrV(?rg'lerﬁﬂ é:aé\/g[fead:eed&':)et%e t wo
reference frames. Second |jnear, predictive coeffi- cients,.ar etermned b
| i near %extr agol aﬁqw]?‘?ig @bﬁa}ﬁgc%a% T ST fnreEdd‘%stt%a%ce. In the y

case coefficients are directly encoded.

FIG. 19 is a table indicating a combination of
reference frames (Reference frame) associated with
various prediction modes in the first and eighth

10 embodiments of the present invention. Referring to
FIG. 19, Code number = 0 indicates a combination of
reference frames in a prediction fode from an
immediately preceding frame {one frame back);

Code number = 1, in a prediction mode two frames back;

15 and Code number = 2, in a prediction mode based on the

" linear sum of frames one frame back and two frames
back. In the case of Code number = 2, the prediction
mode using the above linear predictive coefficients is
used.

20 In the first and eighth embodiments, fhe
combinations of reference frames can be changed on thg
macroblock basis, and the indexes in the table in
FIG. 19 are encoded on the macroblock basis.

FIGS. 20 anhd 21 show the arrangements of a video

25 ~ encoding apparatus and video decoding apparatus
according to the 10th embodiment of the present

invention. In the first and eighth embodiments, a




shown in FIG 27(20), linear predictive coefficients 10 are_given by
equation (20). If, for exanple, the franme intervals are coﬁ%ggﬁﬂpoﬁb =
2*Ra, and linear predictive coefficients given by: | _-Ra Rb ~W, W1 -
(Rb - R&" Rb -Ra) are (WO, W) _ (-1, 2). 15 According to equation (20),
even if the (20) inter-franme distance between each reference frane and the
'video frane arbitrarily changes, a proper |linear prediction can be nade.
Even if, for exanple, vari abl e- fr ane-r até encoding is perfornmed by using 20
frame skipping or the like or two arbitrary past franes are selected as
reference frames, high prediction efficiency can be maintained. In an
encodi ng openaidiatind sofpetrife riieds brandes éeerid priedihet ihmeagoefini ci ent s
may .be permanently used or the first or 25 second predictive coefficients
may be adapt iofelay mesdhent ed. the aefeaehicealf mmtdsod din awaptriasdl o sel ecting
predictive coefficients, a method of 11 July 2006 63 sel ecting predictive
coef ficients thyisusithg tIfdhavmbagd mendricaan ee nfairge 8 PCogHlafeérn n each frane
may be used. Assune that the average |um nance values in the_ frames FQ

F1, and F2 ah@qgg}qg1sqg@@¢ﬁpp gﬁdoD@(pgpplflc frame for each

5 macroblock by using three or more reference frames or
| the linear sum of a plurality of reference frames.
The video encoding apparatus shown in FIG. 20
includes reference frame memories 117, 118, and 152
corresponding to the maximum reference frame count (n).
10 Likewise, the video decoding apparatus in FIG. 21
includes reference frame memories 217, 218, and 252
corresponding to the maximum reference frame count (n).
In this embodiment, in a prediction based on a linear
sum, each of predictive macroblock generators 151 and
15 251 generates a predictive picture signal by computing
the sum of the products of predictive coefficients Wl
to Wn and reference macroblocks extracted from the
respective reference frames and shifting the result to
the right by Wd bits. The reference frames to be
20 selected can be changed for each macroblock, and the
linear predictive coefficients can be changed for each
frame. A combination of linear predictive coefficients
is encoded as header data for a frame, and the
selection information of reference frames is encoded as
25 header_data for each macroblockf
FIG. 22 shows a data syntax for encoding by using

a linear predictive coefficient as a header for a frame




5 respectively. As for DC conmponents of a intra-frane, t he n?gnit ges of
prediction errors obtained by using the respective Iinearlb M@Q# ve
coefficients are «calculated by the equations (21) and (22): 10 DC(F2)
DC(FO  + DC(F1)) 2 11 (21) DC(F2) - (Rb Rb Ra DC(FI) - Rb Ra Ra DC(FO-J
(22) If the value of mathematic expression (21) is smaller than that of
mat hemati ¢ expression (22), the 15 first _predictive coefficient is
selected. If the value of mathematic e§%ression (22) is snmaller than that
of mathematic expression (21), the second predictive coefficient is
sel ected. By changing these predictive coefficients for each video frane,
an optical |iageard2gptedintsoambadihenitade Inneacodidgnténwath t he
characteristics of a video signal. Efficient linear prediction can also be
made by det epmiegiingivkhecbhiffdciantst obhehmprédimt husbesepfi cients by using
the ratios of DC values in the frames according to equation (23) 25 or
(24): 1 DC(F2eferpetF2frem8y ievencegieyl £2rspCeF0) ' 2 e DC(FI) 11 July
2006 64
Number Of Max References.
5 WeightingFactorDenominatorExponent (Wd in FIGS. 20 and
21) indicating the computation precision of linear
predictive coefficients is then encoded. Coefficients
WeightingFactorNumerator[i] (W1l to Wn in FIGS. 20 and
21) corresponding to the respective reference frames
10 ~equal to Number Of Max References are encoded. The
linear predictive coefficient corresponding to the ith
reference. frame is givén by
w; / 2Wd - (19)
FIG. 23 shows a table indicating a combination of
15 reference frames to be encoded for each macroblock
according to this embodiment. Code number = O
indicates a prediction based on the linear sum of all
reference frames. Code number = 1 indicates that a
reference frame is one specific frame and that a frame
20 a specific number of frames back is used as a reference
frame. A prediction based on the linear sum of all
reference frames is performed by using the predictive
coefficients shown in FIG. 22. 1In this case, some of
the predictive coefficients are set to 0 so that a
25 linear prediction based on a combination of arbitrary
reference frames can be switched on the frame basis in

‘the linear prediction mode.

In this embodiment of the present invention, a




Ra DC(F2) Rb DC(F2) (WO, W) - (Rb - Ra DC(FO) ' Rb - Ra qggFlé (24) The
third linear predictive coefficient given by equation (23f1ﬂ 2f 6vveighted
mean cal culated in consideration of the ratios of the DC values in the 5
frames. The fourth linear predictive coefficient given by equation (24) is
the linear predictive coefficient calculated in consideration of the
ratios of the DC values in the franes d the inter-frame distances. In
the use of the above second to fourth ITnear predictive 10 coefficients,

| i near predictions require division. However, matching the conputation
precision at the tine of encoding with that at the tinme of decoding allows
a |inear praditébnoNesiosdosndidiergritdati SaStaRd1BI £RCeARE: BYwi t hout any
division. 15 A practical syntax may be set such that e CQ | i near
predictive cUeRRdcitRt SPatérdr 88sE8"B9ral GeRbATALLBP 68 YepBwer of 2 and
.an integer nunerator, as in thg c&sglshomn inFlG. 22, FggirZB shows a
method of pr8@tdeingestPrIme™ F6f tRe PHABYr "eThtdf *Pwo"20  ténpor al |y

adj acent fraE%%Fggggeégengﬁkgeg!g%g%gr nggegﬁgﬁgtgynbol F1 denotes a

t 0o- be- encode ifence franes; and Ra and Rb, the

Video Prame. I n adoiiann MOREEE S5 bRear e CeaeTT e iBR & T rhe

reference fr%%%%eﬁgtﬁgg will be described first with reference to
FIG. 24. Referring to FIG. 24, reference symbols A, B,
¢, D, and E denote adjacent macroblocks in one frame.
When a motion vector or differential vector of the

10 macroblock A is to be encoded, a prediction vector is

generated from the motion vectors of the adjacent
macroblocks B, C, D, and E. ©Only the error between the
motion vector of the prediction vector and that of the
macroblock.A.is encoded. On the decoding side, a

15 | prediction vector is calculated in the same manner as
in an encoding operation. The motion vector or
differential vector of the macroblock A is generated by
adding this predictioﬁ vector to the encoded error
signal.

20 Encoding a motion vector error by variable length
encoding or arithmetic encoding can compress the
picture with high efficiency. A motion vector can be
predicted by using, for example, the median or average
value of the motion vectors of the macroblocks B, C, D,

25 - and E as a prediction vector.

A motion vector compression method usipg a

temporal correlation will be described with reference




Val tes of the | umi nace val ues of 11 ouly 2006 65 5 the redpeBRIE! ranes
~are represented by DC(FO), DC(Fl), and DC(F2), respectively. Four types of
predictive coefficient conbinations Iike those in FIG 27(20) are given by
s, (25 o 19 o )™ 0589 1 B 0 et (G
Ro DO(FI) (w0, w2) = (Rb + Ra DO(FO) 59k EC(Ra?* DC(DE(Z) %2%)/(%6)%(5%Fl)
(28) Equation (25) represents a sinple average prediction; equation (26),
a wei ghted nmean prediction 15 based on an inter-franme distances, equation
(27), a wei gbed'IGearSpr ed6ti 8A Bhs€dton ehasestiitogeof remespetOyval ues: and
cauation, (29), 2 vel G119 Predicti og.based on e [ELige,0Ta( e, € val ves
D, and E denote adjacent macroblocks in the frame Fl;
and a, b, c, d, and e, macroblocks at the same
5 positions as those of the macroblocks A, B, C, D, and E
in the frame F0. When the motion vector or differen- |
fial vector of the‘macroblock A is to be encoded, the
motion vector of the macroblock a at the same position
as that of the macroblock A is set as a prediction
10 vector. The motion vector information can be
compressed by encoding only the error between this
prediction vector and the vector of the macroblock A.
A three-dimensional prediction is further made on
the motion vector of the macroblock A by using a
15 spatiotemporal correlation and the motion vectors of
the mécroblocks B, C, D, and FE in the frame Fl and of
the macroblocks a, b, ¢, d, and e in the frame FO0. The
.motion vector can be compressed with higher efficiency
by enqoding only the error between the prediction
;20 vector and the to-be-encoded vector.
A three-dimensional prediction on a motiom vector
can be realized by generating a prediction vector from
the median value, average value, or the like of a
plurality of spatiotemporally adjaéent motion vectors.
25 - An embodiment of macroblock skipping according to

the present invention will be described. Assume that

- in motion compensation predictive encoding, there are




di stances. 20 FIG 29 shows a nethod of performng a pred rJm
predi ction based on the linear sumof three past franes. Eéﬁggéﬂﬁg synbol s

FO F1, and F2 denote reference franes; F3, a video franme; and Rc, Rb,
and Ra, the inter-frane distances between the 25 respective reference
frames FO Fl, and F2 and the video frame F3. In the case shown in FIG 29
as well, a plurality of linear predictiée coefficient conbinations can be
conceived. The following is a 11 July 2606 66 speci fic exanple. Assune that
the linear predictive coefficients for the respective reference franes are
~represented by WO, W, and W2. A conbination of first predictive
coef fi ci ent s maricblgioken iy whdwdht isdri (281 cHHerf iergomrddinatlisve
coefficients are used for a sinple average prediction based on three
reference frameomeA OpladiDEM emdpiatem td 2a3Em2 bdFed N RS r'dt predictive
coefficient combination is represented by the equation &PO): 10 %_ 11
(WO WL, W) axder, t3 fregucerdheaPRrpdi g prames) @ggroblocks tha
satisfy predefined, predetermined conditions are not
5 encoded, including the header data of the macroblocks,
e.g., prediction modes and motion vectors. Of the
headers of video macroblocks, only those of macroblocks
corresponding to the number of macroblocks that are
consecutively skipped are encoded. In a decoding
10 operation, the skipped macroblocks are decoded in
accordance with a predefined, predetermined mode.
In the first mode of macroblock skipping according
to the embodiment of the present invention, macroblock
skipping is defined to satisfy all the following
15 conditions that a reference frame to be used for a
prediction is a predetermined frame, all motion vector
elements are 0, and all prediction error signals are 0.
In a decoding operation, a predictive macroblock is
generated from predetermined reference frames as in the
20 case wherein a motion vector is 0. The geﬂerated
. predictive macroblock is reconstructed as a decoded
macroblock signal.
Assume that setting the linear sum of two
immediately preceding frames as a reference frame is a
25 - skipping condition for a reference frame. In this

case, macroblock skipping can be done even for a

- picture whose signal intensity changes over time, like




The second, third, and fourth predictive 15 coefficients QU es I cients
~for performng an extrapol ation prediction based on Iinear L%ﬂygﬁggation

by selecting two franmes fromthe three reference frames as in the case of
a prediction based on equation (20). Letting eF312 be a prediction picture
of the video 20 frame F3 which is predicted fromthe reference frames F2
and F1, eF302 be a prediction picture ofgthe video frame f3 which is
predicted fromthe reference frames F2 and FO and eF301 be a prediction
picture of the video frane F3 which is predicted fromthe reference 25
frames FI and FO_these prediction pictures are respectively represented by
equations (33)fadsdny Eh@A?83):tﬁﬁrggyylﬁEHBVéﬁgztEeFﬁ???ﬁFpé3l) Fe 3Rb -

RaRb - Ra 2 = RcRaFQ(32) F. e 3 . L -
efficiency.’ Alternatively, the skipping condition may

be changed for each frame by sending the index of a
reference frame serving as a skipping condition as the
5 header data of each frame. By changing the frame
skipping condition for each frame, an optimal skipping-
condition can be set in accordance with the properties
of an input picture, thereby reducing the encoding |
overhead. |
i0 in the second mode of macroblock skipping
| according to the embodiment of the present invention, a
motion vector is predictively encoded. Assume that a
macroblock skipping condition is that the error signal
of a motion vector is 0. The remaining conditions are
15 the same as those for macroblock skipping in the first
mode described above. In the second mode, in decoding
a skipped macroblock, a prediction motion vector is
generated first. A prediction picture is generated
from predetermined reference frames by using the
20 | generated prediction motion vector, and the decoded
signal of the macroblock is generatéd.

In the third mode of macroblock skipping according
to the embodiment of the ?resent invention, a skipping
condition is that to-be-encoded motion vector

25 ~  information is identical to the motion vector
| information encoded in the immediately preceding

macroblock. To-be-encoded motion vector information is




Rc - RaRc - Ra 51 = RcFl -RoFQ(33) F3 e Rc - RoRc - Ro L I n
a prediction value obtained by averaging the val ues givenﬁiymg%ﬁﬁg?gﬁg °e
(31) to (33), the prediction value eF3012 can be given as the fifth
predictive coefficient by the equation (34): 10 eF312 - 1 2RaRb - RaRc -
RoRc FO 3 (Rc - Ra) (Rc - Rb) + 1 RaRb - 2RaRc + RoRc FI 3 (Rc - Rb) (Rb
--Ra) +1- RaRb - RaRc + 2RbRc F2 3 (k¢ - Ra) (Rb - Ra) (34) One of the
rh{f; ;o fifth Ilnearlpredictive coefficients may be used. Alternatively,
-frane average |um nance val ues FO) , Fl)-, F2), an
DC(F3) of the frames FO, Fl, F2, and Fgcﬁay)beDcéallulaEEg,.;ng tde15
intra-frame averagéctimhnaneervirGECTr oFEReavIraEd R SRERE MEy “Be®Pr edi ct ed

by using each of the above five predictive i Ci
predictively encoded,pan Es a mg ?LLI%EEQE%'ngngf the

.when it is not predictively encoded. The remaining
conditions are the same as those in the first ﬁode
5 described above.

" In the third mode of macroblock skipping, when a
skipped macréblock is to be decoded, the to-be-encoded
motion vector information is regarded as O, and the
motion vector is reconstructed. A prediction picture

10 is generated from predetermined reference frames in
accordance with the reconstructed motion vector, and
the decoded signal of thé macroblock is generated.

Assume that in the fourth mode of macroblock
skipping, a combination of reference frames to be 1used
i5 for a prediction is identical to that for the
immediately encoded macroblock. The remaining skipping
conditions are the same as those in the first mode
described above.
Assume that in fhe fifth mode of macroblock

20 - skipping, a combination of reference frames used for a
prediction is identical to that for the immediately
encoded macroblock. The remaining skipping conditions
are the same as those in the first mode described
above.

25 - Assume that in the sixth mode of macroblock
skipping, a_combination of reference frames used for a

prediction is identical to that for the immediately




predictive coefficients which exhibits a m nimum 20 predi ct,i rror may be
selectively used for each video frame. The use of the | at tlég&ﬂﬁpgggenent
allows automatic selection of an optinmal linear prediction on the franme
basis in accordance with the properties of an input picture and can '
realize high-efficiency encoding. 25 In addition, the predictive
coefficients obtained 11 July 2006 68 by nultiplying the first to fifth

| inear predictive coefficients by the ®tios of the aver age | um nance

val ues of the respective franes nay be used. If, for exanple, the first
predictive coefficient is multiplied by the ratios of the average

| um nance valaresydel mEEdizidglke. cdBid i wdreaninisg givame byy equrad i oion(85) be
low. This applies to the remaining predictive coefficients. 10 C13 DC(F3)
1 DC(F3) 1 DEmE3)thg 35me (a0, thase w2) G AG)ird Inod@(dycril®dC(F2)) FIG
30 shows a nmethod of performng a prediction based on the |inear sum of
two past frar@®¥%nhd one future frame. Reference synbols FO, Fl, and F3
denote reference franes; a video franme; and, Rc, Rb, and 15 Ra, the

inter-frame dist aﬁé‘é%o%%lﬁ\ggﬁlot%e KPR CORAHELORD, 1% e 1EhRE Y and t he
.. vi d-eo f5r amne. tlhne t 1irsst CtaoS eéixat% inl{loéehse eassceri%heogm al%onveF,I Ga rzegducati%lnur ality of
| in encoding overhead and highly efficient encoding can |
be realized by efficiently causing macroblock skipping
by using the property that the correlation of movement
between adjacent macroblocks or change in signal
10 intensity over time is high.
FIG. 26 shows an embodiment in which a linear
" predictive coefficient estimator 701 is added to the
video encoding apparatus according to the embodiment
shown in FIG. 20. In the linear predictive coefficient
15 estimator 701, predictive cocefficients for a linear
prediction are determined from a plurality of reference
frames in accordance with the distance from each
reference frame and a video frame, a temporal change in
DC component within an input frame, and the like. A
20 ~ plurality of embodiments associated with determination
of specific predictive coefficients will be described
below.
FIG. 27 shows a prediction method of predicting
é frame from the linear sum of two past frames.
25 ~  Reference frames FO and Fl are used for a video frame
| . F2. Reference symbols Ra and Rb denote the inter-frame -

distances between the respective reference frames FO




predictive coefficient conbinations can be determ ned by [ (® ratios
of the inter-franme distances and 20 the DC values in the rﬁidﬁ§¥% g franes.
In addition, an optinmal predictive coefficient conbination can be

determ ned fromthe prediction errors of the DC values in the frames.

Li near prediction expressions or predictive 25 coefficients corresponding
to equations (30) to (35) in the predigﬁion nmethod in FIG 30 are
expressed by the equations (36) to (41).:" 11 July 2006 69 5 aF213=

1(FOtFI +F3) e F2 3 _ Rb Ra F3 + FI Rb+Ra Rb+Ra eF23 = Rc F3 + Ra FO Rc +
Ra Rc + Ra 21 Rce Ro eF FI FORc - Ro Rc - Rb (38) 10 eF213 = 1 - 2RaRb +
RaRc - RbRc ROd FY Rnd g (Riec fyme H2. o WO 25aRW L ImpRelngar

predictive coefficients for the reference frames FO
and F1. A combination of first linear predictive
coefficients is (0.5, 0.5). That is, this combination

5 can be obtained from the simple'average of the two
feference frames. Second linear predictive coeffi-
cients are determined by linear extrapolation in
accordance with the inter-frame distance. In the case
shown in FIG. 27(20), linear predictive coefficients

10 are given by equation (20). If, for example, the frame
intervals are constant, Rb = 2*Ra, and linear

 predictive coefficients given by:

(W W)_(—Ra Eb ) oy
0r %1 Rb — Ra Rb ~ Ra ' - 20

are (W0, W1l) = (-1, 2).

15 According to equation (20), even if the
inter-frame distance between each reference frame and
the video frame arbitrarily changes, a proper linear
prediction can be made. Even if, for example,
variable-frame-rate encoding is performed by using

20  frame skipping or the like or two arbitrary past frames

| are selected as reference frames, high prediction
efficiency can be maintained. In an encoding
operation, one of the first and second predictive
coefficients may be permanently used or-fhe first or

25 B second predicﬁive coefficients'may be adaptively

' Selected. As a practical method of adaptively

" selecting predictive coefficients, a method of




3 (Rc - Rb) (Rb + Ra) + 1 RaRb + RaRc + 2RbRc F3 3(R0+??}1§'§@g§
(36) (37) (39) (40) (i DC(F2) 1 DC(F2) 1 DC(F2)1 (41 ¥

"DC(FO) * 3 DC(Fl) ' 3 e DC(F3)/I FIG 31 shows the first exanple of a
notion vector search in video encoding according to the enbodi nent of the
present invention. FIG 32 shows a notion vector 15 search nmethod in a case
wherein a prediction is nmade by using gwo consecutive frames as reference
frames, and one representative notion vector is encoded, as showmn in FIG
6. Reference synbol F2 in figure denotes a video frane; and FO and Fl
reference frames. 20 Reference nuneral 106&2 es a.vi dgg macrobl ock; and

12, 14, 16, ardec§ingorsefeféidfc&ortdist Yakdidg &85 7 VERE et er ence
frames. In order. to obtaln a pt i nmot i on Qr f e robl ock 10,
moti on vect ot WFARGNESt && (LII%RP% aggle\)e&flo =8& gtrélgk aflrb% (‘:11%% in FIG
31) for the refer ce fr mnth t r e 11 July
2006 70 and the 3%?%%&1 é%} gﬁavegﬁ' %ﬁ 8%?§§%£gﬂb;ﬂﬂ9

frames FO, Fl, and F2 are DC(F0), DC(Fl}, and DC(F2),

5 respectively. As for DC components of a intra-frame,
the magnitudes of prediction errors obtained by using
the respective linear predictive coefficients are
calculated by the equations {(21) and (22):

10 pe(E2) — (DC(FO) ; DC(Fl))l (21)

{(22)

Rb Ra
- ———D(Fl) -~ ——— DC(FO
DC(F2) (Rb ~ Ra ( ) Rb — Ra ( )]

If the value of mathematic expression (21) is
‘smaller than that of mathematic expression (22), the
15 first predictive coefficient is selected. If the value
of mathematic expression (22) is smaller than that of
mathematic expreééion (21), the secbnd predictive
coefficient is selected. ﬁy changing these predictive
éoefficients for each video frame, an optical linear
20 prediction can be made in accordance with the
characteristics of a video signal. Efficient linear
prediction can also be made by determining the third
.and fourth predictive coefficients by using the ratios

of DC values in the frames according to equation (23)

.25 or (24):

| 1 DCFE2 |
(i, 1) = (3 , Dewr) L. ( )) | (23)




scaling the notion vector candidate 11 and a notion vecto 7 ined b
y
AR S

scaling the notion vector candidate 15 in FIG 31) obtain ling the
notion 5 vector candidates in accordance with the inter-frame distance are
used as notion vectors for the reference frame FO A predictive macrobl ock
is generated from the linear sumof the reference nmacrobl ocks 14 and 12

~or 16 and 18 extracted fromthe two ref%rence franes FO 10 and Fl. The

differential value between the predlctlve macr obl ock and t he to-be-encoded
macrobl ock 10 is calculated. Wien this differential value becones

m ni mum the correspondi ng/mot kan ve is er ni a not
search result for (@gcth Jmec E{ﬁb%&e%hg 1-5——5%)9&@{2 i Do n pred: onﬂ\;ect >
RPorIEhch & o@lockR%y Egﬁ;T t he deterni ned

encoding is then perforne

nntiop vector. A nDtlon vector ma eternlned d 2 of the
encodi ng over head H6r Gﬁﬂy éﬁ F%%%Iqoe sqagl &gﬂt e above

differential value. A ctor b ec gxhibits a
m ni mum code SARAGERE r(ggh rlgd (? acetll?an&?/ eyceenflegaondeéagldc eér‘%ntl al signal and

i B P T Y e e

ion vec or w smal | er conputati on anount than

ot 8 T Ol ST s reomiirT i s o e
by equation (24) is the linear predictive coefficient
calculated in consideration of the ratios of the DC
values in the frames and the inter-frame distances. In
the use of the above second to fourth linear predictive

10 _coefficients, linear predictions require division.
However, matching the computation precision at the time
of encoding with that at the time of decoding allows a
linear prediction based on multiplications and bit
shifts without any division. |
15 _ A practical syntax may be set such that each
linear predictive coefficient is expressed by a
_denominator to a power of 2 and an integer numerator,
as in the case shown in FIG. 22. FIG. 28 shows a
.method of predicting a frame from the linear sum of two
20 temporally adjacent frames. Referring to FIG. 28,
 reference symbol F1 denotes a to-be-encoded frame; FO
and F2, reference frames; and Ra and Rb, the
inter—frame distances between the respective reference
. frameé and the video frame. In addition, linear
25 . predictive coefficients for the reference frames FO and
F2 are represented by WO and W2, respectively. The

intra-frame average values of the luminance values of




71 FIG 32 shows the second exanple of a notion vector se glﬂ i.n. video
encodi ng according to the. enbodi nent of the present inven { YZQ(I)% 32
shows a notion vector search nmethod in a case wherein a current 5 frame is
- predicted by using two consecutive frames as reference franes, and one
representative notion vector is encoded or one representative notion
vector and a differential vector are engoded, as shown in FIG 6, by the
same nethod as that shown in FIG 31. Referring to 10 FIG 32, reference
synbol F2 denotes a video frane; and FO and Fl, reference franes.
Ref erence nuneral 10 denotes a video nmacrobl ock; and 12, 14, 16, and 18,
ref erence madhsbirssipesdndial siramas atve st esied Mamss(FAUs | n the second
notion vector search, a search is nade for. one notion vectcgf‘re Wi th respect
a

to the two MP&ddncand ReFds iHF HRETivesY motiVH Vet rch.

Referring to FIG, 32, a notjon vector 11 and a nuotion .vectar 13 obtai ned

by scaling tR&SHGIHYS Qi edite %&E&a&dwmésl@ptqr@aﬁe Mt i on vectors.

A re-search i e fqQr a notion vector with re ct_to r.ef erence

macr obl ock fr@ﬁ‘?%g] (fzrogn@rﬁoqwee{h\ﬁé/r eeél‘%ﬁa\e%af'rorﬁe%titoon (%egc't or 13. In

re- seaPch operati?, the reference frane 12 extracted fromthe frame F1 by
%

using the notion AWodtol0-£10i® fixed. A predictive macrobl ock (22
generated fromthe linear sumof the reference frame 12

"~ Ra Rb :
Wn, Wo) = : (26}
( 0 2) (Rb + Ra’ Rb + Ra)

1 DCFl) 1 DCFL
Wo, W = e I (27)
+o (v, W) (2 DC(FO) | 2 DC(FZ)]
DC(F1
(Wo, Wz) _ Ra__, DoFl) ’ Rb DK )J (28)
Rb + Ra DC{FO} Rb + Ra DC(F2)

Equation (25) represents a simple average
prediction; equation (26), a weighted mean prediction

15 based on an inter-frame distances, equation (27), a
weighed mean prediction based on the ratios of the DC
values; and equation (28), a weighting prediction based
on the ratios of the DC values and the inter-frame
distances.

20 FIiIG. 29 shows a method of performing a
predetermined prediction based on the lineér sum of
three past frames. Reference symbols FO, Fl, and F2
denote reference frames; F3, a video frame; and Rc, Rb,
and Ra, the inter-frame distances between the

25 respective reference frames F0, F1, and F2 and the
video frame F3. In the case shown in FIG. 29 as well,
a plurality of linéar predictive coefficient

combinations can be conceived. The following is a




. and the reference frame 14 extracted an area near the 11 Jlﬁﬁ 2%%@ 72
notion vector 13 of the frame FO A re-search is made for WEO8% vect or
with respect to the frane FO so as to mnimize the difference between the
predi ctive macroblock and the to-be-encoded macrobl ock. 5 Assune that a
video signal is set at a constant frame rate, and the interval between the
frames F2 and Fl and the interval bet n the franes FI and FO are equal.
In this case, in order to search for a nstant novenent, a search range
with respect to the reference 10 frame FO needs to be four tines larger in
area ratio than a search range with respect to the reference frame Fl. A
search for a apsdidnoestampr -t h Asespactthal tihe e arfrareshied ifaames FO and
F1 with the same precision requires a conputation anmount four tines.
| ar ger than D®aifgicifeit sy fogatdte fr@sbe otV afegteics f@edi®@ion only
fromthe reference frane Fl. According to the second notion vector search
met hod, firstregireagnted pfdh W/ ngdé M- a notion vector with respect to
the reference frane FI with full 20 precision. The reference franme FOis
TR i L

then searched for & £ \Et %ﬁ’[saqr%‘c? 5t on vect or

of Such tvio- Sref WA Y GG (Zen r ddted it cmsdri e “anount for
mot i on VeCtokoefficients are used for a simple average prediction
based on three reference frames. A prediction picture
F3012 based on the first predictive coefficient

combination is represented by the equation (30):
10

1 1 1
W T ) = , 29
(0’ 1/ 2) [31 3! 3) ( )

aF§1l2 = LE+r2 + 1) (30)
3

The second, third, and fourth predictive

15 coefficients are coefficients for performing an
extrapolation prediction based on linear extrapolation
by selecting two frames from the three reference frames
as in the case 6f a prediction based on eqﬁétion (20).
Letting eF3l2 be a prediction picture of the video

20 frame F3 which is predicted from the reference frames
F2 and F1, eF3O2 be a prediction picture of the video
frame £3 which is predicted from the referencé frames
F2 and FO, and eF301 bé a prediction picture of the
video frame F3 which is predicted from the reference

.25 frames Fl1 and FO, these prediction pictures are
respectively';épresented by equations (31}, (32)

~and (33):




25 search to alnost 1/4. In the second notion vector searcg t? noti on
vectors for the reference franes FO and FI are 11 July 200 1 Jaly gg%rately
obtai ned. In encoding these notion vectors, first of all, the notion vector
11 for the reference frame F1 is encoded. The differential vector between
the notion vector 13 obtained by scaling the notion 5 vector 11 and the
notion vector obtained as the result of..re-searching the reference frane
FO is encoded. This nakes it possible to reduce the encoding overhead for
each notion vector. A search is nade for the notion vector 13 obtained 10

scaling the notion vqftor H,in a re-s@arch range of 1, i.e., with a
coarse precision o#F3l7 = %I:ygamre- T F5 made for the notiofdkector 13
with full precision. In i s"tase, he ion vector with respect to the

re-searched reference frane FOis scaled 15 to 1/2. This nmakes it possible
to uniquely reconsggdt. _thE notjon ve&for #3 with respect to theyzeference
frame Fl regardless30f t IR reRsear chrReeswHd . There- fore, only the notion
vector with respect to the reference frane FO may be encoded. In a

decodi ng 20 operati HY the moti on vecter 11 with respect to the reference

frame Pl can be obtf hed hy sgalfiing pirere€@ived motion vector {31/ 2.

Letting eF3012 be a prediction value obtained by
averaging the values given by equations (31) to (33),
the prediction wvalue eF3012 can be given as the fifth

predictive coefficient by the equation (34):

10
eFOlz _ l 2RaRb —~ RaRc — RbRc FO
3 gﬁc—hga)gg:—-Rm b
H_Ra - aRc + R R.c:Fl (34)
3 {Rc — Rb} (Rb — Ra)
1 — RaRb — RaRc + ZRbRc -
3  (Rc — Ra) (Rb - Ra)

One of the first to fifth linear predictive
coefficients may be used. Alternatively, intra-frame
average luminance values DC(F0}), DC(Fl), DC({F2)}, and

15 DC(F3) of the frames FO0, Fl, F2, and F3 may be
calculated, and the intra-frame average luminance value
of the video frame F3 may be predicted by using each of
the above five predictive coefficiehts. One of the
predictive coefficients which exhibits a minimum

20 prediction error may be selectively used for each video

frame. The use of the latter arrangement allows

automatic selection of an optimal linear prediction on
the frame basis in accordance with the properties of an
input picture and can realize high-efficiency encoding..

25 In addition, the predictive coefficients obtained




FI'G 33 shows the third notion vector search nethod. In tatf ngé@gn vect or
search nethod, a current 25 frane is predicted by using t y utive
franmes as reference frames, as in the nethod shown in FIG 31, as shown in
FIG 6. One representative notion vector is 11 July 2006 74 encoded, or one
representative notion vector and a differential vector are encoded.
Referring to FIG 33, reference synbol F2 denotes a video frame; and FO
and Fl, reference frames. Reference nufféral 10 denotes a 5 video
macr obl ock; and 12, 14, 16, and 18, sonme reference macrobl ock candi dates
in the reference franmes. In the third notion vector search, as in the '
first or sepgnaduexapplengsehrchassar éondidéthod imeairopreddcdiye 10 with
respect to the reference frames FO and FI, and a re-search is nmade for a
not i on vect ocoewiftfhciespecbyt dhet retieteréntbef pameape. l1PA1ganELal, in a
video picture, the correlation between franes that are tenporally close
to each ot hewallwest péngheOreskechiyies frsmes mRYsPpr ¥g6fty, Ifhe TpFedi cti on
efficiency can be inproved by obtaining a notion, vectaor mﬁ&h,rﬁiggct to
the refer encexprake. Ftheedpsrdl Pyccicsele cgeffiécipBferanlyif iR 2 with
hi gher precision_in the third notion vec&or.search. %0 FI G_ 34 shows a

mot i onBvect oPYehBEdEAG LIRSt Réd the average luminance valles, a

predictive coefficient is given by equation (33) be
low. This applies to the remaining predictive

coefficients.

DC(EF3)

10 (v, Wy, W) = Ze ,
3 DC(FO)

DC(F3)
DC(F1)

(35)

DC(FB))
DC(F2)

Wl

1
’-—-C
3

FIG. 30 shows a method of performing a prediction
based on-the linear sum of two past frames and one
future frame. Reference symbols FO, Fl, and F3 denote
reference frames; F2, a video frame; and Rc, Rb, and

15 Ra, the inter—frame distances between the reference
| frames FO, Fl, and F3 and the video frame. In this
case, as in the case shown in FIG. 29, a plurality of
predictive coefficient combinations can be determined.
by using the ratios of the inter-frame distances and
20 the DC values in the respective frames. In addition,
| an optimal predictive coefficient combination can be
determined from the prediction errors of the DC values
in the frames.

Linear prediction expressions or predictive

25 - :coefficients corresponding to equations {30} to ({35) in
" the brediction method in FIG. 30 are expressed by the

“equations (36) to (41):




‘according to the enbodi nent of the present invention. In figﬂrg (52 shows
a video frane, FI shows a frane encoded imredi ately bef or & & P? me F2,
30 and 31 show nmacroblocks to be encoded respectively. 32 and 33 show 25
macr obl ocks | ocated at the sane positions as those of the nacrobl ocks 30
and 31 in the frame FI. 34 and 35 al so show t o-be-encoded notion vectors of
the 11 July 2006 75 macrobl ocks 30 and 3J, and 36 and 37 are encoded notion
vectors of the macrobl ocks 32 and 33. Inthis enbodinent, if a

t o- be-encoded notion vector is identical to a notion vector for a
macrobl ock 5 at thQ) me position in.the imediately preceding vi deo
frame, the nDtionEvéétoFi Rot BntoB¥d, and a flag indicating ¢ t he
notion vector is identical”to that for the nacrobl ock at the sane position
in the inmmediately preceding video franme is encoded as a 10 prediction
mode. |f the noti phect Q@.Ld&d%icamq to that for the macraobl ock at
the sane position i f t he RrweRle at el WRipreBadi ng vi deo frame, the notion
vector information is encoded. In the nethod shown in FIG 34, the notion
vectors 34 and 36 areg, identgeal . 15 Therefore, the notion vecto€%ﬁ4 i s not

encode8. In addit8¥n, %im§3nﬁtm”¥gc‘¥%r 35 differs fromt not i on
‘vector 37, the notion vector 35 is encoded. Encoding notion vectors in the
above manner R Rb :
' erfl = —°—Fl - ———F0 (39)
: Rc — Rb Rc — Rb
o013 — _-—2RaR‘b+RaRc~waRcFO

3 (Rc + Ra) (Rc — Rb)
1 — RaRb + ZRaRc + RbRc

3 me - Rb) @ + Ra) (40l
N 1 RaRb + RaRc + 2RbR£iF3
3 (Rc + Ra) Rb + Ra)
10
toomow) = (30 S 3t ham 3 " hae)
FiG; 31 shows the first example of a motion vector
search in video encoding according to the embodiment of
the present invention. FIG. 32 shows a motion vector
15 search method in a case wherein a prediction is made by
using two consecutive frames as reference frames, and.
one representative motion vector is encoded, as shown
in FIG. 6. Reference symbol F2 ih figure denotes a
video frame; and FO0 and Fl, reference frames.
20 Reference numeral 10 denotes a video macroblock; and
12, 14, 1o, and 18, some reference macroblock
. candidates in the reference frames.
In order to obtain an optimal motion vector for
the macroblock 10, motion vector candidates (motion
25 vector candidates 11 and 15 in FIG. 31) for the

reference frame F1 within a motion vector search range




reduces the redundancy of notion vectors with respect 20 hg q ;hhl
picture or a picture which nmakes a tenporally uniform nove Fely£980 hence
can inprove the encoding efficiency. FIG 35 shows another npbtion vector
encodi ng nethod according to the enbodi nrent of the present 25 invention.
In the nmethod shown in FIG 35, as in the nethod shown in FIG 34, if a
notion vector for a nacroblock at the égne position in the immediately 11
July 2006 76 preceding video frane is identical to a notion vector for a
vi deo macrobl ock, the notion vector is not encoded. Wether notion vectors
are identical to each other is determ ned depending on whether their

movi ng 5 angleest drhe inddritanc alectRefser (i mp tionFvactds, 13 potiedmedcdpensati on
prediction is performed with respect to nacroblocks 40 and 41 in a video
frame F3 by sealiify die meafddnatVelor 9ir eedlidg td ddo adafe ™2 188 a reference
frame and using notion vectors 44 and 45. Wth respect 10 to a nmacrobl ock
42 at the saMEGFed thorieipyest bot 599 1 SO %0 Vit ™PRe vi deo frane F2

porfor ea by GERIIEEL It die TE6-t R0 If PR ASe DS E P as pet "B5 the {1 ame
P2 as g reference fiame and using 15,2 00L1 o YeGhQ s4BerA lguon the
| distance are used as motion vectors for the reference
frame FO. A predictive macroblock is generated from
the linear sum of the reference macroblocks 14 and 12
or 16 and 18 extracted from the two reference frames FO
.10 and Fl1. The differential value between the predictive
macroblock and the to-be-encoded macroblock 10 is
calculated. When this differential value becomes
minimum, the corresponding motion vector is determined
as. a motion vector search result for each macroblock.
15 Motion compensation predictive encoding is then
performed for each macroblock by using the determined
motién vector.
A motion vector may. be determined in consideration
of the encoding overhead for each motion vector itself
20 as well as the above differential value. A motion
vector may be selected, which exhibits a minimum code
| amount required to actually encode a differential
signal and the motion vector. As described abbve, the
motion vector search method can obtain an accurate
25 motion vector with a smaller computation amount than in
the method of separately searching for optimal motion

vectors for the reference frames FO and Fl.




sanme angle, the size of the notion vector 46 is twice that_of t% not i on
vector 44. Therefore, the notion vector 44 can be reconst953W§& @9 scal i ng
the notion 20 vector 46 in accordance with the inter-franme distance. For
this reason, the notion vector 44 is not encoded, and prediction node
information indicating a node of using a notion vector for the i mediately
preceding franme is set. 25 The notion ctor 45 of the macrobl ock 41
exhibits the sanme angle as a notion vez or 47 of the macrobl ock 43 at the
sanme position in the preceding frane, and 11 July 2006 77 hence the notion
vector 45 is not encoded as in the case of the macrobl ock 40. A macrobl ock
for which a noti @l Ge@2oshosisndthee s &xapplehe faBoretdade s

subjected to notion conpensation predictive inter-frame 5 encoding and
decodi ng by wsiatgrt keayshi dn végesr ensivddngedchyrddnri k§ the notion vector
at the same position in the preceding video frame_in aggordance with the
inter-frane GMPCSEEBeORedhet RE SFcddo IPVEREL18nd Fﬁ@'rgéeﬁ R¥E frane. 10

FIG 36 i i ew f | ai ni bl ock _ ski ppj d predict
encodi ng of A ABeN SFRBFC SEPRGD HOHERS Gfice FraRG HEEard RoCHo ERE

Crot B bt A% PP P S Eh BB Fhante!suence

_— reference frames, and one representative motion vector

is encoded or one.representative motion vector and a

differential vector are encoded, as shown in FIG. 6, by
the same method as that shown in FIG. 31. Referring to

10 FIG. 32, reference symbol F2 denotes a video frame; and
FO and Fl, reference frames. Reference numeral 10
denotes a video macroblock; and 12, 14, 16, and 18,
reference macroblock candidates in the reference
frames.

.15 In the second motion vector search, a search is
made for one motion vector with respect to the two
reference frames as in the first motion vector search.
Referring .to FIG. 32, a motion vector 11 and a motion
vector 13 obtained by Séaling the motion vector 1l are

20 selected as optical motion vectors. A re-search is
made for a motion vector with respect to a reference
macroblock from the frame FO in an area near the motion
vector 13. In re-search operation, the reference frame
12 extracted from the frame F1 by using the motion

25 - vector 11 is fixed. A predictive macroblock is
generatgd from the linear sum of the reference frame 12

and the reference frame 14 extracted an area near the




15 B, C, D, and E, adjacent macrobl ocks that have al ready E?a&'engoded;
and FO, FI, and F2, reference franmes, one or a plurality d iZ0f0 ar e

sel ected and subjected to notion conpensation predictive encoding for each
macr obl ock. Wth respect to the macroblock A, a 20 prediction is perforned
based on a notion vector 50 by wusing the frame Fl as a reference frane.
Wth respect to the macroblocks B, C gnd E, predictions are perforned
based on notion vectors 51, 52, and 55 3 using the frames F2, FI, and FO
as reference franmes, 25 respectively. The macroblock D is predicted by
using the reference frames FI and F2. Wen the notion vector 50 of the
macr obl ock Armics itom becdgrgoded o fa reediramieo®011 2ulne-2666 I8 iveoide i s
selected fromthe notion vectors of the adjacent macroblocks B, C, D, and
E, and the did:f er emttiigin westtor bathhearespestpteditbei dwapectF@r sands t he
motion vector 50 is encoded. 5 A prediction vector is determ ned by, for
exanpl e, a it B9AigH zse(tde i IR nemGeohobeeesr tosr PESHERdIiNG to the

medi an val ue of the notion vectors _of the adjacent _macroblocks B, C, and E
or a nmethod #EEEEGkGrhdhe LY & ERcoReFePREF OPLRE Dt i on vect or of one

esi dusl error s G eAddiffe 3 AT P FHeronce hetnde EHS e cf | on
‘ ‘frame rate, and the iﬁterval between the frames F2 and
F1 and the interval between the frames Fl1 and F0 are
equal. In this case, 1in order to search for a constant
movement, a search rénge with respect to the reference
10 frame F0 needs to be four times larger in area ratio
- than a search range with respect to the reference frame
Fl. A §earch for a motion vector with respect to the
two reference frames FO and Fl with the same precision
requires a computation amount four times. larger than
15 . that for a search for a motion vector in a prediction
only from the reference frame Fl.

According to the second motion vector search
method, first of all, a search is made for a motion
vector with respect to thé reference frame F1 with full

20 precision. The reference frame FO is then searched for
a motion vector obtained by scaling this motion vector
twice. The reference frame FO is re-searched with full
precision. The use of such two-step search operation
can reduce the computation amount for a motion vector

25 - search to almost 1/4.

| In the second mofion vector search method, motion

vectors for the reference frames FO and Fl are




vector and the notion vector of the to-be-encoded nacrobl? F bg@ﬁ s 0,
the reference frane having the 15 macrobl ock for which the g'@Hi on
vector is selected coincides with the reference frane having the video
macr obl ock to be encoded, and all the prediction error signals to be
encoded becone 0. In this case, the macroblock is skipped w thout being
encoded. The 20 nunber of nacrobl ocks consecutively skipped is encoded as
header -i nformati on of a video macr obl ock3to be encoded next without bei ng
ski pped: Assune that a prediction vector for the macrobl ock A becones the
notion vector 52 of the macroblock C. In this case, 25 the macrobl ock A

coi nci des w thptheteigr obltadke@.i nIheensodfingetéeencactianeyeahdrshe notion
vector 50 coincides with the notion vector 52. If all the 11 July 2006 79
predi cti on efiostsidgnals, ofthieheotrdaonobkotkrAlar éo@, thherefratenbeock is

ski pped wi thout being encoded. At the tine of decoding, a prediction
vector is seffsemedFbyist gacoded . nefheddasfengntigedvartohebeivecnf
encoding, 5 and a prediction picture is generated by using the. reference
frame of thetﬁﬁcm@EPQBkVﬁ6¢0ﬁhﬂ§hObﬁélnﬁgeHVCﬁFéﬁlvécFB? ngti@tected. The

generated prediction picture is a decoded picture qof the skippe
n&crobpock. T6tPromé BPdtﬁ@ea58§éOﬁaE?SEPBCRbERFBEﬁnQScBﬂﬂi?ggﬁgt

of re-searching the reference frame FO0 is encoded.
This makes it possible to reduce the encoding overhead
for each motion vector.
A search 1s made for the motion vector 13 obtained
10 scaiing the motion vector 11 in a re-search range of
*+1, i.e., with a coarse precision of 1/2. Only a
re-search is made for the motion vector 13 with full
precision. In this case,‘the motion vector with
respect to the re-searched reference frame F0 is scaled
.15 to 1/2. This makes it possible to uniquely reconstruct
the motion wvector 11 with respect to the reference
frame ¥l regardless of the re-search result. There-
fore, only the motion vector with respect to the
reference frame FO may be encoded. In a decoding
. 20 operation, the motion vector 11 with respecf to the
| reference frame Fl1 can be obtained by scaling the
received motion vector to 1/2.
FIG. 33 shows the third motion vector search
method. In this motion vector search method, a current
25 - frame is predicted by using two consecutive frames as
reference frames, as in the method shown in FIG. 31, as

shown in FIG. 6. One representative motion vector is




is not satisfied, the differential vector between the predictjqn vector
and the notion vector of the video nmacroblock, the predicﬂﬂgwgégpgr

signal, and an index indicating the reference frame are encoded. 15 As the
index indicating the reference frane, the differential value between the
reference franme i ndex of an adjacent macrobl ock for which a prediction
vector is selected and the reference f gme index of the video frane is
encoded. 20. When the notion vector 52 of “the macroblock Cis selected as

t he prediction vector of the macroblock A as in the above case, the
differential vector between the notion vector 50 and the notion vector 52
and the predinciided, eoroonsi grealresenttad ivec mobliook vAcipEs 2BdeAcoded.
Alternatively, for exanple, in accordance wth the table shown in FIG 23,
a reference Hififerientielpressed Byecasnceded -( CBedentaber F© Aldif férenti al
11 July 2006 80 val ue between the index 2 indicating a reference frane for
t he nacrobloé@f@ﬂﬂﬁ§efﬁ&ﬁ@@lbigkd§ﬁ@tﬁﬁeaiﬁ&@ﬁozféﬁmefhénﬁaggoﬁpgck A,

e 0, is encoded as a reference _frane index difgeégntial value. 5 FIG
r

37 shows anoffer HRHEER CPe (6 CEnc o fietg T SREEN BHTAEBor dPngeEB Bhie®enbodi ment
O eSS ok Y Lo chE! i 13 4 F1 O Sl b1 a0BnE2 1 2 video
reference macroblock candidates in the reference
frames;
“ | In the third motion vector search, as in the first
or second example, searches are made for motion vectors

10 with respect to the reference frames FO and Fl, and a
re-search is made for a motion vector with respect to
the reference frame Fl. In general, in a video
picture, the correlation between frames that are
temporally close to each other is strong. On the basis

15 of this property, the prediction efficiency can be
improved by obtaining a motion vector with respect to
the reference frame F1 temporally closest to the
reference frame F2 with higher precision in the third
motion vector search.

20 . ' VFIG. 34 shows a motion vector ehcoding method
according to the embodiment of the present invention.
'In.figure, F2? shows a video frame, F1 shows a frame
encoded immediately before the frame F2, 30 and 31 show
macroblocks to be encoded respectively. 32 and 33 show

25 -  macroblocks located at the same positions as those of
the macroblocks 30 and 31 in the frame F1. 34 and 35

also show_to—be~encoded_motion vectors of the




nmotion conpensation prediction is perforned from 10 tenporally ﬁ@b cent
frames. Wth respect to a macroblock 61 in the frame F2, A1fply &3 IS
used as a reference frame for a backward prediction, and a frame Fl is
~used as a reference frane for a forward prediction. Therefore, the frame F3
is encoded or 15 decoded before the-frame F2 is encoded or decoded. In
.the reference franme f3 for a backward prediction for the video nmacrobl ock
61, a macrobl ock 60 at the same positid® as that of the video macrobl ock
61 in the frane will be considered. If a notion conpensa 20 tion
- prediction based on the |linear sumof the franes FO and Fl is used, the
mot i on vect ormd®ZohTodhe 30 gid)31 pfarides drentd o cle 6 Gronrdess partdicrg t o t he
reference frame FI for a forward prediction for the video nmacroblock 61
i s scal ed i n ascosdance whd mddwl2bodkd €32 farahe8 i st ance, and the resul tant
vector is used as a vector for forward and backward predictions for the
vi deo macrobl ock 6In #HiguenbedDee8d, Let td ngpRetanadied madrd-dr ame di st ance
fromthe frame FI to the frame F2, and R2 be the inter-frame _distance
fromthe franmeed®ox ol g HeldntamalF3o thanaipkqibrie it diorolit Alaredypck
mul tiplying the notion vector 62 by 5 Rl/(Rl + R2). becones a notion vector
64 for5%,forWhﬁthﬁwﬁﬁﬂQnQQﬁﬂ?kﬂnt#ﬂaqﬁﬁx%ﬂﬂ%ﬂﬂ@ﬁ?ﬂy'ﬂﬁ?Qﬁﬁ%991“%Q§Por

frame, the motion vector is not encoded, and a flag
indicating that the motion vector is identical to that
for the macroblock at the same position in the
immediately preceding video frame is encoded as a
10 prediction mode. If the motion vector is not identical
to that for the macroblock at the same position in the
immediately preceding video frame, the motion vector
information is encoded. In the method shown in
FIG. 34, the motion vectors 34 and 36 are identical.
15 Therefore, the motion vector 34 is not encoded. In
addition, since the motion vector 35 differs from the
'motion vector 37, the motion vector 35 is encoded.
Encoding motion vectors in the above manner
reduces the redundancy of motion vectors with respect
20 to a still picture or a picture which makes a
'ﬁemporally uniform movement and hence can improve the
encoding efficiency.
FIG. 35 shows another motion vector encodiﬁg
method according to the embodiment of the present
25 invention. In the method shown in FIG. 35, as in.the
method shown in FIG. 34, if a motion vector for a

macroblock at the same position in the immediately




obt ai ned by nmultiplying the notion vector 62 by -R2/ (R + )}bg 8nes a
motion vector 65 for a backward prediction for the macr obH JRY %.610 Wth
respect to the video macrobl ock 61, the above notion vector information is
not encoded, and only a flag indicating the above prediction node, i.e.,
the execution of a bi-directional prediction by notion vector scaling, is
encoded. .15 In a decoding operation, the franme F3 is decoded first. The
noti.on vectors of the respective macr oBlfocks of the decoded frame F3 are
tenporarily stored. In the frame F2, with respect to the macroblock for
whi ch ‘the flag indicating the above 20 prediction node is set, notion
vectors for fraremedd ngand deackirvand predideritans lattd ke madoabireck o0 ar e

cal cul ated by scaling the notion vector of a nacrobl ock at the sane
position in tie far anelded madreddlpyrk, pdbfeomutignbiveditoectiisomalt predi ctive
decoding. 25 FIG 38 shows anot her exanple of the bi-directional

predi ction skowedad.F| @hedherRaodiomgacd oRIsGarsg idgnftigad FO k8ch
reference frane for a 11 July 2006 82 forward prediction for a video

macr obl ock 7Ptbery i dedenmings pepeasdncherothethgrr dhgdmeRPY¥1BPe t he sane

as those in FIG 37. In this case, forward and backward notion vectors
for the vi de@¥a&SolitsckdEntdce lobt fefegring to ¥IG. 35,.a motlon

compensation prediction is performed with respect to
macroblocks 40 and 41 in a video frame F3 by setting an
immediately preceding video frame F2 as a reference
frame and using motion vectors 44 and 45. With respect
10 to a macroblock 42 at the same position as that of the
"macroblock 40 in the video frame F2 immediately
preceding a frame F1, a motion compensation prediction
is performed by setting a frame FO two frames back with
respect to the frame F2 as a reference frame and using
15 a motion vector 46.

Although the motion vectors 46 and 44 exhibit the
same angle, the size of the motion vector 46 is twice
that of the motion vector 44. Therefore, the motion
vector 44 can be reconstructed by scaling the motion

.20 vector 46 in accordance with the inter—framé distance.
For this reason, the motion vector 44 is not encoded,
and prediction mode information indicating a mode of
using a motion vector for the immediately preceding
frame is set.

25 - The motion vector 45 of the macroblock 41 exhibits
the same angle as a motion vector 47 of the macroblock

43 at the same position in the preceding frame, and




by scaling a notion vector 73 of a macroblock 70 with respect, to a frane
F3, which is located at the sane position as that of the 953@5 821 obl ock
71, to the frame FO in accordance with the inter-frane distance. Letting
R be the inter-franme distance fromthe 10 frame FOto the frame F2, R2 be
the inter-frame distance fromthe frane F3 to the frame F2, and R3 be the
inter-frame distance fromthe frame FOto the frane F3, the vector obtained
by nultiplying the motion vector 73 by RI/R3 is a forward notion vector 74
for 15 the video macrobl ock 71. The vector obtained by nmultiplying the
notion vector 73 by -R2/R3 is a backward notion vector 75 for the video
macr obl ock 7lhelte dikechdonah Peethet4yeiencodi ageaded decarh ngheof the

vi deo nmacrobl ock 71 are perforned by using the notion 20 vectors 74 and
75. I n the nethossofhohm macFiESocB74@nd B8&nacoloclefBrendeidlr ane for a
backward prediction for a bi-directional prediction video macroblock to be
encoded, a nuwriobdmcReatox his see pocidednansin hithe ofb@B tdesaviideo
macroblock in the frane will be considered. Wen this macrobl ock uses a
plurality of $drireted s drehben f ¢eiNRe s blowmrir ehid hatk vidre ardthae vect or s
11 July 2006 83 for the video nacraobl ock are generated by scaling a notion
vector With respReing ARG elecrRinegfly aheend rigp motion vector

obtained by scaling the motion vector at the same
position in the preceding videc frame in accordance
with the inter-frame distance between the video frame
and the reference frame.

10 FIG. 36 is a view for explaining macroblock
skipping and predictive encoding of an index indicating
a reference frame according'to the embodiment of the
present invention. Referring to FIG. 36, reference
symbol F3 denotes a video frame; A, a video macroblock:;

15 B, C, D, and E, adjacent macroblocks that have already
been encoded; and FO, Fl1, and F2, reference frames, one
or a plurality of which are selected and subjected to
motion compensation predictive encoding for each
macroblock. With respect to the macroblock &, a

20 prediction is performed based on a motion vector 50 by
using the frame Fl as a reference frame. With respect
to the macroblocks B, C, and E, predictions are
performed based on motion vectors 51, 52, and 55 by
using the frames F2, Fl, and F0 as reference frames,

25 respectively. The macroblock D is predicted by using
the reference frames Fl and F2. When the motion vector

50 of the macroblock A is tQ be encoded, a predictiocn




as the forward reference frame for the bi-directional predictiaon video
maer obl ock. 5 As descri bed above, generation of notion vec@&&%h”%w6scaling
in the above manner can reduce the encoding overhead for the notion
vectors and inprove the encoding efficiency. In addition, if there are a
plurality of notion vectors on which scaling is based, 10 the prediction
efficiency .can be inproved by sel ecting notion vectors exhibiting
coincidence in terms of forward refererd®e frane and scaling. them This
makes it possible to realize high-efficiency encoding. FIG 39 shows

anot her nethod for the 15 bi-directional predictions shown in FIGS. 37 and
38. ReferringdmfliG 89 ectfdadnirdsd tilse anotiiden fedne ¢ @beheencoded, and a
vi deo nmacrobl ock 81 to be encoded is predicted by a bi-directional

predi cti on usidipeertr amecrdbl asksa Bhadkwdrd aref éergel fotere and a frame F2
as a 20 forward reference frane. A macroblock 80 in the frane F4 which is
| ocat ed at t hil Shemergoisl ivactas theftvesfn tihe priegie timay olsicdor 8nd s
predicted by the linear sumof two forward frames FO and FI. In the nethod
shown in Fl Ghe3guotiiiey efeteor tHe iFarngasiafard reference frane is 25 not

used for the macrobl ock 80 and the video macrobl ock_. 81, unlike the nethods
shown i°n FI GS. 37 ‘arkFesBictipn niectekel s SHTHMsedr Mk B8Rt to one

11 July 2006;§%wthod of selecting a motion vector corresponding to

the median value of the motion vectors of the adjacent
macrobleocks B, C, and E or a method of selecting, as a
prediction vector, the motion vector of one of the

10 adjacent macroblocks B, C, D, and E which exhibits a
minimum residual error signal.

Assume that the difference between the prediction
vector and the motion vector cof the to—be—encoded
macroblock becomes 0, the reference frame having the

15 macroblock for which the prediction vector is selected
coincides with the reference frame having the video
macroblock to be encoded, and all the prediction error
signals to be encoded become 0. In this case, the
macroblock is skipped without being encoded. The

.20‘ number of macroblocks consecutively skippedris encoded
és header information of a video macroblock to be
encoded next without being skipped. Assume that a
prediction vector for the macroblock A becomes the
motion vector 52 of the macroblock C. In this case,

25 ° the macroblock A coincides with the macroblock C in

- terms of reference frame, and the motion vector 50

coincides with the motion vector 52. If all the




of the forward reference frames FO and FI for the macroblqck 80 which is
tenporally closer to the forward reference frane F2 for tHiJg]iy&QQG

macrobl ock 81 is scaled in accordance with the inter-frane distance. 5
Wth this operation, forward and backward vectors for the video nacrobl ock
81 are generated. Letting RL be the inter-frane distance fromthe frame F2
to the frame F3, R2 be the inter-frame distance fromthe frame F4 to the
frame F3, and - R3 be the inter-frane di st’dnce from 10 the frame Fl to the
frame F4, a forward notion vector 84 for the video nacroblock 81 is
obtained by nultiplying a notion vector 82 of the macroblock 80 wth
respect to therddiatteidrl dyyrdl/R3naA hackvdra mamtamlioole® arre83,f dhet he

t o- be- encoded macrobl ock 81 is 15 obtained by multiplying the notion vector
82 by - R2/ R3.maditvébhided sredtighpat kvighawt Bieidig egtdasival | y Adr ddiect ed by
using the notion vectors 84 and 85 obtained by scaling. As described
above, gener dtinon of darddimaec dreedizg ipgn stetialg is sHEe @Sy ®¥manner can
reduce the encoding overhead the notion vectors and i nprove the encoding
ef ficiency. Itheadfng gethad tertdal asedplaf dha idgie @it iBFofdedrs on

whi ch scaling is based, and there are , no notiqn vectors exhibiting

~ coinci dence i1'd & m¥ SH U5 Fo R T et dfhe 1 tEk PYa Yiti%r Afect or
correspondin 0 a reference frane te r.al | | osest .tq,the forward
reference frg?%gefroernct% r\ﬁnlfeéj’{m eoﬁqaoc% lsocgélfg)crt é"guc}l e
prediction vector is selected. The generated
predictioﬁ picture is a decoded picture of the skipped
macroblock.

10 If one of the above macroblock skipping conditions
is not satisfied, the differential vector between the
prediction vector and the motion vector of the video
macroblock, the prediction error signal, and an index
indicating the reference frame are encoded.

15 As the index indicating the reference frame, the
differential value between the reference frame index of
an adjacent macroblock for which a prediction vector is

.selected and the reference frame index of the video
frame is encoded. |

20 When the motion vector 52 of the macroblock C is
selected as the prediction vector of the macroblock A
as in the above case, the differential vector between
the motion vector 50 and the motion vector 52 and the
prediction error signal of the macroblock A are

25 encoded. Alternatively, for example, in accordance

| ‘with the table shown in FIG. 23, a reference frame is

expressed by an index (Code number). A differential




11 July 2006 85 and scaled. This nakes it possible to inprqve the
prediction efficiency and realize high-efficiency encodindJJPb@woﬁo is a
flow chart of the video encoding 5 method according to the enbodi nent of
the present invention. FIG 41 is a view for explaining a weighting
prediction according to the enbodi nent of the present invention. A

" weighting prediction according to the enbodinent will be described with
reference to 10 FIG - 41. A weight fact 8P determination method will then
be described with reference to FIG 40. Referring to FIG 41, reference
synbols FO, FI, F2, and F3 denote tenporally consecutive franmes. The
frame F3 is aatideddowaren tithdearrercoded ndiha tfiranes rEf k@nclel frand F2 are
reference franes for the video frane F3. O to-be-encoded pixel blocks A,
B, C, and D ifor tihe wiaemdlarke F3wd drades blaodksnd tBe dmde®, 2 péf erence
pi xel block signals wth notion conpensation 20 are generated fromthe
frames Fl, FOheamgERblgdpdo- itqevel W, Wt lencesisecast @ tigdedensker ence

pi xel block signals, a prediction pixel block signal is generated by

nul tiplicati dwanef insieghtdfdarsrnd iadd vaddiei on of DC of fset val ues. The

di fference between the prediction 25 pixel block signal and the
t o- be- &ncoded pixéﬂfbldgk shows another motion vector encoding

method according to the embodiment of the present
invention. Referring to FIG. 37, a frame F2 is a video
frame to be encoded, which is a B picture for which a
motion compensation prediction is performed from

10 temporally adjacent frames. With respect to a
macroblock 61 in the frame F2, a frame F3 is used as a
reference frame for a backward prediction, and a frame
Fl is used as a reference frame for a forward
prediction. Therefore, the frame F3 1s encoded or

15 decoded before the.frame F2 is enched or decoded.

In the reference frame £3 for a backward

prediction for the video macroblock 61, a macroblock 60
at the same position as that of the video macroblock €1
in the frame will be considered. If a motion compensa-

20 tion prediction based on the linear sum of the frames
FO and F1 is used,-the motion vector (62 in the figure)
of the macroblock 60 corresponding to the reference
frame F1 for a forward prediction for the video
macroblock 61 is scaled in accordance with the

25 inter-frame distance, and the resultant vector is used
as a vector for forward and backward predictions for

the video macroblock 61.




signal is calculated, and the differential signal is encoded, together
wth the identification information 11 July 2006 86 of thelié@§ﬂ@a@e franes -
and notion vector information. Wth respect to the block D, reference

bl ock signals with notion conpensation are respectively generated fromthe
frames FO and Fl. A prediction 5 pixel block signal is generated by adding
a DC offset value to the linear conbina%ﬁon of the reference pixe

bl ocks. The difference signal between the~ to-be-encoded pixel block signal
and the prediction pixel block signal is encoded, together with the 10

identification infj{ tion of the reference frames and notion vector
information. On th egkﬁ‘éwf HendPe ithen ideeudi frpropetatiane then the
identificatiogr orJmation.of the reference franmes and notion vector

Lnf
i nfor mation arecdscéded® THE 5 T2/ r éneh Bicdepibhel initeok fsiagral s ar e

generated on gk i these_piec f decoded information. A
prediction piQSthpggk%égénéﬁeiEragﬁegét & é;e FErIGr icng tingl mioplioat i ons

o iRy | SPLPERE AL OD hgR B el SIS MAREEREE! L0 L1, 0
pi xel bl ock Signal o dbchgs The b1 desipfcrgredr 61 ox"a B charg o1 "
prediction for the macroblock 61. The motion vector
obtained by multiplying the motion vector 62
by -R2/(R1 + RZ) becomes a motion vector 65 for a
backward prediction for the macroblock 61.

10 With respect to the video macroblock 61, the above
motion vector information is not encoded, and only a .
flag indicating the above pfediction mode, i.e., the
execution of a bi~directional prediction by motion
vector scaling, is encoded.

15 In a decoding operation, the frame F3 is decoded
firsf. The motion vectors of the respective
macroblocks of the decoded frame F3 are temporarily
stored. In the frame F2, with respect to the
macroblock for which the flag indicating the above

20 prediction mode is sét, motion vectors for forward
and backward predictions at the macroblock 60 are
calculated by scaling the motion vectof of a macroblock
at the same position in the frame Fé, thereby
performing bi-directional bredictive decoding.

25 o FIG. 38 shows another example of the

bi-directional prediction shown in FIG. 37. Referring

to FIGT 38, a frame F0O is a reference frame for a .




iction pixel block signals are generated in 25 encoding and decodi ng
Egggations By the follow ng calculation. Letting predA bgl Jﬁbﬁﬁpétlonooe
signal for the pixel block A and ref[1] be a reference pixel 11 July 2
87 bl ock signal extracted fromthe frame FlI, the signal predAis Cah
cal cul'ated as follows: predA=w[1]ref[l]+d[I] (42). where W] is a weight
factor for the reference pixel 5 block, ggd d[I'] is a DC offset value.
These val ues are encoded as header data”for each video franme or slice in
a coefficient table. Wight factors and DC offset values are separately

' i i h vi deo
ed for a plyrality of reference franmes corresponding to eac _
??gﬁ;hlgo For£%§%§5$e?rﬁﬂgﬁt%@%p@@r aovideopimaekobloek BiiBr Bl Gigdd, since

' j [ frame FO a
a reference pixel block ref[0] is extracted fromthe ame FO, B
prediction si %%%ﬂ‘e pé%’dBan‘gsélé‘? VRHeY aheafgeient agarquahéosampr g8 = W O]

j [ ference pixe
d[o] + d[O 43) .1 t espect_to the pixel block D, re
[)Fogzk]s ar e[ elﬁé%%% ed’ %%(\gn thé f el Fo @age F1forvespeatd viehykwihese

. o : et
Vel ues are’ A0ded T TR ditterdle THEATY ot tohi erlgntd e eSbE%n%L |
averaged to ganesaie fy by %gﬂt??if VR PSR R siendat Yo wih O v
ref[1] + (d[O] + d[1])” 1/
_ respect to a frame F3, which is located at the same
position as that of the video macroblock 71, to the
frame FO in accordanée with the inteiuframe distance.
Letting Rl be the inter-frame distance from the
10 frame FO to the frame F2, R2 be the inter-frame
distance from the frame F3 to the frame F2, and R3 be
the inter-frame distance from the frame FO to the frame
F3, the vector obtained by multiplying the motion
vector 73 by RI1/R3 is a forward motion vector 74 for
15 the video macroblock 71. The vector obtained by
multiplying the motion vector 73 by -R2/R3 is a
backward motion vector 75 for the video macroblock 71.
Bi-directional predictive encoding and decoding of the
video macroblock 71 are performed by using the motion
20 vectors 74 and 75.
| In the methods shown in FIGS. 37 and 38, in a
reference frame for a backward prediction for a
bi-directional prediction vidéo macroblock to be
encoded, a macroblock at the Same position as that of
25 the-video macroblock in the frame will be.considered.

When this macroblock uses a plurality of forward

- reference frames, forward and backward motion vectors




In this enbodi nent, a weight factor and DC offset value are determ ned for
each reference franme in this manner. 25 A nethod of deterﬁﬂﬂphﬁupﬁe above
wei ght factors and DC of fset values in an encodi ng operation according to
this enbodinment will be described with reference to 11 July 2006 88 FIG

40. The nethod of determ ning weight factors and DC offset values wll be
described with reference to the flow chart of FIG 40, assum ng that the
inter-frame prediction relationship shoWwdin FIG 41 is 5 maintained, i.e.,
the frame F3 is a video franme, and the franmes FO, Fl, and F2 are reference
frames. Wi ggt 1;3{:& ors and DC of fset val ues are regarded as independent

values with r ‘6t e pImaetdh Jo ot ar@fg&&g&g&é&aggs cangd wei ght
factor/DC offset, data 10 table data is encoded for € c% Vi ded $ranme or

slice. For examl® W4T d¥pdetramadic w den feame F3rd fop &l ré}% wei ght
factors and DG %k%§ values (wyf0], d[0]), (WI], d[1]), and vﬁ , d[2])
correspondingto  t heHPIfeLSE@ramce syhnR2 fane temmedjir-g’ie%eon‘é‘"’ll ues 15

may be changgdfigr h.slice in the video frame. First of all, "an average
val ue DCcur %aeD%CtggﬁpgﬁgﬁP FRC&ERSIUOFER-0 be referred to as a DC conponent

val ue fereinafterh 0f.pixel values in the entire to-be-encoded frame F3 or
in each slice in the Franebfg a%OVe, generation of motion vectors

by scaling in the above manner can reduce the encoding
overhead for the motion vectors and improve the
encoding efficiency. 1In addition, if there are a

| plurality of motion vectors on which scaling is based,

10 the prediction efficiency can be improved by selecting

motion vectors exhibiting coincidence in terms of

forward reference frame and scaling. them. Thié makes

it possible to realize high—efficiency encoding.

FIG. 39 shows another method for the

15 bi-directional predictions shown in FIGS. 37 and 38
Referring to FIG. 39,  a frame F3 is a video frame to be
encoded, and a video macroblock 81 to be encoded is
predicted by a bi-directional Prediction using a frame
F4 as a backward reference frame and a frame F2 as a

20 forward referenge frame. A macroblock 80 in the frame
¥4 which is located at the same position as that of. the
video macroblock 81 is predicted by the lineaf sum of
two forward frames FO and Fl1. In the method shown i#
FIG. 39, therefore; the same forward reference frame is

25 . not used for the macroblock 80 and the video macroblock

81, unlike the methods shown in FIGS. 37 and 38

In this case, a motion wvector with respect to one




20 calculated as follows (step S10). Y F3(x, y) DCcur = x') 45) where
F3(x, y) is a pixel value at a coordinate position (X, y)lﬁﬂabégg%rane F3,

and Nis the nunber of 25 pixels in the frame or a slice. The AC conponent

intensity (to be referred to as an AC conponent value 11 July 2006 89
hereinafter) of the entire video frame F3 or each slice in the frame is
then calculated by the following equatign (step Sil): >IF3(x, y) - DCcur]

- ACcur = MN (46) In neasurenent of an AC conponent value, a standard

deviation |ike the one described bel ow may be wused. In this case,lgheF3
0y ecur) 2 Aot THETRA et Pt BT ofd s tanplr FebntHetmeen
equations  (48)-. 4 A )g0 LG AC fgntpé)rﬁfc%ai/ﬂ/ Ug JEEEYLS nghgeltfcg]l%jard
- reference frame F2 for the video macroblock 81 is
scaled in accordance with the inter-frame distance.

5 With this operation, forward and backward vectors for
the video macroblock 81 are generated. Letting Rl be
the inter-frame distance from the frame F2 to the frame
F3, R2 be the inter-frame distance from the frame F4 to
the frame F3, and R3 be the inter-frame distance from

10 the frame Fl to the frame F4, a forward motion vector
84 for the video macroblock 81 is obtained by
multiplying a motion vector 82 of the ﬁacroblock 80
with respect to the frame F1 by R1/R3. A backward
motion vector 85 for the to-be-encoded macroblock 81 is

15 obtained by multiplying the motion vector 82 by -R2/R3.
The video macroblock 81 is bi-~directionally predicted
by using the motion vectors 84 and 85 obtainéd by
scaling.

As described above, generation of motion vectors

20 by scaling in the above manner can reduce the encoding
overhead the motion vectors and improve the encoding
efficiency. 1In addifion, if there are a plurality of
motion vectors on which scaling is based, and there are
no metion vectors exhibiting coincidence in terms of

25 forward reference frame, a motion vector corresponding

| to a reference frame temporally closest to the forward

reference frame for the video macroblock is selected




based on equation (4.6_) is effective in redu0|ng the 15 conq_ﬁgtlon anount
i n obtai ning an AC conponent value. Letting "ref idx" h TP

indicating a reference frame nunber, a DC conponent value DCref[ref idx]
of the (ref idx)-th reference frame and an AC conponent value ACref[rf

i dx] are cal cul ated 20 according to equations (45) and (46) (steps 513 and
S14). On the basis of the above cal cul atgmn result, a DC offset valug
diref_idx] wth respect to the (ref idx)-th reference frame is determ ned
as the 25 difference between DC conponents as follows (step S15): d[ref

[ d 4 July 200 ht factor W ref_idx]
: gxlle'lt:)g(r:lr:‘lr necf%a;egac%]g A%il g)z;]}}# %a}}é%fgsy ?g???d%’ @ﬁ?/‘ﬁ@feq ef idx]

49) The abovg- 0 . 5 all the
Eeférengeaf?ané§§%§¢%§§:éﬁki€? éﬁ@s&%%kﬁz%d@?gﬁs?%gécﬁﬁacﬁnd S18) .

MAX_REF_I DX diiigaties the nunber of reference franes. Wen all weight
factors and DC offset values are determined, they are encoded as table

data for each videprdraae Ds éofﬁéwC@aaﬁ@dofvetﬂéit€§d@6eé‘héééﬁ¥ﬁ?e“00di ng of
the respective pixel blocks is perforned in accordance wt he encoded
wei ght 5f act omse tartl D @fifdiaty ad Ugse embodiment of the present
| invention. FIG. 41 is a view for explaining a
weighting prediction according to the embodiment of the
present invention. A weighting prediction according to
the embodiment will be described with reference to
10 FIG. 41. A weight factor determination method will
then be described with reference to FIG. 40.
Referring to FIG. 41, reference symbols FO, F1,
FZ2, and F3 denote temporally consecutive frames. .The
frame F3 is a video frame to be encoded. The frames
15 FO, Fl, and F2 are reference ffames for the video
frame F3.
Of to-be-encoded pixel blocks A, B, C;, and D in
the video frame F3, for the blocks A, B, and C,
reference pixel block signals with motion compensation
20 are generated from the frames F1, F0, and F2, respec-
tively. With respect to thesé reference pixel block .
signals, a prediction pixel block signal is generated
by multiplications of weight factors and addition of DC
_ offset values. The difference between the prediction
25  pixel block signal and the to-be-encoded pixel block
signal is calculated, and the differential signal is

encoded, together with the identification information .




" Prediction pixel block signals in. encoding and decodi ng ?eratlons are
generated according to equations (42) to 15 (44) described!d

descri bed above, generation of prediction signals by using weight factors
and DC of fset values which vary for each reference frane and performng
predictive encoding in the above manner can properly 20 generate prediction
signals froma plurality of reference fgeanmes and reali ze

hi gh-predi ction-efficiency encoding with higher efficiency and high
picture quality even with respect to a vi deo signal which wvaries in

i | . [ I 25 DC
of feat val e OTA e i et Aterts MiE bl S dH P A4 it i on o
el ght factors and, 06 oldselc tvaﬂdle&lé""ﬂio&ﬂ Ul v 2908, 91 b descr i bed nex.

FIGS. 42, 43 and 44 sh struct ures assci a h~“encodi ng of

i nf or mat i on af grwaigl thaGdiSrARGRERIFSE, valdess sgddi A2 shows part of

t he header data structure of 5 a video frane to be slice.

maxi mum i ndeyene@utled Fudhethef frxa=Lfrd dng |gp|cggkﬁ%dgggmﬁpce franes
for the video frane or slice and a table data "weighting table()" .

i ndi ca$i ng i pfiaeimblonkolsiyeiaghtis et an®bDGdfingeta el ugssyte encoded.
The maxi mum 10 index count "nunber-of max_ref_idx" is equivalent to
' value to the linear combination of the reference
pixel blocks. The difference signal between the
to-be-encoded pixel block signal and the prediction
pixel block signal is encoded, together with the
10 identification information of the reference frames and
| motion vector information.

On the other hand, in a decoding operation, the
identification information of the reference frames and
motion vector information are decoded. The above

15 reference pixel block signals are generated on the
basis of these pieces of decoded information. A
prediction pixel block signal is generated by
performing multiplications of weight factors and
addition of a DC offset value with respect to the

20 - generated reference pixel block signals. The encoded
difference signal is decoded, and the decoded
~differential signal is added to the prediction pixel
block‘signal te decode the video picture.

Prediction pixel block signals are generated in

25 encoding and decoding operations by the following

: calculation. Letting predA be a predictibn signal for

the pixel block A, and ref[l] be a reference pixel




MAX REF IDX in FIG 40. FIG 43 shows the first exanple of an encoded data
structure concerning the weight factor/DC offset data t ablld July200Ri s case,
the data of weight factors and DC 15 offset val ues corresponding to each
reference frame are encoded in accordance with the maxi mumindex count
"nunber of max ref idx" sent as the header data of the frane or slice. A
DC of fset value d[i] associated with tHg/ith reference franme is directly
encoded as an 20 integral pixel value. On the other hand, a weight factor
W(i) associated wth the ith reference frame is not generally encoded

into an integarocayiddis 428800 c@Srindi €ad edr By ?Fyggfﬁgg?igﬂ%i the

wei ght factor wWi] is approximated 25 with a rationa '] whose

denoni nat or heeeres A EovaIl Hfed 59 BS11oHe encoded into a nunerator [i]
expressed in the formof an integer and a denom nator 11 July 2006 92 to

the power of 2 w expodrent|B] - dehpjna{DOY. w nunerator (i) 2w _expqgenti al -
denom nator (50) The value of the nunerator and the denomnator to the

power of 2 caiehe ohitldi ned dywaigh ofd ovbngrorqias i oaréBdnce o IweEr at or [ ]
= (int)wi] x 2w _ exponenti al _denom nat or
5 block, and d{1l] is a DC offset value. These values are
| encoded as.header data for each video frame or slice in
a coefficient table. Weight factors and DC offset
values are separately determined for a plurality of
reference frames corresponding to each video frame.
10 For example, with respect to the pixel block B in
FIG. 41, since a reference pixel block ref[0] is
extracted from the frame FO,‘a prediction signal predRB
is given by the following equation:
predB = w[0] ¢ red] + d[0} (43)
15 With respect to the pixel block D, reference pixel
blocks are extracted from the frames F0 and F1,
respectively. These reference pixel blocks are
multiplied by weight factors, and DC offsét values are
added to the products. The resultant signals are then
20 averaged to generate a prediction signal prédD
predD = {w[0] ¢ refl0] + w[l] ¢ ref[1] + (A[0] + A[1))}/ 2 (44)
In this embodiment, a weight factor and DC offset
value are determined for each reference frame in this
manner.
25 . | A method of determining the above weight factors

 and DC offset values in an encoding operation according

 to this embodiment will be described with reference to




w -'exponent i a 1-denomna tor = (int)log2 255 max(Wi)) i | Sgéé 10 In
encodi ng and decodi ng operations, a prediction picture islééﬂér d by
usi ng the above encoded approximate value w [i]. According to equations
(50) and (51), the following nerits can be obtained. According to the .
wei ght factor expression based on 15 equation (50), the denom nator of the
wei ght factor is constant for each vides franme, whereas the nunerator
.changes for each reference frane. This encoding nethod can reduce the data
anount of weight factors to be encoded, decrease the encodi ng overhead, '

A oaprove, 3 d hey encoml gy &l A6 S0 A ROPRL S HLAD Lhe, JELhod, of

i ndependent |y encodi ng wel actors ence frane in

“denomi nat or s NG AR 3 OFSe s 'vﬁiif%@%@é@.f\h@é Jq§tﬁe£ef085§m98“€5 of 2,

since multiplications of weight factors w respect t reference pixel

bl ock si gnal sizars gy r@ +zesk byraul 40 pl i SalhoRg Ofat ntggers and bit |
shifts, no floating-point operation or division is required. This 11 July

2006 93 nakesiritie paysind etal Tetiune tdie hiastval® Shadwn aid FEENPAL atd on
amount for encodi ng and decodi ng.
5 - maintained, i.e., the frame F3 is a video frame, and
the frames FO0, Fl, and F2 are reference frames.

Weight factors and DC offset values are regarded
as independent values with respect to a plurality of
reference frames, and weight factor/DC offset data

10 table data is encoded for each video frame or slice.
For example, with respect to the video frame F3 in
FIG. 41, weight factors and DC offset values (w[O0],
d(ol), (wll], df1]}, and (w[2],.d[2}) correéponding to
the frames FO, Fl, and F2 are -encoded. The=e values
15 may be changed for each slice in the video frame.

First of all, an average value DCcur (a DC

component intensity to be referred to as a DC component

value hereinafter) of pixel values in the entire

to-be-encoded frame F3 or in each slice in the frame is

20 calculated as follows (step S10).
Z F3{z, v)
DCcur = 24 - (45)

where F3(x, y) is a pixel value at a coordinate
position {x, y) in the frame F3, and N is the number of.
25 - pixels in the frame or a slice. The AC component:

intensity (to be referred to as an AC component value




The above conputations will be described in further detail below Equation
(52) represents a 5 prediction expression obtained by genéﬂin§¥H6 t he
predi ctive expression indicated by equations (42) and (43) and is used for
the generation of a prediction pixel block signal for a pixel block
-corresponding to a reference franme nunber i. Let Predi be a prediction 10
signal, ref[i] be the reference pixel blggck signal extracted fromthe ith
~reference frame, and wfi] and d[i] are a weight factor and DC offset value
for the. reference pixel block extracted fromthe ith reference frane. 15

Pr o edi = Wi r it d[i 52) _Equatio 5 S predi ct.i on. expression
in a case éerrg"ﬁtr?[atf]ﬁéer\kei[ogﬂhtt eace[no%lq:vﬁ i‘]rl%é e%%lad?? ofﬂg (H2)c3d e%p}%gsed by
t he rational—gu@%%rfggﬁjcq e equat,| ) i ase, wn[i]
represents winurrer ator ﬁ ?an%equataé%%}(%%ﬁg atn%é]wge%h?oe%lrne%ent S
mLexponentiagqg%@q@hnqgg%p RBaqgdi = ((wn[i] ref[i] + 1 c< (wed - 1)) >>
wed) + d[i] (53) In genéral, since the weight factor wi] which is 25
effective for an arbitra ding pj,cture or the like is not an integer, a
f1 oat i ng- poi nt nultiplic§§“%z&0’“lﬁgﬁﬁfred in the equation (52). In
addition, if wWi] AGcurE 34y—2006-94—
5 N (46)
In measurement of an AC component value, a
~ standard deviation like the one described below may be
used. In this case, the computation amount in

.obtaining an AC component value increases.
10

>, (F3(x,y) - DCcur¥
ACeur ==+

N (47)
As is obvious from a comparison between equations
{46) and (47}, the AC component valqe measuring method
based on equation {46) is effective in reducing the
15 computation amount in obtaining an AC component value.
Letting frefﬂidx" be an index indicating a
reference frame number, a DC component value
DCref[ref idx] of the (ref idx)-th reference frame and
an AC component value ACref[rf idx] are calculated
20 - according to equations (45) and (46)I(steps 513 and
S514).
, On the basis of the above calculation result, a DC
~offset value diref idx] with respec£ to the
(ref idx)-th reference frame is determined as the
25 difference betWeen DC components as follows (step S15):

diref ‘idx] = DCcur — DCreflref idx] : {48)




expressed by an arbitrary rational nunber, an integer multiplication and
division are required. |If the denom nator indicated by equéi?@ﬁng@) i's
expressed by a rational nunber which is a power of 2, a weighted 5

predi ctive conputation can be done by an integer multiplication using an
integral coefficient wi[i], adding of an offset in consideration of
rounding off, a right bit shift of wedbit, and integral addition of a DC
of fset value, as indicated by equation (53). 10 This elimnates the
necessity for floating-point multiplication. A so, a power of 2 which

| ndicates the maglifudg, Of,2rdNQRLOa! ohxh S1cOnEPBLY; ARl Lar oBagb video

frame or slice regar s of a reference frane nunber i. 15 Even if,
therefore, the fefergnce dyame nunber i takes a plurality of values for
each video frane, an’increase in code anount in.encoding weight factors

can be suppressedwuegquaakp&;@@@blbnﬂtgaﬁeéfa €age wherein the waioght 20
factor representation based on equation (50) Ts applied 25 to a prediction

based on the |inegre satio 0 tabcul eteornte peafesmeddvtahedebpeetuadi on
(44), .as in the case with equation (53). Pred = ((w[0] * ref[Q + wn[l]
ref[l]s + 1 < wed)e >efawshoe Hyames ((fOdm+relf| Jds 4)0>kol (54)
MAX REF IDX) (steps S17 and S18). MAX REF_IDX
indicates the number of reference frames. When all
weight factors and DC offset valges are determined,
they are encoded as.table data for each video frame or
10 slice, and weighted predictive encoding of the
respective pixel blocks is performed in accordance with
the encoded weight factors and DC offset values.
Prediction pixel block signals in.encoding and decoding
operations are generated according to equations (42} to
15 (44) described above.

As described above, generation of prediction
signals by using weight factors and DC offset values
which vary for each reference frame and performing
predictive encoding in the above manner can properly

20 generate prediction signals from a plurality of
" reference frames and realize high-prediction-efficiency
encoding with higher efficiency and high picture
quality even with respect to a video signal which
varies in signal amplitude for each frame or slice over
25 - time or varies in DC offset value,
| A specific example Qf the method of encoding

information of weight factors and DC offset values will




In the above prediction based on the linear sumof two referﬁage frames as
well, since a weight factor is 11 July 2006 95 not generalﬂ} 288@d into
an integer, two floating-point nultiplications are required according to
equation (44). According to equation (54), however, a prediction signal
can be generated by the linear sum5 of two reference franes by performng
only an integer nultiplication, bit shigfit, and integer addition. In
addition, since information wed concerning the magnitude of a denom nat or
is al so commoni zed, an increase in code anobunt in encoding a weight factor

can 10 be S#y%?ﬁ%%%‘%qbe@ %%a(tg_gc%rlgﬁlggzﬁs%%?%ﬁ [1454 B vghgatnat;rrer ator of

a weight fac I'S expresse eretore, a pixel signal

val ue is expressed By Lighlcihidsy Al g%&ﬁ@ﬁ]%ﬁ%ﬁ% fone with a

constant 15 conputation precision of Its. in the sanme

video franme, @i @en¥HRILQ ara Bc A shid ty AUt is constant regardl ess
of reference franes. In encoding or decoding, therefore, even if reference

frames are 20 swi traleed 420rsHRAGN Rinelo Dotk ndhese dstfoshegstle shange
the shift anmount, thereby reducing the conputation anmount or hardware
size. Bbf wei ghtvibaot dramkortcalbe reefceidenicef rsaAnks satd sfiakimum index
coﬁnt "number of max_ref idx" indicating reference
frames for the video frame or slice and a table data
"weightingmtable()" indicating information of weight
factors and DC offset values are encoded. The maximum
10 index count "number of max ref idx" is equivalent to
MAX REF _IDX in FIG. 40.

FIG. 43 shows the first example of an encoded data
structure concerning the weight factor/PC offset data
table. In this case, the data of weight factors and DC

15 offset values corresponding to each reference frame are
encoded in accordance with the maximum index count
"number of max ref idx" sent as the header data of the
frame or slice. A DC offset value d[i] associated with
the ith reference frame is directly encoded as an

20 . integral pixel wvalue.

On the other hand, a weight factor wl[i] associated
with the ith reference frame is not generally encoded

~into an integer. For this reason, as indicated by.
equation {(50), the weight factor w{i] is approximated
25 with a rational number w'{i] whose denominator becomes

. a power of 2 so as to be encoded into a numerator [i]

- expressed in the form of an integer and a denominator




w _ nunerator(il = 2n x Ki (55) 25 the denom nator and nunerator. of the
t o- be-encoded weight factor to be cal cul ated by equation éﬁivyﬁﬁ Sphe
transforned as follows: 11 July 2006 96 w nunerator[i] = w nunerator[i] >>
n w - exponential denominator (56) = w _ exp onential _ denom nator - n
Equation (56) has the function of reducing each weight factor expressed by
a rational nunber to an irreducible fragction. Encoding after such trans-
formati on can reduce the dynam c range of the encoded data of weight
factors without decreasing the weight factor precision and can further

reduce the d ]?pqﬁ i di i f 44 shows the
second exan%%%qb t éy%¥d%%e%ggﬁé%ﬁk%§$gg%ﬁfggégé%%?g#gg with a weight

factor/DC offset .data table. In the case shown in FIG 44 a DC offset
value i s encoded juifhe _same nethndtBRIGHOHRE form shown in FIGs43. In
encodi ng a wei ght factonyw _kswewentialpowenoyfiratwlyi ch indicates a
denonmi nator is 15 not encoded unlike in the formshown in FIG 43, and
only the nunerat ofhofvakighet fbiee orumkiehorsaadpitbssddanobynateant fonal

nunber_ is encoded while the denom nator is set as a constant value. In the
f orm shown ithe power of 2 can be obtained by the following

equation (51):

w_numeratorfil = (intw[i] x oW _exponential denomin ator
. . , 255
W exponential denominator = (1nt)log2 —_—
- - max{w{i])
i
(51)
10 In encoding and deccding operations, a predicticn
picture is generated by using the above encoded
approximate value w'[i]. According to equations (50)

and (51}, the following merits can be obtained.
According to the weight factor expression based on
15 equation (50}, the denominator of the weight factor is
constant for each video frame, whereas the numerator
changes for each reference frame. This encoding method
can reduce the data amount of weight factors to be
encoded, decrease the encoding overhead, and improve -
20 the encoding efficiency as compared with the method of
independently encoding weight factors for each
reference frame into denominators and numerators.
| If the denominator is set to a power of 2, since
multiplications of weight factors with respect to
25 reference pixel block signals can be realized by
| multiplications of integers and bit shifts, no

floating-point operation or division is required. This




: : |
FIG 44, for exanple, a weight factor may be expressed Zoliﬁﬂgﬁ*ﬁtlona

' ded Bus. w
nunber, and only a numerator w nunerator[i] may be enco ot W _
nunerator[i] 24 11 July 2006 97 1i f wi) 51 wnunerat 25516 [i] = _or, if

Wi in i] x 24, else exp onential deno nmn ator =4 (58) In
r%:glgn%%dfhe;%?{s?nCe the power of 2 which represents the denom nator of
the weight factor is 5 constant, there 4§ no need to encode |nfornaELon o
concerning the denom nator to the power of 2 for each video franF, Agrené
further reducing the code anmount in encoding a weight factor table. su

nuner ator (" 00 1 ha CBRTE chte) SOTRE GAF UGTBERe hlderaner 1S cl i pped
to eight bitébmﬁﬁké%ﬂéh(ﬁﬁﬁhnﬁffogogngégggéeéng'géégéing.
The above computations wili be described in
further detail below. Equation (52) represents a
5 prediction expression obtained by generalizing the
predictive expression indicated by equations (42) and
{43) and is used for the generation of a prediction
pixel block signal for a pixel block ceorresponding to a
reference frame number i. Let Pred; be a prediction
10 signal, ref[i] be the reference pixel block signal
extracted from the ith reference frame, and w[i] and
dfi] are a weight factor and DC offset value for the
reference pixel block extracted from the ith reference
frame.
15 _ Predj = wli] » refli] + d[i] {52)
Equation (53) is a prediction eXpression in a case
wherein the weight factor wli] in equation (52) is
expressed by the rational number indicated by equation
(50}. In this case, wn{i] represents w numeratorf{i] in
20 equation (50), and wed represents
| w_exponential dencminator.
Predj = ((wnlil » refli] + 1 << (wed — 1)) >> wed) + d{i]
(53)
In general, .since the weight factor w[i] which is
25  effective for an arbitrary fading picture or the like
| is not an integer, a floatingfpoint multiplication is

- required in the equation (52). In addition, if wii] is




signal is expressed by eight bits, encoding and decoding'ﬁ?g b%pﬁgne W th
a constant conputation 15 precision of 16 bits. In addition, vy S

enbodi ment, since the shift anount concerning a nultiplication of a weight
factor is constant, there is no need to load a shift anount for each
frame in encodi ng and decoding. This nakes it 20 possible to reduce the

i npl emrentation cost of an encoding or dsgoding apparatus or software or
hardware size. FIG 45 schematically shows the overall tinme-series
~structure of to-be-encoded video data 25 including the data structures
shown in FIGS,. 42 to 44, In the head of the video data to be encoded,. 11
July 2006 98 rhAPOFREE oﬁyoﬁnaaBP&Fﬁﬂrﬁyr@ﬁléﬁ@ddhngbpauammtamie@@y:h

remai n const i £ hin_pne encqdi ng.sequence, such as a picture size, is
encoded as aaﬁéag%%ggcﬁgéagra?%k§?glﬁé€ﬁ pret traufirade of ff itéled i s encoded

as a picture, g ' re is, sequentially encoded as a conbination
of a picture hg%g@?“%ﬁé# g%gig?g?ﬂr%ydggﬁat%ﬂpcﬁé?é dat axpresselebpi ct ure
header (PH), & AEX|sSMM | NYRX "nunber-of max_ref _idx" indicating
reference frames 10 and a me?%ﬁ#ﬁi%%tg?/?x?%V?Ee?fa%taatuﬁﬁghteﬂeighting

t abl e()s', VWHg%bdﬁ@tfﬁ@wﬁbmﬁhEﬂgioﬁzcan be done by an integer

multiplication using an integral coefficient wnfi},
adding of anroffset in consideration of rounding off,
2 right bit shift of wed bit, and integral addition
of a DC offset value, as indicated by equation (53).

10 This eliminates the hecessity for floating-point

multiplication. |

Also, a power of 2 which indicates the magnitude
of a denominator is commonly set for eaéh video frame
or slice regardless of a reference frame number i.

15 Even if, therefore, the reference frame number i takes
a plurality of values for each video frame, an increase
in code amount in encoding weight factors can be
suppressed,

Equation (54) indicates a case wherein the weight

20 factor representation baéed on equation (SOf is applied
to a prediction based on the linear sum of two
reference frames indicated by equation (44), as in the

case with equation (53).

Pred = ((wn[0] * ref[0] + wn[l] » ref
25 ref[l] +1
Ao A+ 1) > 1 << wed) >> (wed + 1))

(54)

In the above prediction based on the linear sum of

two reference frames as well, since a weight factor is




are encoded as MRl and WI, respectively. In "weighting tabl 30' W), a
power of 2 w_exponential denom nator indicating the nagnitd& uly2008 { he
denom nator conmon to the respective weight factors as shown in FIG 43 is

encoded as WD, and w _nunerator[i] indicating the magnitude of the
nunmer at or of each weight factor and a DC offset value d[i] are encoded WN

and D, respectively, following 20 w exponential denom nator. Wth regard to
conbi nations of weight factor nunerator85and DC of fset values, a plurality

conbi nations of WNs and Ds are encoded on the basis of the nunber
i ndi cated by "nunber of max_ref _idx" 25 contained in the picture header.

Each picture dataveBerdivydedcoded Qﬂeooénaiﬁkégékit¥ %f slices (SLGCs), and
the data are quentially encoded for each slicé. [n ¥ July 2006 99 each
slice, an enc ﬁ‘?%lfb%m%%rmaésmmwﬁimg ha?éc?eqﬁﬁf%h block .in the slice
i s encoded as_a slice, header (SH), and one or a pluralrty 5P 2P obl ock
data (MB) are SEHREMIRI (44 %enc otleco ol hpwi dige et sbi Cs headg wed W th
regard to nag{ggﬁg kigata, informati on concerning encodi ng o ea%ﬂ’pixel
in the macrobf ock, € §" Prethkidan hodenaforemts pnckdBHLof apj, xel
bl'ock isn t he gyagrpbl.ock and rmfti on vector information (M), 1s encoded.
rames by performing only an integer .

Lastly, the enco edlorfﬁ5§5ﬁﬁl
multiplication, bit shift, and integer addition. In
addition, since information wed concerning the
magnitude of a denominator is also commonized, an

| increase in code amount in encoding a weight Ffactor can
10 be suppressed.

Also, according to equation (54), the nuﬁerator of
a weight factor is expressed by eight bits. If,
therefore, a pixel signal value is expressed by eight
bits, encoding and decoding cah be done with a constant

15 computation precision of 16 bits,

In addition, within the same video frame, a
denominator, i.e., a shift amount, is constant
regardless of reference frames. 1In encoding or
decoding, therefore, even if reference frames are

20 _switched for each pixel block, there is no neéd to
- change the shift amount, thereby reducing the
computation amount or hardware size.

If weight factors for all reference frames satisfy

W __ numerator{i] = 2n><Ki ' _ (55)

25 _the denominator and numerator of the to-be~encoded
weight factor to be calculated by equation {54) may be

‘transformed as follows: -




10 transform coefficient (DCT) obtained by conputing the ortho(ggg,nal
transform(e.g., a discrete cosine transform of the t o- bd! dHE488 pi xe
'signal or prediction error signal is contained in the nacroblock data. In
this case, both or one of 15 ""nunber of max ref idx" and "weighting
table()" (W) contained in the picture header may be encoded within the
slice header (SH). In the arrangenent of the weight factor table data
‘shown in FIG 44, since encoding of daté&éndicating the 20 magni tude of the
denom nator of a weight factor can be omtted, encoding of VED in FIG 45
can be omtted. khferdbohsia {Jo hart shaow ng a video decodi ng procedure
accor di ng t0\$ﬁéegp@ﬁ@&§é%& oft g 5%%ﬂfi?%3bntion. A procedure for

i nputting the encoded data, =25 k%@’iéh {g&ﬂj b er%ithe vi deo €hépdi ng
apparatus -~ according to the enbodi hrent descr+SEP W48t erence to FIG
40, and decodi ng tRdaton Wdd) g desgribed bel ow._ 11 July 2006 100 The
header data of an encoded frar%e or gﬁ%}e::e&%%ﬁoéh I dadssinheandi ght
factor/ DC of eeghdatfacttall expdeseiybed W r-%erence to FIGS. 42 to 44, is
decoded fromthe input encoded data ste%ggﬁ alrfimpergde an

_ lrreduc1ble_fraction. Encoding after such trans-

5 formation can reduce the dynamic range of the encoded
data of weight factors without decreasing the welght
factor precision and can further reduce the code amount
in encoding weight factors.

FIG. 44 shows the second eXample of the video data
.10 structure associated with a weight factor/DC offset
.data table. 1In the case shown in FIG. 44 a DC offset
value is enéoded in the same manner as in the form
shown in FIG. 43. 1In encoding a weight factor,
however, a power of 2 which indicates a denominator is
15 | not encoded unlike in the form shown in FIG. 43, and
only the numerator of weight factor which is expressed
by a rational number is encoded while‘the denominator
is set as a constant value. In the form shown in
FIG. 44, for example, a weight factor may be'éxpressed
20 - by a rational number, and only a numerator

W_numerator[i] may be encoded as follows.

W _numeratori]

W [i] = i

(57)




5 data of an encoded bl ock, which includes a reference nS 238 for
identifying a reference frame for each encoded bl ock, |s Lddy %step
S31). A reference pixel block signal is extracted from the reference frane
indicated by the reference franme 10 index for each pixel block (step S32).

- A weight factor and DC offset value are determned by referring to the
decoded wei ght factor/DC of fset data tagg on the basis of the reference
frame i ndex of the encoded bl ock. A prediction pixel block signal is

.generated from 15 the reference pixel block signal by using the weight
factor and DC offset value determined in this manner (step S33). The
encoded prediction error signal is {idecoded, and theldeﬂaaeﬂ—ﬁ{edlctlon

error signal is addeduherbihefanediletsison plxel bIock @? generate 20
a decoded picture (step S34). Wen QP t%ﬁﬁ 2@|ve enc de plxel bl ocks are
sequential |y decoded and all the pijxe in the® ﬁﬂcoded frame or

slice are decoded, wt hexpee iUl §eREREE, sl pde header is continuously
decoded. 25 The encodlng and decaodi ng net hods follomnng t he _above

procedures can generate proper prediction pictures in enco&?% and

decodi ng oper at i ongn epers Viribdidndi Y s’-ﬂ@@e%ﬁoﬁp@f 0%@ (gg si gnal
arl es |n

-which varies in signal anplitude over tinme or et val ue
represents the denominator of the weight factor is

5 constant, there is no need to encode information
~concerning the denominator to the power of 2 for each
video frame, thereby further reducing the code amount
in encoding a weight factor table.

Assume that in making a rational number

10 representation with a constant numerator ("16" in the
‘above case), the value of the numerator is clipped to
eight bits. 1In this case, if, for example, a pixel
signal is expressed by eight bits, encoding and
decoding can be done with a constant computation

15 precision‘of 16 bits.

In addition, in this embodiment, since the shift
amount concerning a multiplication of a weight factor
ie constant, there is no need to load a shift amount
for each frame in encoding and decoding. This makes it

20 possible to reduce the implementation cost of an
eneoding or decoding apparatus or software or hardware
size.

FIG. 45 schematically shows the overall
time-series structure of to-be-encoded video data

.25 '."including the data etructures shown in FIGS. 42 to 44.

In the head of the video data to be encoded, .




‘over time, thereby realizing high-efficiency, high-picture-ﬂuflit vi deo
encodi ng and decoding with 5 higher prediction efficiency.l* éyﬁpggerable
forns of the present invention disclosed in the above enbodiments will be
descri bed below one by one. (1) In a video encodi ng nethod of perform ng
10 notion conpensation predictive inter-frame encoding of a to-be-encoded
macr obl ock of a video picture by using a predeterm ned conbination of a
plurality of reference frames and a mot i°6h vect or between the t o- be- encoded
macr obl ock and at | east one reference frame, (a) at 15 | east one reference
macrobl ock is extracted fromeach of the plurality of reference franes,
(b) a predi cti\VE MR Bbldcie Bl Werldrtat edt naad ol aid mgndthe d igal, sum  of
the plurality of .extracted reference macrobl ocks by wusing a predetermn ned
conbi nati on %@%“gfﬁqq?gtaf%t“&téllm@%d?r(@)dialq)rmﬁuﬁﬂoee &SU =% gnal

bet ween the,pgg%%ictive macr obl ock and the to-be-encoded macrobl ock is

generated to encode théSpr édi CUSPEest Bsr asisgimlencehdesfdarst(sSH)dex
rality of reference franes, the

Second | ndex "TRd BAFIAG R3S BEnITRYA 0 GPceReduesght brgtimer. a and the
inforngtion QﬁdtBgcﬂnbkegu¥gcggrSe%%e%%kgl%gogn%g%eéE;;egtS>
combination of a picture header (PH} and picture data
(Picture data).
In the picture header (PH), a maximum index count

"number of max ref idx" indicating reference frames

10 and a weight factor/DC offset data table
"weighting table ()", which are shown in FIG. 42,
are encoded as MRI and WT, respectively. 1In
"weighting table () "(WT), a power of 2
w_expongntial_denominator indicating the magnitude of

15 the denominator common to the respective weight factors
as‘shown in FIG. 43 is encoded as WED, and
w_numerator[i] indicating the magnitude of the
numerator of each weight factor and a DC offset value
d[i] are encoded WN and D, respectively, following

20 w_exponential denominator. |

With regard to combinations of weight factor
numerators and DC offset values, a plurality
combinations of WNs and Ds are encoded on the basis of
the number indicated by "number of max ref idx"
.25 -~ contained in the picture header. Fach picture data is

divided into one or a plurality of slices {SLCs), énd

- the data are sequentially encoded for each slice. In




Perform ng a prediction based on the |inear sumof a pIuraIi%g Qf
reference franes with variable |inear sum weighting fact orld h”%pﬁs manner
allows a proper 5 prediction with respect to changes in signal intensity
over time such as,fading. This makes it possible to inprove the prediction
efficiency in encoding. In addition, for exanple, in a portion where
occlusion (appearing and di sappearing) tenporally occurs, the 10
prediction efficiency can be inproved by’%el ecting proper reference franmes.
Encodi ng these conbi nati ons of these linear predictive coefficients and
reference franmes as indexes can suppress the overhead. ilk (2) In (1), an
i ndex i ndi catS¥g* thel €onbimationling mirdheeer seweaedahing i eé% C}F]S IS
encoded as header. data for each frame or each set of franes, and the

predictive ePr&elsi X e headed dendi < atiagiddiens GONdinat iy, of, 1 ef erence
vector are encoded for each nmacrobl ock. ib

frames, and the ﬁDti%P :
<Eff ect's> I n '‘Jondr &7 QHhGds 3 wlairgdalty memsidnodverk Hare @Gh as fading
occur througgggts%%fentLr frame, and occlusion or the like occurs locally

in the frame.  —ASESFE 3D Y SRpcosss doddiowiticorhef sliimeahepredi ctive 25.
intensity over tinme

e ncon ot eath " SRS PR e B ainat o o
reférence fr@@ﬁéekﬁing encoding of each pixel in the macroblock,
e.d9., prediction mode information {(MBT) of a pixel
block in the macroblock and motion vector information
(MV), is encoded. Lastly, the encoded orthogonal
19 transform coefficient (DCT) obtained by computing the
orthogonal transform (e.g., a discrete cosine
transform) of the to-be-encoded pixel signal or
prediction error signal is contained in the macroblock
data. In this case, both or one of
‘15 ""number_of_max_ref_idx" and "weighting table ()" (WT)
contained in the picture header may be encoded within
the slice header (SH).

In the arrangement of the weight factor table data
shown in FIG. 44, since encoding of data indicating the

20 magnitude of the denominator of a weight factor can be
omitted, encoding of WED in FIG. 45 can be omitted.

FIG. 46 is a flow chart showing a video decoding
pProcedure according to the embodiment of the present '
invention. A procedure for inputting the encoded data,

25 _ which 1s encoded by the video encoding apparatus
according to the embodiment described with reference to

FIG. 40, and decoding the data will be described below.




11 July 2006 103 made variable for each macrobl ock. This nggﬁ ib possi bl e
‘to inprove the encoding efficiency while reducing the enc 'ﬁéz ggrhead,

t hus achieving an inprovenent in encoding efficiency including overhead. 5
" (3) In (1) or (2), the notion vector to be encoded is a notion vector
associated wth a specific one of the plurality of reference franes.
<Effects> |In performng notion conpensatygon predictive 10 encodi ng using a
plurality of reference frames for each nacrobl ock, when a notion vector
for each macroblock is individually encoded, the encodi ng overhead

i ncreases. Accor dj , ;8. ot i.on_vector, for a specific reference
frane is transnitt% g %%%&%%t?%%avggt8PseP8Pde§5fﬁ?ﬁ%roFrﬁﬁé§eare obt ai ned

b | i t 1 ] i.0n. t ' ith th
it or frame TSt neRe Bethean (e ae bbeGHERARG 71 ENE: LT netD}Bspect i ve

¢ ¢ s . b . di
reference fray®s S MBS d £ NOSSL # _FP(E§YEE'§(%‘ ﬂﬂcrg%sg?(lﬁgdenco ing

overhead and inprove 20 the encoding efficiency. n ( tion

vector associmigd vid hiddie: SResddd casel epenss 5@ye i§,2 fiRLaop vector

that is normalized in accordance with the reference frane and the

t 0- be- éncodedidftraaret &b eHiddd®et $S1ock, which includes a reference _
frame index for identifying a reference frame for each
encoded block, is decoded (step $31).

A reference pixel block signal is extracted from
the reference frame indicated by the reference frame

10 index for each pixel block (step $32). A welght factor
and DC offset value are determined by referring to the
decoded weight factor/DC offset data table on the basis
Qf the reference frame index of the encoded block.

A prediction pixel block signal is generated from

i5 the reference pixel block signal by using the weight
factor and DC cffset value determined in this manner
‘{step S33). The encoded prediction error signal is
decoded, and the decoded prediction error signal is
added to the prediction pixel block signal to generate

20 a decoded picture (stép 534) .,

When the respective encoded pixel blocks are
sequentially decoded and all the pixel blocks in the
encoded frame or slice are decoded, the next picture
header or slide header is continuously decoded.

25 - The encoding and decoding methods followiné the
_ébove-procedures can generate proﬁer prediction

pictures in encoding and decoding operations even with




Since the notion vector normalized with the unit inter-fragﬁ gli %ﬁace IS
~used as a notion vector to be 11 July 2006 104 encoded in faly er,

notion vector scaling with respect to an arbitrary reference frame can be
perfornmed at | ow cost by nultiplication or shift conputation and addition
processing. Assuming 5 tenporally uniformnovenent, normalization with a
-unit inter-frame distance mnimzes the size of a notion vector to be
encoded and can reduce the infornmation 18mount of the notion vector, thus
obtaining the effect of reducing the encoding overhead. 10 (5) In (3), the
notion vector associated with the specific reference frame is a notion

vector for onesgfedthecplauraldd ysifnd Bfvf 8, 44 a0Es; Whi rresponds to
the greatest inter-frame distance fromthe to}be-gﬁﬁg%%ﬂugfane. 15

<Ef f ect s> Accé@wdiligedeo of8)r, ttive rmt ivarr Mactior modg @nmun), , decreases and
scaling of a notion vector can be realized at a | ow cost. t he ot her
- hand, as theOVPﬁtéﬂmﬁpaﬁéedE§WaaeaﬂmxﬂmgﬂmﬁghL@&quﬁgguﬁgane and a 20

t o- be- encoded .frane increases, the precision of notion conpensation

decreases. | H80APL-85HE0 LRI t vavdotedi Rg codd ng5 hnda deRbi@m gV egkar for one
which corresponds to thé greatest

of a psural iy Rl LElgienee,  Lames which
The preferable forms of the present invention
disclosgd in the above embodiments will be described
below one by one.
{1} In a video encoding method of performing
10 motion compensation predictive inter-frame encoding of
a to-be-encoded macroblock of a video picture by using
a predetermined combination of a pluréiity of reference
frames and a motion vector between the to-be-encoded
| macroblock and at least one reference frame, {a}) at
_15 least one reference macroblock is extracted from each
of the plurality of reference frames, (b) a predictive
macroblock is generated by calculating the linear sum
of the plurality of extracted reference macroblocks by
using a predetermined combination of weighting factors,
20 and (c)_a predictive error signal between the
predictive macroblock and the to-be-encoded macroblock
i§«generated to encode the predictive error signal, the
Cfirst ingewx indicating the combination™5f the plurality
of reference frameé,'ﬁhg_second index indicating the e -
25 - combination oftthe weighting.faétur§é and the

information of the motion vector.




inter-frame di stance is encoded, and notion vectors for ﬁﬂ@'@ﬁﬁ%lning
reference frames can be generated by interior division of Y ded
notion vector in accordance with the inter-franme distances. This can 11
July 2006 105 5 suppress a decrease in notion conpensation precision wth
respect to each reference frane. This nakes it possible to inprove the
prediction efficiency and perform high ficiency encoding. (6) In (1) or
(2), the nmotion vectors to be encoded &ﬁ & the first notion vector

associ ated with one specific reference frame of the plurality of reference
frames and a notion vector for another or other reference franes, and the
mot i on vect or<Effe@m®ther or 10 other reference franes is encoded as a
differential vector between another or other notion vectors and the notion
vect or obtai ned byPSE&PTRENEhe Predichbenobhasedcedr tha ddoerdanve @fth the
inter-frame di stance  between the to-be-encoded frane and one or the 15
plurality of &édtietehtety raheselfecereactsanes withcupriehper dineadnge in

pi cture can be X1 mat e trapsl atjon, redjction can be made from
a pIurM|t3/(ﬁuqeﬁggéhﬁip$rgﬁ%§oﬁ§lh@ ghésn%??% rzﬁi%%@ﬁo? BRePEhe notion
VeCtor%SObtmﬂ¥%ﬁf§%f§§“&l@hlreépect to changes in signal 1nten51ty
over time such asifadlng. This makes it possible to
improve the predié%ion efficiency in encoding. 1In
addition, for example, in a portion where occlusion
{(appearing and disappearing) temporally 6ccurs, the
10 prediction efficiencyfcan be improved by selecting
proper reference frameg. Encoding these combinations
of these linear predictive coefficients and reference
frames as indexes can suﬁé;ess the overhead.

{2y In (1), an indeg indicating the combination

15 of linear sum weighting factors is encoded as header
daté for each frame or each set of frames, and the
predictive error signal, the index indicating the
combination of reference frames, and the motion vector
are encoded for each macroblock.

20 <Effects> -

.In general changes in signal intensity over time
such as fadlng occur throughout an entire frame, and
occlusion or the like occurs locally in the frame.
According to {2), one combination of linear predictive

25.-._.coefficients made to correspond to a change in signal

intensity over time is encoded for each frame, and an

index indicating a combination of reference frames is




accordance with the inter-frane distances. If, however, thﬁ ﬁgggg of a
change in picture is not tenporally constant, it is di ffi bt %erform
proper notion conpensation by scaling alone. According to 25 (6), as notion
vectors for a plurality of reference franes, one representative vector and
a differential vector between the notion vector obtained by scaling 11
July 2006 106 the representative vector _.and an opti mal notion vector for
each reference frame are encoded. This fiKes it possi ble to reduce the
code anmount of notion vectors as conpared wth the case wherein a
plurality of nmotion 5 vectors are encoded. This therefore can reduce the
encodi ng overihedd whitabiapfovi egchheaprediotkon ThiEimhkeagyit(7) In (6),
the first notion vector is a notion vector normalized in accordance with
the inter-fradnessilplel e ahiterbee weled eheodéherehfécienny whilehe frame to
be encoded. (8) In (6), the first notion vector is a notion vector for one
of the plural¥T¢§Poing eklep epeecdingreavenpneer, cbhrvespohiievingt Ak great est
inter-frane djstance 15 fromthe frame_to be encoded. (9) In any one of (1)

to (8), encodiTRFTERKEhpEY SHFeRbIY oLt boterey anyledtedceverhaadith

respecty o a - mcrphj ock, e g |gfiexch 1SRN, 2 eomLpatLon of

encoded is a motion vector associated with a specific
one of the plurality of referenée frames.
<Effects> |
In performing motion compensation predictive
190 encoding using a plurality of reference frames for each
macroblock, when a motion vector for each macroblock is
individually encoded, the encoding overhead increases.
According to (3), a motion vector for a specific
reference frame is transmitted, and motion vectors for
15 other frames are obtained by scaling the transmitted
~motion vector in accordance with the inter-frame
distances between the to-be-encoded frame and the
respective reference frames. This makes it possible
prevent an increase in encoding overhead and improve
20 - - the encoding efficiency. |
(4) In (3), the motion vector associated with the
specific reference frame is a motion vector that is
normalized in accordance with the reference frame and
the to-be-encoded frame. |
25 ‘.<Effects>
| Since the motion vector normalized with the unit

inter-frame distance is used as a motion vector to be




the plurality of reference franes is a predeterm ned 20 value, all the
~elenments of the notion vector to be encoded are 0, and al 11wy 28P@di cti ve
~error signals to be encoded are 0. Wth regard to the macrobl ock to be
encoded next, the nunber of skipped macrobl ocks is encoded. 25 <Effects>
I f the above conditions are made to coincide with each other on the
transm ssion side and reception side 11 July 2006 107 as conditions for
ski ppi ng macrobl ocks, a picture can belﬁwayed back on the reception side
wi t hout sending an index indicating a conbination of reference franes, a
notion vector with a size of 0, and a 0 error signal, 5 which are encoding
i nformati on ferceded hactlobsooknpneupomoéncadivegtbhercaTlihg wakas it
possible to reduce the encoded data anmpunt corresponding to these data and
i mprove the ehedEPRl EPfaki eheytreanyaddiferenceeficadinganabpr edi ctive
coefficient corresponding to a tenporal 10 change in signal intensity for
each frame cahc¥Eairee ahdbpyi veskabyoBrdtkpskippiag dn abébtdance with the
characteristics of, a gictur signal w thout increasing the encoding
overhead. (107OTRUGRY Ghe ot 41 F bR chroenesinsiy |A5SBsinki pped wi t hout
outputggng any encodfg data_.wth respect to a pacrobl ock when an index
~indicating a emporaliy uniform movement, normalization with a unit
' ' inter-frame distance minimizes the size of a motion
vector to be encoded and can reduce the information
amount of the motion vector, thus obtaining the effect
of reducing the encoding overhead.
10 {5} In (3), the motion vector associated with the
specific reference frame is a motion vector for one
of the plurality of reference frames which corresponds
to the greatest inter¥frame distance from the
to-be-encoded frame.
15 - <Effects>
According to (3), the motion vector code amount
decreases and scaling of a motion vector can be
realized at a low cost. On the other hand, as the
inter-frame distance between a reference frame and a
20 to-be-encoded frame increases, the pfecision of motion
compensation decreases. In contrast to this, according
to (b)), a motion vector for one of a plurality of
reference frames which corresponds to the greatest
inter-frame distance is encoded, and motion vectoré for
25 the remaining reference frames can be generated by

interior division of the encoded motion vector in

accordance with the inter-frame distances. This can




- conbination of the plurality of reference franes is a predeterm ned val ue,
the notion vector to be encoded coincides with a notion vééf®y 2088 the

i mredi ately 20 previously encoded macrobl ock, and all the predictive error
signals to be encoded are 0. Wth regard to the nacroblock to be encoded
next, the nunber of skipped nmacroblocks is encoded. <Effects> 25 Wen,

for exanple, an area larger than a macroblock in a franme tenporally

transl ates, the corresponding macr obl odScan be encoded as a skip 11 July
2006 108 nmacrobl ock wi thout sending any notion vector information. This
“makes it possible to reduce the encoding overhead and inprove the encoding
efficiency. (dippresgR dectddye an modewni odnpahbagibhepbepligdeher m ned
conbination of reference franes indicates the use of two i mrediately
previously etodedr¢spees &s cachereheschcantsansEf f €ois>maMBenithe use of
two i nmedi ately previously encoded 10 frames as reference pictures is set
as a macrobl RIS i ey HePEPYE obhe apradtot doe pféiictengg pndture can be
easily generated by a |inear prediction such as |inear extrapolation even
in a case WhdtH PR T e LT HELAREY yeReadiRs- over time due to fading or

the like. .
% (6) In (1) or (2), the motion vectors to be

encoded are the first motion vector associated with one
specific reference frame of the plurality of reference
frames and a motion vector for another or.other
reference frames, and the motion vector for another or
10 other reference frames is encoded as a differential
vector between another or other motion vectors and the
motion vector obtained by scaling the first motion
vector in accordance with the-inter—frame distance
between the to-be-encoded frame and one or fhe
15 plurality of reference frames.
<Effects>
If a local temporal change in picture can be
approximated by translation, a prediction can be made
from a plurality of reference frames using one motion
20 vector and the motion vectors obtained by scaling it in
accordance with the inter-frame distances. If,
however, the speed of a change in picture is not
rtemporally constant, it is difficult to perform proper
motion compensation by scaling alone. According to
_25 e {6), as motion vectors for a plurality of reference
frames,.one representativg vector and a diffeiential

vector between the motion vector obtained by Scaling




15 In spite of the fact that the signal intensity changes fver time,
encodi ng of a nmacrobl ock can be skipped. The two effects, ! ﬁéy?ogﬁ

i nprovenent in prediction efficiency and a reduction in encodi ng overhead,
make it possible to inprove the encoding efficiency. 20 (12) In (9) or
(10),. an index indicating the predeterm ned conbination of reference
frames can be changed for each to-be-encoded frane, and the index
-indicating the predeterm ned conbinati ont®? reference franmes is encoded as
- header data for a to-be-encoded 25 franme. <Effects> The nacrobl ock

ski ppi ng conditions can be flexibly 109 changed in accordance with a change
in picture sigheal represenitativBy vproper laydc an gipg riahe mekiippi vgcteendi tions
for each frame in accordance with a picture so as to easily cause
macr obl ock skifppi agcht referenge Sreficepcediengodelde efbddi mgkeseritead can be
reduced, and high-efficiency encoding can be realized. (13) In any one of
(1) to (8), chesdihde §o srRPABpedtiFt Kode amopmitt ofgmety oenyedédrdata with
respect to a macrobl ock when an index indicating a 10 conbi nation of the
plurality of FeFPBREREeWRFAnEEe| §2FReWhEaRENag PRUKafoLYt RE MEFd@Dat el y

previ ously encodﬁd nacroblocg, al | éhe Sgenents of the notion_vector to be
encoded® are 0V°ShUTSI FYEhEREPRERCt i vBLEr FHFTEILGREI §aporeduce the

encoding overhead while improving the prediction
efficiency.
(7} In (6), the first motion vector is a ﬁotion
vector normalized in accordance with the inter-frame
10 distance between the reference frame and the frame to
be encoded.
(8) In (6), the first mofion vector is a motion
vector for one of the plurality of reference frames
-which corresponds to the greatest inter-frame distance
15 from the frame to be encoded.
(9} In any one of (1) to (8), encoding is skipped
without outputting any encoded data with respect to a
macroblock when an index indicating a combination of
the plurality of reference frames is a predetermined
20 . value, all the elements of the motion vectdr to be
“encoded are 0, and all the predictive error signals to
be encoded are 0. With regard to the macroblock to be
encoded next, the number of skipped macroblocks is
encoded.
25 . :_<Effects>
| If the above conditions are made to coincide with

each other on the transmission side and reception side




be encoded are 0. Wth regard to the macroblock to be 15 encoded next, the
nunber of ski pped nacrobl ocks is encoded. <Effects> Waen 1 Bglyd886 of t he
same conbi nation of reference franes as that for the i mediately precedi ng
macrobl ock 20 is set as a macrobl ock skipping condition, macrobl ock

ski pping can be efficiently done by utilizing the spatiotenporal
characteristic correl ati on between area Oa]djacent to a video signal. This
can inprove the encoding efficiency. 25%'14) In any one of (1) to (8),
encodi ng i s skipped without outputting any encoded data with respect to a
macr obl ock when an index indicating a 11 July 2006 110 conbi nati on of the
"plurality of &ferrpteldnpanteriskihpingamecasbibhaksfor phetiumredeatel y
previously encoded macroblock, the notion vector to be encoded coincides
with a notiorP%eRtayeqd dhagheon niedi aeerpt ppovibdsl yishentodeddingr abl ock,
and all the predictjve error signals to be encoded are 0. Wth regard to
the macrobl otkded WRAEROHRY HexPnPiRathoRbef BELSkeppediTMEEFobROCKks i S

encoded. <Effects> 10 Adding the arran nt in (14) to that in_(13)
mekes it posSiBHEPR o' dice” %nﬁba?ng%gserﬁ%ﬁdgaﬂderror signal,

5 which are encoding information for each macroblock,
upon encoding them. This makes it possible to reduce
the encoded data amount corresponding to these data and
improve the encoding efficiency. 1In addition, encoding
a predictive coefficient corresponding to a temporal

10 change in signal intensity for each frame can realize
adaptive macroblock skipping in accordance with the
characteristics of a picture signal without increasing
the encoding overhead.

(10) In any one of (1) to (8), encoding is

15 skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is a
predetermined value, the motion vector to be encoded
coincides with a motion vector for the immediately

20 previously encoded macroblock, and all the predictive
error signals to be encoded are 0. With regard to the
macroblock to be encoded next, the number of skipped
macroblocks is encoded.
<Effects>

25 . When, for example, an area larger than a
macroblock in a frame temporally translates, the

corresponding macroblock can be encoded as a skip




i nprove the encoding efficiency. (15) In any one of (1) to {8), t he notion
vector to be encoded is predicted froma notion vector foll dHx 2046 o o
plurality of adjacent macrobl ocks within the frame, and the differential -
vect or- between the notion vector to be encoded and the predicted notion
vector is encoded. <Effects> 20 The encodi ng overhead for notion vectors
can be reduced and the encodi ng efficieEB¥ can be inproved nore than in
(1) to (8) by predicting a notion vecto to be encoded from adj acent
macr obl ocks within the frame in consideration of the spatial correlation
25 between notion vectors, and encoding only the differential vector. (16)
In any one omachelleqi8)wifleupot¢divgcany nmdtJohyveobérill to be encoded
is predicted froma notion vector for a nacroblock at the same position in
the i mmedi at eMfFoRAABUus| yleht owrle s r lbrevoantb i et di Fedveat tla¢ vect or

bet ween the notion vector to be encoded and the 5 predicted nption vector

i s encoded. SHEFFEAE LV AR R BRE? FrRatNe Bt GrE1 pe SEELelenean be

reduced and the engading el [Aei SRCY16AN 8BS (860 nal FREQNEY RY Predicting
5 predetermined combination of reference frames indicates
the use of two immediately previously encoded frames as
reference frames.
<Effects>
When the use of two immediately previously encoded

10 frames as reference pictures is set as a macroblock
skipping condition, an accurate predictive picture can
be easily generated by a linear prediction such as
linear extrapolation even in a case wherein a signal
intensity changes over time due to fading or the like.

15 In spite of the fact that the signal intensity changes
over time, encoding of a macroblock can be skipped;r
The two effects, i.e., an improvement in prediction
efficiency and a reduction in encoding overhead, make
it possible to improve the encoding efficiency.

20 {12) In (9) or {10), an index indicating the
predetermined combination of reference frames can be
changed for each to-be-encoded frame, and the index
indicating the predetermined combination of reference
frames 1is encoded as header data for a to-be-encoded

_25 - frame. |
<Effects>

‘The macroblock skipping conditions can be flexibly




10 froma notion vector for a macrobl ock at the sanme p05| gq %
i mredi ately previously encoded frane in consideration of y@ﬁ% ral

. correlation between notion vectors, and encoding only the differenti al
vector. 15 (17) In any one of (1) to (8), the notion vector to be encoded
is predicted froma notion vector for one or a plurality of macrobl ocks
within the frame and a notion vector fg a macrobl ock at the same position
in the inmmediately previously encoded Pgne, and the 20 differenti al
‘vector between the notion vector to be encoded and the predicted notion
vector is encoded. <Effects> Both the characteristics in (15) and (16) can
be obtai ned byhanaed cinngcaondenon wechoa @hahon an Rictnaresagdabet ween
frames in consideration of the spatiotenporal characteristic correlation
bet ween noti cWelecibre: TRY sPheReslytchesgibtethe ﬁﬂiﬂpﬁéflgn July 2006 112
i nprove the encodjng efficiency for notjion vectors. é In ay one of (15)
to (17), encdﬂﬁﬁblﬁ%o%%lE%Edeﬂf@hgﬁ%m%u%%u@FFﬂ§d§H9eeHé8 eé BAERUHRt h

respect to a nacrobl ock when an index i a b co tion of the
D urali ty of S critecet mhsoress Factabl 6ok Aulodndontt RBCaFirer ent' a

vector Of the ﬁéé)1veCtQhetgng§aEQ§qgggr eag cgﬁdbglkeégged and

‘high-efficiency encoding can be realized.

{(13) In any one of (1) to (8), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a

10 combination of the plurality of reference frames is the
same- as that for the immediately previously encoded
macroblock, all the elements of the motion vector to be
encoded are 0, and all the predictive error signals to
be encoded are 0. With regard to the ﬁacroblock to be

15 encoded next, the number of skipped macroblocks is
encoded.
<Effects>

When the use of the same combination of reference
frames as that for the immediately preceding macroblock

20 is set as a macroblock skipping condition,.macroblock
skipping can be efficiently done by utilizing the
spatiotemporal characteristic correlation between areas
adjacent to a video signal. This can improve the
encoding efficiency.

_25Hj_-. (14} In any one of (1) to (8), encoding is

| skipped without outputting any encoded data with

. respect to a macroblock when an index ihdicating a




“predictive error signals to be encoded are 0. Wth regard_ tqQ the

- macr obl ock to be encoded next, the nunber 10 of ski pped madt SBVEERE i s
encoded. <Effects> In synergy with the arrangenent of any one of (15) to
(17), the encodi ng overhead can be further reduced to inprove the encoding
efficiency. 15 (19) In any one of (15) to (17), encoding is skipped

W t hout outputting any encoded data wt respect to a macrobl ock when an

i ndex indicating a conbination of the Bﬁ@rality of reference franes is a
-predeterm ned value, the differential vector of the 20 notion vector to be
encoded coincides with a differential vector for the i mediately
previously epeoeibeaber obf oclke mhdrallityhefpredecehve €reones sisghhks to be
encoded are 0. Wth regard to the macroblock to be encoded next, the
number of skipiedl 25 bRk obPocklke i sreadddbaly rERVéousdy| anspdedgi smwith

t he arrangenment of any one of 11 July 2006 113 (15) to él?)_and t he
arrangenent dtEgaNlothe BiR R HEPN oVeFEeBEdteakehenFoteferoiBaddRE t o

prove he Shead Gl hel enoks, (20) LR (18) a1 (19), an.ndex, Fndi cati g
5 -encoded macroblock, and all the predictive error
.signals to be encoded are 0. With regard to the
macroblock to be encoded next, the number of skipped
‘macroblocks is encoded.
<Effects>
10 - Adding the arrangement in (14) to that in (13)
makes it possible to reduce the encoding ovérhead and
improve the encéding efficiency.
{15) In any one of (1) to (8), the motion vector
to be encoded is predicted from a motion vector for one
15 | or a plurality of adjacent macroblocks within the
frame, and the differential vector between the motion
vector to be encoded and the predicted motion vector is
encoded.
<Effects>
20 o | The encoding overhead for motion vectdrs can be
- reduced and the encoding efficiency can be improved
more than in (1) to {8) by predicting a motion vector
. to be encoded from adjacent macroblocks within the
frame in consideration of the spatial correlation
25 '_:between motion vectors, and encoding only the
differential vector. | o

- (16). In any one of (1) to_(8){ the motion vector




"the use of two inmmediately previously encoded franes as rg{?regggﬁlfrarres.'
<Effects> In synergismwth the arrangenent of (18) or (1 uly d the
arrangenment of (11), the encodi ng overhead can be further reduced to

i nprove the encoding efficiency. (21) In (18) or (19), an index indicating
the predeterm ned conbi nation of reference franes can be changed for each
t o- be-encoded frane, and the index 15 igﬂLcating t he predeterm ned
~conbination of reference frames is enc d as header data for a

t o- be-encoded frame. <Effects> In synergismwth the arrangenent of (18)
or (19) 20 and the arrangenent of (12), the entoding overhead can be
further redudedbeo dgedede itsherevbiodiad Bfdn ci emglyion (P2gton &oy one of
(15) to (17), encoding is skipped wi thout outputting any encoded data with
respect to amneEdosl athdihearf dnRi e s Hdi atitng-he 2 watyon of the
plurality of reference frames is the same as that for the immedi ately
previ ousl y emEEFe@USHCEHNGEE Hamghend driishtdi Gie i et t7 ¥ reeetf al vect or
11 July 2006 114 of the notioon vector to he encoded,are 0, and all the

predi ctive ePESMeETyiRGs MOF K8 effcdded R 9. €WARA rdhrd % o the

"?CrObEOCk t%%%%ﬁ%ﬁ? %%HT?%’V&J?%P%&P%&m@ded.

<Effects>
The encoding overhead for motion vectors can be

reduced and the encoding efficiency can be further
improved by predicting a motion vector to be encoded

10 from a motion vector for a macroblock at the same
position in the immediately previously encoded frame in
consideration of the temporal correlation between
moticn vectors, and encoding only the differential
vector.

15 (L7) In any one of (1) to (8), the motion vector
to be encoded is predicted from a motion vector for one
or a plurality of macroblocks within the frame and a
motion vector for a macroblock at the same position in
the immediately previously encoded frame, and the

20 differential vector between the motion vector to be
encoded and the predicted motion vector is encoded.
<Effects>

Both the characteristics in (15} and (16) can

be obtained by predicting a motion véctor within a

25  .frame and between frames in consideration of the
- spatiotemporal characteristic correlation between

~motion vectors.. This makes it possible to further




of ski pped macrobl ocks is encoded. 5 <Effects> In synerqgi smgilt e
arrangenent of any one of (15) to (17) and the arrangenent'ofy 9 , the
encodi ng overhead can be reduced to inprove the encoding efficiency. 10
(23) In any one of (15) to (17), encoding is skipped w thout outputting
‘any encoded data with respect to a macrobl ock when an index indicating a
conbi nation of the plurality of referengﬁzfranes is the sane as that for
the i medi ately previously encoded 15 maciobl ock, the differential vector
of the notion vector to be encoded coincides with a differential vector
for the imedjately previously encoded macroblock, and all the predictive
error signal sERF&Ee & orfeer@ted o2 N ¢ hereyafar t 8ot hennbecsbrsek to be 20
encoded next, the nunper _of skig ed _nmacrobl ocks_is encoded. <Effects> 1In
synergi smwith the sftanf@n@htCof Qhy (bAk P ({1k) €BCCEINYaAd the
arrangenent of (1%% t he encodi n %5_overhead can $e reduced to inprove the
encodi ng -effﬁ%ﬁ%ﬁ1%@wfébﬁuFrPTgéb Fl?%)??¥h%n§%ﬂ% ndefenvd h!inear sum 11
Jul'y 2006 113 el gt ing {a¢LorShl ScHehELM 189; | 5 2CCQ5IaNES W LN the
5 combination of the plurality of reference frames is a
predetermined value, the differential vector of the
motion vector to be encoded is 0, and all the
predictive error signals to be encoded are 0. With
regard to the macroblock to be encoded next, the number
10 of skipped macroblocks is encoded.
<Effects>
Ig synergy with the arrangement of any one of (15)
~ to (17), the encoding overhead can be further reduced
to improve the encoding efficiency.
15 (19) In any one of (15) to (17), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is a
predetermined value, the differential vector of the
20 motion vector to be encoded coincides with a
differential vector for the immediately previously
encoded macroblock, and all the predictive error
signals to be encoded are 0. With regard to the
macroblock to be encoded next, the number of skipped
25 . macroblocks is encoded.

<Effects>

__In synergism with the arrangement of any one bf




inter-frame di stances between a to-be-encoded frane and a_plurality of
reference frames. <Effects> 5 A proper predictive picture1 Qﬂyggoéasily
generated at a |l ow cost by performng linear inter- polation or |inear
~extrapolation for atine jitter in signal intensity such as fading in
accordance with the inter-frame distances between a to-be-encoded frane
and 10 a plurality of reference franes. Igis makes it possible to realize
hi gh-effi.ci ency encoding with high pre&i tion efficiency. (25) In (1) or
(2), an average DC value in a frane or field in an input video signal is
cal cul ated, 15 and the conbination of |inear sumweighting factors is
determi ned on{ihk basit7bf andetlDE yutargenand plEuralitythef enebdience
frames and a to-be-encoded franme. <Effects> By calculating |inear

predi ctive coef¢¥leeahtsan lpm frpthenperdicedahgesmbnoPe vhEuenicndang

t o-be-encoded frang and a plurality of reference franes, a proper
predictive pietite ¥R be generated with respect to not only a constant

tenporal change in,signal in Sity t also . an arbitrary tinme jitter in
signal intensity. (gé (26% KigPl?roFPgb),aﬁs§Bﬁ€xtH§915ﬁ¥FﬁEth€ideo si gnal

has a %griable %éa@elﬁat%ﬂ¥b rhgéng$r or %hinningfout arbitrary franes
of the |nput I%ﬁ e% %lf thIé? Q O rererence rames 1i1ndica QS

the use of two immediately previously encoded frames as
reference frames.
<Effects>
In synergism with the arrangement of (18) or (19)
10 and the arrangement of (11), the encoding overhead can
be further reduced to improve the encoding efficiency.
{21) In (18) or (19), an index indicating the
predetermined combination of reference frames can be
changed for each to-be-encoded frame, and the index
15 indicating the predetermined combination of reference
frames is encoded as header data for a to-be-encoded
frame.
<Effects>
In synergism with the arrangement of (18) or (19)
20 and the arrangement of (12), the encoding“dverhead can
be further reduced to improve the encoding efficiency.
(22) In any one of (15) to (17), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
25  combination of the plurality of reference frames is the
same as that for the immediately previously encoded.'

macroblock, all the elements of the differential vector




to make it have a variable frane rate is prepared. In this se, iLn
encodi ng the video signal having the variable frane rate,lﬂﬁgW@QW@ination
of linear sum weighting factors is determ ned in accordance with 5 changes
in inter-frame distance between a to-be-encoded frame and a plurality of
reference frames. <Effects> By using proper linear predictive coefficients
in accordance with inter-frame distances with respect to 10 encoding with
- a variable frame rate in which the i nterifirane distances between a :

~ to-be-encoded frame and a plurality of reference franmes dynamcally
change, high prediction efficiency can be maintained to perform

hi gh-ef fi ci ey Enegthhipn 1642y o e véneodedcade ng, nenhdodl df tper f or mi ng
motion conpensation predictive inter-frame encoding of a to-be-encoded
macr obl ock ofPEedd de’iiiae Hyonmslngto oprenerdedi aed ¢onbWhabi on of a
plurality of reference franmes and a notion vector between the

t 0- be- encoded TR IRV KPRk OTe ke meeneddedneextr ablee paybehe

first referenc qgﬁgob ock ¢ rrgégonding to a _candidate for the notion
vector is extYactePRGOMAHCHISts Tereret@frame, (b) the candidate for

t he notd on \QgEgttfor 48 scaled in accordance with the inter-frame 25 di stance
bet weer® at |6 one second reference frame and the t o- be- encoded frane,

(c) at least one sfeahe &l &l GRGH, TBEL 0PI OGKGERE DL P10 Pe
(15) to (17) and the arrangement of (13), the encoding
overhead can be reduced to improve the encoding
efficiency.

10 (23) In any one of (15) to (17), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is the
same as that fpr the immediately previously encoded

15 macroklock, the differential wvector of the motion
vector to be encoded coincides with a differential
vector for the immediately previously encoded
macroblock, and all the predictive error signals to be
encoded are 0. With regard to the macroblock to be

20 encoded next, the number of skipped macroblbcks is
encoded.
<Effects>

In synergism with the arrangement of any one of
-{15) to (17) and the arrangement of (14), the enceding
25 - overhead can be reduced to improve the encoding - |
| efficiency. o - o

©{24) In (1) or (2), the combination of linear sum




11 July 2006 117 the notion vector obtained by scaling is ix raéb from
the second reference franme, (d) a predictive macrobl ock i 1&@% ed by
~calculating a linear sumusing a predeterm ned conbi nati on of wei ghting
~factors for the 5 first and second reference macrobl ocks, (e) a

predictive error signal between the predictive nmacroblock and the

t o- be- encoded macrobl ock is generated, i ) the notion vector is determ ned
on the basis of the magnitude of the p} ictive error signal 10 between
the Iinear sumof the first and second reference macroblocks and the

t 0- be- encoded macrobl ock, and (g) the predictive error signal, the first

i ndex i ndi catdirgh tiney fiastonhd s etoimrrisiet eliteadrandance heitlseclomd i ndex
i ndi cating the combi nation of weighting 15 factors, and the information of
t he det er ni nédbegtilomms et vranges drfoiRen xHid-deasencodedintramat ard
plurality of reference nmacrobl ocks are extracted froma plurality of
reference fr@mddWEMith Pespfdranroneaebe- encoded nacrobl ock, and a
predictive ”%&{0 | gck is generated fromthe linear sum In this case, if
an optimal no or is determined for each reference frane, the
conput ati on anount, hecones enormus. According to .the ar{fggenent of 25

A
(27), Since a not idPVERTOrP LS thfe For e 47 e eas

generated at a low cost by performing linear inter-
polation or linear extrapolation for a time jitter in
signal intensity such as fading in accordance with the
inter-frame distances between a to-be-encoded frame and
10 a plurality of reference frames. This makes it
possible to realize high—efficienéy encoding with high
prediction efficiency.
(25) In (1) ox (2), an average DC value in a
frame or fleld in an input video signal is calculated,
15 and the combination of linear sum weighting factors is
determined on the basis of the DC values in a plurality
of reference frames and a to-be-encoded frame.
<Effects>
By calculating linear predictive coefficients from
20 temporal changes in DC value in a to-be-encoded frame
- and a plurality of reference frames, arproper
predictive picture can be generated with respect to not
only a constant temporal change in signal intensity'but
also an arbitrary time jitter in signal intensity.
._.25 . (26) In (1) or (2), assume that an input video
| | signal has a variable frame rate or an encoder for :

thinning out arbitrary frames of the input video signal.




reference frame is scaled to obtain notion vectors for other reference
frames, a plurality of optiml notion 11 July 2006 118 vecﬂgﬁgy@Q O be

- searched out with a very small conputation anount. This makes.it possible.
to greatly reduce the encoding cost. (28) In (27), the determ ned notion
vector is 5 scaled in accordance with the distances between the

respective reference franes and the to-ﬁﬁ-encoded frame, and a reference
macrobl ock for at |east one reference &e is i ndi vi dual Iy searched again
. so as to reduce the propriety error signal near the scaled 10 notion
vector. A notion conpensation prediction is then perfornmed by using the
moti on vect ortebrakpedt aaverasveriablenérameseatehis gERpectd> Miki ng a
re-search for a notion vector near 15 the scal ed notion vector candi date
can real i ze athhf gheseef i crepeyimdttlop védeor ssenpthhavihgatheal | er

conput ation anmoupt._and_realize a high-efficiency notion conpensation
prediction w YR 22R1¢ghtanacietle the conpimation afolhbeaThfdmmakes it

possible to perform 20 high-effjciency epncoding. (29) In a video encoding
net hod of peﬁf%%%?ﬂ%ngn€?$5%r%oﬁiéﬁ%% TBhReRL 7 - FranEdaneadihbhof a
tO_be_%pcheQﬂgggggglP&kiﬁ%eftfgéﬁg)&gg%gégepgegaégg gtto—be~encoded
| frame and a plurality of reference frames. |
<Effects>
By using proper linear predictive coefficients in
accordance with inter-frame distances with respect to
10 encoding with a variable frame rate in which the
inter-frame distances between a to-be-encoded frame and
a plurality of reference frames dynamically change,
high prediction efficiency can be maintained to perform
high-efficiency encoding.
15 (27) In a video encoding method of performing
. motion compensation predictive inter-frame encoding of
- a to-be-encoded macroblock of a video picture by using
a predetermined combination of a plurality of reference
frames and a motion vector between the to-be-encoded
20 = - macroblock and at least one reference frame, (a) the
.first reference macroblock corresponding to a candidate
for the motion vector is extracted from the first
‘reference frame, (b) the candidate for the motion
vector is scaled in accordance with the inter-frame
25 ‘distance between at least one second reference frame
|  -and the to-be-encoded frame, (c) at_leaét one second

‘reference macroblock corresponding to the candidate for




| east one past reference frame and a notion vector 25 bet W?iﬂ tgﬁﬁ
t o- be- encoded macrobl ock and the reference frame, the noti UyatPensati on
“predictive inter-frane encoding is performed upon switching, for each 11
July 2006 119 to-be-encoded nacrobl ock, between operation of using a

nmotion vector for a to-be-decoded nmacrobl ock at the sane intra-frane
position as that of the to-be-encoded pacroblock in the frane encoded

i mredi ately before the to-be-encoded f+afe cont ai ni ng the to-be-encoded
macr obl ock and operation of newy determ ning and encoding the notion
vector. <Effects> As has been described above, in notion 10 conpensation
predictive erdwdimyg;iarheremverhedd: iored ot | ora Meod ars enctack aiged nf tarences
the encoding efficiency. Wen, in particular, a picture with high
prediction eftficcisamond ¢ el nsn an clodaek or (dary mmidiot i wectarsolareck o be
encoded because of a small nmacrobl ock 15 size, the code anount of notion
vector may béddorenedariashmy. SRdeBtditnidia ¢ tHeeay anderhitndfa (29), the
tenporal correlation hetween the nmovenents of pictures is used such that a

moti on vect oPTESETETHHEGh I OER 1A it Sae IsBsiinDf ant et far e
encoded i1 CHE ShadrEhSER e T HEEE BAHGHL G cHEgE and & |
.predictive error signal between the predictive
macroblock and the to-be-~encoded macroblock is
generatéd, (f) the motion vector is determinéd on the
basis of the magnitude of the predictive error signal
10 betﬁeen the linear sum of the first and second
reference macroblocks and the to-be-encoded macroblock,
_and (g) the predictive error signal, the first index
indicating the first and second reference frames, the
second index indicating the combinatién of weighting
i5 factors, and the information of the determined motion
vector are encoded.
<Effects>
Assume that a plurality of reference macroblocks
are extracted from a plurality of reference frames
20 with respect to one to-be-encoded macroblock, and a
predictive macroblock is generated from the linear sum.
In this case, if an optimal motion vector is determined
for each reference frame, the computation amount
becomes enormous. According to the arrangement of
25 ,'7 {27), since a motion vector candidate for the first
reference frame is scaled to obtain motion vectors for

other reference frames, a plurality of optimal motion




notion vector for only a macrobl ock which is subjected to ? qg r8 se in

prediction efficiency when the notion vector for the i medi ¢ &9 %receding

frame is used is 25 encoded. This nakes it possible to reduce the overhead

for nmotion vector encoding and realize high-efficiency encoding. 11 July

. 2006 120 (30) In a video encoding nethod of Perform ng notion conpensation
predictive inter-frame encoding of a tgige-encoded macr obl ock of a video

picture by using at |east one referenc rane and a notion vector 5

' - between the to-be-encoded nacrobl ock and the reference frane, the notion

conpensation predictive inter-frane encoding is perforned upon switching,
for each to-bRClemcpdea fper obkocked betweeitlia) theyfimstl prediction node
of using at | east one encoded past 10 frane as the reference frame, (b) the
second predi CETERHtHoHN AN hg aPhencoalkds fit upesfilate s gheatkfer ence

frame, (c) the ihird redi ction node of using the |linear sumof the
encoded past Futte FPEORENAsCeHe: reference frane, and (d) the fourth
predi cti on node of i sum of the plurality of encoded

5 in e |inear )
past reference fré%%% a tﬂ%%ref£9%n eteFRRed JIpEbeRsYector is

5 scaled in accordance with the distances between the
respective reference frames and the to-be~-encoded
frame, and a reference macroblock for at least one
reference frame is individually searched again so as to
reduce the propriety error signal near the scaled

10 motion vector. A motion compensation prediction is
then performed by using the motion vector obtained as a
result of the re-search.
<Effects>

Making a re-search for a motion vector near

15 the scaled motion vector candidate can realize a
higher-efficiency motion vector search with a smaller
computation amount and realize a high-efficiency motion
compensation prediction with a slight increase in
computation amount. This makes it possible to perform

20 high-efficiency encoding. |

(29) In a video encoding method of performing
motion compensation inter-frame encoding of a
to-be-encoded macroblock of a video picture by using at
least one past reference frame and a motion vector
.25 : between the to-be-encoded macroblock and the reference
frame, the motion compensation predictive inter—frame

'encodinq is performed upon switching, for each




I'n the case of B pictures (bi-directional predictive encodin%é uaed for
MPER vi deo encoding, a 20 prediction fromone forward fraﬁéﬁu %9 @di cti on

from one backward frame, and an average prediction from forward and
backward frames are switched for each nmacroblock. In the average
predi ction, averaging processing functions as a loop filter to renove 25
original inmage noi se or encodi ng noise in a reference franme, thereby
_inmproving the prediction efficiency. Notld,® however, that a bi-directiona
prediction is 11 July 2006 121 difficult to nake before and after a scene
change, and hence a prediction is made fromone. forward or backward
frame. In thi §ochseenfededopaftirbbéncef f betwaenkspeandiohhe rpuedigt izon
ef ficiency decreases. According to the 5 arrangenent of (30), even in a
predi ction frdatearyvactesr iardaf tanke-denoded predibibee pitcthee is
generated fromthe |inear sumof a plurality of reference franes, the
prediction ef$#RfehtlreahrpRei BpFdlbanpyst Ahatoof thel terbefércoded0 (31)
In (30), the rediciiog based on the linear sumincludes |inear
i nt er pol at i of"ARHCP A rlneR??agﬁ?%?i%ﬂcﬁgﬁgeéﬁﬁﬁdiﬁéeib baferef thee
di stances. ﬁﬁ%ﬁ ts> Even Lf _the signal .intensity changes over tinme due 15
‘to fading or ég%i%%?Oég%r%B%Tep?%%g%{?%%gpFE?uF%“%%henCOded
macroblock and operation of newly determining and
encoding the motion vector.
<Effects>
As has been described above, in motion
10 - compensation predictive encoding, the overhead for
motion vector encoding influences the encoding
efficiency. When, in particular, a picture with high
prediction efficiency is to be encoded or many motion
vectors are to be encoded because of a small mécroblock
15 size, the code amount of motion vector may become
dominant. According to the arrangement of (29}, the
temporal correlation between the movements of pictures
is used such that a motion vector for a macroblock at
the same position as that of a to~be-encoded macroblock
20 'in the immediately preceding frame is not encoded if
the macroblock can be used without any change, and a
motion vector for only a macroblock which is subjected
to a decrease in prediction efficiency when the motion
vector for the immediately preceding frame is used is
25 . encoded. This makes it possible to reduce thé overhead

for motion vectqr encoding and realize high-efficiency

encoding. -




be easily generated by linear interpolation or |inear extr? olgbbgn froma
plurality of frames. This nakes it possible to obtain higﬁ %ﬂ@ ion
efficiency. (32) In a video decodi ng nmethod of performng 20 notion
conpensation predictive inter-frame decoding of a to-be-decoded nmacrobl ock
of a video picture by using a predeterm ned conbination of a plurality of
reference franes and ‘a notion vector between the to-be-decoded nmacrobl ock
~and at | east one reference frane, (a) 253 %dhcoded dat a i ncluding a
predictive error signal for each to-be-decoded macrobl ock, the first index
i ndi cating the con?gg ti?n of a plurality of reference 11 July 2006 122

frames, the second I ndex ?nﬁiEb@?%geaccdmhgnmétgado$f Lpear sum wei ghting
obl ocks, and information ofﬁ%ﬁgoﬁ%%?%n vector is

factors for mefiergnc robl .
decoded, (b) a lpﬁr%f”ﬁ%%%“r% el timoe abt ipekest afng exld ted from5 the
plurality ofarQbaB@ugig(?%P%Iin ccordance with the decoded Thfdr mation
of the notion vector an e A& K iforavatidens gfi dthie o iﬂgstué'ir}ldex, (c) a
r

predi ctive madr dla@ek gns rat ed calculating the line sumf t he
plurality of extracted regg?gﬁ%écfogﬁﬁﬁﬁb§n@yau@bmgohhee@QEQination of

wei ght? ng f abebweeni secabeg.b ecoded_i nformation of the second
i ndex, and (d) a video signaF %gEgggngGCEQbéﬁékngndhEhepféﬁbgéhgg

macr obl ock ah¥amee tbeoded; ok edi Gl j [T Or
_ . ifh Qbﬁﬁéﬂgaglon Predictive inter-frame

encoding is performed upon switching, for each

to-be-encoded macroblock, between {a) the First

redicti ]
Prediction mode of using at least one encoded past

10 frame as the reference frame,

) (b) the secong prediction
mode i
of using an encoded future frame as the referen
ce

fr : i
anme, (c¢) the third prediction mode of using the

linea
T sum of the encoded bPast and future frames as the

u h

reference frames as the reference frame

<Effects>

. .
n the case of B Pictures (bi~-directional

redict | .
Predictive encoding) used for MPEG2 video encoding
; a

20 bPrediction from one forward frame
r

a prediction from

one backw
ard frame, and an average bPrediction from

. .
orward and backward frames are switched for each

macrobl
ock. In the average pPrediction, averaging

frame, i j
e, thereby 1mprov1ng the prediction efficiency

Note, i-d]
HNote, however, that & bi-directional bPrediction is




signal for each of the to-be-decoded nacrobl ocks. 15 <Effegﬁz> }H@ dat a
encoded in (1) can be decoded, and the sanme encoding effici Wg ﬁprOV|ng
effect as that in (1) can be obtained. (33) In (32), an index indicating
the conbination 20 of linear sumweighting factors is received as header

data for each frame or each set of a plurality of frames, and the
predictive error signal, the index indiicating the conbination of reference
frames, and the notion vector are received and decoded for each 25

macrobl ock. <Effects> The data encoded in (2) can be decoded, and the 11

July 2006 123gsamecameodhn fi I |ng effect that in_ (2) can
y caneodh ﬂaﬁE b@'_fgggyahgpag\é 6 mFFSHQVSEFBFe’l §‘n§ ot i on

be obtained. (34) In (32) or (33), the receive

vect or aSSOC|ﬁéﬁdewhtbréd§@€§bﬁlQsoﬂﬁd@ff§o&hSnQ|E59%5% &enée
frames, the received notion vector is scaled | R accor £h

i nter- franE firshancelheteencébe, t aobecdpcesedafra e@@dwgpﬁs rgf rence

frame, and a notion vector for another or other referencé iramed”

~generated by Usérigredibcsbah eelf 101 anty ofe¥e6h96s . <EAEESESPRg to the

5 ‘arrangement of (30), even in a prediction from only a

forward frame, since a predictive picture is generatedr
from the linear sum of a plurality of reference frames,
the prediction efficiency can be improved by the loop
filter effect. \

10 (31) In (30), the prediction based on the linear
sum includes linear interpolation and linear
extrapolation corresponding to inter-frame distances.
<Effects> |

Even if the signal-intensity'changes over time due
15 to fading or the like, a proper predictive picture can
be easily generated by linear interpolation or linear
extrapolation from a plurality of frames. This makes
.it possible to obtain high prediction efficiency.
(32} In a video decoding method of performing
'20 motion compensation predictive inter-frame decoding of
a to-be-decoded macroblock of a video bicture by using
a predetermined combination of a plurality of reference
frames and a motion vector between the to-be-decoded |
macroblock and at least one reference frame, (a)
25 ‘encoded data including a predictive error signal for
_each to-be~decoded macroblock, the first index

indicating the combination of a plurality of reference |




The data encoded in (3) can be decoded, and the sane encoqiq ef ficiency
improving effect as that in (3) can be obtained. 15 (35) 1 g@ﬁw96the
notion vector associated with the specific reference franme is a notion
vector normalized in accordance with the inter-franme distance between the
reference frane and the frame to be encoded. 20 <Effects> The data encoded
in (4) can be decoded, and the same encogpfg efficiency inproving effect as
that in (4) can be obtained. (36) In (34), the notion vector associated

with 25 the s i pec fic reference frane is a notion vector for one of the
to the greatest

plurality of refgrencefr 1.ch,_cor.r esponds !
R Rl A L R e o e

inter-frame distance from . -
1 G ency Ty ourng"SF Sed (), SpRotS dB5°0eTe it R SR 250 0
and.information of the motion vector is decoded, (b) a
plurality of reference macroblocks are extracted from
5 the plurality of reference frames in accordance with
the degoded information of the motion vector énd the
decoded information of the first index, (c) a
predictive macroblock is generated by calculating the
linear sum of the plurality of extracted reférence
10 frames by using the combination of weighting factors
indicated by the decoded information of the second
index, and (d) a wvideo signal is decoded by adding the
predictive macroblock and the decoded predictive error
signal for each of the to-be~decoded macroblocks.
15 <Effects>
The data encoded in (1) can be decoded, and the
same encoding efficiency improving effect as that in
{1) can be obtained.
(33) In (32), an index indicating the combination
20 Qf linear sum weighting factors is received.as header
data for each frame or each set of a plurality of
frames, and the predictive error signal, the index
indicating the combination of reference frames, and the
motion vector are received and decocded for each
25 macroblock. |
..<Effects>

- The data encoded in (2) can be decoded, and the




5 (5) can be obtained. (37) In (32) or (33.), the received ng%%ggpvector
is adifferential vector between the first notion vector as iZ908d with a
specific one of the plurality of reference franes and anot her or ot her

reference 10 franes. The first notion vector is scaled in accordance with
the inter-franme di stance between a to-be-encoded frane and the one or a
plurality of reference frames. A notion vector for another or other
reference franes is generated by adding %2 scaled 15 notion vector and
the differential vector for the received one or a plurality of reference

frames. <Eff§§ﬁé>egg data encoded in (6) can be decoded, and the sane

encodi ng effici ency |§8F89iﬁﬁféﬁﬂéetyaimph@bih@ e2@.(§) .can be obt ai ned.

(38) In (37), (2hecsecgived first notion vector is a mot £8nthatkt bn

normal i zed in accordance”#h'®fe inter-frame distance between the

reference frame anﬂ34;heI%r?ﬁZ to be _encoded. 25 <Effects> The data encoded
)

in (7) can be decoded, an Shmé3&hcothagretéi 6E8NGY+ | roving ef fect
as that in 1isIW wod0QK, 129 i_(7I) can be obtained. (39) In ), €% recei ved
: . . ClOr associated wi o
first notion vector is €d with a specific one of
th 1 i
e plurality of reference frames, the received motj
lon

vector is i
scaled in accordance with the inter-fr
~frame

di
istance between the to—be~decoded frame and th
e

other ref i
erence frames is generated by using the Scaled

10 motion vector.

<Effects>

The data encoded in (3)'can be decoded
same i L Ci N
gncodlng eff1c1ency improving effect as that j
in
{3) can be obtained.

15 (35
_ }  In (34), the motion vector associated with

encoded.

20 <Effects>

(36) In (34,
25

. :

to th t ] e dist
_ § dreatest inter-frame distance frém,the frame t
_ . _ e to




a notion vector for one of the plurality of reference fra i
corresponds to the greatest inter-frane 5 distance fron1thg?$?§ﬂg8€o be

encoded. <Effects> The data encoded in (8) can be decoded, and the sane
encodi ng efficiency inproving effect as that in (8) can be obtained. 10
(40) In any one of (32) to (39), when information associated with the
nunber of ski pped nacrobl ocks is received for each macrobl ock, and one or
- more macrobl ocks are skipped, all notion vector elenents required to
decode each of the skipped nmacrobl ocks are 15 regarded as 0. By using a

predeterm neg,caififnatgon of reference franes, reference nacrobl ocks are
extracted fromthe plurality of reference frames. A predictive nmacrobl ock

i s generated Jgomdthe-plurality of reference macroblocks by a |inear sum
based on an index 20 indicating the conbination of the received |inear sum

wei ghting factors.THhedpredbeidyed NBET 08 0ckniSe U decoded picture.
<Ef fects> The data encoded in (9) can@bL dé%d%%déggodgﬁh 3@ ggﬁe encodi ng

L1 ey ettty i g x g o 4] 10 a1
{5) can be obtained. -
A(37) In (32) or (33), the received motion vector
is a differential vector between the first motion
vector associated with a specific one of the plurality
of reference.frames and another or other reference
10 frames. The first motion vector is scaled in
accordance with the inter-frame distance between a
to-be-encoded frame and the one or a plurality of
reference frames. A motion vector for another or other
| reference frames is generated by adding the scaled
15 motion vector and the differential vector for the
received one or a plurality of reference frames.
<Effects>
The data encoded in (6) can be decoded, and the
same encoding efficiency improving effect as that in
20 {6} can be obtained.
(38) In {37), the received first motion vector is
a motion vector normalized in accordance with the
ipterﬂframe distance between the reference frame and
the frame to be encoded. |
25 - <kffects>
The data encoded in (7) can be decoded,'and the

same encoding efficiency improving effect as that in




associated wth the nunber of skipped nmacrobl ocks is receiiﬁgggﬁé each
~macr obl ock, and one or nore nacrobl ocks are ski pped, ref er 2robl ocks

are extracted, for each of the skipped rmacrobl ocks, from the plurality of
reference frames by using a notion vector for the imediately previously
encoded macrobl ock wi thout being skipped and a predeterm ned conbi nation
of a plurality of reference franmes. A psedictive macrobl ock is generated
fromthe plurality 10 of reference frames by a |inear sum based on an index
i ndi cating the conbination of the received |linear sum weighting factors.

‘The predictivyeymcroblockiis fhen used as a decoded picture. <Effects> 15
The data encgdéd.i# (f0%£g§§nf£ﬁdecoded, and the sane encoding efficiency

o e o S bR (L)

t he predeterm ned conbination of reference

previ ousl yadeeeded beetbrames. onkl Hecksz Péggggﬁkg_ggggggggggF 11) can be

decoded, and the sane encoding efficiency at in
(11) can be Obbakesedhi2h 663kehpoﬁﬁ@)tgrtﬁélbreg@egﬁdgﬁtggd%gg i,ng the
as

predet er mi ned conbi nation of reference franes is receive eader data
- for arbencodddstenme, faod @he frame to be encoded.
| - <Effects>
The data encoded in (8) can be decoded, and the
same encoding efficiency‘imprOVing effect as that in
(8) can be obtained.

10 (40) In any one of (32) to {32), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more

~macroblocks are skipped, all motion vector elements
required to decode each of the skipped macroblocks are

.15 regarded as 0. By using a predetermined combination of
reference frames, reference macroblocks are extracted
from the plurality of reference frames. A predictive
macroblock is generafed from the plurality of reference
macroblocks by a linear sum based on an index

20 _indicating the combination of the received linear sum
welighting factors. The predictive macroblock is used
as a decoded picture.
<Effects>

The data encoded in (9) can be decoded, and the
25 . same encoding efficiency improving effect as that in
.(9) can be thained. | |

(Ql)f In any one of (32) to (3%9), when information




11 July 2006 127 ski pped macrobl ock is decoded in accordan%i ﬁf%ﬁ %he
i ndex. <Effects> The data encoded in (12) can be decoded, ABYZRE0 5 sane

~encoding efficiency inproving effect as that in (12) can be obtained. (44)
In any one of (32) to (39), when information associated with the nunber of
ski pped .macrobl ocks is received for each macrobl ock, and one or nore 10
macr obl ocks are skipped, all notion vecips el enments required to decode

- each of the skipped macrobl ocks are regarded as 0. By using an index
indicating a conbination of a plurality of reference frames in the

i mredi atel y y&oceding Mmerngblgek d wi thout being 15 skipped,
ref erence macrobl ocks are tggtracte e(r:%nglJ hsekl%ﬁ)%cﬁ)dp?‘?ﬁol%}olﬁégelr%nce

frames, and aJHa8dist ing %wm%ﬂl%%gggd@%ﬁ%%rgpr}lﬁe plurality of

reference nacrobl ocks by a linear sum e received conbination

of |inear sumawicghiddys fadd cy}@.pé;ghe, 2Q fuedi ol iy, 19 Soc%fés used as a

decoded picture. <Effects> The data encoded 1 n (13) can be decoded, and
the sane eneodimgteid,i deneadITRIOWHY Sif85dd At dRH 1 ddks (1)oFan be

obtained. 25 (45) In any one of (32) to (39), when information
5 the plurality of reference frames by using a motion
vector for the immediately previously encoded
.macroblock without being skipped,and a predetermined
combination of a plurality of reference frames. A
predictiﬁe macroblock is generated from the plurality
10 of reference frames by a linear sum based on an index
indicating the combination of the received linear sum
weighting factors. The predictive macroblock is then
used as a decoded picture.
| <Effects>
15 The data encoded in (10) can be decodéd, and the
same encoding efficiency improving effect as that in
(10} can be obtained.
(42} In (40) or (41), the predetermined
combination of reference frames includes immediately
20 . previously decoded two frames.
<Effects> |
The data encoded in (11) can be decoded, and the
- same encoding efficiency improving effect as that in
{11} can be obtained.
25 - (43) In (40) or (41), an index indicating the
| .'predetermined combination of reference frames is

received as header data for an encoded frame, and a




associated with the nunber of skipped nmacrobl ocks is receiviq fqr each
macr obl ock, and one or nore 11 July 2006 128 nacr obl ocks art Eh?%@ d,
ref erence macrobl ocks are extracted, for each of the skipped nacrobl ocks,
from the plurality of reference franes by using a notion vector for the
i mredi ately previously encoded 5 macrobl ock w thout being skipped and an
index indicating a conbination of a pluedlity of reference franes in the
i mredi ately precedi ng nacrobl ock encoded wi thout being skipped. A

predi ctive macroblock is generated fromthe plurality of reference franes

by a 10 i neaskisgsredagad: @ o | nélexedddhgal b ng-Lhe£9mpi pagi op, of the

received |inear sumweighting factors. The predictive recr obl 6¢k is then
used as a dedoded:. picture. <Effects> 15 The data encoded in (14) can be
decoded, and the sane encoding efficiency inproving effect as that in
(14) can be ciifierdds> (46) In any one of (32) to (39), the received notion
vector is encoded as a differential vector wwth 20 respect to a notion
vector predicted fHemdais erneogedirial i (12 of cadl)las emé co@ed Obhpgksnai thin a
frame. A predictive notion vector is generated froma decoded notion
vector5f0r t Fens @raddipofe fHdjcicamy improving effect as that in

' "{12) can be obtained.

(44} 1In any one of (32) to (39), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more

10 macroblocks are skipped, all motion vector elements
required to decode each of the skipped macroblocks are
regarded as 0. By using an index indicating a
combination of a plurality of reference frames in the
immediately preceding macroblock encoded without being

15 skipped, reference macroblocks are extracted from the
plurality of reference frames, and a predictivé
macroblock is generated from the plurality of reference
macroblocks by a linear sum based on the received
combination of linear sum weighting factors. The

20 predictive macroblock is used as a decoded picture.
<Effects>

The data encoded in (13) can be decoded, and the
same encoding efficiency improving effect as that in
(13} can be obtained.

25 , (45) In any one of (32) to (39), when information

associated with the number of skipped macroblocks is.

. received for each macroblock, and one Or more




macr obl ocks. The predictive notion vector is added to 25 the_received
notion vector to decode the notion vector for the correspo WH@Z r obl ock.
11 July 2006 129 <Effects> The data encoded in (15) can be decoded, and

t he sane encoding efficiency inproving effect as that in (15) can be
obtained. 5 (47) In any one of (32) to (39), the followwng is the 47th
characteristic feature. The recei ved notiizen vector is encoded as a
differential notion vector with respect to a notion vector predicted from
a notion vector in a macrobl ock at the same position in the 10 i nmedi ately

precedi ng franeer&¥1 &6E NGt hey 1 85€hVe i vect and the notion
vector predicted fromthe “decoded nbt?%ﬁggégggrmgﬁrgééo gr86Fock at the

same positic&kggh@t@@,ifbik@h&mnggigﬁglgk9§%¥%gﬁ§%§0%§88 gd ranme, t he

notion vector for the corresponding 15 nmacro ecodad. ~T2Ef fect s>

The data encodesl pIufdB)t ¢adf bee tecogied, £ afde & "!@ysﬁgﬁl?zg?ﬂ{)ggogf ficiency

“inmproving effect as that in (16) can be obtai ned. 20 n-any one of
(32) to (39),vedieor eet Viete impiedina VeTy Osrési@nspgesh asqaaqdi fferenti al
notion vector with respect to a notion vector predicted froma
macroblock without being skipped and an index
- indicating a combination of a plurality of reference
frames in the immediately preceding macroblock encoded
without being skipped. A predictive macroblock is
generated from the plurality of reference frames by a
10 linear sum based on an index indicating the combination
of the received linear sum weighting factors. The
predictive macroblock is then used as a decoded
picture.
<Effects>
15 The data encoded in (14) can be decoded, and the
same encoding efficiency improving effect as that in
{(14) cah be obtained.
(46) In any one of (32) to {39}, the received
motion vector is encoded as a differential vector with
20 respect to a motion vector predicted from one or a
plurality of adjacent macroblocks-within a frame. A
predictive motion vector is generated from a decoded
mQtion vectoxr for the plurality of adjacent
- macroblocks. The predictive motion vector is added to
25 - the received motion vector to decode the ﬁotion vector

~ for the corresponding macroblock.




notion vector for one or a plurality of adjacent nacroblockﬁ_%gpﬁ frame

and a notion vector for a 25 macrobl ock at the sane positidﬁ s @

i mredi ately preceding frane. A predictive notion vector is generated from

- a decoded notion vector for the 11 July 2006 130 plurality of adjacent

macr obl ocks and a decoded notion vector for a macroblock at the sane

position in the imediately previouslyjdecoded franme. By addi ng the

predictive notion vector and the received notion 5 vector, the notion

- vector for the corresponding nacroblock is decoded. <Effects> The data
~encoded in (1lp¢£an be decoded, and the sane encodi ng efficiency inproving

effect as that 1n 10 (17) can be obtained. (49) In any one of (46) to

(48), when infofnv@ﬂéwhaggsgﬁggégga%%tglgpeCQH grd%%8a§§ppgggngﬁroblocks

is received for each macro ne’ or o fo & ski pped,

ref erence MRuA aakiodnty Lr eKLIAR ehnbosy £ACN:OE LDE,SK PRI

- macr obl ocks, from the plurality of Teference franes Dy usrn

predictive notlisgn ceecty @scaadyi on vector for the skipped macrobl ock and
- a predeterm ned conbination of a plurality of reference franes. A

]E)r edi cELve macr obl ok 2Qin sageneated fypmtde pbyrabhtyrof1s8iggense

ranes by the.47th characteristic feature. The received motion

vector is encoded as a differential motion vector with

respect to a motion vector predicted from a motion

vector in a macroblock at the same position in the

10 immediately preceding frame. By adding the received
motion vector and the motion vector predicted from the
decoded motion vector in the macroblock at the same
position as that in the immediately previously decoded
frame, the motion vector for the corresponding
i5 macroblock is decoded.
<Kffects>
The data encoded in {16) can be decoded, and the

same encoding efficiency improving effect as that in
{16} can be obtained.

20 (48) In any one of (32) to (39), the received
motion vector is encoded as a differential motion
vector with respect to a motion vector predicted from a
mqtion vector for one or a plhrality of adjacent
-macroblocks in a.frame and a motion vector for a

25 _ macroblock at the same position in the immediately

| preceding frame. A predictive motion vector is

generated from a decoded motion vector for the




a linear sum based on an index indicating the conbination ?E t§8g£ECEiVEd
| i near sum wei ghting factors. The predictive macrobl ock id 'ﬂ@ ed as a
decoded picture. 25 <Effects> The data encoded in (18) can be decoded, and
the same encoding efficiency inproving effect as that in 11 July 2006 131
(18) can be obtained. (50) In any one of (46) to (48), when information
associ ated with the nunber of skipped roobl ocks is received for each
- macrobl ock, and one or nore 5 macrobl ockS "are ski pped, reference
macr obl ocks are extracted, for each of the skipped macrobl ocks, from the

plurality of refer frames by using a notion vector obtained by adding
a notion vec%ﬁ?uﬁ%ﬁﬂﬁﬁégfi%ﬁﬁﬁﬁ%ﬁ?ﬂ@ﬁ%ﬁ%ﬁb@¢h@ #mdr abfleckdencasedomi t hout

bei ng 10 skippeqd 4 redi ctive notion vector and a predeterm ned
conbi nati on of %gofo]{)uécgﬁeﬁoymaoqr?be]foé?kerﬂ% Lhe apee pepiiethrtivetmacr obl ock is

generated fromghg a1 AvA reference frames by a |inear sum based on
an index indicati nga t htay ?Jollréb‘iylr?g'{slla’n cgefcqqﬁeedr %ed B addigsr them wei ghti ng
fact ors. Thep@égdeﬁRMﬁnmﬁﬁﬁ&PW§§%%rj%H%P%%ggsed %§5%H%§§§ﬂ§9 pi cture.

€ JdEf;

<Ef fect s> The data encoded in (19) can
5., vector, the motion vector for the corresponding
macroblock is decoded.
<Effects>

The data'encoded in (17) can be decoded, and the

same encoding efficiency improving effect as that in
10 (17) can be obtained.

{(4%) 1In any one of (46} to (48), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, reference macroblocks are

15 extracted, for each of.the skipped macroblocks, from
the plurality of reference frames by using the
predictive motion vector as a motion vector for the
skipped macroblock and a predetermined combination of a
plurality of reference frames. A predictive macroblock

20 is generated from the plurality of refefence‘frames by
a linea; sum based on an index indicating the |
combination of the received linear sum welghting
factors. The predictive macroblock is then used as a
| decoded picture.
25 . <Effects>
The data éncoded in (18) can be decoded, and the

same encoding effitiency improving effect as that in




same encoding efficiency inproving effect as that in 20 (%?) cg% ge
obtai ned. (51) In (49) or (50), the predeterm ned combi nat'it AYHPef er ence
franmes includes two inmediately previously decoded franes. <Effects> 25
The data encoded in (20) can be decoded, and the sane encoding efficiency
inproving effect as that in (20) can be obtained. 11 July 2006 132 (52) In
(49) or (50), an index indicating the pPddeterni ned conbination of
reference franes is received as header data for an encoded frame, and a
ski pped macrobl ock is decoded in accordance with the 5 received index.

<Ef fects> Thelgateaensodastdaind®@l) can be decoded, and the sane encoding
efficiency inproving effect as that in (21) can be obtained. 10 (53) In
any one of (46) to($@B),Imhanyiofhorodti(as) assqgebat edhwht hntrbemawabear of

ski pped nacrobl ocks is received for each macrobl ock, and one or nore
macr obl ocks arss®ki Pped], Wwitdi erlemceuniper obf oskspped eatrabliedksf ds each of

t he ski pped macrobl ocks, from 15 the plurality of reference franes by

usi ng the pr@Re2IvNRA Yy dRcedtarreklackot abd geetor horet he

5 macroblocks are skipped, reference macroblocks are
| extracted, for each of the skipped macroblocks, from
the plurality of reference frames by using a motion
vector obtained by adding a motion vector for the
immediately preceding macroblock encoded without being
10 skipped to the predictive motion vector and a
predetermined combination of a plurality of reference
frames. A predictive macroblock is generated from the
plurality of refefence frames by a linear sum based on
an index indicating the combination of the received
15 linear sum weighting factors. The predictive
macroblock is then used as a decoded picture.
<Effects>

The data encoded in (19) can be decoded, and the

same encodihg efficiency improving effect as that in
20 (19) can be obtained.

(51) In (49) oxr (50), the predetermined
combination of reference frames includes two
immediately previously decoded frames.

{Effects>
25 The data encoded in (20) can be decoded, and the
| .'same encoding efficiency improving effect as thét in

(20) can be obtained.




ski pped macrobl ock and an index indicating a conbination g @aggg ality of
reference franes in the inmmediately precedi ng nmacrobl ock hd Qi t hout
bei ng 20 skipped. A predictive macroblock is generated fromthe plurality
of reference frames by a |inear sum based on an index indicating the
.conbination of the received Iinear sum weighting factors. The predictive
macr obl ock is then used as a decoded pi aBzre. 25 <Effects> The data encoded
in (22) can be decoded, and the same encoding efficiency inproving effect
‘as that in 11 July 2006 133 (22) can be obtained. (54) In any one of (46)

to (48), when infoggpfion, asspciat q@owt'ant Eﬁdag”?%l%fat%irgpegg

macr obl ocks is received for each macr obl ock oné macr obl ocks

are skipped, pei@ience BEIOHOCKSt 868 c8XtLAELEA o @ Eaﬁ@%h i@f the skipped
macr obl ocks, from the plurality of reference franes by generating a

noti on vectCWrén@quHrubehéhdégr@@taakogngh0@n§§gégrfrgﬁg thgqi gnedi atel y
precedi ng macrobl ock encoded 10 wi t hout bei ng skipped to fhe predictive

moti on vect orskigrgkdisiag @l ¢ ckleks | adecatiingn aacesbiinatkonieh aneplurality
of reference franmes in the imrediately preceding macrobl ock encoded
- Wi t houtS bei ngregie ippadl. irAlgar edi cti ve macrobl ock is generated fromthe
plurality _
g o <Effects>
The data encoded in (21) can be decoded, and the
same encoding efficiency improving effect as that in
(21) can be obtained.
10 {53) In any one of (46) to (48), when information
| associated with the number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, reference macroblocks are
extractéd, for each of the skipped macroblocks, from
_15 the plurality of reference frames by using the
predictive motion vector as a motion vector for the
skipped macroblock and an index indicating a
combination of a plurality of reference frames in the
immediately preceding macroblock encoded without being
20 - skipped. A predictive macroblock is generated from the
plurality of reference frames by a linear sum based on
an index indicating the combination of the received
linear sum weighting factors. The predictive
macroblock is then used as a decoded picture.
25 <Effects> |
R The data encoded in (22) can be decoded, and the

same encoding efficiency improving effect as that in




15 of reference frames by a |inear sum based on an index inﬂic thgg t he
conbi nation of the received |Iinear sum weighting factors. It %ng ictive
macrobl ock is then used as a decoded picture. <Effects> 20 The data
encoded in (23) can be decoded, and the sane encoding efficiency inproving
effect as that in (23) can be obtained. (55) In a video decodi ng nmethod of
performing notion conpensation predictil¥e inter-frame decoding of 25 a

t o- be- decoded macrobl ock of a video picture by using a predeterm ned
conbination of a plurality of reference franes and a notion vector between
t he t o-be-decotied ddn Juk yol2006nd34 macrobl ock and at | east one reference
frame, (a) encoded data including a predictive error signal for each

t 0- be- decoded nmacr b6 bckint Aeyf bnst ofnde®) todi(eali nghthe iggakinaatban of a
plurality of reference 5 frames, the second index indicating the frane
nunber of - asEwodddEd raheh el hwhbbenatf osk Dppetiemaorobhovkst 08 i S
decoded, (b) a plurality of reference macrobl ocks are extracted fromthe
plurality of Gesedreast L 47 smach itachelebeeiancandi ohet he meceded i nf or mation
of the nmotion 10 vectaor and the decoded informati on of the first index,

(c) the inteMATAR AFXT dHcesShdthedn InEeeREalnegrebloeksertace franes

and the encoded frane, are cal cul at ed
: . ex raé%ed, f%r eac o? the skipped macroblocks, from

the plurality of reference frames by generating a
motion vector by adding a differential motion vector
for the immediately preceding macroﬁlock encoded
10 without being skipped to the predictive motion vector
and using an index indicating a combination of a
plurality of reference frames in the immediately
preceding macroblock encoded without being skipped. A
predictive macroblock is generated from the plurality
15 of reference frames by a linear sum based on an index
indicating the combination of the received linear sum
weighting factors. The predictive macroblock is then
used as a decoded picture.
<Effects>
20 The data encoded in (23} can be decoded, and the
same encoding efficiency improving effect as that in
{23) can be obtained. |
(55) In a video decoding method of performing
motion compensatioﬁ predictive inter-frame decoding of
25 . _a to-be~decoded macroblock of a video picture by using |
.é predetermined combinafion of a plurality of reference .

‘frames and a motion vector between the to-be-decoded -




in accordance with the decoded information of the second i?ﬂ@ﬁ’ ég) a
“predictive macroblock is generated 15 -by calculating the I 9% m of the
plurality of extracted reference macrobl ocks using weighting factors
determ ned in accordance with the calculated inter-frame distances, and
(e) a video signal is decoded by adding the predictive macrobl ock and the
20 decoded predictive error signal. <Effgcts> The data encoded in (24) can
be decoded, and the sane encoding efficiency inproving effect as that in
(24) can be obtained. 25 (56) In a video decodi ng nethod of performng

moti on conpensat,i [.Chi i -franme decodi ng_.of to-be-decoded
macr obl ock of a Vi é%hgﬁ%ﬁir%gﬁvg%ggﬁ%“%lr%g?§636%6fﬁﬁgeat féast one past

ref erence fngﬁ%dgghehg@gifﬁbpﬁggﬁg atﬁ¥éﬁf@t£9§ Qig%éggggggd macr obl ock

and at | east one reference frame,” (a) encoded data i Soﬁredictive

error signal dah eacihd-Qidesieeaded o 1wk oblpcky apd i nf gration of one of

the encoded first notion vector or a flag indicating e use of the .
'second ot i orl nerietatrid@reie mmatablackontot he ﬁﬁ%liwr@fffé‘f%ré’ﬁéé“ on as

in an inmediately previously encoded franme are received and decoded, (b) a
10 predi cti vérmaersoblidok seccgendrateod inailsd tithd hehdeeoded number of
| an encoded frame, and information of the motion vector
is decoded, (b) a plurality of reference macroblocks
are extracted from the plurality of reference frames in
accordance with the decoded information of the motion
10 vector and the decoded information of the first index,
~{c) the inter-frame aistances between the plurality of
reference frames and the encoded frame are calculated
in accordance with the decoded information of the
_second index, (d) a predictive macroblock is generated
15 by calculating the linear sum of the plurality of
extracted reference macroblocks using weighting factors
determined in accordance with the calculated
inter—frame distances, and {(e) a video signal is
decoded by adding the predictive macroblock and the
20 | decoded predictive error signal.
<Effects>
The data encoded in (24) can be decoded, and the
same encoding efficiency improving effect as that in
{24} can be obtained.
25- o {(56) In a video decoding method of performing
o motion compensation predictive inter—frame decoding of

S a tofbe—decoded macroblock of a video picture by using




first notion vector for a to-be-decoded macrobl ock for whi t
information of the first notion vector is received and usiﬁg?wﬁg%g%cond
notion vector for a to-be-decoded nacroblock for which the flag is 15
received, -and (c) a video signal is decoded by adding the predictive
macrobl ock and the predictive error “signal. <Effects> The data encoded in
(29) can be decoded, and the 20 sane encgging efficiency inproving effect
as that in (29) can be obtained. (57) In a video decoding nethod of
perform ng notion conpensation predictive inter-franme decoding of a

- be- k_ of i.d ict b si.ng 25 a notion vector
between the t3LbLEa8600La RRGF obt boRENGRA AP TFeAEE SnBOF arEr dhedFrame, (o
incl udi i t] dictiye_error sign or uly
2006 136 cach T o bor detbdsd Hacuobr Seu nBr Eabiptbnafigat ferorarton
i ndi cating Onﬁeﬁéréﬁéefff§$epr?glC%hegdgad??gﬁgiﬂﬁaﬂgi% Least one

t o- be-encoded past franme as the reference e Second node of using a
5 Lo-be-encodsfleduburee 2 2REr 351 5RE1 [ £6ET EDER EHBFE-qLRBacLNi rd prediction

node of using the linear sumof "to-be-encoded past and future franes as
the referencenadradBocianghd hen forns hi sRAsr 0bndsbRdchbeshi-naah supLef
‘motion vector or a flag indicating the use of the |
second motion vector for a macroblock at the same
intra~frame position as in an immediately previously
encoded frame are received and decoded, (b) a
10 predictive macroblock is generated by using the decoded
first motion vector for a to-be-decoded macroblock for
which the information of the first motioh vector is
received and using the second motion vector for a
to-be-decoded macroblock for which the flag is
15 received, and (c) a video signal is decoded by adding
the predictive macroblock and the predictive error
signal.
<Effects>
The data encodéd in (29) can be decoded, and the
20 same encoding efficiency improving effect as that in
{29} can be obtained.
(57) In a video decoding method of performihg
motion compensation bredictive inter-frame decoding of
a to-be-decoded macroblock of a video picture by using
25  a motion vector between the'to—be—decoded macroblock
| and at least one feference frame, {a) encoded data

including information of .a predictive error signal for




the plurality of to-be-encoded past franes as the 10 referen fr , and
the information of the notion vector is received and decogéiﬁyggﬁgg '
predi ctive macroblock signal is generated by using the prediction nobde
information and the information of the notion vector, and (c) a video
signal is decoded by adding the 15 predictive macrobl ock signal and the
decoded predictive error signal. <EffectBs> The data encoded in (30) can
-be decoded, and the sane encoding efficiency inproving effect as that in
20 (30) can be obtained. (58) In (57), the prediction based on the |inear

sum i nol udes d1ear 10t xRalatd o A1 dagar,, xtEapal ati.gn correspondi ng

~to inter-franme distances. ect 4 encoded’in (31) can be

decoded, and iti{¥@ rn&AME £ NG NO: (ox I pr P t in (31)
can be obt ai nled. r11 Julr§ 2006&%3% 5%@Waﬂ§?d§lo£%% o%%cgg&tn%@ﬁo@g%?

performng ot e eprERensald oAy edi-0ld Ve ddu &l -f4 &er engoding of  a
t o- be- encoded nacrobl ock of a video picture by using at |east one

reference frame selfentatte fhomea MHE adddond midd Qj@rﬁfﬁ?%fé ames and 'a
notion vector between the to-be-encoded macrobl ock and at |east one
r ef er efice to-be-encoded future frame as the reference frame, the
third preéiction mode of hsing the linear sum of
to-be-encoded past and future frames as the reference
fréme, and the fourth mode of using the linear sum of
the plurality of to-be-encoded past frames as the
10 reference frame, and the information of the motion
vector is received and decoded, (b) a predictive
macroblock signal is generated by using the prediction
mode information and the information of the motion
vector, and (c) a video signal is decoded by adding the
15 predictive macroblock signal and the decoded predictive
errcr signal.
<Effects>

The data encoded in (30) can be decoded, and the

same encoding efficiency improving effect as that in
20 {(30) can be obtained.

{58) In (57), the prediction based on the linear
sum includes linear interpolation and linear
extrapolation corresponding to inter-frame distances.
<Effects>

'25 . ' The data encoded in (31) can be decoded, and the
| same encoding efficiency improving_effect as that in

{31} can be obtained,




frame, the notion conpensation predictive inter-frane encg?igg iﬁ ski pped
W th respect to a to-be-encoded nacroblock when the notio Ve 2gpPo

coi ncides a 10 predictive vector selected fromnotion vectors for a
plurality of macrobl ocks adjacent to the to-be-encoded macrobl ock of the
video picture, at |least one reference frane selected for the to-be-encoded
macr obl ock coincides with the macrobl oéB7f rom which the predictive 15
vector is selected, and all to-be--encoded predictive error signals in the
noti on conpensation predictive inter-frame encoding are 0, and the nunber

of  macrobl ocks fog5g@ic@ntQevgggbogngggEQQSQE%QBd g&eggg%b%ﬁﬁhgter-frane

encoding is skipped in 20 perform ng notion conpensation predi ctive

inter-frame gHLOGhNGoRpehbeL NEXt ptodber ePe0dRdpREL-aRLOEK L8 ngNegded.
<Effects> As in (22), macroblock skipping is efficiently 25 calsed by -

usi ng notion yegbobérehebepaenbtadBLSEk esti anve@ehebatthei Byaisinger - frane
predi ction between adjacent nacrobl ocks. This nakes it possible to reduce
11 July 2006 488ltasteonedrafeovechetdamadséehpebwe. Fhemeacplinglity
efficiency. In addition, when the use of the same reference frane
reference fravk msfehancef fnamasl) awént noktewnbleckouskdtieenatheedi ction of
a notion vector is '
- . to-be-encoded macreblock and at least one reference
frame, the motion compensation predictive inter-frame
encoding 1s skipped with respect to a to-be-encoded
macroblock when the motion vector coincides a
10 predictive vector selected from motion vectors for a
plurality of macroblocks adjacent to the to—bewehcoded
macroblock of the video picture, at least one reference
frame selected for the to-be-encoded macroblock
coincides with the macroblock from which the predictive
15 vector is selected, and all to-be-encoded predictive
error signals'in the motion compensation predictive
inter-frame encoding.are 0, and the number‘of
macroblocks for which the motion compensation
predictive inter~frame encoding is skipped in
20 performing motion compensation predictive inter-frame
encoding of the next to-be-encoded macroblock is
encoded.
%Effects>
As in (22), macroblock skipping is efficiently
25 caused by using motion vector/reference frame selection

correlation in an inter-frame prediction between

.adjacent macroblocks. This makes it possible to reduce.




5 set as a skipping condition, macrobl ock skipping can be ?gﬁagg nor e
efficiently by using a correlation between adjacent macr ob Blsed on a

conmbi nation of a notion vector and a reference frane. (60) In a video
encodi ng method of performing 10 notion conpensation predictive
inter-frame encoding of a to-be-encoded nmacrobl ock of a video picture by
using at least one first reference framB8selected froma plurality of
reference franes and a notion vector between the to-be-encoded nacrobl ock
and the first 15 reference frane, a predictive error signal obtained by

the notion compensdtdPmPredaid ie éﬁ@fﬁmﬁf@@@ tighcodiginghe differentia
vector between a notion ~vector used for the notion conpensation predictive

inter-frame encotiighand ampratictive, aesortisel ess eslt 204 rommaot i on
vectors between the second reference frane and a plurality of macrobl ocks
adj acent to tiefertande-bnoodeact facsodd ofkamardgs tteatdid f esrerdd pdcanet ue
between an index indicating the first reference franme and an index
i ndi cati ng t eacsegohttk efsrente fa gmeediet 25 ent adeth ticrEf facte> /s in (15)
to (17), motion vector information is 11 July 2006 139 efficiency encoded
by usi Bg t he 0¥ ras at i DHifEiearPndtion veot orsl et welpradigoesm be
- macrobl ocks. In o ' _ ,
caused more efficiently by using a correlation between

adjacent macroblocks based on a combination of a motion

vector and a reference frame.

(60) In a video encoding method of pérforming

10 motion compensation predictive inter-frame encoding of

a to-be-encoded macroblock of a video picture by using

at least one first reference frame selected from a

plurality of reference frames and a motion vector

between the to-be-encoded macroblock and the first
15 reference frame, a predictive error signal obtained by

the motion compensation predictive inter-frame

encoding, fhe differential vector between a motion

vector used for the motion compensation predictive

inter~frame encoding and a predictive vector selected
20 from motion vectors between the second referenée frame

and a plurality of macroblocks adjacent to the

to-be-encoded macroblock, and the differential wvalue

between an index indicating the first reference frame

and an index indicating the second reference frame are
25 - encoded.

-<Effects>

As in (15) to (17), motion vector information is




addition, with regard to an index associated with a frane f lurality
of reference franmes, to which 5 each macrobl ock refers, thélgwyzg&%ntim

val ue between an index indicating a reference frane in an adjacent

macr obl ock fromwhich a predictive vector is selected and an index
indicating a reference frame in a to-be-encoded nmacrobl ock is encoded. This
makes it 10 possible to inprove the encodpng efficiency of an index
indicating a reference frame by using the correlation between adjacent
macr obl ocks based on a conbination of a notion vector and a reference

frame. This i i rihead erform high-efficiency
vi deo 15 enco |H§5’ 6 )E%ﬂﬁgﬁgﬁgg%q%%gﬁgiﬂ@gﬁgﬁﬂgﬁﬂ% l%&i&%&é%%@ noti on
conpensat i on pied LiiMda d Y afs fhade desodl z:jpe- degpded nacrobl ock
of a video pict ulre by using % not 1 on vectrg\? rﬁgecflif\ﬁne%&t: sg t o- be- decoded

macr obl ock 2Q@nd iadn,! easth 4ed erenge f{ae seleciaddremip gplurality
of reference franmes, (a) encoded data including a predictive error signa

for each to-thendecaded maanedl ook ohikded: et adinadkdy tRLISTEL
conpensation predictive inter-frame encodi ng, the 25 nunber of imedi ately
previ obsl y s kiaupe chamaoicdld cdc ke s i rftay it f fer oft ian ividex inwdiveatd ng at
| east one selected reference frane is received and decoded, (b) 11 July
2006 140 an index indicating a reference frame in an adjacent
- macroblock from which a predictive vector is selected
and an index indicating a reference frame in a
to-be-encoded macroblock is encoded. This makes it
10 possible to improve the encoding efficiency of an index
indicating a reference frame by using the correlation
between adjacent macroblocks based on a combination of
a motion vector and a reference frame. This can reduce
the encoding overhead and perform high-efficiency video
15 encoding.
(6l}) In a video decoding method of performing
motidn compensation predictive interuframe decoding of
a to-be-decoded macroblock of a video picture by using
a motion vector between the to-be-decoded macroblock
20 ~ and at least one reference frame selected from a
plurality of reference frémes, (a) encoded data
including a predictive error signal for each
to-be-decoded macroblock which is obtained by motion
compensation predictive inter-frame encoding, the
_25 . number of immediately previously skipped macroblocks

and information of an index indicating at least one

selected reference frame is received and decoded, (b)




one predictive vector is selected fromnotion vectors for _a_plurality of
macr obl ocks adj acent to the skipped macroblock, (c) a preéi@ﬂV3@06 '
macrobl ock is generated in accordance with at |east one reference frane
for the 5 macrobl ock fromwhich the predictive vector is selected and the
predictive vector, and (d) the predictive macroblock is output as a
decoded picture signal of the skipped magrobl ock. <Effects> 10 The data
encoded in (59) can be decoded, and the sane encoding efficiency inproving
effect as that in (59) can be obtained. (62) In a video decodi ng nmethod of

per form ng i tj.on predictive inter-frame decoding of 15 a
to-be-decodegQ#%3$% ?gggfgé gQ%Fg olii%?ﬁ?%t%9 GEPRgnat hor i vectecs or
Frame. sel oct o rom ot o v hl Ty ar SRf e Ehcetf s s, Cq cihertote dat a

frame selected froma plurality o

including a prRthadivEx erle §i§ggq- t ai ned b tion 20 conpensation
predictive inter-frane enf:o){ji ng, t lecoé]ldl Plgar%]ﬁ%ﬁ?g(?c%e]cft dFesetatedch i not i on
vector used famfcortduhd®tofh GANPRINSAL | | clive jnter-frame encoding
and a gr edictive vector selected fromt epfn%féllgéndc%e Bt \E@n a.

o 2y o ammetlonit s sar, 25 e s o sbleck, o
i ndex i ndi cafPfg thiee piriedsitc triefee vende of, r 2R ard the predictive

macroblock is output as a decoded picture signal of the
skipped macroblock.
<Effects>

10 The data encoded in (58) can be decoded, and the
same encoding efficiency improving effect as that in'
{59) can be obtained. |

(62) In a video decoding method of performing

motion compensation predictive inter-frame decoding of

15 - a to-be-decoded macroblock of a video picture by using
a motion vector between the to-be-decoded macroblock
and at least the first reference frame selected from a
plurality of reference frames, (a) encoded data
including a predictive error signal obtained by motion

20 compensation predictive inter-frame encoding; the
differential vector between a motion vector used for
the motion compensation predictive inter-frame encoding
and a predictive vector selected from the motion
vectors between a plurality of macroblocks adjacent to

_25 - the to-be-decoded macroblock and the second reference

-:frame, and the differential vélue between the first

j indeg indicating the first reference frame and the




11 July 2006 141 second index indicating the second reference frane are
sel ect ¢4 3RP® he

recei ved and decoded, (b) the predictive vector is
Plurality of nacrobl ocks adjacent to the to-be-decoded macrobl ock, (c) the

notion vector is 5 reconstructed by adding the selected predictive vector
and the decoded differential vector, (d) the first index is reconstructed

by adding the index of the reference fﬁ%gp for the macrobl ock from which
the - predictive vector is selected and thé decoded 10 differential val ue,

(e) a predictive macroblock is generated in accordance with the
i ndex, and (f) a

reconstruct ed;dmt.i on; . vector and-the reconstructed first
decoded reconstrué?ehp%ﬁ%tiﬁ%ﬁgﬁEﬁﬁﬁ Bhe t hrecond- bef eeencledr r@gs opl ock 1S
predi ctive macrobl ock and the decoded

greggirgt ie\?eb'gr%()urgig?eg%tﬁ&iﬁ%%@ie&ﬁhet%twmmi\rEc(tﬁﬁ;) fan be

(60) oah be obtainen AL Eadil BT Hchie, O Mt gt ng oo g
ipl ernt 2 by 9ot tver o coces FRUHENG (P Ehet moraopr oeesoing smay be

i npl ennt ed by chastware ed2byanddt g %@erse%;: eré%r‘é%ii:r{?'vi”ﬁgtcigrby

sof twar e.
: ' and the decoded differential vector, (d) the first
index is reconstructed by adding the index of the
-reférence frame for the macroblock from which the
predictive vector is selected and the decoded
10 differential value, (e) a pPredictive macroblock is
generated in accordance with the reconstructed motion
vector and the reconstructed first index, and (f) a
decoded reconstructed picture signal of the
- to-be-decoded mac;oblock is generated by adding the
15 generated predictive macroblock and the decoded '
predictive error Signal.
<Effects>
The data encoded in (60) can be decoded, and the
same encoding efficiency improving effect as that in
20 (60) can be obtained.
As described above, video encoding and decoding
Processing may be implemented asg hardware (apparatuses)
Or may be implemented by software using a computer.
Part of the pProcessing may be implemented by hardware,
.25 .énd the other part may be implemented by software.
According to the bresent invention, therefore, programs

f )
o orlgaus;ng a computer to execute video encoding or




- According to the present invention, therefore, prograns for causing a
computer to execute video encoding or 11 July 2006 142 decdéﬂhb“%Wgcessing
described in (1) to (62) can also be provided. Industrial Applicability As
has been descri bed above, according to the 5 present invention,

hi gh-picture quality, high-efficiency video encoding and decodi ng schenes
with a | ow overhead for encoded data ca e provided, which can greatly

- _inmprove prediction efficiency for f ade-i%f f ade- out pi ctures and the like,

whi ch 10 conventional video encoding schenmes such as MPEG have difficulty
i n handl i ng, %%th ut much increasing the conputation anount and cost for
encodi ng and det3dt NY. PiqcaEFin20d8ssubedlin k1M Sol{6A) vidgoasengodi ng

met hod of penform ng. ion conpensation predictive inter-frane encoding
of a to- be-é%%d%}dg*ggie by referring to a plurality of reference framnes
ing a plurality of macroblocks

- for each macrobl ock, conpri sing; t%enerat |
fromthe plurality of_refer&@ﬁ?% afels ARReleatiidg.tyas a predictive
macrobl ock, one ofzg mMagL %Jéé)r?kéesoc?h'g dagg/‘-/_éa, Iallélce(?l[dillglé eégoll?él on

5 present invention, high-picture quality,
highfefficiency video encoding and decoding schemes
with a low overhead for encoded data can bpe provided,
which can'greatly improve prediction efficiency for
fade—in/fade—out_pictures and the like, which

10 conventional video encoding schemes such as MPEG have
difficulty in handling, without much increasing the

computation amount and cost for encoding and decoding




prediction or a |inear extrapolation prediction using one of the plurality
of reference macrobl ocks, an average val ue of the pIuraIiﬂ%J@WZPQ erence
macrobl ocks, or the plurality of reference nmacrobl ocks; and encoding a
predictive error signal between the selected predictive nmacrobl ock and a

t o- be-encoded nmacrobl ock, prediction node information, and a notion
vector, wherein the prediction node infprmation includes a first flag
indicating a single prediction using specific reference frane or a
conposite prediction using a plurality of reference 11 July 2006 144 franes
and a second flag indicating whether the conposite predictionis a
prediction based on an average value ofya plurality of reference
macr obl ocks or the linear extrapolation prediction or linear interpolation
predi ction, the second flag being contained in header data of the

to-be-encoded frame oryheaden dat Aqf R od It Jeirt¥ rmPhg s PRencoded
frames. 2. A video encodi ng netho% according'to claiml, wherein the

plurality oforpérsainice frevestiyapinter—frame srarsddad oifmretibat el y before
the to-be- 68899:?% déc{(af!}%mea% ir%fgﬁ?gihé”%?ra gﬁturr%ﬁqlt tign prediction, the
predictive macro 1 Ock 7S genérate y Subtracting, from a signal obtained
by doubl i ngrafiemrpld tfudeesf far each macroblock, comprising:
generating a plurality of macroblocks from the
plurality of reference frames;
selecting, as a predictive macroblock, one of
macroblocks obtained by a linear interpolation
prediction or a linear extrapolation prediction using
one of the plurality of reference macroblocks, an
average value of the plurality of reference macroblocks,
~or the plurality of reference macroblocks; and
encoding a predictive error signal between the
selected predictive macroblock and a to-be-encoded
macroblock, prediction mode information, and a motien
vector,
wherein the prediction mode information includes a
first flag indicating a single prediction using specific
reference frame or a composite prediction using a

plurality of reference




reference macrobl ock signal generated fromthe reference fr qe,

ref erence macrobl ock signal generated froma reference fréhzuﬁﬁg@@ding one
frame fromthe reference frame. 3. A video encodi ng nmethod according to
claiml or 2, wherein the notion vector conprises a notion vector
associated with a specific reference frame of the plurality of reference
frames. 4. A video encodi ng net hod accgéging to claim3, wherein the
notion vector associated with the specific reference frane conprises a
notion vector normalized in accordance with an inter-frane distance
between the reference frame and the to-be-encoded franme. 5. A video

encodi ng metifGdesc8FdRNGeERe | Hidf 1ngraringhBPerRer n'e'Sot i on vect or

conpri ses a ddmpdlsi t@B0bk@Ri¥EEERN i S5 X atied Wt BadesPeai §hC reference
frame of the p urallt{ of reference frames and a 11 July 2006 145 plurality
g

of notion vEFEERgSt SRLECpPEr Al RYYEOR ot ér referepenceasiamesksand the
plural ity ofo,iic0n;Kegl o2 - A58 ANChed s i bhesentiglavect ors bet veen

the plurality of notion vectors and a notion vector tai ned by scaling
the first notiterwpedetoeni predicoraanddenisekrondt Etafriaaingli st ances bet ween

the to-be-encoded firame,and. 1 he dl wiakily, oty el erence ¢ Lranss.

header data for a plurality of to-be-encoded frames.

2. A video encoding method according to claim 1,
wherein the plurality of reference frames comprise
frames encoded immediately before the to-be-encoded
frame, and in the linear extrapolation prediction, the
predictive macroblock is generated by subtracting, from
a signal cobtained by doubling an amplitude of a
reference macroblock signal generated from the reference
frame, a reference macroblock signal generated from a
reference frame preceding one frame from the reference
frame.

3.. A video encoding method according to claim 1
or 2, wherein the motion vector comprises a motion
vector asscciated with a specific reference frame of
the plurality of reference frames.

4. A video encoding method according to claim 3,

- wherein the motion vector associated with the specific
reference frame comprises a motion vector normalized in
accordance with an inter-frame distance between the
reference frame and the to-be-encoded frame.

5. A video encoding method according to claim 1
or 2, wherein the motion vector comprises a first
.motion vector associated with a specific reference

. frame of the plurality of reference frames and a




6. A video decodi ng nethod of decoding notion conpensation_ predictive
inter-frame encoded data by referring to a plurality of r &1 dpY086 1 r ames
for each nmacrobl ock, conprising: receiving encoded notion vector data,
encoded prediction node information, and an encoded predictive error
signal; selecting, in accordance with the notion vector data and the
predi ction node information, one fron1é§@ generation of a predictive
macrobl ock froma specific reference frame of the plurality of reference
frames, (b) generation of a plurality of macroblocks fromthe plurality

of reference_ frames so_as .t.0o generate an_average value of the plurality of
Pot erence s PAHBALEEY 0T HaiRer POSCRLEr BOF ceke L IR IAsy in8ribFan of o
predictive paespbh@ckmes,| hngarhexinapaliati e npt £sh Gidcaprer |inear

interpolation prediction; and generating a decoded franme by adding the
generat ed PFBAPREPIRA st (GBIESERNAABL t ReChPEHIRAIWAE e thSr signal, wherein

the recei ved) redi € i &N Rden RECEAREI Qa1 AGhddRs, &elicbet flag indicating a
single prediction I1 July 2006 146 using the specific reference frane or a

conposite pbedired dw sladgrg phardirsy metial efeios firanes and a second
flag indi Ca&b{?@reéi‘%fég‘%{itthhﬁn%%gpﬁéﬁlg RYEOAL LI O e thR R PREI CLioON based on

an average valu
to—-be-encoded frame and the plurality of reference

frames.

6. A video decoding method of decoding motion
“compensation predictive inter-frame encoded data by
referring to a plurality of reference frames for each
macroblock, comprising:

receiving encoded motion vector data, encoded
‘predicticon mode information, and an encoded predictive
" error signal;

selecting, in accordance with the motion vector
data and the prediction mode information, one from (a)
generation of a predictive macroblock from a specific
reference frame of the plurality of reference frames,
(b) generation of a plurality of macroblocks from the
plurality of reference frames so as t¢ generate an
average value of the plurality of reference frames as a
predictive macreoblock, or (¢} generation of a
.predictive macroblock by a linear extrapolation
prediction or linear interpolation prediction; and
generating a decoded frame by adding the generated
predictive macroblock and the predictive error signal,
wherein the received prediction mode information

includes a first flag indicating a single prediction




plurality of reference macrobl ocks or the linear extrapolation prediction
or linear interpolation prediction, the second flag beinglﬂéggﬁgg as
header data of an encoded frame or part of header data of a plurality of
encoded franmes. 7. A video decoding nethod according to claim7, wherein
the plurality of reference frames conprise franmes encoded i nmedi ately
before a to-be-encoded frame, and in gpﬁ | i near extrapol ati on prediction,
the predictive macroblock is generate y subtracting, from a signa
obt ai ned by doubling an anplitude of a reference macrobl ock signal
generated from an__ i nmedi.at.el recedi ng reference frane, a reference

macr obl ock SFYR&I Hferititest &Cf¥8 PLePEFet BIRE 4 &nEOMBPELEGi ng two franes
from the topbedesepsiedidirane pBurAiVigesr despdidigamat-hadsagaargding to claim
7 or 8, wherein _ the received notion vector data conprises_  a notion vector
associ at ed WPERARE hel apediHicatiaperBRERST f FRAECHIPAHESPPELIEFEYCD! ref erence

franes, and;goyigpeqMactRl Bk Bhhgh LeEeraNGR fjameS ;are generated by

scaling/converting the notion vector data in accordance wth inter-frame
di st ances belweahity td- eigacodedmatrapboahsl arefidreeddachiranes. 9. A video

cecad ng MELRCEBSEUANG RAELILE of LINELE DABATILGY vector sssoctated
‘prediction, the second flag being received as header
data of an encoded frame or part of header data of a
plurality of encoded frames.

7. A video decoding method according to claim 7,
-wherein the plurality of reference frames comprise
frames encoded immediately before a to-be-encoded

- frame, and in the linear extrapolation prediction, the
predictive macroblock is generated by subtracting, from
a signal obtained by doubling an amplitude of a
reference macroblock signal generated from an
-immediately preceding reference frame, a reference
macroblock signal generated from a reference frame
preceding two frames from the to-be-encoded frame.

8. A wvideo decoding method acceording to claim 7
or 8, wherein the received motion vector data comprises
a motion vector associated with the specific reference
“frame of the plurality of reference frames, and motion
vectors for other reference frames are generated by
- scaling/converting the motion vector data in accordance
with inter-frame distances between a to-be-decoded
frame and reference frames.

| 9. A video decoding method according to claim
9,wherein the motibn vector associated with the

specific reference frame comprises a motion vector




147 normalized in accordance with an inter-frame distance _between the
reference frame and a franme to be encoded, 10. A video decdéﬂquﬁgﬁhod
according to claim7 or 8, wherein the received notion vector data
conprises a notion vector associated with the specific reference frane
and a differential vector associated with another reference frame, and a
notion vector associated with a referepnce frane other than the specific
reference frane is generated by scaling/converting the notion vector in
accordance with an inter-frame di stance between a to- be-decoded frane and
the reference frfggégnd addi ng the converted nDtlon vector obt ai ned by

scal i ng/ coRYEPsS 19! tAREAPPPER it Fal 2% it G TFEmeadyF B %ncodi ng

nmet hod of peet@esh Nghdtd AtrerkRMEeRRat 1190 Hredingd itwe vknkBEcdégme encodi ng
of each to-be-encoded bl ock contained in a to-be-encoded frane of an

i nput video by usPnglatifeasteserdirematdnse acrpggdngchbaptiaitmg: a step of
sel ecting, bergPapheordazencadedyhl o oM Rb gk L Stoftiadiest | ve bl ock

generating node’ of generating a predictive bl oc sl gha oma single
ref erence frametaem wﬁqﬂnﬁnﬂﬁqmpedteﬂlthmnthﬂ<sgyaminatrﬁéen@mnﬁ(ﬁ

generati ng PS graergd G 'd‘i%f%'rf%ﬁl%laf' Nal, %ts%‘o ;QE’ SR %fn gpplurality of
ref erence OCKS extract rom a ural rererence rarres a step of
encodi ng a deféesmrd | tansd,grald bemmEE@n vector associated with a

reference frame other than the specific reference frame

is generated by scaling/converting the motion vector in

accordance with an inter-frame distance between a to-

be-decoded frame and the reference frame and adding the

converted motion vector obtained by scaling/ conversion

to the differential vector.

11. A video encoding method of performing motion
compensation predictive inter-frame encoding of each
to~-be-encoded block contained in a to-be-encoded frame
of an input video by using at least one reference
frame, comprising:

a step of selecting, for each to-be-encoded block,
one of a first predictive block generating mode of
generating a predictive block signal from a single
reference frame and a second predictive block
generating mode of generating the predictive block
signal by a linear sum of a plurality of reference
blocks extracted from a plurality of reference frames;

a step of encoding a differential signal between
the selected predictive block signal and a signal of
the to-be-encoded block;

a step of selecting; for each set of a plurality

- ‘of pixel blocks in the toQbe—encoded frame or the each




the selected predictive block signal and a signal of the to-be-encoded,

bl ock; a step of selecting; for each set of a plurality oft1gme008| ocks in
the to-be-encoded frane or the each 11 July 2006 148 to-be-encoded frane,
whet her the linear sumprediction is perforned as an average val ue
prediction based on the plurality of Eﬁgerence bl ocks or a |inear

i nterpol ation prediction based on the plurality of reference franmes and a
display tinme of the to-be-encoded franme; a step of encoding, for the each
t o- be-encoded bl ock or each set of a plurality of to-be-encoded bl ocks,
first encodin nndgg%ffornation i ndi cating that a specific one of -the

first and sERoRE Pt EFa™Br ofRetRFh st ildgeABIBWY | REHIZdCBd at the tine

of generati @y pofrdAfedrLdist ia%%r9g805a§ﬁgnﬁfédimo% $h8Rq0bnencodi ng, for
each set of a plurality of pixel blocks of the to-be-encoded frame or the

each to- betbachteekrtanwt sefendnencblvols noder ilfremmat i on i ndi cating
that a spec&%kg of the average valu di ctiion.and the |inear

i nt er pol ati on p%ggﬁ%ﬁ%%ﬂ135§ l§£ﬁ§8t88535 ?ﬁét ?rﬂﬁﬂragﬁﬁyppgdiction. 12. A

vi deo decodiage rehdwdf Rimapehar Bl AdsPPh T 0fin€ W asatboBe PEREbELd Ve
inter-frame _decodi ng of each to- be-decoded bl ock contained in a
t o- be- decodé®H¢ane of a

a step of encoding, for the each to-be-encoded
block or each set of a plurality of to-be-encoded
-blocks, first encoding mode information indicating that
‘a specific one of the first and second predictive block
‘generating modes is selected at the time of generation
of the predictive block signal; and

a step of encoding, for each set of a plurality of
pixel blocks of the to-be-encoded frame or the each to-
be-encoded frame, second encoding mode infermation

. indicating that a specific one of the average value
prediction and the linear interpolation prediction is
selected as the linear sum prediction.

12, A video decoding method of performing motion
compensation predictive inter-frame decoding of each to-
be-decoded block contained in a to-be-decoded frame of a

video picture by using at least one reference frame,

comprising:

a step of decoding a predictive error signal for a

signal of the to-be-decoded block corresponding to a
predictive block signal;

a step of decoding, for the each to-be-decoded
block or each set of a rlurality of to-be-decoded
blocks, first encdding mode information indicating

‘which one of a first predictive block generating mode




video picture by using at | east one reference frame, conprising: step of
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predi ctive block generating node of generating the predictive block
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decodi ng, for each, set ég%ggglurality of _pixel blocks of the to-be-decoded

frame or th&SBSERTTYY B FEdereitBd She o didodindivsde i nf or mati on
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predictive block, iIn
of a predictive block signal on an encoding side;

a step of decoding, for each set of a plurality of
pixel blocks of the to-be-decoded frame or the each to-
be~decoded frame, second encoding mode information
indicating which one of an average value prediction

- based on the plurality of reference blocks and a linear
interpolation prediction based on the plurality of
reference frames and a display time of the to-be-encoded
frame is selected as the linear sum prediction;

a step of generating the predictive block, in
raccordance with the decoded first encoding mode
information and the decoded second encoding mode
information; and

a step of generating a reccnstructed video signal
by using the generated predictive block signal and the

decoded predictive error signal.




accordance wth the decoded first encoding node information and the
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reconstructed video signal by using the generated predictive bl ock signal

and the decoded predictive error siagil. 11 July 2006 150 ABSTRACT
A video picture is encoded by adapti %& switching between the operation
of using a plurality of decoded video signals as reference franmes and
generating a 5 predictive macroblock picture froma plurality of reference
frames for each macrobl ock, the operation of extracting reference

macr obl ocks froma plurality of ée%erence frames and using the average
val ue of the nacroblocks as a pred cfi YeRmcEoBl ock pi cture, and the 10
cks froma plurality of

operation of extragtyNgef& crob
reference franes and ge%e?%??ﬁggg g%r%ﬁ?%g?erﬁaéﬁ@EtéeklpisWiM@hingIinear

G st ancee. botvieen the ref 81 enie 1 SR U S B UL b e ttebdatne,
| video signals as reference frames and generating a
5 predictive macroblock picture from a plurality of

;eference frames for each‘macroblock, the operation of
extracting reference macroblocks from a plurality of
reference frames and using the average value of the
macroblocks as a predictive macroblock picture, and the

10 operation of extracting reference macroblocks from a
plurality of reference frames and generating a
predictive macroblock picture by linear eXtrapoclation
or linear interpolation in accordance with the
inter-frame distances between the reference frames and

15 a to-be-encoded franme.




