; e3e 1] ,tN+6+T+ZCGc. 1 VI DEO ENCODI NG METHOD AND APPARATUS AND VI DEO
DECODI NG METHOD AND APPARATUS 5 Technical Field The present invention

refates to a notion conpensation predictive inter-franme encodin
apparatus and notion conpensation predictive 10 inter-frane decﬂ””ﬁm ﬂwmm@@
and apparatus, which use a plurality of reference frames. Background Art
noti on conpensation predictive inter-frame ehcodi ng net hods, MPEG 1

(1SQ 1 EC11172-2), MPEG 2 15 (ISQ/ I EC13818-2), MPEG 4 (ISQl | EClgmmwmu ymnﬂm

the |li ke have been wi dely used. In these encoding schenes enc

performed by a conbination of intrg e gngogl prc
forward predictive inter-frame encodéd§p|ctures (P plctures) and

bi -directional predictive encoded pictures (B pictures). AP plcture is

encoded by using the 'm%aaé% ﬁ\geecp[ 3 Hnd 'ﬁ;%%ré‘ﬁsam reference
%ﬁé%t}eb Y

picture. A B picture is g ecedi ng 25 and
succeeding P or | plctures as r rence pictures. In a predictive
picture carg be selectively generated for each nacrobl ock fromone or a
plurality of picture frames. In the case of P pictures, a
Technical Field
The present invention relates to a motion
compensation predictive inter-frame encoding method
and apparatus and motion compensation predictive
10 inter-frame decoding method and apparatus, which use a
plurality of reference frames.
Background Art
As motion compensaticn 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 pictures.
In MPEG, a predictive picture can be selectively

generated for each macroblock from one or a plurality

of picture frames. 1In the case of P pictures, a



2 predictive picture is generally generated on a nmacrobl ock basis from one
refference 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 nethod
of generating a predictive picture fromthe average value of reference
macr obl ocks extracted fromboth a forward reference picture and a backward
reference picture. The information of these 10 prediction nodes is enbedded
in encoded data for each macroblock. In either of these predictive encoding
met hods, however, when the sanme picture npves tenporally and horizontally
bet ween frameBrPAISh1EFPeRIEHUAF £§ EFNE5aL4YgERTERaReENE sPze of each
macr obl ock, a_good Eregigtion result can he obtaiged. VVtE re ard to
tenporal enl aPgeRERLPFENEETEnTARE PBEar PORTEPCRi CFGIPEs ofRt thE FPBEers in

si gnal anplituge such,as fade-in _and tade-ou% however, high prediction
efficiency cafl OP BOCEI G BePSB?éfﬁéHebylF_BrsbééggﬁPSEngﬁv Yencodi ng
method. |In engoding 8ty 3 fonstant Rl tahe: o B BATLLGYLAL, Ll B ghupes with
poor predictionerficiency are”i Apu o] e encodi ng apparatus, a great

deteriogati ong,h@ BiC U%Srﬁﬁ?hiEgf€§¥n980gﬁcth?eegﬁadgngaéﬁwﬁra5 vari abl e

bit rate, a large code anount Is assigned to pictures wth poor prediction

efficiency torgyppeass pideheel obat haRhbh ekcgeﬁerauahbtx,p&@awhtaog in an
i ' 3 increase in the total nunber of encoded bits. On the other hand,

tenporal enl apgerant/ Feducthenaveekaki oaluandff adeerahtadpaeubbobcpkct Ures
can be approximated by affine transformation of video signals. 5
Predi cti ons uskngaatkdnérpvmabstor mafvenavdl Fetfherater pigteatl yndnpr ove t he
prediction efficiency for these pictures. In order to estimte a paraneter
for affine trhaaskepmdt refierancenpintuseanolihe ohfpamabeber céstheati on
conputation is required at the tinme of 10 encodi ng. Mdre specifically, a
ref erehle pi cPurdigfisenpaodeandformbadgpdusnngnaogedr detey fotr each
transformation paraneters, and one of the paraneters which exhibits the

ni ni mum pr edi B8F6APE8SKdual error nust be 15 deternined. This requires an

enor nous anount of _tran ornaﬁl%%e%% ut tiggveThis | eads tgpg enor nous
i

amount of encodipg?@oﬁﬁ ati & RGPS n@P&&génﬂnmﬁ re cost and
L, 55! 0 BUBGURED Rk 98 QB! LORLRLAMELEL LEgBLLePYS! e oncocee 2
o o SRR Bl gk agel TR chBate e ot he
very high har dwat@rC@8hn 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. In 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



25 As_described above, in the conventional video encoding nethods such as
MPEGs, sufficient prediction efficiency cannot be obtained with respect to
t enpor al 9 changes in video pictures other than translations. In
addition, in the video encodi ng and decodi ng net hod using affine
transformation, although prediction efficiency itself can be inproved, the
overhead for 5 encoded data increases and the encodi ng and decodi ng costs
greatly increase. Disclosure of Invention It is an object of the present
invention to provide a video encodi ng net hod and apparatus and video 10

amount and the SUBFRAaR 1 or SRcoRLA dAIERR PE GPERERS PRBFOVi ng. predi ot on
ef ficiency with respegt .bo Caginoyplet Utes ol 1PaLtLGHLAL, B uieh bhe

conventi onal video enco ing SGER p0|nf

According to a Eb%% ﬁpeﬁkdo%aHQelﬂ/?ﬁﬁet hEVS@tEQBtukggrS hSpprovided a

vi deo encodi ng et performng notion conpensati on pre Ictrve

inter-frame enc gb?SxQR §e8059€a§@EﬁgegréﬁéﬁngXtESBGE%'OQdEB 2i4Ra1s.

plurality of reference frames’for each macrob conprising generating a

pluralitysof ”HPEQQEQEK§nErQgthea@EHﬁé|tEMnQEoEﬁﬁﬁﬁéﬂcﬁliEaﬁﬁére§8k60t'ng,
as a predictive nmacrobl ock, one of nmacrobl ocks obtained by a |inear

Interp0|atI0n_p@@dh@lyommgko&e|tH@abr@&EEQQQhae25lbh@ﬁc?r@chthﬁﬁeUS|ng one
of the plurality of reference macrobl ocks, an average val ue of the

plurality of repécencesmaciobbodks, toreshémptuaral phyanéteef éoenaéfine 5
macr obl ocks, and encoding a predictive error signal between the sel ected
predi ctive nacrbbkbekoandtaone- be- encotedsmawpobkock, ppredeteiron node
information, and a notion vector. 5 According to a second aspect of the
present |nvent|@ﬁtlmﬁéﬁ@nl§0§P€Vﬁﬁé§nalﬁlé@@uéé@édﬁﬁgthﬁthémeondecodlng
notion conpensation predictive inter-frame encoded data by referring to a
pluralit¥yCof rePBFEAEBIFrames for each macrobl ock, conprising receiving 10
encoded notion vecto& dat a en%odeg redi ction node |nfornat|on and

p 1eadnd

encoded predictive efféf §F§ﬁ& ¢t Png S EPReREEOPASHREECWIER tt RE ot i on

vector data and the redi gt Ln ther to enerate a
predictive nacroEFoc OFro§1g sﬁggggic %gﬁreﬁergng Fgﬁ%f8 %ﬁé %Iurallty

of reference frﬁﬂ?ameters, and one of the parameters which exhibits

the minimum prediction residual error must be

15 determined. This requires an enormous amount of
transformation computation. This leads to an enormous
amount of encoding computation or an enormous increase
in hardware cost and the like. In 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 in 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



(b) generate a plurality of nmacroblocks fromthe plurality of reference
frames so as to generate an average value of the plurality of reference

. frames as a predictive macrobl ock, or (c) generate a predictive 20
macrobl ock by a linear extrapolation prediction or |inear interpolation
predi ction, and generating a decoded frane by addi ng the generated
predictive macrobl ock and the predictive grror signal. |In conventional

vi deo encodi ng schenes such as 25 MPEGs, in order to generate a predictive
macrobl ock froma plurality of reference franes, reference nacrobl ocks are
extracted from¢the respective reference and_the average val ue

6 frames
of signals of FRRVEKEr Lt BUCRACPHBIBERS PENESeH2ACEEPUFAGLES Suchi]
conventional video, encoding,sche however, when the litu f a
picture signalagg?FégnbvéP Fﬁﬁevgggot%ngogéagnﬁnard?ﬁ%ggﬁﬂewegﬁggprediction
efficiency deteriora n or di t b ncodi ng
schene of the ﬁ%%gé %?%%3%0E59§5%§§%a3$8§heg%gggé§¥ Eﬁ%é%gﬁgﬁﬁ since a
predictive pic E n r LQn i ti based on
a 10 linear pr%gfggﬁgﬁg?rggsgfglg?%??%yﬁﬁgkgﬁgﬁés?ﬁahgﬁggﬁgggn%??tude of a
picture §ignal .BAQEANQYELYiMaFESScOVERGL tHB: chBEaPREALSET @B-8HFHhGI ency can
be greatly inproved. This can realize high-picture-quality, high-éfficiency
encodi ng. 15 IgokdtegrErame eneedbsg., in general, encoded pictures are used
as reference franes on the encodi ng side, and decoded pictures are used as
reference frames on the decodi bgssgildeurkobft inseheasan, the influence of
encodi ng noise in reference franes becones a factor 20 that degrades the
predi ction efficiendy. iAvenagbngcthefr €her pmeesemiiciobkotkenexbracted from a
plurality of reference frames exhibits a noise renoving effect and hence
contributes toraavidpraveiene Ppcedtbdi ngtkedi ahdnepraTatysedndcvifeo
equi valent to a technique 25 known as a loop filter in predictive encoding.
Accordi h§ to tfAecpdisg BAGhedcand aBpekaBusfWhhehpFaBeANPPAYEAt I ON,
averagi ng processing of a pluralijty, of reference franmes, which has a
hi gh Toop il tSPCEFREEE, 1P| REBPUEALEPROFEPIBR ARRCRPESOBFFBRRRVESFor fadi ng
pi ctures and th Eikg’doé an QEtinggagiedgﬁtggg.nnderggr ngear
i nt erpol ation can 88 sef éteg i atccof dance“w it &h |ﬁ5u% Bicture. Thi s
makes it possi - |, Apr e ' fieg) Yok iteary input
pi ctures. Acco?gﬁﬁsgfggg ?%?Pdggggégg g% F%ggggegggﬁu?%géngﬁon, there is
provided a vidggrencqdbpry TRt RALchNLAL &Bh%@nt@oﬂﬁl!QBdEQ”Eﬁeééih?U
predictive inter-frane encoding perforned by referring to a plurality of
video frames frpetragbh BBehobkOomkEGa Bphueahi h¥aRfppeherence franes are two
frames encoded i medi ately before a to-be-encoded franme, and in a |inear
extrapol ati on 15 pradicetrdingbased dhrsheapberal bfythk pekeeance

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 one of the plurality of reference
macroblocks, an average value of the plurality of

reference macroblocks, or the plurality of reference



macr obl ocks, the predictive macrobl ock is generated by subtracting, froma
si gnal obtained by doubling the anplitude of the reference nacrobl ock
signal generated fromthe inmediately preceding reference frame, the 20
reference macrobl ock signal generated froma reference frane precedi ng one
frame fromthe i medi ately preceding reference frane. According to a fourth
aspect of the present invention, there isgprovided a video decodi ng nethod
in 25 which in notion conpensation predictive inter-frame decodi ng
performed by referring to a plurality of video frames for each macrobl ock
the plurality of reference 8 franes are two franes decoded i nmedi ately
before a to- beMTFEIREACKF antNd FREFTH- 2T | § BRI BXE F & ot Bt oS byed cti on
based on the plurality of reference nacrobl ocks, tg§ redi ctive macrobl ock
i s generated Beet FaR t TS CE ORI R SFHhGI MoBt H@ﬂkb@n olibling the

anplitude of the reference nacrq@% ck, si enerate

l, . f he, | di |
precedi ng ref ereme Franesd (AeCT ¥ ek ﬁ%‘é%ﬁ%‘&@%ﬁﬁj%n%ﬁ?%%%%%% :‘?EJ%;

reference fra recedj 0 me fromthe inmediately 10 preceding
reference fraggggﬁg ﬁgggg?bggc%%%Ve, in conventional video encoding schenes

such as MPEGs, ""“e”pk.EBS:tcﬁgH!%i tyde Qécé‘nﬂ?E#é@t%ﬁné‘hePﬁﬁé‘géﬁtover time due

to fading or the |ike, rediction e clency deteriorates. For exanple,

15 letting V(t)nhenai PhCtherdr p8esAbviho® £, veldh \adéda ey anptcbyrssf rame
at time t which has undergone fading processing, fade-in and fade-out can

be realized byjegs@ihgnsotldn asshf@lsat loopasd e {de, ifBdri pdhcat es a fade
period; fade-in starts at tinet =0 and ends at 20 tinme T. In equation
(2), (b) indi catesdedfastapeyi oeféadm@utossaplsral ity nef TE: Aardeends at
time TO+ T. Y (t)= Y(t) xt/T (CSt<T) (a) Y (t) (t~T) (b) (1) 25 Y (t) -
Y(t) (tsTO (aframés)far(FachT@cydbldekt <TayigimgOréceTOHTy (c) (2) 9

10 encoded motion vector data, encoded prediction mode
information, and encoded predictive error signal,
selecting, 1in accordance with the motion vector 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



Assune that a frane Y (t) at tinme t when fade processing is perforned is a
t o- be-encoded frane, and two franes Y (t-1) and Y (t-2) subjected to the
'sane fade processing at tine t-1 and tine t-2 are reference 5 franes.
Consi der first a case wherein a predictive picture P(t) is generated from
t he average value of these two franmes, as indicated by equation (3).
P(t)={Y (t-1)+Y (t-2) }/2 (3) 10 In consgderation of the fade periods (a)
and (b) in equations (1) and (2), the predictive picture obtained by
equation (3) is represented by equations (4) and (5) as follows: P (t)={Y
(t_1) x (t-1) [T+Y(t-2)%x(t-2)/ T/ 2 (4), P(t)={Y(t-1). X -t +1+TO)
/ﬂNU-@intfﬁ@ﬁna é&a&%ﬁﬁ%%%ﬂ%%%%#ﬁ%ﬁfé}%%ngHm
sional (1) betgre JAUdhdr ool ks \GdEonsiantl aseun g 20 L hat V(1)
0 e

i s constant regardless , equations and ar e “nodi into

equations (6) anfhfehridRat MiRed HrcDa ikl dBlerR (ke T Aet3+2E0) /2T
(7) On the other hand, the to-be-encoded signal Y (t) 25 i's expressed by

equations (8) amreh1(iPhideY of( td PRl Bighal( War@es briekTAiE (Re tol0 A

predictive error signal D(t) obtained by subtracting the predictive picture
P(t) given by eguaionrs (Be anked|,7)Ha @nedild)ios T iy ce@uat i ons (8) and
(9) is expressed by equations (10) and (11): 5 D(t)=Cx3/2T (10)
D(t)=-Cx3/2T (HbteAceratiary t At hentirded eneadirg nettodhofvilde t hird and
fourth aspects of the present invention, the predictive picture P(t)

expressed by equatadimyg Ehame ¥ déwerfdtmed. d?( tsecdod aspebt ¥ (the?) (12)
Assuming that Y(t) - C (constant) as in the above case, a predictive
pi cture at fad@Xiasasxpriessed iy e@iddeon EMedhrd & prdditerieve spi cture at
fade-out 15 expressed bC}/ equation (2) are represented by P(t)=Cxt/ T (13)
P(t)=CX (T-t+TOFPHAAT BN R LED h P IR EFRHEdORAFahen 2

o be-engoded LSS LOHSSEN 54 B UL () 1420, (Sl ool ther
prediet | ve Pl o\ihs LR Uk SISRSEPLELNS, NEGMER Do iss b pbove,
e e U B U, R sy e |2 ot oo
residual error iR}y ar €his can realize high-picture-quality,
high-efficiency encoding.
15 In inter-frame encoding, in general, encoded
pictures are used as reference frames on the encoding
side, and decoded pictures are used as reference frames
on the decoding side. For this reason, the influence
of encoding noise in reference frames becomes a factor
20 that degrades the prediction efficiency. Averaging the
reference macroblocks extracted from a plurality of
reference frames exhibits a noise removing effect and
hence contributes to an improvement in encoding
efficiency. This effect is equivalent to a technique
25 known as a loop filter in predictive encoding.

According to the first and second aspects of the

present invention, averaging processing of a plurality



11 produced, and the prediction efficiency greatly inproves. In equations
(1) and (2), 1/T represents the speed of change in fade-in and fade-out. As
s obvious 5 fromequations (10) and (11), in conventional notion
conpensation, a residual error increases as the speed of change in fade
increases, resulting in a deterioration in encoding efficiency. According
to the video encoding nethods of the thirdy;and fourth aspects of the 10
present invention, high prediction efficiency can be obtai ned regardl ess of
t he speed of change in fade. According to a fifth aspect of the present
invention, in addition to the video encqding nmethods of the first and third
aspects of the Presertt $ive 5%5'15”%@J‘§g% br qH(-J]oo‘?ap i et encodi ng

met hod i n which épe t 0- be- encoded nntion.vector is, a qg i on, vect or

associ at ed wi t 5 peci Tt Bnet BT PR THF b § Fer¥nce’S rifHes. 1n
addition to the.yvi n J f. 1 he 20 se our t.h. aspects
of the present ?%d\l/%nfipe;lnc?&%:%%r%ﬁ]gg}?% i;lkselg’xt%gaasr;eogg]lg?aa}?&%agep#ﬁeés%n%%
nvention, thengde MOV deth A MdegeneolintIelioddeatigh the 1ecel ved
notion vector data is a nbtion vector assoclated with a specific one of the
plurality of 25 sefeiance fiaies, ALt e miion veetdmdald i

scal ed/ converted i n accordance with the inter-frame di stances between the

t 0- be- decoded fgsu@iwnd t&f aienee eddod IAdTest £ - GANE§ at & NDEd 0 a8gt or s
for the remaining reference frames. By the nethods according to the first
to fourth aspecigowf phecypresent invention, a prediction 5 efficiency

hi gher than that in the prior art can be obtained with respect to fading
pictures and the |ikkcbyrdsiagta plthatdtyspéctederemeeppesenires. |,
however, notion vectors for a plurality of reference pictures are

mul ti pl exed i ntihesitioben darerd ors aaedv ide @ e odiede et ot ook , ma e dnigodi ng
over head i ncreases. According to an encodi ng schene such as I TU- TH 263, an
encodi ng hret hod" et et anefi F&etComRRN §at Hmidedd et 1 v witedr norafft i on
vector for a B picture is sent, d a nption vector for the B picture is
obt ai ned by sca&?‘ﬁ 45 P ‘?Hﬁe%g@f ol?é?%l?“an‘ﬁtﬁ&@%?r%ﬁtc% rY over
the B picture, ] n acco é:lanece lr\lM tap ”&g.Li rﬁger-frfme ldi st an er%tween a

ref erence pict ur'etAnd 20t o-be: efcode %‘f ot Ut TS %Y rect e Ercodi ng
method is a mode)ofds Wi o, {8 bes ENGdR Y | AP LIS SeApPTOXI MRl ed 20

to a picture whose noving speed I's al nbst constant or en viewed in a

short period oftdine- SOrsSsPORUMY, tohgemeral 1 fiddPsexd a Pl Cises, this
met hod can reduce the nunber of encoded bits of the nption vector.

Accordi ng t o t heremidotdsn Badde dn fEie apmisd xidy 25r aspesiened the present
invention, as in the direct node for B pictures, in the case of P pictures,
only one noti omaectiooois t hehemb 1 edi setto@rsadorbloqit ural gdryedted by
subtracting, from a signal obtained by doubling the
amplitude of the reference macroblock signal generated
from the immediately preceding reference frame, the
20 reference macroblock signal generated from a reference
frame preceding one frame from the immediately
preceding reference frame.
According to a fourth aspect of the present
invention, there is provided a video decoding method in
25 which in motion compensation predictive inter-frame

decoding performed by referring to a plurality of video

frames for each macroblock, the plurality of reference



13 reference franes is encoded, and on the decoding side, the received
notion vector can be scaled in accordance with the inter-franme distance
fifrom a reference picture. This nmakes it possible to achieve the sane

i nprovenent 5 in encoding efficiency as that achieved by the nethods
according to the first to fourth aspects of the present invention w thout

i ncreasing the encoding overhead. In additign to the nethod according to
the fifth aspect of the present invention, there is provided a 20 net hod
according to a seventh aspect of the present invention, in which the notion
vector associated with the specific referepce frane is a notjion vector

normalized in a Tfh &F i TP 1Pt 1299 ARG HRdE betRedar s e

reference franme and the fr 0 be 15 encoded., In addition tao the nethod
according to the%i T?réfsoﬁgeg aR%e apﬂcg&?nta iVERY SHEE AR 5% r ovi ded a

met hod accordin 0,.an .ei ch aspect,,, i n -which .the i,on vector associ ated
with the recei ngcftesdplec%chlrg erczfoenr etnhcee leuarr?gllit a rm’{%]genr%/necﬁ or normalized

e onenrce hidhiln Joler dam Ao eSS St 1o ane
P Snoser SR BT, 0 JRCL A oy Il rector
changes, and scangndi fifRcassi itk farsdmidan ot 1o diors 1t I pIRctd veyy
from the immediately preceding reference frame, the
reference macroblock signal generated from a reference
frame preceding one frame from the immediately
10 preceding reference frame.

As described above, in conventional video encoding
schemes such as MPEGs, when the amplitude of a picture
signal changes over time due to fading or the like, the
prediction efficiency deteriorates. For example,

15 letting V(t) be a picture frame at time t, and V'(t) be
a picture frame at time t which has undergone fading
processing, fade~-in and fade-out can be realized by
equations (1) and (2). In equation (1), (a) indicates
a fade period; fade~in starts at time t = 0 and ends at

20 time T. In equation (2), (b) indicates a fade period;

fade~out starts at time TO and ends at time TO + T.

Y'(t{= Y (t) xt/T (0St<T) (a)
Y(t) (t2T) (b) (1)
25 vre = Yty (£=T0) (a)

Y (t) x (T-t+T0) /T (TO<E<TO+T) (b)

0 (t2TO0+T) (c) (2)



19 reference frames can be done by conputation using only the information
of the inter-frame distance between each reference frane and the frane to
be encoded. Division is required to performarbitrary scaling 5 operation.
However, normalizing a notion vector to be encoded with the inter-frame

di stance nmakes it possible to perform scaling processing by multiplication
al one. This can reduce the encoding and epncoding costs. In addition to the
nmet hods according to the first 10 and third aspects of the present
invention, there is provided a nethod according to a ninth aspect of the
present invention, in which the notion vector to be encoded includes the
first motion vect oPSEddtcitdtadd aniteme speldi'siad dridhoft tHehIidda ity of
reference 15 franmes and a Iurg;it of. notion vectors, for. the remaj ning
reference frafES&Ceard the IﬂﬁrIqqﬁédoﬂSmﬁﬂ?ﬂ?hﬂ&ﬁﬁﬁqgegréréﬁﬁbdéﬁ s
differential vectaqrs between the plural ity . of notion vectqrs and notion
vectors obtai%@@ %fagﬁglﬁﬁdqfﬁg FPF%gaﬁgfﬁénsyg@f%ﬁE%%qﬁbgg$ﬂgﬁ€§ with 20
the inter-fra i - en .t he .t Q- he- ed fr lurality
of reference réj%ez)&%{&%%%&%g ;/g(;etnnctltggt ﬁeqn%?hdggg%%cgorzd%% t%%(%tetﬁ%%s?%cond and
fourth aspects,ffagre is provided a nethod according to a 10th aspect of
the present invention, in 25 which the received notion vector data includes
a notion vector assogiftiRo Wil Spedd vhane ofa thedldriald thi dfure
reference frames and differential vectors associ ated 15 with the

remai ni ng refer@ncea s RS2 tEe M WheVeicdagdatalie sFakedseonverted in
accordance with the inter-frame di stances between a to-be-decoded frane and
t he reference firraaires. aEhd ndasidtteaantydaigmaarieon hex) .5 added to the
differential vectors to generate notion vectors associated with the
plurality of reference ff¥ ames{¥xtlept) for(t+R) specific one frame. Mkording
to the methods of the fifth and sixth aspects of the present invention, in
the cad3® of still 10 FIGUrEr DL P Qluree Wiade P& santa )msVichg8peed, the
prediction efficiency can be inproved by using g plurality of reference
frames w t houtHy NG tHd eMhdidly & meEd Yo 16T Wéct or
information. If, however, the noving .speed is not constant sufficient 15
bredicti on ef (AERMES MYy SRR DO bbtH! ned TP L THIE SOy (7ot i on
vectors al one., AccqQrdi t.o | -prime prediction which is one prediction
node i n MPEQ \/‘rlb)\déagjdgn(c diansg,aforjl;iaoévsjrofoti on prediction using two consecutive
fields, a notion 20 vect@gth[Y fielthand a differential vector between
a notion vector obtained by scaling the nbotion vector in accordance with
the integr-field distance and arpptitom veetpy,/fpyathe other field e
encoded. A notion vector is expressed wth a 1/2 pixel resolution. 25 By
averagi ng the reference pacroabt ocks) ofT+hel +Tw) fields, a loop filter effect
is produced by an adaptive spatiotenporal filter. In addition, an increase
in 16 encodi ng over head can/BeYs$uppresBSett27¥R0L/Bréatly contri bldkes to an
i nprovenent in encoding efficiency. According to the nethods of the ninth
and 10th aspects ofI% %w%s@tnqmimtﬁm Huhn jon digran BEtdlect
simlar to th%;ﬁgbtained by a dual -prine

before fading, i.e., Y(t) = C (constant) assuming
20 that Y(t) is constant regardless of t, equations (4)
and (5) are modified into equations (6) and (7):
P(t)=Cx(2t-3)/2T (6)
P(t)=Cx(2T-2t+3+2T0) /2T (7)
On the other hand, the to-be-encoded signal Y'(t)
25 is expressed by equations (8) and (9):
Y'(t)=Cxt/T (8)

Y'(t)=Cx (T-t+T0)/T (9)



prediction, i.e., the loop filter effect produced by an adaptive
spatiotenporal filter, the prediction efficiency for fading pictures and
the like can be inproved. This nmakes it possible to obtain an encoding 10
efficiency higher than that in the prior art. In addition to the nethods of
the first, third, fifth, seventh, and ninth aspects, there is provided a
met hod according to a 11th aspect of the;gresent invention, in which the
predi ction node information 15 includes the first flag indicating a

predi ction using a specific reference frame or a prediction using a
plurality of reference frames and the second flag indicati t hat the

predi ction using t RePBRAR&ILING 6F TPEF SrERce FH&&EQEFélQGGrEgiCtion based on
t he average 20 value of a _plurality, of reference robl ocks or a

predi ction ba§é€t6ﬁCFFH@aFgéxPF§86%5PV8np6FtFFﬁe5g%§nQéVﬁBIg?ion of a

plurality of reference robl.o nd _the secand fl LS nt.ai.n in the
header data quHﬁtéﬁBSdgg?fFﬁﬁeﬁgp ?ﬁSmh adz géygnoggaeaPégéF%Fy?g? 25
encoded franes, .| ddi_ti e ; t econd, urth, sixth,

ei ghth, and 16?% gggeg s?ggﬁégéggsbgf%gﬁggégés h?9§négﬁoélggéording to a
12th aspect of the presentipueftion, in which the prediction nodgo)
information includes the first flag indicating a prediction using a
specific reference framg an-adguwsdiction using a 5 plurality of refigrence
frames and the second flag indicating that the prediction using the
plurality of referereeddianesd s piedictdmvdiagetheanoldse odvenage val ue of
a plurality of reference nmacrobl ocks or a prediction based on |inear
extrapol ati ontanrdi aear fb@ritht espelcatsi of ahea ppleskealti iyvehtieher éhee
macr obl ock, and the second flag is received as the header data of an
encoded franmepeoedpartt vef ptilneureaddit) dakp refssedplyr glauey ioh dagoded frames.
As descri bed above, according to the present 15 invention, an inprovenent

i n predPctiongehkireitescy and hi gh-efficiency, high-picture-quality encoding
can be realized by adaptively swtching between the operation of generating
a predictive macrobl ock,F flor-&ach! tddrobl ociélof an encoded frane,&ﬁgon1only

a specific 20 reference fra f lurali of_ reference frane t he
opePati on of generzftslsrlrﬁr”é]gp;%lﬂ%ct' r?aéadr oé)cl)lowaﬂet&mat%ej'na\ygreagale Y3l ue of a
plurality of ref efencgbr%i t36% éﬁ%%uai%e at%peffa%tg-% QRN g 8

y ol a

predictive macrShI oék iear  extrap ion or Tinear ‘interpolation of a
25 plurality af,r6he/eneg R ‘é]r Sredi®it iR Surd %rte(%'a‘ate'—%ﬂt‘;_gom only a
ap

specific reference frane of arality of reference frames

(predigki on mege rkddad My LASDidS @NHf ecld vedrseatRictyr e portion in a
single frame at which a background alternately appears and di sappears over
time. Wth regard to a ppectE@xportion with little tinme fitter, a(B3)
prediction fromthe average value of a plurality of reference pictures
(prediction node 2 in th étcadejTnake®) /T possible to obtain a ot filter
effect of renoving encoding distortion in reference pictures. Wen the
anpl i tude of a pictEBguetsiqgrmal (sUchng @ 4laditigicide with the

to-be-encoded pictures represented by equations (8) and

20 (9). In either of the cases, the predictive error
signal D(t) obtained by subtracting the predictive
picture from the encoded picture becomes 0. As
described above, with regard to fading pictures,
conventional motion compensation techniques such as

25 MPEGs cause residual error signals. In contrast, as is
obvious, according to the third and fourth aspects of

the present invention, no residual error signals are



10 picture varies over tine, the prediction efficiency can be inproved by

| i near extrapolation or linear interpolation of a plurality of reference
+pictures (prediction node 3 in this case). In general, in a conventional
encodi ng schene, 15 when optinmal prediction nodes are to be selectively

swi tched for each macroblock in this manner, a flag indicating a prediction
mode is encoded for each macrobl ock whil e;peing contained in header data of
each macrobl ock. If many prediction nodes are selectively 20 used, the
encodi ng overhead for flags indicating the prediction nodes increases.
According to the nethaods of the 11th and 12th _aspects of the present

i nvention, a cBhBFHEEFon2BE EP@dPEFFbﬁtﬁBHeEf?bcgénﬁ¥eﬂr?§tﬁynited to a
conbi nation 25,0f prediction nodes 1 and 2 or a conbination of prediction
nodes 1 and 3 f%?rggﬁﬁ’encoded franme. The second flag indicating one of the

b nmbi nat i I 19 , h it t frest fl
?ngygafﬁnglgﬁehﬁgfio% ﬁﬁ&étﬁ?ggﬁgggcﬁﬁggqéﬁgé12@ %Fpggéﬁhégiéheﬁg88€§. The
q £l Lo . _ Lo h dicti . i ned
?ﬁcgﬂe hegge:nggfgﬂéHgthﬁ g%@%éggt?ggnggd%ﬁgupgfs%g;Fggogggggglfngogtalne

prediction mode,.gan.BE.changed1Hor agachrmpcr ohl ockanpdibsa¢onbaingd in the
header data of the macrobl ock. This can reduce the overhead associated with

the predictioncaﬁgéﬁsbei@ﬂ;oaegegaaaal1erwh@nihb@eageéiagdehefs§e980ture
signal such as a fading picture changes over tine, the anplitudes uniformy
changes over tpfechbhfenihhéaticatcrEasekhi sesaasong Lheaedesenponged to
switch between prediction node 2 and prediction node 3 for each macrobl ock;
no 15 deterioraibonihnepredioti efifétfiencgncyRocoundsngven theavpdedi ction
node is fixed for each franme. A background or the like alternately appears
and di sappear sengedingneetihpisnod thanthisdardbefousthaashange ©A the
anplitude of a picture signal over tine. 20 If, therefore, a background is
fixed fb? eachr¥eapet fh¥epEéanct héahePreeiefdégndeféirépaEEsCaThPS nakes it
necessary to switch optimal prediction nodes for _each macroblock using the

first flag. SepRFatBpy LEPRFRYCPRe°F| 558 FREREaPIngPERECpFBIFEPRON nodes in

the 25 head f f .and bl.ock in th b k it
possi bl e to reduce PRESBAIO i Gverichd WERGUP TdelFalFRG RRe predi cti on

efficiency. %RVQBEQBH‘”QnthS'%§éH %Epﬁﬁk QEdEBee§E88§H% RQ¥RQ@E° ¢ there
is provided a video encbdlng_ne%ho , 1N ich™n notTon conpensatron
predictive 'nt%ﬁéf%@ggteaﬁed%ggreeaégeaﬁg by EﬁEebEbQQnFoiﬁvBhHﬁéhity of

video 5 frames for each macrobl ock, a predictive macroblock I's generated by

a lineagspredi ehe figoprbledphukakitiyocokntetiehgnsethbanes, waiphedi ctive
error signal between the predictive macrobl ock and an encoded nacrobl ock
and a notion veéheotoabe-encoded motieackertorobkoekmoahdnavéBtoenbi nati on
of predictive coefficients for the linear prediction is encoded for each
frame. |n addi esenctetedewithhedsracddidi nget oft RbelBlhraspeyt ofaccording
to a 14th aspect of the present invention, there is provided a nethod in
whi ch the 15 pkafgkehgeofraBeérence franes are past frames with respect to

a to-be-encoded frane. L , ,
In addition to the video encoding methods of the

20 second and fourth aspects of the present invention,
according to a sixth aspect of the present invention,
there is provided a video encoding method in which
the received motion vector data is a motion vector
associated with a specific one of the plurality of

25 reference frames, and the motion vector data is
scaled/converted in accordance with the inter-frame

distances between the to-be-decoded frame and reference



According to a 15th aspect of the present invention, there is provided a

. vi déo decoding nethod in which in decoding notion conpensation predictive
20 inter-frame encoded data by referring to a plurality of video frames for
each macrobl ock, notion vector data and a predictive error signal which are
encoded for each macrobl ock and a conbi nati on of predictive coefficients
whi ch encoded for each frame are received,,25 a predictive macroblock is
generated fromthe plurality of reference franes in accordance with the
noti on vector and predictive coefficients, and the generated 21

predi ctive macrobl ock and the predictive error signal_ are added. In
addition to thEr#Befo8CaEBBrERRY POLLAR VRFEATAsHREL TRACEBRALAGNT0 a 16th
aspect of the present 5 invention, there is provided a nmethod in which the
plurality of rg?E?EﬁEEGfﬁéﬁﬁgsare past frames with respect to a

t o- be-encoded frane_ According to the thods of the,13th to_16th aspects
of the present inveﬁ?igﬁ? ?Fﬁg8d5r8&F8g§§gglgocggﬁf?&Fé tgocgﬁuﬁghset in an
arbitrary tine_directiaon, . . the predicti L. cienc i mproved by
usi ng an optin%fpggﬁ%iﬁgtF%ﬁ ?e%gggi%3?3§E285ff?c?@%?gcggo?he encodi ng
side notgonly 0 : | e arpLeturecsihg h e % tinme as
in the p%se of$§f¥g%?ﬁ89g§£g%g?qugguF?g?sgﬁmﬁgﬁ gﬁ%%?b???aéﬁgtﬁée fitter
occurs in the ggphifdey9tnarpspbbtetsi gnakng! piadditlongt £ABSM kEing the
above predictive coefficients upon nultiplexing themon encoded data all ows

the same IineabypﬁgghgtEOﬁ;agaﬂmtgn@@dkegeepﬁ&atb@@tﬁgebg 29fperformed in
decodi ng operation, resulting in high-efficiency predictive encodi ng.

Accordi ng to thewpresenhothyanteenoranforpaopeuealitn encodragertéi ci ency
can be achieved by a prediction froma plurality of reference franes.
However, as inp26ttihescase ohlBipilekadesnin BMPEGIed gatdi Eobrveathom
tenporally consecutive franes may be done by using a plurality of past and
future }Panes anscepdfdrapesoblogkirfhesenradandi evenhead incrpesease of |

and P pictures_in MPEG only past frames my be used as reference franes.
Furthernore, a®pFaFgtrfytef2pashcpdand FCprReurBsShindy bEUnEBd 4831 efBrence

R ghor than 1 hARCBREBNOBRPPnaR VRGP oREOATGROTR hCBRP hbPLBl cLbr o3
[ I t. plLet I Leul h . iLng.effici b
oreatly i ot ovBheRE bhrbarelnhPekBRoEbr: b S PRERYE R R hEE0 BT Al Oy of

past 1 ef er ence,bEanhs UaLbte b the BILOLiALt: 1bnospeodLag,0peraligy using

no B pictures, ere is no nee o] e a de rearrangenent of

encoded; ranes, fBisopmkestbt peeShbbeptetiieal i gritAVsHel a¥sepcedi ple _
According to the present 15 invention, therefore, a greater inprovenent in

encodi ng ef ficBeptytaas, benabtabpedneeeniich thw drtay-enendi agsthasein the
prior art. between a reference picture and a to-be-encoded
picture. This direct mode encoding method is a model
in which a to-be-encoded video picture is approximated
20 to a picture whose moving speed 1s almost constant or 0
when viewed in a short period of time corresponding to
several frames. In many cases, this method can reduce
the number of encoded bits of the motion vector.
According to the methods of the fifth and sixth
25 aspects of the present invention, as in the direct mode

for B pictures, in the case of P pictures, only one

motion vector of the motion vectors for a plurality of



Brief Description of Drawings FIG 1 is a block diagram showi ng a video
encodi ng 20 net hod according to the first enbodi nent of the present
knvention; FIG 2 is a nethod according invention; 25 FIG 3 is a
relationship in according to the block diagram show ng a video decoding to
the first enbodi ment of the present view showi ng an inter-frane prediction
vi deo encodi ng and decodi ng nethods second, gnbodi ment of the present 23
invention; FIG 9 is a view showing an inter-frame prediction relationship
in video encodi ng and decodi ng nmet hods according to the third enbodi nent of
the present 5 invention; EIG 5 is a view showng an inter-frame prediction
rel ationship |nr@|&é§n€ﬁcééﬁﬁﬁsaﬁ§ §8E6drRy ﬁé@h@&stéécéﬁﬁpﬁénﬂosﬂﬁé +fourth
enbodi nent of thg present invention; % FIG 6 .is a w.for E ai ni ng
vector infornatt8f &RESE] ﬁ& Eﬁ&lﬁgcaﬁl an€9ﬁ08§ 568 F A FGCP gapret h
enbodi nent of the ﬁr%ient nve%tlon g. 2 for exg alnlng vect or
i nformati on encddit ﬁd18§85d|ﬁémﬁepﬁ§ §1&€c Fﬂpnﬁ FS Fﬁ8n§|xPﬁCE§ .

enbodi nent of tgg Rresel |nvent|o %G. 8.i.s.a § eM/for g alnlngtvector
i od )

i nformation enc lﬁgmgn §5addo g tRaensts 25BEETE NG5 5o1he LRETaNERE

enbodi ment of the Breshd @\f%&tc'l%cf'ag 8k5 anbkogk di,agram,shawag 2

vi deo encodi
according to the first to fourth aspects of the present

invention without increasing the encoding overhead.
In addition to the method according to the fifth
aspect of the present invention, there is provided a
10 method according to a seventh aspect of the present
invention, in which the motion vector associated with
the specific reference frame is a motion vector
normalized in accordance with the inter-frame distance
between the reference frame and the frame to be
15 encoded.
In addition to the method according to the sixth
aspect of the present invention, there is provided a
method according to an eighth aspect, in which the
motion vector associated with the received specific
20 reference frame is a motion vector normalized in
accordance with the inter-frame distance between the
reference frame and the frame to be encoded.
According to the methods of the seventh and eighth
aspects of the present invention, a reference scale for
25 a motion vector to be encoded is constant regardless of
whether the inter-frame distance changes, and scaling

processing for motion vectors for the respective



20 apparatus for executing a video encodi ng nethod according to the eighth
enbodi nent of the present invention; FIG 10 is a flow chart show ng a
sequence in a video encodi ng nethod according to the ninth enbodi nent 25 of
the present invention; FIG 11 is a view showi ng an exanple of the data
structure of the picture header or slice header of 24 to-be-encoded video
data in the ninth enbodinment; FIG 12 is ajyi ew showi ng an exanple of the
data structure of a nacrobl ock of to-be-encoded video data in the ninth
enbodinment; 5 FIG 13 is a view show ng the overall data structure of

t 0- be-encoded vi deo data according to the ninth enbodinent; FIG 14 is a
flow chart showtSge& e8EGudREBESn STV PEeO8ECBdi FGTRRETRGA OB ESEEENGTLY t he

ninth 10 enbodinent; FIG 15 is iLew.for explaining,tenporal |inear
nterpol ation i hiEhd ORI Godimbe: (BIEr 161 QiR FoPCE¥BERi ni ng
tenporal linear interpalation i he _nin e iment; 15 FI 17 is a view
showi ng an exanﬁﬁghofegeﬁeﬁgr'%#% i & 9v§%gog?%%€r§ﬁtbfaﬁpgog%gdrding to

the first and erght;eobqdi mRnkSy il Go Mrirdrh L BY:3I9Y Rg.3Tgxample of a

| i near
5 operation. However, normalizing a motion vector to be

encoded with the inter-frame distance makes it possible
to perform scaling processing by multiplication alone.
This can reduce the encoding and encoding costs.
In addition to the methods according to the first

10 and third aspects of the present invention, there is
provided a method according to a ninth aspect of the
present invention, in which the motion vector to be
encoded includes the first motion vector associated
with a specific one of the plurality of reference

15 frames and a plurality of motion vectors for the
remaining reference frames, and the plurality of motion
vectors are encoded as differential vectors between the
plurality of motion vectors and motion vectors obtained
by scaling the first motion vector in accordance with

20 the inter-frame distances between the to-be-encoded
frame and the plurality of reference frames.

In addition to the methods according to the second
and fourth aspects, there is provided a method
according to a 10th aspect of the present invention, in

25 which the received motion vector data includes a motion
vector associated with a specific one of the plurality

of reference frames and differential vectors associated



pre‘di ctive coefficient table according to the first and 20 eighth

enbodi nents; FIG 19 is a view show ng an exanple of a table indicating
reference frames according to the first and eighth enbodinents; FIG 20 is
a bl ock diagram showi ng a video 25 encodi ng apparatus according to the 10th
enbodi ment of the present invention; FIG 21 is a block diagram show ng a
vi deo 25 decodi ng apparatus according {9 the 10th embodi ment of the
present invention; FIG 22 is a view show ng an exanple of a syntax
indicating linear predictive coefficients according to 5 the enbodi nent of

the present invention, FIG 23 is a view show ng an_exanple of bl
show ng ref erdhtk £hanssmadeéprdi KIEESRAE ERBBE nenFESfHB%éOBrgggﬁgr ©

invention; FIG 24 is a view for expl.aini ti t 10 i i
bredi Ct Lve onEBBAndSTECRUECACCOPBEREC: oft RECBFHGHFRoY ot CPRe present "

predi ct fve endBiFRG REMROH AEEOFarE Lo F et BarE Rt oar ot AL hEcEam "
e o ot bt S sP it AR PEATY RO s poguer of o viceo
Inventlgn; added to the differential vectors to generate motion

vectors associated with the plurality of reference

frames except for the specific one frame.

According to the methods of the fifth and sixth
aspects of the present invention, in the case of still

10 pictures or pictures with a constant moving speed, the
prediction efficiency can be improved by using a
plurality of reference frames without increasing the
encoding overhead for motion vector information. If,
however, the moving speed is not constant, a sufficient

15 prediction efficiency may not be obtained by simple
scaling of motion vectors alone.

According to a dual-prime prediction which is one
prediction mode in MPEG2 video encoding, in a motion
prediction using two consecutive fields, a motion

20 vector for one field and a differential vector between
a motion vector obtained by scaling the motion vector
in accordance with the inter-field distance and a
motion vector for the other field are encoded. A
motion vector is expressed with a 1/2 pixel resolution.

25 By averaging the reference macroblocks of the two

fields, a loop filter effect is produced by an adaptive

spatiotemporal filter. 1In addition, an increase in



FIG 27 is a view for explaining an exanple of a |inear predictive
coefficient determnation nmethod 20 according to the enbodi nent of the

. present invention; FIG 28 is a view for explaining an exanple of a |inear
predictive coefficient determ nation nmethod according to the enbodi nent of
the present invention, FIG 29 is a view for explaining an exanple of a 25
| i near predictive coefficient deterninatﬁ%n nmet hod according to the

enbodi ment of the present invention; FIG 30 is a view for explaining an
exanple of a 26 linear predictive coefficient determ nation nethod
according to the enbodi nent of the present invention, FIG 31 is a view for
expl ai ni ng an eI fverhqateararplediscianke st f | ditart dde@adrlii nat i on

met hod 5 according to the enbodi ment of the present invention, FIG 32 is a
vi ew for expl£QﬂﬁﬁjQPqﬁﬁf%hbed@&ﬁQﬁ%ﬂ%ﬂ¥rﬁﬁfﬁﬁf%ﬁﬁﬂﬂwﬁﬁﬁjQ%?QQ%a

enbodi nent of the present, invention;, FIG 33 |s a view for explaining a
moti on vector 10 sereH Fhol ddtortf HPdDd Thetadbidt e fldtﬁb pr esent

invention; FIG 34 .is vi.ew for expl.aining a notion, vector .encodi ng net hod
according to ta}?@eé?%cﬁaﬁretrﬂe ot §58 prigseit - iHventt (ﬁﬁidli%l% E° 3 is a view

for explai ning, 2 Jmt 1.0, Mept o, §Ead1 g JRINP D pac ot dlling. 1ig,d he embodi ent

prediction, i.e., the loop filter effect produced by an
adaptive spatiotemporal filter, the prediction
efficiency for fading pictures and the like can be
improved. This makes 1t possible to obtain an encoding

10 efficiency higher than that in the prior art.

In addition to the methods of the first, third,

fifth, seventh, and ninth aspects, there is provided a
method according to a 1llth aspect of the present
invention, in which the prediction mode information

15 includes the first flag indicating a prediction using a
specific reference frame or a prediction using a
plurality of reference frames and the second flag
indicating that the prediction using the plurality of
reference frames is a prediction based on the average

20 value of a plurality of reference macroblocks or a
prediction based on linear extrapolation or linear
interpolation of a plurality of reference macroblock,
and the second flag is contained in the header data of
an encoded frame or the header data of a plurality of

25 encoded frames.

In addition to the methods of the second, fourth,

sixth, eighth, and 10th aspects, there is provided a



present invention; FIG 36 is a view showing an inter-frame prediction
rel ati onship according to the enbodi nent of 20 the present invention; FIG
. 37 is aview for explaining a notion vector encodi ng nmethod according to
t he enbodi nent of the present invention; FIG 38 is a view for explaining a
notion vector 25 encodi ng nethod according to the enbodi nent of the present
invention; FIG 39 is a view for explaini g a notion vector 27 encodi ng
met hod according to the enbodi ment of the present invention, FIG 40 is a
fl ow chart showi ng a procedure for video encoding according to the
enbodi nent of the 5 present invention; FIG 91 is a view for explaining a
wei ghti ng pr e@iedhiogn ageesddingg tooat AdtanBediertnefothenhprpsesént i nventi on;
FIG 42 is a view showing the data structure of 10 a picture header or
slice header a8¢6RdilRg t 3Tt WEiEhhEBENBREISFtiRe Preseat tPEPEALPBN; FIG 43
is a vieM/showﬁnq t he R%Jst,exgngle of, the data structur wei ghti ng
cor

Coag : fir ' n : %'Of 4 1
predi ction coeffidfEst trspifd TS @8ng "Ed “Ehe "EnBolF REALTIP Yt HE1PPe8ent 15
invention; FIG 4% L%_a %iem/%ho%jnglthe second .exa l e of tge dat a
structure of SPRSIGHE /G pr&dicct i 6R"Coéft PcFém f&ﬁp afedPding to the
A L A A T L C LR T A
present inven&h%ﬂba%&%g that the prediction using the plurality of
reference frames is a prediction based on the average
value of a plurality of reference macroblocks or a
prediction based on linear extrapolation or linear
10 interpolation of a plurality of reference macroblock,
and the second flag is received as the header data of
an encoded frame or part of the header data of a
plurality of encoded frames.
As described above, according to the present
15 invention, an improvement in prediction efficiency and
high-efficiency, high-picture-quality encoding can be
realized by adaptively switching between the operation
of generating a predictive macroblock, for each
macroblock of an encoded frame, from only a specific
20 reference frame of a plurality of reference frames, the
operation of generating a predictive macroblock from
the average value of a plurality of reference pictures,
and the operation of generating a predictive macroblock
by linear extrapolation or linear interpolation of a
25 plurality of reference pictures.

For example, a prediction from only a specific

reference frame of a plurality of reference frames



FIG 46 is a flow chart showi ng a procedure for video decoding according to
the present invention of 25 the present invention. Best Mdde for Carrying
Qut the Invention FIG 1 is a block diagram showi ng a video encodi ng 28
appar atus whi ch executes a video encodi ng nmethod according to an enbodi nent
of the present invention. According to this apparatus, a predictive
macr obl ock generating unit 119 generates @ predictive picture from5 the
frame stored in a first reference franme menory 117 and the frame stored in
a second reference frame nenory 118. A predictive macrobl ock sel ecting unit
120 selects an optimal predictive nmacrobl ock fromthe predictive picture. A
subtract er 110RyEfErtien HoH® gr ddi dhidvde Garsedr 1 gifdlectdvepyfadalacul at i ng
the difference between an input signal 100 and a predictive signal 106. A
DCT {Di scr et e FESHIHE RGILEY iR dhi1NELE J&dmsr s DO o2 RREKredindt i ve
error signal 101 to send the DCT sigpal, to a quantizer 113. The quanti zer
15 113 quanti ?éézecrﬁl@tﬁ%V SRRFAT S ¢k ifd SRR GEEn OV Ed Tiral "3 ta vari abl e

| engt h encoder_114., The var.i abl e | engt.h _encaqder. . var.i abl.e-1 engt h- encodes
e quant | zed THEAE T DS Endtad s o2 L Fhe Jar s fedgen

encoder 114 e S.{mt e r i_nfor i 0 d_predi.cti de

i nfor mat5i on ({boq“pebe < esf:r{ri é)\cén &g}%erébzpeaﬂr?ggeoﬁzg‘y[es%tfﬁe% eslﬁ%tlfgwg)mfng t oget her
wi th the encodeddata 102 .+The dZed ;84,9 obt ai ned : guanti zer
113 is also sent to a dgjc?]ltfanti zs(eq?@ﬂgzlf%l?e ec?uea%t ?LGengilu% C{f%%e)r 121 adds

25 the dequantyg&d; signRsAM d he RRdGE e cHdnal th36 diagengrate a | ocal
decoded picture 103. The | ocal decoded picture 103 is witten in the first

reference Zg:ézﬂca%dq“ffﬁﬂb’o)&ilﬁﬂ dilgt drt iore o didfitenddh @ i tedicet.i ve error
signal 101 is encoded by a DCT transform quantization, and variable | ength

encodi ng. HowaWrasn titee dEI iF udearsf ar naidtorarey ooe Ir epplcdceds W tfadd nwavel et
transform or the variable |length encoding may be replaced with arithnetic
encodi A@. | n tictwrebodinies oved ddale dddeded quiicttiosm @ff fiild encaneaancoded
i medi ately before the current franme is 10 stored in the first reference
frame menory 7 impipved dvallidessdax Pianied ioh e finaar dadeded furt her
before the above frame is stqored .in the second reference frame nenory 118.
The predicti V@%J(%} stk %Wé‘t%w W treffgeé’ér%rpaltcé?rz?spredi ctive
nmacr obl ock 15 (sl:;r%ncﬁlctji%% & ed|3cti|nvechrriascrc%%lecqu signal 13l,
In general, in a conventional encoding scheme,
15 when optimal prediction modes are to be selectively
switched for each macroblock in this manner, a flag
indicating a prediction mode is encoded for each
macroblock while being contained in header data of each
macroblock. If many prediction modes are selectively
20 used, the encoding overhead for flags indicating the
prediction modes increases.
According to the methods of the 11th and 12th
aspects of the present invention, a combination of
prediction modes to be used is limited to a combination
25 of prediction modes 1 and 2 or a combination of

prediction modes 1 and 3 for each encoded frame. The

second flag indicating one of the above combinations is



predi ctive macrobl ock signal 132, and predictive macrobl ock signal 133. The
predi ctive macrobl ock signal 130 is a signal extracted fromonly the
picture in the first reference frane nmenory 117. The 20 predictive

macr obl ock signal 13l is a macrobl ock signal extracted fromonly the
picture in the second reference frame nenory 118. The predictive macrobl ock
signal 132 is a signal obtained by averaging the reference nmacrobl ock
signals extracted fromthe first and sec Ad 25 reference frame menories.
The predictive macrobl ock signal 133 is a signal obtained by subtracting
the reference macrobl ock signal extracted fromthe second 30 reference
frame nmenory Ii@daren,t heositdgeal wilithaited fiy sdodtilaigng nidieaanpla t ude of the
ref erence macrobl ock signal extracted fromthe first reference frane nenory
117. These pr ediectiiote omorosts dok reieghialts car enosbet 2actoed & efdiabianpl ural ity
of positions in the respective frames to generate a plurality of predictive
macr obl ock si @esles .3 . Thdhsr egicemnid & bpec rislsllseik 196 ddye sempiinatizg 4l cul at es
the difference between each of the plurality 10 of predictive macrobl ock

si gnal s gener dthed BHL IS ione diadtasy é ST 51 ie&E géndhdt iegde Cafe9 and t he
t 0- be- encoded macrobl ock sjgnal extracted from.the input video signal 100.
The predicti v@Ingdr SRS d1té®s -ng s 1156 fhés slé’logﬁast% %f the

predi ctive 15 macr.ohl,ock signals, which exhihits a m ninumerror for each

P o be: encoded HECHSH Sk Mosihn Sath B (BTGt Ao B P15 SIS ISl A2k er 310,
The subtracter, 110 l.cul at.es .the.dif n_t | egt ed
predictive macrob o&%lg'}%éiﬁé% écr%l t}heeaée%gu C% %ﬁfta% O&ar}%@%ﬁno%%dut puts the
predictive errgf; Signalr ke He RRYIAILN %fss%a%%loe%&ecﬁfyh%dl ctive

macr obl ock relative to the to-be-encoded macrobl ock an e generation

met hod for thg,&glieatied MRAELCIYIRERDIRAs . si gnal (one of the signals
130 to 133 in FIG 1) are respec 25 tively encoded as a notion vector and

predi ctlicon node f orwiaac ki -hgplenaated blpak ctiire wirgradll esdg@ngish zencoder
114 encodes the 31 encoded DCT coefficient data 102 obtai ned through the
fading picture changes over time, the amplitudes
uniformly changes over time within the frame. For this
reason, there is no need to switch between prediction
mode 2 and prediction mode 3 for each macroblock; no
15 deterioration in prediction efficiency occurs even if a
prediction mode is fixed for each frame.
A background or the like alternately appears and
disappears over time within a frame regardless of a
change in the amplitude of a picture signal over time.
20 If, therefore, a background is fixed for each frame,
the prediction efficiency deteriorates. This makes it
necessary to switch optimal prediction modes for each
macroblock using the first flag. Separately setting
the flags indicating the prediction modes in the
25 headers of a frame and macroblock in the above manner

makes it possible to reduce the encoding overhead

without degrading the prediction efficiency.



DCT transforner 112 and quantizer 113 and side information 107 containi ng
the notion vector information and prediction node information output from
the 5 predictive node selecting unit 120, and outputs the resultant data as
encoded data 108. The encoded data 108 is sent out to a storage system or
transm ssion system (not shown). In this case, when a video signal is
formed of 10 a | um nance signal and chrom nance signals, the predictive
signal 106 is generated by applying the <hne notion vector and prediction
node to the signal conponents of the respective nacroblocks. FIG 2 is a

bl ock di agram of a video decodi ng 15 apparatus, which executes a video
decodi ng net hod acpetdragntotanaetBodi aepecef ofhehpr egepentnventi on. The

vi deo decoding apparatus in FIG 2 receives and decodes the data encoded by
t he vi deo encodiragtappar ahaseatsopdonijdéd &heifieosénecdddygmeathstipwn in 20
FIG 1. More specifically, a variable I ength decoding unit 214 decodes the
vari abl e | ength wbiehoininptitoencodeendat aoR0prediekivacinbeprédamei ve
error signal 201 and prediction node information 202. The predictive error
25 signal 20| epsodibpepeeforpedehianefebriba hndai RYeradipgTof nvhdeo
dequantizing unit 215 and inverse DCT unit 216. The resultant data is added
to a predictivEanes2tergRaFNoPBCTBPLYRREr af ePECAEEDUEY PREFDPECSH3LS The
decoded picture 203, is witten in a first reference fra me 217. The
bredi cti ve si GRAFT3BBT BY ganLiapaH ByeASpkLaR o FUE. Ak, BONDEK. Gbrst i i ng
unit 5 219 and ?redictige macr obl ock se%ectin? unit. 220 frog1 ictfae

signal s 204 ah@ 2b8"FR AE2BFaandePMFEACThESnBET SR vadtal Bh Wg?%d tion

nmode extracte . t 0 LGt j is a

rode XtLect of:LhomLLbe acodedodat 2,400, TheoLatute:shonel 0 bs o
recorded on thetibhSheEBEET §PECHEBABIMBYP! ¥alll TmadPEnPLEL U £ndi gnal 205 i's
a picture signal decoded before the picture signal 204 and stored in a

secondi pef er enefibihatBoneser yrdd8ctThe predrcti¥ptsi gpal tRO61ischhe sane
predictive signal as the predictive 15 macrobl ock signal used at the tine
of encodi ng. pk&didtschelmt enabgdshonseachefatmenship of an inter-frame
predi ction using two reference franes in video encodi ng and decodi ng

met hods accordi ng ffo ehdiseécondoerhedinrEhbdef athergisgent theetBtbn. FIG 3
20 shows a to-be-encoded frane 302, a frame 301 imediately preceding the

t 0- be- encodedafpaft, 382cosAdng tpameldbd aspenbroprtbedPrgsent frame 302.
VWhile the frane 302 is encoded or decoded, a decoded picture of the frame
301 i s storediPHePR&CR; rEherer éFeREVEFaARa 2B HRAB Y 11 iFR HMG 2 or the

first ference frape nepory_217 in EIG 2, and_th rame 300 is stored in
the sebbnd r oPSPEREGCY, Bher HERGFY R LbFFHeF BEo1P87 Ly RESReS39SERond
o oo e aBgUELEr oZi Dol Shcfach FRaRED ook 05 In B1C 3 5 e
reference macrobl ogk-303ihg tBear ¢6€HeAsEebEaR® the present
invention, there is provided a video decoding method in
which in decoding motion compensation predictive
20 inter-frame encoded data by referring to a plurality of
video frames for each macroblock, motion vector data
and a predictive error signal which are encoded for
each macroblock and a combination of predictive
coefficients which encoded for each frame are received,
25 a predictive macroblock is generated from the plurality
of reference frames in accordance with the motion

vector and predictive coefficients, and the generated



5 300 and a reference macroblock 304 in the reference frane 301. Vectors
306 and 307 are notion vectors, which respectively indicate the positions
. of the reference macrobl ocks 303 and 304. In encodi ng operation, a search
is made for an optimal notion 10 vector and prediction node for the

t 0- be- encoded macrobl ock 305. In decoding operation, a predictive
macr obl ock signal is generated by using the notion vector and prediction
node contained in the encoded data. 15 FI'GS. 4 and 5 show exanpl es of
inter-frame prediction using three or nore reference frames according to
the third and fourth enbodi nents of the present jnvention. FIG 4 shows an
exanpl e of usimedi Ptifalnasr @ilgdstandfidrentedidhess §rer sidiadlear 20
extrapol ation prediction. FIG 5 shows an exanple of using a plurality of
past and futurd§ &hce frames, i.e., a linear interpolation prediction
Referring to FIG 4, a frane 404 is a to-be-encoded, frane, and_franmes 400

to 403 are 25 referbhcaddibier Forthadne o 2800 Rerer e vl 413 in

FIG 4 denotes_ an etncoded:%%croblock14(31,':3}?jl In e codﬁqﬁloperati n, reference
macr obl ocks (AP 4FOHTR IR B & WHREERSGYT &t 'S FUfiTHE respect i ve

referen fra . eac - be- ! o i 4 ondance with
noti on \Clsgct or gﬁf\ﬁ%g%og?@g@ﬁgﬁ%%%d%%@t%g%ggﬁ%cﬁ \E/}'gjclrgebf Zérkeence franmes.
A predictive I i ﬁg%EH I i refer ence

macr obl ocks b;} a ﬁoéi{nfe]":%rk OEE(tlrs%po at(Ta%)ﬁj'e!:pafrnqeéc;&:ncatarié(;nr.%,%11 c%%ﬁsat“ﬁotﬁ{ of a

prediction nodeahck©ong, of Eo-RbalraldddePirFrfier ence macrobl ocks or a notion
vector exhibiting a mnimmpredictive error in one of 10 prediction nodes

for a predictive noagsebr@tigbesethomaerhddeasf peiedi titon:d s16eh ected. One
conbi nation of linear predictive coefficients is determ ned for each

t 0- be- encoded dswaet 4 rofn tthe hangeentn awesragieot U vaoe g dxet weeinvd r anes over
time or the like. The determ ned 15 conbi nation of predictive coefficients
is encdded as ¢walieicattes forn the st b exrcotdull frarse. t ke dinteniarect or  of
each macrobl ock, a prediction node, and a predictive error signal are
encoded for edédte eiceditiobrn DI IGiREBOITHY DPerERTOIRA P oHbiNatddn of

| i near predictive,coefficients_received(%ﬁiteach frame is used tQ generate

a predictive rRYEMbICTINBEIP R rRIH Fromeebiifantsy G the erence
frames in accordance with a notion vector and prediction node Jnformtion.
The 25 encodect HSine TRDJNE P RUATIE (I FPBdl H1VS Hact RO 0 ¢ he
predictive eer{gﬁéﬂnéﬂanges over Lime as in the case of a fading
15 picture but also when an arbitrary time jitter occurs
in the amplitude of a picture signal. 1In addition,
transmitting the above predictive coefficients upon
multiplexing them on encoded data allows the same
linear prediction as in encoding operation to be
20 performed in decoding operation, resulting in
high-efficiency predictive encoding.
According to the present invention, an improvement
in encoding efficiency can be achieved by a prediction
from a plurality of reference frames. However, as in
25 the case of B pictures in MPEG, a predictive from
temporally consecutive frames may be done by using a

plurality of past and future frames as reference



Referring to FIG 5, a franme 502 is a 35 to-be-encoded frame, and franes
500, 501, 503, and 509 are reference franmes. In the case shown in FIG 5,

. in encodi ng operation and decodi ng operation, the franes 500, 501, 503,
504, and 502 are rearranged in this 5 order. In the case of encoding, a
plurality of | ocal decoded picture franes are used as reference franmes. In
the case of decoding, a plurality of encq%;d frames are used as reference
franmes. For a to-be-encoded macrobl ock 5T, one of reference nmacrobl ocks
509, 510, 10 512, and 513 or one of the predictive signals obtained from
them by |inear interpolation predictions is selected on a macrobl ock basis
and encoded, aframeshe Embadibhehenshasnimnnti Gade ¢fd &dhdws encodi ng
and decodi ng nethods for 15 notion vector information according to the
fifth enbodi mepicoirenelpr¥Bent ¢nyenpddh. framepenanarei wSeRtas-frane
encodi ng operation using a plurality of reference frames as in the

embodi nent  shof®f $ReTFE £8aM@s pr eHREERGE PER r 0Bl BERT &) Hhal of sPyehef at ed for
each 20 to-be-encoded, macrobl ock by using a plurality of reference

macr obl ock si GRBfsT PHCENFSS CALS, BS RPET afs t o bF Bet it GFUFRR | on vect or

i nfornmati on nmust be ﬁncoded for_each nacrobhock. Therefore s_t he nunber
of macrobl ocks to bEAFS! 8FF BHOPBSTRPAAsEeal LhE SBOGUEPREAHE 0P  HbEF B

¢ nf Lo . ) . ) .
oot or Lo TILLON L9 BeoSRFole,l BeLeaseec TbLs sakIe S BeATksiigLA o I
predictive ”F‘sz‘?béﬁggdfb?”?' $i§t&9e£’eu$§ﬂ§;@ﬁf§ BDYs X451 @k g, T £f erence
macr obl ock signals fromtwo reference franes, Tespectively, one notion

vector and the,gptien1 ¥8St She ObhBbAERY by Bal ERGyt Hen NBE | @ReyeLOr 5 in
accor dance mnt% the inter-frane di stance are used. A frane 602 1s a

t 0- be- encoded f{mppeveandsftanpsré68lvard €08 pr eor eiet emgendigges. Vectors
611 and 610 are notion vectors. Each black point indicates a pixel position
in the Vverti capldraettiyoof padteaechemdmte ffapesntnliki cateshanprior
interpolated point with a precision of 1/4 pixel. FIG 6 shows a case
wherei n a notia&nt conpensacodhngrepecaibenigs pegf e nddo i thres prigeese on of
1/ 4 pixel. A notion conpensation pixel precision is defined for each
encodi ng schents ago 1npeReto BFoVhiser dabay/Bopi keI rPRIGMRNE | RE. | n
general, a notion vectqgr is expressed by a, potion, conpensation precision. A
reference pict &PeCFedgeramasty EQh%r%ﬁﬁésbytiB?%?b%*%l?%gr%%%lﬁﬁcture dat a
of reference fganpé. F@ferrigg to ﬁ%G. qﬂ.mjtF rfgard to a pixel 605 in 20
the to-be- encou®y FFaf¥ B0S° n%oin 803 Vert FRa ? %Eﬁ%ﬁ%&ed, by 2.5
pi xel s, f£rom a, pj lnt nc 0 i resp t he
pi xel 6%% is ré?géﬁtﬁbgb,Qgﬁgg%ﬁéghn%i%%g€§%$o$m%€%&$ﬁ%?%a§?ﬁ%ggggﬁﬁ?t of
2.5 pixels is SP@PQ?an?hcéﬂethQ@Eab§@§1e€e§5iﬂniéﬁmﬁ¥§§§Oén@%éf@%'ng from
e

the pixel 605 to the reference frane 601 is generated by scaling
encoded notiontNgst oh 648 ppiagcerdance with the inter-frane 37
Brief Description of Drawings
FIG. 1 is a block diagram showing a video encoding
20 method according to the first embodiment of the present
invention;

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

25 FIG. 3 is a view showing an inter-frame prediction

relationship in video encoding and decoding methods

according to the second embodiment of the present



di stance. In this case, the notion vector 611 extending fromthe pixel 605
to the frame 601 is a vector corresponding to a shift of 2.5/2 = 1.25

- pixels froma pixel in the frame 60l corresponding to the 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

t o- be-encoded frane 602. Since notion vectors are scaled with the same 10
precision in encodi ng and decodi ng operations, only one notion vector needs
to be encoded for each macrobl ock even when a to-be-encoded nmacrobl ock
refers to a plurality of frames. In this case, if the notion vector scaling
result does notN¥&#%st%%n any of sanpling 15 points with the notion
conpensation precision, the scaled notion is rounded by rounding off its
fractions to the neft@st? whdl® WifHeTROEIRY a0 SHROVRT o TR drr 9kt bron

i nformati on encadi hg and, decoding net hods, accor di tp the sixth enbodi nent
20 of the pregtt® § TR WH T IR R4 (ST R AR nont

shown in FIG 6. In,th di t_sh in FI.G 6, when the .tenpora
novi ng speed o?c%o]‘;/clhd%dg tg(? crur ﬁr&srdzoeﬁn\goa%q?emheo%ve}}%garaesfeorft not i on
vectors gMth r 1 340, encoded data can be efficiently 25 reduced. In a
case wherein t%e tenporal novenent of a video picture is nonotonous but the
moving speed is nOtp£@NStans, o tHeakSEnQh 18y SANP e Sead Lndod L o vesdpr may
38 lead to a decrease in prediction efficiency and hence a ‘decrease in
encodi ng ef fi cienoyioddhige casieishamtddtfd Gnd . défodihd heetGasss shown in
FIG 6, a predictive pixel is generated fromtwo reference franmes 700 and 5
701 by using aadquoedi@6c@stite rfierencanikialentAsstunghd e e xel 703 in
the frame 700 and a pixel 705 in the frame 701 are referred to. As in the
fifth enbodi meitvesitolenin FIG 6, a notion vector 710 with respect to the
frame 700 is 10 encoded. A differential vector 720 between a notion vector
711 wi t1P respect toFite §rafrea 70lewantor rxpleininobted ted byfemetiant he
notion vector 710 is encoded. That is, the vector generated by scaling the
noti on vector SFIEPda/3nq Rptiey fibeds ALqsfie 9 fhe 1515781, and the

differential vector, 720 indigcating the difference anount between the
predictive pi @ﬁﬁbeiéfsm%rh% ‘?ﬁeﬁb‘? %fesﬁﬁt i IERORY. I n general, the
magni t ude of the ab differential vector decreases with respect . tq a
tenporal | y nonot onolgti:isfg‘rml\lle:hs\::n‘?l %JEE\\a/‘“én%/?f,e)f%feiarle of ,Vez%%?rnemn%%i%%tjs%ed IS

not constant, { (?{Igéjlnﬁd o&&]‘&iirg# %%%M%ﬁe{%ﬁ?ﬁc&}fgg@pl ncr ease

in the overhead fo I on vect I'S suppresse ossi bl e

to perfioy m ef fd g einancas nghe Rl GshShawsestidd; ot her notion vector
i nformati on 25 encodi ng and decodi ng nmet hods according to the seventh

enbodi ment of the presens igventien.fdn &hel Loty mendcshomiréomdden 8, a
frame 803 is a to-be-encoded frane, 39 and franes 801 and 800 are used as
reference framescading aarid atec@Dih penaithaks ppechrdiitd treespiectsdweretlpi xel
806, a pixel 804 in the reference franme 800 and a pixel 805 in the
reference framiugodingrt wboths Brezxdndy elveergidb@l/s to generate a predictive
pi xel . As in the enbodiment shown in FIG 6 or. 7, a notion vector 811 with
respect to the refefEhce fiand BRCK sAedEbre SNV RS | DV IARE ANGRINT espect
to the reference frame 801 can al so be g\g\cge:ated by using . the 10 notion

e

vect or %bt ai ne?PW%J%‘é?i tFE T Yh & © SO IE shown in FIG
the di ot ance DTIREH Ehe T ot OB T DU TTe oD GHESRE frame. In
the enbodi ment; shawn in FIG 8
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



15 and ot her enbodi nents, in order to performarbitrary scaling, division
is required because the denoni nator becones an arbitrary integer other than
a power of 2. Modtion vectors nmust be scaled in both encodi ng operation and
decodi ng operation. Division, in 20 particular, requires nmuch cost and
conputation time in terns of both hardware and software, resulting in

i ncreases in encoding and decodi ng costs, In the enbodi nent shown in FIG
8, a notion vector 810 obtai ned by nor maffzi ng the to-be-encoded notion 25
vector 811 with the inter-frame distance is encoded. The differenti al
vector between the notion vector obtained by scaling the normalized notion
vector 810 40-&rdeniteded gidalo Wwettiaon nvédieon ing he robded miemtaccor dance
with the distance between the to-be-encoded frane and each reference frane.
That is, the referdide pixdls 804 ey gheariaedy reamie mdt ithe \dedteor
obtained by 5 tripling the normalized notion vector 810 and a differential
vector 820. TH&reterened gi Relcradd ack géndrabed encosechd i ¢ teect or

obt ai ned by doubling the normalized notion vector 8/0 and a differenti al
vector 821. TH& rdtehad "dhowiPORimeat /8 prevents an 10 increase in the

encodi ng overhead for noptjaon vectors w thout decreasi t prediction
efficiency. In addifti%n,l%itfcé 8% muHng ﬁ[d?[el &Yq;@&%ogagﬁl be done by

mul tiplication. alone, in ases in the ¢ ut ation caosts f.or encqdi ng and
decodi ng oper asttir(l)‘lr(fs Y¢an Oglr gcé) 5 f%cggﬁgr essed. dI‘E‘I%é aé:clozrdémgl %&%glleagr am of
a video encodiNg 3p ?r{b%td'-i?%n i ch executes a video encodi ng net hod

0

according to {he el ghth e i‘ment of the present invention. In the eighth

enbodi nent, a fade gwef ectd ng 20 Ryl GRG-tf Yh AR dRULs Rjudnidee 1900 i s added
to the video encodi ng apparatus according to the ‘macrobl ock shown in FIG

1. The fade def eGlddy deidd %R0 meahed ales rain ndvebadd el wintance val ue for
each franme of the input video signal. If a change in |um nance over tine

has a 2% predef®onimechtsl ope, it is determned that the picture is a fading
picture. Aresult 901 is notified to a predictive node selecting unit |20.
41 | f the fade det etlid.nd Junis 0060 edetfemrieaxgsl gilmding Henprput]l diictewre is a
fading picture, a prediction node is limted to a prediction from one

ref erence fraf®teree lgtddinetitorfhigsaddd tdn embegdmeaktr apol ati on or |inear 5

i nterpol ati on of aépl urality of reference frames. An optinmal notion vector
and prediction nmode e thdF deterdfi f&F <GPS N GeIRTAL Rt rst 1 ag

the hoader of HHRIGFORIGER JandTs 10 B eaMbPRIBBrror 'si gnal 15 encoded

Combi ndton 15 wi Cish i e headel SaAT The e 9F He ke

pr edi ot on Mod8 1o T8  Mored Fa s e ct ok T FanEoRs foferancs Fram or a
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



predi ction based on the average value of a plurality of reference franes.
An optimal notion vector and prediction node are then determned. The
notion vector, prediction node, and predictive error signal 20 101 are
encoded. Wen the data encoded by the nethod of the enbodi nent shown in
FIG 9 is to be decoded, a prediction node for each macrobl ock is

determ ned fromthe first and second flagg i ndicating a prediction 25 node.
A predictive macrobl ock signal is generated froma notion vector sent for
each macrobl ock and the determ ned prediction node. The encoded predictive
42 error signal is decoded and added to the predictive signal to decode the
encoded data. dévedimet haepaeat uedwe tdinerivodig Ve heeebdiorerpr edf cti on
nmode information. 5 A sequence in a video encoding nmethod according to the
ni nt h enbodi nefte afresenprigveantiqiventi on will be described with reference
to FIG 10. To-be-encoded video franes are input one by one to a video
encodi ng appar at us ¥YHet shoih)2 ?@?%d$¢@ﬂ%ﬁﬁpﬁ%t%ﬁ%mp%ed%fe%t%ip¥%ﬁ each
slice formed froman entire frame or, a pluralit % of plxel bl ocks in the

frame on the b]a%‘i%c%t?l%gc}rfa‘heg%rlﬁlr?q’ﬂtqtal‘f?acr%e YatUe over

time or the i (step,Sl). Iefrarre predlctlon rmde or |inear sum
predictidn 15 %le W%g%%ﬁl%ﬁ %E tg'?e WG a frame. The si ngl e

frame prediction nngf |32§ Péedl {é&ns é?ln fa§e$§gﬁéé$gog.§w€%£félve pi xe

bl ock signal by sel ec i Ng”one op |mal r nce roma p urality of

reference fra fear %ﬂﬂf de of
generating a E‘Z"'”@vﬁé pi xerfé% %ﬁ%ycéa&g%e iction ase o rﬁéﬂtlo:bnf;gr sum
of two referengg phxeledt otk Si@hs. In the linear sumprediction node,
when an input video picture is detected as a fading picture, a 25 tenporal

| inear interpolatiopi€interpdl aty Dew of o EXEX PO Binh@na hasetb®Nvédtor
inter-frame tinme distance) prediction is perfornmed to generate a predictive
pi xel 1®3 bl obokfotrfiat ten i pupadi vt Teo ¢ricddirey insetrioid aad@stdigh@ited wles a
predictive picture block is generated fromthe average val ue of two
reference pi xetmpdigkest gnal Bhe Jecesrht olibesreigpded node i nf or mati on
indicating 5 whether a linear sumprediction using a plurality of franes is
an average val ue prE#Fet?onidratehpor&0r | erbrinmerporeltion %@@H@%tlon |s

encoded as the header data of a frame (picture) or slice (step S2).
checked whet het B? TR Qe T #btE t 47 et Wﬁ%trﬁﬁ'@c?% A FAA P ptt‘?:tt't.h’% (step

S3 If it det dt th t d t f adi t
an encodi ng mOUE TR exit Br2S BEH S er TERUUAY of (1 6 ency and the smat|
nunber 1og encoded b;[,_tfé |§6d§§egnﬂj ggkfé’fa@fﬁﬂ Clké)l%;g grpﬁfé}?&’?y o

encodi ng  node of selfecting a si ng e pred| froma

reference frangg { S{ffeSodncdd SO0 igs MU, RESEH D @hd emor@l |1 near
i nterpol ation predlctl%n %teﬁugg) (step S8). A macrobl ock header

cont ai ni ng t heerfibs &1meie sl Ngh @ Qo Fr@slent nfoFsmiicy i ndi cating the single
frame prediction node or linear sum prediction node and ot her pieces of

i nformati on concernFbg.the Sel ectieweficodexgl andend ean gexambke of a
identification infornmation of a reference frane to be used for a prediction
and notion veclbm@ar spPédrichdedegst Bhc SiD) . ddtiemiingt idre e tfHat ent i al
signal (predictive error signal) between the selected predictive bl ock
signaliﬁgd theag¢@ﬁ@}n@ftqh@he 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 present invention;

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

25 linear predictive coefficient determination method

according to the embodiment of the present invention;

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



99 to-be-encoded bl ock is encoded (step S11), and the encoded data is
output (S12). If NOin step S3, an optimal encoding node is selected from

- the single frame prediction node (step 5 S6) and the average val ue

predi ction node (step S7) (step S9). Subsequently, in the sane manner,
encodi ng of the information concerning the encoding node (step S10) and
encodi ng of the differential signal (ste§6811) are performed. 10 When each
block in a franme or slice is encoded in &ccordance with the fade detection
result in step 51, and encoding of all the pixel blocks in one frame
(picture) or one slice is conpleted (step S12), fade detection is perforned
W th respect tlondeer farad odrivis aldfdd aienie dategaddatexn stdpdsl) .
Encoding is perfornmed through simlar steps. According to the above
description, ¥R it é%\ﬁ)cﬁé@o&éln@%t $ifc ttliee PgsREVeriNVeHd i eme may be
encoded as one picture on a field basis. 20 FIGS. 11 and 12 show t he
structure of to-be-Erftodtd 34 deo’ Bt of Ac BRAiTF I 13Tt SEBYR "htd FIG 11

shows part of the data structure, ich includes the header data of a
picture or sl ilc’é’.eaf—rl @ref}zl_ s C&Frvg]fl&fle!&crd%g:le%‘km@&tl&n_ I”P?t'(fjhr? header 25
area of she pielineo Sd 66 L6 dBUOW 0 Ialormiion | ansaded

i nf or matd on "3 0 be displaye concer ni e di'splay tine of a

- be- encoded f | A gh " whi ch
to-be-encoded framg, s, 45, and \?ﬂew.f&eaéxdﬁl/%ilgmrggdvi@?ﬁﬂel%ﬂ%éﬂ&g e

is the second encodi'ng nobde Tnfornmation in atin r or not an

aver age val ue U GiLtiamdd SAAURY {1t LriRREndd near el ght ed

prediction flag" = 0 represents 5 an average val ue prediction, and "li near
wei ght ed predigtdqund lidgientibdepresents a tenporal |inear interpolation
predi ction. The encoded data of a picture or slice contains a plurality of
encoded macrobl ock mieg a.3Facd aaciobl ek b dalm dnss anstidrctudedd ke t hat
shown in FIG 12. In the header area of the macrobl ock data, information
(first lencodi rgpavode natflordretdan)dingitcattiheg embsidiglen tf refimehyer edi cti on
based on a selected single frame or a prediction based on the |inear sum of
a plurality ofprkesdntanesverstiantoded as "nmacrobl ock type", together with
selection information concerning a reference franme, notion vector

information, and thel$i k¥ H @ v cmaida 1Rt hand" e Heoweadiqr

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 encoding method according to the embodiment of the
present invention;

FIG. 39 is a view for explaining a motion vector



time-series structure of the to-be-encoded video data 20 including the
structure shown in FIGS. 11 and 12. In the head of the to-be-encoded data,

. information of a plurality of encoding paranmeters which remain constant
wi t hin one encodi ng sequence, such as a picture size, is encoded as a
sequence header (SH). 25 Each picture frane or field is encoded as a

pi cture, and each picture is sequentiallé7encoded as a conbination of a

pi cture header (PH) and picture data 96 '(Picture data). In the picture
header (PH), information "time info to be displayed" concerning the display
time of the to-be-encoded frame shown in FIG 11 and second encodi ng node

i nf ormati on 5 erdatEarg wed igmedgradiictd dre fitey erdrad ineygect vdley encoded as
DTl ar_d LWP. The picture data is divided into one or a plurality of slices
(SLC), and thexRasntaries3ueiti al |y encoded for each slice. In each slice
SLC, an encodi ng paraneter associated with each pixel 10 block in the slice
i s encoded as a sl it hetldets (BH oW e THOE T 1 BTGB Frekt bl ock
data (MB) are sequentially encoded, follow ng the s|ice header SH The

macr obl ock dat'G- IR HHIA Y et Hht P |\§%’1€ O?I&C?fbﬂedbq dﬁ Wpe" which is
the first encoding node 15 information shown in FIG 12, the encoded

i nfor matd on caMcETHI ng BHEYHI MY of each pixel in the macrobl ock, e.g.,

notion vector inf orl‘nﬁ%i oy (M/)a W“f‘ﬁé@%@%@%ﬁr&%té q&s{%{%grgé)ef ficient

(DCT) obtained by performng an or orm (e. di screte 20

cosi ne {1 ansf qruly Of: 51 10 A1 a6 e ch il el gal: Qs edlhotd g, er or

signal and encoding 1t. Tn this case, second encodi ng node i nformation
"l'inear wei ghtggd,dedi¢tion 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 met hod accprdi nge t Ds t eviewt shenhegli tientdat d | s beuchoses ided bel ow
e ]ﬁ; 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



reference to FIG 19. In the video encoding nmethod of this enbodi nent,
encoded data which is encoded by the video encoding nethod shown in FIG 10
and has a data structure like 5 that shown in FIGS. 11 and 12 is input and
decoded. The header information of a picture or slice contained in the

i nput coded data is decoded. Mrre specifically, information "tine info to
be di spl ayed" concerning the display tinS of a to-be-encoded frane and 10
second encodi ng node information "linear &eighted prediction flag" are
decoded (step S30). In addition, the header information of each macrobl ock
in the picture or slice is decoded. That 15 is, "macrobl ock type" including
the identifi catpparatnfsomidtdiorexafcud esefeervernte® farsnee i ngmiedhodect or
information, and first encoding node information and the |ike are decoded
(step S31). | faqdee dersoded a1 restoastidgsditn @ Inddee inifemarndt iinve20-iondi cates a
single frane prediction, a predictive block signal is generated in

accor dance wi AFQHE ingeritq filtiat AP AT OIS atd & 6 o e drasie® adkme and

predi ction node informtion such as notion vector information (step S34).
st tho 11 AP g Hoda | h B I G 75 HRAHCHISE Btk (o0 based

W th The decoddtt SRaBim SHEatl rf fode T SRRITN S Srahe eI A
h the decodslf : de -G t
S35) or &t ombORAItT NAAY AP ATt G S5kt ol (TS Y The

encoded predigtjige e ror. §ignale is, g)ciq)_egak %rbqe%tqql%eq]r;iQ tihgy predictive

signal. Wth this operation, a decoded picture is generated (step S37).
Wien each macrblQoks idh tdis: ROt Wik AlctSilve end & craqiants @l trlecoded,

starting fromeach macroblock head, and all the macroblocks in the picture
or slice are ggdieitelye 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
send the DCT signal to a quantizer 113. The quantizer
15 113 guantizes the DCT signal to send the gquantized
signal to a variable length encoder 114. The variable
length encoder 114 variable-length-encodes the
quantized signal to output encoded data 102. The
variable length encoder 114 encodes 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 115 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



10 decoded (step S38), decoding is consecutively performed again, starting
froma picture or slice header. As described above, according to this

. enbodi nent, information concerning encoding nodes is divided into the first

encodi ng node information indicating a single 15 frame prediction or a
predi ction based on the linear sumof a plurality of franes, and the second
encodi ng node information indicating whether a prediction based on a |inear
sumis a tenporal linear interpolation prediction or an average prediction.
The first 20 encoding node information is encoded for each macrobl ock. The
second encodi ng node information is encoded for each picture or slice. This
makes it possifBla@e demediicd t’/he encodi ng overhead for to-be-encoded node
informati on while nmaintaining the 25 encodi ng effi.ci encIy. That is, the
second encodi ng nodé i%¥oT r?é“tgqo(ﬂw”‘i%'cit SHE IS ¢ T actEstics in a
frame such 99 as a fadi icture,. Lf, therefore, the second encoding
mode i nf or mat itdt it$ @r’?&%{% E’(% aeggw ﬁria@esr%%rmf’r %,ntér%aiscﬁcornéasaéldfn code

anount required t.o,encqode t.he encodi ngg inforngti itself can be
suppressed 5 WHiTEP egﬁ@&gt&etegrﬁoor a?tr#qon |§Jee\;n%€ddi@??§ e fT: ci ency can be

suppressed as t%%ﬁg%%\é@%ﬁ L8 Rt 2% 1fcncading the diformation for each

macr obl ock. ENC TSt “enco g node information for each

macrobl ock ma rLsIfq‘}‘?r?_S'cﬁl & HeP ABLEITANE Y tH0 RRIIARIY a8, Mrde in
accordance with the individual characteristics of each pixel block (e. g.,
a picture thatrRarddes 3RREATT idshediisappRy@E myer tinme). This makes it
possible to further inprove the encoding efficiency. 15 In this enbodi nent,
since the encodi ng i egrlienc@sodifmdrite, fa risdcancbshaup ddies i unfeorafttilon and
second encodi ng node information are determ ned in consideration of the
characteri sti cirafe Wrdeaiqu ciuwessi,a tre lgh-sf fd i ériey cuhvingmtpifotamee-igual ity
encodi ng can be 20 done. A tenporal linear interpolation prediction in this
enbodi fEnt wi ldtdeddgrritredirstdaefidrensa Wane memashdd to G315 and
16. Reference synbols FO, F1, and F2 in FIG 15 and 25 reference synbols
FO, F2, and FLAgrIFIdgcoddatistieinemfordle yf it €radad firander Referring
FIG 15 and 16, the franme F2 is_a to-be-encoded or .to-be-decoded 50
frame, and t hd e HO 3RV FIT T8 16t 618 AradeE &S that in the

enbodi mrent shown_in Fl 15 and 16 v i.xel ..h i - be- encoded
frame or a to-BetHettded 13 erremegnsorp}? elgkég't eg’[‘}?éraogr%et%leéﬁgﬁ};eea{% d;Ifucgrrk{olo t wo
reference fra t | neayr icti | S a4 4 a0~

predi ction, ar%ersﬂe%%afcttllr{;}g l%)rli%(ntg?i %?%%é%ﬁe%%fee?ﬁ%olyfhe sidn%llde@‘aver age

of the yeef er encey, bl pcksy exirasiad & am i respestdiuel reference franes.
Letting refO and 10 refl be the reference pixel block signals extracted

fromthe frangsr&Q @iy d madespesdk vel ghakacde ofarpt eshediotei e xel bl ock
signals pred2 in FIGS. 15 and 16 is given by pred2=( ref0 + refl ) / 2 (15)
15 If the |linemcseimgrleds cgnan 133 a iThernpodictoilvemedicibloock a | i near sum
accordance with the tinme difference be to-be-encoded frane or a

t 0- be- decoded skfmaknkd®0 fiane. signahowitFfactd@ faom only the picture

in the first reference frame memory 117. The

20 predictive macroblock signal 131 is a macroblock signal
extracted 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 subtracting the

reference macroblock signal extracted from the second



20 "tinme info to be displayed" concerning tenporal linear is calculated in
tween a frane and each information a display tine in a picture or slice
header area is encoded for each to-be-encoded frane. At the time of
decoding, the display tinme of each frane is calculated on the basis of this
information. Assune that the display tinmes of 25 the frames FO, F1, and F2
are respectively represented by Dt O Dtl, and Dt2. The enbodi nent shown in
FIG 15 exenplifies a 51 linear extrapdPation prediction for predicting
the current franme fromtwo past frames. The enbodi nent shown in FIG 16
exenplifies a linear interpolation prediction fromfuture and past frames.
Referring to beFk&Sncd5ranflelfienbelt 1ng Rrokethbestyirldbstanaedbeiyween two
reference franmes, and Rc be the tine distance fromthe earliest reference
frane with respepllihg ahtoahplencddedff tapertdetbactomberentoded franme, the
time distance Rr is given by 10 Rr=Dtl-DtO Rc=Dt2-Dt0 (16) In both the
cases shown i BiBh&S. exSranted6frohethendarséxtredpokateofirpmedinempory and
liner interpolation prediction based on the above tinme distances are
cal cul ated byl15.pr @82sf pRedRefFivef DaREOPePLk} sigralEl1ZyeEqustRrehedl7) can
be transforned into equation (18): Pred2=refO + (refl-refQ)* Rc/ R (18) Tn
a pi ctuPe suchras a Padradipycedir 8o8itéppssifadifgr BEREGES VRhdSEMESgnal
anplitude 20 nonotonously varies_ogver tinme between franes, the tine fitter
in signal anpltPt G§8cEghehé P#H§39P§YaBSrB%F§éFEHVﬁAFﬁFﬁ°919€#y short period
of tinme (e.g., ,equivalent to three franmes). As in this enbodinent,
therefore, a ﬁﬁpgaAECUrate predi ctive picture can be generated by 25

per f or i ng_t enpor alp | neals | ALEIPQLAlIoeN o) Nedl eitiapolat oo or |1 near

interpolation) in accordance wth me di stancé betweéen a to-be-encoded

frame 52 and . gagh 10kt _era&%%%ﬁcfer%@%%eeﬁ_seacﬁoe%efaugng@u_rm@tty
Thi s mak ble fo

inter-frame prediction efficiency inproves. es it possi

reduce;phe geper atedicedeaRRERbLWOLROWY (Badkadbngrbhedpbet vhe quality.
Alternatively, 5 this nakes it possible to perform higher-quality encoding

with the sanephiedikcatiee Thecrabovekegendiragiagdudecodilngaproedssi ng in the
present invention. nmay be inplenented by hardware, or part or all of the
processi ng camnob®e-rplceaent adclryblockostivarnd. ektGSctéd dmdml&8heach show an
exanple of a predictive coefficient table used for one of the prediction
nmodes in the finpstt anidesi githadnBddi.medhs wiedhcitd vbagedrobloled | i near sum

of a plurality of . o
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,

20 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
(one 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



15 reference franmes. Predictive coefficients change on the macrobl ock basis
inthe first enbodi nent, and change on the frane basis in the eighth

enbodi ment. There is a conbination of two coefficients: "average" and
"linear extrapolation”. 20 An index (Code nunber) shown in FIGS. 17 and 18
i s encoded as header data for each macroblock or frame. In the eighth
enbodi nent, since a linear predictive coefficient is constant for each
frame, encoding may be performed by usiﬁﬁlonly t he header data of a frane.
In 25 the predictive coefficient table shown in FIG 17, the nunerical

val ues of the coefficients are explicitly defined. The predictive
coefficient tabtedshodTimoefbBcHetx d8tantizatlesalaservgeduon the near
prediction (interpolation or extrapolation)". By encoding such i ndexes, the
anount of i nfo¢Tatrans forher ehtddend canabel zedutkd, amtdshéace the encodi ng
over head can be reduced 5 as conpared with the case wherein |inear
predictive cobtfernehianalt@’ dreeeriyieacbdedroH @ vecterairépi®eatndi cating
a conbination of reference franes (Reference frame) associated with various
predi ction nDHe%nl%n@h%r$@+%Fl%ﬂdm%ﬂﬁh%%fQEm%%%%ﬂl%%E?§t0$r?%e B? esent

i nventi Referrln to nunber icates,_a conbination of
refere ge f r aEsd +ﬂ %r?ﬁé%t?%%eﬁBﬂ%ng%h¥a%Zth%% a?%?@uﬁ?eEgﬁlng frame

f back) : - Cod di g d back
and code nunper et 528 S4ER s edvatanuRt Bak b onriReSriRan 8ER of 7 r ames

one frane bacg gngst ?% stga kst$pa%$:%§§€gmoércpgglClen oF 2, the

prediction nnde usi ng ove i near ctrve coe Ts used. 20
In the first Qt@ﬁg Ot egd rents, t he conbi nati ons of reference frames
can be changed on thgﬁnacro ock baS|s and the indexes in the table in

FIG 19 are encode@noehgbecaeerohheﬁk bashse El &92120sargrhdgshew t he
arrangenents of a video 25 encodlng appar atus and vi deo decodi ng appar at us

accordimg to aheudOhémesbotynent and theoptesead shygalspnthén the first and
ei ght h enbodi nents, a 59 prediction is perforned on the basis of the

| i near sum of predbxt um sfghab (efeiengenérabed.bynapphyragtthe sdms, the
10t h enbodi ment can performa prediction based on sel ection of one speC|f|c
frame for eachobipmcvebtorkahg BEeAHCEherenode nbp ethef eignet franmes or the

linear sumof a plurality of reference franes. The video encodi ng appar at us
shown in FIGiCQ@PPHQPEﬂe%frE$%réﬁ%@e?Fhﬁ% %%ﬁ%?b%%cki7 118 and 152
corresponding to the HBX|nun1re OEE ge frame count i kew se, the

vi deo decodi ng app&fr§tué A ?I@i ﬁégﬁa@s efeVd 88 F?S Henories 217,
216, and 257 LorLeseonl1g;Ae, Lhea BT 6{er Bce o R ERURL (). 11
macrobl ock genergiQiggled &Rdembodiment of the 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 dequantizing unit 215 and inverse DCT unit

216. The resultant data is added to a predictive



15 251 generates a predictive picture signal by conmputing the sum of the
products of predictive coefficients WL to Wh and reference macrobl ocks
extracted fromthe respective reference franes and shifting the result to
the right by WI bits. The reference frames to be 20 sel ected can be changed
for each macrobl ock, and the linear predictive coefficients can be changed
for each franme. A conbination of |inear gredictive coefficients is encoded
as header data for a frame, and the sel eéfion infornation of reference
frames is encoded as 25 header data for each macrobl ock. FIG 22 shows a
data syntax for encoding by using a |inear predictive coefficient as a
header for a frigml 29% aocartiend tico at kiesceahioginentre 203encodi ng | i near
predictive coefficients, the nmaxi num nunber of reference franes is encoded
first as Nunmber O TMex deefoeteshqes:t r dMIOhtiisngadtterDenom atratExponent (W
in FTGS. 20 and 21) indicating the conputation precision of |inear

predi ctive coekffiecieantes firsmehewnenyoddd.. Clekf ipgieehtcive signal 206
VEightingFactquunerator[iLaSvm to Wh in FIGS. 20 and 21) corresponding to
t he respecti vésr gkeaecgateds bamas Preddgidivet daNgebdio ol JvmerRéfiagensds are
encoded. The |inear predictive coefficient corresponding to the ith
reference fraréd $0§i PEFIBY tWY e~ magg oblorkrpel esd oW 1& 229 & TPAdI cat i ng
a conmbination of |5 reference frames tao _be encoded for each crobl ock
according to PHFguéﬁbédﬂﬁéﬁF.Zéédénﬁuﬁ%érlg G SeRFiCCREs Wi B &Bfcti on based
on the linear sumof all reference frames. de nunber, = i ndicates that a
ref erence fraﬁ]@%ilgnoﬁgcsﬁgciaﬁdﬁ pfrregr%g%éﬁal F‘I%Ie gﬁ%rrzfr%%]f Ogbggliefi c nunber
of frames back, s i3et,3s 8qoef CHance iare. AdRLadigl an bagad gn.l he

| i near sum of a reference frames 1s performed by using the“predictive

coefficients ghown '&e%lo@edzzlmnle@itameslyf@%%or%o%emen%%eﬁr %%gfat b9

coefficients are set to O so that a 257 inear prediction based on a
conbi nai on ofanar Biddoaidedr ehererce ifdsames reaknke FWirhadert he 7frane

basis in the |inear prediction node. In this enbodiment of the present
I nventli on, a 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



56 notion vector or differential vector is encoded by using the spatial or
tenporal correlation between notion vectors in the foll ow ng nmanner to

. further decrease the notion vector code anpbunt. 5 A notion vector

conpression nethod 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 frane. Wien a notion vector or
differential vector of the 10 macrobl ock3& is to be encoded, a prediction
vector is generated fromthe notion vectors of the adjacent macrobl ocks B,
C, D and E. Only the error between the notion vector of the prediction
vector and thajeddnd he: facsodd ofkarfe imerenepde8 On rhe. decodi ng side, a 15
predi ction vector is calculated in the same nanner as in an encodi ng
operation. The notidmayectldrook 803 femeni¢ al 3vest artofbehenomdedbl ock A is
generated by adding this prediction vector to the encoded error signal. 20
Encodi ng a notnarraeiiot, erriorh bys vaanetd ted drngt bs ome ot e ororarbatinet i ¢
encodi ng can conpress the picture with high efficiency. A notion vector can
be predicted WL usitREerFiCexsrpiebladte Hetikn e SernGal feamst t he
notion vectors of the macroblocks B, C,. D, 25 and E as a prediction vector.
A noti o vect otOC AR 5T DR TRAFRD AT RL L etpbrit e I RIGIESM 1| be
described with_reference 57 to F 25 25 show two consecutive
frames (FO, FPTal&idthi ngV‘i%tﬁscai(%,anr%fﬂf e M T, D, and E
denot e adj acent crobl ocks. in the(_f1 d.. and e,

. Fil: d . b
macr obl ocks at"HHe! seHEP & HosF 1Y oHy J;(ganf%oé}%e gélo?%l%%(r:%%lfo}&s A B, C D
d Einthe f i i ff j t f th
et obl ock A 1ACTEr Gl MERIPTR Tl | A WE Mol S BISRLA, YOO%h ot the
same posi tion @seihalo0f 4 he.Jmox obd Gpkad §5r S8t @St el Getdon 10 vector.

The notion vector 1nformation can be conpressed by encoding only the error

between d hi s presi st | & USES D c@ih tiedyegd Oreid theosrmsiabdack A A
t hree-di nensi onal prediction is further made on the notion vector of the

macr obl ock A hyadmsomo@k 150 Spat Iotdepatialg capeed bt dron angrddie- tidtd on
vectors of the macroblocks B, C, D, and E in the frane F1 and of the

macr obl ocks a,magrablack antgmal ni$ heerfemmeedCoy Thelimpt flom meictar can be
conpressed with higher efficiency by encoding only the error between the
prediction 20 Vector amd prhediotben diedriebviezined M tihecenioredi onal
prediction on a notion vector can be realized by generating a prediction
vector from tHhéhedi an val ue, average value, or the like of a plurality of

atiotenporally adj nt noti.o ectors. 25 An enbodi nent of mmacrobl ock
ST SRR R P RGN e e i A AR
) ti ; Lo ; ¢ bl ocks |
whi oh 531 or CRSRERLLON RGOl | Ui ETOO ko | DEFELAIEY cotder 0D 0okP I

this case, in orderqigreduche thig: £RCOU N OVER herdh o ITREK 0bl Peksn d hat
satisfy predefined, predeterm ned conditions are not

present invention. FIG. 4 shows an example of using a
plurality of past reference frames, i.e., a linear

20 extrapolation prediction. 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 frame, and frames 400 to 403 are

25 reference frames for the frame 404. Reference numeral
413 in FIG. 4 denotes an encoded macroblock 413. 1In

encoding operation, reference macroblocks (409 to 412



5 encoded, including the header data of the macrobl ocks, e.g., prediction
nodes and notion vectors. O the headers of video macrobl ocks, only those
of macrobl ocks corresponding to the nunber of macrobl ocks that are
consecutively skipped are encoded. In a decoding 10 operation, the skipped
macr obl ocks are decoded in accordance with a predefined, predeterm ned
node. In the first node of nacrobl ock skipping according to the enbodi nent
of the present invention, nmacroblock skipping is defined to satisfy all the
followi ng 15 conditions that a reference frame to be used for a prediction
is a predeterm ned frame, all notion vector elenents are 0, and al
prediction ernar Fsicgnal)s aake et rbrtaddécoth o copersdlkictnvea rpfedieticeve
macrobl ock is generated from predeterm ned reference frames as in the 20
case wherei n d@ramkeisoforeeboh ite®-Be-Eheogenematcedioed dhi wecoadaalklkeock i s
reconstructed as a decoded nacrobl ock signal. Assune that setting the

| i near sum of wilih et dnatvelcy opsedd@bngof AAResnad'I& .r dfl efemcehferanme is a 25
ski pping condition for a reference frane. In this case, nmacrobl ock ski pping
can be done evesprketiyepirefgrengiRodsagiegnal A wredsicty Vehangaobdeek ti ne,

i ke 59 a fading picture, thereb{ inpnovin% t he encodi ng efficiency.

Al t er naPi vel y 15t BENEERSS NG *OBN @i PitEA arkdy Yo & Tc KEIGEGTCEr Te&ERLAPSHRE by
sendi ng t he igpex 3{ a reference _frane seran%.as a skipping condition as
the 5 header BXt& Of"E4¢h SF&RECIBY 1CRaRyiS g SHE  r ame ski ppi ng condi ti on
gg condk%i n can b s%b.in acgprdance wth

for each frame, an O%&jnaké%gJﬂﬂo redictioh mode one a
the properties of an |Hgﬁt pictur . & R y re&hC|ng the eﬁ%oéﬁng over head.

10 In the secand mde of, fcrablack skinpNeAcCerding q Lhe eaiodi ment of

the present invention, a notion vector Ts predictively encode Ssune t hat
a macrobl ock %&h&%&%gngg%dhﬁhq%uh§p%%@?c%q%ee%&q%rfH%n%heo%fa noti on vector

is 0. The remaining conditions are he sanme as those for nacrobl ock

ski ppi mg in tRe kil oiDeR ddesabirbed plemet ik herseaert maded bh decoding
a ski pped macrobl ock, a prediction notion vector is generated first. A
predi ction pidtinear prgeietdioad ifsr gelpcedet.er tnkedonefieneioa bifanes by
using the 20 generated prediction notion vector, and the decoded signal of
t he macr obl ocK insage pareatiad.i vien coled ftilvird trrode ofe traovioleidodlo rsleigghi ng
according to the enbodi nent of the present invention, a skipping condition
i s that to-belfendsdedanstacort ngdiet drops & winGMas iidon ave riagentliu@dnanget he
notion vector information encoded in the imediately ggeceding,nacroblock.
To- be- encoded PRSHIESR fEAM&S (OVEST €0t $he ggke. ~ 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



a prediction error vector when a notion vector is to be predictively
encoded, and is a notion vector itself when it is not predictively encoded.
The renmaining conditions are the sane as those in the first node 5

descri bed above. In the third node of nacrobl ock skipping, when a skipped
macr obl ock is to be decoded, the to-be-encoded notion vector information is
regarded as 0, and the notion vector is reconstructed. A prediction picture
10 is generated from predeterm ned referéfce franes in accordance with the
reconstructed notion vector, and the decoded signal of the macroblock is
generated. Assune that in the fourth node of macrobl ock skipping, a

combi nation ofiJaferanceidd anBand 0 A& useshds 500, @ edi 3| oand ssa4lenti cal
to that for the imrediately encoded nacrobl ock. The remai ni ng ski ppi ng

condi tions are;tdier SedEedse thogeed N the fhé stas@denslascii bers abpyein Assunme
that in the fifth node of macrobl ock 20 skipping, a conbination of

reference framascasety f@feraPi@di oid ddedcsditigndperdt ian t hdte f Dramde

i mredi at el y encoded nacrobl ock. The renai ni ng ski pping conditions are the
sane as those 300t he0T; r$a3 ol desod | He2l @aboveea2baissdingn tttatsin t he

si xth nmode of macrobl ock skipping, a conbination of reference franes used
for a predi ctiondés. | dentilalcase thhitediordime, | arpbimaklty oB1lerebded
macr obl ock. The remai ni ng ski pping conditions are the sane as those in the
third node desteddded abbyleure 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 509, 510,
10 512, and 513 or one of the predictive signals obtained
from them by linear interpolation predictions is
selected on a macroblock basis and encoded, as in the
embodiment shown in FIG. 4.
FIG. 6 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,
a predictive macroblock signal is generated for each
20 to-be-encoded macroblock by using 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 deterioration in encoding

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



According to the skipping conditions in either of 5 the first to sixth
nodes descri bed above, a reduction in encoding overhead and highly

ef ficient encoding can be realized by efficiently causing nacrobl ock

ski pping by using the property that the correlation of novenent between

adj acent macrobl ocks or change in signal 10 intensity over tine is high.
FIG 26 shows an enbodinent in which a |inear predictive coefficient
estimator 70l is added to the video encodPng apparatus according to the
enbodi nent shown in FIG 20. In the linear predictive coefficient 15
estimator 701, predictive coefficients for a linear prediction are

determ ned framea Bl wraldityiek mekeoeneekf sdres li N satoobedaree anatdt he

di stance fromeach reference frane and a video frane, a tenporal change in
DC conponent Wiyt ki ra tiimgutr effearse,.c eama ciriod Loicke s iAn20 splfuoal ity of

enbodi nents associated with determ nation of specific predictive

coef ficients welferipaceedcremeed belspwctENvEly27 oslkoms ta opr edicdioiroandet hod of
predicting a frane fromthe linear sumof two past frames. 25 Reference
frames FO andthE #Hodlgsedefsderaochitgdaslr fve skl iRef dhendetdpmbalestRE and Rb
denote the inter-frane di stances between the respective reference franes FO
62 and E1 andiPhécgodelgnceamd the theeti nfigraddapme Bd sitiercsr aFeedised-ve
coefficients for the reference franes FO and E%Kbﬁ,conbinﬁglo of first

li near predictive coéffamg ee‘ﬂ)@s 1S & 0% Py 8)co th A€ st 15 fi&¥at i on 5

b bt ai f t i_npl f the t f f .S d
Thear predi cfibe RapetD Erente are an dARIiea by o Ces: Cont FAFOPaTi on 1n
peoordance i kel AP LEATR O $LANCE Ak 09 62988004 B BliGe127(20).

i near predictive coefficients 10 are given equation .1, for

exanpl e, the fyame it ervaks e +aQnst Mired o1, 25RR a4 Liiear predictive
coefficients given by: | | - RRROR- RAE~ R - Ra (20) are (W, W ) -

(-1, 210 . 15866@" dinkd da@ c@quat ii@l&e(r%)l,at%\ﬂe@oiifnttb:gtihnta_eFxferca@&oﬂi stance
bet ween each reference frame and the video frame arbitrarily changes, a
proper |inear ofr edisctdixelcan I .medehoeen idasel aheexdmplae motion
vari abl e-franme-rate encoding is perforned by using 20 franme skipping or the
i ke or two ardoimpreasy tpast pesiies iane iselpectfedmasl weftdr enpeefoiames, hi gh
prediction efficiency can be maintained. In an encodi ng operation, one of
the first andofeddrd porxedi-ct Av@otion compensation pixel precision is
defined for each encoding scheme as 1 pixel, 1/2 pixel,
15 1/8 pixel, or the like. In general, a motion vector is
expressed by a motion compensation precision. 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 pixels 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



coefficients may be permanently used or the first or 25 second predictive
coefficients may be adaptively selected. As a practical method of
adaptively selecting predictive coefficients, a nmethod of 63 sel ecting
predictive coefficients by using the average | um nance value (DC value) in
each frame may be used. Assune that the average |um nance values in the
frames FO, F1, and F2 are DC(FO), DC(Fl), _and DC(F2), 5 respectively. As
for DC conmponents of a intra-franme, the ﬁggnitudes of prediction errors
obtai ned by using the respective linear predictive coefficients are

cal cul ated by the equations (21) and (22): 10 DC~F2~ - ~DC(FO- 2 DC(Fl ~~ (
21 ) DC~F2~ - R RrRa DOC-Rlhis dArda Re DOHEO (e @ )61F the val ue of
mat hemati ¢ expression (21) is snmaller than that of mathematic expression
(22), the 15 faxtsindiireyi Ttawvelowafftel eaits it sdlecimaie 1§0% Hes \aal ue of

mat hematic expression (22) is smaller than that of mathematic expression
(21), the secomfirediatiesraotitg ciem skl elakt2ad/ By chahyinigafese
predictive coefficients for each video frame, an optical linear 20

predi ction canfi8" radeidl aldt dritfancedn® 14 O THRIRRREM St st a vi deo

signal. Efficient |inear, prediction can also be made by determ ning the
third amd fouRHgr e%qgtlirgec‘?fb%“f TRy By WS rfg‘qﬁ%"ﬁlﬁni‘eo Gt axeSral ues

R L

DG(F2)1 0~ 1- co fiond® PATOeoy Mne SR LOURA 1 240 Thad g ddaear

predictive co I Clen en by equa I's the weighte
calculated in gonsi degation of the ratios of the DC values in the

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 not 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 overhead 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



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 and the inter-franme distances. In the
use of the above second to fourth linear predictive 10 coefficients, |inear
predictions require division. However, matching the conputation precision
at the tinme of encoding wth that at the 4nﬁ of decoding allows a |linear
predi ction based on nultiplications and bit shifts wi thout any division. 15
A practical syntax may be set such that each linear predictive coefficient
is expressed by a denom nator to a power of 2 and an integer nunerator, as
in the case soWmadntF| & deoress e 128 sadhet Jonet hbHC bénpY edindt hegca rane
fromthe linear sumof tw 20 tenporally adjacent frames. Referring to FIG
28, reference $57PORSE1iepbERIAdt BIHECEPROYed FRalRE FEFANTIEM FRf erence
frames; and Ra_and Rb, the inter-frane di stances be%meen tgg respective
reference franBiCand t #e %PdEBefF%ﬁ% S@ﬂw%dﬂ?tf5ﬁ i nRaPTo% pt e cti ve
coefficients for the, referencg rame O and_F2 are egreSﬁ?ﬁgd QX WO and
V2, respectivePyeThiSi RERELFFSte 59%r 48 53F%E§n8? h&™ftinf nante®val ues of
f 65 the.respe ve franmes are repre ted b nd DC(F2),
respectlaely ﬁ%L byyﬁaﬁn%f p?éﬁ?gt' %%e?f EK% %%n%[%%% S??%% t hose
in FIG 27 (20 e b ( 4 : 5 0
g (28 18 Cadb iy YO, BRECEEATE B0 (i 2 gl Vi% # - w

~ DA(F 1~ Egﬁglfﬂa@g QO? are rggéfggd tg, DA(F2)J () Ra ~ DC(Fl) Rb ~
DC(Fl) 2 8 0~ W~ - a DC(F ~ + Ra DC(F2)~ ( ) Equation (25)
represents a Sl”p|eAQVQha@BepEQ@tﬁtbﬁBonﬂ@ﬁtlQHOQQGIn areei ght gd mean
predi ction 15 based on an inter-frame di stances, equation (27), a weighed

mean predi cti omobasedveatbhevtat woshotespecbDCtwathesfrand @quaison (28), a
wei ghting prediction based on the ratios of the DC values and the
inter-fr@me dishanded. 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
vector 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 1s suppressed. This makes
it possible to perform 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,



20 FI G 29 shows a nethod of performng a predeterm ned prediction based on
the linear sumof three past franes. Reference synbols FO, F1, and F2

. denote reference franes; F3, a video frame; and Rc, Rb, and Ra, the
inter-frane di stances between the 25 respective reference franmes FO, F1,
and F2 and the video frane F3. In the case showmn in FIG 29 as well, a
plurality of linear predictive coefficie 5 conbi nati ons can be concei ved.
The following is a 66 specific exanpl e.”"Assune that the linear predictive
coefficients for the respective reference franes are represented by W, W,
and W2. A conbination of first predictive coefficients 5 is given by
equation (29).arkheffamesd §oedimed i 80 HArecoeddd denmtafarenaseitcdnes a si npl e
average prediction based on three reference franes. A prediction picture
F3012 based orwitHe 4 i frameradh dve ey coefdped entW conbiesnd@h s a epresent ed
by the equation (30): ~WOWM ~W ~=C3~3~3~(29) aF312 - 3 ~Fl
+ F2 + F3~ ( Pixel b sexaniiiet MY, 1and 9 olf th Prerti Tidme 8% et fa cient s
are coefficients for%ﬁfrforning an extrapol ati on prediction based on |inear

ext rapol at i on B\XSeIFEY i 11y tho TS omate Th &5 ¢ 1S frames as in
the case of a prediction based on equation (20). letting eF312 be a

pr edi ct ie50n pi £?f%r%fc? R XSt 2% %t%év@ﬁ)%%l?tsl\ﬁ it%ed fromthe
reference franes F2,and Fl, e p ictjon.plcture t he vi deo
frame f3 which is p S0fn toe FERRSa e PLSEEL L T REC RIS o), F% and eF301

be a pr edi ot ), g4 U e 0f 10 V8D {1ATE FILANLED S B EiotaiL g om ¢ e

reference 25 frames F1 an , ese prediction pictures are respectively
represented byg@fiual i ONSodSdd) . A3t 88 «SHNor with respect to the

reference frame 801 can also be generated by using the

10 motion vector obtained by scaling the motion vector
811. In the case shown in FIG. 8, however, the motion
vector 811 must be scaled 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 1s 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. Division, in

20 particular, requires much cost and computation time in
terms of both hardware and software, resulting in
increases in encoding and decoding costs.

In the embodiment shown in FIG. 8, a motion wvector

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



67 a F3 2 =

equations (31) to (33),

Ro 2 Ra Fl ( 31) Ro- RARRb- RaeF~2 = Rc F2 _ Ra FO (32)
Rce'- RaRRc - RaR5aF31=RcFl- ROFO( 33) R - Rb R - Rb Letting
eF3012 be a prediction val ue obtai ned by averagi ng the val ues given by

t he prediction value eF3012 Can be given as the

fifth predictive coefficient by the equation (34): 10 3 (Rc - Ra) (Rc - Rb)

+ 1 RaRb -

2RaRc + RbRc F1 ( 34 ) 3 (Rc - Ro) (Ro - Ra) + 1 - RaRb -

RaRc +

2RbRc F2 3 (Rc - Ra) (Rb - Ra) a F~ 12 =49 2RaRb - RaRc - RbRc FO One of
the first to fifth linear predictive coefficients nay be used.

Alternatively, intra-frane average |um nance val ues DC(FO), DC(Fl),
and 15 DC(F3) a6t the braggsafOmotlonFZecana F3 mayoBedcahculabedanard the
intra-frane average | um nance value of the video frame F3 may be predicted
by usi ng eachwaf:ht it ealkidwe ahicee bprredictt ithe toeble-enentied Gramel ahlkle
predictive coefficients which exhibits a m ninmum 20 prediction error
sel ectivel y usedhf orfeaehce deanfr.anfhathe sysehef relferkateepiaelasddnment

al l ows automatic selection of an opti mal

DC(F2) ,

may be

| i near prediction on the frame

basi s in accordageaewatted He opr dper mogs oof vae tiompobtpiicedr yand can reali ze
high-efficiency.enqodigﬁ¥525 In_addition, the predictive coefficients

obt ai ned

68 thy PG

A rivad ifzieds mottd oy iely tiorn8aP preldiact i ve

coefficients by the ratiaqs of the averagg | um nance val ues of the

respective fr&tddereyntielusestors 8200r

coeffici ent

RanpIed ereREef PR Lp B éi ve

a predictivei§gg%?%i%%L%%é% i EHE%§%%%3§fﬁ%ﬁtEggﬁ%ﬁéﬁgﬁy'%@L%%Q%% val ues,

10

15

20

25

the normalized motion vector 810 and a differential
vector 821. The method shown in FIG. 8 prevents an
increase in the encoding overhead for motion vectors
without decreasing the prediction efficiency. 1In
addition, since scaling of a motion vector can be done
by multiplication alone, increases in the computation
costs for encoding and decoding operations can also be
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
unit 900 for an input picture 900 is added to the wvideo
encoding apparatus according to the macroblock shown in
FIG. 1. The fade detecting unit 900 calculates an
averadge luminance value for each frame of the input
video signal. If a change in luminance over time has a
predetermined slope, it is determined that the picture
is a fading picture. A result 901 is notified to a

predictive mode selecting unit 120.



low. This applies to the remaining predictive coefficients. r 1 DC(F3) _1
DC(F3) 1 DC(F3) 1 10 ~wo~ W~ w2~ - 3 ~ DC(FO ~ 3 DC(FI) ~ 3 DC(F2)J
(35) FIG 30 shows a nethod of performng a prediction based on the |inear
sum of two past franmes and one future frane. Reference synbols FO, Fl, and
F3 denote reference franes; F2, a video frame; and Rc, Rb, and 15 Ra, the
inter-frame di stances between the refereg?e frames FO, F1, and F3 and the
video frame. In this case, as in the caseé"shown in FIG 29, a plurality of
predi ctive coefficient conbinations can be determ ned by using the ratios
of the inter-frame distances and 20 the DC values in the respective franes.
I n addi tion, an optlfrdiheratictdate coiefd iwiintd Words et igre cdrhade the
determ ned fromthe prediction errors of the DC values in the franes.

Li near predi ctingmtexprassions ¢ fndddic td e p® ¢ defftied iditire ladss géndi ng
to equations (30) to (35) in the prediction nethod in FIG 30 are expressed
by the equati didi(tss) Gt q pPredictgery fppm pne Fefeyepqsy Lrame- q3@) a F2 3
- Rob F3+ RakF (37 Ro + Ra Rb + Ra 5 eF23 = Rc F3 + Ra FO (38) Rc +
Ra Rc + Ra eFﬂeE‘(lﬁctlﬂ%-bﬁ?q:Gn( IHNRE S RO LR eF1F DAL JRaRh +

RaRc - I%Fq%g%+%%§?-£@ﬁ%®§%%+g%%4%%%FI(40)3
(Rc - ( Ro PP &t + R £ CFFF EREF RAP R + R

optimal motion vector and prediction mode are then
determined for each macroblock. The first flag
indicating the determined motion vector and prediction
mode 1is 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, prediction 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 prediction

25 mode. A predictive macroblock signal is generated from
a motion vector sent for each macroblock and the

determined prediction mode. The encoded predictive



10 1 DC(F2) 1 DC(F2) 1 DC(F2) ~Wo~- Wl .~ WVB~ _~3 ~ DC(FO ~ 3 DC(F1) ~ 3
DC(F3)~ ( 41 ) FIG 31 shows the first exanple of a notion vector search in
vi deo encodi ng according to the enbodi ment of the present invention. FIG
32 shows a notion vector 15 search nmethod in a case wherein a prediction is
made by using two consecutive franes as reference franes, and one
representative notion vector is encoded, shown in FIG 6. Reference
synbol F2 in figure denotes a video frane;” and FO and F1, reference franes.
20 Reference nuneral 10 denotes a video nacrobl ock; and 12, 14, 16, and 18,
sone reference macrobl ock candidates in the reference franmes. In order to
obtai n an opt i ¢8OS i omal ek ofefored hnderdddd oek e wedbat eet or

candi dates (notion 25 vector candidates 11 and 15 in FIG 31) for the
reference frangl¢nahi i feeendt ton soeededs@akzh rAnge method i@ vector 13
obtained bY 11 a notion nd the notion vectors ~a np, vector candidate and a
scaling the mTeicectd? WP tPeeTRrRat FohaF ¢ Seld? iPE¥%e ntion ctor
1~ obtained bY,ve dilate 1~ in FIG 31) obta inter-frane can es in

accor dance vvrthnf?fém%%e‘?réhce for the r vector candidat as notion vectors

ted frongdiStance aﬁesgaggnégciﬁvg U?&égbggggdiﬁggﬁggﬁgd 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 1s 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 temporal linear interpolation (interpolation or
extrapolation based on an inter-frame time distance)

prediction is performed to generate a predictive pixel



1~ and 12 frame FO. A pred the reference macrobl ocks frames FO the |inear
sum of cted fromthe two reference 16 and 18 extra | ue between the
predictive or is nd F1. The differential va a _be-encoded nacrabl ock 10 10
macr obl ock and the to differential value becones vector is determ ned
fated. When this calcu the corresponding notion esult for each nmacrobl ock.
~nimum~ m rch r as a notion vector sea %ﬁdictive encding is then by using
the determ ned ion conpensation p 15 Mt ‘rmed for each macrobl ock perfo ion
determned in considerat otion vector. meach notion vector itself A notion
vector may b the encoding overhead for ,fferential value. A ntion of di

m ni mum code weldclks thie Hhovienmxhibidep 20 we drs mpk e Saliget ed, which a
differential vect the aired to actually encode vector. ~s described above,
amount req hodlidr bt & rPEAt keiciifatel & uyralblank tife Jrneom mhir=n n anunt

than in 'on vector search net nots ion vector with a smaller c
the average value of two reference pixel block signals.

Second to-be-encoded mode information indicating

5 whether a linear sum prediction using a plurality of
frames is an average value prediction or temporal
linear interpolation prediction is encocded 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 S3). 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 prediction 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 wvector) is

25 encoded (step S10). Finally, the differential signal
{(predictive error signal) between the selected

predictive block signal and the signal of the



of arching for optinmal notion 25 mthe nethod of separately se ef erence
frames FO and F1 ' vectors for the r m FI G 32 shows the second exanpl e
of a notion vector search in video encodi ng according to the enbodi nent of
the present invention. FIG 32 shows a notion vector search nmethod in a
case wherein a current 5 frame is predicted by using two consecutive franes
as reference franes, and one representative notion vector is encoded or one
representative notion vector and a di ffeféntial vector are encoded, as
shown in FIG 6, by the same nethod as that showmn in FIG 31. Referring to
10 FIG 32, reference synbol F2 denotes a video frane; and FO and F1,

ref erence franesbeReimerceiree blwndr dls B cdelzat €S taprisddd ,macidohlheck; and 12,
14, 16, and 18, reference nacrobl ock candidates in the reference franes. 15
I n the second emgtodm® wedteori sseartghut aSdedr.ch is made for one notion vector
with respect to the two reference frames as in the first notion vector
search. Referring tif NG ixstep foti am vadtiora 1 ergvdl i grorddsn isect or 13

obtai ned by scaling the notion vector 11 are 20 sel ected as optlcal not i on
vectors. A re-S&d q o 1ead & reors 1 g6t iTeRmPe EEGA i Gy é@ﬁ@ct stt&Pa
reference macrohl ock, fromthe frame FO in an area ne rmtl n vector
13. In re-sear mgtqeor?vetrr?@eréffael%@ée%rl ® £r'dm the frane

F1 by using the noti 25 & ctorqﬁkls fixed. A predlctlve nacroblock is
generated fromYt® 5 near ° rﬁe&u o Y efidy cee Waﬁl drid PR 4 8Fer ence

frame 14 extrag ed an &eq neal, W o2 /DL:0N NECLOh A3 of the Lrane FO.

A re-search i s ma |on Vector W h res SO e frd FO so as
LR R I A e X

are performed.

10 When each block in a frame or slice is encoded in
accordance with the fade detection result in step S1,
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 S1). Encoding is
performed through similar steps.

According to 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 video 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. 1In 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,



frame rate, and the interval between the frames F2 and F1 and the interval
between the frames F1 and FO are equal. In this case, in order to search
for a constant 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 frane F1. A search for a notion vector with
respect to the two reference frames FO and F1 with the sane precision
requires a conputation anmount four times4barger than 15 that for a search
for a notion vector in a prediction only fromthe reference frane FL.
According to the second notion vector search nethod, first of all, a search
is made for aapmtifQagvedtioeaw WRigBspachbreaitheonheffeagncaniicamesFihei th

full 20 precision. The reference frame " FO is then searched for a notion
vect or obt ai ngdcbydseakioadnthmsdent hdbrnection tindéieatTheg wekehemcerfrane FO
is re-searched with full precision. The use of such two-step search

oper ati on cannpédace atvke agenpatlakei pmedimunbnf ds aedetited.vedthoth25 search
to almpst 1/9. In the second notion vector search nethod, notion vectors
for the referense,f'ampsaEOwanghEkedapsediz8isnpdianél ¥ 6btrapmedentn

encodi ng these notion vectors, first of all, the notion vector 11 for the
referenge frafd FYeradendeded. PTREigiiPar eAlfal vector between the notion
vector 13 obtained by scaling the notion 5 vector 11 and the notion vector
obt ai ned as t héPE&gLIedPhteds BILERCHGOPhE P81 efeRcE®PFERERED Ps encoded.

This makes it ible to reduce th di head f h noti
vector. A seatREPS tmddPEGE CRESTBELOh VEcPOF ES toffai ned 10 scaling the

noti on vector 11 i%h% r?&%ﬁﬁ&thE%n%% %fpﬁtthr%'bfmsﬁqc%B%%ﬁﬁﬁﬁp%{gpiSion

of 1/2. Only a re-sear ch s ma or "t he*motion véctor

precision. | ”%ﬁ}%lﬁ%%zeoft ggc@teitdgﬂf}éggb%cw 4 LesPRGEpt ﬁagPSbf’LS'ciear ched

reference fra s “scal I'S makes it possible to uniquely

reconsgpuct thetA0HaAN 2V et thleMitifer e8ReCEnbANt he FeGer ¢pce frame F1
regardl ess of the re-search result. Therefore, only the notion vector with

respect to theneehereree affean® tFEhBabeoBNeettedath) andeendtngn20
operation, the notion vector 11 with respect to the reference frane F1 can
be obt ai ned by ficalti rpcbldeng 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



received notion vector to 1/2. FIG 33 shows the third notion vector search
method. In this notion vector search nethod, a current 25 frane is

predi cted by using two consecutive franes as reference franmes, as in the
met hod shown in FIG 31, as shown in FIG 6. One representative notion
vector is 79 encoded, or one representative notion vector and a
differential vector are encoded. Referring to FIG 33, reference synbol F2
denotes a video frane; and FO and Fl, reflérence frames. Reference numeral
10 denotes a 5 video macrobl ock; and 12, 14, 16, and 18, sone reference
macr obl ock candidates in the reference franes. In the third notion vector
search, as in thethirstdara)secand texanpl e, uisedradissr aff)yade for notion
vectors 10 with respect to the reference frames FO and F1, and a re-search
is made for a inofdmommtviewt ot ime hinfes gectbe olitdel awfdr erpedrmainmey Fhe | n
general, in a video picture, the correlation between franmes that are
tenporal |y cl adienleedchnotdferths wrmmen@dade taawgd shigvofin his property,
the prediction efficiency can be inproved by obtaining a notion vector with
respect to theTef e]rjerwéglfﬁ%ﬁ@¢leﬁfé?ﬁﬂ&%m%ﬂ%llds&rtmétqurhe reference frane
F2 with higher precision in the third notion vector search. 20 FIG 34

shows a ot i on Vet Bl 41y it Wrdrhhg 3¢ tiRSRAAIOdH $eht of the
Cncoded | mredi STEIY DA DAL TR F2 PG S B TR Bks 1o be
enooded 1 espectipldye 3, A A 75 el bl ool oopled L g oo
al so Sho“’tO‘foé”Eé&E%kE@Hify‘éﬁ%éd%&‘ertéH%h 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 the first encoding mode
15 information shown in FIG. 12, the encoded information
concerning encoding of each pixel in the macroblock,
e.g., motion vector information (MV), and the
orthogonal transform coefficient (DCT) obtained by
performing an orthogonal transform (e.g., a discrete
20 cosine transform) of the to-be-encoded pixel signal or
predictive error signal and enceding 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



75 macrobl ocks 30 and 31, and 36 and 37 are encoded notion vectors of the
macr obl ocks 32 and 33. In this enbodinent, if a to-be-encoded notion vector
. is identical to a notion vector for a macroblock 5 at the sanme position in
the i medi ately preceding video franme, the notion vector is not encoded,
and a flag indicating that the notion vector is identical to that for the
macr obl ock at the sanme position in the iggpdiately preceding video frane is
encoded as a 10 prediction node. If the tion vector is not identical to
that for the macroblock at the sanme position in the inmedi ately preceding
video frame, the notion vector information is encoded. In the nethod shown
in FIG 34, theefotr¢npeveetbF€. 344and 36 are identical. 15 Therefore, the
motion vector 34 is not encoded. In addition, since the notion vector 35
differs fromthe notRohl¢ettdpo3yncefentorebiodeef oFhds PBLRALBERE!
Encodi ng notion vectors in the above nmanner reduces the redundancy of

moti on vect or SERFPRSF eSpERt WRECR 01 B SRFPREPi RY ubRe oF 1L SREPRIRRI ch makes

t 1y uni t h i th di ng.
ot 1ictency.  FIEct RS CRRARNailac ALY - moDi GRCBRT oF SFEDT WG EPHBO® bEor di ng
to th di ment, of, th 25, i , o, he. et hod shown in FI G
35, as ih the NEthotShown| AP G Thusir 4 Nt DA beater A7 S8 imer obl ock

at the sane poghLig0,ioy thechpedighely o Z8cpieseding, vigeo f ameas

identical to a notion vector r a video cro e notion vector is

not encoded. Wigt bee IRLLONCYEEL 045 AN 851 dERbAER! W FACHLOLNEI LSy,
det erm ned dependi ng on whether their noving 5 angles are identical’

Referring to Fl&ro3Rat 8oADt t ORe CONPENSAt bONGPESTAGEEONchscPLR{NEMEd Wi th
respect to macrobl ocks 40 and 41 in @ video frame F3 by setting an

i medi atel y preredingpvagepiheane &F2tasbe-erfedefceriman®Enand using notion
vectors 44 and 45. Wth respect 10 to a macrobl ock 42 at the sane position
as thatlof theseacndbénckdifgimodbeinfdenatiame F2 i medi ately preceding a
frame F1, a notion conpensation prediction is perforned by setting a frane
FO two frames batkeariteiebpedirredipbionafbag? aseadeed@eénce franme and
using 15 a notion vector 46. Although the notion vectors 46 and 44 exhibit
the same angl e{SERB SP2k-of the nmotion vector 46 is twice that of the

ti t 44. T f.qre, th t] t 44 b t ted b
cal ing the moti on 30 G8G1oR6 HISaREORABNtBLAF EALLAE P BFchram

di stance. For this ason, _t notLpon._vector-44 is_not encoded., and
prediction nnd@aFﬁ?%iﬂ%?i%% ?ﬁ%i%éf?%ﬁeapﬁnﬁ%l% h%i%%c%d%%tio%h%gctor for

T T P S T
macrobl ock 43 ahrbPRa8AFR BEShtL8BRctBntberPARELThHH: b1 apBet&Rd
information, and first encoding mode information and
the like are decoded (step S31).
If the decoded first encoding mode information
20 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
25 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



hence the notion vector 95 is not encoded as in the case of the nmacrobl ock
90. A macrobl ock for which a notion vector is not encoded as in the above

- case i s subjected to notion conpensation predictive inter-frame 5 encodi ng
and decodi ng by using the notion vector obtained by scaling the notion
vector at the same position in the preceding video frane in accordance with
the inter-frame di stance between the vid% frame and the reference frane.
10 FIG 36 is a view for explaining macrobl ock skipping and predictive
encodi ng of an index indicating a reference frane according to the

enbodi ment of the present invention. Referring to FIG 36, reference synbol
F3 denotes a \idfdo fa amedigtiyeidanatadroagcates By Gltheramd E,

adj acent macrobl ocks that have al ready been encoded; and FO, F1, and F2,
reference frarfdierasife RiredH @Flipramaipst (iHisth % 81 ectt@rraid®subj ected to
noti on conpensation predictive encoding for each macrobl ock.. Wth respect
to the macroblod€3E D RFRHY QR d’d—’eioglcd'elrcfrb Bhsedh >3 %ot i on vect or

50 by using the fr F1 as _a, reference frame. With respect to the
macr ol ockS B C | A EPGISH it SHE e TR Mool PIRRS DA et or s

51, 52, d 55 i he f . F2, .Fl d. E ef f , 25

respecti5€2I y. afﬁ%ecg:tiﬁtlo teoe(ﬁfel%%incgtsl&eedﬁlcg[ﬂeadla'gy Vﬁs%hﬁgd{leﬁe%:pg%cecéﬁégnﬁ?anes

FI and F2. Wh Miicoéhf’ee(ﬁ{sogg[e%gar%ftetdﬂ'e%sfgaeﬁr{)%lﬂc.k @m’e% t C%e encoded,
ecte

a prediction vector 1s se fromt tion vectors of the

adj acent macr ol QeS| Bk Gn Bnat deurantt he did fier el alneotey bet ween

the prediction vector and the notion vector 50 is encoded. 5 A prediction

vector is deteldddiel,bystfrari X aiie e st Helod o Selmretd, Nnirdl At on vect or
correspondi ng to the nedian value of the notion vectors of the adjacent

macr obl ocks B,tHe néurdblarckas nei otk gfieirctdmnglias &y edingtlicar 1wect or,
the notion vector of one of the 10 adjacent nacroblocks B, C, D, and E

whi ch éxhi bi t deacadatd nMehapesiIBlgl daaatigy grealconkssurte velat pdref adinfefder ence
bet ween the prediction vector and the notion vector of the to-be-encoded
macr obl ock becswreEsn 0, s tart imef ditme e friardeavdmg tilge 18 adeor.obl ock for

whi ch the prediction vector is selected coincides wth the reference frane

havi ng the video net¥ b TekiReF RPEHR0FAERLOEHN AP tHe Hrethedinaiter r or
signals to be encoded becone 0. In this case, the macrohl ack js skipped

wt Shout bei ng SRR Lo R SHIRS BICarib Bt b adera S skl pped

i s encoded as ,header._j.nfaqr ion of . a.vi crohl o be encaod next

wi t hout bei ng és}kei g%erd%@f(s}ls({)ro‘r%r}el%d;ﬁOdae pl\réletgjs:c a}rE(.;inonngc Cf(;ilr%afr\tgLrn(-]’t e s?ﬁsrll ﬁ%bl ock A

becomes, 4 he moijign, 1 %rcttﬁ% fod kéerﬂc%‘i%igi’éi%% tasdd dhigd ?S_'L'?rea%s the

C
macroblockAcomm ~the macr In terms of reference frane,
and the notionswecdOra 30 HAING Hess Witdhddle it iR R 2hcddingll the

79 prediction error signals of the macroblock A are 0, the

mode information indicating whether a prediction based
on a linear sum is a temporal linear interpolation
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



macrobl ock is skipped wi thout being encoded. At the time of decoding, a
prediction vector is selected by the sane nethod as that used at the tine
- of encoding, 5 and a prediction picture is generated by using the reference
frame of the macrobl ock for which the prediction vector is selected. The
generated prediction picture is a decoded picture of the skipped

macrobl ock. 10 If one of the above macrohlgock skipping conditions is not
satisfied, the differential vector between the prediction vector and the
notion vector of the video nmacrobl ock, the prediction error signal, and an
index indicating the reference frame are encoded. 15 As the index

i ndi cating thet¥ ef rEhdy Rim8Ir e he i f fdr@mfioie vdlife ssaaiékn t he
reference frame index of an adjacent, macrobl ock for_which a prediction
Vector is sel GRS THE el e a4 arfe SHASEDIEThe AHHEH 1R | o

encoded. 20 When the rmtii on vector 52qc<)ef t he crobl.ock C%is sel ected as
the predictio A o r? b G Fte r'dbl O AHE ﬁ%aéjlfbeé%/e CadEThe

diff tial t A t J i ect t i 52
and the. pr odi GElor SRS SRR TEE ol Kt S Tiddase

Al ter natd vel y, r | C : W t ; in.El G 23,
a refer egn\ée %/rwaﬁrrlgei ?%%ss%%%&%%%xﬂﬂ( %Abﬁd}r%g?fl%}%%% e%raglnt i al
80 val ue bet wegn 46, i didexy 24 NG g v?iﬂk?ftqwl[ee@r%ﬂd@@f }‘eqlrc&dl%g

macr obl ock C two frames back and the index 2 of the macroblock A 71.e., O,

i s encoded as o efrerenge foamyd ndkeoh diddeneddial value. 5 FIG 37 shows
anot her notion vector encodi ng nethod according to the enbodi nent of the

present invention. Medeiindgtie FlGt mcadinamod? irsfarmvd temn ffanme to be
encoded, which is a B picture for which a notion conpensation prediction is
per fornmed froméddch trenporaldok adlecenit foeamidl aNtc dedspecing ara macr obl ock
61 inthe frane F2, a frane F3 is used as a reference franme for a backward
predi ctli®%n, arfPrREIREMEFMIde Uiged e rlandemdifde theanmdisriduslor war d

predi ction. Therefore, the frame F3 is encoded or 15 decoded before the
frame F2 is erfdRIRF T lchted 192G he etle iR f et f 3 ot Backwar d
prediction for the video nacrobl ock 61, a macrobl ock 60 at the_ sanme

position as t HAt®ofPaHel ¥ itRF et rio SHIC P T WY § dridiSti -1 | 15e-S

considered. If noti.on compensa 20.ti.9gn prediction.based on the linear sum
of the franes %SndltFJPC?SssrTlEDgleed?tcf hfeurr%iﬁlgnlm\})ercotvoer I}(}%32 T Cﬁéqui gure) of

t he macr obl ocl&e@%&ogr{ ponding to the reference frane F1 for a forward
predi ction for the video nmacroblock 61 is scaled in accordance with the 25

i nter-fyraame di stancg, @ids tARE@SA BN s MBEd OFhd SelSQiRP B SRR DT
forward and backward predictions for the video macrobl ock 61. T 81
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 FO, Fl, and F2 in FIG. 15 and
25 reference symbols FO, F2, and Fl1 in FIG. 16 denote

temporally consecutive frames. Referring FIG. 15 and

16, the frame F2 is a to-be-encoded or to-be-decoded



Letting Rl be the inter-franme distance fromthe frane F1 to the frame F2,
and R2 be the inter-frane distance fromthe frane F2 to the frane F3, the
notion vector obtained by nultiplying the notion vector 62 by 5 R/ (Rl +
R2) becomes a notion vector 64 for a forward prediction for the macrobl ock
61. The notion vector obtained by multiplying the notion vector 62 by

-82/ (R1 + R2) becones a notion vector 65 r a backward prediction for the
macrobl ock 61. 10 Wth respect to the vid macr obl 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
mot i on vector $cahengandstéecddenes1fs0l and décedengedperatieofiramhe.-frane F3
i s decoded first. The notion vectors of the respective nmacrobloc: ks of the
decoded frame BSsdme thapodarithy stbpddmens shewnr afe FESS .wilbhapdspéet to

t he macrobl o~~k for which the flag . indicating the above 20 prediction node
is set, notiondv8éVERsPLSLLf BAREKd 1B backRarncpredi EERrBRsCAL at he

macr obl ock 60 are, cal.cul ated by scaling the tion vector ,of a macrohl ock
at the same poSPCPERIFROCRE FPARE RS, PYREMELEPEFPBr kg LbReaFr SER Bhal
predictivye dec&%in%. 25 FIG.f38 shows anot her exanple of the bi-directional
prediction sho % eEF@an?. ﬁgngring to FIG 38, afrane FOis a
reference frame for @ 82 foruar dur ediealiienofon o3 4 deg er g gek 71 of

a video frane F2, a the other "arrangéenents are the s those in FIG

37. Inthis Ca@?edﬁ%&%@ﬁgdﬁngrQ@EE@@&Q BRLLONLYBELOL BQ%eE%FeMiQEBm

macr obl ock 71 are obtained 5 by scaling a notion vector 73 a nmacrobl ock
70 with respectnhkosampianmBve3agehbghths keg¢atedcat pihexgaBRtpasttyon as
that of the video macrobl ock 7%, to the frane FO in accordance with the
inter-frane di stanceheletkbagtRlebectthechatefrifmnane distaneg teem hha 10
frame FOto the franme F2, R2 be the inter-franme distance fromthe frame F3
to the LPane FZefantbeRBhke relfierienter pfikaiebdbskancgnhiiemekheattade FO to
the frame F3, the vector obtained by nmultiplying the notion vector 73 by
R1/R3 is a forwaca e dravest 60 andf i, 15echectivedynmaerchl ok 71. The
vector obtained by nultiplying the notion vector 73 by -82/R3 is a backward
notion vector PSeHdFtiNe pilded RaeFsbréorars. PBRddi iBcFil6Ral 1pra8fctfve
encodi ng and decodLn% OE t he video macrobl ock 71 are perforned by using the
moti on 20 vect 8Pfs 9t X®Bn&Y75. Tn the nethods shown in FIGS. 37 and 38, in a

reference frane for a backward predictiaqn f.or i -directional predition
vi deo nmacrobl ock to be eﬁ%ﬁﬁ%gjpéxﬂggﬁbﬁﬁggk)a he same position(géﬁthat

of 25 the video ”acﬁ%bk%%k1&%;%?955%?gﬁgﬁ'hki%% Egnﬁi@%hﬁﬂggxgﬁgngggs

macr obl ock uses a plurality orwar ef erence franes,

backward mot i onnreetenstio83pkebibheou dgo1MReLebLaskar ea9enesakadiRY
scaling a notion vector with respect to the sanme reference frane as the

forward refereaceofiraneef aithhenbi tdneecqtirgaaknpecdielseen ¥i deo macrobl ock.
5 As descri bed above, generation of notion vectors by scaling in the above
manner can redtoebkehenended figame or a to-be-decoded frame and each
reference frame. As shown in FIG. 11, information
20 "time_info_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 represented

by Dt0, Dtl, and Dt2.

The embodiment shown in FIG. 15 exemplifies a



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 terns of forward reference frane and
scaling them This nakes it possible to realize high-efficiency encoding.
FIG 39 shows another nethod for the 15 q%-directional predi cti ons shown in
FIGS. 37 and 38. Referring to FIG 39, a Yame F3 is a video frame to be
encoded, and a video nmacroblock 81 to be encoded is predicted by a

bi -directional prediction using a frane F4 as a backward reference frane
and a frane F2lazecar 20xfoapalat fef epeedect Famef oA peedbbtoek B0 in the
frame F4 which is located at the sane position as that of the video
macr obl ock 81 ¢&rperdi E¥ame bir emetwe eyt stim®es t wol foreped¥nemes FO and
F1. In the nethod showm_in FIG 39, therefore, the sane forward reference
frame is 25 notnQUERAR oF ¢ hel AerF FHRbEkl 80 ankirerr vitedrprkdotvck 81,
unli ke the nethods, shown n FIgE% 37 an this case, a notion vector

38. . |
with respect tRFOMECTI@Y HFORHETFRF il rRF ST e $F ameie BRI BIRE F° for t he
macr obl ock 80 Lch js te al cl os t,o the forward. reference frane F2
for the video %@%%bb#%c?ngﬁféS %%%ﬁ%ﬁﬁﬁ%rég%d$ n%%@%m %Fﬁﬁﬁf?nter-frane
di stance. 5 VVBéE&Qé§ op rgé%€9 égryﬁgg gndlggqg g gﬁgt§g efor t he vi deo
macr obl ock 81 "ar e gener at ed. e??lng be’ the intercfranme distance from

the frame F2 t@i%%@néé@orﬁ%h&e@flfé@tif‘é@éfér‘i@éreffgﬁ%mff dhe frane

F4 to the frame and R3 be the inter-frane distance from 10 the franme F1
to the frame Fdy 2 £9LMELENABAEQONS YRS Of o Bhd Of o Lhe- o Ele@adreer Al ock 81 s
obtained by nultiplying a notion vector 82 of the macroblock 80 with
respect to thethe¢ apen&ldbyt 81¢K3Rr Al bagkwer doyrot i on vector 85 for the

t o- be- encoded nacrobl ock 81 is 15 obtained by multiplying the notion vector
82 by -R2/R3. The vi deo RmeDboblDtR, 81RcsDbR-DOifectional |y predict étdiéby
using the notion vectors 84 and 85 obtained by scaling. As described above,
gener ati on of hmthobhvele orzsed dyowealn NHLEH. t he abdved nerhrerl cagar educe

t he encodi ng overhead the notion vectors and inprove the encodi ng
efficiency. | neddaepebationr phredechien apd ukbreX yintemrlaniqfect ors on

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

coi nci dence irP¥%$h%tb?nZ%a?%?m%9d3¢%f%P%ﬁ%et¥T% LSLARTRT A Sect or
correspondi ng Lo a ie%gregce frame tenporally closest to the forward
reference fran® %%? The®vi¥eo macrobl ock is sel ected 85 and scaled. This
makes iz possible to inp the edl.Cli L CLeRnc nd.realiz

hi gh- ef ?ciency encodingbgé?%.q46R?sggyng3P%&gr%b§? ?hg gfdeo engéa?ng 5
met hod accor di fgud i bRe (eTDOSkeRL ofaddifo pREsCies uaMith [, 41 IS a
view for explaining a weighting prediction according fo the enbodi nent of
the present invention. Apweughktikfig predeeti-earaceordyngrto the enbodinment
will be described with reference to 10 FIG 41. A weight factor

determ nati on net hotinwel pithenebsudesssi befladithy peéeneacerto FI G 40.
Referring to FIG 41, reference synbols FO, F1, F2, and F3 denote
tenporal |y consecsistVadingnesctThe whape FBynszl aanplisvude ane to be encoded.

The frames 15 FO, F1, and F2 are reference frames for the video frame F3.
20 monotonously varies over time between frames, 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



O to-be-encoded pixel blocks A, B, C, and Din the video franme F3, for the
bl ocks A, B, and C, reference pixel block signals with notion conpensation
. 20 are generated fromthe franes F1, FO, and F2, respectively. Wth respect
to these reference pixel block signals, a prediction pixel block signal is
generated by nultiplications of weight factors and addition of DC of fset

val ues. The difference between the predi Eion 25 pi xel block signal and the
t o- be- encoded pi xel block signal is calculated, and the differential signal
i s encoded, together with the identification information 86 of the
reference frames and notion vector information. Wth respect to the bl ock
D, reference bmtkeadlgnaf stwe tie rtdrore corpeasat iAoh are@nrsspestdsel y
generated fromthe franmes FO and FI. A prediction 5 pixel block signal is
generat ed by ddui righte D wAMS dr 8kl afel ato e el ¢igneey duisiviRR i ol Tufs t he

ref erence pi xel blocks. The difference signal between the to-be-encoded

pi xel bl ock sifHERS ahld RIES i Q i H & et oI B S ifthicqde e,

together with the 10 identification information of the reference franes and

notion vect or "i”nerb‘?%t‘?%?fa%f‘q He O et Heth o114 tayde?}foqqﬂ“agtp]e‘?%]ﬁ'on, t he

identification information of the reference. franes .and notj.qn vector

i nformat5lcon ar%hjuseé%agg%s. J’Ii—hepoa 0 elel5t9 g‘?eerr%%%ré Ji%‘?r_bq%% QCs\f gnal s are

generated on t&ecc%)&sri@ v?ift}]i hfr?ee E%ln@ecq? tofragfeecoded information. A prediction
[ d by per% '

pi xel bl ock signal 1S’ genérate ormng multiplications of weight

factors and additi gfagog?sgflﬁ_%gfn%agﬁ@ a@é%{g@p&%cé%{ _%9 gener ated

reference pixel block sign ehcoded difference signal”is decoded,

and the decoded didferantdali sl anal v agdehd o dde, prigdiflid 0 Rixel bl ock
signal to decode the video picture. Prediction pixel block signals are
generated i n 35aencedi AY) adfl e st drge i@t d DN o dYi rigleerfe d g

cal culation. Letting predA be a prediction signal for the pixel block A
and refl]0l] be sofsfmrence pi xel 87 bl ock signal extracted fromthe franme
FI, the signal predA is calculated as follows: predA=w 1]ref[1] +d[ 1] (92)
where W 1] is a wei gh€Sf att oand ol 8 terch eteenee Pixedls &f oxk, and d[1] is
a DC offset value. These val ues are encoded as header data for each video
frane or slicePiedickber fseebhtcieml dabis ghied akdoranarRf bdof f set val ues

are separately determned for a plurality of
P ybre ic{QOn modes ié)the fig%t and eighth embodiments

which is based on 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 embodiment.
There is a combination of two coefficients: "average"
and "linear extrapolation'.

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. 1In

25 the predictive coefficient table shown in FIG. 17, the
numerical values of the coefficients are explicitly

defined. The predictive coefficient table shown in



reference frames corresponding to each video frane. 10 For exanple, with
respect to the pixel block Bin FIG 41, since a reference pixel block
«ref[0] is extracted fromthe frame FO, a prediction signal predB is given
by the follow ng equation: predB = w0] red[0] + d[0] (43) 15 Wth respect
to the pixel block D, reference pixel blocks are extracted fromthe franes
FO and F1, respectively. These reference g&xel bl ocks are multiplied by

wei ght factors, and DC of fset val ues are added to the products. The
resultant signals are then 20 averaged to generate a prediction signal
predD predD = {W0] re f[0] + 1] re f[1] + (d[O] +d[1] ) } / 2 ( 4 4)
In this enbodi Féft, 18 wWedgheteact aveandeboonf f seneqnl beedietdener mi ned for
each reference frane in this manner. 25 A method of determ ning the above
wei ght factors (angepeodfifsar Qul a¥5rpROAAL éARLAI ngBYpeRraPAdRJaseelrdi ng to
this enmbodinent will be described with reference to 88 FIG 90. The

met hod of det etRfFARAG WwERGhEPEREOPSE ARGCTR2bEPReFO VAR UBRCAARE BRNdRSCri bed

with reference tqQ the flow chart of FIG 40, assuning.that the inter-frane
e Ct1 on 1ol SERBRGR p°SRolRAFR BN SB402hE MR RPafeHan; bE. ToRHEST hurp

F3 is a video frane, _and.th r s F F n 2 are referepce franes.
Wei ght f%ctorsagnaoﬁﬁﬁgngg?téa ggscggg Wé%g?ﬁgdfége?ﬁdﬁﬁg ﬁ%g% Val ues with

respect to a pégé@k&EXeBEsrg;grggggcga93?§ggggg_meight fact or/ DC of f set

data 10 table data is encoded for eac ranme or slice. For exanple,

with respect to theptizdeqof nane E3pha Eh@ﬁcﬁ%inPEEQBBmE§ﬁ5?E§n?B@ DC of f set
values (WfWQ, d[0]), (WM1], d[1]), and (W 2], d[2]) corresponding to the

frames FO, F1, rapdrEdcarergnegdeferdbeneeVvalyrs) 12s58yieeghangrd for each
slice in the video frame. -
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 mode 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, the
combinations of reference frames can be changed on the
macroblock basis, and the indexes in the table in
FIG. 19 are encoded on the macroblock basis.

FIGS. 20 and 21 show the arrangements of a video

25 encoding apparatus and video decoding apparatus

according to the 10th embodiment of the present

invention. 1In the first and eighth embodiments, a



First of all, an average val ue DCcur (a DC conponent intensity to be
referred to as a DC conponent val ue hereinafter) of pixel values in the
entire to-be-encoded frame F3 or in each slice in the frane is 20
calculated as follows (step S10)) F3(x, y) DCcur = x' y (45) where F3(x, Yy)
is a pixel value at a coordinate position (x, y) in the frame 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 valiie 89 hereinafter) of the entire
video frame F3 or each slice in the frane is then cal cul ated by the

foll owi ng equation (step S11): IF3(x, y) - DCcurl ACcur = x.v 5 N (96) In
measur enent ofpreadiAC onpioheraer fafned on sthehdea sl dend dthieonl 1ndar tdhem one
descri bed bel ow nay be used. In this case, the conputation anount in

obt ai ni ng an AT corfponerim vaf uedd e kelsarce 10X s x, ) COOGRY XACcur =

"Y'''" N (47) As is obvi ous froma conpari son between equatjons (46) and
(47), the AC c8wponeHte v Wha?ﬁﬁﬁﬂﬂ@?ﬁfrﬁﬂﬂuﬁﬁ%ﬁﬁﬁﬂi%npﬁﬁﬂkﬁﬁ%ﬁp(46) i's
effective in reducing the 15 conput ati on anou in obtalnlng n AC

conmponent val URAS§StTH ned 9%‘?1‘?%@ ganrk ‘?nﬁaé%ﬁlﬁfgr erence frane

b bC DOreflref idx] of the (ref id th ¢
rane ar an ACUTHBIEh Y G TEMAGIATS 5] D B e S & erence

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
i1s encoded as header data for a frame, and the
selection information of reference frames is encoded as
25 header data for each macroblock.
FIG. 22 shows a data syntax for encoding by using

a linear predictive coefficient as a header for a frame



20 according to equations (45) and (46) (steps S13 and S14) . On the basis
of the above calculation result, a DC offset value d[ref idx] with respect
to the (ref idx)-th reference frame is determ ned as the 25 difference

bet ween DC conmponents as follows (step S15): d[ref idx] = DCcur - DCref[ref
i dx] (48) 90 A weight factor wref idx] is determined as an AC gain (step
S16) . wWref idx] = ACcur/ ACre~ref idx] .(49) The above cal culation is
performed with respect to 5 all the ref erénce franes (fromref idx =0 to
MAX REF I DX) (steps S17 and S18). MAX REF I DX indicates the nunber of
reference frames. Wien all weight factors and DC of fset values are

det er m ned, thcardendodehiss auisidmatta f om eagteddndeol freae or 10
slice, and weighted predictive encoding of the respective pixel blocks is
perforned in aucstiddricee viastf tivl edicoddd avdiaghitmumdtwiee armf DC of f set

val ues. Prediction pixel block signals_ in encoding and decodi ng operations
are gener at ed BRETIIGRy) HRARRf LT FICQIRT {iFsis q494) descri bed above. As
descri bed above, .generation of_prediction signals by using weight factors

and DC of f set NHINRS UhiMar REIFFSCSEach reference frame and perforning
predictive encodi in 1he ahove manner .can prape 20 r rediction
;Peﬁlcﬂ?callr}g{l{/a%o qgt?ne% rrE%( OI’PenQCp {VJ&/ in IgledEE aé(? apncf

. na
signal s Trom ce s and realize

hi gh- predi cti %H[)effﬂﬂce%yl}%r%pes:é&gnogﬂg&lr}irg%{ecﬁgllo% eney; angd,hi gh picture

gquality even h respe Si gha varies in signal

ampl i tude for LAGH d¢ AT Qe SH CRMUEr; ST 1diTrBlodA | edde G Rhfiset

val ue. A specitic exanple of the nmethod of encoding I nformation of weight

factors and DGyof fisetnyl desrividdrat e desard hed nextrcd) G S 43 and
44 show data structures associated wth encoding of information of weight

factors and DQOf feetrasbsesind e e shoysed@inte ofe tdehanderantal a

structure of 5 a video frane to be encoded or slice. A nmaxi mum i ndex count
"nunberl®f maxedquedl it "Nuntok ic a0 Mpx Hefermesds aves droroddre. vitten franme or
slice and a table data "weighting table()" indicating information of weight

factors and DG bidaetpred uesl v ecaaichidaichn e Miwsdraid oy | o sh e gt

"nunber _of max_ref _idx" is equivalent to
reference frame is given 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 = 0
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. In 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



MAX REF IDX in FIG 40. FIG 43 shows the first exanple of an encoded data
structure concerning the weight factor/DC offset data table. In this case,
the data of weight factors and DC 15 of fset val ues corresponding to each
reference frame are encoded in accordance with the maxi mum i ndex count
"nunmber of max ref idx" sent as the header data of the frame or slice. A DC
of fset value d[i] associated with the ithggeference frane is directly
encoded as an 20 integral pixel val ue. Ch the other hand, a weight factor
wWi] associated with the ith reference frame is not generally encoded into
an integer. For this reason, as indicated by equation (50), the weight
factor Wi] isVaspPExIVRELed 9% WifheaepaiprdniEChaRbes ROCPRefhsYe

denom nat or becones a power of 2 so _as to Ee encog g |ntg % nunerator [i]
expressed in tHélpﬁrﬁPSfS&ﬁtlﬁﬁeﬁértgﬂao5a et fator O §2%6%he power of

2 w exponential denonina ratorti exponential -

denoni nator ( B8)*PHe V&l Sésantﬁ&en§5§}8W&Pgah8nPﬁ% %gngHFﬁgFSr to 5 the

f 2 can he obtained by the {al t 51 t
[Ty uli] . 2wlCeaS B Re S ehBm A Aobr e EABSARL i al _denom nator =

(int)logg 255 ”HX(Whﬂhoﬂlo%5¥£¢¥%ﬂ 25l And 19RO HNY LREALIIRS. 2

prediction
correlation will be described first with reference to

FIG. 24. Referring to FIG. 24, reference symbols A, B,
C, 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 prediction 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 using a

temporal correlation will be described with reference



picture is generated by using the above encoded approximate value w[i].
According to equations (50) and (51), the following nerits can be obtai ned.
- According to the weight factor expression based on 15 equation (50), the
denom nator of the weight factor is constant for each video franme, whereas
t he nunerator changes for each reference frame. This encodi ng nethod can
reduce the data anmount of weight factors o0 be encoded, decrease the
encodi ng over head, and inprove 20 the encodi ng efficiency as conpared with
t he net hod of independently encoding wei ght factors for each reference
frame into denom nators and nunerators. |If the denomnator is set to a
power of 2, siteeul tZ2pli cBtG ondd ofhaeilgit ¢erserst e nframpectFio 25

ref erence pixel block signals can_be realized by nmultiplications of
integers and bf}) shiFeESTHbNY | gt T He- por ntr SheF RTINS VP %/iki ddv i/
required. This 93 kes it possible to reduce the hardware size and
conmput at i on anrr?)'urf?t‘n‘il?rr;'El ‘g‘?fé%ﬁ‘? HHE He P Lanes abrb\%"% &t ohs will

be described in further detail_ bel ow._ Equatijo 52) represents a 5
S of ¢
predi ction exp?'edston”obtai ed'by Fedtt ?q%Jf%‘gk he ptf%‘gi%?m‘?/e expr essi on
i ndi cat b uatio 4 4 i ryt ner at | f a
predi ct i%gn %i gg?sajb#%cgis g?gg%%}?gg%ﬁog)%}?é;gvéif%%ﬁg%%%pé’sB%’ngf'ngs’t oargg &
reference frang, n&p@efr; e Led . Prpdl, by @ xﬁ&fﬂéﬁ%éﬁ&&o éfgc;@%fefé%ii ] Dbe
xel bl oc

t he reference i signal extracte romthe 1th reference frane,

and wWi] and dfi]) afécfomebohtnd acioromekiDG of § ses wal siecdqaf hena ef erence
pi xel block extracted fromthe ith reference frame. 15 Pr edi = Wi ]

ref[i] + d[i] fobLon akiEdt OFf (539 hEcPOIPI GEk Co | KN EXHT S5k ?’béi"tﬁoz@ase
wherein the weight factor wfi] in equation (52) is expressed by the
rati onal nunbedsitidiicad £dcly resweddh bock 50)is | met hhs caseedimfidnrepresents
w nunerator[i] in 20 equation (50), and wed represents w exponenti al
denom nlt or. Preeddr = (Hwd[mdtiowfyedtor linfovwedatidy ~camegae + d[i] (53) In
general, since the weight factor wi] which is 25 effective for an
arbitrary fadi erpressee by epeodineg onlnoctharermedestween | ¥ats ng- poi nt
multiplication is required in the equation (52). In addition, if wWi] is
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 macroblocks B, C, D, and E in the frame Fl and of
the macroblocks a, b, ¢, d, and e in the frame F0. The
motion vector can be compressed with higher efficiency
by encoding only the error between the prediction
20 vector and the to-be-encoded vector.
A three-dimensional prediction on a motion vector
can be realized by dgenerating a prediction vector from
the median value, average value, or the like of a
plurality of spatiotemporally adjacent 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



94 expressed by an arbitrary rational nunber, an integer nmultiplication and
division are required. |If the denom nator indicated by equation (50) is
expressed by a rational nunber which is a power of 2, a weighted 5
predi ctive conmputation can be done by an integer nultiplication using an
integral coefficient wi[i], adding of an offset in consideration of
rounding off, a right bit shift of wed bit, and integral addition of a DC
of fset val ue, as indicated by equation (§%). 10 This elimnates the
necessity for floating-point nmultiplication. A so, a power of 2 which
i ndi cates the magnitude of a denom nator is comonly set for each video
frame or slicenaegdrldidss of vhidf exlehqer ddianel oqrundrgroy . siidhaen i f,
therefore, the reference frame nunber i takes a plurality of values for
each video fradmsomm § ey sk anf comrnEnaamton n elfeddiiy Gaigyhtif act ors can
be suppressed. Equation (54) indicates a case wherein the weight 20 factor
represent at i orPied Ot YRR i Bt (BUjodn eI drad Gl @eh Bwsled on
the linear sum of two reference fran%iaindipaggd Qéie uation (44), as in

o *CQ %éﬁ

the case with Sfust P&t 1nad prdP de (s onS \H{E RO ef[1] + 1
d d+ 1)~ + (d[0], + d[1] +l~ .1 4 th icti b d
\gﬁ t ht(a 14 near )eslﬁﬁﬁ(%?&’t 5&{19194%11%C@§ r}h‘?vaécge%sé?r/]@? Io?f sqg%gnagé%];%‘%%n’acﬁzs i's

95 t [ . 1.0t i , | i ng- poi
ol 1l Pontt ore e e ¢ St Mhadi AR it BRI POE $06 g to

equat fon (54) . beeweror 2 LA L0010l Gan beganeratied b thad | near

sum 5 of two reference frames by performng only an integer nu I cation
bit shift, and.dtegesnaddl ti®nhd Mot i On m&d e s Privatd ofr wed

concerning the magni'tude of a denom nator is also comoni zed, an increase
in code anpuntcdrks&NEONEDy a Wb dPCticE®d. 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 O.
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 generated
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



10 be suppressed. Also, according to equation (54), the nunerator of a

wei ght factor is expressed by eight bits. If, therefore, a pixel signal

-~ value is expressed by eight bits, encoding and decodi ng can be done with a
constant 25 conmputation precision of 16 bits. In addition, within the sane
video franme, a denominator, i.e., a shift anmount, is constant regardl ess of
reference franmes. In encodlng or decodlng9 therefore even if reference
frames are 20 switched for each pixel block, there is no need to change the
shift amount, thereby reducing the conputation amount or hardware size. |f
wei ght factors for all reference franes satisfy w, nunerator[i] = 2n x K
(55) 25 the dend@ddaoP it reundheireb Yoflmaye wigdhéhen edded s ght factor to
be cal cul ated by equation (54) nmay be transforned as foll ows: 96 w
numeratorti] =Hfigdmecat-or ?Feﬁ@%NlVQ%&MNRQ%|%§lppl@§n&ﬁﬂﬁéﬁdpn(gﬁy
exponenti al denom nat or n Equ on (56) has the function of reducing each
5 wei ght fact & EXFIE §§e§oﬁy gcﬁa ussdding & |FP€§&C| | & fraction.

Encodi ng after ch transformation can redu

f th
encoded dat a GF Mgt &@f{@rssweﬁl@utasd@c%iep&agt GO PRt
pre0|5|gn andh%%p %u@é th duc%_%q codegg:qﬁ#%gaggen%edkn melght

0] e

factors.” FIG ghple o data 15
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.

10 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 generated.

In the third mode of macroblock skipping according
to the embodiment of the present 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



20 structure associated with a weight factor/DC offset data table. In the
case shown in FIG 44 a DC offset value is encoded in the sanme manner as in
- the formshown in FIG 43. In encoding a weight factor, however, a power of
2 which indicates a denom nator is not encoded unlike in the formshown in
FIG 43, and only the nunerator of weight factor which is expressed by a
rational nunber is encoded while the dengginator is set as a constant
value. In the formshown in FIG 44, for exanple, a weight factor may be
expressed by a rational nunber, and only a numerat or M/nunerator[i] nay be
encoded as foll ows. M/nunerator w [I%]— 24 (57) 97 1 1 , i wi] 5
16 w _ nuner atoiiedi€ tins errprw[ve]ctpr et it PGPk vestor, I1§et\ﬁ Ep
onential deno min ator = 4 (58). In this enbodi i nce wer of 2
whi ch represem&% 1ﬁenﬂﬁ%¥ne &@ddfapﬁelﬁbﬁb qﬁé@tdﬁq gdﬁﬁtant t here

is no need to cod nfor tion.c ncern| en nat of t he power of
2 for each vi & g?éﬁfdﬁﬁ her e%cméidthgmco de ad%ﬁngh

encodi ng a vvelc%ht fac osr atr%bltt o Assie t tpi%n llﬂaktl ﬁbsact' nunber 10
a

representatlon\Mqﬁ¥ const nunerat or ove case), the
val ue ofg the @% fygg'lé%dyé pped to eight bits. In thls case, if, for
exanple a pixe S|gna I's expressed by eight bits, encoding and decoding

can be done with a gonstanty GIMIEEA | 0N Wb BRI S @quipllrﬁg bivigen Ian
addition, in this enbodinment, since the shift anmount concerning a

nul tiplicationgf ;féd/\@da&morn%fctwrls s C s tddoddd)ertd s dbdreatdded oad a
shift amount for each frame in encodi ng and decoding. This nmakes it 20

possi bl e to redugerd heedim ensfutmtdtdorcast afganieeheadiig 20rd déeodi ng
apparatus or software or hardware
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 the macroblock is generated.
Assume that in the fourth mode of macroblock
skipping, a combination of reference frames to be used
15 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 the 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



size.. FIG 45 schematically shows the overall tine-series structure of

t o- 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, 98 information of a
plurality of encoding paranmeters which remain constant within one encoding
sequence, such as a picture size, is encoded as a sequence header (SH)
Each picture frame or field is encoded as picture, 5 and each picture is
sequentially encoded as a conbination of & picture header (PH) and picture
data (Picture data). In the picture header (PH), a maxi mum i ndex count
“nunber -of max-ref-idx" indicating reference franes 10 and a wei ght

fact or/ DC of f sencdded maprebloekght Thyg ramaép}ng ﬁhi@hlagecghémhlPﬂSFlG
42, are encoded as MRl and WI, respectively. In ighting_table()" (W), a
power of 2 w e%ﬁ@néhﬁléﬁmaeﬁérﬁih%@ranHh@aﬂlhédt%@dﬁa@ﬂﬁﬁﬁééeéf 15 t he
denom nat or connDn to the respective weight factors as shown in FIG 43 is
encoded as WEDRPEKE:w nunerator[i] |nd|cat|ng t he nagnltude of t he
numer at or of each |ght f act fset val ue [ encoded WN

and D, respectivel yiC 8rﬁéﬁan80289® SEBBRARE SPRURRGRPAACOr SIAPER Pégard to
conbi nat jons of ,wel ghi, .  aGt ot BUMREALQr S.8nd; PE.OLESEL, vgeysau gphurality

conblnatlons 0 are enco SIS O I'ndi cat ed

by "number of fpxchebaify" o98-00haLAGdRn i be eﬁks%gfgghsﬁesglnﬁae pPi cture

data is d|V|de into one”or a p ura Ity o i ces ata are
sequential |y epgodgd)foEqeBGheski€entNy 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 coefficients 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
a 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



99 each slice, an encoding paraneter associated with each pixel block in
the slice is encoded as a slice header (SH), and one or a plurality of
macr obl ock data (MB) are sequentially encoded follow ng the slice header. 5
Wth regard to macrobl ock data, information concerning encodi ng of each

pi xel in the macrobl ock, e.g., prediction node information (MBT) of a pixel
bl ock in the macrobl ock and notion vector., nformation (MV), is encoded.
Lastly, the encoded orthogonal 10 transform coefficient (DCT) obtained by
conputing the orthogonal transform (e. g., a discrete cosine transform of
the to-be-encoded pixel signal or prediction error signal is contained in
t he macrobl oclerghtid and tHis Edeo Doame of2 onelof WE anquiibdre ofingsd r ef

i dx" and "weighting table()"(W). contained in the picture header may be

y
encoded wi t hi PEIELGE ckshs for tHe arsEmgEentiamehd hei ght
factor table dat hown in FIG 44, since encoding of data .indicating the
20 magni t ude ﬁncflh@ derforff HEt B2 toF o ?/\’Siﬁrﬁs% a]c]trb‘ga]f:éﬁr Srife ed, encoding
of WVED in FIG _45 can be omtted. Fl 46 | flow chart show ng a video
decodi ng pr oceccfher%tcja%%e&?%ﬁ nlgstgéj’t‘cf’fe CSez‘trrfb)o'oli r?iserh%at ot 1t htghlrﬁ eSEM i MvEiti on. A
procedurge for ] i . ta, I I C t he vi deo
encodi ngseapparéa u;g%c%%ﬁ%é?gpﬁgt%%b%ﬂﬁenmd%%%ébcgf(; W ﬂw?&leference to
FIG 40, and qg%p j Wi ﬁﬁjdﬁﬁp ' The header
data of an enco e%%]?caé@hﬁ%%ﬁés_ice%éc ich |néc%]5§g%&?he V\Yeel gJﬁ? f_alct or/ DC
of fset data tahj&,deserd hed wiihd@ligy enged P &lGRipdPat ftdini s decoded
fromthe input encoded data (step S30). The header 5 data of an encoded

bl ock, which igedamtes e nefei ence fneee- fndex dostdgent i fyn ntha dpference
frame for each encoded bl ock, is decoded (step S31).
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:

- R Rb
(0, 1) = (=22 ) (20)

Rb — Ra Rb — Ra
are (WO, 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. 1In an encoding
operation, one of the first and second predictive
coefficients may be permanently used or the first or

25 second predictive coefficients may be adaptively
selected. As a practical method of adaptively

selecting predictive coefficients, a method of



A reference pixel block signal is extracted fromthe reference frane

i ndicated by the reference franme 10 i ndex for each pixel block (step S32).

- A.wei ght factor and DC of fset value are determned by referring to the
decoded wei ght factor/DC offset data table on the basis of the reference
frame index of the encoded bl ock. A prediction pi xel bl ock signal is
generated from 15 the reference pi xel 05% signal by using the weight
factor and DC of fset value determned in is 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 pi ct ur gelseepng3nyediitaveheoréspetenie Brcadendpriel abrseRs are
sequentially decoded and all the pixel blocks in the encoded frame or slice
are decoded, thémh@%ﬂcﬁléﬁéﬁé KBadBR1BR) sipdeaRBadEprmPsMe¥nPentdast y
decoded. 25 The encodln decodi ng nmet hods fol |l owi ng_the abov

procedures can gene%ﬁ?@ r5 8 bHrEdPYEraAe 'BW&P@ECFanﬁBﬁﬁlﬁB aﬁa decodi ng

anpl H1ude over© %“wé“oﬁomhé?ﬁﬁc%é 548, g7, g0 et Phifahy * O
ool g e L aneLbbarenay, A BLE BECCONBLREY K 080acnR00Lg AR, docotl N

with 5 higher predi |on f|C|enc era for e pfesent

| nvent i on di sclg eﬂagﬂlegaeéb% ggﬁ@?t%ﬂtér%kg berdeaehi Bpdubehgw one by

one. (1) In a VI ncodi ng et performng 10 notion npensati on

predictive intefaf ragBeensodi TQn@ErnBE@d@ét§060€§€f@’%&eﬁtgcgr@f a video
pi cture by using a predeterm ned conbination of a plurality of reference

frames and a npkiled1¥eetopybeheeequbheohe- heignaadedzpmer obl ock and at
| east one reference franme, (a) at 15 | east one reference nmacrobl ock is

extracted from each of the it eference franmes, (b) a predictive
macr obl pgk is gener @Qﬂ@ﬁiﬁﬂ%ﬂngke | i near sum of the pluraloty of
extracted reference nacrobl cks by usingla predeterni ned conbinati on of

wei ghting factors,

(22)

DC(E2) - (Rb pcfe) - 12— Dc(Fo)j

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 expression (21), the second predictive
coefficient is selected. By changing these predictive
coefficients 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):

(o, W)



20 and (c) a predictive error signal between the predictive macrobl ock and
the to-be-encoded macrobl ock is generated to encode the predictive error

- signal, the first index indicating the conbination of the plurality of
reference frames, the second index indicating the 25 conbi nation of the

wei ghting factors, and the information of the notion vector. 102
<Effects> Performng a prediction based op,the linear sumof a plurality of
reference franes with variable |inear sumweighting factors in this manner
allows a proper 5 prediction with respect to changes in signal intensity

over time such as fzﬁg@? s_ngkes ifgcppssi bkg to uﬂppgje t he pégglctlon
ffici [ d gggﬁe—ﬁ t wh
gcc:ﬁgsgﬁy(ggpggffng ané dls%ﬁ%eagﬁng) g%ﬁ%) Flyaocéﬁigg thgnlo prediction
ffici b | ect d
these combi nat i ons. BRot BSES) FRBRP pPBArEFr0ocEaFFT ol SePs AGSPePErence”
frames as '”deégéng§8n5?99 1§§ #Q§|Q¥f feag- mégkh%glé&%at 4 |fdex

i ndi cating the I hati on nea sum Wei ors is encoded as

header data foéoﬁ@f@e££@f§n05fe@ﬁg n§£18§ braggs. p ”Qaihgspiﬁdkﬁé've error

signal, the index indicating the conbination of reference franmes, and the

notion vector §f§m§QC0d?Hef96u§@§hlﬂﬁéé?bﬁ9881CQQV§E@$@§f§81éﬂt9@96é§|
changes in signal intensity over time such as fading occur throughout an

entire frane, wppdegagtushon29y thethékeipegurpréacatliyei bobheitiane.
According to (2), one conbination of |inear predictive 25 coefficients nade
to correspond telauthaadeinncsnghdaérahniensofytbweratio® 65 eheoded for each
frame, and an index indicating a conbination of reference franes is | 03
made vari abl e Yatueachnnhbeoblanks Fhilsthekéstetr-possebfiestancapr ovént he
encodi ng efficiency while reducing the encodi ng overhead, thus achieving an
i nprovenent i nteacedbngfethfchlbaty FAEPDA Ag Bvérhbahlnga{3pr¢ﬁ1@n)vgr (2),
the nmotjon vector to be encoded is a notion vector associated with a

speci fitd one o@o?ﬁglﬁF%FBPrt}lBFaFePE?%hEEl?PénﬁgqukE$f%%Y%gl@% per f or ni ng

noti on conpensation gredlﬁthve 1 enCOQ|ng g5|ng glura |%€ reference
frames for eachoWBEFHDI Bk WAENTEE nbPFBHTFEEPBr PFRT L 84CH CF%%IB%? i's

i ndi vi dual I'y e$f°9§90d59§ §oeRd) H9t°¥€rEﬁ8dtiﬂgr %SgécOﬁﬁﬁgrQiD W0, (3), a
notion vector for a’s fic re erence franmg i s ran i noti on

vectors for 15 pfher ﬁE@H?ét@&ﬁ BQEQ?”SH HM1§ESihEQt%8§st£ﬁ&5ﬁ%£tEd ot i on

vector in accordance Wwth the inter-trame di stances between
t o-be-encoded §ramesandthbecr gapeaiiygibnference frames. This nakes it
possi bl e prevent an increase in encodi ng overhead and inprove 20 the
encodi ngs ef fi ci encyA pépckicel) syhhexmibiyoneveetosuansenhat edcwi th the
specific reference franme is a notion vector that is normalized in
accordance wi thinberrpfedéntéver aneféhdiehe io6- beprassdédoyrane.
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 Fl denotes a to-be-encoded frame; FO
and F2, reference frames; and Ra and Rb, the
inter~frame distances between the respective reference
frames and the video frame. In addition, linear
25 predictive coefficients for the reference frames FO0 and

F2 are represented by W0 and W2, respectively. The

intra-frame average values of the luminance values of



25 <Efffects> Since the notion vector nornalized with the unit inter-frame
di stance is used as a notion vector to be 104 encoded in this manner,
«tion vector scaling with respect to an arbitrary reference frame can be
performed at | ow cost by nmultiplication or shift conputation and addition
processing. Assuming 5 tenporally uniformnovenent, normalization with a
unit inter-frame distance mnimzes the si of a notion vector to be
encoded and can reduce the information anount of the notion vector, thus
obtai ning the effect of reducing the encoding overhead. 10 (5) In (3), the
notion vector associated with the specific reference frane is a notion
vector for one bhet RESPRGEAVPt frafepepEreRBRTEPERESAWRY cRCEEFP! esponds to
the greatest inter-frame di stance fromthe to-be-encoded frame. 15

<Eff ect s> AccortFn§lio ¢3¢, DFnghntFSﬁp9€Et8? ¥ode!aHbuh¥P8EcPEases and

| f t t b On the oth
and. |95 the ?ﬁrtggrriﬁggér§?§re§l%§?wg sPheTePantele: heSandta 20

t o- be- encoded f ses r atlon
decreases, In cgggea 9?? é ng gr ggt?%?gogbggtggngg tor for one
of a pIurallty of referen e @ranes mhlch corresponds to the greatest
inter-frame dlstance(WBVE co@ed,O-hd notion vectors for 25 the rendi4win ng
reference frames can be generated by interior division of the encoded
notion V2G Or I n accardancge thRghe |nte@5fr me di stances. This can ..
"..,~~muum 105 sup&NBs%Z g&nngyo conpensation precisi@®lwth
respect to each reference fra STES 3 possible to i nprove the
prediction efficiency and perform high-efficiency encoding. 5 (6) In (1) or
(2), the gntion vectg S b Encbdéd) aie, tOEY)i\r st notion vector 7
associ ated with one @@ ¥i T r@febgﬁ@e braqﬁ; y)the plurality of reéfdrence
frames and a notion vector for anot her or other reference frames, and the
notion vector for another ﬁiR ther r ence frane é;Fncoded as a

differential vector and t hegomoti on
vect or obtai ned by sca |ng t Y i+ B& nﬁKﬂﬁh &ﬁtﬂoRalnDﬁ@“ dance with the
inter-frame di stance between the to-be-encoded frame and one or the 15
plurality of referen@éuﬁﬁé@@s(25Efﬁ@@ﬁ§§epﬁsaalééﬂplﬁeﬁﬁéﬁégechange in

pi cture can be approxi mated by translatlon predi ction can bhe nade froma
plurality of rePéPéﬁéélPPan§§u6§ﬂﬁ§ dré) wn?lUﬁlgbtﬁchSPDaHHe?ﬁ€thﬁPlon
vectors ggtalneﬂaﬁé scaling.,i |nfaccor ﬁe with the nter %2?

di st ance ePD fHe 185883 5P GECFﬁ’pFEPa &9Ps ’t@nporally

constant. 1t S yBhLaUbECho eeatetqbergaggdnet SRecoIpensati-op,Bypzcal i ng

al one. Accordlng moti on vec or & pfura erence
frames, one repgggeRikat byg %%ﬁhQﬁoﬁnQZQ)d'Bf%EgehtéthEQEQEc@@BHEBQsEBe

notion vector obtained by scaling
on the ratios of the DC values and the inter-frame
distances.

20 FIG. 29 shows a method of performing a
predetermined prediction based on the linear sum of
three past frames. Reference symbols F0O, 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, Fl, and F2 and the
video frame F3. 1In the case shown in FIG. 29 as well,

a plurality of linear predictive coefficient

combinations can be conceived. The following is a



106 the representative vector and an optinmal notion vector for each
reference frame are encoded. This makes it possible to reduce the code
anount of notion vectors as conpared with the case wherein a plurality of
notion 5 vectors are encoded. This therefore can reduce the encodi ng
overhead while inproving the prediction efficiency. (7) In (6), the first
notion vector is a notion vector nornalizeddn accordance with the
inter-frane 10 di stance between the reference franme and the frame to be
encoded. (8) In (6), the first notion vector is a notion vector for one of
the plurality of reference frames which corresponds to the greatest
inter-frame di stePRel 5C ferprphe. f rafeule PeaentRielingay pPredhst bR of (1)
to (8), encoding is_skipped without outputting any_encoded data with
respect to a nmactobf brk! eheh E%ri%%%xr?$kﬁ%%%$%gr LR hat T D2t he
plurality of reference frames is.a predetermned 20 val ue, all the el enents
of the notion veE?Qﬁe?%P%%ggm%d@%d @ie ¥9aid all the predictive error

signals to be encoded aremO:.L v%th rega%grtg tpg Jy:] {oblgck %o Penfncoded
next, the nunber of s i%%e% Aacr OBl 6tks T3 e%co%eﬁ. %5 4%?¥ trsSYF the

c number of BBl Bekcs 3 th
i de and recepti b o e 0o e CERNa Y s TG Eki ppi R0 bcr OB ocks, &

picture can be played; bagkt onathe segepti on side M I RO 56 Rl Bk @fh 4 ndex
i ndi cating a conbination of reference franes, a notion vector with a size

of 0, and a 0 erpQic8i hathrSe Wht £br 3hEe eNESEE N | NfOF @ ¢ O101h OF i €aeke
macr obl ock, upon encoding them This makes it possible to reduce the

encoded data anopg®leopsespondi tiget Oitéeserdat et pnel ¢t pveidme encodi ng
efficiency. In addition, encoding a predictive coefficient corresponding to

a tenporal combination is represented by the equaticn (30):
10
1 1 1
Wy, W, W) =|—~,—,— 29
(0 1 2) (B'BIBJ (29)
aFf12 = L+ r2 o+ ) (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 of a prediction based on equation (20).
Letting eF312 be a prediction picture of the video

20 frame F3 which is predicted from the reference frames
F2 and F1, eF302 be a prediction picture of the video
frame f3 which is predicted from the reference frames
F2 and F0, and eF3Ol be a prediction picture of the
video frame F3 which is predicted from the reference

25 frames Fl1 and FO, these prediction pictures are
respectively represented by equations (31), (32)

and (33):



10 chande in signal intensity for each frane can realize adaptive
macr obl ock skipping in accordance with the characteristics of a picture
signal wi thout increasing the encodi ng overhead. (10) In any one of (1) to
(8), encoding is 15 skipped w thout outputting any encoded data with
respect to a macrobl ock when an index indicating a conbination of the
plurality of reference frames is a predeterngped value, the notion vector
to be encoded coincides with a notion vector for the imediately 20

previ ously encoded macrobl ock, and all the predictive error signals to be
encoded are 0. Wth reg&n@ to tid na&;qplocmatolﬁﬁ encoded next, the ggnber
of ski pped macrobl ocks 18 eﬁcgged.Rf: feglis> g3 Wen, for exanple, art %dr ea
| arger than a macroblock in a frane tenporally translates, the
correspondi ng macrobl ock can belgncoded as Qaskip 108 nmacrobl ock wi t hout
sendi ng any notion vec 2i af ornBti-om? Thi-s—frakem it possi ble to reduse)t he
encodi ng over head and i nproveRche Bhcodi e ef Reci ency. (11) In (9) or (10),
an index indicating the 5 predeternm ned conbi nati on of reference franes

i ndi cates the use of tw%@hngpdiéuely revi okisl y encoded franes as ref%r§nce
frames. <EfPects> Wen %'Be Tsg 0L g i mEdiaggl’y previously encoded {70
frames as reference pictures is set as a nacrobl ock skipping condition, an
accurate predictive pi cletrencarrhéd l@aviel p gereratednbyaauki bbaripeeadbet i on
such as |inear extrapolation even in a case wherein a signal intensity
changes over tineadeeaganjadhegvelduehedgliivke. b¥5etinaspphe 6B1t heof 488) t hat
the signal intensity changes over tine, e ding of a macrobl ock can be

ski pped. The two &hfeprsediptéon aﬁlpﬁpﬁﬁvgﬁgnﬂahnbprGéV@ﬂiéﬁ ehei Eiéhky and
a reduction in encoding overhead, nake it possible to inprove the encoding
efficiency. 20 ( PFepifpfiyegcpedficiept)by Shei pauatingi ddfi ng t he
predet erm hed conbi nati on of reference frames can be changed for each

t o- be- encoded frane, andcth_jndERaRmdiRaRbnngmnggedeternined conbi nat i on
of reference frames isfﬁﬁcodedgasungadﬁél a gor t o- be-encoded 2 5 frane
. <Effects> The macrobl ock ski ppi ngrgRiwdi PRERS CRBRRE fl exi bly | 09
changed in accordance with a change gL DIgY, 5i Fover time. By (34)
properly changi ng the skipping coqdiﬁégQ§_¥@§£@chﬁgﬁgne in accordance with
a picture so as to easily cause Cppl Hhe time 5 of
encodi ng, the encoding overhead can be<re e . a )high-efficiency
gncoding can be real i 2¢fe CEr AREL0RS ¢ ceh) 14068) prgagadind 15

ski pped wi t hout outputting any encode ata with respec? to a macrobl ock

when an index indicgatririgiant@ gaybbratisen of atherphurakbitly ohtrgfersnee
franes is the

average luminance values DC(FO0), DC(Fl), DC(F2), and

15 DC(F3) of the frames ¥0, 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 coefficients. 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



sane as that for the imediately previously encoded macrobl ock, all the

el ements of the notion vector to be encoded are 0, and all the predictive
ertor signals to be encoded are 0. Wth regard to the nacrobl ock to be 15
encoded next, the nunber of skipped nacrobl ocks is encoded. <Effects> Wen
t he use of the sane conbination of reference franes as that for the

i mredi ately precedi ng macrobl ock 20 is set agga macrobl ock ski pping

condi tion, macrobl ock skipping can be efficiently done by utilizing the
spatiotenporal characteristic correlation between areas adjacent to a video

[ | . Thi ' .t he [ effici .. 25,(14) | , f (1
T0(3) . encodi ng P SRLGAEASHFENGE SAERGt EPng SRy SACBAEAPRARACRITR
t ot bl ack wh ' i_ndi cat i 110 i nat i f th
hurali ty of rof cPeRGS FLANGS PY HE EANBOReCEnaDe: VELAES MBI aPery
[ I d I I, b d i ngj
W ih o motion veot B PGy Cfne P dPRLSry oot braus Y SoEnReaaa mhet obP bok.

and all the predicti rr Si S o] Q. ¥t.h
t he nacroblogk toggg%gégédggengg?%kt ggﬁgggg?gogggﬁgégégnﬁzﬁ%o ngg@?%EQ

encoded. <Egfectsy,10,AddiRgkheranhange®hbel Duhldhnke Lhatekn £13) makes
it possible to redlce the encodi ng overhead ™and i nprove the encodi ng

efficiency. (15) bheanytane ebefkkclient8lis yheecAOLyOBqUBELEA Y 95hepencoded
is predicted froma notion vector for one 15 or a plurality of adjacent
macr obl ocks w t hi notwhe frhageapgndeshecdichkerentialingyepiresibetween the
notion vector to be encoded and the predicted notion vector is encoded.

<Ef fect s> 20 The eveddiingeater.head for notion vectors can be reduced and

t he encoding efficiency can be inproved nore than in (1) to (8) by

predicting a notion vector to he encod om adj t,m (gpg cks within
the frame LA consi derat(W@anfW;t)he Efart 2 EfBSQE{ el—ggﬁgﬂ, %5- g%{—w-:zgn nmot i{3G)
redER VectBrlFY) 3 DCEZ)

vectors, and encoding only the dif
FIG. 30 shows a method of performing a prediction
based on the linear sum of two past frames and one
future frame. Reference symbols FO0, 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. 1In 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 prediction method in FIG. 30 are expressed by the

equations (36) to (41):



(16) In any one of (1) to (8), the notion vector 111 to be encoded is
predicted froma notion vector for a nacrobl ock at the sanme position in the
imedi ately previously encoded franme, and the differential vector between
the notion vector to be encoded and the 5 predicted notion vector is
encoded. <Effects> The encodi ng overhead for notion vectors can be reduced
and the encoding efficiency can be furt i nproved by predicting a notion
vector to be encoded 10 froma notion vector for a nmacroblock at the sane
position in the i medi ately previously encoded franme in consideration of

t he tenporal correlabggn bet ween noti op vectors, and encoding only the
differential vectodf515 {1 XFQH'EhyFéﬁg of (1) to (8), the notion3¢ector to
be encoded is predicted froma notion vector for one or a plurality of
macr obl ocks within the frane and a notion vector for a macrobl ock at the
same position in tpelsnmredi BPel yrprevi &dslygencoded frame, and t hg720
differential vector detweRrh + ke noti 8b vect or to be encoded and the

predi cted notion vector is encoded. <Effects> Both the characteristics in
(15) and (16) can be.gbtai ngd by predigid ng a notion vector within a 25
frame and between EF3RES %ﬂ‘tﬁgiFgépggjgﬁzofothe spati ot enporal (38)
characteristic correl ation“be en i Yectors. This makes it possi bl e
to further 112 inprove the encoding efficiency for notion vectors. (18)
In ay one of (15) ng¢12)+~§ﬁcndfpg.' i ppgd wi thout outputtingzgny
encoded data with re%pectho—ahnacroﬁboeﬁﬁmhen an index indicating a 5
conbi nation of the plurality of reference franmes is a predeterm ned val ue,
the differential vechor of 1t-heraBbi erRamet-ORbRe be encoded is 0, and all
the predictive err8F25|gﬁa§§‘yg be ceded e 0O Wth regard to the

macr obl ock to be encoded neéext ; f%@r{g‘gﬁaﬂ%{pﬁa\bﬂg pped macrobl ocks is
encoded. <Effects> In synerdy-wi s “ANYENE any one of (§85) to
(17), the encodi ng overhead cinR.‘ X gdufed to i nprove the encoding
efficiency. 15 ( 19 ) In any ene—o 6 ¥z ) , encoding i s

ski pped wi t hout outputting anﬁ efRodedal &t twkeh respect to a macrobl ock
when arf i ndex i ndicating a conbination of the plurality of reference franes
is a predeterm nedgqyal e, ih_e di § flgiient ilal, De@Eebr 1of OGHE)20 not i ?Qlyector
to be encoded coingﬁﬂe WPih &3 DoFo) ‘3 DOFL) ' 3 DCED)

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 in figure denotes a
video frame; and FO and Fl, reference frames.

20 Reference numeral 10 denotes a video macroblock; and
12, 14, 16, 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 Fl within a motion vector search range



differential vector for the imediately previously encoded macrobl ock, and
all the predictive error signals to be encoded are 0. Wth regard to the
macrobl ock to be encoded next, the nunber of skipped 25 macrobl ocks is
encoded. <Effects> In synergismw th the arrangenent of any one of 113
(15) to (17) and the arrangenent of (10), the encoding overhead can be
further reduced to i nprove the encoding efficiency. (20) In (18) or (19),
an index indicating the 5 predeterfited conbi nati on of reference franes
i ndi cates the use of two i Mmedi ately previously encoded fr ng§ as reference
frames. <Effects> In synergismwth the arran enq@tobtaemég (19) 10 and
t he arrangenent of (11), the encodg&g; can be further reduced to
i nprove the encodin\g.l f¢@n$ﬂﬁﬁ/ In (18) radd9 , net 9 hdex i ndi cating
the predetgantined"c ination o eggﬁene@ ?r%nes can be changed for each
t o- be- encoded frang ﬁ@@lbhevﬁﬁ ex 15 |ndrcatkngntheCEPédeternlned
conbrnatrgﬁadﬂ“ﬂeﬁ rence franesg&a&mmpdé@ g header dﬁ&gzkgrr@n
t o- be- encoded fralr I'n" synergi s %&fgbéﬂunQﬂ ngement of (18) or
(19) 20 andet®er rangenent of gﬁf)@btmeﬂ% codi ng over head, gae be further
reduced to |nprg§e ot he ench an efficiency .QQZihénlﬁﬁ§rone of (15) to
(17), encodieng skrppe%:mrtho%kc@uﬁpﬂﬁﬁlﬁé any quededégy@@dmtr1
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respect to a macrobl ock when an index indicating a 25 conbination of the
plurality of reference franmes is the sane as that for the i medi ately

previ ously encoded macrobl ock, all the elenents of the differential vector
119 of the notion vector to be encoded are 0, and all the predictive error
signals to be encoded are 0. Wth regard to the nmacrobl ock to be encoded
next, the nunber of skipped macrobl ocks Hﬁ encoded. 5 <Effects> In
synergismw th the arrangenent of any one of (15) to (17) and the
arrangenment of (13), the encoding overhead can be reduced to inprove the
encoding efficiency. 10 ( 2 3 ) In any one of ( 15 ) to ( 17 ) , encoding
i s skipped withoutFbat péd t $gvanyhenseeerd detamm ¢ o F especiion a
macr obl ock when an index indjcating a conbination of the plurality of
reference fram&Ciar (HRAsHhel sV 1IRA FHrOdHY iaRENEN EPridia ousl y encoded
15 macrobl ock, the differential vector of the notion vector to be encoded
coi nci des wi t FFPH R et A% BT Hor VPt iRfedi 4t y 3 ShVEI1F encoded

agard Lo | ho TRCISbI VRIS B RUIDEh WO 1910 TARE o Slpts

macr obl acks i s¢ dlesd. < ifce&;§>b n,$yNergi sm w hcutﬁevear Ahgement of any
5 et RGN RN i

one of (15) to n € arrangenen € encodi'ng over head

can be reduced.1o.| prove dhe. enGasi i 8 S &R (A nd h dru e d2) . the

conbi nation of Tinear sum
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 scaling the motion vector 11 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. 1In re-search operation, the reference frame
12 extracted from the frame Fl1 by using the motion

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

and the reference frame 14 extracted an area near the



weighting factors is determned in accordance with the inter-frane

di stances between a to-be-encoded frane and a plurality of reference
franmes. <Effects> 5 A proper predictive picture can be easily generated at
a low cost by performng linear interpolation or |linear extrapolation for a
time fitter in signal intensity such as fading in accordance with the
inter-frame di stances between a to-be-e Eoded frame and 10 a plurality of
reference franes. This nmakes it possible™to realize high-efficiency
encoding with high prediction efficiency. (25) In (1) or (2), an average DC
value in a frame or field in an input video signal is calculated, 15 and

t he conbi nat Mot ien Mesdar Jvbmodeitdist ifdgmeadiCor s A ¢ edsteardibindéd ovdehe basi s
of the DC values in a plurality of reference franes and a to-be-encoded
frame. <Effedtod>appoddloguVaateg Mitdar espedite ttiové heéodrPie &t $Of B6m 20
tenporal changes in DC value in a to-be-encoded frane and a plurality of
reference fraredindM3EspdiepCdditetione epPeieeic & eh&T§EN&Ta"Ed with respect

to not only a constant tenporal change in signal intensity but also an
arbitrary 11 BEPITHSE A0 ohll Hheeaenp st Ress Bty or (2),  aseure
that an input videg signal, has a .variahle frane rate. or an_encoder for
t hi nni %g out arbi ?‘}Sasﬁly %glrr%s of the isﬁpﬂ?}alvil eoseg’l gaﬁcala COPR atngE make it

have a variablg,fs g J atgd §HRf GRAGYa1l BellietnCasg il BRCedi ng f he video
signal having the variabl'e Tranme rate, the conbination ST néar sum

vei ghting fagtiorsd sdetiendned iHeraeeer dance Ml Fichapgey ind nter-frame
di stance between a to-be-encoded franme and a plurality of reference franes.
<Ef f ect s> By a4piadnd priepehils reate,priedictidere teogkhireheFos ian ceegereéance with
inter-franme distances with respect to 10 encoding with a variable frane
rate i n whi cmdvieeani, era fseamehdirsinarc ed thetrwaerca to- heceneddednickane and a
plurality of reference frames dynam cally change, high prediction

ef ficiléncy cardre il mezidsed o depdiofuar rhimegh-lefriiesi emcyreacaditnig. 15 (27)
In a video encodi ng nmethod of perform ng notion conpensation predictive
inter-frane dicodiangesirch trenge endddad simesitolflootkeotred eviegee pirermgr e by
using a predeterm ned conbi nation of a plurality of reference franmes and a
noti on vect orf lbet Redif e tferhé SRddded Vas tegc et dre SR tatt 0 &8t one

reference frane, the first reference cr.obl ock corresponding to a
candi date for-“hé ﬁq@ﬁevlé%ﬁpsi5“ei??%@ﬂzauggogﬁFhéaW@rigeFé%é%ane
frame, (b) t i dat r .t t e roi al i rdance with
t he intgrzfrgﬁgﬁggh&i%t%ﬁ%%uggg%égﬁ%ﬁgﬁﬂéagkggngig%%o%g%gg?eiéﬁge frame and

the tagzbe- enceded dyang.q (aci)chatffolre%s tmloQﬂ%nS &eeRd T eherence g renahl ock

corresponding to the candidate for 17 the notion vector obtained by

scaling is egmactmenf o trhe seeRd meher ence frame, (d) a predictive
macrobl ock is generated by calculating a |linear sumusing a predeterm ned

conbi nati on of weirghdds HadOrishd eddirl mdticst vasd cecenddref er ence
macr obl ocks, (e) a predictive error signal between the predictive
macr obl ock amcktthuel,t dribesterndoddd ,mac rsaalradk iiss mgerefatred, mpftiotnhe noti on
vector is determ ned on the basis of the nagnitude of the predictive error
si gnal vector with respect to the 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 motion vector search method, motion

vectors for the reference frames FO and Fl are



10 between the linear sumof the first and second reference macrobl ocks and
the to-be-encoded macrobl ock, and (g) the predictive error signal, the
first index indicating the first and second reference franes, the second

i ndex indicating the conbination of weighting 15 factors, and the
information of the determ ned notion vector are encoded. <Effects> Assune
that a plurality of reference nacroblocgg are extracted froma plurality of
reference franes 20 with respect to one’'to-be-encoded macrobl ock, and a
predi ctive macrobl ock is generated fromthe linear sum In this case, if an
optimal notion vector is determ ned for each reference franme, the
conput at i on arpamg tedyowbs aénednoudn Accoddingg thesehmodnpangerntntsef 25
(27), since a notion vector candidate for the first reference frame is

scal ed to obtfairstnotli ed lvedther sotdprnotiestoreflér énce theameserangkeural ity of
optimal notion 11 8 vectors can be searched out wth a very snmall

conput at i on éﬁﬁﬂﬁtFlTHﬁseﬁ§@@§dlt BOSs FBIfd ergngiaat Mpcequeetirenencodi ng
cost. (28) In %2 t he deternlned noti o ector iis 5 scal ed in accordance
with the di st&c8StEePnES tORe ﬁegﬁééﬂPﬁg %@féF@ﬁ&@nggﬁe§°§ﬁ8nthe

t o- be- encoded frane, and a nce macrobl o st _one.reference
frane ?’s i ndi%\GCdRal Iy S5 é:ﬁ?&dmg &P Y§CE8T 8%9:5&88& taﬁe%gleoﬁﬁls&lff error

si gnal near t?e scaledc%o nDt an v%ptor Aot i o%oconpensa n prediction

is then perf8 méd b aﬁslﬁﬁgth bt Srenggtgfagﬁt néd S5°89F8sult of the
re-search. <gif; %C‘in%ie%ﬁ‘&él %0%51%1%3%“%%% o2 R Lan,, ?ﬁg%v@?%aﬁ t he

scal ed notion vector can te can realize a higher-e i ency notion

vector searchoM thcd siRliler vepytati on anmount and realize a
hi gh-efficiency notion conpensation prediction with a slight increase in

conput ati on anmounta sHirsHEkeSdde FRSSItHee ndod iRer fidhc20 1 gtefihieai ency
encoding. (29) In a video encoding nethod of perform ng notion conpensation
i nteri10r ane eraddinag thke actdobeverdtoded Imaar eblreekeatrch viadge pitct ure by
using at |east one past reference frane and a notion vector 25 between the
t 0- be- encodedt hact obl ockitimda t beared epeacks foranef 1h2. nodnln xonpensati on
predictive inter-frame encoding is performed upon switchin for each 119
t 0- be- encoded ar@eedishodls, oF Gper aoitdgnovegspng 18 wal ofuddctor for a
t 0o- be- decoded macraobl ock at the same intra-frame position as that of the

t 0- be- encode®4R&dSdock Iitn e r&fe éﬁ@o@@&lPﬁnﬁﬁpéPélVlﬁéfore the 5

t o- be-encoded fra ont |n|n t he to- ncoded crobl ock and ration
of newly det &STFRiShg SEnd @nE@%Fﬁ@rF Sﬁe98€t§?am9Efﬁe&Fs§ ﬂggﬁas been

descrh%ed abqyeﬂ/'q n%%ﬁ%nmakes it possible to uniguely reconstruct
the motion vector 11 with respect to the reference
frame Fl 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 respect to the
reference frame Fl can be obtained by scaling the
received motion vector to 1/2.
FIG. 33 shows the third motion vector search
method. 1In 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



10 conpensation predictive encoding, the overhead for notion vector
encodi ng i nfluences the encoding efficiency. Wien, in particular, a picture
M th high prediction efficiency is to be encoded or many notion vectors are
to be encoded because of a small macrobl ock 15 size, the code amount of
notion vector may becone dom nant. According to the arrangenent of (29),
the tenporal correlation between the nnygnents of pictures is used such
that a notion vector for a macroblock at "the sane position as that of a

t 0- be- encoded macrobl ock 20 in the inmedi ately preceding frame is not
encoded i f the macrobl ock can be used w thout any change, and a notion
vector for orhygodedacpobboek rebirekensasubpenpédonovactecr eadeai n prediction
efficiency when the notion vector for the imediately preceding frane is
used is 25 edéddedenthied WeRESTI BrpossFrbredto RedecsindetovElfead3f or
notion vector encoding and realize high-efficiency encoding. 120 (30) In
a vi deo encodfA§TRECROEYBPOpefPoffinAg ot YAdeenpEnBsati 8AIpFEdRRE ve
inter-frame encodi?g of a to-be-encgdgd macr obl ock of a videg@gicture by
using at | eadt’oRETFEFBFENLEaPFSme SRACACREEI BHMGERL ol V5IBBPRENT he

t o- be- encoded , crobloc%lgg .the rgEerﬁqceI%ragEd E@e notion conpensati on

predictive i NCErf Fame “enco Vnangs pérfof med’ upon swdtéﬁpﬁg, for each

to-be-encoded, g%ﬁ%koﬁ§ r?%ﬁ@%%“cgﬂ ihoe E'Hﬁttﬂgegb%gkgg gode of using at
| east one encoded past 6 Frame asthe referénce rane, f t he second
predi ction nmede af using an encoded future frame as the reference frane,

(c) the third prediction node of using the |inear sumof the encoded past
and future frames 1as thize thafer aREe o 3Rt oaNd cbeknt he sf aur thepirediset i on
node of 15 using the linear sumof the plurality of encoded past reference
frames as therr ekevadcexbmpne., skEbtedks>aka hhdec@se AbtBopi ¢kUteSs
(bi-directional predictive encoding) used for MPEQ vi deo encoding, a 20
predi ¢0i on fwamwhomespberward fthaeneefarpnedi creorsf FOneodeFbackwndrd frane,
and an average prediction fromforward and backward franes are switched for
each macrobl §€k sepichhé savredggéopr edimetiion, vaespagha§hpresrsstngof uncti ons
as a loop filter to renove 25 original image noi se or encoding noise in a
ref erence fréﬁ@,r@ﬁ@F§@§6iﬁﬁ@@@iﬁg'thénpgéﬁﬁéﬁﬂonléfﬁiHﬂéﬁéy. Not e,

however, that ,a_ _bi-directional predic ign S | 21 d%&ficult to make before
and after a S¢&HETEnatGE, CRAISHEMEE aPFFEGRRt FEATFE FBAE £F6m one forward
or backward frgﬁgr lﬂ thissca e,en%hlogﬁ EiLtert%Efect §or£ﬁ% nd.the
prediction GFFI |eﬁéyyd§épe§se§. &Cor ﬁg t8 thée°5%rr ﬁg n aS%S(SO),
even g a predi ¢hian Lrom ey y Aol gruaid Lpamesr3Lacecg BaAdpgve picture
i s generated rom thée Iinear sumof a plurality o ref&rence rames, the
prediction efifhsb@ReY n52BHRA inNTRGO¥EHhoRY ochh@ek0op {ikhere8pE8Et 010 (31) In
(30), the prediction based on the linear sumincludes linear interpolation
and |inear exheapelfatdepreC@ragspendicegpbealntecibsane dostances. <Effects>
Even if the signal intensity changes over tine due 15 to fading or the

| i ke, a properfpredicet iframel FRuwe tbahibbeeapirkyigénar ahedhbythingar
interpolation or linear extrapolation froma plurality of frames. This
makes it posgiolient yeslhoai welirgh -prediction efficiency. (32) In a video
decodggg met hod o%qgfrforning

34 shows a motion vector encoding method
according to the embodiment of the present invention.
In figure, F2 shows a video frame, Fl1 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



20 -notion conpensation predictive inter-frame decoding of a to-be-decoded
macr obl ock of a video picture by using a predeterm ned conbi nation of a
.plurality of reference franes and a notion vector between the to-be-decoded
macr obl ock and at | east one reference frame, (a) 25 encoded data i ncl uding
a predictive error signal for each to-be-decoded nmacrobl ock, the first

i ndex indicating the conbination of a pkHrality of reference 122 franes,
t he second index indicating a conbinati of linear sum weighting factors
for reference macrobl ocks, and information of the notion vector is decoded,
(b) a plurality of reference macrobl ocks are extracted from5 the plurality
of ref er encembrcamed oicksaéfordandé , wenh Blee addc §ded rienftocmaeidonosfi onhe
notion vector and the decoded infornmation of the first index, (c) a

predi ctive nEecsbieckii $hgenecgobdobyscakcangt Bdg the |inear sum of the
plurality of extracted reference 10 franes by using the conbination of

wei ghting fact ors Iitndind$t eqbiedimea tdeddded tiorsreaGoss doftotthénNsecond i ndex,
and (d) a video signal .is decoded by adding the predictive macrobl ock and
the decoded PREFCEt itve 18FRGE Ceilghal of B‘Ptégg‘hVSFtPﬁe 1pg- BelMgecBREGCk
nacrobhocks. %5 <Ef f ect s> ThE.data enﬁoded igegi)lcan be decoded,, and the
same eRcodi n§ teffitciF8REY PPApEIY g Pef FEct MES €1V PEEF AR E 1 86Fai ned.
(33) In (32), in i ndi.cat i e .conhi nat.i 0 | _negar, _sum

wei ghti ng fagfgﬁg’ig%§e@§$&é g%%ﬁégdé% gggaékggﬁggéhg%gaﬁe%gﬁgeach set of
a plurality ahdilaiesg AR RRPRBALEL VRRLE0 sShaRAL: chle chndax .

i ndicating the co |n§f|on of reference franmes, and the notion vector are
recei ved and sgecoged e 226k k22 tMeekokhaek poskhfieat 33 The data encoded in
(2) can be decoded, and the 123 same encoding efficiency inproving effect
as that in (2}mean ke 19bhaicreding34lidend (32heor s( 33kodkheakeaei ved nmotion
vector is a notion vector associated with a specific one of 5 the plurality
of reflér ence pireaiies,ichhaodecei Iéd thet mort ivactvertios seahed ideatdordance
with the inter-frame distance between the to-be-decoded frane and the

ref erence frdmwe thatd farmdhicomaggobdockortadbehesrmer poshé&donefiar €hee franes
is generated by using the scaled 10 notion vector. <Effects> The data
encoded in (3ynest abe lde po¢s¢diagd viiReos drarenc d8en§oELPPc VEREP T npr ovi ng
effect as that in (3), can be obtai ned.

information 1s 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
temporally uniform movement and hence can improve the
encoding efficiency.
FIG. 35 shows another motion vector encoding
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, 1if a motion vector for a

macroblock at the same position in the immediately



15 1(35) In (34), the notion vector associated with the specific reference
frame is a notion vector normalized in accordance with the inter-frane

-di stance between the reference frame and the frane to be encoded) 20

<Ef fects> The data encoded in (4) can be decoded, and the sane encodi ng
efficiency inproving effect as that in (4) can be obtained. (36) In (34),
the notion vector associated with 25 th@ specific reference frane is a
notion vector for one of the plurality o? ref erence franes which
corresponds to the greatest inter-frame distance fromthe franme to 129 be
encoded. <Effects> The data encoded in (5) can be decoded, and the sane
encodi ng ef f PEREREYNENPiEePn§reneets adenhacailnts gsypoehanbeéeebeai ned. (37)
In (32) or (33), the received notion vector is a differential vector

bet ween the fPEst HHERBNGEEPBECASs0oEREt BALWPRNVECEPECLFi BOBNne of the

plurality of refgrsnce Ergﬂes and, anot her or other reference 10 frames. The
first notion®DEEP8H i sWERANEBY PATACROVASREESWRER tRENFAERT - FPaR@SRi st ance

bet ween a to-g -encoded, franme nﬁ the .,one or a g ral'ﬁ .of reference
framps. A noPFORTVEST OFLPER. ARt HEPCBPBENaP FRPEPRRCENF BB Eogener at ed
b ddi th 5. i t : i i f th

by addina < hey5eaked. 15, ABE90.voot fEcand, Hhec i erenti 3 ygetay for the

1 (6 can ?gfﬂggﬁgggig nerbheceasR £8cpALRArRLL! i EACYeLPREEVLRY effect as
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 Fl, 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-frame 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



(38) In (37), the received first notion vector is a notion vector
normal i zed in accordance with the inter-frame di stance between the
.reference frane and the frane to be encoded. 25 <Effects> The data encoded
in (7) can be decoded, and the sane encoding efficiency inproving effect as
that in 125 (7) can be obtained. (39) In (37), the received first notion
vector is a notion vector for one of t e plurality of reference franes

whi ch corresponds to the greatest inter-frame 5 distance fromthe frame to
be encoded. <Effects> The data encoded in (8) can be decoded, and the sane
encoding efficiency inproving effect as that in (8) can be obtained. 10
(40) I n any e efti@motion 3BCtathddd i grafratarsie ¢d dttedhdth the
nunber of skipped nacrobl ocks is received for each nacrobl ock, and one or
nore macr obl & A efhskifFFEPP ek ridt+ oft VI 1 cdineits Whelill red t o decode
each of the skipped macrobl ocks are 15 regarded as Q. By using a

pr edet er ni nétP tbi AN 6 1t SGREET e T sheYSe GRERG 1 ocks are

extracted fromthe rality of reference franmes,. A.predictive. nmacrobl ock
s Goner at ech A e 15 IR IEY AR el CH St Gks TP o T4y sum

based .on an index 20 indicati onhi nat.i on_aof. the received |inear sum
5 e cocﬁng?. and C?eaéloccpl%\/il’bﬁﬁ%s%%c he moqzlo gisecgzogr

wei ghtl ng factors. “The pre cro i S use ecoded picture.

1 ertes, TR encplet i d B ap e peradett Andiide e sare encodi o,
of (32) to (RWitienid i MUdQNing video 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 F0, Fl, 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, 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 FO 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 to be encoded, a prediction



| 26 associated with the nunber of skipped macrobl ocks is received for each
macr obl ock, and one or nore macrobl ocks are skipped, reference nacrobl ocks
-are extracted, for each of the skipped macrobl ocks, from5 the plurality of
reference frames by using a notion vector for the inmediately previously
encoded macrobl ock wi thout being skipped and a predeterm ned conbi nati on of
a plurality of reference franmes. A predjctive nmacroblock is generated from
the plurality 10 of reference frames by a |linear sum based on an i ndex

i ndi cating the conbination of the received |linear sum wei ghting factors.
The predictive macroblock is then used as a decoded picture. <Effects> 15
The data encoeetor nif 1991 eahedel Hew obled, mahtoR hee sbees eptodidig ef fi ci ency

i mproving effect as that in (10) can be obtained. (42) In (40y or (41), the
pr edet er mi ne@ddtdadRhate GROBICF kS B ente Pratid Fnciideshe medi ately 20

previ ously decoded twp frames. <Effects> The data encoded in (11) can be
decoded, and®thecEanklehcoRr o P HEEBRCHE MY RVt Pl @F FEREERE 3%t in (11)

can be obtai ped. 25, (43) | 4 por (41), an index indicating the
predeterninegh%d%%Fhé?i%%Cg?grg%e+%n%%c%?% s is received as header data
for an.encoded frang nd, a 127, ski ppe crobl gck is.decoded in

accor dance with tﬁepFﬁ§é§Flgﬁf¥88Fg§ g%eg%gggm%%%odgﬁ’iﬁof1§§a%% ®he

(12) can be BoTar el 0T 48F Tnt B oS PO i Te T (50 ER AL of et on

associ ated W8 §0&: ANDLLLOf o BKERPEH FRSH ObL Ockss | St Tecel yedad o+ each
macr obl ock, and one or nore 10 macrobl ocks are skipped, all hotion vector

el ements requhkedblocrecriec paghdof &hea sképped dRCcEODEOEKSgArLs regarded as
0. By using an index indicating a conbination of a plurality of reference

frames in therédanetiehelycpserethagnattswbleckoencddete W £ hoié  bei ng 15
ski pped, reference nacrobl ocks are extracted fromthe plurality of

ref erehce fradgsceandnacpoketdcksve, necrbbl ack E swiyereretketbitonmt he
plurality of reference macroblocks by a |inear sum based on the received
conmbi nat i on oinihwearesudnaki ghtengsigedbrs. The 20 predictive macrobl ock
is used as a decoded picture. <Effects> The data encoded in ( 13 ) sane
encodi ng ef fici enBySHiEpr th28) thandheiepearacactoscpabhe| prafycbhelof (32)
associated with the ngn@er of receiveg for _each ”&ﬁ%%?'OCk an be decoded,
and the avi n§eeFPECERAs ERATOFHOR0VESEYT Qhe T nfor AT FRR° LT pped

macr obl ocks ﬁ§c98g18gﬁ Bécggég 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. 1In this case, the
macroblock is skipped without being encoded. The

20 number of macroblocks consecutively skipped is encoded
as 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 S50

coincides with the motion vector 52. If all the



1z8 macrb-~oc~s are ski extracted, for each peed. re ference macr the
p~uralit of the skipped oblocks are vector fr Y of reference franes

. macxobl oCks' fromth mredia Y usin 5 macroblcl we 1 telY previ b g a ntion
Indicating a Ithou,t being skipped ouslY encoded d franes in the Crb~nation
of a plot n an index w thut being ~~ed~ately precedin allty of reference

Sl opped. genera 10 linen ted frmthe pgglralrprediCtive macrobl d g

macr obl ocl encode of th r sumbased on'an in.~tY of reference fra ck is pre
a reCe~ved i ~near s dex ~hdxCatlng the nmes by a pi d~Ctive maCroblck 1 um
we~ghtin9' facto co~lnation <E cture. s then used as a de rs. The ffects>
coded 15 Therdaticsdme en@odi 5 igneicoddd the MagrobdwcklA) aCan Ohe tbe

ef f ~C~-encY i nProVin be decoded' and th '46) | bta~-ned" g effect as that ~
a notion vedesnebdwrknd sofskipped wi thoasc bping0 eneoglect. t A4 itheoil ed as a
d~f 39 the received fete plurality of notion ,lector predict nt-~ai Vector
wit predictibidea@fadenoddigr olsi seleddgtiom Necseralls wetieshedcynoti on
vector is gen s wth~n a frane. or fo erate A z5 macroblocks_ T r the
plurality ofthg Fe8® methocodsd e Msesl ¢éd the priag ofi $8cREENg,ad7acCent
nmot n_v for the crres .on Vector t deco ector is, added,to ndi ng

mecr ofi O . 8% Re BTECHT W& & 1P CUrEs SoERPERALSoTRY d5tadenbsded in (15)

can be decoded, _and. .t anme _encadi ng _efficiency i nprovi ef fect as that
in (15) can b e&t?tnéﬁeng%.a?“? (’ﬁ)t Fn ™, %ﬁofg%gcéfr% 2)Wht18%( §815% the fol | owi ng

is the 47th QQQHQEH%%!%@d%dEEQEUE%leEQ%drec%%%e%e%%Eg%%dVECtOr i's encoded
W th resp i

as a differéﬁtlal hot1 on vect or ect to“a nmotion vector predicted
froma noti @ ¥B8CiQh Bid TR Rl ack b dkle s32TR RO iLaR %&ib?@dlo

i edi atel y preceding frane. By adding the received notion vector and the
noti on vect iz gHoedictiked fromthe

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 wvideo
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 wvideo
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, 1in accordance

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

expressed by an index (Code number). A differential



decoded notion vector in the nmacroblock at the sane position as that in the
i mredi ately previously decoded frane, the notion vector for the

. correspondi ng 15 macrobl ock is decoded. <Effects> The data encoded in (16)
can be decoded, and the same encoding efficiency inproving effect as that
in (16) can be obtained. 20 (48) In any one of (32) to (39), the received
notion vector is encoded as a differenéial notion vector with respect to a
notion vector predicted froma notion dctor for one or a plurality of

adj acent macroblocks in a frame and a notion vector for a 25 macrobl ock at
the sane position in the imediately preceding frane. A predictive notion
vector i s gensnat ankifwamm a ke ciodiek ribtiirghi asgcitray  oreftdreencd 3orgueural ity of
adj acent macrobl ocks and a decoded notion vector for a macrobl ock at the
same positi ooy rthenendamdictlel§ previmns sy kdoddd fileelnd®x addifng t he
predictive notion vector and the received notion 5 vector, the notion
vector for tifee grersporek My nactoblbcki§ CRRAGRILES FEfei@RENChe dat a
encoded in (17) can be decoded, and the sane encoding efficiency inproving
effect as tHhatane odgx 1 keyr b ight ATHEE - (49) I1n any one of (46) to (98),
when i nformati on associated with the nunber of SKi%erd rraé:robl ocks is

recei ved for eachf Hacr dbl DoRYS aHP IHeF PO bR TR Obl TRRHIE ski pped,
f bl ock , 15 t t ! t i d

macr obl ocks,™9 ererence franes usi ng the predictive

oL VeCL S AR QASELL (L B S PRl ok P,
macr obl ock 20 45 genesatededaom theidl uald ty fcteferaneaifames by
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 is encoded or
15 decoded before the frame F2 is encoded or decoded.
In the reference frame f£3 for a backward
prediction for the video macroblock 61, a macroblock 60
at the same position as that of the video macroblock 61
in the frame will be considered. If a motion compensa-
20 tion prediction based on the linear sum of the frames
FO and Fl1 is used, the motion vector (62 in the figure)
of the macroblock 60 corresponding to the reference
frame Fl1 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.



a linear sum based on an index indicating the conbination of the received
l i nea¥ sum wei ghting factors. The predictive nacroblock is then used as a
decoded picture. 25 <Effects> The data encoded in (18) can be decoded, and
the same encoding efficiency inproving effect as that in 131 (18) can be
obtained. (50) In any one of (46) to (98), when information associated with
t he nunber of skipped nmacrobl ocks is received for each nacrobl ock, and one
or nore 5 macrobl ocks are skipped, reference nmacrobl ocks are extracted, for
each of the skipped macrobl ocks, fromthe plurality of reference franmes by

using a notion vector obtaijne y._addi ng, a notion vector for the

i mredi atel y precedingﬁﬁﬁﬁ%ﬁﬁg%ﬁ'%%C@H%dlﬂf?ﬁbt{a%%iﬁbs %ﬁgﬁitbﬁﬁ tBet he
predictive notion vect nd redet erm ned i,nati.on of a plurality of
reference fr anesrlfr@"ber gﬁrall g-tol vtg]esraﬁrrao%? o%%( i%n(%%ge)r%? e%lh? rlo%?:ﬁe%fo?lﬁ? ality

of reference frangs,hy g, L%{b?@rﬁﬁéj’?%ee%?”té‘“téé‘d ahdok£at ﬁ.@@ h&Eion

conbi nation of the recelv i near 'sum wei ghting factors. e predictive

macr obl ock is th%ﬁd&ﬁ]@irﬁé‘&@y@%ﬁ@iﬁﬁiné%ﬁ@%é&i&b%@é&@re@ﬁ%“;ﬁ‘d in

(19) can be decoded, e sane ‘encodi ng efficiency inproving effect” as

that in 2019) qary e obt@gNesecdmdd d Md¥fin OFed O 64 Neo Pr2ded e ataed
conbi nation of reference frames includes two i medi ately previously decoded

frames. <Effectsyphilhe slatgoengodaghd o 203k cen. berecnseton andethe same
encoding efficiency inproving effect as that in (20) can be obtai ned.
obtained by multiplying the motion vector 62
by -R2/(R1 + R2) 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 prediction 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
first. 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 set, motion vectors for forward
and backward predictions at the macroblock 60 are
calculated by scaling the motion vector of a macroblock
at the same position in the frame F3, thereby
performing bi-directional predictive decoding.

25 FIG. 38 shows another example of the
bi-directional prediction shown in FIG. 37. Referring

to FPIG. 38, a frame FO is a reference frame for a



132 (52) In (99) or (50), an index indicating the predeterm ned conbi nation
of reference franes is received as header data for an encoded frane, and a
ski pped macrobl ock is decoded in accordance with the 5 received index.

<Ef fect s> The data encoded in (21) can be decoded, and the sane encodi ng
efficiency inproving effect as that in (21) can be obtained. 10 (53) In any
one of (46) to (48), when information assogated with the nunber of skipped
macr obl ocks is received for each nacrobl ock, and one or nore mnacrobl ocks
are skipped, reference nacrobl ocks are extracted, for each of the ski pped

bl ocks, f 15 t I it f f f t he,
oradi ot ve ot | oV o St KoY ofoveti B ?%?m?%igﬁi?s%ezf Bor b6R°and
d di cat nb I f f inth
edi at el L?E‘cfea%q%g TRor bt oEte oRenlE b EhbtfeRbengr Sote: el oh
predictive macropl ook {5 genergyed féoﬁﬁigecgéﬁrakBE aP& éﬁﬁeﬁggﬁﬁai&anes

by a linear sum based on an index indicating the conbination o

received linear sumyei gbttogsf a6k Oof ge Jbge@rﬁglb%byscm&OQLQCBbtglhBen
used as a decoded picture. 25 <Effects> The data encoded 1 n (22) can

decoded, and theypag®aene@dh ndoe{bhcieneyri Mproyi agmettest oag Wbahltﬁ 133
(22) can be obtained. (54) In any one of (96) to (98), when information

associ ated wi th thepawrbes of £ sknppes, et ohl 0sksotsteacetveref sameach
macr obl ock, and one or nore 5 macrobl ocks are skipped, reference
macr obl ocks are px¢iactedasfohatach dhethedski ppedonbockblibcksp £hem t he
plurality of reference frames by generating a notion vector by adding a
differential notfoameek® oinfaccohdangeeditbethepintedi igamacdobtenokeencoded
10 wi t hout being skipped to the predictive notion vector and using an index
indicating a conbinatE@ﬁtéﬂgaRé|E?ath?y15Fere¢éﬁ@ﬁcélﬁ¢aﬁ§§ ﬁﬁomhgh

i i precedi ng macrobl ock _encoded w t hout being, skipped. A

d
Lrggitﬁ}gﬁynacro%¥%%% Fe E%nE?%tEHa??oﬁ?th%ZpPGrEPFt%nESro?r?@Ference
f b | b d d th nbi nat f th
Fecei ved | fnear SLRTSEFENEFNG TRGL SFENCTRA BPeANEt FrenRnE obFBakR PSP Ehen
used as a decoded i ¢l pie. esEhLegl s2.20c Theoalaccneadedehn (20) canzhe

decoded, and the 'san® BRcod ICI'ency 1Tnproving e

can be Obta'“ed é55%hé”v@c!b?eebQQEﬁga”Ey”ﬁ&h9959§19 r £AEM,BY; BRE i on
conpensation predictive inter-frame decoding of 0- be- decoded

nmacrobl ock of a ytdesrpigtyyerbyrYsi BgaarpeRdetienstned ¢epbbpatiyonsef a
plurality of reference frames and a notion vector between the to-be-decoded
15 the video macroblock 71. The vector obtained by
multiplying the motion vector 73 by -R2/R3 is a
backward motion wvector 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 video 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



139 macrobl ock and at | east one reference frane, (a)- encoded data including
a predictive error signal for each to-be-decoded nacrobl ock, the first

i ndex indicating the conbination of a plurality of reference 5 frames, the
second index indicating the frame nunber of an encoded frane, and
information of the notion vector is decoded, (b) a plurality of reference
macr obl ocks are extracted fromthe plugality of reference frames in
accordance with the decoded information of the notion 10 vector and the
decoded information of the first index, (c) the inter-franme di stances

between the plurality of reference franes and the_ encoded frane are
cal cul at ed ifp ract%t?r A AT PHE dedode P §H GRS i Yf2tHed sBcond i ndex,

(d) a predictive macraqbl ock .i.s gener tqg %g}by calculating the |inear sum

of the plur éﬁqttly?nofvee(i\}torracvfletc;l re Sé?ee%ce?ra eobﬁ%‘&?(sr?é?% Wei ghtThg factors

det ned | . I : ) . , q

2 Vi deo o gfd TE RO e TG R e e B A e 20

decoded pre? dfﬁ%fﬂﬁ(Ui&%ﬁﬂEHCESﬂﬁgéftS> The data encoded in (24) can be
t

decoded, an e sane encodi ng efficiency inproving effect as that in (24)

can bg obtained. @5 {SKrifed YL, 20 Ngi HRIHPUINOE i HET YL AL A NOLi on
conpensation predictive inter-frame decodi ng of a to-be-decoded macrobl ock

of a video petdia iy Usi Nthe ABvatmdraast ene pPasicd efigs esgeodidge and a
noti on vector between the to-be-decoded nacrobl ock and at | east one

reference framhday fncoded mlat fon ned atdh g anddracbeéveretleeror signal for
each to-be-decoded 5 macrobl ock and i nformation of one of the encoded first
nmoti on vect eamardiand |aff inidércay i ngln heddistel @f, the Seeomdameta on vector for
a macrobl ock at the sane intra-frame position as in an i mediately

previ ousl y éncbdeld FY e g lel oleces sl aareh dédtibdedscabing 19 preeldicti ve
macr obl ock i s generated by using the decoded first notion vector for a

t 0- béldecoddd St bt Dk} of £ ik LI ENCIMIRE P BV BheSelestingti on
vector is receiyved and usin tqg,second notj on vector, for a fo-be-decoded
macr obl ock FHEART CHETHRE § | FP TR Y e%%Jrl?/%Joé, DY YR)EEERT deb signal s

gf;ﬁgfd by adding § he, PLed &L Ve, fIRCLoR ok Al &, Prefll €L NG 8L T or

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 reference frame. A macroblock 80 in the frame
F4 which 1s located at the same position as that of the
video macroblock 81 is predicted by the linear sum of
two forward frames FO and Fl1. In the method shown in
FPIG. 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 vector with respect to one



<Ef fect s> The data encoded in (29) can be decoded, and the 20 sanme encodi ng
efficiency inproving effect as that in (29) can be obtained. (57) In a

vi deo decodi ng net hod of perform ng notion conpensation predictive
inter-frane decodi ng of a to-be-decoded nacrobl ock of a video picture by
using 25 a notion vector between the to-be-decoded nacrobl ock and at | east
one reference frane, (a) encoded data incl@&ding information of a predictive
error signal for | 36 each to-be-decoded macrobl ock, prediction node
information indicating one of the first prediction node of using at |east

one to- be- encodedt Rast {1.ANE £ JNE SRLET NG AfTRnd her Sesond, grode of

using a 5 to-be-en future frame as t erence frame, the third

predi ction nmode yofc sing i hey WNRAT SHM Glpd @ bey encoded pasty@ng, fidmy e
franes as the reference franme, and the fourth node of using the |inear sum

of the pluralitydfeddandie-pnadat past fHaresdas ddwerddidef esence frane,
and the information of the notion vector is received and decoded, (b) a

predi ctive macr caaiadd sirgnedcddagernenatad diye uist ey 4 heanp edhi st 400 ode
information and the information of the notion vector, and (c) a video
signal i s 5decodéd ty tEdidi ngpd et ildn priaoi ved 1 o/ ea i Ay aoditvockd stegmad rsantb it he
decoded predictive error signal. <Effects> The data encoded in (30) can be
decoded, and t he&lsamel dawowh qiplefddlei Bhoyre mpeoagaledf f degttalsng Rt ha 20
(30) can be obtained. (58) In (57), the prediction based on the linear sum
i ncl udes |inear thf enpatiomerdi stanee Bam dpvd airame dot ries pomli Fepne
inter-frame distances. <Effects> 25 The data encoded in (31) can be
decoded, and thd¥af¥ dift ddihg T of ety Fhpravehof €3 dete akrammtFd ntq 31)

can be Obtalned'thejfggme 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 macroblock 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 videc macroblock 81 is bi-directionally predicted
by using the motion vectors 84 and 85 obtained 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 addition, if there are a plurality of
motion vectors on which scaling is based, and there are
no motion 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



(29) In a video encodi ng nethod of perform ng notion conpensation
predictive inter-frame encodi ng of a to-be-encoded macrobl ock of a video
.picture by using at |east one reference frane selected froma plurality 5
of reference frames and a notion vector between the to-be-encoded
macr obl ock and at | east one reference franme, the notion conpensation
predictive inter-frame encoding is skipged with respect to a to-be-encoded
macr obl ock when the notion vector coincides a 10 predictive vector selected
fromnotion vectors for a plurality of nmacrobl ocks adjacent to the

t o- be- encode craohbl ock the video picture, at |east one reference frane
sel ected for %tnhrgg Stcgaﬁgc-‘engj&&esd so&tgcﬁgscgo’i des MR ¥hetaicr obl ock
fromwhich t r.edi.cti v 5.vector is selected,, and all to-be-encoded
predictive e %oer%lgclqglna se%lf#ﬁlheglc%talrbi rceoar'gplezﬁ':sgﬂ‘ﬁh‘E‘plﬁia 818 inter-franme
encodi ng areegcﬁ$y%gghe number of macrobl ocks for which the notion
conpensation predictive inter-franme encoding is skipped in 20 perform ng
noti on conpensati Grpr ed ctd e 4 rs [ e next

t o- be- encoded nacrobl ock ?giéﬁgggggfjﬁﬁf egfgggggﬂ?ﬁg 2 ?o%%%?oblock

ski ppi Bg i s ekftheicenido rdl nepusedHY diidid i Ut UeRd Y /J&ler ence frame
selection correlation in an inter-franme prediction between adj acent

macr obl ocks. ifivientrimkes iRIGuosi Hlse o orireeducs ex%ﬂ%itrﬁ%tﬁrbp()di ng over head
and inprove the encoding efficiency. In addition, when the use of the sane
ref erence fr awe ghéfiene predicdnmras ddoatdiofg an adjedcemodmarablock ised for
a prediction of a notion vector is 5 set as a skipping condition,

macr obl ock skirggiend davepd icaused merghdfifnaiperdiy thynisiqugp miieny el ati on
bet ween adj acent nacrobl ocks based on a conbination of a notion vector and
a reference fh&meMoOgGTeRt #ijildde Secsdiimgdhetitdd reff qyerfaar icng 10 not i on
conpegﬁation @rediﬁtiv inter-frame encoding of a to-be-encoded macrobl ock
of a vPdeo pfdfuréloy dsivRdoit Ifasderonie termdnatdoar awddodt avid Isel ect ed
froma pluralli f reference fr. s and a notion vector between the

t 0- be- encode h%écggbpggfréﬁg%tﬁ%%gff CESTCEF &PedE f Adme, a predictive

error signal obtaiped By %p%&ngfdyyfpnqﬁﬂgg%%ggbﬁﬁgg%ﬁ%%%ﬁginter-frane

encodi ng, the differential® vector ‘betVeen ed ¥or the

moti on conpemsat LaR EBedieabir e telbghafih [ a redictive vector
sel ected 20 from noti on vectorseb%tﬁgen@fﬁgﬂggggﬁggfe?gﬁgﬁgﬁ fréfe and a

plurality of fraseolBocks aadjideentrhaet ke be- Rereaegded T'?i%crf?%'m%(\sk’ and the
differential value between an index indicating the first reference frane

and ah5i ndexFOndFé¢at eng e azecerdetrehercefeankkam rak® 2% igRe0ded.

<Effects> As in (15) to (17), notion vector information is 139
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, FO, and F2, respec-
tively. With respect to these 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



effigirency encoded by using the correlation between notion vectors between
adj acent macrobl ocks. In addition, with regard to an index associated with
a franme, of a plurality of reference frames, to which 5 each macrobl ock
refers, the differential value between an index indicating a reference
frame in an adjacent nacrobl ock fromwhich a predictive vector is selected
and an index indicating a reference frane BA a to-be-encoded macrobl ock is
encoded. This nakes it 10 possible to inprove the encoding efficiency of an
index indicating a reference frame by using the correlati on between

adj acent nacrobl,gcks,haged @R R FOERHRALINGN rft 1B NTRIIAD 1V QG Rt o .
reference frane. This can reduce the encodi ng overhead and perform

hi gh-efficiency videqikh encgdidig.td &he IHLcxKidea draadidg gridiod of
perform ng notion conpensation predictive inter-frane decoding of a

t 0- be- decoded mear@Blieckieh amodiden deinglewsa thynusirkg r sPRidtarvelgct or

bet ween the to-be-decoded nmacrobl ock 20 and at | east one reference franme
sel ected from ageineraltieldy faforr efrer ereendsr @esnd( &)l .encogeddattd amncl udi ng a
predictive error signal for each to-be-decoded nacrobl ock which is obtained
by noti on5conpempsatelofr lprodkdisdidned iist grerfararhedemyodiddg. ng lee DZS ofufisedr of

i mredi ately previously ski pped macrobl ocks and i nformati on of an index

i ndicating at | @adtueot® $dleedtioe arefcomiiea thogme fi $heegwifieagresd decoded,
(b) 190 one predictive vector is selected fromnotion vectors for a
plurality of nadidtllodils & -acdhe 1B fifife eiGep FedTvde BEHIGER the a

predi ctive macrobl ock is generated in accordance wth at Ie,st one

ref erence frame ©oPF1HES ﬁﬁ&éiﬂ5LQ4%n%Mﬁqﬁitﬂﬂ?[ﬁQ§ﬂRﬁéah§RH%&or is
sel ected and the .predictive vectaor, and (d h redi cti v roblock is
output as a dec&d&F Pt \r{"‘ess]i(-’j’r‘?1 Io¥ W&%ﬁé’p%@%eﬁgﬁ%ml&&. %SEffects> 10
The dat a.encoded 4 .59) goded, A di fficigency
i mprovi né%ef f ecgdaegltglr:fglcaftﬁ%(rgg)n can etceioé)b{bgﬁl Fltg% g%g%)r%lq%%a iJ\/}l%(ljngéos gléigdi ng

met hod of perfogr[ya:qg)m%fcqwgi%_pr edictive inter-frame decodi ng of
15 a to-be-decoded macrobl ock of a video picture by using a notion vector

bet ween the to-be- decgfethdraediadt acdndndi rata |Rasda e Jodsde iaf erence frame

selected froma plurality of reference frames, (a) encoded data including a
predictive erroriddrgiadi celdiainmech farnEticon o0 eepeteridnae [Aretics iarl
inter-frame encoding, the differential vector between a notion vector used
for the notion caipensatdado priedictnate. amtaere fdeameleshc odiheg adadrea
predictive vector selected fromthe notion vectors between a plurality of
macr obl 0dks adj asdmransPitdrel tid-dssd deaddd e @sinssia tatd arhdhsecond
reference franme, and the differential value between the first index

i ndi cating the fa%sis & dhaRG% Frefifs ffd dareded ginfoaasitd 9™hdex® i ndi cat i ng

Vector 15 sel ectBF KO Fha ik SHASE orl SRy ot GEt b Tto the |
Lo e decoded, M ohlhiie ST S o6l Ve 8 fesonsl et ed bY
frame for the matrotoak T omh b 1T0 o ot A itd St ea and
the decoded generated reference pixel block signals. The encoded

difference signal is decoded, and the decoded

differential signal is added to the prediction pixel

block signal to decode the video picture.

Prediction pixel block signals are generated in
25 encoding and decoding operations by the following
calculation. Letting predA be a prediction signal for

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



10- differential value, (e) a predictive macroblock is generated in
accordance with the reconstructed notion vector and the reconstructed first
. index, and (f) a decoded reconstructed picture signal of the to-be-decoded
macrobl ock is generated by adding the 15 generated predictive macrobl ock
and the decoded predictive error signal. <Effects> The data encoded in (60)
can be decoded, and the sane encoding efficiency inproving effect as that
in 20 (60) can be obtained. As described above, video encodi ng and decodi ng
processi ng may be inplenented as hardware (apparatuses) or may be

i mpl d f [ P f ' b
| mpl ement od TP TR tindre e SR ERer boRerhpar t ey he LRSI SraRted by
sof t war e. Agggg n ?t8a£Q§l$E§3¢Q§ kgyepLLon, t herefore, prograns for

causi ng a conputer to execute video encoding or 192 decodi ng processing

described in (1) ﬁpegggm[g?nrgk§9]pg[gﬁovided. Industrial Applicabiyity As
0

has been descri bed above, according to'the 5 present invention,

hi gh-pi ctureuguad i y; ] highaefibigheneycvbdegoenendi pgrapdndecgding schenes
with a | ow overhead for encoded data can be provided, which can greatly

i nprowe predbrédlon eidigiencysfeorntadersatfadeneut pheturesiasd khe |ike,
whi ch 10 conventional video encodi ng schenmes such as MPEG have difficulty

i n handl i ng, endéddodit a snuichadecr @asa nfot heachnpiiiabi Onamgount sandecost for
encodi ng and decodi ng. 193 CL Al MS 1. A video encoding nethod of

per form ng notconf Eonpensatabhepr edeétghvefantersf eadeDeEnoddsng of a

t o- be-encoded frane by referring to a plurality of 5 reference franmes for
each nacrobl%@kue%o@p¢iSﬁhgragegérd@tﬁgménﬁﬁufari@ypéﬂrﬁéétwbbécks fromthe
plurality of reference frames; selecting, as a predictive macrobl ock, one
of macrobl ock®EepeRAFRelrdyea FPREAFPPREERPOFAL PBAN1VIBREIEERMBR Or a |i near

extrapol ati on predictjon usjn
fb FOP example, wf hgrespect to the pixel block B in

FIG. 41, since a reference pixel block ref[0] is
extracted from the frame FO, a prediction signal predB
is given by the following equation:
predB = wi0] e red0] + di0] {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 offset values are
added to the products. The resultant signals are then
20 averaged to generate a prediction signal predD
predD = {w[0]  ref[0] + w[l] ® ref[l] + (d[0] + d[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



one of “the plurality of reference macrobl ocks, an average val ue of the
plurality of reference macrobl ocks, or the plurality of reference
mact obl ocks; and 15 encoding a predictive error signal between the selected
predi ctive macrobl ock and a to-be-encoded macrobl ock, prediction node
information, and a notion vector. 2. A video encodi ng nethod according to
claiml, 20 wherein the plurality of referehe franes conprise franes
encoded i medi ately before the to-be-encoded frame, and in the |inear
extrapol ati on prediction, the predictive macrobl ock is generated by
subtracting, frome,sikgnal Tabt akRREcbY rdeubkirngnangampl yhudeaetoas25nd
ref erence macrobl ock signal generated fromthe reference frane, a reference
macr obl ock si gnabcgenesatedafiuem ailef peedeecktbed pienedefgroneef tane
199 fromthe reference frane. 3. A video encodi ng nmethod according to claim
1 or 2, wherein the fbbwonhuect of EOGPréd8esaasumtingntizect bheassoci ated with
a specific reference frane of 5 the plurality of reference franes. 9. A
vi deo encodi ng néthed-&cenedpngdtiotébai me3atwhesbip thewnotihoflGector is
associated wth the specific reference frame conprises a notion vector
nornal i zed>i n acwaivansnedit h.-gn,i iher {fpmAeFdi $6anc¥ibeowdcaneheand
reference frame and the to-be-encoded franme. 5. A video encodi ng net hod
according to cl athe1fspmes Wler Eiln PRE FBt PER VEEELERNEBNHERBES-a fir st
notion vector associ ated ﬁitq a specific reference franme of the plurality
5 TpC

of reference franmes aHg?! PE5 ePdoPinBtitss tv et RS REE éeﬁgﬁﬂﬁpity of
opher refgrence franea, ang t he gburalip¥ of gnti%n gectogs gge enc deq as
differential vecfor s HEPGRERFNIFPEPalIEY 6 REEToRCOVaCPOPE2aAEYa kot i on

t btained b Li the fi L i,A~2 ith
Uhter frame o st ANCEEeRErEEATERe Eadhack sy SarParBeatsRERe  HR08S Iy o

reference,frames, 6, é?¥gd§9 %HEBQEBngSEQQQhaGEBEQi@9aﬁ8 8oy s90geof

clainms 1 %o 5, wherern the prediction no
For example, with respect to the video frame F3 in

FIG. 41, weight factors and DC offset wvalues (w{O0],

df{o1), (w[l}, d{11), and (w[2], d[2]) corresponding to

the frames FO, Fl, and F2 are encoded. These 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}.

> F3(x, y)

DCcur = 2¥ (45)

N

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



25 information includes a first flag indicating a single prediction using

specific reference franme or a conposite prediction using a plurality of

. reference 145 franmes and a second flag indicating whether the conposite
prediction is a prediction based on an average value of a plurality of

reference macrobl ocks or the |inear extrapolation prediction or |linear 5

i nterpol ation prediction, the second flg@g being contained in header data of

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

frames. 7. A video decodi ng net hod of decodi ng notion conpensation

redictive inter-frane encoded data.by 10.referrin o a plurality of
Pefe?engg fLgﬁﬁﬁﬁqéé%%ﬁﬁﬂpﬁkﬁb%b?%ﬁk?gcgﬁﬂ??s?ﬁ@%e? e?@igagénééﬂéa not i on
t dat a,. d dicti i.nf i ded dicti
brror st anai i 1ERg R S LR e bk e R BB EDECr or Bata and

t he predictiéﬁygpggnigé?égaéifp: one from (a) generation of a predictive
ific refe

macr obl ock from & spe rence frame of the plurality of reference
frames, (b) generation gé:a lurality ,of macroblocks fromthe 20 plurality
of reference franmes so |E%8@Ehe£5¥€4an average value of the plurality of
reference franmes agcarprigdictive nmacrobl ock, or (c) generation of a

predi cgive macrobl ock by a |in&ar extrapol ation prediction or |i(aesr
interpolation prediction; and 25 generating a decoded frame by adding the
gener at ed predi ct Ivempagrobhesk ahddanhdCpretiborens &adoe,signal. 8. A video
decodi ng nmet hod according to claim?7 196 wherein the gluralitg of
ref erence fraheRdabApiesdatianeslscbiedonfmBarst éPgdbbedPY BayobBe- encoded
frame, and in the Iineaﬁ,extra oIa%ion Breg%gtion, the predictive
macr obl ock i'$5§@ner Zfebtbhy SEBEr abPPNGOTPREAT 58 ePGHAF 6Bt ai ned by

doubl i ng an | 1 tude of reference, macrobl ock_signal generated from an
B Br oficEePPsRs, Ve d

i mredi ately %%H?ﬂ% PRf
generated froma referen
t o- be-encoded frane. 10
8, wherein the recgived

Faf eF'eh&B>fBer obl ock si gna

g two frames fromthe

) @vg(jc,qgaml@@zp()ﬁ ng nmet hod according to claim?7 or
Ion vector data conprises a notion vector
associated with t ‘?ﬁéb fic refgrence frane of the plurality of, reference
frames, and notion vectors for other reference franes are generaY%ﬁ by

As 1s obvious from a comparison between equations

e

(46) and (47), the AC component value measuring method
based on equation (46) is effective in reducing the
15 computation amount in obtaining an AC component value.
Letting "ref idx" 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) (steps S13 and
S14).
On the basis of the above calculation result, a DC
offset value d{ref idx] with respect to the
(ref idx)-th reference frame is determined as the
25 difference between DC components as follows (step S15):

dlref idx] = DCcur - DCrefl[ref _ idx] (48)



15 «scal i ng/ converting the notion vector data in accordance with inter-frane
di'stances between a to-be-decoded frame and reference franes. 10. A video
.decodi ng net hod according to claim9, wherein the notion vector associ ated
with the specific 20 reference frame conprises a notion vector normalized
in accordance with an inter-franme di stance between the reference frame and
a frame to be encoded. 11. A video decodyig nmet hod according to claim?7 or
8, wherein the received notion vector data conprises 25 a notion vector
associated wth the specific reference frame and a differential vector
associated wth another reference fra , ? nmot i on vector associ ated
with a 197 refer@n@@lgpéngaSFﬁérwtﬁﬁ ~ﬂaé sbécpﬁFErWépgpeﬁéeaprﬁﬁe is
generated by scalin écon Llng the notion vector in accordance with an
inter-frame d?3t@n % BBt%gé a t o- be- decoded frame and the reference frame

and adding 5 the cgﬁvegtg_ A 3?31 ég&e t%in§gﬁﬁy scal i ng/ con%ﬁ;5|on to

the differential ecodi ng we d according to aHy one

claims 7 to 11, whepei gpbhe ES&?BY% BGQ'C%%9@0¥RQ% kel TR, fel udes a

first flag indicating a sing ction using the speci reference

frame of a cogposthe Pé?gkéhb@nf9§h@9 qubﬂrggftydgf_r@fggence frames and a
second flag indicating whether the conposite prediction is a prediction

based on an augxagervabue oktappl ynal bkhy efi sy ef emarcaemagpgbl ocks 15 or the
| i near extrapol ation"prediction or |inear interpolafion prediction, the

second fl ag behagcaeeei vrd asmbeadef datrarehcanfeameded fihameaqn part of
header data of a plurality of encoded franmes. 13. A video encodi ng net hod
of perform ngwabghonf2btooapendabConfpsedi vhilvesi atrer dbtammierdedi ng of a

t o- be-encoded frane by referring to a plurality of reference frames for
each nacroblotkeYC@ﬁprEstngedgéﬁetabﬂﬁgdatprédtc?ﬁﬂé racdeoblfsekebpra | i near
prediction using the pluralit ref erence franmes; 25 encoding a

predi ctPve er B&EC8i gARE Héﬁﬁégﬁdtﬁéeﬁﬁéﬂﬂﬁﬁl@écﬁﬂéﬁébp5cﬁh&nd a

t o- be- encoded nacrobl ock and.a on.vector. for each nacraobl ock; 198
beodi m o orBERaePoRea P RF P By e LB eE P EREe b 2RePRRGR: "SEBd: ct i on

f h f d h I wh
the S?ﬁra|{?”%8F1?8F§95h0§8%§§§e§asoﬁ%Efs§ B B PP I B T cspect to |

(ne Lo ber SRR TR 1R pILEES AT STEL O IRECELPR R
plurality of 55&?5@96%sfE%geéeB@Ea%éﬁhaccordlng 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 of the method of encoding

information of weight factors and DC offset values will



macr ob) ‘ock, conprising: 10 receiving notion vector data and a propriety
error signal encoded for each macrobl ock and a conbi nation of predictive
coefsficients encoded for each frame; generating a predictive macrobl ock
fromthe plurality of reference frames in accordance with the 15 notion
vector and the predictive coefficients; and generating a decoded frane by
addi ng the generated predictive nmacrobl ock & the predictive error signal.
16. A video decoding nmethod according to claim15, wherein the plurality of
reference frames conprise past 20 frames with respect to a to-be-encoded

frame. 17. A VideﬁreﬁgggkﬁﬁeépﬂéﬁgtUSFE@EGDEEfoﬁﬁ‘ ?d”@E'OEhSQ”BQEﬁat'O”

predictive inter ane encoding of ato encoded frame by referring to a

plurality of referepgerhragessEqr;sael N§€BOQ£8851n$08?riﬁfBQma@?oHE@PS for
generating a plurality of macroblocks fromthe plurality of reference

frames; means forysehget tAgroAS an@redi 6tEyermagrebkock, 199 one of
nacroblocks obtained by a linear interpolation prediction or a |linear

extrapol ation predicti@ncusingsapesobatheopl uhal heydet seter egedcture of
macr obl ocks, an average value of the plurality of reference 5 nacrobl ocks,

or the plurality afviééer éngeenmaorbbl enksdedandrneansef orAenaiingg andex
predictive error signal between the selected predictive macrobl ock and a
t 0- be- encoded naccobhbcknupbedi cfj vaxnpdé_iakbdr radioatin@ aafeaenoti on
vector. 18. A video decoding apparatus for decodi ng notion conpensation
predictive inter- framéseﬁ@éd%ﬂedéﬂéegyffém@r®¥ngl%ﬁeaapdu@atﬁggeoﬁata
reference frames for each macrobl ock nprising; 15 nmeans for receiving
encoded notion vecW%Fgﬁﬁﬂag_EﬁEéaéb"pFEGFE@FbﬁgnbﬂéoF%PB%ﬁﬁtPgnweaﬂﬁt

encoded predictive error signa ans for selectin in_accordance with
t he nDtign %ac tors ang DC oggset vaiues are egcoded 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/DC 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 value.

On the other hand, a weight factor w{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



vector data and the prediction node information, one 20 from (a) generation
of a predictive macrobl ock froma specific reference frane of the plurality
of reference franes, (b) generation of a plurality of macrobl ocks fromthe
plurality of reference frames so as to generate an average val ue of the
plurality of reference 25 franes as a predictive macrobl ock, or (c)
generation of a predictive macroblock ky a |inear extrapol ation prediction
or linear interpolation prediction; and | 50 neans for adding the
generated predictive macroblock and the predictive error signal. 19. A

vi deo encodingégggaratus ﬂgr perform ng notion conpensation predictive

i nter-franme %h RPVBE £ 4 FRERMY F 3RO BYE P erring to a plurality
of reference frames for each macrobl ock, conprising: nmeans for generating a
predictive nacrob%qgkzpy a_|inear preariaie®dd using the plurality %E
reference frames; "10° neams feotporenddialg depoadnatbwve error signéP et ween
the predictive macrobl ock and a to-be-encoded macrobl ock and a notion
vector for each nHce obd bek; o Aindheremunse f ot oensndi hige adenohinat bpntof
predictive coefficients for the linear prediction for each frane. 15 20. A
vi deo Sdecoditite gpparatals I orandoodilige e d dny compehshi cwingr edi cti ve
inter-frame encoded data by referring to a plurality of reference franes
for each ma@E®b ek Cohprising: neans for receiving notion vector data and
a 20 propriety error signal encoded for each nacrobl ock and a conbi nati on
of predictivg cgghtigtentis -encaded:f eroveacixdorams i aieaiesidmim geoerating a
predi ctive mactobl ock from

. . 255
Ww expocnential denominator = (1nt)log2 —_—
- - max(w[i])
i
(51)
10 In encoding and decoding operations, a prediction
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



the plurality of reference frames in accordance with 25 the notion vector
ahd the predictive coefficients; and nmeans for adding the generated

predi ctive macrobl ock and the predictive error signal. 151 21. A program
for causing a conmputer to execute notion conpensation predictive
inter-frame encodi ng processing by referring to a plurality of video frames
for each macrobl ock, the program causi ng<the conputer 5 to execute a
process of generating a plurality of macroblocks fromthe plurality of
reference frames, a process of selecting, as a predictive macrobl ock, one
of macrobl ocks obtained by a linear 10 interpolation prediction or a |inear
ext r apol at i oRafEsdiidt POS USIifg tone ssludend e draidwar ofs rad éshee

macr obl ocks, an average val ue of_ the plurality of reference macrobl ocks, or
Oi&ﬁtﬂ R

the plural it §oBPYEf e ren 8 Yedr FRTo&E HFREIY of encoding a

predictive error sjgnal_between the sel ECt'e]glfgngdC% ctiv.eDd crobl ock and a
t 0- be- encoded macrobl ¢V HrEi i bnt e et T L AHY H not i on vect or.

22. A progra?tufr %ﬁ%alését%glg&ceqwte% Q 18X cu(t5?2820re$|)%eigsoe[lntcsorg)ensati on

predictive intér-Trame decoding processing by Tefer oa plurality of

v e, § AT AR T ey, Ui oar oD s on e SaL e Lo
prediction mpdedinfarBtd.QPre ANGENGRAR L ted 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 frame number i. Let Predj be a prediction
10 signal, ref[i] be the reference pixel block signal
extracted from the ith reference frame, and w[i] and
d[i] are a weight factor and DC offset value for the
reference pixel block extracted from the ith reference
frame.
15 Pr ed; = wli] e ref[i] + d[i] (52)
Equation (53) is a prediction expression in a case
wherein the weight factor wl[i] in equation (52) is
expressed by the rational number indicated by equation
(50) . In this case, wn[i] represents w numerator[i] in
20 equation (50), and wed represents
Ww_exponential denominator.
Predj = ((wn[i] ® ref[i] + 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 floating-point multiplication is

required in the equation (52). 1In addition, if w[i] 1is



predi ctive error signal, a process of selecting, in accordance with the

152 notion vector data and the prediction node information, one from(a)
generation of a predictive nacrobl ock from specific reference frame of the
plurality of reference frames, (b) generation of a plurality of nacrobl ocks
5 fromthe plurality of reference frames so as to generate an average val ue
of the plurality of reference franes as a predictive macrobl ock, or (c)
generation of a predictive nmacrobl ock by a |inear extrapolation prediction
or linear interpolation prediction, and 10 a process of adding the
generated predictiLy rablock a : edi_ct.i error signal. 23. A
program f or causiﬁésggggﬁ%u%grEpogg%égﬁﬁg§nggﬁéﬁ% %nﬂgﬁéngoﬁnpﬁgiﬁgﬁfve
nter-frame encodhgeprocesting Byd elentling Loed Buiakhly 9f rgference 15
frames for each macroblock, the program causing the ‘conputer fo execute a
process of generabi.pgndnAEeH Ghiea?Bar 8b Qekaky of I(isBgan spLedili-an 51 N
the plurality of reference frames, 20 a process of encoding a preglctl e
error signal betwgeRathenanediugbieye waehohlsoek pand ra otto2bezeneqdsd e d
macr obl ock and a notion vector for each nacrobFock, and a process of

encodi ng a gonbi npkancefi ver ednplirwe ieaethincbentsnkobyt e hihneaepredi ction
for each frame. 25 24. A program for causing a conputer to execute notion
conpensati on predmafitielintedohr astndeeadiing epradtessieddiby enef @nr[iing to a
plurality of video franes | 53 for each macrobl ock, the program causing
the conmputer to erdding afperocedsseft Aocewisigemettion véctronndang aifd,a
propriety error signal encoded for each macrobl ock and 5 a conbination of
predi ctive coeffi & SAp8tehdSdedifsr odavwkdf Pafe, aadpiotessadf agdasiani ng a
predictive macrobl ock fromthe plurality of reference frames in accordance
with the nmotion v&&t 8r Pan@ffretpradigri 6 doeirpéeenby, equation (53).

10 This eliminates the necessity for floating-point
multiplication.

Also, a power of 2 which indicates the magnitude
of a denominator is commonly set for each 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 based on equation (50) 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] e ref(l] + 1 << wed) >> (wed + 1))

25 +(d0] + di1) + 1) >> 1

(54)
In the above prediction based on the linear sum of

two reference frames as well, since a weight factor is



10.and a process of adding the generated predictive macrobl ock and the
predi ctive error signal. 25. A video encoding nethod of perform ng notion
conpensation predictive inter-frame encodi ng of each 15 to-be-encoded bl ock
“contained in a to-be-encoded franme of an input video by using at |east one
reference frame, conprising: a step of selecting, for each to-be-encoded

bl ock, one of a first predictive bl ock gggerating node of 20 generating a
predictive block signal froma single reférence frane and a second

predi ctive bl ock generating node of generating the predictive block signal
by a linear sumof a plurality of reference bl ocks extracted froma
plurality of mneftergemee fllanenc@B:d iSttap wof ercglmng wdifferential signa
bet ween the sel ected predictive block signal and a signal of the

t 0- be- encoded fBIoGEK:N G~ PRI ta Mtldd Rl aad] 16uts e frordeledr setcofdngl ural ity
of pixel blocks in the to-be-encqded frame or the each to-be-encoded frane,
whet her the | i%e&V&mhY édi%ti oL IET DR EBL EPhvEr e RAYET/

dicti based 5 the plural.it f f I |
it er pol at on BRI oY bas oh Qe T G561 HerSrerke Pared and a
di spl ti f. the to-be- d f , Qf ing,. f th h
Lo- be- eftcoded ofo o 0 Tath SEPH S (I TS DL o BT 6HCGHESE bl acks,
first di y o i DO ar e the first
and second pr S8 GO T GE ‘gandr a1 g modes ni SiTecttd st he e of |
generation of tNe wredi cing blpcksdanal iwand i?ﬁgﬁg)%ﬁeencoding, for
e-enco

each set of a plurality of pixel blocks of the to- ed frane or the

each to-be- engRAed fildms £ SLCHbEINEOH NG Sodesd i 20y j nghi cat i ng t hat
a specific one of the average value prediction and the linear interpolation
predi ction is i2ixweiactied @sld handumeain ssmgpdady o v gl26. ffctvd fle®an
decodi ng net hod of perform ng notion conpensation predictive inter-frane
decodi i@ of each supegkrbded bl ock contained in a to-be-decoded franme of
a video picture by using at |east one reference 25 frame, conprising: a
step of decoding a fF¥i cAateer@inarteiemadtior &654) gnilhe ofungrator of
t o- be- decoded bl ock corresponding to a _ ,
a weight factor is ‘expressed by eight bits. If,
therefore, a pixel signal value is expressed by eight
bits, encoding and decoding can 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 oxr
decoding, therefore, even if reference frames are
20 switched for each pixel block, there is no need to
change the shift amount, thereby reducing the
computation amount or hardware size.
If weight factors for all reference frames satisfy
w _numerator[i] = 2P x Kj {55)
25 the denominator and numerator of the to-be-encoded

weight factor to be calculated by equation (54) may be

transformed as follows:



155- predictive block signal; a step of decoding, for the each to-be-decoded
bl ock or each set of a plurality of to-be-decoded bl ocks, first encodi ng
.nmode information indicating 5 which one of a first predictive block
generating node of generating a predictive block signal froma single
reference frame and a second predictive block generating node of generating
the predictive block signal by a |linear sgm prediction based on a plurality
10 of reference blocks extracted froma plurality of reference franes is
selected at the time of generation of a predictive block signal on an
encodi ng si deW amnsmeyadordécodi ngnumeratadhl setnof a plurality of pixel

bl ocks of theWwt oey@ogensded { AgremenatRE each 15 to- be- decoded fr@ﬁﬁ,
second encodi ng node i nf or net ibn $HRIPE&REAGLluhFAEROBABAEPTan Maver age val ue
prediction based on the plurality of reference blocks and a |inear

i nterpol ati on predf8URrEACBadéf) oRaBhENSI GracitiproP Ir efsieidd feegies and a
display tinme of the 20 to-be-encoded frane is selected as the |inear sum

predi ction; avete8RtofageRkr s¥PRESERE PBYedi EAFVEPBLoBK™PRTatCorBance with

t he decoded first .enc ﬂin nnge i nformati,on ang t he de oged second encodi ng
node 25 inforﬁﬁFFSHFlg 8 gréF pOBt gEHEPQfPﬁga tFECSH§Er 83 "vi deo si gnal
by using the gengrated predichixe phock siqnal andothe (156 degaded
predi ctTve error sighal . 27. VI déo endo I'ng met'Rod ~of perFornlng not i on
conpensati on i ckl Ve LAtekrs: : I,ng -hesenc crobl ock
of a video pig%ggeg ngéyﬂ% ga%Egggdgggggygegggggﬁ%gg?igﬁgoggggggﬁrality of
reference frapes:and a.BR5EBA %84t BEnbehvesR t hedheebenenecaded sAREHED! OCck

and at | east one reference franme, conprising: extracting at |east one

reference nmackgbkgekdfingnvé@gBackiaetotBe plurality of reference franes;
generating a predictive nmacrobl ock by calculating a |inear sum of the

plurality of extradtied rdf ehemwce timec sellonck @ xbypls RF aher edeleer Wated
conbi nati on of
10 structure associated with a weight factor/DC offset
data table. In the case shown in FIG. 44 a DC offset
value is encoded 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. 1In the form shown in
FIG. 44, for example, a weight factor may be expressed
20 by a rational number, and only a numerator
w_numerator[i] may be encoded as follows.
w _numerator{i]

w i) = ) (57)




wei ghting factors; 15 generating a predictive error signal between the
predi ctive macrobl ock and the to-be-encoded macrobl ock; and encoding the
predictive error signal, a first index indicating the conbination of the
plurality of 20 reference franes, a second index indicating the conbination
of weighting factors, and information of the notion vector. 28. A video
encodi ng net hod of perform ng notion conpensation predictive inter-frane
encodi ng of a 25 to-be-encoded macrobl ock of a video picture by using a
predet ermi ned conbi nation of a plurality of reference franes and a notion
vector between the to-be-encoded 7 macr obl ock and e ast lone
reference frame, conprising: extractj'ng a first ref et &fic& npplock
correspondi ng to a wandudetretbaii]lthe2®dti on vector fram &1 filrtst reference
frame; scaling the candi date for th (MRt QM ¥edt or i neageordance with an
inter-frame di stance between at | east one second reference frame and the

t o- be-encoded franew léxpxinactialpy aderneadh oner sedond reference nacrobl ock
corresponding to the candidate for the notion vector obt ai ned sy scal i ng
fromthe second

In this embodiment, since the power of 2 which

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. In 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
is 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
encoding 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 structures shown in FIGS. 42 to 44.

In the head of the video data to be encoded,



reference frame; generating a predictive macrobl ock by calculating 15 a

| i near sumusing a predeterm ned conbi nati on of weighting factors for the
first and second reference macrobl ocks; generating a predictive error
signal between the predictive macrobl ock and the to-be-encoded nmacrobl ock;
20 determning the notion vector on the basis of a magnitude of a
predictive error signal between a |inearggumof the first and second

ref erence macrobl ocks and t he to-be-encoded nacrobl ock; and encodi ng the
predictive error signal, a first 25 index indicating the first and second

reference frane?, t he. second |n9 i ndi cating the conbi nati on of weighting
factors, and thFOFRation BF tnBluEeetAned eNESS1REL PEKalekess. WROChA vi deo

encodlng met hod of perfo g i on co ensation inter-franme encoding of a
t 0- be- encodedrﬁﬁif%bF%%ﬁ Q wgfééﬁ Bt P8°§§nﬁsFﬁGUSPCFea§Pané55 4past

ref erence fr?£§ @Q?e Sg?élOESV§8%8d386%§$$2F%ﬁﬁakgﬁgﬁﬁsgggﬁ?ggnacrOblOCk

and the referéence frane, tonpr ﬁpensatlon

predi ctive i ey page,eceaLig YROR; SYh U1 Bleolgh &3Ch 10 tasRe- encoded

macr obl ock, betwe operation of using a notion VECtor ®be- decoded
macr obl ©ck ataﬁ@ee%mpw%ﬁ@efEgr@ea@éh&gm SchBBhedf akhg to-Dbe-encoded

macr obl ock in the frane encoded i nmedi ately before the to-be-encoded frane
cont ai ni ng t heohioi et €8808€da 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_exponential 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 Ww_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. Each picture data is

divided into one or a plurality of slices (SLCs), and

the data are sequentially encoded for each slice. 1In



15 macrobl ock and operation of newly determining and encoding the notion
vector. 30. A video encoding nethod of perform ng notion conpensation
predictive inter-frane encodi ng of a to-be-encoded nacrobl ock of a video
picture by using at 20 | east one reference frane and a notion vector

bet ween the to-be-encoded macrobl ock and the reference frame, conprising
perform ng the notion conpensation predictive®Pnter-frane encodi ng upon
switching, for the each 25 to-be-encoded nmacrobl ock, between a first

predi ction node of using at |east one encoded past franme as the reference

frame, a second prediét 500 cRDd@nokneddiggapar ame? ceneeded ibikdr & ifthare cas
the reference frane, a third prediction node of using a |inear sumof the

encoded past and fygtuee bramks ias thle sraiker ércenicoaine, aand alfiew hleader
predi ction node of using a |inear sumof the 5 plurality of encoded past
reference frames agstHhe wreildevercerfsampgurdlith viideacdtebddickg daebhdtiBof
perform ng notion conpensation predictive inter-frame decoding of a

t 0- be- decoded nacr abkocle gofend ivildeo epicodade fioyl lusiing &he0 spriedeherdiered
conbination of a plurality of reference franes and a notion vector between
t he to-be-deboded macrofliddk raedrat Hoeawic uod @ aledifoe yfpmmatdemri si ng
decodi ng encoded data including a predictive error signal for the each

t 0- be- decoded nacr 6BNEERN1RY iensEIBG wderachdiPd&Eiing 1t hEec HRFTORLOSH  of
the plurality of reference franes, a secaond index indicating a cagnbination
of Iinear sum wei gRting PIEEHL 1o MPECe AEFOEMPEACEh! (B8Kd, Cdnd PR Erimat i on

of the notion vector; 20 .extractin plyralit f. reference .macrobl qocks
fromthe pIuraIitygﬁPcﬁéﬁ@réﬁfémﬁé%ﬁg G 5@@5%@3&9@\%%? OfhdPd&E8FEd o

i nformation of the i on vector. and o] i_nformati f first

i ndex; generating éﬁgﬁédf%ﬁi4§§9%§%robﬁ%%%q§§ ca%bﬁﬁﬁﬁﬁgg'ngg%ﬁfhggr sum of

bt 188, ST Ehetenes e e MR A,
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
procedure according to the embodiment of the present
invention. A procedure for inputting the encoded data,

25 which is encoded by the video encoding apparatus

according to the embodiment described with reference to

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



i ndex; and decoding a video signal by adding the predictive nmacrobl ock and
t he decoded predictive error signal for the each to-be-decoded macrobl ock
5 32. A video decodi ng nethod of perform ng notion conpensation predictive
inter-frane decodi ng of a to-be-decoded nacrobl ock of a video picture by
using a predeterm ned conbination of a plurality of reference franes and a
noti on vector between the to-be-decoded 10 mmcrobl ock and at | east one
reference franme, conprising: decodi ng encoded data including a predictive
error signal for the each to-be-decoded nmacrobl ock, a first index

i ndi cating a conbi natj,on.of_ the plurality of 15 reference fr S, a second
i ndex indicating theLI:‘hrearPeean({J e&r)atoq‘ oa]%n ‘—J}/ennc%rl e%d?(faﬁre?m%n%ri%f% tion of

the motion vect g Extrastifia ahl WAlddy Sfcisl atenge JRCr ol pcks, 14 om t he

plurality of reference frames in accordance Wi e information of the

moti on vector anddhs decodasd, iqfQnmBldon Liptde 47 st im%s%é&é&ﬁieng

inter-frame di stances between the plurality of reference frames and

encoded frame iFrgCam@aneHuM tdhddrderrded d ndoramd) on wfe theaseecond 25

i ndex; generating a predictive nacroblock by calculating a linear sum of
the plurakity ofda®sl IaCted drefRieeN e ockl 6 lvimaat ol @ickEe d1sd NG Mk dHYid Ng

factors determ ned in accordance with the cal culated inter-franme distances;
frame index for identifying a reference frame for each
encoded block, is decoded (step S31).

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

10 index for each pixel block (step S32). A weight factor
and DC offset value are determined by referring to the
decoded weight factor/DC offset data table on the basis
of the reference frame index of the encoded block.

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 533). 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 (step S34).

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 following the

above procedures can generate proper prediction

pictures in encoding and decoding operations even with



and decedi ng a video signal by adding the predictive 5 macrobl ock and the
decoded predictive error signal. 33. A video decodi ng net hod of perform ng
noti on conpensation predictive inter-frane decodi ng of a to-be-decoded
macr obl ock of a video picture by using at | east one past reference frane
and a notion vector 10 between the to-be-decoded macrobl ock and at | east
one reference frame, conprising: receiving anddecodi ng encoded dat a
including a predictive error signal for the each to-be-decoded macrobl ock
and information of one of the encoded first 15 notion vector or a flag

i ndi cating the user@%p@QQ &Qcgn@lm@UgygmﬁmR@ﬁiﬁpwaa1@@@&@b@y§ﬁgﬂ t he sane
intra-frame position as in an inmediately previously encoded frane;

generating a predi giiplé tiRer Ovlcack iy Wy RGirtikeg 20 deceoded ti et uwti on
vector for a to-be-decoded macrobl ock for which the informati on of the

first notion vectopviex rtaomi,Vetheartbyusiaz] itzie gs édemd efdtiicdrrvagt or for a
t o- be- decoded macrobl ock for which the flag is received; and 25 decoding a
vi deo signal by addiigd-tie tpredictailvd ymaddstsl eokcoalicat e dpdedicctiinge werthor
signal. 34. A video decoding nethod of perform ng notion | 62 conpensation
predictive iRter- fﬁ@ﬂﬁmﬂE@ﬁmdygbﬂbmaQan%ﬁﬂébbded macr obl ock of a video
pi cture by using a notion vector between the to-be-decoded macrobl ock and

at | east one reference fsPraf@rntls AP (e dila My el tdedvtinig @nhcoded

data including information of a redlctlvenﬁF{or s%%nal for the each
t 0- be- decoded rracr@ﬁlst‘]&?'se& SRRy Ee S nYiddi &%t G BiLeSF a

first prediction nggﬁ_of usin at Ieast one to-be-encoded past frane as the
ref erence elow one b ¥

(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 plurality 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
is generated to encode the predictive error signal, the
first index indicating the combination of the plurality
of reference frames, the second index indicating the

25 combination of the weighting factors, and the

information of the motion vector.



10 frame, a second node of using a to-be-encoded future frane as the
reference frame, a third prediction node of using a |inear sum of the

t 0- be- encoded past and future franes as the reference franme, and a fourth
node of using a linear sumof the plurality of to-be-encoded 15 past frames
as the reference frane, and information of the notion vector; generating a
predi ctive macrobl ock signal by using the prszdiction node information and
the information of the notion vector; and 20 decoding a video signal by
addi ng the predictive macrobl ock signal and the decoded predictive error
signal. 35. A VQ%?%egﬁggging met hod of perform ng notion conpensation
predictive inter-frame encodi ng of a 25 to-be-encoded macrobl ock of a video

picture by using at |gast, one d &f %zfélﬁ%%%rﬁi%&ﬁr‘?dtﬁé Ogiﬁezpi urahidy of

reference frames and a notion Vvecto 63 t o- be- encoded
macrobl ock and at Jigash itthe e SR QIRNC & @ v GRS 1S A1 e SKIRRIMNG the
noti on conpensation predi ctive inter-frame encoding with respect to a

t 0- be- encoded 5 sRC vallg@ak nehers dthe JT0IH GTh MEGONLOITdIIARS @ Prsstiet i ve
vector selected fromnotion vectors for a plurality of macrobl ocks adjacent
to the tosbe-engaded g iatk fsgdet Walethapigdauriay sifglEasintodnesity
reference franme selected for the to-be-encoded macrobl ock 10 coi ncides with
t he macrobl ock fovem whireh suté Ereediating. vebtior naskeseligrtuedss dnde akl

t 0o- be-encoded predictive error signals in the noti on conpensation
predictive interinforone dicodimmpiartd @ e Gresod nigy tearecadimber  ofn
macr obl ocks for which the notion conpensation 15 predictive inter-frane
encodi ng i s ski FsEH GiPerfor MARPRGti o GoREHSERT oM Predt @ dwalon
inter-franme encodi ng of, a next {.0-be-encoded macroblock. 36. A video

encodi ng met hod GPRE&FE1%i S BP ComIEs dt SR e QGIF It frame

di f a 20 to-be-encoded macrobl ock ,of i deo, pi ct by, usi t
east ondUrirst PEXEIGHE Fams SetoCtetl o Pl (FarTY y> or TErd ence

frames and a motl.onxeclofe hethpen S, t o-dhe-gncpded JacTopliocks and,  he

first reference conpri si ng: encodi hg pr e error Signa

obt ai ned by the (ot £OMRENSALL QL RS L Yer # U &lnd 4 APy L} e @

differential vector between a notion vector used for 169 redictive

inter-frame encodifged hes Mido s vmensalip O e sOlSatey from notion
vectors and a predictive vect nce frane and a plurality of between the

second refers the to-berenoodel) egit obhdek ~1 macs bl 0w ksh@diatieita t Dome
bet ween an index indicating and a differential val
15 of linear sum weighting factors is encoded as header
data 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 fading 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



a and-an index indicating the 5 the first reference framerform ng notion
second reference frane. A video decoding nethod of p inter-frane decoding f
a 3'7 . conpensation predictive k of a video picture by using a

t o_be-decoded nacrobl ock and to-be-decoded nmacrobl oc 10 notion vector
between the rans selected froma plurality at |east one reference f
reference franmes, conprising coding encodeg3data including a of receiving
and de 1 for the each to-be-decoded 15 predictive errr signa btained by
noti on conpensati on macrobl ock which is the nunber f edictive inter frame

enCQdi ng~ sl skip Qfdd@¥§g§¥C) Orﬁ%?ﬁbn(%ggg¥gégelyr

indicating at |east the one in 1h ‘sel‘ec £ gﬁ ?erence frane,
the vectors for TETtral 11y Gl oRed Khronl o T el Ve Macrbn Dok 1n -
accor dance gene@@ddglﬁa|¥Hgiéﬁghgfﬁgnbgéyhgggergﬁugﬁgéﬁ4é&5ﬂ@tghat | east
one refers five vector 1s selected and the f'r om whi ch t he pr edi ct
predictive vect gimpHtrematftd in encoding eff1c1ency including overhead.
5 (3) In (1) or {(2), the motion wvector to be
encoded is a motion vector associated with a specific
one of the plurality of reference frames.
<Effects>
In performing motion compensation predictive
10 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



out putting the predictive nmacrobl ock as a decoded picture signal of the

ski pped nmacrobl ock. 38. A video decodi ng nethod of perform ng notion
conpensation predictive inter-frame decoding of a 5 to-be-decoded

macr obl ock of a video picture by using a notion vector between the

t 0- be- decoded macrobl ock and at least a first reference frane selected from
a plurality of reference franmes, conprisingioreceiving and decodi ng encoded
data including a 10 predictive error signal obtained by notion conpensation
predictive inter-frane encoding, a differential vector between a notion

vector used for tgﬁ%éﬁﬁ%ﬁ?%ﬁ r;qﬁggﬁgp,g&g@igﬁiy%%§g£e§é%g§§§p§gggding and

a predictive vector om not1 on vectors ween rality of

macr obl ocks adj acreé"%pé@ttt?? élp-é)pﬁ%énglyﬁgr%g?f&%@cg?%g églﬁdgegcond

reference frame, and a differential v ween a first in i ndi cating

the first reference fJaneg and %@%&Q@_&?%ﬁl&f@if@éw&nt&% sgeepd
reference frame; 20 selecting the predictive vector froma plurality of

nmacrobl ocks adj acestpl©at Nén tonbeaderonsd pPRerobs oek; resonsirycting the
notion vector by adeng the sel ected predictive vector and the decoded
differentida 25 vesimsralegomsiforhimgvéhent) rsérmnadexabyorddi g anuhndex
of a reference frane for the macrobl ock fromwhich the 166 predictive
vector is sel ect ethiaand- fhanmeledDsleahcle fiitnant tas viad usizgenfratmogian

predi ctive macrobl ock in accordance with the reconstructed notion vector
and the 5 reconstvected ¢ rge ¢melesed aweld gedier aedwee at e corbormatbmst r uct ed
picture signal of the to-be-decoded nmacrobl ock by adding the generated
predi ctive macrob3BeRkandt t Hee deeoled Peekret i Velerobraspypal thaoeBbech

vi deo encodi ng net hod of perform ng nmption conpensation predictive
inter-frame of a 2b-PedemtRYet®l PEROF VA PvebRe@fcoded frame of a video

pi cture by using a pre erpin coppination of a plurality of referepce
franmes an&lg not i on vegggr_gétggéh e 18 fBEbE?EBQBd@ﬁSBF%EEGQnHl5% Pgﬁst
one reference frapg,.Coppr éfé‘généeS%F&ijcgeéexw’c{‘éz?gvé‘ £ €388 O

wei ghting factor oma ratio between an AC conponent vallue in

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 precision of motion
compensation decreases. In contrast to this, according
to (5), a motion vector for one of a plurality of
reference frames which corresponds to the greatest
inter-frame distance is encoded, and motion vectors 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




the to-be-encoded frane and an AC conponent value in 20 the reference
frame; a step of determining at | east one DC offset value froma difference
. between a DC conponent value in the to-be-encoded frame and a DC conponent
value in the reference frane; 25 a step of generating a predictive bl ock by
calculating a linear sumof a plurality of reference bl ocks extracted from
the reference franes and addi ng 167 the, £ of fset value; a step of
generating a predictive error signal between the predictive block and the

t o- be- encoded bl ock; and 5 a step of encoding information of the predictive
error signal, information of the reference frame, information of the

wei ghti ng fact SMPPEREST Radiesi €6F & HE B 0fFTs é1OMRANRS t 16T REROr e on of
the nmotion vector., 40. A video encodi nmet hod. according to claima39, 10
wherein he ot U3 cH LESEEAR Hing Ao MO Tater IMARE op of
detecting the AC caonponent .values in the to-he-encoded frame and in the
entire ref erentgf)(i?sfsrlﬁ’é3 gcro aM5i%el® bh(?clPﬁenOgﬁ%cﬁor{lg eatdtfﬁq}rearﬁ}f ya% pi xel s in

the frame. 15 @%rf%r¥QQS%%§Q%§£L gggﬁ;egﬁxﬁgﬁﬁ%ping to claim 13, wherein

the step of determning alue T ncl udes a step of detecting

the DC cgnponent valygs i t{‘ﬁ tf- b(a%)encpr(j@qng e fhdkinsthe gotire
i b

reference frame or a pixe ock including a plurality of pixels 20 in the

frame. 42. A viggeo RReoHNG HEEtMGd G HNGd & & &l dBJ3i a tiengl th tdige st ep
of determ ning the weighting factor conprises determ ning the wei ghting

factor by 25 expleeSsiing ddfenightimgnd act othdypausatitonal £ teherenisé Nng a
uni que denom nat or whi ch becones a power of 2 set for the each
t 0- be- encoded fframes andl a NGB8 itdre v a of £ en o rige i arpra ISesr encodi ng
information of the denom nator and information of a nunerator of the
rati onal nunberreferarfag atamses ofandhehe 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 the
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. 1If,
however, the speed of a change in picture is not
temporally constant, it is difficult to perform proper
motion compensation by scaling alone. According to
25 (6), as motion vectors for a plurality of reference

frames, one representative vector and a differential

vector between the motion vector obtained by scaling



wei ghting factor. 5 43. A video encodi ng nethod according to claim 39,
wherein the step of determining the weighting factor conprises determining
. the weighting factor by expressing the weighting factor by a rational
nunber 10 which becones a fixed value of a power of 2 regardless of the

t o- be-encoded frane, and the step of encodi ng conprises encodi ng
information of the nunmerator as informatipggof the weighting factor. 15 44.
A vi deo decodi ng net hod of perform ng notion conpensation predictive
inter-frane of a to-be-decoded block in a to- be decoded frane of a video

pi cture by usi predet erm ned conhi natio a plurality of reference
frames and a m§%1 oﬁe\Pé@tS(?Ptﬁetl\?\@eﬁ’etclifé’rzc?nccg Odﬁ'gé‘lféd “l:ﬂ%/lcq{’ BRr | east
one reference %rane gp S|n % ste ég deco%i e oded at a |nclud|ng
i nformation of ‘& pFédic ﬁ}?gl Bet WS S % otk and the

to-be- decoded plagk, 25 (AR g Pcddie S IJJ&;&% \wétoagtason of

a wei ghting factor orna f'set "val ue nt or

the motion vecioy, arel-iﬁ%l SUeR Qfa QENBIA NG 4 nceaelg]%é'd/@ G, by

calculating a |1 near SUH]O a plurality of refe ks extracted from

the reference fJR®s and Addiddde %1@ fraflr sl e c AN R Stigfe Of
generating a reconstructed video signal

encoding overhead while improving the prediction
efficiency.

(7) In (6}, the first motion vector is a motion
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 motion 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 vector 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



by using the predictive error signal and a signal of the predictive bl ock.
45. " A video decodi ng net hod according to claim44, wherein 10 the wei ghting
. factor is expressed by a rational nunber using a unique denoni nator which
becones a power of 2 set for the each to-be-encoded franme, and the step of
decodi ng conprises receiving information of the denom nator and information
of a 15 nunerator of the rational nunber fg7information of the weighting
factor and decoding the information. 46. A video decodi ng net hod according
to claim44, wherein the weighting factor is expressed by a rational 20
nunber whi ch becones g fixed value of a power aof 2 regardless of the

t 0- be- encoded @ Hid Ihe fs‘i%ps PRigE d’i‘&}fifcgb]rfb‘?}f%'esa rREEH Y figtan

i nformati on of .the .nu tor as information of th vvel htlngf tor an
decoding the i et 66{1% tﬁh £ A oGP P ag! faing &n

S A RS AS. AL, gvr;@ﬁ%ﬁ; DR AB o A Y, A0 1365, AL AT

9. Af (1. ASN. A, 9. A%
L. A% A_. Ay9. A%ﬁy%-l Medle 9'6&%81%@'5162/4 LA AN LG A error signal,

L. A(. AL. A . A(

. Ay_. A_. ASaR Alwrﬁc% 9 AR FBSS - 1 AL M - ALy A AL meéﬂsbfégkASC%r A. AFn
9. AH A A AQ. Al . A& As . A As . A N Al 59. Ass. Ar. Al " Ayr. A

s% AL. Ar. A, a. ALup%n '%Sne%dﬁig A{I‘aﬁen{\hs THISs Aﬁeké@sltALpd%sﬂé;lé\{to Asadbs . A{'s. AY
.As. Ar. A9r. A9. Ar. AL A{ . Ah9. A" Al .A{s. As{I| . AhY. Ah" . Ah" . A" . Ahs. Ah. A&Us. A
h>. A{". Ah" . A{s.tAe"' en(-k{ode%h ddtha .mw&JScﬁhSeﬂﬁond\hsq : *AU tbp&kle .ddtAhand{ .
A{s. A . A{s. Ahs. A{ . Ah" . Ahs. Al s. A{ . AU . AhL. AL. A" LSUe. M, a7j kns]

k} xsni d_Z] ca] camajcead cdje adrrajdbiead £h] cadreay ca] ta] zddtlal ea] caicadtad ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca!

$9&( “F k| moNX] 13 xere il 7 teg cadehf bal enl cegeag ergrdlea] ta) z alemperd ta] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] cal

/" 0" b" a sapd)ange 1K ogak Wihen sl iy | Iak ntrcly) Erdee) €3 chehi 2@ cal ca]

ca) calcal cal el ol c2) cel c2l ol %]gg%ca]p oI5 22l cal el <ol el gpl ool oal o
’s<< =7 d_Zl.c

| S arhesnid Zesl salead selcal onl el ond ool ool el eelea sl el sl oal ol ool o
E\ E E&BGsHI a)J ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] cal ca] E:)a]scal?ez%ﬁ&%&?%%at}&&}}q@%%a] ca} ca]I I !JJG]KdL]ONONP] z]PzQ]Q| R]STq]UUU]VLV‘l)X
XYZF[ I [ W]t _ " be}xspi @y Z] er] salcaheabeal epl €8] ¢a) ¢ ca];ga];ga]l%a]ga] caj calca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cddf " f *gchhQ j kkkkl r noopp
grr+t |t tusiuuvLvd yvppedi wi Zhsat cal epheal 4] £y calcadea) eat galcah cal cal cal cal
cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! vvv#w. wWdwwwwm&xxxxyCyuyyy
yz6zl zozzz{!' { N{¥¢$¥¢dt } ks na dnZ¢ cahp ratk afcan cah chhdef capdid¢elwq] €a] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcal 4| [|||]|}3}d}}}}~ ~Y~
~~~~)Z$; combination of the plurality of reference frames 1s a

| 5Z} xsni d_Z] ca] ca] ca][ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]RE§eaternptaseayehiea ) MOt HPn oG &ERT dt] a] eafedsda] ca] ca]

cal cal 10x{ aeor | 551 K5 KehE d %%@L%Cr‘a?ﬁkﬁ‘ﬁ%‘%f%%] B e B LB Rl c cal ch
] ca] ca] cﬁat] cal ca ca]7ca c?]é %]éé?c ?%c ]ﬁa] ga']?c ?]C]_(n 7T+ce| S2-~ r]xsnl d_Z]

ca] ca] cd] ca] ca] a ca] C a] caTc ]ca]ca]ca] caj ca]

ca] ca] ca] ca] ca] ] 74 ca] 1 €a] cal ca]
ca] cal ca] ca] ca] ‘gg]cgg] %g #%Q ? %@? ca ca?ca]@?‘} a,}gg]%g] gg] g%lfcal *4
beEHX69; oblock to_be encoded next, the number of skip

@} xsni d_Z] ca] caTca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] car]bca] cajcalc
a] ca] ca] ca] ca] cpisadsabericakcahead&f~Wl { %4 OHK} xsni d_Z] ca] ca] ca] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]calc
a] ca! KI | ETGur | ¥gspedt£bcal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Mb[ Fz6eu! 266j } xsni d_Z] ca] ca
] ca] ca] ca} ca] ca] ca] cdhea) cdpcaprgaipdpcapoaprapcaprgkrajibahca] cal ca] caj cal ca
JcalJca]ca]cajca]calj|\2zVz K

2/} xsni d_Z] ca] cagcapbipek] &q] Ga]fca]l@a}ela])@a]ita](c‘a]@@l:a]t%a] ctlhea] ca] calca]c
a] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca!/ ), ch7l RK@O0Of4 o

@y!l111}xsnid 21:@afeapeapéapca?éayeépéh] @3]10]3]309]1?5@]1@‘5] e8] 2afkdPcal calcalca
] cal ca] ca] ca] ca] ca] ca]cal]calcalcalcalcal!"$%&? B L()R+,,,-//21326292;

34K444' 5] 556677\ 8088| wr mhc”~Y] ca] ca] ca] ca] ca] ca] ca] ca] ca\/] ca] cal ca] ca] ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 889@wI99: C: t: U,
o <h<<g<q=g>n? @\AA/ BBB} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! B/ CeCCD* D2DdDDDE
E' F\ FFF* G GGGEG3 He HHHHHHHHHHHH{ vgl ga\ V] c”a] ca] c™a] ca] cNa] ca] ¢

- Y U . .



| ?|] of } x}} ~1~~~>AGx} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ZUR¥*b<t E} xsnid_Z] ] c
- ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca! EWH adWK\ e8| wr mhc”~Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] cal]
ca] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca! Knp
a' pn
: 3§)xgni d_Z]]]]ca] ca]ca]ca]ca]ca]ca]ca]cal 10%? ca] ca] ca] ca] ca]ca]ca] ca]caJca]c
aJ ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca! 3JQ(\ - Q" nsu! W zupkfa\ W] ca] ca] ca] ca]
ca] cal] ca]ca]ca] ca lc cal cal,ca] cal.ca] ca] cal] ca c ca] cal] ca] ca]ca] ca
ca} ca} ca} ca} ca}r@ﬁéﬂi’g? o %l%t Mj\f\ﬁ BW]YCM;&H%JA] q%f] !a] c!a Joal calcal
c”aV]ca] ca] ca al.cal ca cal cal cal.c™a] cal.cal cal ca] cal calcal calca]calc
;qca] \C/]a I]X V\]Z) y][n(\fao}._nrg]tlj]ol ] ]ma es ]1(:t }J 1Cbaﬂ 11 dall ]t'?hel J ca] ca]
ca] caj] ca] ca o C caj ca
ca) el o] ca] oo 5 oy Bhias %@e&@%ﬁéﬂﬁ%@]% B ol erlsalag] ool ool
<plval gb] X1]] ca] ca] c 2] cal cadcad.cal oy caglrgaimémiﬁai&a £44] e ca] ca] ca] ¢
a]J ca] c”a] ca] ca] ca] ca ca] cal ca ca] cal ca! p- & 2>p*M vql gb] ]ca] calca] ca]ca]c
a] ca] ca] 6a] ca] ¢alerlteatialdnlcadsal fal ] sl ad Sadread] E}?&Iﬁ@d cedd cadead cal ca
]calcal cal MOCy1 Nn" | wnhc”Y]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] caleahea] e aalc alneaddiad tosl ¢ & et o] al] erad Ad d W R - p3cf | wr
mhc”Y]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]
ca] ca] ca] ca] cahedAlexrsajaza] foagneed ca! f 200G;
| vLA M=wH} xsni d_Z]]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] califjest]=Pa) ca] ca] ca] ca]calca]Jcal H!'WU, d" W
/}xsnid_Z]]]]]ca] ca]ca] ca] ca] ca] cal cal ca] ca] ca] C ]ca] ca] ca] ca] ca] C (]lca] cajc
a] ca] ca] ca] ca] ca] ca]Hja CE19 <HirRe gL previocusly enco

<F!'I"#$| w mhc”
e Tl o e el gl

] ca] éé}’?ﬁﬁi]ﬁ}ﬂ{%@g}il% cac]JCa cal %] ca%%‘_g% s} Crgy]ecég%%a ca@a{]gca{ca] cal ca] ca

;) *<3<=<p<<

=?= p:::::>'>’7}xsn| cFaﬂ]]]]B] 131 Sk ba?] ca] ]]cpa]] H e ocna]sc%l cae]‘ ca] ca] ca] ca

Tl gl ol e

a] ca] ca] ca] ca] cajicalsal ¢ adioa] fd Qa}@la]@ﬁ]&ad@a]wlﬂaad Co cld " KOQKKKK" L] La
LLMLMVMVNNFQr OOOPP' PPPPQQQBS3TF TV xsnid_Z]]]]] ca] ca] ca] cal] ca] ca] ca] ca]ca] ca
] ca] ca] aa ca] calrcaimia e af £ aj o | e tc a ieeet] ciat] € af ol ] e eed Ciaf cej pdea! VVRWK
Y(Zh[I[t\p] ]~ " ab&cMleeegEghij |kl ;

n<p@Sqr } xsni d Ajg4 1{ioed c e a & cedeaiekich] ca) dad cafrded] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal rrssuuvwxnyTzzzz; {{{

| E| Wal||u}}}} Bre-tyxsef BB A g 13 c%]ca]lca]lﬁal]%\éﬁ]fc%l]‘ca]lcal]lc%]&]@a] ca] ca] ca]

cal] ca] ca] ca] ca] ca% ca)% ca]}gg ca]%gt} ca Cca caJ ca] ca ca] cal cal! 4]

At @ O=f p} xsni d_ A {1914 n] ] %%_]%Xée})é]aq%cé] @Ak ca] cal
% 2w 12 V]| RS %‘Lfo‘é‘lm e et é*Fflclency

a] ca] calgq] ca] ca] cal a] ] ] C ] cajcal | T\'$
qeozgcﬁpkf a\W]]c f%g] cg ﬁafﬂ& %lcafll‘c ‘%}:aﬁ: ?%:lg %ia] ca] ca] ca

ca] ca] ca] ca g?éﬂ
]hr F%xslu d] _Z] ]V] g;]éll]ca cal ca%?g%%?%f% glg(]%a/] ca %2]%% %%]%%1 ca(] ca] cal ca
] ca] ca] ca] ca] calkal ged cd£ad £l cedand can Fume & M and xsandl_wld ] lea) ca) ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j ca] ca] ca] ca] ca] ca] ca] ca]
caljcajca]cal). aisdicating the predetermined combination of reference
WB79>0d#"37}xsnid_Z]]]c] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca]trdread chd carj caded | T2 | lved dexf cdg ta! oG * ' goed éhdddd @r } xsni d_
Z]]]c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cédTa] ca]tdrea] ca] ca] ca! W gOQ( Br0g3e. 7g} xsnid_Z]]]c]ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajc
a] ca] cal g48Q ><ptZEexR®A xsni d_Z]]] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! O~-6n5h

i tbOxsnid_Z]]]c] ca%]éﬁ] pareaptarkaftiPraeafenfth] ead cairdpeaf taftal ka] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca!! X& "2h@3] +an}xsnid_Z]]]c]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]c
alcalcalcalcalca' %49 T&KY m-
4kw} xsni d_Z]]]c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Ht FY) El %#t x] t} xsnid_Z]]]c]ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]



10\ 10\ 10\ @: 10% & ()-SN* ]

4kzX9_ @8 109&' ()-S! % 10%HH&' () - Ss! 10%& ()-s!s! 10%H& ()-s! F'10%cé& () -

- 1 F"10%1H& ()- k=}oaS4’10% h& ()-s 10 10

10! 2" 109%& ()-g! 2" 10%H& ()-g110%4& ()-,/ T10%H& ()-  }~<as4!" 3"10%h& ()-S
"10% h& ()-z!x "10%h& ()-z!| "109%& ()-z s10% h& ()-910%

h& ()-L}"<aS4! /F'10%h, h& ()-' % 10% t & (pgS! % 10% h(h& ()-S ! 10%

& ()-@ '10%h& ()-@ 3"10%

& ()-S! " #$YR(AUVIMLOY% & ()-s  10% & ()-L10% & () - M‘lO‘(’)/c(()&'Eg-s 10,, 10,,

10, , ! /F"10% , & ()-' "F*zX9uV7" 109%& ()-. 1"109& ()- !'"109& ()- .

109% & ()-! nL! 1&%@@@5@“ 4“@%‘8@@ V(l)“fhfh%‘ 1’)1%¢>111101@/3<®t%§e|v13&@)7(1%110((

10( (/" 10% (& ()1 /. 10% ( ' o5 109 & % 109 (

NI gg"Pl I&o'i' gowé‘%ﬁ?) ﬁ%ﬂ/@%’é BI04 ?ég?g%ﬂ 1‘613% 48“881%563@%10%&' ()-:10%

ABTRIES Lt RV IRE R DA -

R 0 1 651108 ~ (e -
i/]\-gu/%m( )Sl oY/(') iéoo/éé%( §5) Sl\/tél-%o/%g/s&j@ LCQ-LPBé 111%%1}0 Pc_LI_é Eo 1%%%13&2 (S%t the time

F'10%& ()5 S& 19#&Hdoditd, th'e "dn &dﬂ?@%@éﬁ-}@e@& édn HO reduced, 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 macroblock 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.

25 (14) 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
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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 overhead and
improve the encoding 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 The encoding overhead for motion vectors 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.

(16) In any one of (1) to (8), the motion vector
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between the motion vector to be encoded and the

5 predicted motion vector is encoded.
<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
motion vectors, and encoding only the differential
vector.

15 (17) 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 vector within a

25 frame and between frames in consideration of the
spatiotemporal characteristic correlation between

motion vectors. This makes it possible to further
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improve the encoding efficiency for motion vectors.
(18) In ay one of (15) to (17), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
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>
In 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 of
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efficiency.
(20) In (18) or (19), an index indicating the
5 predetermined combination of reference frames indicates
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 overhead 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
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of the motion vector 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.
5 <Effects>
In synergism with the arrangement of any one of
(15) to (17) and the arrangement of (13), the encoding
overhead can be reduced to improve the encoding
efficiency.
10 (23) 1In 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 for the immediately previously encoded
15 macroblock, the differential vector 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 macroblocks is
encoded.
<Effects>
In synergism with the arrangement of any one of
(15) to (17) and the arrangement of (14), the encoding
25 overhead can be reduced to improve the encoding

efficiency.

(24) In (1) or (2), the combination of linear sum
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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-efficiency encoding with high
prediction efficiency.

(25) In (1) or (2), an average DC value in a
frame or field 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, a proper
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
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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
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 cne 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 1s scaled in accordance with the inter-frame

25 distance between at least one second reference frame

and the to-be-encoded frame, (c) at least one second

reference macroblock corresponding to the candidate for
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the second reference frame, (d) a predictive macroblock
is generated by calculating a linear sum using a
predetermined combination of weighting factors for the

5 first and second reference macroblocks, (e) a
predictive error signal between the predictive
macroblock and the to-be-encoded macroblock is
generated, (f) the motion vector is determined on the
basis of the magnitude of the predictive error signal

10 between 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 combination of weighting

15 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 (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
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(28) In (27), the determined motion vector is
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
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
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
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
between the to-be-encoded macroblock and the reference
frame, the motion compensation predictive inter-frame

encoding is performed upon switching, for each
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to-be-encoded macroblock, between operation of using a
motion vector for a to-be-decoded macroblock at the
same intra-frame position as that of the to-be-encoded
macroblock in the frame encoded immediately before the
5 to-be-encoded frame containing the to-be-encoded
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 macroblock
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 the overhead
for motion vector encoding and realize high-efficiency

encoding.
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(30) 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
at least one reference frame and a motion vector
5 between the to-be-encoded macroblock and the reference
frame, the motion compensation predictive inter-frame
encoding is performed upon switching, for each
to-be-encoded macroblock, between (a) the first
prediction mode of using at least one encoded past
10 frame as the reference frame, (b) the second prediction
mode of using an encoded future frame as the reference
frame, (c) the third prediction mode of using the
linear sum of the encoded past and future frames as the
reference frame, and (d) the fourth prediction mode of
15 using the linear sum of the plurality of encoded past
reference frames as the reference frame.
<Effects>
In the case of B pictures (bi-directional
predictive encoding) used for MPEG2 video encoding, a
20 prediction from one forward frame, a prediction from
one backward frame, and an average prediction from
forward and backward frames are switched for each
macroblock. In the average prediction, averaging
processing functions as a loop filter to remove
25 original image noise or encoding noise in a reference

frame, thereby improving the prediction efficiency.

Note, however, that a bi-directional prediction is
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forward frame, since a predictive picture is generated
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 picture 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
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the decoded information of the motion vector and the
decoded information of the first index, (c) a
predictive macroblock is generated by calculating the
linear sum of the plurality of extracted reference
10 frames by using the combination of weighting factors
indicated by the decoded information of the second
index, and (d) a video signal is decoded by adding the
predictive macrcblock 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 of 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 decoded for each
25 macroblock.

<Effects>

The data encoeoded in (2) can be decoded, and the
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same encoding efficiency improving effect as that in
(2) can be obtained.
(34) In (32) or (33), the received motion vector

is a motion vector associated with a specific one of

5 the plurality of reference frames, the received motion
vector 1s scaled in accordance with the inter-frame
distance between the to-be-decoded frame and the
reference frame, and a motion vector for another or
other reference frames is generated by using the scaled

10 motion vector.
<Effects>

The data encoded in (3) can be decoded, and the
same encoding efficiency improving effect as that in
(3) can be obtained.

15 (35) In (34), the motion vector associated with
the specific reference frame is a motion vector
normalized in accordance with the inter-frame distance
between the reference frame and the frame to be
encoded.

20 <Effects>

The data encoded in (4) can be decoded, and the
same encoding efficiency improving effect as that in
(4) can be obtained.

(36) In (34), the motion vector associated with

25 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 frame to
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}109%& () - 10%R'is) = Hilfiferential 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 1is 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
inter-frame distance between the reference frame and
the frame to be encoded.
25 <Effects>
The data encoded in (7) can be decoded, and the

same encoding efficiency improving effect as that in
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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 generated from the plurality of reference
macroblocks by a linear sum based on an index

20 indicating the combination of the received linear sum
weighting 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 obtained.

(41) 1In any one of (32) to (39), when information
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macroblocks are skipped, reference macroblocks are
extracted, for each of the skipped macroblocks, from

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
predictive 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 decoded, 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.
<gffects>

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 enccded frame, and a
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ddddddddbC The data encoded in (12) can be decoded, and the

5 same encoding efficiency improving effect as that in
(12) can be obtained.

(44) 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

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 predictive
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
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decoded motion vector in the macroblock at the same
position as that in the immediately previously decoded
frame, the motion vector for the corresponding

15 macroblock is decoded.
<Effects>

The data encoded in (16) can be decoded, and the

sanme 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
motion vector for one or a plurality 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



10%2& ()- 10%<& ()- 10 10[ z[ 9E1

101y/ 1 10%<<& ()-:"10% & ()-y!"10%<& ()-y! "10%e& ()-yi"10%& ()-}!i" 10%& (
1-1" T ad(W S40#s10%&' () - G 109X& ()-z!'x G'10%R22& ()-z,10%& ()- 10<< 10<<
10<<!y/ 1 10%<<& ()-:"' X& , e} [ <r40Y, & 10% & ()-T'Y, & 10%& ()-TY3"10%& ()- @ Y3
"109& ()- @d"109%& ()-!Fd"10%& ()-eOrSA0@10% & ()-10%&' ()-" 10 10

101 c1"109%&' ()-) !'lcl"109% () - 130

py/ | 10%& () - +wzX9r S40Y! 10% & ()-S!' Y 10%&' ()-SF"10% & ()-! F"10%& ()-! F" 109X
& ()-'"F"10%& ()-m zl "P10" 10% h& ()- 10 10 10!/"10%& ()-'!'/"10% /& ()-'1%
10% ()-T'1 % 1 OWGI&TE) T8} [ <"P10#10% a& ( !#10%#h#h&f( - z10%

h& ()-1nF" 109&P )lral YOG (a)jﬂafé%th&‘aﬁr 1@%& M d ™hPT™L0NN
10hh! /1 10%h& 0%&'( -& " Y 10% h%%é; %10 96

h&f()-p.a0A<AP féW og)a8 Cfgaéo€¢ tu &@fym position in the

KLOYEL ()1 109 CLeLL OOV BRI RIS AR O oY G (dv 10 O
predictive motion vector and the received motion
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.

(49) 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 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>

The data encoded in (18) can be decoded, and the

same encoding efficiency improving effect as that in
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(18) can be obtained.

(50) 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

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 reference 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 encoding efficiency improving effect as that in

20 (19) can be obtained.

{51) In (49} or (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 that in

(20) can be obtained.
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received as header data for an encoded frame, and a
skipped macroblock is decoded in accordance with the
5 received index.
<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
extracted, 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>

The data encoded in (22) can be decoded, and the

same encoding efficiency improving effect as that in
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received for each macroblock, and one or more
5 macroblocks are skipped, reference macroblocks are
extracted, for each of the skipped macroblocks, from
the plurality of reference frames by generating a
motion vector by adding a differential motion vector
for the immediately preceding macroblock 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 compensation predictive inter-frame decoding of
25 a to-be-decoded macroblock of a video picture by using
a predetermined combination of a plurality of reference

frames and a motion vector between the to-be-decoded
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1nd1cat1ng the combination of a plurality of reference
5 frames, the second index indicating the frame 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 distances 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 (56) In a video decoding method of performing
motion compensation predictive inter-frame decoding of

a to-be-decoded macroblock of a video picture by using
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5 macroblock and information of one of the encoded first

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 motion vector is
received and using the second motion vector for a
to-be-decoded macroblock for which the flag is
15 recelved, and (c) a video signal is decoded by adding
the predictive macroblock and the predictive error
signal.
<Effects>
The data encoded in (22) can be decoded, and the
20 same encoding efficiency improving effect as that in
(29) can be obtained.
(57) 1In a video decoding method of performing
motion compensation predictive 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 reference frame, (a) encoded data

including information of a predictive error signal for
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each to-be-decoded macroblock, prediction mode
information indicating one of the first prediction mode
of using at least one to-be-encoded past frame as
the reference frame, the second mode of using a
5 to-be-encoded future frame as the reference frame, the
third prediction mode of using the linear sum of
to-be-encoded past and future frames as the reference
frame, 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
error 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.
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(59) 1In a video encoding method of performing
motion compensation predictive inter-frame encoding of
a to-be-encoded macroblock of a video picture by using
at least one reference frame selected from a plurality
5 of reference frames and a motion vector between the

to-be-encoded macroblock and at least one reference
frame, the motion compensation predictive inter-frame
encoding is 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-be-encoded
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
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reference frame reference frame as that of an adjacent
macroblock used for a prediction of a motion vector is

5 set as a skipping condition, macroblock skipping can be
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 performing

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, the 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 reference frame
and a plurality of macroblocks adjacent to the
to-be-encoded macroblock, and the differential value
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
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efficiency encoded by using the correlation between
motion vectors between adjacent macroblocks. In
addition, with regard to an index associated with a
frame, of a plurality of reference frames, to which
5 each macroblock refers, the differential value between
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.
(61) In a video decoding method of performing
motion compensation predictive inter-frame 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 frames, (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)
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F+10% & () - for a plurality of macroblocks adjacent to the skipped

macroblock, (c) a predictive macroblock is generated in

accordance with at least one reference frame for the

5 macroblock from which the predictive vector is selected
and the predictive vector, and (d) the predictive
macroblock is output as a decoded picture signal of the
skipped macroblock.
<Effects>

10 The data encoded in (5%9) 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 value between the first

index indicating the first reference frame and the
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received and decoded, (b) the predictive vector is
selected from the plurality of macroblocks adjacent to
the to-be-decoded macroblock, (c) the motion 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 frame for the macroblock from which the
predictive vector is selected and the decoded

10 differential wvalue, (e) a predictive 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 macroblock 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 as hardware (apparatuses)
or may be implemented by software using a computer.
Part of the processing may be implemented by hardware,

25 and the other part may be implemented by software.
According to the present invention, therefore, programs

for causing a computer to execute video encoding or
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be provided.
Industrial Applicability
As has been described above, according to the
5 present invention, high-picture quality,
high-efficiency video encoding and decoding schemes
with a low overhead for encoded data can be 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.
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1. A video encoding method of performing motion
compensation predictive inter-frame encoding of a
to-be-encoded frame by referring to a plurality of

5 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

10 prediction or a linear extrapclation 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

15 encoding a predictive error signal between the
selected predictive macroblock and a to-be-encoded
macroblock, prediction mode information, and a motion
vector.

2. A video encoding method according to claim 1,

20 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 obtained by doubling an amplitude of a

25 reference macroblock signal generated from the
reference frame, a reference macroblock signal

generated from a reference frame preceding one frame
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or 2, wherein the motion vector comprises a motion
vector associated with a specific reference frame of

5 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

10 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

15 plurality of motion vectors for a plurality of other
reference frames, and the plurality of motion vectors
are encoded as differential vectors between the
plurality of motion vectors and a motion vector
obtained by scaling the first motion vector in

20 accordance with inter-frame distances between the
to-be-encoded frame and the plurality of reference
frames.

6. A video encoding method according to any one
of claims 1 to 5, wherein the prediction mode

25 information includes a first flag indicating a single

prediction using specific reference frame or a

composite prediction using a plurality of reference
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composite prediction is a prediction based on an
average value of a plurality of reference macroblocks
or the linear extrapolation prediction or linear

5 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.

7. A video decoding method of decoding motion
compensation predictive inter-frame encoded data by

10 referring to a plurality of reference frames for each
macroblock, comprising:

receiving encoded motion vector data, encoded
prediction mode information, and an encoded predictive
error signal;

15 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

20 plurality of reference frames so as to generate an
average value of the plurality of reference frames as a
predictive macroblock, or (c) generation of a
predictive macroblock by a linear extrapolation
prediction or linear interpolation prediction; and

25 generating a decoded frame by adding the generated
predictive macroblock and the predictive error signal.

8. A video decoding method according to claim 7,
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erein the plu rence fram
frames encoded immediately before a to-be-encoded
frame, and in the linear extrapolation prediction, the
predictive macroblock is generated by subtracting, from
5 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.
10 9. A video decoding method according 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
15 scaling/converting the motion vector data in accordance
with inter-frame distances between a to-be-decoded
frame and reference frames.
10. A video decoding method according to claim 9,
wherein the motion vector associated with the specific
20 reference frame comprises a motion vector normalized in
accordance with an inter-frame distance between the
reference frame and a frame to be encoded.
11. A video decoding method according to claim 7
or 8, wherein the received motion vector data comprises
25 a motion vector associated with the specific reference
frame and a differential vector associated with another

reference frame, and a motion vector associated with a
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accordance with an inter-frame distance between a
to-be-decoded frame and the reference frame and adding

5 the converted motion vector obtained by scaling/
conversion to the differential vector.

12. A video decoding method according to any one
claims 7 to 11, wherein the received prediction mode
information includes a first flag indicating a single

10 prediction using the specific reference frame or a
composite prediction 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 of reference macroblocks

15 or the linear extrapolation prediction or linear
interpolation prediction, the second flag being
received as header data of an encoded frame or part of
header data of a plurality of encoded frames.

13. A video encoding method of performing motion

20 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 predictive macroblock by a linear
prediction using the plurality of reference frames;

25 encoding a predictive error signal between the
predictive macroblock and a to-be-encoded macroblock

and a motion vector for each macroblock; and
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14, A video encoding method according to claim 13,

wherein the plurality of reference frames comprise past
5 frames with respect to the to-be-encoded frame.

15. 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:

10 receiving motion vector data and a propriety error
signal encoded for each macroblock and a combination of
predictive coefficients encoded for each frame;

generating a predictive macroblock from the
plurality of reference frames in accordance with the

15 motion vector and the predictive coefficients; and

generating a decoded frame by adding the generated
predictive macroblock and the predictive error signal.

16. A video decoding method according to claim 15,
wherein the plurality of reference frames comprise past

20 frames with respect to a to-be-encoded frame.

17. A video encoding apparatus for 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:

25 means for generating a plurality of macroblocks
from the plurality of reference frames;

means for selecting, as a predictive macroblock,
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prediction or a linear extrapolation prediction using
one of the plurality of reference macroblocks, an
average value of the plurality of reference
5 macroblocks, or the plurality of reference macroblocks;

and

means for encoding a predictive error signal
between the selected predictive macroblock and a
to-be-encoded macroblock, prediction mode information,

10 and a motion vector.

18. A video decoding apparatus for decoding motion
compensation predictive inter-frame encoded data by
referring to a plurality of reference frames for each
macroblock, comprising:

15 means for receiving encoded motion vector data,
encoded prediction mode information, and encoded
predictive error signal;

means for selecting, in accordance with the motion
vector data and the prediction mode information, one

20 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 to
generate an averadge value of the plurality of reference

25 frames as a predictive macroblock, or (c) generation of
a predictive macroblock by a linear extrapolation

prediction or linear interpolation prediction; and
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macroblock and the predictive error signal.
19. A video encoding apparatus for performing
motion compensation predictive inter-frame encoding of
5 a to-be-encoded frame by referring to a plurality of
reference frames for each macroblock, comprising;
means for generating a predictive macroblock by a
linear prediction using the plurality of reference
frames;

10 means for encoding a predictive error signal
between the predictive macroblock and a to-be-encoded
macroblock and a motion vector for each macroblock; and

means for encoding a combination of predictive
coefficients for the linear prediction for each frame.

15 20. A video decoding apparatus for decoding motion
compensation predictive inter-frame encoded data by
referring to a plurality of reference frames for each
macroblock, comprising:

means for receiving motion vector data and a

20 propriety error signal encoded for each macroblock and
a combination of predictive coefficients encoded for
each frame;

means for generating a predictive macroblock from
the plurality of reference frames in accordance with

25 the motion vector and the predictive coefficients; and

means for adding the generated predictive

macroblock and the predictive error signal.
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37>} [ <K=/ 21. A program for causing a computer to execute
motion compensation predictive inter-frame encoding
processing by referring to a plurality of video frames
for each macroblock, the program causing the computer
5 to execute
a process of generating a plurality of macroblocks
from the plurality of reference frames,
a process of selecting, as a predictive
macroblock, one of macroblocks obtained by a linear
10 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
15 a process of encoding a predictive error signal
between the selected predictive macroblock and a
to-be-encoded macroblock, prediction mode information,
and a motion vector.
22. A program for causing a computer to execute
20 motion compensation predictive inter-frame decoding
processing by referring to a plurality of video frames

for each macroblock, the program causing the computer

to execute

a process of receiving encoded motion vector data,
25 encoded prediction mode information, and encoded

predictive error signal,

a process of selecting, in accordance with the
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specific reference frame of the plurality of reference
frames, (b) generation of a plurality of macroblocks

5 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) generation of
a predictive macroblock by a linear extrapolation
prediction or linear interpolation prediction, and

10 a process of adding the generated predictive
macroblock and the predictive error signal.

23. A program for causing a computer to execute
motion compensation predictive inter-frame encoding
processing by referring to a plurality of reference

15 frames for each macroblock, the program causing the
computer to execute

a process of generating a predictive macroblock by
a linear prediction using the plurality of reference
frames,

20 a process of encoding a predictive error signal
between the predictive macroblock and a to-be-encoded
macroblock and a motion vector for each macroblock, and

a process of encoding a combination of predictive
coefficients for the linear prediction for each frame.

25 24. A program for causing a computer to execute
motion compensation predictive inter-frame decoding

processing by referring to a plurality of video frames
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a process of receiving motion vector data and a

propriety error signal encoded for each macroblock and
5 a combination of predictive coefficients encoded for
each frame,

a process of generating a predictive macroblock
from the plurality of reference frames in accordance
with the motion vector and the predictive coefficients,

10 and

a process of adding the generated predictive

macroblock and the predictive error signal.
25. A video encoding method of performing motion
compensation predictive inter-frame encoding of each
15 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

20 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;

25 a step of encoding a differential signal between
the selected predictive block signal and a signal of

the to-be-encoded block;
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is performed as an average value prediction based on
5 the plurality of reference blocks or a linear
interpolation prediction based on the plurality of
reference frames and a display time of the
to-be-encoded frame;
a step of encoding, for the each to-be-encoded
10 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
15 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 information
indicating that a specific one of the average value
prediction and the linear interpolation prediction is
20 selected as the linear sum prediction.

26, 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

25 frame, comprising:

a step of decoding a predictive error signal for a

signal of the to-be-decoded block corresponding to a
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block or each set of a plurality of to-be-decoded

blocks, first encoding mode information indicating

5 which 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 prediction based on a plurality

10 of reference blocks extracted from a plurality of

reference frames is selected at the time of generation

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

15 to-be-deccded 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

20 to-be-encoded frame is selected as the linear sum
prediction;

a step of generating the predictive block in
accordance with the decoded first encoding mode
information and the decoded second encoding mode

25 information; and

a step of generating a reconstructed video signal

by using the generated predictive block signal and the
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decoded predictive error signal.

27. 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

5 predetermined combination of a plurality of reference
frames and a motion vector between the to-be-encoded
macroblock and at least one reference frame,
comprising:

extracting at least one reference macroblock from
10 each of the plurality of reference frames;
generating a predictive macroblock by calculating
a linear sum of the plurality of extracted reference
macroblocks by using a predetermined combination of
weighting factors:;

15 generating a predictive error signal between the
predictive macroblock and the to-be-encoded macroblock;
and

encoding the predictive error signal, a first
index indicating the combination of the plurality of

20 reference frames, a second index indicating the
combination of weighting factors, and information of
the motion vector.

28. A video encoding method of performing motion
compensation predictive inter-frame encoding of a

25 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
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comprising:

extracting a first reference macroblock
corresponding to a candidate for the motion vector from

5 a first reference frame;

scaling the candidate for the motion vector in
accordance with an inter-frame distance between at
least one second reference frame and the to-be-encoded
frame;

10 extracting at least one second reference
macroblock corresponding to the candidate for the
motion vector obtained by scaling from the second
reference frame;

generating a predictive macroblock by calculating

15 a linear sum using a predetermined combination of
weighting factors for the first and second reference
macroblocks;

generating a predictive error signal between the
predictive macroblock and the to-be-encoded macroblock;

20 determining the motion vector on the basis of a
magnitude of a predictive error signal between a linear
sum of the first and second reference macroblocks and
the to-be-encoded macroblock; and

encoding the predictive error signal, a first

25 index indicating the first and second reference frames,

the second index indicating the combination of

weighting factors, and information of the determined



s'10914&' ()-)BCDElI _=0!!|1'10% | & ()- !'i!'10% H H& ()- "10%4& ()- 10H 10H 10H
3:F 10%4& () -
@10%& ()-%t} "< =0!! @& F"109H& () -9 109K ()-S! 9% 10%HH& () - S#109& () - 4
P#10%4H& () -4 10%4& () -grstx%uT20!ds ! 10%d"d™"& ()-g s !10%
& ()-g9 10%4& ()- 10HH 10HH 10HH 3
f810%HHE () - & F'"109%&' ()-f9% +i 3}[9uT20!d! "1490%H& ()- !'""10% ()- ,
10%4& ()-! 1"109HH& ()-! 1"10%& ()-s !1091& ()-g3t}oP1010%H& () - 10%4& () -
10HH 10HH 10HH! If8‘1O%HH&'g)-!§010%HH§'()-s!""lp%&'()-
100 ()- Ly Loogle (e eoptotbo o e O]
3+- 0% ()- 9) 31098 () - S TP (90 DR (04 L9k [T LB F 90 C ¢
dEOPlOlO@@ﬁF"1Q%H$éﬁ§af%é&”@%%49:%£§ﬂé”@ﬁ%éaing of a to-be-encoded
macroblock of a video picture by using at least one
5 rast reference frame and a motion vector between the
to-be-encoded macroblock and the reference frame,
comprising:.
performing the motion compensation predictive
inter-frame encoding upon switching, for each
10 to-be-encoded macroblock, between operation of using a
motion vector for a to-be-decoded macroblock at the
same intra-frame position as that of the to-be-encoded
macroblock in the frame encoded immediately before the
to-be-encoded frame containing the to-be-encoded
15 macroblock and operation of newly determining and
encoding the motion vector.
30. A video encoding method of performing motion
compensation predictive inter-frame encoding of a
to-be-encoded macroblock of a video picture by using at
20 least one reference frame and a motion vector between
the to-be-encoded macroblock and the reference frame,
comprising
performing the motion compensation predictive
inter-frame encoding upon switching, for the each
25 to-be-encoded macroblock, between a first prediction

mode of using at least one encoded past frame as the

reference frame, a second prediction mode of using an
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past and future frames as the reference frame, and a
fourth prediction mode of using a linear sum of the
plurality of encoded past reference frames as the
reference frame.

31. A video decoding method of performing motion
compensation predictive inter-frame decoding of a
to-be-decoded macroblock of a video picture 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, comprising

decoding encoded data including a predictive error
signal for the each to-be-decoded macroblock, a first
index indicating the combination of the plurality of
reference frames, a second index indicating a
combination of linear sum weighting factors for
reference macroblocks, and information of the motion
vector;

extracting a plurality of reference macroblocks
from the plurality of reference frames in accordance
with the decoded information of the motion vector and
the decoded information of the first index;

generating a predictive macroblock by calculating
a linear sum of the plurality of extracted reference
frames by using the combination of weighting factors

indicated by the decoded information of the second

@
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the each to-be-decoded macroblock.

5 32. A video decoding method of performing motion
compensation predictive inter-frame decoding of a
to-be-decoded macroblock of a video picture by using a
predetermined combination of a plurality of reference
frames and a motion vector between the to-be-decoded

10 macroblock and at least one reference frame,
comprising:
decoding encoded data including a predictive error
signal for the each to-be-decoded macroblock, a first
index indicating a combination of the plurality of
15 reference frames, a second index indicating the frame
number of an encoded frame, and information of the
motion vector;
extracting a plurality of reference macroblocks
from the plurality of reference frames in accordance
20 with the information of the motion vector and the
decoded information of the first index;
calculating inter-frame distances between the
plurality of reference frames and the encoded frame in
accordance with the decoded information of the second
25 index;
generating a predictive macroblock by calculating

a linear sum of the plurality of extracted reference
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decoding a video signal by adding the predictive
5 macroblock and the decoded predictive error signal.
33. A video decoding method of performing motion
compensation predictive inter-frame decoding of a
to-be-decoded macroblock of a video picture by using at
least one past reference frame and a motion vector
10 between the to-be-decoded macroblock and at least one
reference frame, comprising:
receiving and decoding encoded data including a
predictive error signal for the each to-be-decoded
macroblock and information of one of the encoded first
15 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;
generating a predictive macroblock by using the
20 decoded first motion vector for a to-be-decoded
macroblock for which the information of the first
motion vector is received and using the second motion
vector for a to-be-decoded macroblock for which the
flag is received; and
25 decoding a video signal by adding the predictive
macroblock and the predictive error signal.

34. A video decoding method of performing motion
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compensation predictive inter-frame decoding of a
to-be-decoded macroblock of a video picture by using a
motion vector between the to-be-decoded macroblock and
at least one reference frame, comprising:

5 receiving and decoding encoded data including
information of a predictive error signal for the each
to-be-decoded macroblock, prediction mode information
indicating one of a first prediction mode of using at
least one to-be-encoded past frame as the reference

10 frame, a second mode of using a to-be-encoded future
frame as the reference frame, a third prediction mode
of using a linear sum of the to-be-encoded past and
future frames as the reference frame, and a fourth mode
of using a linear sum of the plurality of to-be-encoded

15 past frames as the reference frame, and information of
the motion vector;

generating a predictive macroblock signal by using
the prediction mode information and the information of
the motion vector; and

20 decoding a video signal by adding the predictive
macroblock signal and the decoded predictive error
signal.

35. A video encoding method of performing motion
compensation predictive inter-frame encoding of a

25 to-be-encoded macroblock of a video picture by using at

least one reference frame selected from a plurality of

reference frames and a motion vector between the
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to-be-encoded macroblock and at least the one reference
frame, comprising:
skipping the motion compensation predictive

inter~-frame encoding with respect to a to-be-encoded

5 macroblock when the motion vector coincides a
predictive vector selected from motion vectors for a
plurality of macroblocks adjacent to the to-be-encoded
macroblock of the video picture, at least one reference
frame selected for the to-be-encoded macroblock

10 coincides with the macroblock from which the predictive
vector is selected, and all to-be-encoded predictive
error signals in the motion compensation predictive
inter-frame encoding are 0, and encoding the number of
macroblocks for which the motion compensation

15 predictive inter-frame encoding is skipped in
performing motion compensation predictive inter-frame
encoding of a next to-be-encoded macroblock.

36. A video encoding method of performing motion

compensation predictive inter-frame encoding of a

20 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
reference frame, comprising:

25 encoding predictive error signal obtained by the
motion compensation predictive inter-frame encoding, a

differential vector between a motion vector used for
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38. A video decoding method of performing motion
compensation predictive inter-frame decoding of a
5 to-be~decoded macroblock of a video picture by using a
motion vector between the to-be-decoded macroblock and
at least a first reference frame selected from a
plurality of reference frames, comprising:
receiving and decoding encoded data including a

10 predictive error signal obtained by motion compensation
predictive inter-frame encoding, a differential vector
between a motion vector used for the motion
compensation predictive inter-frame encoding and a
predictive vector selected from motion vectors between

15 a plurality of macroblocks adjacent to the
to-be-decoded macroblock and the second reference
frame, and a differential value between a first index
indicating the first reference frame and a second index
indicating the second reference frame;

20 selecting the predictive vector from a plurality
of macroblocks adjacent to the to-be-decoded
macroblock;

reconstructing the motion vector by adding the
selected predictive vector and the decoded differential

25 vector;

reconstructing the first index by adding an index

of a reference frame for the macroblock from which the
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using a predetermined combination of a plurality of
reference frames and a motion vector between the

15 to-be-encoded block and at least one reference frame,
comprising:

a step of determining at least one weighting
factor from a ratic between an AC component value in
the to-be-encoded frame and an AC component value in

20 the reference frame;

a step of determining at least one DC offset value
from a difference between a DC component value in the
to-be-encoded frame and a DC component value in the
reference frame;

25 a step of generating a predictive block by
calculating a linear sum of a plurality of reference

blocks extracted from the reference frames and adding
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the DC offset value;

a step of generating a predictive error signal
between the predictive block and the to-be-encoded
block; and

a step of encoding information of the predictive
error signal, information of the reference frame,
information of the weighting factor, information of the
DC offset value, and information of the motion vector.

40. A video encoding method according to claim 39,
wherein the step of determining the weighting factor
includes a step of detecting the AC component values in
the to-be-encoded frame and in the entire reference
frame or a pixel block including a plurality of pixels
in the frame.

41. A video encoding method according to claim 13,
wherein the step of determining the DC offset value
includes a step of detecting the DC component values in
the to-be-encoded frame and in the entire reference
frame or a pixel block including a plurality of pixels
in the frame.

42. A video encoding method according to claim 13,
wherein

the step of determining the weighting factor
comprises determining the weighting factor by
expressing the weighting factor by a rational number
using a unique denominator which becomes a power of 2

set for the each to-be-encoded frame, and
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the step of encoding comprises encoding

information of the denominator and information of a

numerator of the rational number as information of the

welghting factor.

43. A video encoding method according to claim 39,
wherein

the step of determining the weighting factor
comprises determining the weighting factor by
expressing the weighting factor by a rational number
which becomes a fixed value of a power of 2 regardless
of the to-be-encoded frame, and

the step of encoding comprises encoding
information of the numerator as information of the
weighting factor.

44, A video decoding method of performing motion
compensation predictive inter-frame of a to-be-decoded
block in a to-be-decoded frame of a video picture by
using a predetermined combination of a plurality of
reference frames and a motion vector between the
to-be-decoded block and at least one reference frame,
comprising:

a step of decoding encoded data including
information of a predictive error signal between a
predictive block and the to-be-decoded block,
information of the reference frame, information of a
weighting factor, information of a DC offset value, and

information of the motion wvector;
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a step of generating the predictive block by
calculating a linear sum of a plurality of reference
blocks extracted from the reference frames and adding
the DC offset value; and

a step of generating a reconstructed video signal
by using the predictive error signal and a signal of
the predictive block.

45, A video decoding method according to claim 44,
wherein

the weighting factor is expressed by a rational
number using a unique denominator which becomes a power
of 2 set for the each to-be-encoded frame, and

the step of decoding comprises receiving
information of the denominator and information of a
numerator of the rational number as information of the
weighting factor and decoding the information.

46. A video decoding method according to claim 44,
wherein

the weighting factor is expressed by a rational
number which becomes a fixed value of a power of 2
regardless of the to-be-encoded frame, and

the step of decoding comprises receiving
information of the numerator as information of the

weighting factor an decoding the information.



