1 DESCRIPTIONYVIDEO ENCODING METHOD AND
APPARATUS AND VIDEO DECODING METHOD AND APPARATUS 5
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
compensation predictive inter-frame encoding methods, MPEG-I
(ISO/IEC11172-2), MPEG-2 1% (ISQ/IEC:3818:2); MPEG4
(ISO/IEC14496-2), and the like have been widely used. In these encoding
schemes, encoding is performed by a combination of intra-frame
encoded picture¥ {DpictuEBS); foniard predictivie inte Firahfe efcdded
pictures (P pictutes)Ean@2oMR-Hitecisiial preditfivé BRESEd pictures (B
pictures). A P picture is encoded by using the immediately preceding P or
| picture as a reference picture. A B picture is encoded by using the
immediately preceding 25 and sucteetling ®=0r Fpietiges as reference

pictures. In MPEG, a predictive picture can be selectively gene{ated for
each macroblGekefromesrie dr & PNy OBF gigttié Fanés. In1he ¢a8e of

leau%%ﬁgensation 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-compensation praedictive inter~frame
encoding methods, MPEG-1 (ISO/IEC11172-2), MPEG-2
15 (ISCG/IEC13818~2), MPEG-4 (ISO/IECL14496-2), 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 1 picture as & 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. In the case of P plctures, a
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2 predictive picture is generally generated on a macroblock basis from
one reference frame. In the case of B pictures, a predictive picture is
generated by either a method of generating a predictive picture from 5
one of a forward reference picture and a backward reference picture, or
method of generating a predictive picture from the average value of
reference macroblocks extracted from both a forward reference picture
and a backward reference picture. The information of these 10 prediction

modes,isembedded in encoded datafor pagh ymaereblack dn gither of

these predictive encoding methods, however, when the same picture
movesitemparatly andzkhorzontally betweerntiramesdn ancgrea equal terer case
15 larger than the size of each macroblock, a good prediction result can

be obtained. Wittt egiid 16 fehTsoraleriargemméntredbeisiy SRt Totition”
of pictyres, or timejittars in signal amplitude such as fade-inand,; ~cire from

fade-out, owever,“!h|gh prediction efficiency cannot 20 always be
obtaineg by the abevepiedictive encadingy method: inenceding-at.ard
constant bit rate, in particular, if pictures with poor prediction efficiency =~
are input {6 B ERCHUIRG Gpparatlisa great deteA6RE fidRiRPicuRFr edictive
quality may occur, In en%gtdlngvag a 25 variable bltfrate,

! Iarge code N
] e 'é?m. he rﬁ 2 va¢u§.a rﬁ arefce macroblocks
amoun?ls assigned 1o pictiures WIt oor pre iction e iciency to suppress

a deteggration in-pigtire qyality, FesWNg @R e Ference picture and a
backward reference pilcture. The infcrmation of these
prediction modes iIs embedded in encoded data for each
macreblock.

In either of these predictive encoding methods,
however, when the same picture moves temporally and
horizontally betwesen frames in an area squal to or
larger than the size of each macroblock, a good
prediction result can be obtained. With regard to
temporal enlargement/reduction and rotation of pictures
or time jitters in signal amplitude such as fade-in and
fade~out, however, high prediction efficiency cannot
always be cobtained 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-
rion in plecture guality may occur. In encoding at a
variable bhit rate, a large code amount is assigned to
pictures with poor prediction efficiency to suppress a

deterioration in picture quality, resulting in an
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3 increase in the total number of encoded bits. On the other hand,
temporal enlargement/reduction, rotation, and fade-in/fade-out of pictures
can be approximated by affine transformation of video signals. 5
Predictions using affine transformation will therefore greatly improve the
prediction efficiency for these pictures. In order to estimate a parameter
for affine transformation, an enormous amount of parameter estimation
computation is required at the time of 10 encoding. More specifically, a
reference picture must be transformed by usir}g a plur

ality of
transfemeatior” patdmetsts tahd oneBriRé pa rﬁé’t%?éj\?iﬁigfféﬁwibits the
minimum prediction r e%;?%ﬂé?"r eggg&“,u% &?8]051‘3%%@?{‘5% INISFEAHIBS ot i on,

an enormous amount of transformation Computation. ThiS leads to an

enormeys samexnt gfenceding conmputation: or arf epoHNAUS NCreasedn
hardware cost and the like. In addition, a transformation parameter itself
must berencodethds welly 20 Bbla prédietion. esitual efrof, fart Rérces thgna 1 s -

encoded data*b‘ecomes enorngl% Sinlg agdaiztir(lmfényzggs*eiawnﬁill therefore
transforhfation'is PEGuiréd aF te time of detoding: Tesulfing in a Great
amouny of decoding computation.or. a very bighdardware,eqsts2s Asnese
described above, in the conventional video encoding methods such as
MPEGs; stifficient predictionicefficieney tamnrdtcherobtaimetewitly réspect fg 1ne
temporal
rransformation, an enormous amount of parameter
estimation computation is reguired at the time of
encoding.
| More specifically, a reference picture must be
transformed by using a plurality of transformation
parameters, and one of the parameters which exhibits
the minimum prediction residual error must be
determined. This reguires 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
as a prediction residual error, and hence the encoded
data becomes enormous. In addition, inverse affine
transformation is required at the time cf decoding,

resulting in a great amount cf 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
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. video encoding and decoding method using affine transformation,
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although prediction efficiency itself can be improved, the overhead for 5
encoded data increases and the encoding and decoding costs greatly
increase. Disclosure of Invention It is an object of the present invention to
provide a video encoding method and apparatus and video 10 decoding
method and apparatus which can suppress increases in computation
amount and the overhead for_encoded d%tl%whilet%raiegtl¥gm

: rovip
predicﬁ&‘?negfﬁgieﬁ@y wit E?%sgé& 1(%ngaing plgtﬁres, in parﬁcﬁ%ﬁ“igc\)/v lich n
the coyventional,videq encoding;15 methods such as MREGSihave@thoa
weak point. According to a first aspect of the present invention, there is

provided &rvided énceding anethodioft perfornaingd motion compénsation
predictive inter-frame encaoding of a to-be-encoded frame by referring to a

20 plufalify 6f 1&féréncé Fattes Tt eath ' MBgBBRjItk, Tofprisingead tor
ge”er%}'rﬁ‘gia% Rlurality of macroblocks from (dhe plyrality QfJETBIaNee 41 g

frames, selecting, as a predictive macroblock, one of macroblocks
obtained by a dinearinterpalatiensprediction or a linear extrapola 25 tion
prediction using one of the plurality of reference macroblocks, an average

value of the plurality of referBhé€ &croBlaeks,3rthe plarality of

reference It is an object of the present invention to

provide a video encoding method and apparatus and video
decoding method and apparatus which can suppress
increases in computatlion amount and the overhezad for
encoded data while greatly improving prediction
efficiency with respect to fading pictures, in
particular, 1in which the conventional video encoeding
methods such as MPEGs have a weak point.

hocording to a first aspect of the present
invention, there 1is provided a wvideo encoding method of
performning motion compensation predictive inter-f{rame
encoding of a to-be-encoded Iframe by referring to a
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-
tion prediction using cne of the plurality of reference
macroblocks, an averages value of the plurality of

reference macroblocks, or the plurality of reference
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5 macroblocks, and encoding a predictive error signal between the
selected predictive macroblock and a to-be-encoded macroblock,
prediction mode information, and a motion vector. 5 According to a
second aspect of the present invention, there is provided a video
decoding method of decoding motion compensation predictive inter-frame
encoded data by referring to a plurality of reference frames for each
macroblock, comprising receiving 10 encoded motion vector data,
encoded prediction mode inform(%ﬂj%], and encqded Predictive error

signal2&81eeting: i acéofdants the mBHiGH vE&tor data and thed "2
pfedi%t%&h@ggeéﬁfgf@éﬁ_%%e@ﬁe@%&q@ig%ngrgé%emfsgt@ﬂgﬁd a

macroblock from a specific 15 reférence frame of the plurality of reference
framesg-(b) generate a pluratiyrafenacroblacks fromithecplarality of mation,
reference frames so as to generate an average value of the plurality of
referemee frarfieés 48 Predietive macroblock, or (c) generate a predictive

20 macroblogk by 2 finear extranglalion prediction ob dinegy internolation

prediction, and generlar%i%g a deco rame by adding the generated
predictiye - macteploek, ard the; pradictive-error sigaak InicenveEntipnakthod of

video encoding schemes such as 25 MPEGs, in order to generate a

predictivesidcrobluek L from-a plieaiity of peferar Rl fF&ATES, FeTERSTICEr 2Nne

maCK&ﬂgﬁgégeégngg¥iqg@épg{gap%gwgrg?g%g %ty of reference
frames for each macroblock, comprising receiving
encoded motion vector data, encoded prediction mode
information, and encoded’predittive error signal,
selecting, in accordance with the moticn vector data
and the prediction mode information, whether to (a)
generate a predictive macrobleck from a specific
reference frame of the plurality of refersnce frames,
(b) generate a plurality of macroblocks from the
plurality of reference frames so as Lo generate an
average value of the plurality of reference frames as a
predictive macroblock, or {c)} generate a predictive
macroblock by a linear extrapclation prediction or
linear interpolation prediction, and generating a
decoded frame by adding the generated predictive
macroplock and the predictive error signal.

In conventional video encoding schemes such as

MPEGs, in order to generate a predictive macroblock

from a plurality of reference frames, reference

macroblocks are extracted from the respective reference
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6 frames, and the average value of signals of the extracted macroblocks
is used. According to such a conventional video encoding scheme,
however, when the amplitude of a picture signal varies over time due to 5
fading or the like, the prediction efficiency deteriorates. In contrast,
according to the video encoding scheme gf the first or second aspect of
the present invention, since a predictive picture is generated by
extrapolation or interpolation based on a 10 linear prediction from a

plurality of frames, when.the, amplitude, of @ picture;signal.mgrotopously

varies over time, the prediction efficiency can be greatly improved. This
can realize high-pietare-guality x highsefficiency encodingiAg Iho such a
inter-frame encoding, in general, encoded . pictures are used as reference
framesorvrRtdiioding 'Sige, STtrdecstedlibhites afetisdgas when the

reference frames %r%the decoding side, For this reason. the iglgggcgu%f o

T 1 a 1 1ldna Vaglrliles ver
encoaal‘né) noise in re erenge ?rames becomes a%actor 28 that egrades

the predigiign efficiency. Averagingdhe ~eferencemacreblocks extracted
from a plurality of reference frames exhibits a noise removing effect and
hencededntributestiesan infprovement ftencoding Efficiefiey. s éfféeris
equivalent to a technique 25 known as a loop filter m(Pr%dlctlve ch%%nghe

Accormgd the firSCANY sEcond Sspects of fiie presant invantion,

awmag@ggggge%ﬂggggggﬁgﬁggﬁce a predictive picture 1is
‘generated by extrapolation or interpolation based on &
linear prediction from a plurality of frames, when the
amplitude of a pilcture signal monotonously varies over
time, the predicticn efficiency can be greatly
improved. This can realize high-picture-quality,
high-efficiency encoeding.

Tn inter-frame encoding, in geneiral, encoded
pictures are used as reference frames on the encoding
aide, and decoded pictures are used as reference frames
on the decoding side. For this reason, thg influence
of encoding noise in reference frames becomes a facltor
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 eguivalent to a technique
known as a loop filter in predictive encoding.

According to the first and second aspects of the

present invention, averaging processing of a plurality:
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of reference frames, which has a high loop filter effect, linear interpolation
which is effective for fading pictures and the like, or an optimal prediction
mode for linear interpolation can be selected in 5 accordance with an input
picture. This makes it possible to improve encoding efficiency for arbitrary
input pictures. According to a third aspect-pf the present invention, there
is provided a video encoding method in 10 which in motion compensation
predictive inter-frame encoding performed by referring to a plurality of

video Of£arp§§ ef% g%%h dEﬁ'raa%{% I,OC!S'h% plurality of rgfg&@lnq%ggr@gi ars-two

frames'encoded immediately before a to-be-encoded frame, and in a

linear extrapelation 1% predigtion-based on the.plurality of feference: for
macroblocks, the predictive macroblock is generated by subtracting, from

a signahcbtained by doebling the remplittide of the: Feferdneamatrighfdck-+ o1

signal generated from the imr;gediatellé recedég% r%feer%ré?teefé%rgg, ygle 20
referefic actbblockElgnal’ yenerated from rame preceding

rom a retrerence

one frame from.the ipmediately, ;preceding referencerframey Aegerding to
a fourth aspect of the present invention, there is provided a video

decodingsmethed iro 25nwhichdn enctiohi compédsationmpredictivearbitrary
inter-frame decoding performed by referring to a plurality of video frames
for eachRidlcrdBIoEK 'the plurality of reference 8

According to a third aspect of the present
invention, there is provided a video encoding method in
which in motion compensation predictive inter—frame
encoding performed by referring to a plurality of wvideo
frames for each macroblock, a plurality of reference
frames are two frames encoded immediately before a
ro-be-encoded frame, and in a linear extrapolation
prediction based on the ﬁlurality of reference
macroblocks, the predictive macroblock is generated by
subtracting, from a signal obtained by doubling the
amplitude of the reference macroblock signal generabed
from the immediately preceding reference frame, the
reference nacroblock 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
which in motion compensation predictive inter-frame
decoding performed by referring to a plurality of video

frames for each macroblock, the plurality of reference
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frames are two frames decoded immediately before a to-be-encoded
frame, and in a linear extrapolation- prediction based on the plurality of
reference macroblocks, the predictive macroblock is generated by 5
subtracting, from the signal obtained by doubling the amplitude of the
reference macroblock signal generated 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 e co?in
schemr%egas%%% as Gs; when “fh§ %Fnops?‘lﬁ%elglf{ 15%%0 L?r%?\éiré?’]%. oFe o

changes ovet time-due; to-fading oxthe like, the spredictien effigiencyt i on
deteriorates. For example, 15 letting V(t) be a picture frame at time t, and
W(t) bera picturesfraimesatdime t Winictrhas ahdérgongé fadingr processing,
fade-in and fade-out can be realized by equations (1) and (2). In equation

(1), (afiRBFATS A fade péridt: FadE-In Starfiadttithe P£'0 and SRS H PR PY

time T._In, ion.(2), (b) indicates a f periad.; . -QUt star, '
TO and e%%qé%g?ﬁ{nlﬁg ‘ro@-%ATQT Y'?(%?~§al (t)g iﬁ%ﬁi@%% ﬁ%%ﬁé{ )ethe

(b) (1) ABVAE) =Y ()1t «FO){(@)f HEXCE-tHEQYTH(TOI<EQ#E): (b)@nerated
(tTO+T) (c) (2) 9 Assume that a frame Y'(t) at time t when fade
from the immediately preceding reference frame, the
reference macrobhlock signal generated from a reference
frame preceding one frame from the immediately
preceding reference frame.

" Bs described above, in conventional video encoding
schemes such as MPEGs, when the amplitude of a pilcture
signal changes over time due to fading or the like, the
prediction efficiency deteriorates. For example,
letting V(t) be a picture frame at Time t, and V'{(t) be
a plcture frame at time £t which has undergone fading
preccessing, fade-in and fade-out can be realized by
eguaticns (1) and {2). 1In eguation (1), ({(a) indicates
a fade period; fade~Iin starts at time t = 0 and ends at
fime T. In equation {2}, (b) indicates a fade period;

fade-out starts at time T0 and ends at time TO + T.

Y'(t{m Yt} %t/ T (0£t<T) (a)
v (e (£=T) (b} (1)
vi(e) = v(t) ({t=TO) (2)

Y (L) x {T-£+T0OV /T {TO<E<TO+T ()

0 (LZTO+T) () (2}
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processing is performed is a to-be-encoded frame, and two frames Y’

(t-1) and Y’ (t-2) subjected to the same fade processing at time t-1 and

time t-2 are reference 5 frames. Consider first a case wherein a predictive
picture P(t) is generated from the average value of these two frames, as
indicated by equation (3) P(t)=(Y'(t-1)+Y'(t-2))/2 (3) 10 In consideration of
the fade periods (a) and (b) in equations (%) 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) 15 /T+Y(t-2)x(t-2)[T}/2 (4).
P(t)=(Y(t-1)x(‘F§riFi“Fof(W%§Y?t- )&f‘igff‘dfﬂé%ni’f(gfﬁ?hére"\ié%% thig®
Jitter mp%egg@?lllgg{]gl pebebeiqe:fading, ig,- Y0 = (600818 ke, and
assuming 20 that Y(t) is constant regardless of t, equations (4) and (5)

are madified inteeguations 16) andi(7)! RHOZCX2EF)EZT) to the same
P(t)=Cx(2T-2t+3+2T0)/2T (7) On the other hand, the to-be-encoded signal

V (1) 2548 expressetby 8qaationd @) antl @) EExiT {gy e reterence
(t):Cngg"nLQS)_/T (9) 10 A predictive error signal D(t) obtained by

Consider first a case wherein a predictive picture
P{t) is generated from the average value of these two
frames, as indicated by ecuation {3}.
Plt)={Y" {(t-1}+Y" (t-2)1}/2 ' (3)
In consideration of th@ fade periods {(a; and (b}
in equations (1) and (2), the predictive picture
obtained by equation {3} 1s represenfed by equations
(47 and (5} és follows:
Plo)={Y(t-1)={t~1)
JTHY (£-2) = (£=2) /T}/2 (4)
P(t)={Y{t-1)=x({T-t+1+TO)
JTHY (-2 x {T~t+2+T0) /TY/2 {5)
If there is no tTime Jjitter in an original signal
Y(t) before fading, i.e., Y{t) = C (constant) assuming
that Y(t} is constant regatdless of £, equations {4)
and (%) are modified into eguaticons (6) and (7):
P{t)=Cx(2t~3} /2T (6}
P{L)=Cx (2T-2t+3+2T0) /2T {n
On the other hand, the to-be-encoded signal Y' (t)
iz eupressed by equations (8) and {(9):
YLy =Cxt/T (&)

YLy =Cx {T-T+T0) /T {2



10

15

20

25

subtracting the predictive picture 9(t) given by equations (6) and (7) from
Y' (t) given by equations (8) and (9) is expressed by equations (10) and
(11) 5 D(t)=Cx3/2T (10) D(t)=-Cx3/2T (11) According to the video
encoding methods of the third and fourth aspects of the present invention,
the predictive picture P(t) expressed by equation (12) is 10 generated.
P(t)=2xY'(t-)-Y'(t-2) (12) Assuming that = C (constant) as in the
above case, a predictive picture at fade-in expressed by equation (1) and
a predictive picture at fade-out 15 expressed by equatign (2) ar

represented?byPB @FECHAY (L3 BRF=EXETE T (14 Eﬁﬁ]gﬁgng {(13)
and (1&)0%oincide withrglg tfg)i%gﬁgggq%d BifEU{S% ée@rp@,en&qd\,gx by

equaf?ons fs?%h*f%oz ) . In either of the cases, the predictive error
signal: Bt} ebtaired by suhtracting the-predictive picture frgmdheations (&)
encoded picture becomes 0. As described above, with regard to fading
picturesgd coRVenrtiora FiGtioTEEoRpe ASEtidh 1eEMiqtes stkA as!2s :

MPEGs cause resid!auj{aé error §i/g%)1als. In contrast, as is obvious, according (10)
to the third and four a%pects of "the present invention, no residual error

signals are 11 produced.-apd the prediction efficiency greatly {11}
According to the video encoding methods of the
third and fourth aspects of the present invention, the
predictive picture P(f) expressed by egquation (12) 1is
generated.
Pt)=2xY" (L-1)-Y" (L-2} (12)
Assuming that Y{t) = C (constant) as in the above
case, a predictive picture at fade-in expressed by
eguation (1) and a predictive picture at fade-out
expressed by equation (Zjlare represented by
P(t)=Cxt/T (13}
P{t)=Cx {(T-T+T0} /T (14]
Equations (13} and (14) coincide with the
to-be-encoded pictures represented by equatiocns (8) and
(S . in either of the cases, the predictive error
signal D(t) obtaiﬁed by subtracting the predictive
picture from the encoded picture becomes 0. AS
described above, with regard to fading pictures,
conventional motion compensation technigues such as
MPEGs cause residual error signals. 1In contrast, as is
obvious, according to the third and fourth aspects of

the present invention, no residual error signals are
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improves. In equations (1) and (2), 1/T represents the speed of change in
fade-in and fade-out. As is obvious 5 from equations (10) and (11), in
conventional motion compensation, a residual error increases as the
speed of change in fade increases, resulting in a deteriora- tion in
encoding efficiency. According to the videq encoding methods of the third
and fourth aspects of the 10 present invention, high prediction efficiency
can be obtained regardless of the speed of change in fade. According to

a fifth aspect of the present invention, in additj - id ing
methdas o Ct%é’ﬁrgtgéﬁd%?rdpags%%%?st 01gD %]:é p%&%gs\gnggﬁgghere is
provided a.video encoding method in which the to-be-encoded motion

vector is a motion vector associated with a specific one of the plurality of
reference framesaknedddition toltheavided €heoding niethous6fthet2g speed

second and fourth aspects of the i[}(-E-jse%n‘jgt (gwgnggr;,t Vz?gcorldslngggj :?.O%I)éth-

aspeCtiofthdH#ésent invemtion. thare isProvide 8

€o'encoding
methad in which, the receives motion vector data is,a-raelian¥estonot i on
associated with a specific one of the plurality of 25 reference frames, and
the metiepatestoridata is: scatetfconverteddrn acoordareeswitls thée speed
inter-frame distances between the to-be-decoded frame and reference 12

framexfogEHeTAte Mot Gectdrs FArIRE remaffiing 179 10 & deterioras

tion in encoding efficiency. Rccording to the video
encoding methods of the third and fourth aspects of the
present invention, high prediction efficiency can be
obtained regardless of the speed of change in fade.

According to a fifth aspect of the present
invention, in addition to the video encoding methods of
the first and third aspects of the present inventioh,
there is provided a video encoding method in which
the to-be-encoded motion vector 1s a motion vector
associated with a specific one of the plurality of
reference frames.

In addition to the video encoding methods of the
second and fourth aspects of the present inventicn,
according to a sixth aspect of the present invention,
‘there is provided a video encoding method in which
the received motion vector data 1s a moticn vector
associated with a specific cone of the plurality of
reference frames, and the motien vector data is
scaled/converted in accordance with the inter-frams

distances between the to-be-decoded f{rame and reference
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reference frames. By the methods according to the first to fourth aspects
of the present invention, a prediction 5 efficiency higher than that in the
prior art can be obtained with respect to fading pictures and the like by
using a plurality of reference pictures. If, however, motion vectors for a
plurality of reference pictures are multiplexed into encoded data for each
10 encoded macroblock, the encoding overhead increases. According to
an encoding scheme such as ITU-TH. 263, an encoding method called a

direct mode is available, in, which_ng mation.vector B picture is sen
and agnmgﬁeosn vectdFtor Ifﬁét &8{%}8?5 86%%%%%; g(%:ffnggﬁ% 'r%o{%n&

vector.fora. P.pigture,vhigh strides over the B picture, in accordance with
the inter-frame distance between a reference picture and a

to-be-encoded picturesThis direet moddiercoding: rethod &-a odel uinth

which a to-be-encoded video picture is a%)ro,ximated 20 to, acptictu?[e

whosé Fé\itG speed i€aisst Constant o Bl%éna\/ig\%a iy &’short
period g Ume. GouPspRAING 1on severpl fames, inmanycases ik, e

method can reduce the number of encoded bits of the motion vector.
According:torthe methiodsof the fifth antlsixtha 25 aspectssofithe presenti ke
invention, as in the direct mode for B pictures, in the case of P pictures,

only oRE Hotion Vectdroihé fifotidn VEBIERT S plardity 66 13 *F

rekﬂeggﬁéggggskbrgéyegégeg§@tﬂ%@%&°§¥&¥§g§ty of reference
pictures are multiplexed into encoded data for each
encoded macroblock, the encoding overhead increases.
According to an encoding scheme such as ITU-TH. 263, an
‘encoding method called a direct mode is available, in
which no motion vector for a B picture is sent, and a
motion vector for the B picturse is obtained by scaling
a motion vectdr for a P picture, which strides over the
B bicture, in accordance with the inter-firame distance
between a reference picture and a to-be-encoded
picture. This direct mode encoding method 1s a model
in which a to-be-encoded video picture is approximated
to a plcture whose moving speed is 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

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
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the received motion vector can be scaled in accordance with the

inter-frame distance from a reference picture. This makes it possible to
achieve the same improvement 5 in encoding efficiency as that achieved

by the methods 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 thepresent 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 .
referenté Fathe fs & Fidtfoh vectsi Fofmalizéd th 88cdraanéé aith'the s+de.

inter-frame distance Gbetwgen the reference frame and he,frﬁme tg berég
1. 5 e nc
encod@@i?lnrgagl%lg% {0 the metho %cggrd?r?gntoﬂﬁwegsﬂ)%t Cé[\spgctﬂ_ﬁofctﬁe ©

preseqtiinvention, theee-is pravided & raethed acearding 4@ aneighthpi crure .
aspect, in which the motion vector associated with the received specific
20 ref@lencerfrarne is & rhotien vectof hormalizetkint hecomamcenpitptHanent
inter-frame distance between the reference frame and th& [kEamQ to be

gh

encodel. ARES t6' thie' meflods Grihé'seveRr aiTd SigHtl adpects bf ©°

the present.invenfian, aJigference scale fer, 258 mation-vectgrtahe present
encoded is constant regardless of whether the inter-frame distance

changesyand scaling. procgssimg:for anation véctors fordhe gespectivekd.
reference frames can be done by computation using only .

In addition to the method according to the [ifth
aspect of the present invention, there is provided a
method according to a seventh aspect of the present
inventicn, in which the motion vector associated with
the specific reference frame is a motion vector
riormalized in accordance with the inter-frame distance
between the reference frame and the frame to be
ancoded.

In addition to the method according to the sixth
aspect of the presenit invention, there is provided a
method according to an eighth aspect, in which the
motion vector associated with the received 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.

According to the methods of the seventh and eighth
aspects of the present invention, a reference scale for
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



the information of the inter-frame distance between each reference frame
and the frame to be encoded. Division is required to perform arbitrary
scaling 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’dtcording to the first 10 and
third aspects of the present invention, there is provided a method

according to a ninth aspect of the gresent invention, in which the motion
vector t6°b& “ENCSded Mefitiesthe Titstifbtiorr Ve GtBFaSS6ciARY With'e only

specific gne of %%%%EU{%Q{ of eference, %ééfﬁﬁ%sm%”%a#"é%a"g Liyeen
motion vectors for the remaining reference frames, an e plurality 6

motionevectors-are-enceded-as differantial vegtars between the, plurality
of motion vectors and motion vectors obtained by scaling the first motion
vector iaccordanée with20 tiedinter-frarmé distances. betwaersthel ing

to-be-encoded . frame and the plurality of reference frames. In addition to

“the metHods accdiding 1o thé SecoRd rglr?olfo%%gasapé%?stftﬁgrevﬁctor to be
provided.a method ; agcarding; (-2 10th-aspeck ok the present invention ,ins 11,1 ¢
25 which the received motion vector data includes a motion vector
associdtedwittf aspesific .ionesoftheqlamalitys of referenceffames and zlone.
differential vectors associated 1.5 with the remaining reference frames.
Therng&ﬁfVéﬂBrreduce 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 cf reference

15 frames and a plurality of metion vectors for the

remaining reference frames, and the plurality of moltion

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 betwsen the to-be-encoded

frame and the plurality of reference frames.

In addition to the methods according tce the sscond
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 assoclalted with a specific one of the plurality

of reference frames and differential vectors assocliated
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data is scaled/converted in accordance with the inter-frame distances
between a to-be-decoded frame and the reference frames. The resultant
data are then 5 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 methads 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 increasin%éhe er%codingI for
overhdadFor-hdtioAVettorIAformatioh™ i~ hbiveVer the MGVIRG speed is =~

not constant, a sufficient 45 prediction efficiency may,aot b ebtaihed by
simple “scaling of motion vectors alone. According to a dual-prime
predictignavhich is.enea i pregliciion motiedn MPEG2-ideaiencadig fineae and
motion prediction using two consecutive fields, a motion 20 vector for one

field ahbea diffraritiat veétorsetween & MGtionVeEtdr Shtamedty S4lhg

the motion vector in accordance with the inter-field J)st nce 99@@ rﬁ%%tﬂ%h
vectorfor e Bl%eF%%l érte%ﬁé%l&eldé% vrﬁc()t:ﬁ:oonr\?etgor %eex%ressed with a

1/2 pixgl resqlution, 25 By averaging the seference magraplocksref:thedwo
fields, a loop filter effect is produced by an adaptive spatiotemporal filter.

In additionpan inerease ifd6 eheodingovetiead €art bastippressed.

This greatl . .
Sg]eaty_AcCOfding to the methods of the fifth and sixth

aspects of the present invention, in the case of still
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 overhesad for motion vector information. If,
however, the moving speed i3 not constant, a sufficient
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
vector for one field and a differential vector between
a motion vector cobtained 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.
By averaging the reference macroblocks of the two
fields, a loop filter effect i1s produced by an adaptive

spatiotemporal filter. In addition, an increase in
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contributes to an improvement in encoding efficiency. According to the
methods of the ninth and 10th aspects of the present invention, in
addition to an 5 effect similar to that obtained by a dual-prime 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 it 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 llith aspect
of the presehitninverition aadviien the prediction mode infotmation<rs- LY

includes the first flag indicating a prediction using a specific reference
frame%?%%fé%?c’if%% Iutsci)ln@g‘ll %fﬂ%ﬂ)‘f%ﬁ?@fgréln%eef?épr%(géga%de t%ﬁmen%iy

e secon

flag indicating that the-pregictionising thesplurality OF reference frames is
a prediction based on the average 20 value of a plurality of reference

macrobigekstar a prédiction based onrineat extrapotatien@r tibear.to an
interpolation of a plurality of reference macroblock, and the second flag is

contaifiéd it the’hBadérdata of & eRtdded framerorthe Weader-dita of a
pluraliy, ol g3.enqeded fames-jn adsiion:to.the ethods Obe secandey an

fourth; sixth, eighth, and 10th aspects, there is provided a 17 method

according ta ad2th pspectrefitbe presentiter, the prediction
efficiency for fading pictures and the like can be
improved. This makes it possible te cobtaln an encoding
efficiency higher than that in the priocr art.

In additicn toe the methods of the first, third,
f£ifth, seventh, and ninth aspects, there is provided a
method according to a 11th aspect of the present
invention, in which the prediction mede information
includes the first flag indicating a prediction using a
specific reference frame or a2 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 averags
value of a plurality of reference macrcoblocks or a
prediction based on linear extrapolation or linear
interpolation of & plurality of reference macroblock,
and the second flag is contained in the header data of
an encoded frame or the header data cf a plurality of
ancoded frames.

In addition to the methods of the second, fourth,

sixth, eighth, and 10th aspects, there is provided a
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invention, in which the prediction mode information includes the first flag.
indicating a prediction using a specific reference frame or a prediction
using a 5 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 value of a plurality of reference macroblocks or a
prediction based on linear extrapolation ok 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 encadetftamescAS idesciibed abde, actbidingdd the présentas-
invention, an improvement in prediction efgciencg and Qi{ghj-u%f%icile@ac%/ion
high-piBilFE- Gty eRcdding Canbe Featized by adaptively switching
betwe'%?ctqﬁc@se ratian Qz%e@efét&g @I@@@%@@i@%rwgﬁkdﬂﬁ@ﬂchs ing a
macrolb ock of an encoded frame, from only a specific 20 reference frame
of a plysality of refeserce:framesy the: operatioprefigerierating apredictive
macroblock from the average value of a plurality of reference pictures,

and thel sperhiibh of eRerAtif & prdicive matrobidék By imear™ +29
extrapolation.or Inearinterholation. of;a 2oiplyraliy atrefgenorpidties. of

For exa‘mfﬂe, a prediction from only a specific reference frame of a
pluralify. ef.reference frames 18 (predistion miaste birs this casehis average

effective for a
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 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 -
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
macrobhlock of an encoded frame, from only a specific
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 macrcblock
by linear extrapolation or linear interpolaticn of a
plurality of reference pictures.

For example, a prediction from only a specific

reference frame of a plurality of reference frames
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picture portion in a single frame at which a background alternately
appears and disappears over time. With regard to a picture portion with
little time jitter, a 5 prediction from the average value of a plurality of
reference pictures (prediction mode 2 in this case) makes it possible to
obtain a loop filter effect of removing encoding distortion in reference
pictures. When the amplitude of a picturelgignal such as a fading 10
picture varies over time, the prediction efficiency can be improved by
linear extrapolation or linear inter- polation of a plurality of reference
pictures> (prédidtiornmivdess in this ¢dse). egenerals il iconventorfalr a
encoding scheme, 15 when optimal prediction modes are to be
sclectvbly- ShitcREA T3F Badf nactoNBatin S arher & fiag ndiR&Ag o™~

a prediction,mode is,encpded for.gach; macrehlock while being contained,

in header data of each macroblock _ If many prediction modes are
selectivelys2@iused ztheiericading-overhead ortftagsiindicating:the iitter, a
prediction modes increases. According to the methods of the 11th and

12th &8peeisoftie presBniiiveAtiG, Conibilation of 2preditiibnmaded

to be ysegis Jynited 0.4 combinglion23.of piediglien modes Land 2,004
combination o preé)lctlon modes 1. and 3 for each encoded frame. The
second flag indieating ong 1of the abpve cambinationsis 19« prepafedt: of

together with the first flag indicating
removing encoding distortion in reference pictures.
When the amplitude of a picture signal such as a fading
pilcture varies over time, the prediction efficiency can
be improved by linear extrapclation or linear inter-
polation of a plurality of reference pictures
{(prediction mode 3 in this case).

In general, in a conventicnal encoding scheme,
when optimal prediction mcodes are To be selectively
switched for each macroblock in this_manner, a flag
indicating a prediction mode 1s enceoded for each
macroblock while belng contained in header data of each
macroblock. If many prediction modes are selectively
uzed, the encoeding overhead for flags indicating the
prediction modes increases.

According to the methods of the 11lth and 12th
aspects of the present invention, a combination of
prediction modes to be used ig limited to a combination
cf 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 abcve combinations is
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prediction mode 1, prediction mode 2, or prediction mode 3. The second
flag indicating the combination of the prediction modes is contained in the
header data S of an encoded frame. The first flag indicating a prediction
mode can be changed for each macroblock and is contained in the
header data of the macroblock. This can reduce the overhead associated
with the prediction modes in encoded datag 10 When the amplitude of a
picture signal such as a fading picture changes over time, the amplitudes
uniformly changes over time within the frame. For this reason, there is no

need {g syiteh detween: pradiction: imade- 2 and-predictign mede: 3ok g

each macroblock; no 15 deterioration in prediction efficiency occurs even

if a prediction-moderis fixed foreachifedrnen Atlsabkgrourithorthediket ion

alternately a%pears and disapéjeﬂs over time within a frame re%ardless of
Y

a chditfFinthe anistitdde BF'4 picttire SigRAIGVertind 0 FoRerérord & °F

background js.fixed for gach frame, the, prediction efficiency deteriorates: »
This makes it necessary to switch optimal prediction modes for each

macrabiock:usingdhe first flage Separatelyisetting: the flags indicating the
prediction modes in the 25 headers of a frame and macroblock in the

above’hanher akELT possBIdR reutiie Tk SRCodRGOVBRTEP1ock and
without degrading thg prediction pfficiency, 20 Aegording t.a. 13ih aspect
of the present
This can reduce the overhead asscoclated with the
prediction modes in encoded data.

When the amplitude of a picture signal such as a
fading pilcture changes over time, the amplitudes
uniformly changes‘over time within the frahe. For this
reason, there is no need to switch befween prediction
mode 2 and prediction mode 3 for each.macroblock; o
deterioration in prediction efficiency occurs even if a
predictioﬁ mode is fixed for esach frame.

A hackground or the like alternately appears and
disappears over Time within a frame regardless of a
change in the anmplitude of a picture signal over fime.
If, therefore, 2 background is Iixed for each frame,
the prediction efficiency deteriorates. This makes it
necessary to switch opfimal prediction modes for each
macroblock usging the first flag. Separately setting
the flags indicating the prediction modes in the
headers of a frame and macroblock in the above manner
makes 1t possible to reduce the encoding overhead

without degrading the predicticn efficlency.



invention, there is provided a video encoding method, in which in motion
compensation predictive inter-frame encoding performed by referring to a
plurality of video 5 frames for each macroblock, a predictive macroblock is
generated by a linear prediction from the plurality of reference frames, a
predictive error signal between the predictive macroblock and an
encoded macroblock and a motion vector a¢& encoded for each
macroblock, and a 10 combination of predictive coefficients for the linear
prediction is encoded for each frame. In addition to the methods according
to the 13th aspect; adeordirigptoza 14tH aspaet of thet present irvention,
there is provided a method in which the 15 plurality of reference frames

are past HaRfes With redpE&t th RIBR-EAESUE Fank® Avebrding foaethod,
15th aspect,ofiihe present: iwention, there.is provided aivideg decoding .
method in which in decoding motion compensation predictive 20
inter-frameencoded datacbyeefetsing:to eplutality of videqa fragestferor video
each macroblock, motion vector data and a predictive error signal which

are encodéB ST EaEh FRACTOBREK ARU A Combiriation ot pradicive roblock is
coefficier}?t Whi%ré gngoded ar each fram are received,. 2%? pregictiv

macrobfoc eig%lenerat(}-)}d ?rorﬁﬂﬁeeaglulrséii?y “of réf)err]er];é:éjinrame% in ura?ity ot

accordaneeawith the median syectoranrd predictivecaefficignts, andibecern the
generated 21 predictive macroblock and the predictive error signal
predictive macroblock and an encoded macroblock and a

{93

motion vector are encoded for each macroblock, and a
10 combination of predictive coefficients for the linear
prediction is encoded for sach frame.
In addition to the methods according to the 13th
aspect, according to a 14th aspect of the present
inventicn, there is provided a method in which the
15 plurality of reference frames are past frames with
respect to a to-be-encoded frame.
According to a 1&Zth aspect of the present
invention, there is provided a video decoding method in
whiich 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 errcr signal which are encoded for
each macrebleck and a combination of predictive
coefficients which encoded for each frame are received,

3 a predictive macroblock is generated from the plurality
of reference frames in accordance with the motion

vector and predictive coefficlents, and the generated
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are added. In addition to the method according to the fifth aspect,
according to a 16th aspect of the present 5 invention, there is provided a
method in which the plurality of reference frames are past frames with
respect to a to-be-encoded frame. According to the methods of the 13th to
16th aspects of the present invention, sinee!predictive 10 coefficients can
be set in an arbitrary time direction, the prediction efficiency can be

improved by using an optimal combination of predictive coefficients on

the enceding sidesnotantyiwhenkheafphimlerstedpicture ssigialor signal
changes over time as in the case of a fading 15 picture but also when an
arbitrary ¢inié k€t occurs in the amplitude of a picture signal. In addition,

ransmitting the abowe predicive epeffgienisyipon- Multpieng hemon: ; ¢

encoded data allows the same linear prediction as in encoding operation
to be 20 perfermed in,deceding eperatietnresulting in Jrghieffigiencyent
predictive encoding. According to the present invention, an improvement
in encodingrefiiciency: ban be achieved sl predictibhoffofra plukality 'ore
reference frames. However, as in 25 the case of B pictures(iep MPEG, a

predictive Froki tempbrdify ConsBE tive FafiEs iay b&ddnd by Ueing'a

y'using’a

pluraligye%fg%asé agd fléIltUE% [rg@me&%@g%regggl%g _frames. In addition, as
in the case of 't and P

According to the methods of the 13th to 16th
aspects of the present invention, since predictive
coefficients can be set in an arbitrary time directicn,
the prediction efficiency can be improved by using an
optimal combination of predictive coefficients on the
éncéding side not only when the amplitude of a picture
signal changes over time as.in the case of a fading
picture but also when an arbitréry time “4itter occurs
in the amplitude of a picture signal. In addition,
transmitting the above predictive coefficients upon
multiplexing them on encoded data allows the same
linear prediction as in encoding.operation tc be
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 predictilon
from a plurality of reference frames. However, as in
the case of B pictures in MPEG, a predictive from
temporally consecutive frames méy be done by using a

plurality of past and future frames as reference



10

15

20

25

pictures in MPEG, only past frames may be used as reference frames.
Furthermore, a plurality of past P and | pictures may be used as
reference pictures. 5 This arrangement can realize encoding with picture
quality higher than that of conventional MPEG encoding. In encoding P
pictures using only past pictures, in particalar, the encoding efficiency can
be greatly improved as compared with the prior art by using a 10 plurality
of past reference frames unlike in the prior art. In encoding operation
usingmaB Picturesy thasa iis Neneegktoiprovide ardelay édr 1 and P
rearrangement of encoded frames. This makes it possible to realize
low-delay tenceding: AEBing tolthepredent A& RVerdition, Herefsie, &5
greater improvement in encoding efficiency can be at ainecjre eni
RreF A B hot o

low-d&fay Briching - AR the Pridr &t BfidfDestription ¢ ks Fast P

A1
10N O wing

FIG. 1 is a blogk diagram showing a video gncoding, I?&qe@tgacg%chging

to the first embodiment of the present invention; FIG. 2 is a block diagram
showing a videg decading gagthod aceording ia the firstembodimentofpicture
the present invention; 25 FIG. 3 is a view showing an inter-frame ,
prediction] felationsalpein Vided efiéoding &n@ eeEEBRgHHethdd§=G encoding.
according to the second embodiment,of the present 22 J0ventaires, in
particular, the encoding efficiency can be greatly
improved as compared with the prior art by using a
plurality of past reference frames unlike in the prior
art. In encoding operation using no B pictures, there
is no need to provide a delay for rearrangement of
encoded frames. This makes 1t possible to realize
low-delay encoding. According to the present
invention, therefore, a greater improvement in encoding
efficiency can be attained even in low-delay encoding
than in the prior. art.
Brief Description of Drawings

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

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

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

relationship in video encoding and decoding methods

according to the second embodiment of the present
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FIG. 4 is a view showing an inter-frame prediction relationship in video
encoding and decoding methods according to the third embodiment of the
present 5 invention; FIG. 5 is a view showing an inter-frame prediction
relationship in video encoding and decoding methods according to the
fourth embodiment of the present invention;310 FIG. 6 is a view for
explaining vector information encoding and decoding methods according
to the fifth embodiment of the present invention; FIG. 7 is a view for
explaining.vectorinformation encoding and decoding methods according
to the sixth i5 embodiment of the present invention; FIG. 8 is a view for
explaining vektas informatien ensedirigeanddecoding: frethddsaecardimgi ction
to the seventh embodiment of the present invention; FIG. 9 is a block

diagraif SROWHEEA Vided richHfy 20 HPPARRUSTS exachfing 3 Vidd:04s
encoding method according to,the eighth embodimeptof the present,
invention: FIG: 26 isd fiowchart s owing a sequence In a video encogmg
methogd.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 slicetiteader of 24 toiberenbotiedvideo datd frrthersinth prediction
embodiment; _
relationship in videco encoding and decoding melthods
~according to the fourth embodiment of the present
invention;

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

FiG.r7 is a view for explaining vector information
encoding and decoding methods according to the sixth
embodiment of the present invention;

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

FIG. 9 is a block diagram showing a video encoding
apparatus for executing a video encoding method
according to the eighth embodiment of the present
invention;

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

FiIG. 11 is a view showing an example of the data

structure of the picture header or slice header of
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FIG. 12 is a view showing an example of the data structure of a _
macroblock of to-be-encoded video data in the ninth embodiment; 5 FIG.
13 is a view showing the overall data structure of to-be-encoded video
data according to the ninth embodiment; FIG. 14 is a flow chart showing a
sequence in a video decoding method accerding to the ninth 10
embodiment; FIG. 15 is a view for explaining temporal linear interpolation
in the ninth embodiment; FIG. 16 is a view for explaining temporal linear

'”terp%‘l%% in_the ninth embodiment, 15 EIG. 17 is aMigw showing an-- .
example of a linear predictive coefficient table according to the first and

eighth embodiments) FIG 518 isva viewsshowing anrexample 0f adinesfre data
predictive coefficient table according to the first and 20 eighth
emboditnents: 6. 9 isiavie Showinly anfexample ofzcadked indidatingdata
reference frames according to the first and eighth embodiments; FIG. 20

is a bigck dagrant ShEWHE S $id89™25 encoding apparatus according to

the 10th embediment of the present inyention, FIG, 21.is a blpek diagram

showing a video 25 decoding apparatus according to the 10th .

embodimeatefire of to-be-encoded video data according to the
ninth embodiment;

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

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

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

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

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

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

FIG. 20 is a block diagram showing a video
ancoding apparatus according te the 10th embodiment of
the present invention;

FIG. 21 is a block diagram showing a video
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the present invention; FIG. 22 is a view showing an example of a syntax
indicating linear predictive coefficients according to 5 the embodiment of
the present invention; FIG. 23 is a view showing an example of a table
showing reference frames according to the embodiment of the present
invention; FIG. 24 is a view for explaining aZrhiotion vector 10 information
predictive encoding method according to the embodiment of the present
invention; FIG. 25 is a view for explaining a motion vector information
predictive-endoding methed accordingrioithe embeodiment of thenpresenent of
invention; 15 FIG. 26 is a block diagram showing the arrangement of a
video éhcodirigRappdratisactbidifg to the fourth embodiment of the
present inven}‘rl?r}; FIG, 27 is a view for Explaining an example of a linear

predictive coe flci’ént%etelr‘?’niﬁaﬁf T thethod Wa@&rgﬁﬁﬁg Btﬁe of a syntax
embodimgntahithg present Invention; FiG.28 isa yiewprexplaining ani ng o

example of a linear predictive coefficient determination method according

to the embodintent of ¢he preSentinventerF G 2948 aiview for

explaining an example of a 25 linear predictive coefficient determination
method accofdifig to’ thelémpbodinfeht ot ¢ie present ivelitiere F16. 30tgble
a view f%r eéplainingfan %xamplg of a 26 linear predictjve '%%effici

de&xnﬁnéﬁ%ﬁ¥ﬁeﬁuxﬁr nce rrames according Lo e egg%diment of
the present invention;

FIG. 24 is a view for explaining a motion vector
information predictive encoding method according to the
embodiment of the present invention;

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

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

FIG. 27 is a viéw for explaining an example of a
linear predictive coefficient determination method
according to the embodiment of the present invention;

FIG. 28 1is a view for explaining an sxample of a
linear predictive coefficient determinaticn method
according to the embodiment of the present invention;

FIG. 29 is a view for explaining an example of a
Llinear predictive coefficient deftermination method

according to the embodiment of the present invention:

FIG. 30 is a view for explaining an example of a
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according to the embodiment of the present invention; FIG. 31 is a view
for explaining an example of a linear predictive coefficient determination
method 5 according to the embodiment of the present invention; FIG. 32
is a view for explaining a motion vector search method according to the
embodiment of the present invention; FIG233 is a view for explaining a
motion vector 10 search method according to the embodiment of the
present invention; FIG. 34 is a view for explaining a motion vector
encoding: methqd-actording 40 the embodimentof the rpresentdnvention: d
15 FIG. 35 is a view for explaining a motion vector encoding method
according e thHerembedikient offigs PreédéntGriventionP FRG 36 isia Vien: 1on
showing an inter-frame prediction relationship ccordin% to the

embodiment of 20 thé préséht Tivehtion! FiG B 7% i View for 8X5iming 8& 2
motion ygetor encoding:method aceerding tq-the.erbadiment of the. ¢ 1,

present invention; FIG. 38 is a view for explaining a motion vector 25
encoding-methothaccerding tethe-embediment of the mpresenttinventiant ion;
FIG. 39 is a view for explaining a motion vector 27 encoding method
acaxdmgtoﬂﬁﬁemggdmﬁyﬁovﬂﬁy for expiaining a moticn vector

search method according to the embodiment of the
preéent invention;

FIG. 33 is a view for explaining a motion vector
search method according fto the embodiment of the
present invention;

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

FIG. 35 is a view for explaining z moltlion vecltor
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
the present invention;

FIG. 37 is & view for explaining a motion vector
encoding methoed according to the embodiment of the
nresent invention;

FIG. 38 1s a view for explaining a motion vector
encoding method according to the embodiment of the
present invention;

FIG. 39 is a view for explaining a motion vector
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present invention; FIG. 40 is a flow chart showing a procedure for video
encoding according to the embodiment of the 5 present invention; FIG. 41
is a view for explaining a weighting prediction according to the
embodiment of the present invention; FIG. 42 is a view showing the data
structure of 10 a picture header or slice header according to the
embodiment of the present invention; FIG. 43 is a view showing the first
example of the data structure of a weighting prediction coefficient table
accordingda the embagimentefihe present 15HrventioniElG.44 isfa the
view showing the second example of the data structure of a weighting
predigtions coéfficieretableacécording to the embodiment of the present

invention; ZOVFIG. 45is a viewoggowin the data structure of . dure for
to-be-encodédided Hatd aeording t5the Embadifielt of e Prasent

invention; and FIG, 4615 a flow, chart shewing; a.pracedurefor, \video e

decoding according to the present invention of 25 the present invention.

Best Mede fortCanryiag ©Qui:ihe Invention FIG. 1 is a block diagram

showing a video encoding 28 apparatus which executes a video encoding

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

FIG. 42 is a view showing the data structure of
a picture header or slice header according to the
enbodiment 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
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 inventilon;

FIG.”45 is a view showing the data structure of
to-be-encoded video data according toe 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
the present invention.

Best Mode for Carrying Out the Invention

FIG. 1 is a block diagram showing a videco encoding
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according to an embodiment of the present invention. According to this
apparatus, a predictive macroblock generating unit 119 generates a
predictive picture from 5 the frame stored in a first reference frame

memory 117 and the frame stored in a second reference frame memory
118. A predictive macroblock selecting unit 320 selects an optimal
predictive macroblock from the predictive picture. A subtracter 110
generates a 10 predictive error signal 101 by calculating the difference
betWE&E‘Tp%'}MESwﬂéh%o%ﬁeg@d%dl@ti\é@ Signal 106 ARCT{Disaete
Cosine Transform) unit 112 performs DCT for the predictive error signal

101 ta senddhe DA signakrtb adjuantize o Tl 3. Ehecquantizer 153t ion.
guantizes the DCT signal to send the quantized signal to a variable length
encode?daudThE vBFiablel ferfft 8REGUET 113 Warfablé:lehgth-BRESHES! 0%
the quantized signal to output encoded data 102. The. variahle ler
encod%?ﬁ‘iﬁae%]c%o%eg o i(?n'ivgic%oer ﬁ]\?grﬁ]a%io%raenddl Sre%?c%oﬁgr%%er ¢ from

informatign{to.he described later) angd-autputs the sasultant gatd memory 117
together with the encoded data 102. The quantized signal obtained by the

“guantized 118 ds dlsersent taacdequantizertisitd be degaantizedr Ane memory

adder 121 adds 25 the dequantized signal and the predictive signal 106 to
generaieBa lochl BEESHSH PERIBADEOTHE fdtaf HeeoHel pidtlire 107 &

Writtergg’lltgggigstargf%rggg?ﬂg? g%@ fAEMOLY %ln%z:'roblock from the
predictive picture. A subtracter 110 generates a
predictive error signal 101 by calculating the
difference between an input signal 100 and a predictive’
signal 106. A DCT (Discrete Cosine Transform} unit 112
performs DCT for the predictive error signal 101 to
sénd the DCT signal to a guantizer 113. The guantizer
113 guantiﬁes the DCT signal to send the guantized
signal to a variable length encoder 114. The variable
length enceder 114 variable-length-encodes the
quantized signal to output encoded data 102. The
variable length encoder 114 encodes motion vector
information and prediction mode informatlion {(to be
described later) and outputs the resultant data
together with the encoded data 102. The quantized
signal obtained by the guantizer 113 is also sent to a
dequantizer 115 to be dequantized. An adder 121 adds
the dequantized signal and the predictive signal 106 to
generate a lﬁcal decoded picture 103. The local

decoded picture 103 is written in the first reference
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In this embodiment, the predictive error signal 101 is encoded by a DCT
transform, quantization, and variable length encoding. However, the DCT
5 transformation may be replaced with a wavelet transform, or the
variable length encoding may be replaced with arithmetic encoding. In
this embodiment, a local decoded picture @fthe frame encoded
immediately before the current frame is 10 stored in the first reference
frame memory 117, and a local decoded picture of the frame encoded

furthey \heferethgaabpveframe is stored in the second reference frame
memory 118. The predictive macroblock generating unit 119 generates a
predictive macrolslotk 15/ignlns0t predicive Thacroblotk sigiaiisiional

predictive macroblock signal 132, and %redicti}/e macrqbalo I%Lsziggglo%l%.an' a
The phétiictive HAEIH kbgigﬁapfgo iS4 Bignar Extratied from only the

picture in the first reference : ory 2 digtive
macro\i)?gc]kaesbléﬁal%’?isigg r%gg%gjblgc})% 'sigrﬁlz eeirga%c'teodt%ﬁm only the
picture intheseeqnd reference Heame piemeny 148t The prediclied
macroblock signal 132 is a signal obtained by averaging the reference
macroblocksignals extradted fior Hiefist ARa SBEoke U5l dteréied P

frame memories, The predictive macroblock s'gnal 133 is a signal
obtaine&my Stibtrattitg the refifShce makioblockcsignal extracted from

the second 3Q referepce frame memory 118 from the sighakobtainedly o the

frame encoded immediately before the current frame is
stored in the first reference frame memory 117, and a
local decoded picture of the frame encoded further
before the above frame is stored in the second
reference frame memory 118. The predictive macroblock
generating unit 119 generates a predictive macroblock
signal 130, predictive macroblock signal 131,
predictive macroblock signal 132, and predictive
macroblock signal 133. The predictive macroblock
signal 130 is a signal extracted from only the picture
in the first reference frame memory 117. The
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
reference frame memories. The predictive macroblock
signal 133 is a signal obtalned by subtracting the

reference macroblock signal extracted from the second
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doubling the amplitude of the reference macroblock signal extracted from
the first reference frame memory 117. These predictive macroblock
signals are extracted 5 from a plurality of positions in the respective
frames to generate a plurality of predictive macroblock signals. The
predictive macroblock selecting unit 120 calgulates the difference
between each of the plurality 10 of predictive macroblock signals
generated by the predictive macroblock generating unit 119 and the

to-be-encoded macroblack signal.extractedefrom tl@%e‘”@?%\’u@?%ﬁ%ﬂned by
100. The predictive macroblock selecting unit 120 then selects one of the
predictive: A5 inmacrohloclkugignals,cahich exhibits afginimum emorfar] ook
each to-be-encoded macroblock, and sends the selected one to the

subtragtef 14D, THEBubiradter 10 Edleulbtessthetifferenas befweas theemory

selected _predictive macrohlock signal and the input signal 100, 20 and
oot 1é predlEe Shendiohal Tof e BoSiitn 5f BFddioren o trected

predictive macroflack relative, o the. to-besencoded macroblock and the- o o o
generation method for the selected predictive macroblock signal (one of

the signals;23@ ta: 133 in FlG ri)ldreyrespeq 2k dively encoded asma metion
vector and prediction mode for each to-be-encoded block. The variable
lengtherféodéE 114 encodes the 31 encoded DCT coefficient data 102

Omamedtm0¥ggtg%Edictive macroblcock selecting unit 120

calculates the difference between each of the plurality
of predictive macroblock signals generated by the
predictive macroblock generating unit 119 and the
to-be-encoded macroblock signal extracted from the
input video signal 100. The predictive macroblock
selecting unit 120 then selects one of the predictive
macroblceck signals, which exhibifs 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,
and outputs the predictive error signal 101. The
position of the selected predictive macroblock relative
tc 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-
tively encoded as a motion vector and prediction mode
for each to-be-encoded block.

The variable length encoder 114 encodes the
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DCT transformer 112 and quantizer 113 and side information 107

containing the motion vector informa- tion and prediction mode information
output from the 5 predictive mode selecting unit 120, and outputs the
resultant data as encoded data 108. The encoded data 108 is sent out to

a storage system or transmission system{aot shown). In this case, when

a video signal is formed of 10 a luminance signal and chrominance

signals, the predictive signal 106 is generated by applying the same
motioarnvectr dnd(frediction madde:to thetsigndl Zcampenents of theough the
respective macroblocks. FIG. 2 is a block diagram of a video decoding 15

apparatis, Whid éxedtités aVideés de COdRg hicthod “atcaRiing t618n
embodiment of the present inveption, The ¥ideq decoding apparatus i, .,
FIG. 2 Teceives and: decodes the data enco ed%y the video encoding
apparatus,acaordipg de the:first embadimentshown i, 20RIGu L. MAR the
specifically, a variable length decoding unit 214 decodes the variable
lengthrcede ofihpat encbdetk datd- 200 torextract 2predivtive etmor signahe
201 and prediction mode information 202. The predictive error 25 signal

201 i &Mjeétah to deGbantizatioRdtfifindélse DET-in L88qEatRfTg ufie -2

215 angnvers% eDnCtT 8@% 2C16. The resglt%nt dat% is addedtt&% g}[n%dsjcs:t%en

. a stot, em O%
32 signal 2]0% to generate a aecodecjjplcﬁjre %6%
system {not shown).
In this case, when a video signal is formed of

a luminance signal and chrominance signals, the

predictive signal 106 1s generated by applying the same

motion vector and predicticon mode to the.sighal
components of the respective macroblocks.

FIG. 2 is a block diagram of a video decoding
apparatus, which executes a video decoding method
according to an embodiment of tﬁe present invention.
The wvideo decoding apparatus in FIG. 2 receives and
decodes the data encoded by the video encoding
apparatus according to the first embodiment shown in

FIG. 1.

More specifically, a variable length decoding unit

214 decodes the variable length code of input encoded
data 200 to extract a prediciive error signal 201 and
prediction mode information 202. The predictive error
signal 201 is subjected to deqguantization and inverse
DCT in a deguantizing unit 215 and inverse DCT unit

216. The resultant data 1s added to a predictive



The decoded picture 203 is written in a first reference frame memory 217. -
The predictive signal 206 is generated by a predictive macroblock
generating unit 5 219 and predictive macroblock selecting unit 220 from
picture signals 204 and 205 in accordance with the motion vector and
prediction mode extracted from the encoded data 200. The picture signal
204 is a picture signal decoded immediately before the encoded data 200
10 and recorded on the first reference frame memory 217. The picture

signak2Qkisia piscture signal deceded; heferedbe picture signal 204 and
stored in a second reference frame memory 218. The predictive signal
206 is the sdime predictivaisighaltas theZpradictiver 15 macroblock signad -
used at the time of encoding. FIG. 3 schematically shows a relationship of

an inféi e predicioudifg id réferenceismes fl videbvsncoliig 1 206

and dggo 'Qg %tpggsg c%rd e the .secand embadiment of the | . .
present in(%l/ent%ogn. FIG. 3§20 sﬁt%@s %Ct%%ge%eﬁgg ec (f:iré)r%]é 3(%)@2?%r rézr%llelg unit

301 immediately;preeeding the teshe-enceded frame 302, andnaframe rrom
300 further preceding the frame 302. While the frame 302 is encoded or

decoded; audecotied pictare26f thenflame80nis stored d theefirgt th  the
reference frame 25 memory 117 in FIG. 2 or the first reference frame

memdly 21%in FIE- ST afd the FATe ZorR JI5Hea it thé set6rg from the
referefice Jiame mamorydd8 infle- Lorine 33.second refprence ey

memory 218 in FIG. 2.
signal decoded immediately before the encoded data 200
and recorded on the first reference frame memory 217.
The picture signal 205 is a picture signal decoded
before the picture signal 204 and stored in a second
reference frame memory 218. The predictive signal 206
is the same predictive signal as the predictive
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 enceding and decoding methods according to the
second embodiment of the present invention. FIG. 3
shows a lto-bhe-encoded frame 302, a frame 301
immediately preceding the to-be-encoeded frame 302, and
a frame 300 further preceding the frame 302. While the
frame 302 is encoded or decoded, a deched picture of-
the frame 301 is stored in the first reference frame
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
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A macroblock 305 in FIG. 3 is a to-be-encoded macroblock, which is
generated by using either or both of.a reference macroblock 303 in the
reference frame 5 300 and a reference macroblock 304 in the reference
frame 301. Vectors 306 and 307 are motion vectors, which respectively
indicate the positions of the reference maéréblocks 303 and 304. In
encoding operation, a search is made for an optimal motion 10 vector and
prediction mode for the to-be-encoded macroblock 305. In decoding
operatienpa predictive: macrdhlack sigaabis \geherated by Lsingthe
motion vector and prediction mode contained in the encoded data. 15
FIGS. 4 and % $kow ekdriples-of intéRfritie- plediction dsindgthreaerded
more refererg: fr mes acc ordlng to the thlrd n%;ourth embodiments of

enerate ug%bagpedr ﬂ& or both

the present mventlo’n “Z4 showd En example
past refergnce. frames. e adingan 20 extrapolation prediction, EIG.5 ¢, ane
shows an example of using a plurality of past and future reference

frames (.ezrallineardiftergotationspredictioncRefetring to ElG: 4; @rframece
404 is a to-be-encoded frame, and frames 400 to 403 are 25 reference
frame$ ¥6fthe frame 4‘(’)%?%%%%&6 nahtéral 021’13l TEFI® Yigenotes bars -
encodegl CZ]@llcroblock 13 I|1 enco pergt on, reference mac%oblgcks

(409 to 4 SRHIG. 2[) ar eyexltrac%e FOmM the r gﬁelcfl\llce)?gfe ence
reference macroblocks 303 and 304. In encoding

operation, a search is made for an optimal motion
vector and prediction mode for the to-be-encoded
macroblock 305. In decoding operation, a predictive
macroblock signal 1s generated by using the motion
vector and prediction mode contained in the encoded
data.

FIGS. 4 and 5 show examples of inter-frame
prediction using three or more reference frames
according te the third and fourth embodiments of the
present invention. FIG. 4 shows an example of using a
plurality of past reference frames, i.e., & linear
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
reference ILrames for the frame 404. Reference numeral
413 in FIG. 4 dencotes an encoded macroblock 413, In

encoding operation, reference macroblocks (409 to 412
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frames for each to-be-encoded macroblock in accordance with motion
vectors (405 to 408 in FIG. 4) for the respective reference frames. A
predictive macroblock 5 is generated from a plurality of reference

macroblocks by a linear extrapolation prediction. A combination of a
prediction mode and one of a plurality of refgerence macroblocks or a

motion vector exhibiting a minimum predictive error in one of 10

prediction modes for a predictive macroblock based on a linear prediction

s selegleds Qne gompination of Jineas peediglive GOMGIRNIS IS e rererenc
determined for each to-be-encoded frame from a change in average :
luminancenbetween karies oyverntimenaidhe dike.athe.determingd 15-ccrdance
combination of predictive coefficients is encoded as header data for the
to-be-Encoddtframe. The mation{ {86tokof 4éh mackdlilock] Ja predictior
mode, and gc%rledictive rror signal are encoded for each macroblock. 20

In decbding Speratiod, 4 E6mbinatioh BFfifiear Pretictiedobtfidits Toblock

received f%fe%%%f{@@ef%&ﬁeg Eglgﬁ}?fﬁt@)a Brledi%lly gfg%%gb;ggglt%rﬁlo'cks
each macroblock from a plurality of reference frames in accordance wit

a motion vectoranstpredictiepanede information-The25 encoded data is
decoded by adding the predictive macroblock to the predictive error

signal. Refeftingi®' G251 atfrapde 802 I8 85t fobeendeded:frames and =

ﬂame%?Q?a??%ﬁxg%a£g§§¥gnce macroblocks or a motion vector

exhibiting a minimum predictive error in one of
prediction modes for a predictive macroblock based on a
linear prediction is selected. One combination of
linear'predictive coefficients is determined for each
to-be-encoded frame from a change in average luminance
between frames over time or the like. The determined
combination of predictive coefficients is encoded as
header data for the to-be-encoded frame. The motion
vector of each macrobleock, a prediction mode, aﬁd a
predictive error signal are encoded for each
macroblock.

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
encoded data is decoded by adding the predictive
macroblock to the predictive error signal.

Referring to FIG. 5, a frame 502 is a
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are reference frames. In the case shown in FIG. 5, in encoding operation

and decoding operation, the frames 500, 501, 503, 504, and 502 are
rearranged in this 5 order. In the case of encoding, a plurality of local
decoded picture frames are used as reference frames. In the case of
decoding, a plurality of encoded frames arg-ised as reference frames.
For a to-be-encoded macroblock 5111, 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 gp a @@go%% basis; ¢,

and encoded, as in the embodiment shown in FIG. 4. FIG. shows
encodingsand:decaeding ntethods for 15 ntoil@nd@ﬁ&orgatmmaﬂﬁn FIG. 5, in
according to the fifth embodiment of the present invention. Assume that in
inter-fRANYE ERESHIAG dpekation @sing dptedlityoforeferenterfranmiésas inme s
the e ogjim shqz‘\gr% in EIG. 3, a predictive macroblock signalis
gene?até%e ’forggztildh 6-beericote rﬁ%roﬁl%%k%%ﬁ@ﬁeﬁuﬁaﬂty@ls
refereggqiglapr_ohjgcktglgnggsén this 8%%%&119&“@’?9!19':% B f mation, cal
vector information must be encoded for each macroblock. Therefore, as
the numberietimacroblocksito:he-referred tosinareasessther2z exerbeade s .
for motion vector information to be encoded increases. This causes a
deteridratibh fn EAESUIRG EfficieREy Accordihy e e metfodshowrdh frames
icfi lock signal is to be generated
FHG'6é§g g@%%aﬁgegg¥ggég%g0?g§meg. For a %o—bemencoded
macroblock 511, one of reference macroblocks 509, 510,
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
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
to-be-encoded macroblock by using a plurality of
reference macroblock signals. In this case, a
plurality of pleces of motion vector information must
be encoded for each macroblock. Therefore, as the
number of macroblocks to bhe referred to increases, the
overhead for motion vector information to be encoded

increases. This causes a deterioration in encoding

efficiency. According to the method shown in FIG. &,
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by extracting reference macroblock signals from two reference frames,
respectively, one motion vector and the motion vector obtained by scaling
the motion vector 5 in accordance with the inter-frame distance are used.

A frame 602 is a to-be-encoded frame, and frames 601 and 600 are
reference frames. Vectors 611 and 610 ar@4notion vectors. Each black
point indicates a pixel position in the vertical direction, and each white 10
point indicates an interpolated point with a precision of 1/4 pixel. FIG. 6
showswé&: ease: wheeein @moetion scorpansation prediction ispefrmathe rated
with a precision of 1/4 pixel. A motion compensation pixel precision is
definelt foE&ach éfidating SéRamecss Tpixeha)2 pikel 1B H/8pielpor theo
like. Inl%efneral a mgtion vector is exgresseg by a motion compensation

precision. %?éﬂf%reencléaﬁt?gtﬁfe IEgETeralY Generatit b Ihterpolfing the and ~

picture dataqef reforence. frames, Refering 1o FIG..6,,with regard to 2 pixg)

605 in 20 the to-be-encoded frame 602, a p%int 683 %/e(rgtically se(#a%%edyec‘cor
by 2.5ipixelscframizapixelinithe treterence: frame: 600 ahicheersespandssod .

to the pixel 605 is referred to, and the motion vector 610 indicating a shift

of 2.5 pixels i& ehtdt8d 20n thé othérthamd 25 metiod vettor extehdigpme s

from t Eixgl 80%6%thae refrer ce frame 601 isr%ene_\rfated by scaling the
encoded mbtion Vector 610%iR accortiance Withthe inter flamig 3911 and 610

distangg.dn;thisicaseythe-motion vector 611,y point indicates a pixel
position in the vertical direction, and each white
point indicates an interpolated point with a precision
of 1/4 pixel. FIG. 6 shows a case wherein a motion
compensation prediction is performed with a precision
of 1/4 pixel. A motion compensation pixel precision is
defined for each encoding scheme as 1 pixel, 1/2 pixel,
1/8 pixel, or the like. 1In 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

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
motion vector extending from the pixel 605 to the
reference frame 601 1is generated by scaling the encoded

motion vector 610 in accordance with the inter-frame
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extending from the pixel 605 to the frame 601 is a vector corresponding
to a shift of 2.5/2 = 1.25 pixels from a pixel in the frame 601
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 to-be-encoded #frame 602. Since motion
vectors are scaled with the same 10 precision in encoding and decoding
operations, only one motion vector needs to be encoded for each
macrableck even when ato-beserncodedmacroblosk refers ta-a eplurality
of frames. In this case, if the motion vector scaling result does not exist
on an§of Safplifig 15poiftsawith telmblién tompensatici precision, thé

scaled mation is rounded by, rounding off its fractions _to nearest whole
numb&F F1&" 7°$hots"8 ’b ijorﬁ%g[c?orain%“rrln% . 3[2% é[n(;L’&)Nplxels

atioff nco
decodg@%lm%h%q%@wﬁmgﬁe the sixth @6‘1‘008513%%58:%_1%% present
invention, which differ from those of the embodiment shown in FIG. 6. In

the embeadiment sshown:inkslGi &; athiermthe temiperalrmeving speed Of atance .
video picture is constant, the overhead for motion vectors with respect to
encoded-data cahbe afficiehfly P5Trednted. 1h addseiWheren theed as a
tempaoral movement of a .video pjcture is manotanous but the moying

Spobc BT0R LSBT Lo of B Era SLald mdlon Dot e 58 coded

lead t@ a.gdecrease in prediction efficiency and hence a

Since moticon vectors are scaled with the same
precision in encoding and decoding operations, only one
motion vector needs to be encoded for sach macroblock
even when a to-be-encoded macroblock refers to a
pluraiity of frames. In this case, if ths motion
vector scaling result does not exist on any of sampling
points with the motion compensation precision, the
scaled motion is rounded by rounding off its fractions
{o the nearest whole number.

FIG. 7 shows a motion vector informaticn encoeding
and decoding methods according to the sixth embodiment
of the present invenition, which differ from those of
thé embodiment shown in FIG. ©. In the embodiment
shown in FIG. ¢, when the temporal moving speed of a
video picture 1s constant, the overhead for motion
vectors with respect to encoded data can be efficiently
reduced. In a case wherein tThe femporal movement of a
video picture 1is monotonous but the moving speed is not

constant, the use of a simply scaled motion vector may
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decrease in encoding efficiency. In the case shown in FIG. 7, as in the

case shown in FIG. 6, a predictive pixel is generated from two reference
frames 700 and 5 701 by using a pixel 706 as a reference pixel. Assume

that a pixel 703 in the frame 700 and a pixel 705 in the frame 701 are

referred to. As in the fifth embodiment sho## in FIG. 6, a motion vector

710 with respect to the frame 700 is 10 encoded. A differential vector 720
between a motion vector 711 with respect to the frame 701 and the vector
obtainedzay sealing ke motioa vectar Ll istencoded £ Thatis; thewectoence a
generated by scaling the motion vector 71.0 to 1/2 indicates.a pixel 704 in
the fratee 185701, And tHe differential Veeior 720 indiCating the” Hifferéheem 10
amount between the redi%tivecpixel 705 and the p | 704 i%en%%c(iieddtlrive
generglf the aghitu &'of e ab5ve Al _e"f@ntf‘arf vector detréades Wit

respect 9.4 tempgrally manatonous,mayement.Evan-it, thersfate, 72Qthenq
moving speed is not constant, the prediction efficiency does not decrease,

and ary ncregseuinithe everhead forle motion veetoris suppressed..Thisssune
makes it possible to perform efficient encoding. FIG. 8 shows still other
motiort ectoriridriation” 35 Bacelimgldrididecotiing Ribthods 4&dordig 11
to the %%ve h embggi{nent of%%e%grersggt J'Ené/ention. In the embodiment
shown NFIG: 85 frame 803 is & o-be-encoded frame, 39 and frames

801 and 800 ate ysed-as referancedfamesment shown in FIG. 6, a

motion vector 710 with respect to the frame 700 1is
encoded. A differential vector 720 between a motion
vector 711 with respect to the frame 701 and the vector
obtained by scaling the wotion vector 710 1s encoded.
That is, the vectoer generated by scaling the motion
vector 710 to 1/2 indicates. a pixel 704 in the frame
701, and the differential vector 720 indicating the
difference amcunt between the predictive pixel 705 and
the pixel 704 is encoded. In geﬁeral, the magnitude of
the above differential vector decreases with respect to
a temporally monotonous movement. Even 1f, therefore,
the moving speed 1s noit constant, the prediction
efficiency does not decrease, and an increase in the
overhead for a motion vector is suppressed. This makes
it possible to perform efficient encoding.

FIG. 8 shows still other motion vector information
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,
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with a frame 802 being skipped. With respect to a pixel 806, a pixel. 804

in the reference frame 800 and a pixel 805 in the reference frame 801 are
used as 5 reference pixels to generate a predictive pixel. As in the
embodiment shown in FIG. 6 or 7, a motion vector 811 with respect to the
reference frame 800 is encoded. A motion\ector 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,
howevstgthermntion aettan8l18mistbe staled te 2/3 infeonsiderationof s
the distance between the reference frame and the ' to-be-encoded frame.

In the ‘ehiBodim&REEKoViN i BRET 15 ahdidifer eMbodintdmts Shlordér 1
perform afbirary cscaling, divisianis requitgd because e denomipalaio ang -
of 2.

beconies an arbitrary integer other than a power Motion vectors

must be sealed insbgth encodingreperatien ardidecoding:operationt as
Division, in 20 particular, requires much cost and computation time in
terms ot bethchardwaie and software;aestlting inpinctéasésin ericoding
and decoding costs. In the embodiment shown in FIG. 8, a motion vector

810 obtained’sy rdtmidlizingrthe dobeiéncoded mdtiort 95 yebto? 811 with
the inter-frame dista{lce i% frﬂc?ﬂ _ 'If'g%gggf%e%tgal 'E’ﬁ%tof ng%%ghef rame
Ing't malize '

motion Vector obtained by sca e no ‘motion vector 810 40

and the @figinal metionovectoris.ereoded -accordaneg: respect to the
reference frame 801 can also be generated by using the
motion vector obtained by scaling the motion vector
811. In the case shown in FIG. 8, however, the motion
vector 811l must be scéled to 2/3 in consideration of
the distance between the reference frame and the
to-be—encoded frame. In the embodiment shown in FIG. 8
and other embodiments, in order to perform arbitrary
scaling, division is reguired 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, 1in
particular, reguires 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 vector

810 obtained by normalizing the to-be-encoded motion
vector 811 with the inter-frame distance 1is encoded.

The differential vector between the motion vector

obtained by scaling the normalized motion vector 810
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with the distance between the to-be--encoded frame and each reference
frame. That is, the reference pixel 804 is generated from the motion
vector obtained by 5 tripling the normalized motion vector 810 and a
differential vector 820. The reference pixel 805 is generated from the
motion vector obtained by doubling the nofmalized motion vector 810 and
a differential vector 821. The method shown in FIG. 8 prevents an 10
increase in the encoding overhead for motion vectors without decreasing

the predigtiameffisiengyr . additions sinee sealingsota metion vactorGatrdance
be done by multiplication alone, increases in the computation costs for
encoditigtand: Hecodind operatiorisytariral§o be L5 sappressdd dFIG: Dris  and
a block diagram of a video encoding apparatus, which executes a video

encodftitf hefriot 5EE6fing t'the eid ten%ﬁodiﬁﬂ-ﬁlt B?ﬁﬁerﬁfé%@nf)ix el 804
invention. I, the,eighth embadiment, a fade, detecting 20,unit,900,fqr an

input picture 900 is added to the video encoding apparatus accordiné to
the macroblock shewa incktG. 1l ZEhe fade detectingtunit 900 caleulates
an average luminance value for each frame of the input video signal. If a
chang@éin fiminahée bveetifmerhds’d 25 predeteerined stepeiikisl 805 is
determined that the picture .is a fadigg)i)icture, A result 901 is notified to a

f

predichY& ffotie™Sel&&iy (Rt 136 {HeFhaE detddhgamhitobgionbling

de”Q@@5H3¥ﬁQ§ized motion vector 810 and a differential
vector 821. The method shown in FIG. 8 prevents an
increase iﬁ the encoding overhead for motion vectors
witheout decreasing the prediction efficiency. In
addition, since scaling of a motion vector can be done
by multiplication alone, increases in the computaticon
costs for encoding and decoding operations can also be
suppressed. |

FIG. 9 1s a block diagram cof 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 video
encoding apparatus according to the macroblock shown in
FIG. 1. The fade detecting unit 900 calculates an
average 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 resulft 901 is notified to a

predictive mode selecting unit 12C.
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input picture is a fading picture, a prediction mode is limited to a
prediction from one reference frame or a prediction based on linear
extrapolation or linear 5 interpolation of a plurality of reference frames. An
optimal motion vector and prediction mode are then determined for each
macroblock. The first flag indicating the détermined motion vector and
prediction mode is written in the header of a macroblock, and a 10
predictive error signal is encoded. Meanwhile, the second flag indicating

- a possible predliction mede corhbination iswwviitterd i) théstheaderdata phat the

the frame. If the fade detecting unit 900 determines that the picture is not

a fadibgpicture! @ predictivnimédeis 4 sttt o a prétictbrFrdoigde 1s

reference fiame r.a prediclion based on he yerqge-valugof aplyiality...
of reférence ?rames. optimal maotion vector and prediction mode are

then determined The mation, vector.redicion spede, anshpregictive esror
signal 20 101 are encoded. When the data encoded by the method of the
embodimentshowniionrFIGE %ispd beadecoded fa rprédictionanddefors .  An
each macroblock is determined from the first and second flags indicating a

predictioh 25 ot “ABtetiGive macttbBER Signat ‘g dttated fForn 8"

oSS Rk A cepiLaer

the predigtive+ ing the determined motion vector and prediction
mode is written in the header of a macroblock, and a
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 800 determines that the
picture is not a fading picture, a prediction mode is
limited to a prediction from one reference.frame or a
prediction based on the average value of a pluralitly
of reference frames. An optimal motion vector and
prediction mode are then determined. The motion
vector, prediction mode, and predictive error signal
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
mode. A predictive macroblock signal is generated from
a motion vector sent for each macroblock and the

determined prediction mode. The encoded predictive



10

15

20

25

signal to decode the encoded data. This method can reduce the encoding
overhead for prediction mode information. 5 A sequence in a video
encoding method according to the ninth embodiment of the present
invention will be described with reference to FIG. 10. To-be-encoded
video frames are input one by one to a vidé€o 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
changerindptra-frame averagechuminancei valieéaver tindor theeiket ive
(step S1). A single frame prediction mode or linear sum prediction 15
mode is selettetifof eachi pixal BIoeRGA AT FarAé [The diRgle amhecd can

prediction mode is a prediction mode af generating a predictive pi

block EMAFEY SEBctiny Bhe' 8pt?r}ljglrcr1é?%r£nég ﬁa%nreeogrg?nl%\%?lurgﬁéeof
referegg}efgr%wg,gigge 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 refesenge-pixel block sighats: e theliriear sumpredietisiprding to
mode, when an input video picture is detected as a fading picture, a 25

tempotaldineaninterpolaidnTirtérfolationto E&FEPSlation based dn'an + e

inter-frame time distance) prediction is perf d (Jenerate a predictive
pixel 495 BlockofF thes bt Sied pitice | not s fadhg

© &l
€0 picture Is'not a fading
To-be-encoded video frames are inpuf one by one to

a video encoding apparatﬁs (not shown). A fading
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 predictiocn
mode is selected for each pixel block in a frame. The
single frame prediction mode is a prediction mode of
generating a predictive pixel block signal by selecting
one optimal reference frame from a plurality of
reference frames. The linear sum prediction mode is a
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
temporal linear interpolation (interpelaticn or
extrapolation based on an inter-frame time distance)

prediction is performed to generate a predictive pixel
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picture, a predictive picture block is generated from 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 encoded as the header data‘f a frame (picture) or slice
(step S2). 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: Jpicture, ahfericoding:modewhieh exhibitszchighen@ncedibgiing
efficiency and the small number of encoded bits is determined for eac

h
pixel BI&EI frof art 18TeHEoRIng’ fddte df Sefecting @'sihgle?sredictib™ ©r o™
block from a plurality of reference frames (step 85) and.an eé‘f89)59(95 £ gnals.

modetbase%%enrg?empgralfﬁnear interpolation prediction (step S4) (ste

S8). A;magrebleck header containingthe first-encoding, 20modating -
information indicating the single frame prediction mode or linear sum
predictiontrhede and otlkerpieces pf dafornation cencerningtheselddted o £
encoding mode (e.g., the identification information of a reference frame to

be uséd #8¥eF predliction?atitt Afdtiohivettor is® 25 Entoled {step 81B].2
e T S fredtyg o o) e g e
encoded(gtep Stz apd the rrame (picture) or slice (step S2).

It is checked whether or not the input video
picture is a fading picture {step S83). If it is
determined that the input video picture is a fading
picture, an encoding mode which exhibits a higher
éncoding efficiency and the small number of encoded
bits is determinsd for each pixel block from an
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
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 vector} 1is
encoded {step S510). Finally, the differential signal
{(predictive error signal) between the selected

predictive block signal and the signal of the
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encoded data is output (S12). If NO in step S3, an optimal encoding mode
is selected from the single frame prediction mode (step 5 S6) and the
average value prediction mode (step S7) (step S9). Subsequently, in the
same manner, encoding of the information concerning the encoding
mode (step 510) and encoding of the differgptial signal (step S11) are
performed. 10 When each block in a frame or slice is encoded in
accordance with the fade detection result in step SI, and encoding of all

the pixewegk%m&f@e%a@?o&ﬁictyg_e)ewc%&%'i%g%gﬁﬂsq!%t?d (SIEP the

S12), fade detection is performed with respect to the frame or 15 slice to

be enceded text ($tap:Sh sEncading is; guerformed through similar steps.
According to the above description, one frame is encoded as one picture.
However, onefffarié nmidy Bé céncodlededs o pitturesdiradielbbasis 20 s
FIGS. 11 nd 12 ShPW the ructure f to-be- encod&%wdeo ata

accordsheg Dthis% em686“men? ft%égif showe paPt S the datd sticttre, 5t <P

which dngludestheheader data.of a pigtur r%%'e&a%c?d%h%%@grt@f

macroblock data. In the header 25 area of the picture or slice, the

following: ind@rnsettion issencodedsinfarmation “time-pdodoherdisplayed-oding
concerning the display time of a to-be-encoded frame, 45 and flag "linear
weightéd-préefictish-fagrathien isthecerning the encoding mode (step

510} and encoding of the differential signal (step 511)
are performed.

When each block.in a frame or slice 1s encoded in
accordance with the fade detectlion result In step 31,
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
slice to be encoded next {step S51). 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.

FIGS. 11 and 12 show the structure of
to-be-encoded video data accoerding to this embodiment.
FIG. 11 shows parit of the data structure, which
includes the header data of a picture or slice.

FIG. 12 shows part of macroblock data. 1In the header
area c¢f 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,
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second encoding mode information indicating whether or not an average
value prediction is selected. In this case, "linear-weighted-prediction-flag"
= 0 represents 5 an average value prediction, and "linear
weighted_predi.ction flag" = 1 represents a temporal linear interpolation
prediction. The encoded data of a picture gr:slice contains a plurality of
encoded macroblock data. Each macroblock 10 data has a structure like
that shown in FIG. 12. In the header area of the macroblock data,

informaian st encpging mode informaion)odiealino g single frame
on the

prediction based on a selected single frame or a prediction base

linear syovata plurality .of Ladrames, iscencoded as; macrablogk YRt ner or
together with selection information concerning a reference frame, motion
vectoripforatatioric and the/ ke €161 48 ischematicallysshows: thé.overall this
time-series structure of the to-be-encoded video data 20 including the

struct(ife>SHown il BIES M Ghd §9.itF e et ot the t6lbeTerftorir esents
data, information of a, plurality,of encoding pargmeters which remain

constant within one encoding sequence, such as a picture size, is
encodellias-a sequencte beager{$Hh+ 25 Each picture frameardieldiss

encoded as a picture, and each picture is sequentially encoded as a
combin@fiBA ot & pictire RedddrqPX) arid pioture edta46 ofPicture data).
Mthepmn"%ﬁge%ﬂégggﬁ data of a picture or slice contains a
plurality of encoded macroblock data. FEach macroblock
data has a structure like that shown in FIG. 12. 1In
the header area of the macroblock data, information
(first encoding mode information) indicating a single
frame prediction based on a selected single frame or a
prediction based on the linear sum of a pilurality of
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-encoeded video data
including the structure shown in FIGS. 11 and 12. In
the head of the to-be-encoded data, iInformation of a
plurality of encoding parameters which remain constant
within one encoding sequenée, such as a picture size,
is encoded as a seqguence header {(SH).

Each picture frame or field is encoded as a

picture, and each picture is seguentially encoded as a

combination of a picture header (PH) and picture data
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information "time info to be displayed" concerning the display time of the
to-be-encoded frame shown in FIG. 11 and second encoding mode
information 5 "linear-weighted-prediction-flag" are respectively encoded
as DTl and LWP. The picture data is divided into one or a plurality of
slices (SLC), and the data are sequentiallyy@ncoded for each slice. In
each slice SLC, an encoding parameter associated with each pixel 10
block in the slice is encoded as a slice header (SH), and one or a plurality

of macrohleek dataséMB) are sequeatiallyenceded fallowing the slice

header SH. The macroblock data MB contains encoded data MBT of
"macrobidekrtypel whichtisrthe firstentoding mMoede 18yrfdfmatiomshowng the
in FIG. 12, the encoded information concerning encoding of each pixel. in

the macroBloér, &g emBlion VEclo? iMBRRGHIT RV BHithe "6iRoddhal

Nielnbeiicop it icle 87 e s R U bad bl ol

transform (e.g., a discrete 20 cosine transform) of the to-be-encoded pixel
signal en predietive eyot signat and enceding it: in'this-ease; segendve 1y
encoding mode information "linear weighted prediction flag" contained in

the pictoreheadersHP May beé enébded Bythe sliceheaderSH 125 forvided
each slice. A sequence in a videg decoding method according to the ninth

embodiM&Rt Wiihe dederibet Beldwinith 47 reféande tE g 2141 the data

are sequentially encoded for each slice. In each slice
SLC, an encoding parameter associated with each pixel
block in the slice is encoded as a slice header (SH),
and cone 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
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
cosine transform} of the to-be-encoded pixel signal or
predictive error signal and encoding it.

In this case, sscond encoding mode information
"linear weighted prediction flag" contained in the
plcture header HP may be encoded by the slice header SH
for each slice.

A seguence in a video decoding method according to

the ninth embediment will be described helow with
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In the video encoding method of this embodiment, encoded data which is
encoded by the video encoding method 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 input coded data
is decoded. More specifically, information4'time--info-to-be-displayed”

concerning the display time of a to-be-encoded frame and 10 second

encoding mode information "linear-weighted-prediction-flag" are decoded

(step $36)% 12 addition, thesheader information of each macroblock in the
picture or slice is decoded. That 15 is, "macroblock type" including the
identification infolthatiori 6ka refersntafyame tiotion vektor sinfararadionent
and first encoding mode information and the like arﬁ%deco,ded (step S31).

If the GECTALEHIrSEEACSHING Mode IRRSITATON2Y ihbicales s Single farad
preciction, & radictiye block signalis genetated In acordanca Wi ng 1 k.

identifica- tion information of a reference frame and prediction mode
informatign sugh@s metion yecton infermation {step:§34). Assunie theled .
first encoding mode information 25 indicates a prediction based on the

linear &t ofee Prurafityfoffrarnés inatiscasé Cinvactopdarfcbiwith ¢he talned

decoded second encoding mode informatiocy (stecp é8 8%3), a predicti\llfe 11
s@naH§béﬁ&aﬁﬁPB§eﬁﬂéﬁgndata 15 decoded. dte 'specifically,

information "timeminfo_to_bemdispléyed" concerning
the display time of a tc-be-encoded frame and
second encoding mode information

"linear weighted prediction flag" are decoded
{(step S530).

In addition, the header informaticn of each
macroblock in the pilcture or siice is decoded. That
is, "macroblock type™ including the identification
information of a reference frame, motion vector
information, and first encoding mode information and
the like are decoded {(step 331).

If the decoded first encoding mode information
indicates a single frame prediction, a predictive block
signal is generated in accordance with the identifica-
tion information of a reference frame and prediction
mode information such as motion vector information
(step 534). Assume the first encoding mede information
iﬁdicates 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
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average prediction method (step S35) or a temporal linear interpolation
prediction method (step S36). The encoded predictive error signal is
decoded and 5 added to the predictive signal. With this operation, a
decoded picture is generated (step S37). When each macroblock in the
picture or slice is sequentially decoded, starting from each macroblock
head, and all the macroblocks in the picture or slice are completely 10
decoded (step S38), decoding is consecutively performed again, starting
from a pigiure or;slee header As described ahaveracearding toithiszr an
embodiment, information concerning encoding modes is divided into the
first encoding mattesinfarhiatiorrindicating atsiglé 1% frahiepréSERERA B

a prediction based on the linear sum of a plurality of frames, and t
tieER predidtors

second gtdbing hiddefdrniatidntindicating W iction Ezs@ed

on a linear sym is a tempor, Olﬁgi_LnggE interpolation., prediction o an QYeraged and

prediction. The first 20 enco ng mode information is encoded for each
macroblogks The segend eagodingymoge gafarmation ish ennaded foreachon, a
picture or slice. This makes it possible to reduce the encoding overhead

for to<becencotiedimode énformation whiledndiptaningfieé -25 BResdiRg P
efficiency. That is, the second encodin mod%;i{]formation indicates

broad FASEA R hafdctefisticein R framesuth 49" 55% fading picture. gy
therefore, the.second. . s 1y from each macroblock head, and all

the macroblocks in the picture or slice are completely
decoded (step 538}, decoding is consecubively performed
again, starting from a picture or slice header.

As described above, according to this embodiment,
information concerning encoding modes is divided into
the first encoding mode information indicating a single
frame prediction or a prediction bhased on.the linear
sum’of a plurality of frames, andlthe second encoding
mode information indicating whether a prediction based
on a linear sum is a temporal linear interpolation
prediction or an average prediction. The first
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
fo-be-encoded mode information while maintaining the
encoding efficiency.

That is, the second encoding mode information

indicates broad-based characteristics in a frame such
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encoding mode information is encoded for each slice or frame, an
increase in code amount required to encode the encoding mode
information itself can be suppressed 5 while a great deterioration in
encoding efficiency can be suppressed as compared with the method of
encoding the information for each macrobjeck. Encoding the first
encoding mode information for each macroblock makes it possible to
determine an 10 appropriate mode in accordance with the individual

chara%tseriasaticrsa%fi%%dﬁliié%k}lqu (9., apicture fhat partly appesrsand

disappears over time). This makes it possible to further improve the
encoding-efficiency- d6 In:ihis:embodiment, sineesthecerieadingch slice or
frequencies of the first encoding mode information and second encoding
mode fnfermatiemare detenniethinotpideraltidh sfafie ‘chafadterisfitsode

of video pictures, high-efficiency, hi h-picture-qualitx gngogin}g can be 2

0
done. Brtensatrafitar ieroolSioH predictidn’in this efmbBdintent wil v 54

described in detaj Wi rencetg. FIGS. . n
sym b(STsE %%)e F?: agrlggi:%in&gl%gl% and lf%ﬁe%fre%ﬁfig%%s%gg ,E%f@;rfdy -

Flin RiG. 16.denetes temperaliyeonsecutivetframes. Referiny G etEoding
and 16, the frame F2 is a to-be-encoded or to-be-decoded 50 frame, and
the frantes EQfndiEltdrerreferenéa ffanfesc roblock.

Encoding the first encoding mode information for
each macroblock makes it possible to determine an
appropriate mode in acccrdance with the individual
characteristics of each pixel block {e.g., a picture
that partly appears and disappears over time). This
makes it possible to further improve the encoding
efficiency.

Iin this embodiment, since the encoding frequencles
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
done.

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

Reference symbols FCQ, F1, and F2 in FIG. 15 and
reference symbols FO, F2, and F1 in FIG. 16 denote
temporally consecutive frames. Referring FIG. 15 and

16, the frame F2 is a to-be-encoded or to-be-decoded
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Assume that in the embodiment shown in FIGS. 15 and 16, a given pixel
block in a to-be-encoded frame or a to-be-decoded frame is predicted
from the linear sum of S two reference frames. If the linear sum prediction
is an average value prediction, a predictive pixel block is generated from
the simple average of the reference blocks extracted from the respective
reference frames. Letting refO and 10 refl be the reference pixel block
signals extracted from the frames FO and Fl, respectively, each of

predicﬁiﬁlgnpé)felgk%kﬂ%naﬁ§m WoFlGS: 1o and 16 risgivemby frames.
pred2=(refO + refl ) / 2 (15) 15 If the linear sum prediction is a temporal

linear zigterpelating prediction; aclineat suanis catcwatedrin FAccordarrceand 16,
with the time difference between a to-be-encoded frame or a

to-be-decédad frarecandoeach: réferéndefiamecAS SRBWNIR G, 94, &

information 20 "time-info-to-be-displayed", concerning a display,time in a f
picturéf%?lgﬁc":”edﬁggdea d;rég?én gnéb% o o 65tk to-be ancoded flrame. At

the time, of degading, the -digplay time of each frame is calculated on the
basis of this information. Assume that the display times of 25 the frames

FO, Fl, and FR:aretrespectively represerded diyiPtO,Btl zandaPtX ke value
embodiment shown in FIG. 15 exemplifies a 51 linear extrapolation
KNedmﬁ@g@%qﬁé@%ﬂn@ﬂmgedlCtlve pixel block i1s generated from

the simple average of the reference blocks extracted
from the respective reference frames. Letting ref0 and
raefl be the reference pixel block signals extracted
from the frames FO and Fl, respectively, each of
predictive pixel block signals pred2 in FIGS. 15 and 16
is given by
pred2={ ref0 + refl ) / 2 (15

If the linear sum prediction is a temporal linear
interpolation prediction, a linear sum 1s calculated in
accordance with the time difference between a
to-be-encoded frame or a to-be-decoded frame and each
reference frame. As shown in FIG. 11, information
"time info to be displayed” concerning a display time
in a picture or slice header area is encoded for each
to-be~encodead 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
the frames F0, Fl, and F2 are respectively represented
by Dt0, Dtil, and DtZ.

The embodiment shown in FIG. 15 exemplifies a
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current frame from two past frames. The embodiment shown in FIG. 16
exemplifies a linear interpolation prediction from future and past frames.
Referring to 5 FIGS. 15 and 16, letting Rr be the time distance between
two reference frames, and Rc be the time distance from the earliest
reference frame with respect to a to-be-efidoded frame to the
to-be-encoded frame, the time distance Rr is given by 10 Rr=Dtl-DtO,
Rc=Dt2-DtO (16) In both the cases shown in FIGS. 15 and 16, the linear
extrapalatian predictiopcarid:linet intersolaticr prégiction Baded bRhé e
above time distances are calculated b," 15 pred2={ (Rr- )*r%ggR *refl v
Rr (L7 EgeBfior FE) Tah i tr&NStoRAEd intd B8Gation ?ﬁf} re%gé%?

+ (I’efl-ti]ef(‘));jl RlCr/% RE &138) Ina 8&9&}{{% sueh as a fading. picturg A rpolation

cross-fading picture whose signal amplitude 20 monotonously varies over

time

hetwgen framess thantimetjitter inrsignes amplitudescan badifearying to

approximated within a very short period of time (e.g., equivalent to three
frameB)L @s. inthiszerbddimeht théreforet albmotd actitate Prethiétive®
picture can be generated by 25 performing temporal linear interpolation
(lineaP &Xttapdlativhy oFﬁﬁ@&r%ﬁfé‘?pglﬁﬁS‘rg)sih a%ég a%c%ewﬁeﬁghék time

diStangg bte tween %rt%}%)ei%%cogggif tame 52.and gach of fwa kefgranterespect
frames. RS a consequence, ‘

to a to-be-encoded frame to the to-be-encoded frame,
the time distance Rr 1is given by

Rr=Dt1-Dt0, Rc=DELZ-DLC (16)
In both the cases shown in FIGS. 15 and 16, the linear
extrapolation prediction and liner interpolation
prediction based on the above rime distances are

calculatedsbiummm

pred2={ (Rr-Rc)*ref0+Rc*refl } / Rr (17)
Equation (1%) can be transformed into equation (18):

Pred?=refd + (refl-refl)* Rc/ Rr (183

In a picture such as a fading picture or

cross—fading picture whose signal amplitude
monotonously varies over timerbetween frames, the time
jitter in signal amplitude can be linearly approximated
within a very short periocd of time (e.g., equivalent to
three frames). As in this embodiment, therefore, a
more accurate predictive pictuie can be generated by
performing temporal linear interpolation (linear
extrapolation or linear interpolation) in accordance

with the time distance befween a to-pe~encoded frame
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the inter-frame prediction efficiency improves. This makes it possible to
reduce the generated code amount without degrading the picture quality.
Alternatively, 5 this makes it possible to perform higher-quality encoding
with the same bit rate. The above encoding and decoding processing in
the present invention may be implementedby hardware, or part or all of
the processing can be implemented by 10 software. FIGS. 17 and 18 each
show an example of a predictive coefficient table used for one of the
predigtion modesdn theyfirst and eighth embogiments: whichcisrhasedon-«,
the linear sum of a plurality of 15 reference frames. Predictive coefficients
changé oni tHeemat robleckobasis inttherfirstembodintent Jamd Thafge ok 1S
the frame basis in the eighth embodiment. There is a combination of two

coefflEfefits: "hveRiyes & linal EXirsSolktitn" 950 Ahfihdex (Eode “mOUn*
number) shown jn EIG3.17,and 18s encoded ashaader data foreachyey y,

macroblock oF frame. n the eighth embodiment, since a linear predictive
coeffigient isicanstantfopeaeh frame; engeding may:beHeerfarmediby
using only the header data of a frame. In 25 the predictive coefficient table
showarin&iGn47 pthehniitveriealnaldes oftthé Toefficients are explicitly

defined. The predictive coefficient table SQO\é\l(n in 53 FIG. 18 indicates . .,
"average” or'fifeAPPregictipho@ind and decoding processing

present invention may be implemented by hardware, or
part or all of the processing can be implemented by
software.

FIGS. 17 and 18 each show an example of a
predictive coefficient table used for one of the
prediction modes in the first and eighth embodiments
which is based on the linear sum of a plurality of
reference frames. Predictive coefficients change on
+he macroblock basis in the first embodiment, and
cﬁaﬁge on the frame basis in the eighth embodiment.
There is a combination of two coefficients: "average”
and "linear extrapolation”.

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 ié constant for each frame, encoding may be
performed by using only the header data of a frame. In
the predictive coefficient table shown in FIG. 17, the
numerical values of the coefficients are explicitly

defined. The predictive coefficient table shown in



(interpolation or extrapolation)”. By encoding such indexes, the amount of
information to be encoded can be reduced, and hence the encoding
overhead can be reduced 5 as compared with the case wherein linear
predictive coefficients are directly encoded. FIG. 19 is a table indicating a
combination of reference frames (Referent@ frame) associated with
various prediction modes in the first and eighth 10 embodiments of the
present invention. Referring to FIG. 19, Code number = 0 indicates a
combipation of reference framesiin aprediction madesfromparediction
immediately preceding frame (one frame back); Code number =1, in a
prediction hrodetivd: framestbackt tEPand EbBR NUmbérs 2hjpoging such
prediction mode based on the linear surE of frames org%f%lme back,and

two framtes Batk. i the’CE8E 5t Eode RumblF 22 thé preaalcteleolrhcCr)ﬁjé3 § can be
using @gd%t?%v&”% Q{%@jg@vecﬁ%emﬁigg[%jﬁgu% 20dndhe firstiandy e duced

eighth-embodiments, the combinations of reference frames can be
changeg ondhpamagreblock basisand-theriadexes inithedablerirdElGE19e
are encoded on the macroblock basis. FIGS. 20 and 21 show the
arrangentehits of avided: 125 hicoelirig- dpparafiiseand video decoding

apparatus according to the 10th embodiment of the present .invention. In
the first and e?gI}'ﬁh e%r?b&cﬁn%n*fsa,%g 51 l[?rcé%i%ﬁéﬁ rilsgp(aelrfc():rcr)'nmebdl on Tfhlé) hrot

baSB(gé@ngﬁé%s@?ames (Reference frame) assoclated with
various prediction modes in the first and eighth
embodiments of the present invention. Referring to
FIG. 19, Code number = O 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;
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 coefficlients is
used.

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

invention. In the first and eighth embodiments, a



10

15

20

25

of a maximum of two reference frames. In contrast to this, the 10th
embodiment can perform a prediction based on selection of one specific
frame for each 5 macroblock by using three or more reference frames or
the linear sum of a plurality of reference frames. The video encoding
apparatus shown in FIG. 20 includes reference frame memories 117, 118,
and 152 corresponding to the maximum reference frame count (n). 10
Likewise, the video decoding apparatus in FIG. 21 includes reference

frame memmaries 217,1218; and252- gorresponding {4 thesmaximuminear sum
reference frame count (n). In this embodiment, in a prediction based on a
linear siiny eachiofwreditivevmattoliock generators 161 and £oRErast to
generates a predictive picture signal by computing the sum of the

productd bf predictive ddefitieine Wi Warhmifreférdhcd ma&ablocks™
extracied fiom Ihe Jepaeciva fefareng ames;and snitingthegesull o,
its.

the right by e reference frames to be 20 selected can be

changed for aachdnagreblocks and the: dinear predictivercaefficients:cates or
be changed for each frame. A combination of linear predictive coefficients

is encdded as headersdata $6r & fralier ahdlthe sélectibh isfofRalioRBe S -

reference frames is encoded as 25 header data for each macrob%o K. 20
FIG. 22 showd A%datd S§RtaxYoP enEstiAg By Uity a%hoe%? pjré}dictllc\?e'

Coefﬁc_iﬁ@#i‘a@e@e@d@ﬁmH@m&éﬁea%&a@99é% thig-embadimentdny s2

encoding linear
corresponding to the maximum reference frame count (n) .

Likewise, the videc 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
2531 genetates a predictive picture signal by computing
the sum of the products of predictive coefficients Wl
to Wn and reference macroblocks exfracted from the
respective reference ffamesland shifting the result to
the right by Wd bits. The reference frames to be
selected can be changed for each macroblock, and the
linear predictive coefficlents can be changed for each
frame. A combination of linear predictive coefficients
is encoded as header data for a frame, and the
selection information of reference frames is encoded as
header data for each macrchlock.

FIG. 22 shows a data syntax for encoding by using

a linear predictive coefficient as a header for a frame
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predictive coefficients, the maximum number of reference frames is
encoded first as Number-Of-Max-References. 5
WeightingFactorDenominatorExponent (Wd in FIGS. 20 and 21)
indicating the computation precision of linear predictive coefficients is
then encoded. Coefficients WeightingFactofNumerator[i] (Ni to Wn in
FIGS. 20 and 21) corresponding to the respective reference frames 10
equal to Number-Of-Max-References are encoded. The linear predictive
coefficientccotraspondingtto theithoreferemce frame isgiven by Wi h2Wd
(19) FIG. 23 shows a table indicating a combination of 15 reference
frame® &8 Hé ehtFGed fot Fachimaéoblockadesidifigto thigefibotiment.

Code number = 0 indicates a. predictio bd';\s?d on the linear sum of all
re}:%arence rames 15 _EI_JLCO o Jtﬁst as .
reference frames.”Codé niimbéer =1 indiCates thata reference frame is

one spgGific-frame angd.thataframe.20 a specific number of frames back
is used as a referefice ffame. A prediction based on the linear sum of all

referemed. framesds petformed by iusiig:thepredictive (¢okfficieAtsshowa and
in FIG. 22. In this case, some of the predictive coefficients are set to 0 so
that a 25 lineBFpfediction Bdsed6H'a tbfibiratidht Siarbitfdty Creférbhge -
e )RR 00 e e LS e gt AN DPEEs o
WeightingFactorNumerator{il (Wl to Wn in FIGS. 20 and
21) corresponding to the respective reference frames
equal to Number Of Max References are encoded. Thé
linear predictive coefficient corresponding to the ith
reference frame is given by
Wy / 2Wd (19)
FIG. 23 shows a table indicating a combination of
reference Iframes to be encoded for each macroblock
according to this embodiment. Code number = O
indicates a prediction based on the linear sum of all
reference frames. Code number = 1 indicates that a
reference frame is one specific frame and that a frame
a specific nunmber of frames back is usedlas a reference
frame. A prediction based on the linéar sum of all
reference frames is performed by using the predictive
coefficients shown in FIG. 22. In this case, some of
“the predicﬁive coefficients are sel to 0 s¢ thait a
linear prediction based on a combination of arbiltrary
reference frames can be switched on the frame basis in

the linear prediction mode.

In this embodiment of the present invention, a
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motion vector or differential vector is encoded by using the spatial or
temporal correlation between motion vectors in the following manner to
further decrease the motion vector code amount. 5 A motion vector
compression method using a spatial correlation will be described first with
reference to FIG. 24. Referring to FIG. 24'5;6§eference 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
vectonist generated-fronrthedhbticr 9BEtors ofthe Eeffackht FHaerdbidRY

B, C, D, and E. Only the error betv¥een the potié))n]yeﬁgqgféﬁh%QEevgii%tlL?n
vectoR&nd that oF thid Phacrobitick AT &icbded " Ohthé decoding side, a

15 predietion vegtonis calculateddn the samemannel-as: inan ensediag
operation. ?he motion vector or differential vector of the macroblock A is
generated by, adding-this, preslictionatestortodhe @ncaded. error signal.
20 Encoding a motion vector error by variable length encoding or

arithmetic enodingicam cormpress IRERISEFd MithMighefficieneydaz spatial
motion vector can be predicted by using, for.example, the_ medi r

avera§e Vdidé bf-fhe r&bﬁ%nt?/gc%?ss of %%erﬁa)cé%ﬁgo%kgbt, rIjeapzeg and £ ko
as a pﬁ%‘é}?“%?\!ect%fémm vestos compression mathod usigdols A, B,
temporal correlation will be described with reference 57

c, D, and E denote adjacent macroblocks in one frame.

When a motion vector or differential vector of the

generated from the motion vectors of the adiacent
macroblocks B, C, DI, and E. Only the error between the
moticn vector of the prediction vector and that of the
macroblock>A is encoded. On the decoding side, a
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 ?rediction vector to the encoded error
signal.

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,
and E as a prediction vector.

A motion vector compression method using a

temporal correlation will be described with reference
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to FIG. 25. FIG. 25 show two consecutive frames (FO, Fl). Referring to

FIG. 25, reference symbols A, B, C, D, and E denote adjacent

macroblocks in the frame FI; and a, b, ¢, d, and e, macroblocks at the

same 5 positions as those of the macroblocks A, B, C, D, and E in the

frame FO. When the motion vector or differeh- tial vector of the

macroblock A is to be encoded, the motion vector of the macroblock a at

the same position as that of the macroblock A is set as a prediction 10
vectok. ThelfotiGre vectBE nforfatigotar-be cermressed By eheading (FO-

only the error between this prediction yector and the vectar of th
macrdbldck ARK threbidifhe %io%%?pre%étion &dur T ma éﬂ%ﬁ?t & By G

mOtiOB Vegtr%(?l%:r}?emggéo% A byiusing-a Jgspatietemparak frame F1;

correlafion and the motion vectors of the macroblocks B, C, D, and E in

the frame F and of the gnacrabloeksaz breid, @anklse mithefranseRO. The
motion vector can be compressed with higher efficiency by encoding only

the errorshistwesn thespiddiction20 VEcoFand ﬂ%ll%%@-etgrco@ed {ectly, and E

A three-dimensional prediction gn a motion vector can be realjized hy:
generafing A prédiéfioh véctor Hom tﬁtgl?nera?atnl\?é}ugegvge?ggﬁamﬁe,fgs HenT

the like of 8 plusality of spasalemporallyiadiacent moticn yectarsedadm, e

embodiment of macroblock skipping according to the present invention
will bexdestihed.cAssume thathia metiembdmpénsation predictigse position
encoding, there are 58
as that of the macroblock A 1s set as a prediction
vector. The motion vector information can be
compressed by encoding only the error hetween Chis
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 &
spatictemporal correlation and the motion vectors of
the macroblocks B, C, D, and E in the frame F1 and of
the macroblocks a, b, ¢, d, and e in the frame FO0. The
motion vector can be compressed with higher efficiency
by encoding only the error between the prediction
vector and the to-be-encoded vector.
A three-dimensional prediction on a motion vector
can be realized by generating a prediction vector from
the median value, average value, or the like of a
plurality of spatiotemporally adjacent motion vectors.
An embodiment of macroblock skipping according to

the present invention will be described. Assume that

in motion compensation predictive encoding, there are
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macroblocks in which all prediction error signals become 0 by DCT and
guantization. In this case, in order to reduce the encoding overhead,
macroblocks that satisfy predefined, predetermined conditions are not 5
encoded, including the header data of the macroblocks, e.g., prediction
modes and motion vectors. Of the headefs’of video macroblocks, only
those of macroblocks corresponding to the number of macroblocks that
are consecutively skipped are encoded. In a decoding 10 operation, the
skippad mratroblokks are docodedih apeordandd witharpretiefinsda 1 s
predetermined mode. In the first mode of macroblock skirﬁi?ng according:.Ln

to thet&rRbBEintert ¥f B pritdntiiBht&: MalioblotR SKigping3s ®'
define to satefy all e folloping 5 sandijons Al 2 /gferRace MR s that

be us8d 't a prediction is a predetermined frame, all motion vector

elements are- 0, and gl predigtionexarsignalsrase Ocdnaidacodingre not
operation, a predictive macroblock is generated from predetermined

referemcedramies as il thei2Q casewherals B Mofien véctbhis OlaFHeblocks,
generated predictive macroblock is reconstructed as a decoded

macrobidck sigrgc Askufie Harssting the et sult of- o immoefdiattkéiay
precegié@%@@es as.a.reference frame is,a 25 skipping sendifien;far-a ob1ocks
reference frame. n this case, macroblock skipping can be done even for a
picture whose,signal ipfensity: shangeseuer imandike 891 ocks that are
consecutively skipped are encoded. In a decoding
operation, the skipped macroblocks are decoded in
accordance wiﬁh a predefined, predetermined mode.

Tn the first mode of macroblock skipping according
to the embodiment of the present invention, macroblock
skipping is defined to satisfy all the following
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
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 1s a
skipping condition for a reference frame. In this
case, macrocblock skipping can be done even for a

picture whose signal intensity changes over time, like
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a fading picture, thereby improving the encoding efficiency. Alternatively,
the skipping condition may be changed for each frame by sending the
index of a reference frame serving as a skipping condition as the 5
header data of each frame. By changing the frame skipping condition for
each frame, an optimal skipping condition can be set in accordance with
the properties of an input picture, therebyteducing the encoding
overhead. 10 In the second mode of macroblock skipping according to
the embodiment of the present invention, a motion vector is predictively
encodedf Adsumerthat ar macidhtackoskipping condition s tHap dssléfer
signal of a motion vector is 0. The‘remaining conditions are 15 the s

5 thobeHaFhEerOblock SBERETH Tha frst TGS HHRE M SOBVE i the ™Y
secongmoge, in deceding. askinned pagioblocks a-prediction meieno .

vector is generated first. A prediction picture is generated from
predetermined, referengedrames by gising the 20 generatedopradiction zs the
motion vector, and the decoded signal of the macroblock is generated. In

the thing ambtie ofrnacrobleekeskippiag accofdling: 1@ tiel 8mbblméntas e

the present invention, a skipping conditian is that to-be-encoded

otion .
vectors35 fidmatiotrid idertital (& theihbticn #8or RforRaton SKlpping
encodedin the jmmedliately preceding JmagroRlocks TQ-ba:enepdetr-cperties

motion vector information is 60
of an input picture, thereby reducing the encoding

overhead.

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
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
geﬁerated first. A prediction picture is generated
from predetermined reference frames by using the
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
.information is identical to the motion vector
information encoded in the immediately preceding

macroblock. To-be-encoded motion vector information is
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a prediction error vector when a motion vector is to be predictively

encoded, and is a motion vector itself when it is not predictively encoded.

The remaining conditions are the same as those in the first mode 5

described above. In the third mode of macroblock skipping, when a

skipped macroblock is to be decoded, the to-be-encoded motion vector
information is regarded as 0, and the motith 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 theemacroBlockis gensratad Vassiite Wt in th& Rt mbge ofr 5 o be

macroblock skipping, a comhination of, reference frames 19 e
for a preaition ts’ %@%n%&ﬁ%%ﬁ ‘o thie ﬁm%%?e&%%cg ng spedctRas

macrohlack. Thesremaining skipping conditions sue the same as-thesaimg

the first mode described above. Assume that in the fifth mode of
macrobleck: 20 skippinge: acombinatior: of tefereace franhes dsedsformode
prediction is identical to that for the immediately encoded macroblock
The retrainingoskippingtonditions are the same as those in the first

mode described above, 25 Assume that in_the sixth mo robl
skipping, a combirAtion b referénce f?a%m%%(ﬁggsgﬁgrc 3 %?é%g}c iéﬁgﬁ‘é e 2

menﬁ%ﬂ&%gﬁﬁf%&@fé%@%%ﬂmﬁglQ% be decoded, the to-be-encoded

motion vector information is regarded as 0, and the
motion vector is reconstructed. A prediction picture
is generated from predetermined reference frames in
accordance with the reconsttucted motion ﬁector, and
the decoded signal of the macroblock is generated.

Assume that in the fourth mode of macroblock
skipping, a combination of reference frames Lo he 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.

Assume that in the fifth mode of macroblock
skipping, a combinaticn 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. |

Assume that in the sixth mode of macroblock
skipping, a combinaticn of reference frames used for . a

prediction is identical to that for the immediately
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encoded macroblock. The remaining skipping conditions are the same as
those in the third mode described above. According to the skipping
conditions in either of 5 the first to sixth modes described above, a
reduction in encoding overhead and highly efficient encoding can be
realized by efficiently causing macroblock Sinpping 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 estgnator. 701 is

addedPBIRE °(idB6 eheoding apparitus setarding fo the' ERbainteHte * =01
shown.in FIG3, 20, In, the linear predigfive goefligient 15 ssiMatA 0T, q

predicﬁ\l/’e coefficients for a linear prediction are determined from a
plurality-pfseference frames in accordance with the distance from each
reference frame and a video frame, a temporal change in DC component
within an inpatdfrarne,iand the ke AS30 plukality efefiidobhgntsn either of

associated with determination of s%grcifi% %)redic ive coefficients will b

describétt Beldw FiE. 27 EhowB A pradicnsn Methdd of pradicting ¢ -+
frame from,the linear sum.of twaspast frames, 25 Reference.ramesfQng can

and Fl are used for & video frame F2. Reference symbols Ra and Rb
denote;theriater-frame rdistances between therespectivecteference skipping
frames FO 62
by using the property that the correlation of movement
petween adijacent macroblocks or change in signal
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
shewn in FIG. 20. In the linear predictive coefficient
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
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.
Reference frames FO and F1 are used for a video frane

¥2. Reference symbols Ra and Rb denote the inter-frame

distances between the respective reference frames FO
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and Fl and the video frame F2. Let WO and WI be linear predictive
coefficients for the reference frames FO and FI. A combination of first
linear predictive coefficients is (0.5, 0.5). That is, this combination 5 can
be obtained from the simple average of the two reference frames. Second
linear predictive coeffi- cients are determi by linear extrapolation in
accordance with the inter-frame distance. In'the case shown in FIG.
27(20), linear predictive coefficients 10 are given by equation (20). If, for

example, the frame intervals are constant, Rb = 2*Ra, and linea .
prediciiVé cobffitisht nﬁﬁe%lgf? -%aaﬁ% fvow ) %I%b ‘ﬁgaaﬁb -[&la(g linear
are (V%Qe}é\é]c)t—i(?é’ 2,15 Acearding to,equalion,(20), ,evendf theames o

inter-frame distance between each reference frame and the video frame
arbitrafityicliranges; aqaraper kneam predidtionscanibe: pradep Exen dff fore
example, variable-frame-rate encoding is performed by using 20 frame _
skipping of fhe ks 68twid arlditrary framesh &fe d6lecteld’as refdienpgtion
frames, high prediction efficienc n be maintained. In an encodin

operafiéi: okhg & 3Jfllrls@f]flan4EJ gg}c/o%r?lde prse%ﬁnc%\[;ee cao‘égfﬁcefgr?tsorr]igay}g gg Ewo
permapeptly used of the fitst or 25.sacond predictive-cogfiicients may be; -

adaptively selected. As a practical method of adaptively
cients are determined by linear extrapolation in
accordance with the inter-frame distance. 1In the case
shown in FIG. 27(20), linear predictive coefficients
are given by equation (20). If, for example, the frame
intervals are constant, Rb = 2*Ra, and linear

predictive coefficients given by:

(W W)“[ — Ra Rb ) (20)
O = lgn —Ra ' Rb — Ra ‘ -

are (WO, Wiy = {~-1, 2).

According to equation (20}, even 1f the
inter-frame distance between each reference frame and
the video frame arbitrarily chandes, a proper linear
prediction can be made. Even 1f, for example,
variable-frame—-rate encoding is performed by using
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
second predictive coefficients may be adaptively
seiected. As a practical method of adaptively

selecting predictive coefficients, a method of
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selecting predictive coefficients, a method of 63 selecting predictive
coefficients by using the average luminance value (DC value) in each

frame may be used. Assume that the average luminance values in the
frames FO, Fl, and F2 are DC(F0), DC(F1), and DC(F2), 5 respectively.

As for DC components of a intra-frame, thgsmagnitudes of prediction
errors obtained by using the respective linear predictive coefficients are
calculated by/ the equations (21) and (22): 10 DC(F2j - (DC(Fo) + DC(FI)II
(21) 2.DC(F2) CR RhRADG(FI).- RORARAMEER)(22) Ihthevalue ot rage
mathematic expression (21) is smaller than that of mathematic

expression 22).<he A5 i st predictivescoefficient ¢ séheated. Hfalie valuesed.
of mathematic expression (22) is smaller than that of mathematic .
expression (21} uhe sebend predieier eaeffitieht Fdetectsg lggs in the
changing these predictive coefficients fo ideo,fr , a ti .
Iinea&f@ﬂ?@di&%ﬁ dan bé aééginagc%olrgé?ai%(:}é}\//\’/it?? ﬁzﬁﬁér;}cﬁgi%é %%) ’
a videq signal. Efficient linear predigtiop cap alsabe made:by detesminiage,
the third ‘and fourth predictive coefficients by using the ratios of DC
valuestin the: frames @seording tedduatiom(28) 125 er ()2l DE{FRy 1using

DC(F2) (23) (WO ~"I~~2 DC(F0) 2 DC(FI) . .
' the respective linear predictive coefficients are

calculated by the equations (21) and (22):

DC{F0) + DCFL
DC{FZ)~[ ( )2 { )) (21)
- Eb Ra
2) - | ———— DCFL) - —— DC FOi} (22}
DC( ) {Rb——Ra' ( ) Rb —~ Ra ( )
Tf the value of mathematic expression (21} is
smaller than that of mathematic expression (22}, the

first predictive coefficient is selected. Tf the value
of mathematic expression {22) is smaller than that of
mathematic expression (21}, the Secénd predictive
coefficient is selected. Ey changing these predictive
coefficients for each video frame, an optical linear
prediction can be made in accordance with the
characteristics of a video signal. Efficlent linear
prediction can also be made by determining the third
and fourth predictive cocefficients by using the ratios
of DC values in the frames according to equation (23)

or (24):

1 DOE2 DC(F2
(Wo, W) = (— . ]

1
2 DCFO) 2 DCFY
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64 | Ra DC(F2) Rb DC(F2) (24) "WO0, WiJ (Rb - Ra DC(F0) Rb - Ra
DC(FI)} The third linear predictive coefficient given by equation (23) is the
weighted mean calculated in consideration of the ratios of the DC values
in the 5 frames. The fourth linear predictive coefficient given by equation
(24) is the linear predictive coefficient calculated in consideration of the
ratios of the DC values in the frames and e inter-frame distances. In
the use of the above second to fourth linear predictive 10 coefficients,
linear predictions require/divisign. Howeyxer, matching the genmputation

precision at théntinte) of chngrTgfw ith that trtrgg%n‘rﬁJ' of 8 “gi_g'allows (24)
a linear prediction based-on mu tﬁolica ions ‘and bit s%}fts \;evﬁlt%og any

division. 15 Appractical syniaxpay bs.sei sueh that each rlineanpredictive. by
coefficient is expressed by a denominator to a power of 2 and an integer
numeratars aisoin the tase showa iR&E1Gh22 0 1G: 28 sholvsid ahethodiof
predicting a frame from the linear sum of two 20 temporally adjacent

frames:RefeHiNPo I, 28, efersfte SymBél Eftferidtes’g 1 ues in the

to-be-encoded frame; FQ and F2, reference fra 1es; qu Rg @Pg%q t}l‘lng ;
inter-fﬂaﬁ"f‘émgl“%tancr:%% e v(\)/gér% %elrlens%aegti\?erﬁe ér%née efrgmes aind t%e grven

video %%méql!h%%ﬂoﬂd@?aﬁ 25predictive agefficientsfer the teferenceient

frames FO and F2 are represented by WO and W2, respectively. The
calculated in consideration of the ratios of the DC
values in the frames and the inter-frame distances. In
the use of the above second to fourth linear predictive
coefficients, linear predictions require division.
However, matching the computation precision at the Lime
of encoding with that at the time of decoding allows a
linear prediction based on multiplications and bit
shifts without any division.

A practical syntax may be set such that each
linear predictive coefficient is expressed by a
denominator to a powér of 2 and an integer numerator,
as in the case shown in FIG. 22. FIG. 28 shows &
method of predicting a frame from the linear sum of two
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
predictive céefficients for the reference frames F0 and
F? are represented by WO and W2, respectively. The

intra-frame average values of the luminance values of
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intra-frame average values of the luminance values of 65 the respective
frames are represented by DC(F0), DC(F'1), and DC(F2), respectively.
Four types of predictive coefficient combinations like those in FIG. 27(20)
are given by equations (25) to (28): 5 (inb, W2) _0.5,0.5) (25) I 1 (WO,
W2) Ra ~ Rb JI (26) Rb+Ra Rb+Ra 10} 1 DC(FI) 1 DC(FI) (27) (WO,
W21 C2 . DC(F0) 1 2 (r) DC(F2)) Ra DC(FARb DC(FI) (W0, W2) (Rb + Ra
* DC(FO) | Rb + Ra 0 DC(F2) (28) Equation (25) represents a simple
average prediction; equation (26), a weighted mean prediction 15 based
on an iHter-fraffecdistantes réqtion (27Y, & Weighddemeal predittion

based on the ratlos fthe DC values; an eqguation ( awe| htlng
predlc%rf bhsed? ti‘Pe r%%g ‘of T SBCCva geggmd tzhfge3 Fnﬁe -frame ot

distanges. 20 FFI3,29-3haws amethod afiperfaiming.a predetemmined:

prediction based on the linear sum of three past frames. Reference
symbais EQ, 1| and 2 dendteteferencgirames; £3; as%idewframe) and

Rc, Rb, and Ra, the inter-frame distances between the 25 respective
reference framfgs k0, Fl(@nddZand the {25)
R
(wo, W) = ( e ' D ) (26)
Rb + Ra Rb + Ra
1 DCF) 1 DCFL '
(Wofwz):(“" e X )) (27)
2  DCFO) 2 DCF2)
DC(FL Rb DC(EL
(Wofwz)z( Ra__, DCEL) , b )] 28)
Rb + Ra DCFO)  Rb + Ra  DCER)

Fguation (25) represents a simple average
prediction; eguation (26), a weighted mean prediction
based on an inter—-frame disitances, equation (27}, a
weighed mean prediction based on the ratics of the DC
values; and eguation (28}, a weighting prediction based
on the ratios of the DC values and the inter-frame
distances.

FIG. 29 shows a method of performing a
predetermined prediction based on the linear sum of
three past frames. Reference symbols 0, Fl, and F2
denote reference frames; F3, & video frame; and Rc, Rb,
and Ra, the inter-frame distances bestween the
respective reference frames FO, Fl, and F2Z and the
video frame ¥3. In the case shown in FIG. 29 as well,
a plurality of linear predictive coefficient

combinations can be conceived. The following is a



10

15

20

video frame F3. In the case shown in FIG. 29 as well, a plurality of linear
predictive coefficient combinations can be conceived. The following is a
66 specific example. Assume that the linear predictive coefficients for the
respective reference frames are represented by WO, W1, and W2. A
combination of first predictive coefficients 6Eéis given by equation (29). The
first predictive coefficients are used for a simple average prediction
based on three reference frames. A prediction picture F3012 based on

the first predictive coefflc ent c mblnat ted b th i
(30): fé’%ﬂﬁ@(\/%aw W2) 6)‘5%“1?:0 glgéﬁseq(e“e Ef)f%) a'?”"e

The segond; third, and faurth-predictive 5icogfficients,are coefficiants fafr e

performing an extrapolation prediction based on linear extrapolation by
selectingstwosframes fromittie thwee refedemce. frames as in the case of a
prediction based on equation (20). Letting eF312 be a prediction picture
of the video 20 framiel F3 Wiich _iprédicted Reffthetefsrefte franfese s

and Fl, eF302 be predlctlon icture of the deo frame 3 which |
predictéd %Hwefhe%r%fer% e %rame??(—? j IIQS 4nd eF361 % dreBive

predictign picture.fithe, o 1sed for a simple average prediction
based on three reference frames. A prediction picture
F3012 based on the first predictive coefficient

combination is represented by the equation (30):

(11 1
P(WOf W}_r Wz) = (5 1 3 ! 5) ) (29)
aFyt? = %(Fl + F2 + F3) (30)

The second, third, and fourth predictive
coefficients are coefficients for performing an
extrapolation prediction based on linear extrapolation
by selecting two frames from the three reference frames
a5 in the case of a prediction based on equatlon (207 .
Letting eF312 be a prediction picture of the video
frame F3 which is predicted from the reference frames
F2 and F1, eF392 be a prediction picture of the video
frame f3 which is predicted from the reference frames
F2 and FO, and eF3Y} be a prediction picture of the
video frame F3 which is predicted from the reference
frames Fl and FO0, these prediction pictures are
respectively represented by equations (31), (32)

and (33):



video frame F3 which is predicted from the reference 25 frames F?. and

FO, these prediction pictures are respectively represented by equations

(31), (32) and (33): 67 eF32=Rb F2-RaFI(31) Rb-RaRb-RaeF32
_RcF2-RaFO (32) Rc-RaRc-RaFI-FO (33) 5eF31 =RcRhRc-

Rb Rc - Rb Letting eF3012 be a prediction value obtained by averaging

the values given by equations (31) to (33),6%e prediction value eF3012

can be given as the fifth predictive coefficient by the equation (34): 10

eF012 -1 2RaR§ - RaRc rRbRc FO 3 (Rg - Ra) (Rc - Rb) + 1 RaRb -

2RaRc + RbRE] F(ﬁ)mﬁiﬁ (RB; Rajz 1+ RaRb - RaRc + 2RbRe 31
F2 3 (Rc - Ra) (Rb - Ra) One of the first to fifth linear predictive

coefficients may be used. plternatively, inira-frame average luminance

values DC(F@)?SD?C(JFI)%—DG(F?,F%d Yof the frames FO, FI, F2, (32)

Cy . Ce a .
and F3 may be calculated, and the intra-frame average luminance value

Rb |
erdl = SR m o B (33)
Rc - Rb Re — Rb

Letting eF3912 be a prediction value ocobtained by
averaging the wvalues given by equations (31) to (33},
the prediction value eF3012 can be given as the fifth

predictive coefficient by the eguation (34):

10

15

20

1 ZRaRb — RaRc — RbRc

FO
3 {Rc -~ Ra) BRc — Rb) .
+1\RaRb——2RaRc—kaRc

- 1 {34)
3 (Rc — Rb) (Rb — Ra)
+__fL_—-RaRb——RaRc—F2RbRC

3 {(Rc — Ra) (R — Ra)

012 _
efé =

v2

One of the first to fifth linear predictive
coefficients may be used. Alternatively, intra-frame
average luminance values DC(F0), DC(Fi}), DC(FZ}, and
DC(F2) of the frames FO, Fl, ¥2, 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
prediction error may be selectively used for each video
frame. Thé use of the latter arrangement allows
automatic selection of an optimal linear predicticn on
the frame basis in accordance with the properties of an
input picture and can realize high-efficiency encoding.

In addition, the predictive ceoefficients obtained
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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 bas'Fs in accordance with the
properties of an input picture and can realize high-efficiency encoding. 25
In addition, the predictive coefficients obtained 68 by multiplying the first

to fifth linear predictive coefficients by the ratios of the average luminance
value® ¥ fﬁéﬁ%&ﬁé&%gfrﬁ%%s%ﬁfgeh%e .Hfif%r ]e%ﬁ%}fe%?ﬁ% ittt Ve

predicliye coeffeisntis guiinjied 5,by fhe ipHopl the,ayeraoe jupinange.
values, a predictive coefficient is given by equation (35) be™ low. This
applies 10 ihe remaining predictivei ceeffieientss IDG(R3) WBEERE3) £, for
DC(F3)1 10 (w0, w1, w2) ( 35) "3 ' DC(F0) 3 DC(FI) 3 a DC(F2)) FIG. 30
showsa angthed of perféiming & pradiictioh” Based 6 Hve ivéarisurivet tiplied
two past frames and one future frame. Referi?%ce_s mbols FO, Fl, and F3

denot® retdtancé raffed F2L A%iddS frate: AHE RERDS alhd 15°R4, the
inter-@% distances betweenp.the reference., frames %%&At%Fmﬁtybe

the video frame. In this case, as in the case shown in FIG. 29, a plura
of low. This applies to the remaining predictive

coefficients.

- ( 1 DC{F3) 1 DCF3
(Wo, Wi, W) = | = o ;e
\3 DCFO) 3 DCFEL)

1 DC{F3)

'3 ° DCEFZB 199

FIG. 30 shows a method of performing a prediction
based on the linear sum of LTwo past frames and one
future frame. Reference symbols FO, Fl, and F3 denote
reference frames; F?2, a video frame; and Rc, Rb, and
Ra, the inter—-frame distances betwaen the reference
frames FO, Fl, and F3 and the video frame. In this
case, as in the case shown in FiIG. 29, a plprality of
predictive coefficient combinations can be determined
by using the ratios of the inter-frame distances and
the DC values in the respective frames. In addition,
an optimal prediétive coefficient combination can be
determined from the prediction errors of the DC values
in the frames. |

Linear prediction expressions or predictive
coefficients corresponding to eguations (30} teo (35} in
the prediction method in FIG. 30 are expressed by the

equations (36} to (41}):
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predictive coefficient combinations can be determined by using the ratios
of the inter-frame distances and 20 the DC values in‘the respective
frames. In addition, an optimal predictive coefficient combination can be
determined from the prediction errors of the DC values in the frames.
Linear prediction expressions or predictive6?95 coefficients corresponding
to equations (30) to (35) in the prediction method in FIG. 30 are
expressed by the equations (36) to (41) : 69 aF213 = 1(FO+Fi+F3) (36)
eF23 =Rb F3 +Ra FI (37@5§b+Rqa Rb+Ra 5 eF23 = Rc F3 + Ra FO (38)
Rc + Ra Rc £Ra eF21 5 ROFT-Ro'F %39) Rc-RbRc-RbeF013=1-
2RaRb + RaRc - RbRc FO 3 (Rc + Ra) (Rc Rb) + 1 - RaRb + 2RaRc +
RbRc Fl (40) g_é?c - Rb)Rb + Ra) + 1 RaRb + RaRc + 2RbRc F3 3 (Rc
+Ra) (Rb + R 'owmwﬂ DC(F2)1 V4, W3~ 3 (37)
DC(F0) 3. DC(FI) 1 3. DC( 3) (41) FIG. 31 shows the first example of a

a

motion vector

R |
erd3 = R g R gy (38)
Rc + Ra Rc + Ra
R Rb
eFJl = 2 - 22w (39)
Re — Rb Rc — Rb
1 — 2RaRb -+ RaRc — RbRC
eFg13 = = 2 a FO
3 (Re + Rg) (Re — Rl
i - +
, 1 - RaRb + 2RaRc + RbRe (40}
3 (Re - Rb) (Rb + Ra)
, L RaRb + RaRc + 2RbRc
3 (Rc + Ra) (Rb + Ra)
F2) 1 DCE2
(W, ¥, ¥Wy) = 1. DC{FQ),}— . 2 ),,4_ . )) (41}
3 DCOFO) '3 DCEL) 3 DCFED)

FTIG. 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
search method in a case wherein a prediction is made by
using two consecutive frames as reference frames, and
one répresentative motion vector is encoded, as shown
in FIG. 6. Reference symbol F2 in figure denotes a
video frame; and ¥0 and Fl, reference frames.

Reference numeral 10 denotes a video macrcblock: 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 {mction
vector candidates 11 and 15 in FIG. 31} for the

reference frame F1 within a motion vector search range
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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 ingigure denotes a video frame;
and FO and FI, 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 motian
vectoffor tremESobigtk 46; W&i%ni?ec@é’rtcla%%iaiaetgag r%OOb%n O?og gedtsr by
candidates 11.and, 15 ip, E1G31) Jor the referance frame FI¥AtIN At i on,
motion vector search range 70 and the motion vectors (a motion vector

13 obtained by 1scaling the:motion vectoricamdidate d fainca mation:
vector 17 obtained by scaling the motion vector candidate 15 in FIG. 31)

obtairetrisyi sedlingthe FotiohS védtor ebididars iR actsriahes Witketheotion

inter-frame distance are used as motion vectors for the r(ﬂerenc fralPe
tThe 1n -frame

FO. ASredRtive MKctSBIbER is'Jerisratad foth e tinear Stint of the
referenee magrablocks 14 and.12 ,0r 16.and, 13 extracted from e pyo. y erice

reference frames FO 10 and Fl. The differential value between the
predictivemmacroblock andthectbibe-eneedethbmacioblackitissated from
calculated. When this differential value becomes minimum, the

correspending¥hotiors VBctof istdétefififielience macroblocks 14 and 12

or 16 and 18 extracted from the two reference frames FO
and F1. The differential value beitween The predictive
macroblock and the to-be-encoded macrobleck 10 is
calculated. When this differential value becomes
minimum, the correspeonding motion vector 1s determined
as a motion vector search result for each macroblock.
Motion compensation predictive encoding is then
performed for each macroblock by using the determined
motibn vector.

A motion vector may be defermined in consideration
of the encoding overhead for each motion vector itself
as well as the above differential value. A motion
vector may be selected, which exhibits a minimum code
amount required to actually encode a differential
signal and the moticon vector. As described akove, the
motion vector search method can obtain an accurate
motion vector with a smaller computation amount than in
the method of separately searching for optimal motion

vectors for the reference frames FO and F1.
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as a motion vector search result for each macroblock. 15 Motion
compensation predictive encoding is then performed for each macroblock
by using the determined motion vector. A motion vector may be
determined in consideration of the encoding overhead for each motion
vector itself 20 as well as the above differential value. A motion vector
may be selected, which exhibits a minimum code amount required to
actually encode a differential signal. and the motion vector. As described
above, the tion vector search method can obtain an accurate 25, .
motion vect(r)%%vti‘[h a%mgrnéjr\’q gorr%r{%tafcigr? %frlng(i)u%}"[< ?ﬁ%}nﬂ% ﬁf% r‘ri'%eftrheotdl gfn

separgtely. searching for optirpalmgtian vaeters factheretargnee frames

FO and Fl. 71 FIG. 32 shows the second example of a motion vector
searckithviden encodihgtaceording to thel revibodiment ofttheé prégenthows a
invention. FIG. 32 shows a motion vector search method in a case

whereiPs tofreRes Hame repredicied By Gsity thocotsetifve franfesasr rent

referegce frames, and one,representative m%giqon ve%tgr i%gn%%de%ggl as
one repré&éntative mo |%ﬁ§/%§t§:r) Aind & ditferential vector aré encoded,

as shawrrin ElG. 6, by thessame methed asthatshown inklGedli on vector
Referring to 10 FIG. 32, reference symbol F2 denotes a video frame; and

FO and+|creferende drames: Referencemunmisrabl@odenoteyasidap and a
macroblock; and 12, 14, 16, and 18, reference macroblock candidates in

Ihera@ﬁgﬁg;ential vector are encoded, as shown in FIG. 6, by
the same method as that shown in FIG. 31. Referring to
¥I1G. 32, reference symbol F2 dencotes a video frame; and
0 and Fl, reference frames. Reference numeral 10
denotes a video macroblock; and 12, 14, 16, and 18,
reference macroblock candidates in the reference
frames.

In the second mdtion vector search, a search 1s
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 132 obtained by scaling the motion vector 11 are
selected as optical motion vectors. A re-search is
made for a motion vector with respect to a reference
macroblock from the frame FO iﬁ an area near the motion
vector 13. In re-~search operation, the reference frane
12 extracted from the frame F1 by using the motion
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
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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 macroblbtk from the frame FO in an
area near the motion vector 1.3. In re-search operation, the reference
frame 12 extracted from the frame Fl bé{using the motion 25 vector 11 is

fixed. Aprédittive ffdtiobidckis bBReftéd Froffthe heaf stififefthets made

referencs frame 12 and fhe seferencs frame 1 extracted anareanegy o,
the 72 motion vector 13 of tﬁe?rame O. A'fe-search is made fora -

motion:veciarwith respect tetheritame L0150 @s: (0, MIRMIize the ot ive
difference between the predictive macroblock and the to-be-encoded

macroblack 0B Asskmerthat b video-signalis setdt azonstaht ftame rate,
and the interval between the frames F2 and Fl and the interval between

the frames FISPIEG ar82&qdal “ihAARs A< i ordfer 16 SedrchdoFgnstant

constapt meverment, asearch range with resnect tn the 18ferepee 10, vy oo
frame FO needs to be four times larger in area ratio thana search range

with respeecite the seferenge fsameg=kElyA-seargh fer-amationvector with 2 re

respect to the two reference frames FO and Fl with the same precision
equal. In this case, in order to search for a constant
movement, @ sSearch range with respect to the reference
frame ¥0 needs to be four Limes larger in‘area ratio
than a sedrch range with respect to the reference frame
Fi. A search for a moticon vector with respect to the
two reference frames FO and Fl with the same precision
requires a computation amcunt four times larger than
that for a seasch for a motion vector in a prediction
only from the reference frame Fl.

According to the second mobtion vector search
method, first of all, a search is made for a motion
vecteor with respect fo thé reference frame Fl with full
precision. The reference frame FO i1s 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 tw0ws£ep search operation
can reduce the computation amount for a motion vector
search to almost 1/4.

In the second motion vector search method, moticn

vectors for the reference frames FO and Fl are
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requires a computation amount four times larger than 15 that for a search
for a motion vector in a prediction only from the reference frame Fl.
According to the second motion vector search method, first of all, a
search is made for a motion vector with respect to the reference frame F1
with full 20 precision. The reference frame,7FO is then searched for a
motion vector obtained by scaling this motlgn 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 seafditfoalmost 174 i Hidsecond MBHGH VBEtor SeafcH by, vectors,
motion ; vegtorsqor, {he reference frames E Qt%'}d E%arﬁeo'@ SePAALY, o1 o

obtained. In encoding these motion vectors, first of all, the motion vector

11 forsthexeference: frame £dds encaded. i The-differential veetor betwasi:=cn
the motion vector 13 obtained by scaling the motion 5 vector 11 and the
motiohlvector lobrained @sthe ¥esulb bf te-sdarching thelreferehee framieon
FO is encoded. This makes it possible to reduce the encoding overhead

for ealRi iGtort vedtBr: A 8&arth s ?r%d"éeﬂ tHe %ﬁi@ﬁ%‘étcﬁslsthé result
obtained 10 scalipg fhe mation vectar,11,ina ig-sgarchjange of, 1,484

with a coarse precision of 1/2. Only a re-search is made for the motion
vectorrk3 yvithaful sprecisiens 4a #is case rbeynetiamyedtoewithng overhead

for each motion vector.

A search is made for the motion vector 13 obtained
scaiing the motion vector 11 in a re-search range of
*1, i.e., with a coarse precision of 1/2. Only a
re-search is made for the motion vector 13 with full
precision. In this case, the motion vector with
respeclt to the re-searched reference frame F0 is scaled
to 1/2. This makes it possible ﬁo unigquely reconstruct
the motion vector 11 with respect to Lthe reference
frame Il regardless of the re-search result. There-
fore, only the motion vector with respect toc the
reference frame F0 may be encoded. In a decoding
operaticn, 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 moticon vector search
method. In this motion vector search method, & current
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 moticn vector is
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respect to the re-searched reference frame FO is scaled 15 to 1/2. This
makes it possible to uniquely reconstruct the motion vector 11 with
respect to the reference frame F1 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 op%rgtion, 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 met o(gj. In this motion vector scea,{ch methaqd, a current 25 frame
. g.ntco e Oor One I%%IESQD aLive molfion V?Ct@l’ and &
is predicted by (sihg two consecutive frames as reference frames, as in

the methed.shawn inFIG, 31, as-shown, i BIG: 6. Qne-tepresentative-1¢ . 33,

motion vector is 74 encoded, or one representative motion vector and a
differentiakbvectorare/eincoded: Réferring4o £1G 1830 refererce symbatF2and
denotes a video frame; and FO and Fl, reference frames. Reference
numeral 1056Eries 8% VideB PracroBiBERTEHI L2, A6 hnd U &) 8BRS 2
referegg% gg)acroblgclé fgggldates in tEe r(ifgrenlcg freeitmmesI 4n thseothérd

. mac Loapd, 1 m
motion vector Saarch. asd i thé first “of’second exémp?e, seafches are

made forepotian vegtors 40 withrespaetito the teferenceframes FQ and
FI, and a re-search is made for a motion vector with respect to the

refereficeframe FIl. In general, in a video picture, the correlation between
frames that are

In the third motion vector search, as in the first
or second example, searches are made for motion vectors
with respect To the reference frames FO and Fl, and a
re-search is made for a motion vector with respect to
the reference frame Fl. In general, in a video
picture, the correlation between frames that are
temporally close to each other is strong. On the basis
of this property, the prediction efficiency can be
improved by obtaining a motion vecter with respect to
the reference frame Fl temporally closest to the
reference frame F2 with higher precision in the third
motion vecter search.

FIG. 34 shows a motion vector encoding method
according to the embodiment of the present invention.
In figure, F2 shows a video frame, Fl shows a frame
encoded iﬁmediately before the frame F2, 30 and 31 show
macroblocks to be encoded respectively. 32 and 33 show
macroblocks located at the same positions as those of

the macroblocks 30 and 31 in the frame FI. 324 and 35

also show to-be-encoded motion vectors of the
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temporally close to each other is strong. On the basis 15 of this property,
the prediction efficiency can be 'improved by obtaining a motion vector
with respect to the reference frame F1 temporally closest to the
reference frame F2 with higher precision in the third motion vector
search. 20 FIG. 34 shows a motion vector encoding method according to
the embodiment of the present invention. ﬂ]Sfigure, F2 shows a video
frame, F1 shows a frame encoded immediately before the frame F2, 30
and 31 show macroblocks to be encoded respectively. 32 and 33 show

25 matfoblocksI6&ated bt e same Fotions &8 hosé of fthecncoded motion

macroblocks 30 %nid %Jh‘lan thaecf];am OFI 34 gnd 35 ,alsg show

to-be-gr?goﬁpeasmotlon vect%rs oPt%e %Smacrogl%%ké' 0 and 31, and 36
and 37 are engoded imotiem recters of theemacrgblecks-32 3Ad 3341 this,

embodiment, if a to-be-encoded motion vector is identical to a motion
vectorfecamacreblock i atthe same positionin thecimmediately macroblock
preceding video frame, the motion vector is not encoded, and a flag

indicafirg fHat tie Ao tiBA VeEictis identits toMHEC forthe adiBblickag video
the Sam&%ositi%rhig typg tir@)megi.aéag PrchSedjlrégﬁviedg 5@%6 isa l&code91 .
(? i de. If tRe motic : d8 §1 ?

as a 16 pre |c':t|on mo otion vector IS not | entféal’ to that for tﬁgg
macroblogk &t the,sams osition indhe dimmediately precedingvideo to that

frame, the motion vector information is encoded. In the method shown in
for the macroblock at the same position in the
immediately preceding video frame is encoded as a
prediction mode., If the motion vector is net identical
te that for the macroblock at the same position in the
“immediately preceding video frame, the motion vector
information is encoded. In the method shown in
FIG. 34, the motion vectgrs 34 and 36 are identical.
Thereféxe, the motion vector 34 is not encodsd. In
addition, since the motion vector 35 differs from the
motion vector 37, the moticn vector 35 is encoded.

Encoding motion vectors in the above manner
reduces the redundancy of motion vectors with respect
te a still picture or a picture which makes a
ftemporally uniform movement and hence can inmprove the
encoding efficiency.

FIG. 35 shows another motion vector encoding
method according to the embodiment of the present
invention. In the method shown in FIG. 35, as in the
method shown in FIG. 34, if a motion vector for a

macroblock at the same position in the immediately
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FIG. 34, the motion vectors 34 and 36 are identical. I5 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 dah improve the encoding
efficiency. FIG. 35 shows another motion vector encoding method
according to the embodiment of the present 25 invention. In the method

show fri-ERS1 957 a¥ i fite ‘Méthidd shotiri FIE? 34" amidtion VBcitr <tor
for H‘oaff%?'%g%%tot AIme posifion i the immedialely. /8. prece o

video frame is identical to a motion vector for a video macroblock, t

motion veetk is.notyeaeodad. W hether motiopveciars argddantical tocc each
each other is determined depending on whether their moving 5 angles

are identical. RefertirigetorRIG: (B5] ebmotion ccompensativaprédietion iz ving
performed with respect to macroblocks 40 and 41 in a video frame F3 by

setting 3 fifmadiately pRecething videdffante B2 da Feférency franfs t1on
and “%@ﬂé’@%tgoé‘t‘i%%o?r‘}e%%q A5, With ?é%’(%%% &4 %CrPQIr%‘}eéé@ to

at the same position as that of the macroblock 40 in the video fra
immediatety preeeding a fearme £, 2 mationicompensationpredigtier is ing an

performed by setting a frame FO two frames back with
immediately preceding video frame ¥2 as a reference
frame and using motion vectors 44 and 45. With respect
to a macroblock 42 at the same position as that of the
macrobiock 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 F2Z as a reference frame and using
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
vector 46 in accerdance with the inter-frame distance.
For this reason, the motion wvector 44 is nobt encoded,
and prediction mode information indicating a mode of
using a motion vector for the immediately preceding
frame is set.

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
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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} i{nter-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,

macrobTodicA T BhiBitS thE shifd SAgle as'a motion RCIAT Sfthe™ © he

macroblack 43 atthe same pasitign infhe preceding frame, and 77, -1, 4

hence the motion vector 45 is not encoded as in the case of the
macroiack-A40.Aemasrolleck for wiieh aemotien vectards apbenrcaded-asi s

in the above case is subjected to motion compensation predictive

inter-frarhe Scerkddiny asd- detoding by usirgithie rAotch vEetve obtaimed frame
by scaling the motion vector at the ?Slme sp,osition in the preceding video

frame A 2REOTIANEE Wit HT& intet-frame didtdndd efieet the Viddd ©

(frame and ihe reference frame. 10,E1G, 36 152 view:forexplaining <, pe

macroblock skipping and predictive encoding of an index indicating a

referepee frameadeording to:the emhogimenicof the apresent inventiance

Referring to FIG. 36, reference
with the inter-frams distance between the video frame
and the reference frame.

FIG. 36 is a wview for explalning 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:
B, C, D, and E, adjacent macroblocks that have already
been encoded; and FO,‘FI, and FZ, reference frames, one
or a plurality of which are selected and subjected to
notion compensation predictive encoding for each
mécroblock. With respect to the macroblock A, a
prediction is performed based on a motion vector 50 by
using the frame Fl as a reference frame. With respect
10 the macroblocks B,.C, and E, predictions are
performed based on motion vectors 51, 22, and 55 by
using the frames F2, Fi, and ¥0 as reference frames,
respectively. The macroblock D is predicted by using

the reference frames Fl and F2. When the motion vector

50 of the macrobleck A is to be encoded, a prediction
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symbol F3 denotes a video frame; A, a video macroblock; 15 B, C, D, and
E, adjacent macroblocks that have already been encoded; and FO, F1,
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 usingot ethe

macroblack D is predicted by ysing, the refgrence frames Flang F2.

Whenat 3 motion vector 50 of the macrobiock A is to be encoded, a

prediction 78- ¥getos is selected frpm the motion vectars of then adiacent and
macroblocks B, C, D, and E, and the differential vector between the
predictibr vectoramdv HietmotioR veestorsocisehcoded. 5 A prediction

vector is determined by, for example, a method of selecting a mation

vector correspoRdifG s “thamaaiahValde oFthe Bt Veltdrs of the®* 2P e
adjacent, magroblocks B G andF- o amethod gtsalecting, 88 & ponaing to

predicﬁon vector, the motion vector of one of the 10 adjacent macroblocks
B, C, RnangiEawhigh-exhibitscar minimwmtresiduakenonsignd. Assumeé)acent

that the difference between the prediction vector and the motion vector of

the to-becardotedks B, C, and E or a method of selecting, as a
prediction vector, the motion vector of one of the
adjacent macroblocks B, €, D, and E which exhibits a
minimum residual error signal.

Assume that the difference between the prediction
vector and the motion vector of the to-be-encoded
macroblock becomes 0, the reference frame having the
macroblock for which the predicfion vector i1s selected
coincides with the reference frame having the-video
macroblock to be encoded, and all the prediction error
signals to be encoded become 0. In this case, the
macroblock is skipped without being encoded. The
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 €. In this case,
the macroblock A coincides with the macroblock C in

terms of reference frame, and the motion vector 50

coincides with the motion vector 52. If all the
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macroblock becomes 0, the reference frame having the 15 macroblock for
which the prediction vector is selected coincides with the reference frame
having the video macroblock to be encoded, and all the prediction error
signals to be encoded become 0. In this case, the macroblock is skipped
without being encoded. The 20 number of macroblocks consecutively
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 macrablock C. In

this cd¥eS 25%hé tHacbboEK AtcBiRdies ithtRe F&GTObIbEK E fh terms’, the
of reference frame, and the mation vector 50 coincides. wi moti .
vector 6217l he'73 redichon aros SHRals o e scioBlGck A afe 0,

pre n error signals of the macroblock A are 0,

the macreblegk iscskippadjyithoyt being-encaded: Atdhe tineelecred by

decoding, a prediction vector is selected by the same method as that
used atithe simrez ofreridonting; S anid: & predidtion pichyretis genedated byding,
using the reference frame of the macroblock for which the prediction

vectori8 Sefedidd Srrie dérierRteat Prévictondsitiné 18 de¥olsd pruiras
of the skipped, macgblack. 10 'tg@e r%;g}go%%vcgkm%&o%%%imgg

conditions " Is not satisfied, t e differential vector between the prediction
vectorandithedmetion ¥eetor of theaddeq taacroblock, therpredictian error

signal, and an index
prediction picture is a decoded picture of the skipped
macroblock.

If one of the above macrobloeock skipping conditions
is net satisfied, the differential vector between the
prediction vector and the motion vector of the video
macroblock, the prediction error signal, and an index
indicating the reference frame are encoded.

Bs the index indicating the reference frame, the
differential value between the reference frame index of
an adjacent macroblock for which a prediction vector is
selected and the reference frame index of the video
frame 1s encoded.

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 wvector between
the motion vector 50 and the moticn vector 52 and the
prediction error signal of the macroblock A are
encoded. Alternatively, for example, 1in accordance
with the table shown in FIG. 23, a reference frame 1is

expressed by an index (Code number). A differential
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indicating the reference frame are encoded. 15 As the index indicating the
reference frame, the differential value between the reference frame index
of an adjacent macroblock for which a prediction vector is selected and
the reference frame index of the video frame is encoded. 20 When the
motion vector 52 of the macroblock C is selected as the prediction vector
of the macroblock A as in the above casefthe differential vector between
the motion vector 50 and the motion vector 52 and the prediction error
signal of the macroblock A are 25 encoded. Alternatively, for example, in
accordanices withtthegableshowrdineF16. 23¢a ¢eferariceframédg ence frame
expressed b%&%n index (Code numbg%. A differential 80 value between

e

the indé¥ 2 iidicitiy’ 2 veferénde fraiie Hor e matioblB&C Clivo rraies 2 ©F
back and the ipdex 2 of, the macroblock A.ji.e..Q, is §pgoded as A, o once

reference frame index differential value. 5 FIG. 37 shows another motion
vectorsengesing, daethad aesekding to thesambadiment of the present
invention. Referring to FIG. 37, a frame F2 is a video frame to be
encoded, whichGs a’B pidigresforWhidhea moticrPtompensatiomprediction
is performed from 10 tem oralg/ adjacent frames. With respect to a

macrobiddk 61 mtharare F2° aﬁ#é?nglﬁ]gc?élbg‘gﬁlgsgax réfaferte R EmE

for a backward prediction; andg.framg Fids used as ageference frame, 5 qeo

for a forward
frame to be encoded, which is a B picture for which a

motion compensation prediction is performed from
temporally adjacent frames. With respect to a
macroblock 61 in the frame F2, a frame F3 1s used as a
reference frame for a backward prediction, and a frame
Fl1 is used as a reference frame for a forward
prediction. Therefore, the frame F3 is encoded or
decoded before the-frame F2 is eanded or decocded.

In the reference frame I3 for a backward
prediction for the video macrcbklock 61, a macrcblock 60
at the same position as that of the video macroblock 61
in the frame will be considered. If a motion compensa-
tion prediction based on the linear sum of the frames
FO and F1l is used,lthe motion vector (62 in the figure)
of the macroblock &0 correﬁpondinq to the reference
frame F1 for a forward prediction for the video
macroblock 61 is scaled in accordance with the
inter-frame distance, and the resultant vector is used
as a vector for ferward and backward predictions for

the video macroblock 61.
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prediction. Therefore, the frame F3 is encoded or 15 decoded before
the-frame F2 is encoded or decoded. In the reference frame {3 for a
backward prediction for the video macroblock 61, a macroblock 60 at the
same position as that of the video macroblock 61 in the frame will be
considered. If a motion compensa 20 tion prediction based on the linear
sum of the frames FO and Fl is used, the mfdtion vector (62 in the figure)
of the macroblock 60 corresponding to the reference frame Fl for a
forward prediction for the video macroblock 61 is scaled in accordance

with the 25 int8EframeSdi8tanks, REthevesiitditveetot istised- @asfaon the
vector ckward predictions faor the video macroblock 61.
ior dgravard apd Ragk ?raﬁ ehgl-at h%}frgfﬁe %0 tHe frander ame

81 Letting RI be the inter-frame Stancé front

F2, andiR2dethe intes-rame distanee fromthedframe F2 fo thaframe | ..
F3, the motion vector obtained by multiplying the motion vector 62 byg

RI/(RI ¥ R2) becomes amdtiby veotbr 64 feriafpraaed mpsedigion farthe 62 1y
macro%lgc/:g 61. The motion vector obtained by multiplying the motion
vector Wﬁﬂ(lﬁf‘%)R?)elﬁé’é%ﬁﬁesaarﬁ%ti]dﬂ\/e%ﬁﬁt@moﬁé backwarforward

prediction fQt the;macrgblock 61. 10 With respect to the video macroblock
61, thetg%ove motion vect%ﬁfoﬁ%gﬁgntbilsoncgf eéédde&j}h%cf‘l?rﬁs}%”ﬂéﬁcmr

indicating the abave pregictianmede qi.enthey gxecutionof a hi-directional
prediction by motion
by ~R2/(R1 + R2) becomes a motion vector 65 for a
backward prediction for the macroblock §1.

With respect to the video macroblock 61, the above
motion vector informatién 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. |

In a decoding operation, the frame F3 is decoded
first. The motion vectors of the respective
macroblocks cf the decoded frame F3 are temporarily
stored. 1In the frame F2, with respect to the
macroblock for which the flag indicating the above
prediction mode is sét, notion 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.

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

to FIG. 38, a frame FO is a reference frame for a
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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 th& #notion 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-8it&etioral predictionishowinin FIG: BTcRefertingHoddG. 88, aF a video

frame EQ is a reference frame for a 82 forward prediction for a video
macroblbek' 71 of a vidid Flam@EDeand Hederarasgementsarethee as

[ ' kward motign
same as, thase;in FiG5374Hn this,case, forward and bac 8d
vectors for the \l/ideo macroblock Ztrelo%ta(izlﬁest? 5 byosrc"éﬁﬁ

at the same position as that of the video macroblock 71, to the frame F

in accardaricewith thetintertfiame distance. L2ting RI be the inter-fkame with

distance from the 10 frame FO to the frame F2, R2 be the inter-frame
distance frémm the frianfe F3 #§'the fram@REantR3 e airednter-fidme same

distancs,ftom {bs, frame: fQulodhe fiame, f e esioroBianedoy .,
multiplying the motion _

£motibR ckward
vector i3 of armaesobloek 78uwith Hespeeldg aframe 3, which isjocated . .

frame FO in accordance with the inter-frame distance.

Letting Rl be the intér-frame distance from the
frame FO to the frame F2, R2 be the inter-frame
distance from the frame F3 to the frame ¥2, and R3 be
the inter-frame distance from the frame FO to the frame
'3, the vector cobtained by multiplying the motion
vector 73 by R1/R3 is a forward motion vector 74 for
the video macroblock 71. The vector obtained by
multiplying the motion vector 73 by -R2/R3 is a
backward motion vector 75 for the video macroblock 71.
Bi-directional predictive encoding and decoding of the
video macroblock 71 are performed by using the motion
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 videe macroblock to be
encoded, a macroblock at the same position as that of
the video macroblock in the frame will be considered.
When this macroblock uses a plurality of forward

reference frames, forward and backward motion vectors
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vector 73 by R1/R3.is a forward motion vector 74 for 15 the video
macroblock 71. The vector obtained by multiplying the motion vector 73
by -R2/R3 is a backward motion vector 75 for the video macroblock 71.
Bi-directional predictive encoding and decoding of the video macroblock
71 are performed by using the motion 20 vectors 74 and 75. In the
methods shown in FIGS. 37 and 38, in a réference frame for a backward
prediction for a bi-directional prediction video macroblock to be encoded,

a macrfoblocl?{;lt the same positi%]régjs that of 25 the video macroblock in
the frante will e ¢orisider8a S WheT tHis ffatrshioad Gdeca plurdfity oo @

forwargortaj%e@n@;@ér@g}eau{qrwaf%é%@@élclévefa%@og%ge%t&%%%n@é frame

the video macroblock are generated by scaling a motion vector wit

respect4o the:samevefetencerframecas thesfopvarshreferenes framefor i onal
the bi-directional prediction video macroblock. 5 As described above,
generaticiidfidhétien Vécdlers bystalrigirkthe above manner can reduce

the encoding . overhead far tge motion vectors and improve the encoding

efficiency. In AdditicR Gf teFe afe’ ] VSlar iRy 6Hmbtion vatoFSba Whidte S tors
scaling, > haseds A0 the, preglictian efficieny,can bs improyed.by selecting, ;; .

motion vectors exhibiting coincidence in terms of forward reference frame

and scatinglther. This makesrd tpossibie-torrealize: highiefficisasy the

encoding.
encoding efficiency. In addition, if there are a
plurality of motion vectors on which scaling is based,
the prediction efficiency can be improved by selecting
‘motion vectors exhibiting coincidence in terms of
forward reference frame and scaling them. This makes
it possible toe realize high-efficiency encoding.

FIG. 39 shows another method for the
bi-directional predictions shown in FIGS. 37 and 38.
Referring te FIG. 39, a frame F3 is a video frame to be
encoded, and a videc macroblock 81 to be encoded is
predicted by a bi“diréctional prediction using a frame
F4 as a backward reference frame and a frame F2 as a
forward reference ffame. A macrobleck B0 in the frame
F4 which is located at the same position as that of the
video macroblock 81 is predicted by the linear sum of
two forward frames FC and Fl1. In the method shown in
FIG. 39, therefore, the same forward reference frame is
not used for the macroblock 80 and the video macroblock

81, unlike the methods shown in FIGS. 37 and 238.

In this case, a motion vector with respect to one
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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 is located at the same positién as that of the video
macroblock 81 is predicted by the linear sum of two forward frames FO

and Fl. In the method shown in FIG. 39, therefore, the same forward
refereride framelis PBa1ot used forahe maoreblock 80 amddhe videor the
macroblock %1 unllk the methods shown in FIGS. 37 and 38. In this '
case, a ot e%}for Vit FESpRCERd it of the fdrwaRE Feféfengee forward

frames EQAnd ELfot he, macioblock 80 whishyi temporally closero the

forward reference frame F2 for the video macro IS Scaled in

accordance «dthi thedntes-frame-distance. biWith this eperation, forward, - .
and backward vectors for the video macroblock 81 are generated. Letting

RI be ‘e thtéiframerdistahée fromitherarme Fadothe framed F8:R2des for
the int li“frame distance from the frame F4 to the frame F3, and R3 be the

inter- frame Jistiree s 90 RE frafrle BED tHEWakid-£4 - a fdrivakd ng R1 be
mOt'Ont‘}ﬁ%CtQEﬂgéer%%\éd%qg@ﬂﬁtelo%lﬁ"%}n St%%ta@?d b &uléplylgge frame

motion vector 82 of the macroblock 80 with respect to the rame
RI/R3. B bagkward the inter-frame distance from the frame F4 to

the frame F3, and R3 be the inter-frame distance from
the frame Fl tc the frame F4, a forward motion vector
84 feor the video macroblock 81 is obtained by
multiplying a motion vector 82 of the macroblock 80
with respect to the frame F1l by R1/R3. A backward
motion vector 85 for the to-be-encoded macroblock 81 is
obtained by multiplying the motion vector 82 by ~RZ/R3.
The video macroblock 81 is bi-directionally predicted
by using the motion vectors 84 and 85 obtained by
scaling.

As described above, generation of motion vectors
by scaling in the above manner can reduce the encoding
overhead the motion vectors and improve the encoding
efficiency. In addition, if there are a plurality of
motion vectors on which scaling is based, and there are
ne motlon vectors exhibiting coincidence in terms of
forward reference frame, a motion vector corresponding
to a reference frame temporally closest to the forward

reference frame for the video macroblock is selected
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motion vector 85 for the to-be-encoded macroblock 81 is 15 obtained by
multiplying the motion vector 82 by -R2/R3. The video macroblock 81 is
bi-directionally predicted by using the motion vectors 84 and 85 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 &fficiency. In 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

frame2& inctiohiisttor CotrespBRing thta FetéreHesdrdime isvaporatly the

close %{t_be f rwardg ference frame for the videﬂp acroblock is
select%éé 853"gntocli%%al"eé%i‘ﬁféerﬁgﬁesaﬁléogsﬁﬁ%]té Tmiprote thé L pretifdtion

efficiengy-and#galize high-efficiency encoding. FIG. 40 is a flow chart of
the video encoding S method according to the embodiment of the present
invention. FIG1£1 isl& view for £xplainihg atweifhting predietionencoding
accordin% to the embodiment of the present invention. A weighting

predicliBh2ARCoRMT T e eirbolinferftvit Béreratribed With referencet

to 10 FIG, weight.factor determination method will then he
described %fr%férenge fo FIG. 40. Referfing to FIG %?é‘f‘&&%eﬁ

symbels £ tHlnk2 pandif3 denotedemporallyLonseeutive.tamasnthe o tne

present invention. A weighting prediction according to
the embodiment will be described with reference to
FIG. 41. A weight factor determination method will
then be described with reference to FIG. 40.

Referring to FIG. 41, reference symbols FO, F1,
F2, and F3 denote temporally consecutive frames. The
frame F3 is a video frame to be encoded. The frames
FO, Fi, and F2 are reference frames for the video
frame F3.

Of to-be-encoded pixel blocks A, B, C, and D in
the video frame F3, for the blocks A, B, and C,
reference pixel block signals with motion compensation
are generated from the frames F1, F0, and F2, respec-
tively. With respect to these reference pixel block
signails, a prediction pixel block signal is generated
by multiplications of weight factors and addition of DC
offset values. The difference between the prediction
pixel block signal and the to-be-encoded pixel block
signal 1is calculated, and the differential signal is

encoded, together with the identification information
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frame F3 is a video frame to be encoded. The frames 15 FO, F1, and F2

are reference frames for the video frame F3. Of to-be-encoded pixel

blocks A, B, C, and D in the video frame F3, for the blocks A, B, and C,
reference pixel block signals with motion compensation 20 are generated

from the frames FI, FO, and F2, respec- tively. With respect to these

reference pixel block signals, a prediction pikel 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-BAcodir] piReFB16EIc Sidriaiiscaléuldtad and they differentiab Signak tion .
is encoded, together with the identification information 86 of the

e A MBRGH vECtof iforatioh. With (eSpE&itodhs bisck

reference fram

D, referenge block; signalswith, motion &9%@93?}“%&%@%@%&%@% 1

generated from the frames FO and FIl. P. prediction 5 pixel signal i
generagteddrysadding addCoffset valuestortbe linearrcombination of thei on
reference pixel blocks. The difference signal between the to-be-encoded
pixel Bléelesighalcand thedsrediction Isikelbidckcsignaldsiéhoaded, DC offset
togeth‘% Y\(itg ttge 10 identification information of the reference frames and

motion} Y&&tor information. O the Sth FRENd: 1 a Yechdin g OperatidH: the
MGHﬁ@Ew@@i@@HE%@Qn0&%@'@%%%@%%&@@e§989a1 between the

to-be-encoded pixel block signal and the prediction
pixel block signal is encoded, together with the
identification information of the reference frames and
motion vector information.

On the other hand, ih a decoding operation, the
identification information of the reference frames and
motion vector information are decoded. The above
reference pixel block signals are generated on the
basis of these pieces of decoded information. A
prediction pixel block éignal is generated by
performing multiplications of weight factors and
addition of a DC offset value with respecht to the
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
encoding and decoding operations by the following
calculation. Letting predA be a prediction signal for

the pixel block A, and ref(1] be a reference pixel
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motion vector information are decoded. The above 15 reference pixel

block signals are generated on the basis of these pieces of decoded
information. A prediction pixel block signal is generated by performing
multiplications of weight factors and addition of a DC offset value with
respect to the 20 generated reference pixel block signals. The encoded
difference signal is decoded, and the decodedl 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 thefolfoining 1 calédlatient. astling! pledArbe b predietion signaltfor thégnal

pixel block A, and ref[l] be a reference_pixel 87 block signal extracted
rom (56 idhe 1. e Sighat EleaR i EAICEHE a5 follows:

predA:W[l]reLf{g.];Cg;LQW(flgg Wherew[l}is,a weight factor for the reference (42)

pixel 5 block, and d(1] is a DC oftset value. These values are encoded as
headewdatasfor each vides frametor stice:inoa coefficient takle-Weight pixel
factors and DC offset values are separately determined for a plurality of
refereficefidmesdedrrapondifgao 'dack Vides Tramme UED Fol exaraplea lues are

with respect to he pixel block I(Bjiﬂn* FI%. 41, since a reference pixel block )
ref[0] i§ Sktracted o the frame FO, Abredicfioh SigH&PorebB™fs Givers L ice in
by the followirg aualion:r ap1e. Weight factors and DC offset

values are separately determined for a plurality of
reference frames corresponding to each video frame.
For example, with respect to the pixel block B in
FIG. 41, since a reference pixel block ref{0] is
extracted from the frame F0O, a prediction signal predB
is given by the following eguation:

predB = wi] e red0] + 0] (43)

With respect To the pixel block D, reference pixel
hlocks are extracted from the frames FO and F1,
respectively. These reference pixel bleocks are
multiplied by welght factors, and DC offset values are
added to the products. The resultant signals are then
averaged to generate a prediction signal predD

predD = {W0] ¢« ref[0] + wl] ¢ refll]l + @{0] + G111}/ 2 (44)

In this embodiment, a weight factor and DC offset
value are determined for each reference frame in this
manner.

A method of determining the above welight factors
and DC coffset values in an encoding operation according

to this embodiment will bé described with reference to
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predB = w[O] red[o] + d[0] (43) 15 With respect to the pixel block D,
reference pixel blocks are extracted from the frames FO and Fl,
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[O] + w[l] ref[l] + (d[O] +d[I]) 1/ 6344) In this embodiment, a
weight factor and DC offset value are determined for each reference

frame LnItgis nner. 25 A method of determining the above Wei%ht
: V: §1 RhcOGhG bperation atebfdifg ‘othrrs and

factors and D bﬁ‘sefh Valliés i
embodime il [ ith refer 1G, .40, The-method

of detcetmir%trg\g%vﬁr?ﬁ%%gtlébrgsd‘éyr%quégo%gtg\(}%%se gvﬁ%éqéeggr%gf with to
referendestof the.flav ehart of FIG:40 sassumirgitiat she rinter-frame

prediction relationship shown in FIG. 41 is 5 maintained, i.e., the frame F3

is a vidéo-fFAMELdAE the Pdhidsi FO, Ft landiF2 alelefedenee framdéslG. 41 is
Weight factaqrs andéDC offset values are regarded as independent values

with reSpect 10 & pidifality 8f referénce frifnes, and waight Fctor BE 6Hset

data 10able datads pacoded fog,eachvideo frame or slice. For gxample,

with respect to the video frame F3 in FIG. 41, weight factors ana DC

offset values {e{Ohhe[0L),(nfl}«d[2 %)) and (wf2ls 2]y sorrespanding &y a rded
as independent values with respect to a plurality of
reference frames, and weight factor/DC offset data
table data is encoded for each video frame or slice.
For example, with respect to the video frame F3 in
FIG. 41, weight facters and DC offset values {(wi0},
df01), (wll}, d[11), and (w2}, d[21) corresponding to
the frames FO, Fl, and F2 are encoded. These values
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 of in each siice in the frame is

calculated as follows (step S10).

D F3(x, v)

PCour = 2L (45)

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

intensity (lo be referred to as an AC component value
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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). Y F3(x, y)
DCcur = XY N (95) where F3(x, y) is a pixef Yalue 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
componBhfidlad 88 hereinafter) 6rthéentifrelvigeo framieF8breachach slice

slice in the frame.is then,calculated by, the following equation (step $S11):
iF3(x, y -%Cgur %@gurlzsz\%%fﬁ (ﬁ%ﬁlr%}h‘?etaes%rg%e {'6f aif AECWing

compoagntvalue, a standatd geviation like the one described below may
be used. In this case, the computation amount in obtaining an AC

component value incre'f?ﬁg(]xg)%~mlﬁc%]¥) - DCcurf ACcur =
ACcur = =2

N (46)

In measurement of an AC component value, a
standard deviation like the one described below may be
used. In this case, the computation amount in

obtaining an AC component value increases.

> {3 0x, ¥) - DCeur
ACecur =+~

N (47)

As 1s obvicus from a comparison between eguations
(46} and (47), the AC component value measuring method
based on equation (46) is effective in reducing the
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
according tec egualtions {45) and (46) {steps S13 and
514},

On the kasis of the above calculation rezult, a DC
offset value dlref idx] with respecﬁ toc the
(ref idx)-th reference frame is determined as the
difference between DC components as follows {(step S15):

dlref idx} = LCcur - DCreflref idx] (48)
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VVV N (47) As is obvious from a comparison between equations (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 vaitfé ACref[rf idx] are calculated
20 according to equations (45) and (46) (steps S13 and 514). On the
basis of the above calculation result, a DC offset value d[ref idx] with
respect to thé* (réfitkl-th feéfefente framnd isidbtérmined asahePbed as an AC
difference _be ween D mponents as follows (step S15): d[ref idx] =
DCcur-" b%re{ffre?%x 4%3) 90 A weight factor w[ref idx] is determined as

an AC_gain (siop S16) wlrel ig) =, AGsurAGrefief igh] (49) The above

calculation is performed with respect to 5 all the reference frames (from

ref idx = O to M-AXLREE 1DX) {steps 517 and 5k8) MAXBERIDX respect to
indicates the number of reference frames. When all weight factors and

DC offset valids Bt BEtififindd; 28y afd Batodettas thble détatfor each

video frame.gr10 slice. and weiohted predictive encoding of the
indicates the number of reference frames. When all
welght factors and DC offset values are determined,
they are encoded as table data for each video frame or
slice, and weilghted predictive encoding of the
respective pixel blocks is performed in accordance with
the encoded weight factors and DC offsetr values.
Prediction pixel block signals in. encoding and decoding
operations are generated according to equations (42) to
(44} described above.

As described above, generation of prediction
signals by uSing weight factors and DC offset values
which vary for ea;h reference frame and performing
predictive encoeding in the above manner can properly
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
time or varies in DC offset value.

A specific example of the method of encoding

information of weight factors and DC offset values will
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respective pixel blocks is performed in accordance with the encode_d
weight factors and DC offset values. Prediction pixel block signals in.
encoding and decoding operations are generated according to equations
(42) to 15 (44) described above. As described above, generation of_
prediction signals by using weight factors and DC offset values_ wr_uch
vary for each reference frame and performi?@; 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 &fié%ﬁ&féﬁ&%idﬁeﬁﬁ&ure Eg{f%ﬁity dven With téspetfto &Vileodata

signal which. varies in signal amplityde for each frame orslice over 25,
time O%A\é/rg%gs in I§C %%%??alng spjéeél |c%§59n%3rg of fhe mthga gt +om of

encoding: 4ermation-efweight factars apdiDG pffsetvalues will 91 be
described next. FIGS. 42, 43 and 44 show data structures associated

with encodind &finfdrinationvof weight fattdrs and<RC offsetvalues flGture of
42 shows part. of the header data structure of 5 a video frame to be

encod@d or $fite. A fidkirGmAiRdER LRt "iimBSer SFmaxPrefagkmun index
o f i f .or slice and a table data
indicating refergnce frames for ﬂ’?ef/‘ge%%%ﬂfgﬁ}aﬁa%ﬁ’é‘i%ﬁ dﬁée%ﬁ%&ce

"weighting table()" indicatinginformatiorn o ors
valuestararencofied. The maximume1Qidex count umbey of maxyef 4.+

idx" is equivalent to
"welghting table{)" indicating information of welight
factors and DC offset values are encoded. The maximum
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 welght factors and DC
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
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 wl[i] is approximated
with a rational number w'[i] whose denominator becomes

a power of 2 so as to be encoded inteo a numerator i}

expressed in the form of an integer and a denominator
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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] associgted 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
generdily értodea into &h intelere Fop s feasbnilas muicated by
equation (50), the weight factor wli] is approximated 25 with a rational
number WIi] whese denominatoibecoares: afgower of 2 so as to be
encoded into a numerator [iEerpressed #1 thelfaneonafarcinteger and a
denominator 92 to the power of 2 w-.-exponential-denominator. w' [i] = w
numerator[i] 2W € eXgdréntal déRSminaRsiB 0P Thendhlté of thenominator to

numerafor qp(g the depominator to 5 ower of 2 can be obtained by
the following equati%n (g]l)(;:%vnm}fn%ef);agr iigef%t)%[i] LbhBHaRE
ial_denemitator w exponential denominator = (int)log2 255 max(wfi]) i

(50)

W _numeratori] = (intwii] x 2W _ exponential denomin ator
w_ﬂexponential_denominator::(int)log2 m_géémm
max(w{il])
i
(51}

In encoding and decoding operations, a prediction
pilcture 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
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 welght factors to be
encoded, decrease the encoding overhead, and improve
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
reference pixel block signals can be realized by
multiplications of integers and bit shifts, no

fleating-point coperation or division is required. This
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(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,

decre the encoding. . head, and improve 20 the encoding efficiency
as comrgg W{i]g‘l %ﬁ%ﬁ%ﬁ% c%fdinﬁgégr(%enﬁ}eeﬁb%ﬁ%‘éa\ﬁ&gﬁﬁf%%td*r@d
for eactbmgferencesframednto:-denominatogs;an ”QHL?%%’&%AEE
denominator is set to a power of 2, since multiplications of weight'factors
with respect t6!25 reference pixeh blocksignals ¢an be realizedineg 1n
multiplications of integers and bit shifts, no floating-point operation or

division'g FiGiirede Thislo® shakes it passiblead réddde thertradeate a

size and computation amount for encoding and decoding. The above
compt%atéiaons will be %e cﬁﬁ)segdﬁﬁnfu?t gfi ge %#bgéyovﬁe@ﬁfﬁi%hz(@? the

representsia i prediction-expression ghtainad.by Q?“‘éfﬁ"x‘]é@%ﬁ% (42} and
predictve expression indicate Yy equations an and IS used 1or
dict dicated b t (42) and (43) f
the gehération'of a predictidnt pixekhblocks signakfof arpixel bhoghk-edict ion
correslgonding to a , )
1zel block signal for a pixel block corresponding to a
reference frame number i. Let Pred; be a prediction
signal, refl[i] be the reference pixel block signal
extracted from the ith reference frame, and wl[i] and
dlil are a weight factor and DC offset value for the
reference pixel block extracted from the ith reference
frame.
Predi = wlile refli] + d[i] (52}
Equation (53) is a prediction expression in a case
wherein the weight factor w[i] in equation (52) is
expressed by the rational number indicated by equation
{50} . In this case, wnli] represents W numeratori{i] in

equation {50), and wed represents
w_exponential denominator.
Pred; = ((wnfi] » refli] + 1 << (wed — 1)} »> wed) + d[i]
o (53)
In general, since the weight factor w{i}] which is
effective for an arbitrary fading picture or the like
is not an integer, a'floating~point multiplication is

required in the equation (52). In addition, if w(i} is



reference frame number i. Let Predi be a prediction 10 signal, refij 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 edi = w[i] ref[i] +

d[ij (52) Equation (53) is a prediction expression in a case wherein the

weight factor w[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 w exponential denominator. Pr edi =
((wnli] F&ffif #I°€< (Wed 211) > ed) wyd[if a(58prin penerdle$iNCa the 1 reger
weight facc r,wgi],whiph is 25 effective for an arbitrary fading picture or the

like is fot an ihtegér aToating-poittimdEplication is Tequieed in the the
equati o itian, if.wlij.is 94, expressed. by an arbitrary rational
numbgib&]@%)ﬁ%%{?gngl% |%\/§t#§ne§ngséiv?s 51r?%éﬁeo¥éqﬁi’r%. [fth&*pPressed by
denominatartindicatechbyeguakion (90) Is;expressed.by, 2 @tiona\[\;mﬂn@%%d
which is a power of 2, a weighted 5 predictive computation can be one

> by an iftey@t Fhaliplicationising an integrab eoefficiertwniil, addingof
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an offset in confideration of rounding off, a right bit shift of wed bit, and
integral additign + €2 L10n using an integral coefficient wnii],

adding of an offset in consideration of rounding off,
a right bit shift of wed bit, and integral addition
of a DC offset value, as indicated by equation (53).
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 fréme number 1i.

Zven if, therefore, the reference Trame number i takes
a plurality of values for each vigdeo frame, an increase
in code amount in encoding weight factors can be
suppressed.

Equation (54) indicates a case wherein the weight
factor representation based on equation {50} is applied
to a prediction based on the linear sum of two
reference frames indicated by eguation (44}, as in the

case with eguation (53).

Pred = ((wn[0] * ref(0] + wnfl] s refli] + 1 << wed) =
(0] + d[1] + 1) >> 1 2) >> tred + 1)

(54)

In the above prediction based on the linear sum of

two reference frames as well, since a weight factor is
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of a DC offset value, as indicated by 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 amodtrit 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 &% thedlinear suiyoftwooréference framesindisated by-eguation
(44), as.in the . case with equation (53). 25 Pred = ((wn[o] * ref[O] + wn[1]

ref[i] + 1 ARGISP RIS +1)} 14 [OR Bl msl)ae] (B4 inrthe abaverding

prediction %ﬁg@o egiﬂ??r sum of two reference frames as well, since
a weight factor 1s 95 no §

According to equation (54), however, a prediction signal ca

generateld by thertiear sune5 bf twe seference:fiames By pgHerming N e ger

an inteﬂgagnul iplication, bit shift, and integer addition. In addition, since
information wed toAderiihg thét shift, and integer addition.

addition, since information wed concerning the

magnitude of a denominator is also commonized, an

increase In code amount in encoding a weight factor can

be suppressed.

Also, according to equation (54), the numerator of

a weight factor is expressed by eight bits. 1If,

therefore, a pizxel signal value is expressad by eight

bits, encoding and decoding can be done with =z constant

computation precision of 16 hits.

In addition, within the same video frame, a
denominator, i.e., a shift amount, is constant
regardless of reference frames. In encoding or
decoding, therefore, even 1f reference frames are
switched for each pixel block, there is no need to
change the shift amount, thereby reducing the

computation amount or hardware size.

1f weight factors for all reference frames satisfy

W numerator{i] = 2D x Kj

the denominator and numerator of the to-be-encoded

weight factor to be calculated by equation (54) may be

ftransformed as follows:

' ' 95 not genéral y%%%}égéalﬁ]ta%n?%@@mﬁlo(54) ; however,
floatlng&p@ﬂé@ﬂﬂ@ﬂ@@“@‘ﬁg@{@ﬂeg%ﬁe%@C(E%g@gattoeaq%atl%:e @41'111@33: sum
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magnitude of a denominator is also commonized, an increase in code
amount in encoding a weight factor can 10 be suppressed. Also,
according to equation (54), the numerator of 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 sime video frame, a
denominator, i.e., a shift amount, is constant regardless of reference
frames. Inrencedingoalitlecading, thesefore, gven-if reference frames are
20 switchedkforeach ipile] bisokotikisre imo need to change the shift (56}
amount, thereby reducingthe cdputationtaraduntdsiardware size. if
weight factors for all reference frames satisg w_ numerator[i] = 2n x Ki

(55) 25 the &&EAGHiMGTor %1?1%’>m_]h?§rafd“r@of e fotbelencbded Weighte each
factor, Jg b calculated,by.eauation(34) may be, transformed as follows:

96 w numerator[i] = w numerator[i] >> n"w- exponential denomlnator(ES B
= w exp ppantialsienominator on . Equation 56y hag the-fungction ef 45—

reducing each weight factor expressed by a rational number to an

irredu€ibtefraétion. Ericodirdafter 'sieh dransBiformatiare carf rédueesthecded

dynmggggn%%Ongggyx¥§gtors without decreasing the weight
factor precision and can further reduce the code amount
in encoding weight factors.

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

by a rational number, and only a numerator

w numerator[i] may be encoded as follows.

w  numeratori]
24

wh{i] = (57}
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data of weight factors without decreasing the weight factor precision and
can further reduce the code amount in encoding weight factors. FIG. 44
shows the second example of the video data 10 structure associated with
a weight factor/DC offset data table. 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. In encoding a weight factor, however, & 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 denomi(rator is set as a constahf value.In—
the form shown incfcii@e A4 o examples & weight factor may be expresséd
20 by a rational number, and only a numergign W numerator[shmay be
encoded as follows. w [i] =w - numetator[i] (57) 2497 1ifw[i]51w
numerator[i] 25516 #wfijti62 {int)dfihx 24 neldeow exp@ onential dens,
min ator = 4 (58) In this embodiment, since the power of 2 which (58)

represents the denominator of the weight factor is 5 constant, there is no
needtoencoagiﬁ%ﬁﬁaﬁﬂp9dlment’ since the power of 2 which

represents the denominator of the weight factor is
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 Iin making a rationzl number

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
precision of 16 bits.

In additicn, 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 enceding and decoding. This makes it
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
incliuding the data structures shown in FIGS. 42 to 44.

In the head of the video data to be encoded,
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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 ("1.6" 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 dec%éing can be done with a

constant computation 15 precision of 16 bits. In addition, in this
embodimfentlmsir%ce the s{ift a?Lount concerning a multiplication of a _
weight factor i condtant, thefe &b ided tiloaBE sHift Akt "k eaéh which
frame n gneading and decoding;, This nakes.it 20 possible fo reduce the, -
implementation cost of an encoding or decodlng apparatug or softivare of
hardwaie: isize: F$G245 sthematieallyshowstheoyesall-dimasgerss (sy) .
structure of to-be-encoded video data 25 including the data structures
showF I G5 44 4L Nitthe tread of tiie Videordata talbe eneoged; 98- e,
informaaglian é)f a Iuralii;é/ of encoding parameters which remain constant

within ‘Ohe encodirg Sequencd, “suth B ] idtrd stRCRE S cdiedas a
seque@g%%g%&@w@ﬁ%chpaie%%éfaz%%afef%e'gﬂ':%z?”%%%ed B8ure data
picture, 5 and each picture is sequentially encoded as a combination of a
picture héadier(® H)zang) picture data
In the picture header (PH), a maximum index count

"number of max _ref idx" indicating reference frames

and a welght factoxr/DC offset data table

"weightingmtable()", which are shown in FIG. 42,
‘are encoded as MRI and WT, respectively. In
"welghting table ()" (WT), a power of 2
w_expenential_ denominator indicating the magnitude of
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
w_expeonential 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"
contained in the picture header. Each picture data is

divided into one or a plurality of slices {8LCs), and

the data are sequentially encoded for each slice. In
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(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. In "weighting
tableO"(WT), a power of 2 w exponential d%@ominator 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]

indicagg%ftlhe agnitude of the f%E.,Llrryerator of eact;:h weight factor and a DC .
r[Il]are'encodea% and Bredp&ctively’ iGfowiAg 20 w th sach

offset Value d , resp
expongentiahdenominator. \Mith regardJdo combipations of wejght-factor, . ;..
numerators and DC offset values, a plurality combinations of WNs and Ds

are encoded oarthe drasiscof theriumbariingicatediby-inumbernof daax refys)
idx" 25 contained in the picture header. Each picture data is divided into

one of& %Iu?ﬁl‘ii?%‘f%ﬂ@éﬁl(-‘SL@*éWéﬁ%i the datrdreseuentaliycendotedar .

for each slicewincgg %%chrgig&a% £nco Tg F\éz ﬁgtgeéeatis%g?% é/lvggé

each pixel block in fhe-slice is @ncoded as a

or a plusality. of magrablock:data (MB). aresegueptially engoded following.,

the slice header. 5 With regard to macroblock data, information

concemigg enpotidg of eachpixétinitheéanacrobleck,(MBT) of a pixel
block in the macroblock and motion vector information
{MV), 1s encoded. Lastly, the encoded orthogonal
transform coefficient (DCT) obtained by computing the
orthogonal transform (e.g., a discrete cosine
transtform}) of the to-be-encoded pixel signal or
prediction error signal is contained in the macroblock
data. In this case, both or one of
""number of max ref idx" and "welghting table ()" (WT)
contained in the picture header may be encoded within
the siice header (SH).

In the arrangement of the weight factor table data
shown in FIG. 44, since encoding of data indicating the
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 te the embodiment of the present
invention. A procedure for inputting the encoded data,
which is encoded by the video éncoding apparatus

according to the embodiment described with reference to

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



10

15

20

25

e.g., prediction mode information (MBT) of a pixel block in the macroblock
and motion vector information (NV), is encoded. Lastly, the encoded
orthogonal 10 transform coefficient (DCT) obtained by computing the
orthogonal transform (e.g., a discrete cosine transform) of the
to-be-encoded pixel signal or prediction error signal is contained in the
macroblock data. In this case, both or one- Y5 "number_of_max ref idx"
and "weighting-table () "(WT) contained in the picture header may be
encoded Withir}éthe slice header (SH)_ In the arrangement of the weight

factor table data® sHEWATH FIG 44, SincdeficuHint 6f ddtaidiedting thee

20 magnitude of t linatar ei htéc rcanb Losnéilted .
encodng of WED G, 48 Cartbe Sinitedt T Aiks 2o shage £ 25+

showini:a videscdecorling proeedure aceerding:to the embodiment of the - o ge
present invention. A procedure for inputting the encoded data, 25 which is

encodéd by thé videsraricoding dpphrdnsa adeording3s the enbodimentde r
described with reference to. FIG. 40, and decoding the_data will be

describéd Befdlv. X0 FhaHedder G5t of HhidnbotRa Fiihe of sicef e rence
which inclydes;the weight factor/RG offset data [able described with

reference to FIGS. 42 to 44, is decoded from the input encoded data °F 2"

(step S30)odbe header5 data okan epeoded Block,avhich includes a
reference frame index for identifying a reference frame for each
A reference pizel block signal is extracted from

the reference frame indicated by the reference frame
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
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
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 continucusly decoded.

The encoding and decodiﬁg methods folleowing the
above procedures can generate proper prediction

pictures in encoding and decoding operations even with
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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 frofl 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 thEsRgeddé&d predictiorierrerigignal iv'teiddedite the predictionpixél
block signal.to generate 20 a decoded picture (step S34) When the
respe@t%%%eln%gagd Bl biotkE afd ségtieftall dedoded ahatalihens

pixel blocks in the. encpded frame or,slice are ded, the next picture
header or slide header is cont%uo%s&/ (%%rgéegfég Tﬁ%%%%%afﬁ%ydnd
decodingmethiods feltowing the: pbeve arocadises fan SERCHMR BIORES with
prediction pictures in encoding and decoding operations even with 101
respect t6aavidé sigRalwhieh vafiés @i sigagl- amplitude over time or

varies in DC goffset value over time, thereby realizing high-efficiency,

high-picture-quafityVidéd BRcading ahtidetbding it § Higher PréaRiidn

GWCEQE%SI@éEB“%%U%ﬁ%”@%B@@eéHB%§E$@§¥@OQi11 be described
below one by one.

(1) in a video encoding method of performing
motion compensation predictive inter—-frame cencoding 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
least one reference macroblock is extracted from each
of the plurality cf 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,
and (¢} a predictive error signal between the
predictive macroblock and the to-be-encoded macroblock
1s generated to encode the predictive error signal, the

- first index indicating the combination of the pluraiity
of reference frames, the second index indicating the
combination of the weighting factors, and the

information of the motion vector.
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(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 ©@he 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 feferemee macroblocks by using a predetermined combination

of weighting factors, 20 and (c) a predictive error signal between the

predictive madctdblockian@ i tolsslencodad rmacroblcek sgenetatedtosum of
encodg th(flg)}ge igt,icve er rrsé eal, trkl]e firft index indig?ltin the . i
combination of the plurality” of reference frames: the second ihgBx © 1inear
indicating, the-2% sembination of the weighting factars. and {he, jnformation. . .

of the motion vector. 102 <Effects> Performing a prediction based on the

- linear surtiofc & plurality tof refergrwetframeswithyasiable linear=Sumntensity

weighting factors in this manner allows a proper 5 prediction with respect
to chaPyBs irr siiRalSHtehsRy oveftirfe-suchHssfaliee Thissmares b le to

possibi 19 JmRrove.thg prediction gfficiency I encoding- N 4ing.  1n
addition, for example, in a portion whare occlusion
(appearing and disappearing} temporally occurs, the
prediction efficiency can be improved by selecting
proper reference frames. Encoding these combinations
of these linear predictive coefficients and reference
frames as indexes can suppress the overhead.

(23 In (1), an index indicating the combination
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.
<Effects>

In general, changes in signal intensity over time
such as fading occur throughout an entire frame, and
occclusion or the like occurs locally in the frame.
According to (2), one combination of linesar predictive
coefficients made to correspond toc a change in signal

intensity over time 1s encoded for each frame, and an

index indicating a combination of reference frames is
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addition, for example, in a portion where occlusion (appearing and
disappearing) temporally occurs, the 10 prediction efficiency can be
improved by selecting proper reference frames. Encoding these
combinations of these linear predictive coefficients and reference frames
as indexes can suppress the overhead. (2) In (1), an index indicating the
combination 15 of linear sum weighting fattoks 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
vectormarg-encodes:foeedeh magtoblack: 20r<Effgcts> Imgeneralkes it
changes in signal intensity over time such as fading occur throughout an
entire RafMeLaml 6ECIGSHHT oF the fike @é@%ﬂmnwﬁm@mm@ while

Accordlng tod@ combmaglon of Imea %ctlve 25 coefficients made
to correspon Fakt ange i Sighal m‘fgns@ao fimeSis BRdoded fst an

each f@@%%@%n%x indicating a combination. of r%ﬁ%ff&&? HEMESIP e aq .

103 made variable for each macroblock. This makes it possible to

improve the engpdingreffidieney-white ,redueingdhe encading overheade

thus achieving an improvement in encoding efficiency including overhead.

5 (3) IF{DBI2), tRe tndtioh\Eetords e enssdedistemotion vestorpecific

assomated Wlllh @hs&)eckflc one ¢ of the pluﬁréaj,:lleyrte)afn rgéer Ir}%% fergmes.

<Effects>

In performing motion compensation predictive
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 1s transmitted, and motion vectors for
other frames are obtained by scaling the transmitted
motion vector in accordance with the iﬁter-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
the encoding efficiency.

{4) In (3}, the motion vector associated with the
specific reference frame is a motion vector tﬁat ig
normalized in accordance with the reference frame and
the to-be-encoded frame.
<Effectis>

Since the motion vector normalized with the unit

inter-frame distance is used as a motion vector to be
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<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 mationa 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 enceding Gwerhead anddimprove:20 the enecoding effisiencya @) (3 tn
the motion vector associated with the specific reference frame is a motion
vector #fat R hormalizéd itacebrdante wifiptiereferénea franraha the
to-be-enco%ed frame. 25 <Effects> Since the motion vector normalized

with thB Tt “interfrane tistarice™is usedis a MotibnVettdt t6be>To4 &
encodedifthisspanner, motionyector,scaling with; respectto.an arbitrary
reference frame can be performed at low cost by multiplication or shift
computationcarwldddition: frocessingeAssumingd-temporaliy upiformy a2 unie
movement, normalization with a unit inter-frame distance minimizes the

size of d¥hdfion JAstforts berdricoded et cansrediuge IHe inforinationo t ion

vector to be encoded and can reduce the information
amount of the motion vector, thus obtaining the effect
of reducing the encoding overhead.

{5) In (3), the motion vector associated with the
specific reference frame is a motion vector for one
of the plurality of reference frames which corresponds
to the greatest inter-frame distance from the
to-be-enceded frame,
<Effects>

According to {3), the mcotion 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
to-be-enceoded frame increases, the precision of motion
compensation decreases. In contrast to this, according
to (5}, a motiom vector for one of a plurality of
reference frames which corresponds to the greatest
inter-frame distance is encoded, and motion vectoré Tor
the remaining reference frames can be generated by
interior division of the encoded motion vector in

accordance with the inter-frame distances. This can
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amount of the motion vector, thus obtaining the effect of reducing the
encoding overhead. 10 (5) In (3), the motion vector associated with the
specific reference frame is a motion vector for one of the plurality of
reference frames which corresponds to the greatest inter-frame distance
from the to-be-encoded frame. 15 <Effects> According to (3), the motion
vector code amount decreases and scaling ©f 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
precisioRBI iGN cBffpeRsaton BedteAdas ITcomrastas this, precision
according.,fo r@g a rrngtti%n vecto[]tfq[ ope of a plurality of reference frames
which COrresponds 16 thes réatest interframe didtandis endotedmar@s it
motion,wectersifer 25 theremainingeference frames canke generated by
interior division of the encoded motion vector in accordance with the
inter-framet distanceshThis TanilkObe suppress ardecrease in motion
compensation precision with respect to each reference frame. This
makes it possible tolitnptéve e prédictioh efficidnicyrant: performto be
high-eﬁicL%nc?%]&nggdinq?g (ern (tl) or (2), the motion vectors to be .

e first motion Vector asgociated With Grie Ssparfiitarbfstenideh one

encodéd are
frame gptheiplyralipetreference v e of the plurality of reference

frames and a motion vector for another or other
reference frames, and the motion vector for another or
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
plurality of reference frames.
<gffects>

1f 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
vector and the motion vectors obtained by scaling it in
accordance with the inter-frame distances. 1If,
however, the speed of a change in pictufe is not
temporally constant, it is difficult to perform Droper
motion compensation by scaling alone. According to
{6), as motion vectors for a piurality éf reference
frames, one representative vector and.a differential

vector between the motion vector obtained by scaling



frames and a motion vector for another or other reference frames, and the
motion vector for another or 10 other reference frames is encoded as a
differential vector between another or other motion vectors and the

motion vector obtained by scaling the first motion vector in accordance

with the inter-frame distance between the to-be-encoded frame and one

or the 15 plurality of reference frames. <Effédts> 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 mdtioh Vettors dbdinéd by séalirigpit iradcerdance withltheotion vector

: inter-fr?me distances. If, however, the speed of a change in picture is not
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25

temporally constant it is diffictilt td BEVori Froplf fdtion co SAfigEs it
by scaliag alane, Acgording I9. 25(6). asduotanysglondora Py ot o
nd a

reference frames, one representative vector a ifferential” vector

between thesmetion ventor iobtaiaed: by sealingnlQ6 the:representative, ot i on

vector and an optimal motion vector for each reference frame are

encod&@ IS tnakes itposdibie to rétliice tHescotEcamountofmatiore the

vectors as §om ared with trge case wherein a plurality of motion 5 vectors
en&o

are encoded.

s thereforé Call tédice the “Encodihg GFeMEad Whikon
improving the; prediction  efficiency.

{7} In (6), the first motion vector is a motion
vector normalized in accordance with the inter—frame
distance between the reference frame and the frame to
he encoded.

{(8) Im (6}, the first motion vector is a motion
vector for one of the plurality of reference frames
which corresponds to the greatest inﬁerwframe distance
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
macreblock when an index indicating a combination of
the plurality of reference frames is a predetermined
value, all the elements of the motion vector to be
encoded are 0, and all the predictive error signals to
ke enéod@d are 0. With regard to the macroblock to be
encoded next, the number of skipped macroblocks is

encoded.
<Effects>
If the above conditions are made to coincide with

~each other on the transmission side and reception side
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(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
elemefits dF e mbtiBh VeEfoF t6 be Pérduticnare T hae lafl the prddictivee can

error signals to_be encoded are 0. With regard to the macroblock to be
encodé ngilt?fﬁeegnel?r%%gr of' sl(z:gpaedr %58%%‘0%@5%%%%3@39% sending an

<Effectszdf thei aove-ondifions argimade tocpingide with, each otheron . -

the transmission side and reception side 107 as conditions for skipping
macroblotks;ra pietute cam itenplayed back d6nthe seception side-witheutgnal,
sending an index indicating a combination of reference frames, a motion
vector fith@si2& of BN aRE A TerrBr §igHRAIL & WhidiP areséndodivg roblock,
information for each macroblock, upon encoding them. This makes it
possible 10 redlice the k‘é\h%(‘)ﬁéﬂd’ da%%aln%oﬂnﬁq(c%%rre%oﬁ)&ﬁﬁ %iﬁes%odﬁgduce

and the encoded data amount corresponding to these data and
improve the encoding efficiency. 1In addition, encoding
a predictive coefficient corresponding to a temporal
change 1n signal intensity for each frame can realize
adaptive macrobiock skipping in accordance with the
characteristics of a picture signal without increasing
the encoding coverhead.

(10} 1In any one of (1) to (8), enceding 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 motion vector to be encoded
coincides with a motion 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
macroblecks 1s encoded.
<Effects>

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

corresponding macroblock can be encoded as a skip



improve the encoding efficiency. In addition, encoding a predictive
coefficient corresponding to a temporal 10 change in signal intensity for
each frame can realize adaptive macroblock skipping in accordance with
the characteristics of a picture signal without increasing the encoding
overhead. (10) In any one of (1) to (8), encoding is 15 skipped without
outputting any encoded data with respecﬁ@% macroblock when an index
indicating a combination of the plurality of reference frames is a

predetermined value, the motion vector to be encoded coincides with a
motioR¥EERF f6t e Thraaidtely Poraviotsly erebded niaessslsck, and

all the.prgdigiilv £rror Si ajss toﬂbq{ggcodced areSOi VYith egard to the th
macroblock to be encoded riext, the number of Skipped miacrobiocks is-®

encodedcsEffaets3 w23 When, forex 8M@1%%%”@HEE@Yﬂbaefficiency.
macroblock in a frame temporally translates, the corresponding

macroblock cahlde ericodédlasca skip@08 maciohleck witHaut=seneing:-he
any motion vector information. This makes it possible to reduce the

encodifefE\erREdd BRE iMpRvETRE ePolihg effcieridy eLIj Ao ndicates
e g ST S STy BB s o
as refeggnce-fiames.ranes .

<Effects>

When the use of two immediately previocusly encoded
frames as reference pictures is seb as a macroblock
skipping condition, an accurate predictive picture can
be easily generated by a linear prediction such as
linear extrapclation even in a case wherein a signal
intensity changes over time due to fading or the like.
In spite of the fact that the signal intensity changes
over time, encoding of a macroblock can be skipped-'
The twe effects, 1.e., an improvement in prediction
efficiency and a reduction in encoding overhead, make
it possible to improve the encoding efficiency.

(12) In (9) or (10), anrn index indicating the
predetermined combinaticon of reference frames can be
changed for each to-be-enceded frame, and the index
indicating the predeternmined combination of reference
frames 1s encoded as header data for a to-be—encoded
frame.

<Effects>

The macroblock skipping conditions can be flexibly
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<Effects> When the use of two immediately previously encoded 10

frames as reference pictures is set as a macroblock skipping condition, an
accurate predictive picture can be easily generated by a linear prediction

such as linear extrapolation even in a case wherein a signal intensity
changes over time due to fading or the like. 15 In spite of the fact that the
signal. intensity changes over time, encodihgf a macroblock can be

skipped. The two effects, i.e., an improvement in prediction efficiency

and a reduction in encoding overhead, make it possible to improve the
encodiff FHGENCY 20 FE2Y HEOY Br ¢10) harmindexirticatingthet ure signal
predetgt\frgigeg cgmbinaéion of reference ggtmeg can be changed for each
to-be-ehcoded Hame, and the fhdex: ihdiciting the pletfetériinBd ¢
combinaiion;of reference, frames is engaded,as headerdata for.a, a Ricture

to-be-encoded 25 frame. <Effects> The macroblock skipping conditio

can besflexitly 169 echangeddaaseordanee with ekchangedn:picture sigpak ine

over time- By properly changing the skipping conditions for each frame in

accordahcEWFPCE pigturé 'So &8 #0EASIY cavse msacoblotk sRippimyatd, and
the encoding overhead can be reduced, and

Pigh-lFEincy SPAGIR Sin DS TEATER (15) I arly S 61D 6 (3),
encodingis (13 1n any one of (1) to {8), enceding 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
macroblock, all the elements of the motion vector to be
encoded are 0, and zall 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>

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

(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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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 en¢éded 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
macroblocki20is iset as & miaeroblockskigpmg conditiem,smaeroblockes is the
skipping can be efficiently done by utilizing the spatiotemporal
chara&%ﬁ?ti@éor?@ﬁﬁorgﬁétﬁe}éﬁ B8 Hfdcen t& akidet sighak Thigded

can impraye the  encoding effigiency. 23 (14) In.any one of. 1@%%@@; cides
|

encoding’is “skipped without outputting any encoded data w respéect to

a mackableckwihen asrindexingdicating a:kt0 cembinatiomaf the plurality;
of reference frames is the same as that for the immediately previously
encoded crvderbbiecks thel mokion ¥ector 14 bé encoded tointidesewitha
motion vector for the immediately previously 5 encoded macroblock, and

1

all thepréfittve &ftor Sigrafe 0k Ehcoded arbid: Wi égatd's the
mam@@&%%égf@%ﬁ“%@eggeéﬁggaggnggﬁgtS@Rge%umber of skipped

macroblocks 1s encoded.
<Effects>

Adding the arrangement in (14} to that in (13)
makes it possible to reduce the encoding ovérhead and
improve the enc&ding efficiency.

(15) In any one of (1) to (8}, the motion vector
o be encoded is predicted from a motion vector for oﬁe
or a plurality of adljacent macrcblocks within thej
frame, and the differential vector between the motion
vector to ke encoded and the predicted moition vector is
encoded.
<Effects>

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 moticen vector
to be encoded from adijacent macroblocks within the
frame in consideration of the spatial correlation
between motion vectors, and encoding only the

differential vector.

(16) In any one of (1) to (8), the motion vector



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 enddded 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 thantia (¢):too(@) by igretlicting a'metidireecter 1o béencoded fromfor a,
adjacent macroblocks within the frame in consideration of the spatial

correl 35T 25 batwedrr nﬂ?ﬁn%@@?or?,oéﬁo?éﬁébd}ﬁ@ bRy the"dhifférehmdly
vector, (16)1n,a0y.pn& of (1) 1p (8).the motion %%Iioﬁ} L lobeencpded

is preéjicted from a motion vector for a,” macroblock at the same position
in the iramesiatelyn premiausly. encodedrframeand the-differential vegtor
between the motion vector to be encoded and the 5 predicted motion

5 vectords encoded. =Effects>VEhe encoding bvertiedd for motion vectors

canbe
<pifects>

The encoding overhead for motion vectors can be
reduced and the encoeding efficiency can be further
improved by predicting a motion vector to be encoded
10 - from a motion vector for a macroblock at the same
position in the immediately previously encoded frame in
consideration of the temporal correlation between
moticn vectors, and encoding only the differential
vector.

15 {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 macrcblock at‘the same position in

the immediately previously encoded frame, and the

L 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
5 frame and between frames in consideration of the
spatiotemporal characteristic correlation bhetween

motion vectors. This makes it possible to further
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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 \éeftor. 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 immediate

3 5 be &

X |
previoddly end6ded frame; antlthe 20 différehtial ve%for%%%fv@én fHeetors.

motion vector o be epgoded and the-pregigted mofion, vectqr i gacaded,
<Effects> Both the characteéristics in (15) and (16) can be obtained by

predicting gmration: weciarwithinggu 26 frame and hetween frames ikith
consideration of the spatiotemporal characteristic correlation between
motion \AEtEISE THIR makés it Possible tofartheénl 1ndippproveilsmting a

encoding efficiency for motian vectors. (18) In ay one of (15) to (17), '
encodiﬁgr%}ls%ptp %Inwffho&t o@utguftﬁﬁél %‘ﬁ%%n%d&e 503 SWitT &858k To 1S @

a macroblockwhen an index indicating ab gombinatien of the plyralify:of, 1
reference frames is a predetermined value, the differential vector of the
motionweciartobecencodes isd, andatldie is 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.
<Effects>

In synergy with the arrangement of any one of (15)
te {(17), the encceding overhead can be further reduced
to improve the encoding efficlency.

{19}y 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 a
predetermined value, 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 encoded next, the number of skipped
macroblocks is encoded.

<Effects>

In synergism with the arrangement of any one of

i
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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. i5 (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 spineisles with a -differeatial- vestorfosthe immediately: ne opcoding
previously encoded macroblock, and all the predictive error signals to be
encodéd areé 0aWithaagérd to.thehmacrobfockad becencodedwnexttheencoding
numberf;{ skipped 25 macroblocks is encoded. <Effects> In synergism

with thedrrangeitient of any one of 113 (15) to (17) and the arrangement

of (10), the encogding oyer céalpb rther reduced fo improve the
encoding effiggnézy. (20) m%g) or (1@)%h index indicating the 5 - 179 the

predetgrnainedcombinration-atyeference: framesdndicates - the Use-of tog: o tes
immediately previously encoded frames as reference frames.
the use of two immediately previously encoded frames as
reference frames.
<Effects>
In synergism with the arrangement of (18} or (19)
and the arrangement of (11), the encoding overhead can
be further reduced to improve the encoding efficiency.
(21} In (i8) or (19}, an indey indicating the
predetermined combination of reference frames can be
changed for each to-be-encoded frame, and the index
indicating the predetermined combination of reference
frames is encoded as header data for a to-be—-encoded
frame.
<Effects>
In synergism with the arrangement of (18) or (19)
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
combination of the plurality of reference frames is the

same as that for the immediately previously encoded

macroblock, all the eclements of the differential vector
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<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 encodéd-4s 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 furtRér cBa to fiprove the enbodifig effichdiey. 422) Ih-amohadfl the
(15) to (llgzi .engggiiggésf rs&ppsed vf\]/iEEHQUt out%uttin any.encoded data __,

with réSpect fo a macroblock when an index mdicating & 25 edmbihatiofi - =
of the pluality;of reference framasiis the same.as that for the immediately, v
previously encoded macroblock, all the elements of the differential vector

114 obtheghotigrevecterctochd entodedsarer(; @nddall the predictive error
signals to be encoded are 0. With regard to the macroblock to be
encodé&d hegE e’ number of skipped macroblocks is encoded. 5

e S e Saperent L anyenest (9 8 Do o
(15) to (17} and the arrangement of (13), the encoding
overhead can be reduced to improve the encoding
efficiency.

{(23) In any one of (15) to (17), encoding is
skipped without outputting any encoded data with
respect to a macroblock when an index indicating a
combination of the plurality of reference frames is the
same as that fpr the immediately previocusly encoded
macroblock, the differential vector of the motion
vector to be encoded coincides with a differential
vector for the immediately previocusly encoded
macroblock, and all the predictive error signals to be
encoded are 0. With regard to the macroblock to be
encoded next, fthe 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
overhead can be reduced to improve the encoding
efficiency.

(24} In {1} or (2), the combination of linear sum
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overhead can be reduced to improve the encoding efficiency. 10 (23) In

any one of (15) to (17), encoding is skipped without outputting any

encoded data with respect to a macroblock when an index indicating a
combination of the plurality of reference frames is the same as that for the
immediately previously encoded 15 iacroblock, the differential vector of

the motion vector to be encoded coincided 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
encodedirgxt, ithe nGatber of skipped htaordblecksiis encostedasEffects2n the
In synergism with the arrangement of any one of (15) to (17) and the
arrandethEit oF (EE tE-ENCOYiTg 25 dbifead tahberedticed ted. frame and

inear sum 118 eighiing 1AGtorE i ASteRAREA 1 aceordance wih the
inter-frarne distances between a to-be-encoded frame and a plurality of
reference frames. <Effects> 5 A proper predictive picture can be easily
generated atfa [pwagost by pedorntingdinearintere polatiobor finedrl v
extrapolation for a time jitter in
generated at a low cost by performing linear inter-
polation or linear extrapolation for a time jitter in
signal intensity such as fading in accerdance with the
inter-frame distances between a to-be-encoded frame and
a plurality of reference frames. This makes it
possible to realize high-efficiency encoding with high
prediction efficiency.

(25 Inm (1) or (2), an average DC value in a
frame or field in an input video signal is calculated,
and the comblnation 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
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.

{(286) In (1} or (2}, assume that an input video

signal has a variable frame rate or an encoder for

thinning ocut arbitrary frames of the input video signal



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 factord isédetermined 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

tempotdt chak§es ih DE%alue inaartozbé-entoded:framecand arplasalityaf .  1n
refere ciee. frames, a proper predictive picture can be generated with

respect to Aot Only a eBnSAREYEMpbral thakge 9 siyhalinterisity bug the
also an gehitraryime jiffer in signal E’}ﬁn%fjg/mé#@i'gn(lggf (2), assume
iable 0

i gl A
that an input video signal has a var rame rate or an encodérfor =Y

thinningedutiarhitraryt fiames of the input-vides signah 116. 19 make-it haye ,,
a variable frame rate is prepared. In this case, in encoding the video

signal Ragigafe ivaribleffameaate, e tombmation of inear sumbe-encoded
Weightmlgafactorsciis dete\/5\7mined in accordance with 5 changes in
L It Il

inter-frameé distance betwee a to-beSendotbl 'iame drcPapRirality of
referengerframes:. <Effects>

By using proper linear predictive coefficients in
accordance with inter-frame distances with respect to
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.

{(27) In a video encoding method of performing
motion compensation predictive inter-frame encoding of
a to-be-encoded macrobklock 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) the
first reference macroblock corresponding to a candidate
for the motion vector is extracted from the first
reference frame, (b) the candidate for the motion
vector is scaled in accordance with the inter-frame
distance between at least one second reference frame
and the to-be-encoded frame, {c) at least ocne second

reference macroblock corresponding to the candidate for
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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 performingimaétion compensation

predictive inter-frame encoding of a.to-be--encoded macroblock of a

video picture by using a predetermined combination of a plurality of _
referente frarmhesandadrhotiomiséctorbetweenshe todbe-encogded20cted from
macroblock and at least one reference frame, (a) the first reference

macroblck e Ponding 16 s antiddtE  for the mMoliGs Yot 1§ macroblock

extrac;ttesd fr%m t@g gié%t !‘Defercezgfg frfn%el, l,1(b) thelclanndidate é%r thg rpj%tiog
vector'is séaled in accordance with the inter-frame 25 distance betwaen at

least gne-spcondeference fiame, and the to-he-epceded frame; d9)Atfor the

least one second reference macroblock corresponding to the candidate
for 117 ithetmetioh wectongbtamedyrscaling is ektiactéd frofe the
second reference frame, (d) a predictive macroblock is generated by

calcul B fiddPsuih tiding®d PrédetefmimeartomBinaisirorkéBhting
TS L S oo s e (0 e
macroglogkiSted, (£f) the motion vector is determined on the
| basis of the magnitude of the predictive error signal
betﬁeeﬁ the linear sum of the first and second
reference macroblocks and the to-be-encoded macroblock,
and (g) the predittive error signal, the first index
indicating the firsit and second reference frames, the
second index indicating the combinatién of weighting
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
with respect to one to-be-encoded macroblock, and a
predictive macroblock is generated from the linear sun.
In this case, 1f an cptimal motion vector is determined
for each reference frame, the computation amount
becomes enormous. According to the arrangement of
{27}, since a motion vector candidate for the first

reference frame 1s scaled to obtain motion vectors for

other reference frames, a plurality of optimal motion
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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 thetiaformation of the determined
motion vector are encoded. <Effects> Assume that a plurality of
reference macroblocks are extracted from a plurality of reference frames
20 wittv respect taceme te:be<encatled macroblack, and.a predigtive
macroblock is generated from the linear sum. In this case, if an optimal
motiorPEEEI3 deterniified for eadh iefefentse drahie ithe compatationgreatly
amoungebgcome,ghenormog?.. According to the arrangement of 25 (27),

since a méjtl%% vector candidate foriRe first reference frame is scaled to

obtain motion yesfors{ar pfhor reference. rames. A glyaliyf opimal .

motion 118 vectors can be searched out with a very small computation

amountcEhisinakesit possiblecto greatly reduceitheLncoding-0ast428) 1o
In (27), the determined motion vector is 5 scaled in accordance with the
distané&S BEMeEithESfespRbtive fefértfte frafhes and thebe-encoded

to-be-gneaded rame, apd ateference macrohjock for atlesstone

reference frame is individually searched again so as to
reduce the propriety error signal near the scaled
metion 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 perforn
high-efficiency encoding.

{29} In a video encoding method of performing
motion compensation inter-frame encoding of a
to-be-encoded macroblock of a videc picture by using at
least one past reference frame and a moticn vector
between the to-be-encoded macroblock and the reference
frame, the motion compensation predictive inter-frame

encoding is performed upcen switching, for each



reference frame is individually searched again so as to reduce the
propriety error signal near the scaled 10 motion vector. A motion
compensation prediction is then performed by using the motion vector
obtained as a result of the re-search. <Effects> Making a re-search for a

~ motion vector near 15 the scaled motion vector candidate can realize a
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higher-efficiency motion vector search withia smaller computation amount
and realize a high-efficiency motion compensation prediction with a slight
increase in computation amount. This makes it possible to perform 20

high-efficieney encodiag. (29} tnavideo, encoding methed-afperforming s ing 4
motion compensation inter-frame encoding of a to-be-encoded

macroBfotk ©F a Videeicifé by usitg st itasponre pastretérencs framethe

and a motion :.yrel(étor_z between the to-be-encoded macroblock and the

reference frame- the motion donipensation predictivednter fame e~ encoded
encodmgé§@§ﬂ9%@eqHp%&é“@EQMQ'E%@é&%&lngﬁ%%§9899€%efore the

macroblock, between operation of using a motion vector for a

to-be-decodedemacrdblock atite samezintraframe position asdhatefthe

to-be-encoded macroblock in the frame encoded immediately before the

5 to-b&BREGHPFEMatdntaifiAg the Yo-bé-eneuded dnserobiotkrandand

operation of vy determining and encoding the motion vector.
<Effects>

As has been described above, In motion

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
size, the code amount of motion vector may become
domihant. Acceording to the arrangement of (29), the
temporal correlation between the mcvements of pictures
is used such that a motion vector for a macroblock at
the same position as that of a to-be-encoded macroblock
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 subjectead
to a decrease in prediction efficiency when the motion
vector for the immediately preceding frame is used is
encoded. This makes it possible to reduce the overhead

for motion vector encoding and realize high-efficiency

encoding.
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<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 arramgement 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 Hidcroblock 20iithe inmediataly REagedingframe.is 0ok ; o
encoded if the macroblock can be used without any change, and a
motioff'V&ctBF fof SR Arakictlockwhithts sebjéctedrtoaalecreasedRing of
predicé{or% fj!:ggg_r}gx Q;"{;hgeé‘dthe moti%r‘lBL vector for the immediately

preceding Trame is Used Ts 25 Entoae8 “Fhis maked ii505sible to Féddee using

the ovethendl, for mgtion,veetorengoding.and realize high-efficiency
encoding. 120 (30) In a video éancoding methoggr%# Eer?g?%llr?gnm%éﬁéhor

compénsationpredictivednte:-frame eneoding 0b 11 toche-eN8088L. 1 forance
macroblock of a video picture by using at least one reference frame and a
motiort VE&Br 5 befvési thertodsereresdedimactoblotkarndvheireferercer ame

frame gl;n&m%ilo com enSftion edictive inter-frame encoding is
S . .
performed uponé;wﬁ: ng., grrénaég upon switching, for ‘each

to-be-encoded macroblock, between {a) the first
prediction mode of using at least one encoded past
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 fuiure frames as the
reference frame, and (d) the fourth prediction mode of
using the linear sum of the plurality of encoded past
reference frémes as the reference frame.
<Effects>

In the case of B pictures {(bi-directional
predictive encoding) used for MPEG2 video encoding, a
prediction from one forward frame, a prediction from
one backward frame, and an average predictién from
forward and backward frames are switched for each
macroblock. In the average prediction, averaging
processing functions as a loop filter to remove
original image noise or encoeding noise in a reference
frame, thereby improving the prediction efficiency.

Note, however, that a bi-directional pfediction is
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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 encading: v:2Q pregictioneam onefarvard frame, agprediction from .
one backward frame, and an average prediction from forward and

backwagd: framesrare Shitthed: foreachdmatiobtockn i theaverage r backward
prediction, averaging processing functions as a loop filter to remove 25

original ifAGe nofse or'ehitodmyeoidein'a fiferbhs sfrarmé [thefebyor ks, and

improving, t redicti fficiency, Note, however, thgtabi-directio_nal
predic\gg% I;I}%%& %If gugli?toé?ﬁ%leg beforé and after a seene chaRge iy to the

henceza-prediotionsis made fram onefarvard og backward: frame: I ghis, 1, -

case, no loop filter effect works, and the prediction efficiency decreases.
Accordingié tise % amangementef (B0)revendn apregdictiom fronienly@nerated
forward frame, since a predictive picture is generated from the linear sum

of a plififly bf eferéREfraie, ©f @ plurality of reference frames,

the prediction efficiency can be improved by the loop
filter effect.

(31) In (30), the prediction based on the linear
sum includes linear interpclation and linear
extrapolation corresponding to inter-frame distances.
<Effects> |

Even i1f the signal intensity changes over time due

to fading or the like, a proper predictive picture can

be ea

]

ily 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
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)
encoded data including a predictive error signal for
each to-be-decoded macroblock, the first index

indicating the combination of a plurality of reference



the 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

predictiveintes-frame deeading: of aforber flecededimacioblagofaNideo,
picture by using a predetermined combination of a plurality of reference
frameslaritba mction vectarBetweer the: to-be-tlecoderk enacreblogk aRdy 1 oc ks |
at Ieasggge reference frame, (a) 25 encoded data including a predictive

error signal for *CAdT o e d8dodetmaetobiitky fetfirst indedsindidating (b) a

the combination of a plurality ference 1.22 frames, the second index
indicat'ag a comJtE))lﬁﬁation o% Iﬁwogéggﬁmmﬁgféﬁ G felbtord For fefdrecd ed from

5 macrollbeks; Lanc: inferymation:of the metionaectar is decaded, Q&)a%?e with

plurality of reference macroblocks are extracted from 5 the plurality o
referendefratnes fedcdordansewithrthe tlecbdedhinfarmationafdhe and tne
motion,yector and the, deceded information of the firstindex, (¢) 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 deccded information of the second
index, and (d) a video signal is decoded by adding the
predictive macroblock and the decoded predictive error
signal for each of the to-be-decoded macroblocks.
i5b <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 a5 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 encoded in {2} can be decoded, and the
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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
macroblock and the decoded predictive error signal for each of the
to-be-decoded macroblocks. 15 <Effects> fhe;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 lineas sum weighting Jactersiis recgi r_data.for each frame |

or each set of a pluralit;g of frames%(iaﬁnnéﬁtﬁg %Fe%?g%/% e%%%%naiﬁh% at in
index ihdicating the combinatien of reference frames, and the motion

vector are received and decoded for each 25 macroblock. <Effects> The

data encoded ift {2) calf'be dédodd, 43d the 128 s@me eneddingtion vector

efficiengy i ing effect as thatin_(2).can be obtained. (34) In (32) or
(33), the re%]g%/%\%gr%gtic?r% \?ﬁ?gr ?ésg%?olti% Slectbr dssboiatswih @ one of

specific baemln:the plurality of seferenceframes, the received motion i

vector is scaled i.n accordance with the inter-frame “distance ]I—J%%v%é’r? ﬁwemouon

to-be-detobed fismeand thik in accordance with the inter-frame
distance between the to-be-decoded frame and fhe

reference frame, and a motion vector for another or

other reference frames is generated by using the scaled

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.

(35) In (34}, the motion vector assoclated 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.

<BEffects>

The data encoded in {4} can be decoded, and the
same enceding efficiency improving effect as that in
(4} can be obtained.

(36) In (34), the motion vector associated with
the specific reference frame is a motion vector for one
of the plurality of reference frames which corresponds

to the greatest inter-frame distance from the frame to
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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-framesdistance 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
improviRg effeci-asthatin (4) can be obtained. (36) In (34), the motion
vector associated with 25 the specific reference frame is a motion vector
for one fof the: plerality of reference frames which corresponds to the
greatest inter-frame distance from the frame to 129 be encoded.

<Effects> The'tatd 8héodeFmABY cdR bé dec688d Hihditecdame and the
encodigggme%ﬁ%igg(&/dimpgrogi,gieéfle&% tt}c’;}rtlinI O5V(5 can Pf 0 _taing_edtg?? .
ol & B iTel et vector bt

In (32) or (33), the recelved motion vector 1ISadi al' vectorbetween
the firstmotigsh be obtained.

(37)  In (32) or (33), the received motion vector
is a differential vector between the first motion
vector associated with a specific one of the plurality
of reference-frames and another or other reference
frames. The first motion vector is scaled in
accordance with the inter-frame distance between a
to-be-encoded frame and the one or a plurality of
reference frames. A motion vector for another or other.
reference frames 1is generated by adding the scaled
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
{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.
<Effects>

The data encoded in (7) can be decoded, and the

same encoding efficiency improving effect as that in
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vector associated with a specific one of the plurality of reference frames
and another or other reference 10 frames. The first motion vector is scaled
in accordance with the inter-frame distance between a to-be-encoded
frame and the one or a plurality of reference frames. A motion vector for
another or other reference frames is generated by adding the scaled 15
motion vector and the differential vector fof #ie 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:£88)ia (87), ahe teteived first motion vector is a motion
vector normalized in accordance with the inter-frame distance between

the reference'ffame ard the'framb6 be“éritbdEd. 25 LEfelRS He Jagter s

encoded in (7) ca o] the s e ing efficiency. ence
imprg\?ir?]é{%éf%ct a}%%a?lgr? 1%%%(%5%% %g ggk;%%ngg%%%)g IJ(Lre;E 37(§)}r},ctﬁfeefer c

received firstanation-vecterise apaetion vectarfer ane of therpluralibyoff r ame
reference frames which corresponds to the greatest inter-frame 5

distandé frommthe flame tb e dncoded t xBffectsscriEedata encoded in

(8) cag Ebgfdeeé:gggd, and the

The data encoded in (8) can be decoded, and the
same encoding efficiency improving effect as that in
{8 can be obtained.

{40) In any one of (32} to {(3%2), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, all motion vector slements
recguired to decode each of the skipped macroblocks are
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
indicating the combination of the recelved linear sum
welghting factors. The predictive macroblock is used
as a decoded picture.
<Effects>

The data encoded in (9) can be decoded, and the
same encoding efficiency improving effect as that in
{9) can be obtained.

{41 Iin any one of (32) to (39}, when information
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same encoding efficiency improving effect as that in (8) can be obtained.

10 (40) 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 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 flaates, reference macroblocks

are extracted from the plurality of reference frames. A predictive

macroblock is generated from the plurality of reference macroblocks by a
linear sarrisasetash an irfdek 20 indidating the combipatiomatthelocks is
received linear sum weighting factors. The predictive macroblock is used

as a detoGed fidire *<Ef&its Y e Bataehcodd i {g) cah medécoded,

and the, 2o gncodii fic improyving effect as that i can

be obta?nedo.s?%cfn any %%e%o#%gg)gé’@%i %vﬁw%%ﬁﬁ?orﬁ%ﬁ%ﬁ%l%%@ﬁs are
associated with dag number at-skipped: mackoblegksds eseiveddeneachs
macroblock, and one or more macroblocks are skipped, reference

macrobloecks bire seikiraigted! foradacheofthe Skipped ntacroblbocks,from 6ion
the pluralit{Pof reference frames by using a motion vector for the

immed’iﬁfél prebidtisly ¥ncodBamatfoblodkifithdit Beihge&6ppédiand a
WEdeH%@ggglock without being skipped 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 linear sum

weighting factors. The predictive macroblock is then
used as a decoded picture.
<Effects>

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
previously decoded two frames.
<Effect$>

The data encoded in {11} can be decoded, and the
same encoding efficiency improving effect as that in
{(11) can ke obtained.

(43) In (40) or (41}, an index indicating the
predetermined cembination of reference frames is

received as header data for an encoded frame, and a
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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 &< that in (10) can be obtained.
(42) In (40) or (41), the predetermined combination of reference frames
includes immediately 20 previously decoded two frames. <Effects> The
data efdateriin(2 EF €anl be deésdét: Endaie ‘sanie ercsting effitidney the
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

recei ag header data for an encoded frame, and a 127 skipped
macroblock is decoded in accordance with the index <Effects> The data
encoded in (12):cambe decader;antthe 15 samerencedingefticiencynd the
improving effect as that in (12) can be obtained. (44) In any one of (32) to
(39Lﬁﬁ@ﬁiﬁﬁﬁﬁ§mﬂg efficiency improving effect as that in

{12) can be obtalined.

(44}. In any one of (32) to (39), when information
associated with the number of skipped macroblocks is
recelived for eaéh macioblock, and one or more
macroblocks are skipped, a2ll 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 fhe
immediately preceding macroblock encoded without being
skipped, reference macrcblocks 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
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.

{(45) In any one of (32) to {39}, when information
asscociated with the number of skipped macrobliocks is

received for each macroblock, and one or more



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 macroblééks 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
receiveéth Cophbination oftlineak spmaseightiny:factors. Thae 20ipredietives re
macroblock is used as_a decoded picture. <Effects> The data encoded in

(13) car‘'hé Aets8ed, Bhb tfié Sané ehB6difig efiefshcyamproving Effect™ rom
as that (13) ¢ag beroptained, 23 (43) 10 apy one of (32 10.39) whent ; o,

information "associated with the number of skipped macrobio

received:fore@achgpacrpblockyand ane o more 128 macrablocks are
skipped, reference macroblocks are extracted, for each of the skipped

macroBiveKs, Fher kthe pldrality df eefegendeiframes by dising d mibiion
vector for the immediately previously encoded 5 macroblock without being

skippeﬂ%%]c% iHi@x2ind/eatnG & combifidtich &F'a'prutallty oPfeférefreeence
framesfif‘atltﬂ'@ émmled@;glyﬁ[ﬁ%%BQ Ql%?r%ql%%légg%%denga croblock encoded '

without being 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.

<Effects>

The data encoded in {14) can be decoded, and the
same encoding efficiency improving effect as that in
(14) can be obtained.

{46} In any one of (32) to (39}, the received
motion vector is encoded as a differential vector with
respect to a motion vector predicted from one or a
plurality of adjacent macroblocks within a fraie. A
predictive motion vector is generated from a decoded
motion vector for the plurality of adiacent
macroblocks. The predictive motion vector is added to
the received motion vector fo decode the ﬁotion vector

for the corresponding macroblock.



without being skipped. A predictive macroblock is generated from the
plurality of reference frames by a 10 linear sum based on an index
indicating the combination of the received linear sum weighting factors.

- The predictive macroblock is then used as a decoded picture. <Effects>

10
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15 The data encoded in (14) can be decoded, and the same encoding
efficiency improving effect as that in (14) dah“be obtained. (46) In any one
of (32) to (39), the received motion vector is encoded as a differential
vector with 20 respect to a motion vector predicted from one or a plurality
of adjéc“é%f—%(%blocks within a frame. A predictive motion vector is

generated from a decoded motion. vector for the plurality of adjacent .
macroblocks?f?':ﬁ3 S ir! g&‘t%)% &Tstevednd the

e predlcti{\%/ecfﬁ)o jon véctor'is add
motion;yectorto decode the m@m\@mrmd!%% ﬁgrgmms that in
macroblock. 129 <Effects> The data encoded in (15) can be decoded,
and thé1sameaancodingteffidiency. improving effect as that in (15) can be
obtained. 5 (47) In any one of (32) to (39), the following is the 47th
characteristic fédture TThe*fetefiedl fidtior? ector islefdodethas do11owing is
differenfial moton YRLIPLAIID, "PERSE 1P & 1RReN VeRIRL et g IO i on
vector is encoded as a differential motion vector with
respect tc a motion vector predicted from a motion
vector in a macroblock at the same position in the
immediately preceding frame. By adding the received
motion vector and the motion vector predicted from the
decoded motion vector in the macroblock at the same
position as that in the immediately previocusly decoded
frame, the motion vector for the correspending
macroblock is decoded.
<Effects>

The data encoded in {(16) can be decoded, and the
same encoding efficiency improving effect as that in
(16) can be obtained.

(48) In any one of (32) Lo (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
macreblocks in a frame and & motion vector for a
macroblock at the same positioﬁ in the immediately

preceding frame. A predictive motion vector is

generated from a decoded motion vector for the
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vector in a macroblock at the same position in the 10 immediately

preceding frame. By adding the received motion vector and the motion

vector predicted from the decoded motion vector in the macroblock at the
same position as that in the immediately previously decoded frame, the
motion vector for the corresponding 15 macroblock is decoded. <Effects>
The data encoded in (16) can be decoded, affl the same encoding

efficiency improving effect as that in (16) can be obtained. 20 (48) In any

one of (32) to (39), the received motion vector is encoded as a differential
motior? Vé&tot With re§péctts asmétidinvestsrpretictetnfiom alemetiond motion
vectorgg% rg}q:ogfgpluramng angce%t macroblocks in a frame and a

motion VECtor for & 25 macroblock At thé samé posioh iR e inthediktely e
preceding, frame: & predictive matipn vector is. geperated from a decoded .,
motion vector for the 130 plurality of adjacent macroblocks and a

decoded snationi. vector forcanmaerobtackzat the: same positiondn the : on
immediately previously decoded frame. By adding the predictive motion
vector Hifd4hé reddifed fHotioh SARSEISH thedotidre vestor fostherd ing
correspondir(;g maﬁr%bslog i(s: ggg%ded. <Effects> The data encoded in

(17) can be ¢ e:égged, andthé

<Effects>

The data encoded in (17) can be decoded, and the
same encoding efficilency improving effect as that in
{17) can bhe cbtained.

(49) In any one of (46) to (48), when information
assoclated 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
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
is generated from the plurality of reference frames by
a lineay 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.

<BEffects>

The data encoded in (18} can be decoded, and the

same encoding efficiency improving effect as that in
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same encoding efficiency improving effect as that in 10 (17) can be
obtained. (49) 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 15
extracted, for each of the skipped macroblocks, from the plurality of
reference frames by using the predictive rhgtion 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 thé plurality of eeferdricefeaimes by a linear sum based on an index

indicating the combination of the received linear sum weighting factors. .
The predictivé tacrobdcR IS tHehfusel a5 detBdéd picturdr9s information

Effects> T . in.(1 d d th :
<Efec 2%%%@% ensqied in §Lﬁ%’é9€o?i%%%a%‘c‘é’aﬁ%b%%g}gg% ks is

encod@mg clency improving effect as that in

(50) In-any one Of [@H) ta{48), whendnfornation, assegiated-with the
number of skipped macroblocks is received for each macroblock, and one
or more:5 macroblbcks:are skipped; deferencemacreblocks@ré ocks are
extracted, for each of the skipped macroblocks, from the plurality of

referefidd Trameshy d€ing @notich veefor Sbtaimsdby agamty'a mbtion T rom

Vedo%@@“ﬁiurality-of reference frames by using a motion

vector obtained by adding a motion vector for the
immediately preceding macroblock encoded without being
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 indicatfing the combination c¢f the received
linear sum welghting factors. The predictive
macroblock 1is 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
(19} can be obtained.

(51) In {(4%9) or (50}, the predetermined
combination of reference frames includes two
immediately previously decoded frames.
<Effects>

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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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 4combinatidrof, referencel framiesdnclades gwa he

immediatel grevio,usly decoded frames. <Effects> 2S The data encoded
in (2o§>‘6§ﬁiyﬁ YelsdEd drifthé sdmeentdding BtFGens iffptbsingts

effect a2 thatjn 20) can be.gbtaied. 432 (243 or G0) anindex

indicating the predetermine mbination of reference rames is réceived

as headendaia foran-emooded frameycandia Skipped-macroblock iSitn the
decoded in accordance with the 5 received index. <Effects> The data
encodeddr {ZBEahedecoded, and the same. encoding efficiency

improvin% effect as that in
<EIlfects>

The data encoded in {21} can be decoded, and the
same encoding efficiency improving effect as that in
{23} can be obtained.

(53) In any one of (46) to (48), when information
associated with the number of skipped macroblocks is
received for each macroblock, and one or more
macroblocks are skipped, reference macroblocks are
extractéd, for each of the skipped macroblocks, from
the pilurality of reference frames by using the
predictive motion vector as a motion vector for the
skipped macrcoblock and an index indicating a
combination of a plurality of reference frames in the
immediately preceding macroblock encoded without being
skipped. A predictive macroblock is generated from the
plurality of reference frames by a 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>

The data encoded in {22) can be decoded, and the

same encoding efficlency improving effect as that in
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(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 macroblogdk3and an index indicating a
combination of a plurality of reference frames in the immediately
preceding macroblock encoded without being 20 skipped. A predictive
macrofitack isagenerateth fratmthé. plurality of reference frames by a linear
sum based on an index indicating the combination of the received linear
sum weighting>factors.THE predietive fmaérobloek id fifen usdgas anformation

decoded picture. 25 <Effects> The data encoded in (22) can be decoded, .
and tHe® Samie en cg)od\l’gnlg{e fi%l%% cf? Frrl% fovi nogigf%& g ?ﬁiatnfﬁ1 Clﬁcgb %ﬁﬁ S 18

can be obtaineds (34)Inany-one. of-48) 10-(48) -when information.

associated with the number of skipped macroblocks is received for each
macroidack;lahd ohe or morels maerbblockSare skippesls refelences are

macroblocks are extracted, for each of the skipped macroblocks, from

the plGralifAGTrBférerdcErrames by geherating @ RRGt G FE6tbr- B AddingT o™

adﬁﬂ%g@k%yg%QT§F§Kgf reference frames by generating a
motion vector by adding a differential motion vector
for the immediately preceding macrcblock ehcoded
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
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>

The data encoded in (23} can be deccded, 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
a to-be-decoded macrcoblock 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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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:gombination 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

decodes: and the- isameiencoding: efficiensy Hupeaving-effect asthat i

(23) can be obtained. (55) In a video decoding method of performing
motio®eoATpeAsaidrepredictivd imer-franeedecodingeok 26cr signal for
to-be-decoded macroblock of a video picture by using a predetermined

combifafiGn bP a plurdfity of Fételtice” frantes and & miotioh vettor:*
between the to-bg:decoded 134 ; macrohlock-and B&'&.@-g%?@ reference, ence

frame, (a) encoded data including a predictive error sign each

to-be-deeaded marrblecks the firstiindexnindicating ¢he sembinationofgber of
plurality of reference 5 frames, the second index indicating the frame
numbéfiofeafehedddd fame, and infofmation dbthecrhotiore vactdids vector

decoded, a plurality of reference macroblocks are extracted from the
pluraliﬁ'f’ofg%?é)r%ﬁé%fé%es%npgurg}lty of reference macroblocks

are extracted from the plurality of reference frames in
accordance with the decoded information of the motion
vector and the decoded information of the first index,
(c} the inter-~frame éistances 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
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 macrobleock and the
deccded 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.
{56} In a video deceding 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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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 hi#croblocks 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 the2@ degsded: pretictivecertar signatn <Effeats> i the vector
data encoded in (24) can be decoded, and the same encoding efficiency

improvitig-&1fédt astRat'in 22y EaR Besshtamedcss (58) IAntvidéo 1east one

decodipgﬁé thg fggrformin otion compensation predictive
inter-frame gtecod{l%g ofag?é-bqé-a ec%%%%grﬁé%rgﬁi%%k J‘C)%%lvli] €0’ Eicﬁjre by

using 35: @t least-ene pastrefergnse frame and.a metign.vegtor, ;.
between the to-be-decoded macroblock and at least one reference frame,

(a) encodeddata including angredictivéerror Signat fareache encoded first
to-be-decoded 5 macroblock and information of one of the encoded first

motion Vectst or Effag indithatifg tHé Bsé o iife: séBsnd hfotiehsveefor fbre

B RSl 2% 73R DRI B POS RO D IR IREY <o
intra-frame position as in an immediately previously
encoded frame are received and decoded, (b) a
predictive macroblock is generated by using the decoded
first motion vector for a to-be-decoded macroblock for
which the information of the first motioh vector is
received and using the second motion vector for a
to-be-decoded macroblock for which the flag is
received, and (c) a video signal is decoded by adding
the predictive macroblock and the predictive error
signal.
<Effe¢ts>

The data encoded in {2%) can be decoded, and the
same encoding efficiency improving effect as that in
(22} can be obtained.
(57) 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 motlon vector between the £o~be—decoded macroblock

and at least one reference frame, (a) encoded data

including information of a predictive error signal for
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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 received, and (c) a video signal is decoded by adding
the predictive macroblock and the predictive®ror signal. <Effects> The
data encoded in (29) can be decoded, and the 20 same encoding
efficiency improving effect as that in (29) can be obtained. (57) In a video

decodifmetHod ot péfoRwing fiotibRicbhpensation predictivenode

inter-fra decodin%lof. a to-be-decoded macroblock of a video picture by

using

ctdr petieentie 1Be dechléd mdcisbiBER Hrid-dton mode

28 Lhofion ¢

least qne refergnce frame, (3) encoded data. including ig%g(;aam%a a5

predictive error signal for 136 each to-be-decoded macro

mode

ck, prediction
tinformatien indicating-one, of the first predictiommode ofsusiag at

least one to-be-encoded past frame as the reference frame, the second

mode

future

bPUSiRg A5 f5E ehebded: fulliralframie aSihe reférareedrarficathe, the

1T

third p%%d.lctg)n mode oLusmg the Imeg sum of to-be-encoded past and

linear

rafies A5 the Teferencd  ame, andthé fodrt mote st usiitha

%@nﬂg—encoded rpast 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
reference frame, and the information of the motion
vector 1s received and decoded, (b) a predictive
macroblock signal is generated by using the prediction’
mode informaticn and the information of the motion
vector, and (c) a video signal is decoded by adding the
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
(30} can be obtained.

(58) In (57}, the prediction based on the linear
sum includes linear interpclation and linear
extrapolation corresponding to inter-frame distances.
<Effects>

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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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 (in&ar interpolatiohsshdeiiesd &drapdldtion cofrepoading L no

to inter-frame distances. <Effects> Z%Th% data encoded.in Eé:%li) can b%‘ ¢
decod®d FARd tHe SR &hdSding Effidien g effect'as thatin~ "9 ©

3} Yrﬁprzor\}/mg effec
(31) can bg gbtained 137 (AP videp engoding raefhod p&@ﬁ&f@rrﬁdlpgusing
motion compensation predictive inter-frame encoding of a to-be-encoded
macroblockf arvidee picidreraynusing ratdeast ehedefeterfoesframerlurality
selected from a plurality 5 of reference frames and a motion vector :
betweer thee februsicoded acrobbck difdldiSast oneTEfdrahteen the

frame, the_.motion compensation predictive inter-frame encoding is
skippeﬁ%ﬂ??eesrb%%f% arflo%%lé?enkrﬁ%gaé{d Shd AC lCast one feference

frame, the motion compensation predictive inter-frame
encoding is skipped with respect to a to-be-encoded
macroblock when the mobtion 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 sslected for the fto-be-encoded macroblock
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 the number of
macroblocks for which the motion compensation
predictive inter-frame encoding is skipped in
performing motion compensation predictive inter-frame
encoding of the next to-be-encoded macroblock is
encoded.
<Effects>

As in (22}, macrcblock skipping 1s efficiently
caused by using motion vector/reference frame selection
correlation in an inter-frame prediction beltween

adjacent macroblocks. This makes it possible to reduce
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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 th&"motion compensation

predictive inter-frame encoding are 0, and the number of macroblocks for
which the motion compensation predictive inter-frame encoding is

skippééi th 20 peHéFEing HstiGREompensativhpredictive fiterfame

encoding of the next to-be-encoded macroblock js encoded. <Effects>

As in ﬁ%}%]a%?lo%\fdck SHippiig s éftidientl) 58 catised by using HotidA™®
vector/ieferenge frame, selection, corelatiop ip anjaterirame, prediction; , cen
between adjacent macroblocks. This makes it possible to reduce 138 the
encoding overhead anddmpreve thepeneoding: efficiehcy. ivadditionzctor is
when the use of the same reference frame reference frame as that of an
adjaceitt niagrebleck bsed for @prédiction of BAR6HON GectoF s Bdtgs §an be
skippin congition, macgzpplock skéapin% can be caused more e{fi,cienntg/ fu

by usiﬁ%%sgorréﬁtﬁ?n between a ja}éemy madrobiocks based oha® etween

combington of,2 MQUion, Neciok and AJEILTEACE M8 ination of a motion
vector and a reference frame.

{60) In a video encoding method of performing
moticn compensation predictive inter—-frame encoding of
a to-be-enceded macroblock of a video picture by using
at least cone 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, 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 selecied
from motion vectors between the second reference frame
and a plurality of macroblecks 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
enccded.
<Effects>

As in {15} to (17}, motion vector informalbion is



(€

(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 compen3ation 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-2@ froanmotien vieetons betyegn:thesecond referenee we en
frame and a plurality of macroblocks adjacent to the to-be-encoded
macroBloER cand'he [différepfidlfitile BEIWWEER BniRdeXinbicdting thén
first refergpce frame a.n an |ndex i 5glcatlng the second referencg}frame

are 25 8fdoded” <E¥‘fec 457 RET {15)%0 117) AibtionVertstinformation s
139 efficiency epeoded, by, using:the correlation hetween ;motion vectors .y,

between adjacent macroblocks. In” addition, with regard to an index
associatednwittha rirarecaf a pltsality of referentedrames, 40 whichd between
each macroblock refers, the differential value between an index indicating

a referdfice frafe ik ah adjacert makrdiieEOFem MWiHieR alpredictivel acent

vector is select nd.an ind X|n |cat|n eference frame in
acro%f %:%rom w a chtlve veo or'%s selected

and an index indicating a reference frame in a
to-he-encoded macroblock is encoded. This makes it
possible to iImprove the encoding efficiency of an index
indicating a reference frame by using the correlation
between adjacent macreblocks based on a combination of
a motion vector and a reference frame. This can reduce
the encoding cverhead and perform high-efficlency video
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
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 1s obtained by motion
compensation predictive inter-frame encoding, the
nurber of Immedialely previously skipped macroblocks
and informatioﬁ of an index indicating at least one

selected reference frame is received and decoded, (b)
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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 performii§ 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 andratdeastiohereferente framie selected fomed pluralitnof teferencetors
frames, (a) encoded data including a predictive error signal for each

to-be-dethdBd atrbIvER whicl S Gitaihed b5 AHGH Tompdehsalisn sk ipped
predictive ipteryframe encoding, the 29 ‘PTHQJ'Qer %ﬁ;@éﬁ‘i‘%@%&e%{%r%%%%ted in
ing

skipped macroblocks and information of an index indica at feast one

selected-teferense frameis received andgdecoded (b 140 eneg predictiver
vector is selected from motion vectors for a plurality of macroblocks

adjacent torthie lskippetlr macroblobk, tlek apredictivelmacrabldckrisis selected
generated in accordance with at least one reference frame for the 5

macroBi3dk Faf Which thé brédidive-dectoridSelétted Hhdhedrebittive
;ﬁ;fg[g%},ﬁ%@%%%&%ﬂfg@fﬁ%@%k BouipdtAs 3 degoded PICUTE o
skipped macroblock.
<Effects>

The data encoded in (59) can be decoded, and the
same encoding efficiency improving effect as that in
{58} can be obtained.

(62) 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 fto-be-~deccded 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
compensation predictive inter-frame encoding, the
differentlial 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
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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<Effects> 10 The data encoded in (59) 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 referencefriime 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
differefftif VBetot Be&veera hivtiohvectorauseddonthe mbtioance frame are
compensation\i%gdictive inter-frame encoding and a predictive vector

t

selected from the nidtion~ GEQBR bethiebn d SIuPARF S RaERbIGKECT 15
adjacent.to.25 the t@ilggﬁd%%d%gl@ggﬁol ck @dm'[arlersegﬁ?nd refer(alce
%e? Adex dFifgnt to

frame, and the differential value between the first Indéx md?c%}fi%ﬁ

refererncecfrarae iandthe d4dasecondindex indicating the seednd,, vectror is
reference frame are received and decoded, (b) the predictive vector is

selectetBfioMIRE Ppluraktyaf niattoblocks adjaedrictbethertodibidedadedve ctor
macroglogk,t(g) the motion, vector is 5 reconstructed by adding the

selectéd predictiv %rcgg F Carttt the dedotba diffsiehttdl vedtdy, (dyehed first &
index is econstricted by, aqdding the index of e, feference frame for the
macroblock from which the ,
reference frame for the macroblock from which the
predictive vector is selected and the decoded
differential value, (e) a predictive macroblock is
generated in accordance with the reconstructed motion
vector and the reconstructed first index, and {(fy a
decoded reconstructed picture signél of the
to-be-decocded macroblock is generated by adding the
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
(6CG) 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,
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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predictive vector is selected and the decoded 10 differential value, (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> 1Fhe 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

decodifl§ CpfdtBSsiRg Aieltse implémentédasihardwaire (4ppatrbtlisesporalso
may b%jam Igr@ngnctj%d c\tby software using a computer. Part of the
processmg%may be implemented by hardware, 25 and the other part may

be implemented by software: Agcording, to K?p[ir%%@)tiiwetrgion’
therefore, programs for causing a computer to execute vided encoding or
142 decoding:pracessihg elesadsad-ingd)ita(62) 6an alsa, beiprgvided.. o
Industrial Applicability As has been described above, according to the 5
present riveption, Higkpictare: qualit) -Hgheffictertialidéy encoding and
decodigdgg sghgrﬁﬁ vjyitp} a Iov‘y overhead for encoded data can be

provided, “which can-greatly improve prédicidiPefiténty foiiing 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
conventional video encoding schemes such as MPEG have
difficulty in handling, without much increasing the

computation amount and cost for encoding and decoding.



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. 143 Claims: 1. A video decoding method comprising: obtaining
a prediction error signal of a to-beld®coded block from coded data;
obtaining first mode information from the coded data for each
Cleirhe-decoded macroblock, the first mode information indicating whether
a predictive pixel block of the to-be-decoded block is generated by (1) a

single Preﬂigié%g E@c&fﬁiiﬂ me?%goled‘?riaéﬁsmgck or (2) a composite

prediction referring to a plurality o rence blocks; obtaining second
mode utfiziniagianfedivtidre ccontexigiiat avfar tecshrdechdadieriodie frosticedtkdata;
to-be-decoded slice including the to-be-dEcodedglé)ck, the second mode

[

informRBINIRGEEH My I EtREP AT SRTPSAREPIEAILAR Y eAFaicRRRReded
AR BERHAHARStGREES rEIRTRIAThBREMICH QheinR | D BRI RIS RAIAIBRK of the

according to weighting factors, the weighting factors according to
tarmerdgapiediopkde geopiatathytdes Mtoleremedictiinelesibe-itea defiesence biock

roblock fr mthg. oded .data. the inpeﬁ.{nfqrmgtion indicating a
o@?ga composite predic l%ﬂ rFfeFm% an? urality of reference 1 CKS
reference frame ‘when the first mode information indicates the Single

prediciidining BdivadiRgachfatitpiainéfereteechastasanion ¢hen fissbe-decoded
mode information indicates the comgosite prediction; obtaining motion

sliertdiaitormateriss flicednskidisedor PrhacisBrsEr RiGs ke saaRdapse
iABLRIRIR Rl MR 'Eﬂét!ﬁ?n%&k%ﬁé&cﬁ&? g élli%\%é@% h8ue prediction

coded data; calculating the inter-frame distances between the plurality of
ordrericedraveradidtibe, theblindacadudfeaistion acwodizmtewaiphting factors,

R R S 5 SR s gy when e frst mode
obtaining index information of the to-be-decoded macroblock from the coded
data, the index information indicating a reference frame when the first mode information
indicates the singie prediction, and indicating a plurality of reference frames when the
first mode information indicates the composite prediction;
obtaining motion vector information of the to-be-decoded macroblock from the

coded daia,;

obtaining display time information of the to-be-decoded slice from the coded
data;

calcuiating the inter-frame distances between the plurality of reference frames
and the to-be-decoded frame in accordance with the index information and the display
time information when the first mode information indicates the composite prediction and
the second mode information indicates that the composite prediction is the linear sum
prediction;

generating a predictive pixel block of the to-be-decoded block by:

(1) referring to a reference pixel block when the first mode information of

the to-be-decoded block indicates the single prediction, the reference pixel block

extracted from the reference frame on the basis of the motion vector information;



the second mode information indicates that the composite prediction is the
linear sum prediction; generating a predictive pixel block of the
to-be-decoded block by: (1) referring to a reference pixel block when the
first mode information of the to-be-decoded block indicates the single
prediction, the reference pixel bIo&I% extracted from the reference frame
on the basis of the motion vector information; 144 (2) averaging a plurality
of reference pixel blocks when the first mode information indicates the

composite pregliclian.and he,seeandrpiMAIoRRMIGRIES Tt AHRIAA] mode
i Thlac i

value prediction, the plurality of reference pixe S extracted
infdaradityrohdiferente tamessia phadbisis afdHeemetiomviefttonatfor inditetes the

or (3) obtaining a lineay sum of a plurality of reference pixel blocks when
R Aot S HSH IO PGS B e RBICEIAG G AP g
plYIg of psrieRtie RERskictionABB i8R searnchitfervatien indicaiesihat the
composite prediction is the linear sum prediction, the plurality of reference

pixel blocks efdy&&tainfera ineapiwalny dplemRivRioeiarneesdixeidloakrswhen

f & i inf 10N, ti constructed video
e R SRR A R e
cpragistiopretiotisignal. tRe Aadded idfecoditiohappistalistiearieyisingpdsite prediction
prediction error calculator to gbtain a prediction error signal of a to-be-

IedBEJHEa RPN M AR AR ARG TONR &S PRRmRIgTareddom the
pRIEAD r stnered marmatinniomdheqaded Aot AriiniRisAesnged

macroblock, the first mode information indicating whether a predictive

pixel biisslewftinteadeberdtvogdd/ il kigngepicidot s ¢eredethleck by adding the
Pég%it%ix? ke egrilaq to a rﬁe&ggcg@logk or (2) a composite prediction

Pre erring to' a pmraﬂ?ypo?re%erence BFO%QS,‘ and to obtain second mode

information frerutieseuesapieatos toppwasgded slice, the
to-be-decoded slice including the to-be-decoded block, the second mode

inform &R HRIBAMRALY WARGHERNE ChRABbAIRIGSHEHRAIBHAS YEakef a to-be-

decoded block from coded data;

a mode information obtaining unit to obtain first mode information from the
coded data for each to-be-decoded macroblock, the first mode information indicating
whether a predictive pixe!l block of the to-be-decoded biock is generated by (1) a single
prediction referring fo a reference block or (2) a composite prediction referring to a
plurality of referance blocks, and {o obtain second mode information from the coded
data for to-be-decoded slice, the to-be-decoded slice including the to-be-decoded block,
the second mode information indicating whether the composite prediction is (1) an
average value prediction or (2) a linear sum prediction, the linear sum prediction
according to weighting factors, the weighting factors according to inter-frame distances;

an index information obtaining unit to obtain index information of the to-be-
decoded macroblock from the coded data, the index information indicating a reference
frame when the first mode information indicates the single prediction, and indicating a

piurality of reference frames when the first mode information indicates the composite



average value prediction or (2) a linear sum prediction, the linear sum

prediction according to weighting factors, the weighting factors according

to inter-frame distances; an index information obtaining unit to obtain

index information of the to-be- decoded macroblock from the coded data,

the index information indicating a reference frame when the first mode

information indicates the single pregligtion, and indicating a plurality of

reference frames when the first mode information indicates the composite

145 prediction; a motion vector information obtaining unit to obtain motion
prégrigsinformation of the to-be-decoded macroblock from the coded data;

a display time information obtaining unit to obtain display time information

of the atg\@ipwivedide ihkiinafionptiiaivodeit tabigiintetidmmestdistioreation of
ngsaiariocalculate e nisr iRme distanges between the plurality of

reterence tframes and the to-be-decoded frame in accordance with the

index infiyRationcaintbinrextisphyaing iniand abenndendherisshroedstion of the

information indicates the composite prediction and the second mode

tophRstRRriRledtemting aeeeedtAifosite prediction is the linear sum _
predi%Wﬁit@rWﬁﬂ@ﬁY&a@ié@'ch@G}é@?‘i@E%I]B[Jfé’@%eﬁ%‘?ﬂé?ﬁ%d&@gﬁ%@g%tween

block of the to- be-decoded block by: (1) referring to a reference pixe
thisl pttkatyeni tefefirstenficuiecin éowhibtido-oé-teeddedsrdaenidedt diatdince with the

AL AR R AL RSO UECAOP A Ay acon
inaleNagife adhyedits pidGIRIRNERPIEIJRINKS WEES iHISHHE ARG cates that the

information indicates the composite prediction and the second information
CaRestesisaichoaragas ingansredienetictig plurality of reference pixel

b'o‘?ksaeﬁﬂtééfétﬁ%s% HP&&P#L& %%(E)&f tB?é%Wé}%?efE%‘PS&C%S)é'b%@ﬁi'éa&’}?’tﬁe fo-
motion vector information, o obtainifig a linear'sum of a plurality o
beetieramize pivek lpcks when the first mode information indicates the

prediction pixel block is generated bé/ the _ _ ,

(1} refernng to a reference pixel block when the first mode information of
the to-be-decoded block indicates the single prediction, the reference pixe! block
extracted from the reference frame on the basis of the motion vector information;

(2) averaging a plurality of reference pixel blocks when the first mode
information indicates the composite prediction and the second information indicates the
average value prediction, the plurality of referance pixel blocks extracted from the
plurality of reference frames on the basis of the motion vector information, or

(3) obtaining a linear sum of a plurality of reference pixel blocks when
the first mode information indicates the prediction pixel block is generated by the
compasite prediction and the second information indicates that the composite
prediction is the iinear sum prediction, the plurality of reference pixel blocks extracted
from the plurality of reference frames on the basis of the motion vector information; and

a reconstructed video signal generator to generate a reconstructed video signal

of the to-be-decoded block by adding the prediction block and the prediction error

signal.



composite prediction and the second information indicates that the
composite prediction is the linear sum prediction, the plurality of reference
pixel blocks extracted from the plurality of reference frames on the basis
of the motion vector information; and a reconstructed video signal
generator to generate a reconstructed video signal of the to-be-decoded
block by adding the prediction block and the prediction error signal. 146
3, A video encoding method comprising: generating a predictive pixel
block for a to-be-encoded pixel blocky: (1) referring to a reference pixel
block, or (2) averaging a plurality of reference pixel blocks, or (3) obtaining
a linear sym of the plyrali referen ixel blocks in accordance with
weigh mngg\g%?s? ﬁ%g\ﬁgig %na Egigﬁsﬁa%gording to inter-frame
distaneesrdiedrierddimesdistansesiaeser tingete tispiaytixaetinict mation;
encoding the predictive error signal between the predictive pixel block and

the to- be-enk d@@ﬂfﬁ?@l%l@éﬁfﬁﬁ%‘aﬂé%@f’ﬁ%&é_infqrm_atio_n for each
to-be-encodqg)_rg@gfggl,%g, 5mafﬁg§t0{gg,g§e?égr%%%@gm@gmg whether

the predictive pixel block is generated by (1) a single prediction referring
to the referer(@e @itainivipeklioedpuntofipesiterdigdit tfarenderming! toaties in

lurality of referen ixel blocks: encading second mode informatiqn for
R S A T B8 (5 Co R Db RERITG  Er rarne
dittahReegngrAatATAGFRIIREKNHRE SecoMIthy RGPy MABARFIREIEREN]

whether the composite prediction is(1) an average value prediction or (2)

a lineRFRDIRIRESIF A SThgIRacreean fR Aretigivaqisal giassang the to-

L K nan e s poc oc & gveraca
the sirgleopiregifesbmoaiedriftdioation fone anhnmie-eaferdatenfrenvidack, the first

e R O e B S P e Predicte i by (1)
single prediction referring to the reference pixel block or (2) a composite prediction
referring to the piurality of reference pixel blocks;

encoding second mode information for each to-be-encoded slice, the to-be-
encoded slice including the to-be-encoded macroblock, the second mode information
indicating whether the composiie prediction is(1) an average value prediction or (2) a
linear sum prediction;

encoding index information of the to-be-decoded macroblock, the index
information indicating a reference frame including the reference pixel biock when the
predictive pixel block is generated by the single prediction, and indicating one or more
reference frames inciuding the piurality of reference pixel blocks when the predictive
pixel block is generated by the composite prediction; and

encoding the display time information of the to-be-encoded slice.

4. Avideo encoding apparatus comprising:

a predictive pixel block generator to generate a predictive pixel biock for each to-

be-encoded pixel block by;

(1) referring to a reference pixel block, or



pixel block is generated by the composite prediction; and encoding the
display time information of the to-be-encoded slice. 4. A video encoding
apparatus comprising: a predictive pixel block generator to generate a
predictive pixel block for each to- be-encoded pixel block by; (1) referring
to a reference pixel block, or 147 (2) averaging a plurality of reference
pixel blocks, or (3) obtaining a linear sum of the plurality of reference pixel
blocks in accordance with weighting factors, the weighting factors
according to inter-frame distances, thé7inter-frame distances according to
display time information; an encoder to encode (a) the predictive error
signal betwegqn)thecpigris dvenixel & osternddhads-breacetded pixel
block, (b) first mode information for each to-be- encoded macroblock, the

first mode infohreRIRSAMEAARRAG WAL SRR ShveipiRerertoBk iplocks in
a&SF%I ALed &JQ; So%?sd't“r%owé ﬁ%ﬁ@%‘é}é&e r&f&{& 1%%%@#*? Ofe

a comp05| |ct|on ‘referring to urality of reference pixel
dittarobes, (th)esetemfchmedestamﬁmsm.tmmcmogeadlsmayeae\eonﬂemshoe the

to-be- encoded slice including the to-he- encoded macroblock, the se
ot AR R B P T BT 6 G SRR PENEEIE Fidiaive pire

bi@&@@mwehéeoere%&a Bk bR dREBS SHTREaEIGBRANMbINER %k ach to-be-
information of the to-be-decoded macroblock, the index information

engattetimperotitske Hee fisimedeciigiptien ﬁer@eeﬁaa pixetheidbr wissictive pixel
bBERIS 'Vﬁe‘%’a’%&;f%ﬁ‘@'é s%eﬁ‘eesﬁa}éo‘i'cl?s{ngt ihe BiRd é’%”eﬁ&d ndisa {a&?or (2)a

one o more refe e fra inclu rallty 0 re eren e pixe
cinonkstwbeniidimpretiativetpitel bloekits ogm“feratee béhpicosp@sitecond mode

Farmadion for Bac Torbe Smeeatd Scar e To b e catea ales akeins the 1ombe-
encoded macrobiock, the second mode information indicating whether the composite
prediction is (1) an average value prediction or (2) a linear sum prediction, (d) index
information of the to-be-decoded macroblock, the index information indicating a
reference frame including the reference pixel block when the predictive pixel block is
generated by the single prediction, and indicating one or more reference frames

inctuding the plurality of reference pixel blocks when the predictive pixel block is

generated by the composite prediction, and (e) the display time information of the to-be-

encoded slice.



