1 DESCRI PT1 ONVIDEO ENCODI NG / DECODI NG METHOD AND APPARATUS 5
Techni-cal Field The invention relates to a nethod of encoding /° decoding
effectively a fading i mage and a dissolve imge and an apparatus therefor.
Background Art 10 In a video encodi ng standard schene such as |TU TH. 261,
H 263, |SO | ECVWEG 2, and MPEG 4, a notion. conpensated predictive
interframe encoding is used as one of enc&ding nodes. As a predictive
model in the notion conpensated predictive interframe encoding is 15
adopted a nodel indicating the nost high predictive efficiency when
| um nosity does not vary in a ti ReE &xsR EnFt e Ic&sd& of the fading i mage
that lumnosity of the image varies, for exanple, in the case of
fading-in froma black imge to a normal image, a 20 nethod of performng a
predi cti on adequat el accordiqgﬂﬁég,a change of lumnosity of the inmage is
a

not known. ConsequeftiBP %M DR Ef tE T A ARRPARATHUber  of

encoded bits for the purpose of maintaining an image quality in a fading
i mge. 25 For exanple, Patent No. 3166716 di scloses a technique of coping
wi th the problemby detecting a faging inage_ar and changi ng an

al l ocation of the 2 P Bln! 289° 52538

The invention relates to a method of encoding /
decoding effectively a fading image and a dissolve
image and an apparatus therefor.

Background Art

10 In a video encoding standard scheme such as
ITU-TH.261, H.263, ISO/IECMPEG-2, and MPEG-4, a motion
compensated predictive interframe encoding is used as
one of encoding modes. As a predictive model in the
motion compensated predictive interframe encoding is

15 adopted a model indicating the most high predictive
efficiency when luminosity does not vary in a time
axis. In the case of the fading image that luminosity
of the image varies, for example, in the case of
fading~-in from a black image to a normal image, a

20 method of performing a prediction adequately according
to a change of luminosity of the image is not known.
Consequently, there is a problem to neea the large
number of encoded bits for the purpose of maintaining
an image quality in a fading image.

25 For example, Patent No. 3166716 discloses a
fechnique of coping with the problem by detecting a

fading image area and changing an allocation of the



nunber of encoded bits thereto. Concretely, in the case of the fade-out

i mge, the large nunber of encoded bits are allocated to an begi nning part
of the fade-out that brightness varies. The |ast part of the fade-out 5
usual Iy reduces allocation of the nunber of encoded bits since it normally
becomes a nonochrone image resulting in ngking the encoding easy. Wth
such a way, a total inmage quality is inproved wi thout increasing the
total nunber of encoded bits. 10 On the other hand, Patent No. 2938412

di scl oses an encodi ng systen1that deals with the above problemin a
fadi ng i mage byUEGRFerdatiiydest bi eftdresinde i mfgncrriool i nip tithe wo
parameters of an anp t of Iunlnance change and an anount of contrast
change. 15 Thof&s WA dRdeBOnd"a9ed, thav i a 99 rameber of encoded

not i on- conpens vi deo . transmni ssi on” Kl uwer Acadeni c

t%d predl tion fo
Publ i shers 200% ﬁ’ré\}fl 95 Egdﬁon N REGTAR IE RE TN oF phe af3d4sm Bt frane
buffers. This n1|ntends to _i.nprov redi ctive e f|C|e c b
generating a pre % hltrrrlaegjs’es svéalré i"vel efﬂt?rﬁd% %ﬁfﬂi}iﬁ e‘eT%Pfence
frame ed ffar ver he ten1o Pate
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3166716 1 nproves an-inage quallty w t hout |ncrea5|ng he

area and changite ShUel] akatanoor k heoinber Teretioats B Forthis
reason, there ksstil®€ing in making the encoding easy. With such a

way, a total image quality is improved withoﬁt

increasing the total number of encoded bits.

10 | On the other hand, Patent No. 2938412 discloses an
encoding system that deals with the above problem in a
fading image by compensating for a reference image
according to two parameters of an amount of luminance
change and an amount of contrast change.

15 Thomas Wiegand and Berand Girod, "Multi-frame
motion-compensated prediction for video transmission",
Kluwer Academic Publishers 2001, provides an encoding
system based on a plurality of frame buffers. This
system intends to improve a predictive efficiency by

20 generating a predictive image selectively from a
plurality of reference frames saved in the frame
buffers.

However, the system of Patent No. 3166716 improves
an image quality without increasing the total number of

25  encoded bits in encoding a fading image by detecting a
fading image area, and changing an allocation of the

- number of encoded bits. For this reason, there is the



3 advantage that the encoding can be realized within the framewark of an
exi sting encodi ng system However, since the prediction efficiency is not
essentially inproved, a notable inprovenment of the encoding efficiency
cannot be expected. On the other hand, the system of Patent 2938412 has a
merit that the predictive efficiency on a fading inage inproves. However,
the predictive efficiency to be enough3for so-called a dissolve i mage
(referred to as a cross fade inmage) which an inage gradually varies from
an inmage tOVahtRtRrthdaddcERTOCIRE 6BRaPRedcaThecdy et e bitthomas W egand
and Berand_QG rod caqgot sufficiently deal with a fagin% i mage. and a

di ssol ve | MEYESYENE Lot ifriofe CECSFaRTc CYo&eRr £ | EPEREGT eVEACTT a
plurality r r re ) i t ior art as
described a %vﬁg{iﬁggf?lfér%%@%%%e?}pojfggﬁég eécbi&%?{% ar ﬁnqgt})ﬁeg% fa{)r t he

fading inpge.@nd dhSsolMkehiBge 113 he, aneoded ML b i gh LaRgse grality.

There is a problemthat 1 nprovenent of the ‘encoding efticiency cannot be
expected. &ksetosdre of Invention Exanpl e enbodi nents nay provide a
vi deo- encodi ng nmethod, a video-decodi ng net hod, and an apparatus therefor
that make it possi e tile endede Hand)i ghhe effdteirendy mtermde@ d93seige whose
| um nance varies with tine such as a fading i mge and a di ssol ve i mage
has a merit that the predictive efficiency on a fading
image improves. However, the predictive efficiency to be
enough for so-called a dissolve image (referred to as a
cross fade image) which an image gradually varies from an
image to another image cannot be obtained.
The system of Thomas Wiegand and Berand Girod
cannot sufficiently deal with a fading image and a
dissolve image, and cannot improve a predictive efficiency
even if a plurality of reference frames are prepared.
According to the prior art as described above, the
large number of encoded bits are required for the fading
image and dissolve image to be encoded with high image
gquality. There is a problem that improvement of the
encoding efficiency cannot be expected.
Disclosure of Invention
Example embodiments may provide a video-encoding
method, a video-decoding method, and an apparatus
therefor that make it possible to encode in high

-efficiency a video image whose luminance varies with time

such as a fading image and a dissolve image



4 and decrease a conputation amount. In a first aspect of the present

i nvention, there 1is provided a video encoding nethod for performng a
notion conpensated predictive encoding using at | east one reference inmge
signal and a notion vector between the 4 nput video signal and the
reference image signal, the nmethod conprising: a first step of generating
a first predictive imge signal according to a predictive paraneter

conputed hasedcLRedbe i MBSt A-dtRGE Mfance between a plurality of
ref erence i mages every to-be-encoded bl ock, when the plurality of

reference inmages arerysgdrimst hgsgsid @F teenpeasahedipredt cohyeciegnendi ng; a
second step of generating a second predictive imge signal according to an
aver age of isppxelvidad uesriafect kacptimalmétyhaf floef peeficenimpgesnostien t he

i mage-to-i mage distance is 0 or when the inmage-to-inage distance is
unknown or conplerfsaiett paethirivetep-aliingensiagi A leapr edictiaferencer si gnal
representing an error. of each of the first and second predictive inmage

si gnal s wi thagespetial £act ReMPhpeRt VU< Ssgivaen Bhe BReF thidaep of
encodi ng t he greduftive error signal and the nn&;on vector information. In

a second aSpeRt! Y H&SHrESERENFRVEREFD S 1M Her & MF5FBfded a vi deo

encoding apparatus for, gerforning a rption compensaled predictive encoding
usi ng at | éast one teference i nmage SI% al-and~“a notron “vector between the

Lgﬁ;ﬁ i ‘é: ggﬁm%e?;‘:f}ﬂgr%ﬂd LR EELETEHCE pl TR 159Dl amd D€ APRANALLS
based on an image-to-image distance between a plurality of
reference images every to-be-encoded block, when the
plurality of reference images are used in the motion
compensated predictive encoding; a second step of generating
a second predictive image signal according to an average of
pixel values of the plurality of reference images when the
image-to-image distance is 0 or when the image-to-image
distance is unknown or undefined; a third step of generating

.a predictive error signal representing an error of each of
the first and second predictive image signals with respect
to the input video signal; and a forth step of encoding the
predictive error signal and the motion vector information.
In a second aspect of the present invention,
there is provided a video encoding apparatus for
-performing a motion compensated predictive encoding
using at least one reference image signal and a motion
vector between the input video signal and the reference
image signal, the apparatus comprising: first
generating means for generating a first predictive

image signal according to a predictive parameter



generating nmeans for generating a first predictive image signal according

to a predictive paraneter 4a conputed based on an inmage-to-inmage di stance

between a plurality of reference i mages every to-be-encoded block; second
generating nmeans for generating a second predictive imge signal according
to an average of pixel values of th apIuraIity of reference i mages when

to an average of pi: . ural ity of reference inmges wh
unknown o “ORBRT PRt TR 1 *BenErAT NG T Tor Diner SRS 2 pr edi ot ve

error sigpalrhePEESERt L 08 ANEL T Bha i s thee PF adigld e dJmge signal with
respect to the input video signal; and encoding neans for encoding the

predi ctivebebeRt Sé@had gamdlrdfHitndhhd s Vst Qfer Y01 iTR} i0seddhd third
aspect of the present invention, there 1is provided a video decodi ng net hod
conpri si ngpradstepvef image osli grgs e reodedd ded et d reed udiengagee prfedi ctive error
signal representing an error of a predictive inmage signal with respect to
a video siphaktlandlnesioh Veectpluialfornai oeferemtepgmfgegendreat i ng a first
predictive jnmage signal according to a predictive paranmeter conputed based
on an i m§ect NRHRATEC BTN Rl Petveen - bl aliary e dereicet®e | mages
every to-be-encoded bl ock, when the plurality o ref erence i mages are used
in the ot fBAYEoHERRTRdS p?rélﬂ?‘?f”fnr\Fgr 'JT{tj':‘,J;a tg’(léﬁ[ of generating a

second  pred cLiye, | RIS §1 ARl ACS0NA N0 1 9,80 a48R0¢ 9f, i xel
signal representing an error cf the predictive image
signal with respect to the input video signal; and
encoding means for encoding the predictive error signal
and the motion vector information.

In a third aspect of the present invention, there
is provided a video decoding method comprising; a step of
deccding encoded data including a predictive error signal
representing an error of a predictive image signal with
respect to a video signal and motion vector information; a
'step of generating a first predictive image signal
according to a predictive parameter computed based on an
image-to-image distance between a plurality of reference
images every to-be-encoded block, when the plurality of
"reference images are used in the motion compensated
predictive encoding; a step of generating a second
predictive image signal according to an average of pixel
values of the plurality of reference images when the image-
toQimage distance is 0 or when the image-to-image distance
is unknown or undefined; and a step of generating a
playback video signal using the first and second predictive

image signals.



values of the plurality of reference i mages when the inage- to-inmage
distance is 0 or when the inmage-to-image distance is unknown or undefi ned;
and a step of generating a playback video signal using the first and
second predictive image signals. 4b In a fourth aspect of the present
invention, there is provided a video déEoding apparatus conprises: decodi ng

means for decoding_ﬁpg%Q§ﬂnQ§§ F%%%Eugknghé BEgggﬁfi¥§¥$ﬁ¥{5H i%QQ%Ja vi deo

representing an error of a predictive inmagé “signha respe

signal and; g0} 69 Y&F1 Ol i ddY Um0y fJ=5t 9RNeAliNgFears b8k ng
generating a first predictive inmage signal according to a predictive

paramet er me@APULSE Bas&di O exltddmrpe:ie- iifRdeddingt angechetveea a .
plurality of reference images every to-be-encoded bl ock; second generating

means for generatigpl sgomorxkpriedy G wr rarmage sSipgrali cadeer dinaget o an
average of pixel values of the plurality of reference i nages when the

i mage-t o-i pageal distlancespecy oy ahedaheligrege-arat impagendivetcdree i s
unknown or undefined; and playback nmeans for generating a playback video
si gnal usi hBTPARA bl ctivet dFenprasi grhinemis e fgansragigds@cdadst

B nput ' PERGLSE Gl T149% TolToh KGHBEHER & ST a v ooReaanhyogh &
et LU N G R S e et
signal, 1T 1Rf1ity of reference images every to-be-encoded block;

second generating means for generating a second predictive

image signal according to an average of pixel values of

the plurality of reference images when the image-to-image

distance is 0 or when the image-to-image distance is

unknown or undefined; and playback means for generating a

playback video signal using the predictive error signal

and the first and second predictive image signals.

In example embodiments, in the case of subjecting
an input video signal to a motion compensated predidtive
encoding on a video encoding side by using at least one
reference image signal and a motion vector between the
input video signal and the reference image signal, if the
number of reference images used for a motion compensated
predictive encoding is single, there is used a first
predictive image signal generation method of generating a
predictive image signal according to a reference image
number and a predictive parameter of a combination
selected for each to-be-encoded region of the input video

signal, from a



nunber of reference i mages used for a notion conpensated predictive
encoding is single, there is used a first predictive inage signal
generation nmethod of generating a predictive inage signal according to a
reference image nunber and a predlctlxe paranmeter of a conbination

sel ected for each to-be-encoded region of the i nput video signal, froma

4c plural biMrQilEg”Bf”%]}ntﬁaQI%ﬁé %gf}%ﬁ %&sf & CRE e£ lpg%er W th

predictive paranet e ot her en the nu [ nce

i mages useduhBErayiPhLi BR-498PENSabed e £t i ve encodlng |s pIuraI, t here
is used a second predictive signal generation nethod of generating a

predi ctive i mage si@nalhe aggoidinihd,0 wih et edicC trid dpalrcamet-ae reomeut ed every
t o- be- encoded regi on based on the reference i mage nunbers of the

plurality bhage$eunsadefonmugesoahoh aroipmys:s ted | pregdi ctdi vt angeodifng he
plurality of reference inmages. A predictive error signal expressing an
error of ais ppedrzli viehdrmdes sisprala gesongt ededacthivs aagnalth 5 respect
to an input video signal is generated, and index information |nd|cat|ng
ei t her of %e%%FaB%OPh@ebhééléfl éneéﬁﬁéPQS@gﬁﬁeQ%ﬂi%ﬁﬁ|%ﬂ@9ﬁuﬁ%ﬁna

information and.a set o el ected conbination and the reference i nage
hunber < ofa‘éco’b%?%l??fo?r?‘z%%F%YFc&?%@%%eFsccéﬁ%lb Sl T

enbOdlnenténcxgg& ?eﬁqgg'ﬁéégg éﬁ“%%e reference image numbers of the

plurality of reference images and an image-to-image

,_>

distance of the plurality of reference images.
A predictive error signal expressing an error of a

- predictive image signal generated in this way with




a to-be-encoded region of an input video signal is a first predictive type
to use a reference inmage for a notion conpensated predictive encoding, a
first prediction signal generation nmethod is used. Wen a predictive type
of a to-be-encoded region is a bidirectional predictive type and the
nunber of reference i mages used for a nption conpensated predictive
encoding is plural, a second predictiv% signal generation nethod is used.

On the other hand, on_a video decodin sige, coded data including a
predi cti ve 8PP5F sFgnal ?%%?Es%h%?ﬁgs A2 ert orIoteE bredi ¢t V%QQ%%ge si gna

with respeg el ong. video, SLonaly JOLLON KECE Al NfOTIR! Qg A Jendex

information "Indrcating el a conbination e reference 1 nage

number andearpredi ghhyeRATRVELISN Ad-LPe; L eEBReNGs, | AMPe, HUWTher s, of a
plurality of reference inmages are decoded. Wen the decoded index

i nfornati oBecleptegenbmbifNe: i GOMHNDHNOMNe PR GldadR: IHBER S gRlais
generated according to the reference inmage nunber and predictive

par anet er pluthgicgnbinatifenenWbenmthes6 isdeaadadd ndex i nformation
represents the reference image nunber of a plurality of reference inages,
a predictive i nmgelrsigreaiplies egbpeiatetsacebedi agpteditelivefeypacef i mage
nunber and a predictive paraneter conputed based on an inmge-to-inmage

di stance of PhEPpreneardey EIiel ererile inprlyesidee pikymkidvialebisitgnal is

gener at ed using t he Predictive error _signal and predictive imge signal
predIictive Ltype to use a referénce 1lmage for a motion

compensated predictive encoding, a first prediction signal
generation method is used. When a predictive type of a
to-be-encoded region is a bidirectional predictive type
and the number of reference images used for a motion
compensated predictive encoding is plural, a second
predictive signal generxation method is used.

On the other hand, on a video decoding side, coded
data including a predictive error signal representing an
error of a predictive image signal with respect to a video
signal, motion vector information, and index information
indicating either of a combination of the reference image
number and a predictive parameter and the reference image
numbers of a plurality of reference images are decoded.
When the decoded index information represents the
combination, a predictive image signal is generated
according to the reference image number and predictive

parameter of the combination. When the




generated in this way. In exanple enbodinents, a first predictive inmge
generation nethod of generating a predictive inmge signal according to a
conbi nati on of the reference i mage nunber and a predictive paraneter, and
a second predictive imge generation nethod of generating a predictive

i mage signal using a predictive paraneter cal cul ated based on a
frame-to-franme distance of selected plwality of reference inages are
prepared, and either thereof is selected according to the nunber of
reference feagdedanddex prédivetventyeeredentarchaseiféoence notdan
conpensat ed gredictive encoding. As a result, an appropriate predictive
i mge si gRaRPeANChed geheFat &Y byf ar Pt ERrREs vENagRE e WIS ECt Higyher
predictive,efficienc '

for an i nput _.video sjgnal fromwhich a predictive
Uage si gniFeSanTtI b HHpTORTT Tl ACTRT I ok % TR BTG AR em of a

nor el Vi degunePogding. o Lol SXpIRLe, At ad N IRae AN 2 digogLve | mage,

too. 7 In i on, ce'l SSi e hunbeéer ~of ?ines of

mul tipl i catjnggeDes - aRhehiLRafe okl FRe BiNRLIVRYCopoLecADTan operation

cost can be reduce bot h the encoding si e decoding 5 side.
Further, |phogamti ol CIORARIAE R RJ efignance si Rge raRuEbekiagdtacpr edictive

paraneter is not sent from
predictive error signal and predictive image signal
generated in this way.

In example embodiments, a first predictive image
generation method of generating a predictive image signal
according to a combination of the reference image number
and a predictive parameter, and a second predictive image
generation method of generating a predictive image
signal using a predictive parameter calculated based on a
frame-to-frame distance of selected plurality of reference
images are prepared, and either thereof is selected
according to the number of reference images and a
predictive type that are used for a motion compensated
predictive encoding.

As a result, an appropriate predictive image
signal can be generated by a predictive system with a

- higher predictive efficiency for an input video signal from
which a predictive image signal cannot be appropriately
generated by a predictive system of a normal video
encoding, for example, a fading image and a dissolve image,

too.



the encoding side to the decoding side, but index information indicating
conbi nation of a reference 10 i mage nunber with a predictive paraneter, or
index information indicating conbination of predictive paraneters is sent
in the case of sending the reference inmage nunber separately. As a result,
the encoding efficiency can be inproved. Brief Description of Draw ngs
FIG 1 is a block diagramshow ng configuration of a video encoding
apparatus relating to the first enbodiment of the present invention. FIG
2 is a block diagramshow ng detailed 20 configuration of a frame menory
and a predictive imadé I&or Singshd erpodariitb leI® St sthe di agram
showi ng an exanple of a caonbination _table according to a reference inmage
number  and a pPEEPEE ¢& faf@feCdr Mg tisd LG tien Siffodi MRel XX MG 4 is a
di agram showi ng,a first p(%lsi’{ﬁ\'ti on ril ati on bet ween two reference i nages and

a to-be- encodedffagé FRHMETENSTEEH FeRtc &1 MRETAF 1 £ tagt™mhowi ng a
second position_rel ational . betwe wo reference . es d a, to-bhe-
encoded i mage i ﬁeﬁﬁgegm} & .O(-Jfllglt'%ie Y asdrﬁ \?\rilrh?g deqqHing
position 3 bet ween . two reference images and a to-be-encoded image in the
enbodi nent . ’

Further, information concerning a reference image
number and a predictive parameter is not sent frqm
the encoding side to the decoding side, but index
information indicating combination of a reference

10 image number with a predictive parameter, or index
information indicating combination of predictive
parameters is sent in the case of sending the reference
‘image number separately. As a result, the encoding
efficiency can be improved.

15 Brief Description of Drawings

FIG. 1 is a block diagram showing configuration of
a video encoding apparatus relating to the first
embodiment of the present invention.

FIG. 2 is a block diagram showing detailed

20 configuration of a frame memory and a predictive image
generator in the embodiment.

FIG. 3 is a diagram showing an exampie of a
combination table according to a reference image numberx
and a predigtive parameter to use in the embodiment.

25 FIG. 4 is a diagram showing a first position
relation between two reference images and a to-be-

encoded image in the embodiment.



FIG 7 is a diagramshowing a fourth position relation between two
reference images and a to-be- encoded inage in the enbodinent. 10 FIG 8 is
a flowchart showi ng an exanple of a procedure of a selection of a

predi ctive schenme every nacroblock (conbination of a reference imge
nunber wth a predictive paranmeter) and an, encodi ng node determ nation
15 FIG 9 is a block diagram show ng confighration of a video decodi ng
apparatus relative to the enbodinent. FIG 10 is a bl ock di agram
illustrating a detailed configuration of a frame nenory / predictive inmage
generator in FIG 9. FiG.FPGisla Pdagramaghamisigow sgcanderaspltdosf synt ax
every block in the case of encoding index information. FIG 12 is a
diagran1shomﬁngraﬁa@%ﬁﬁﬁﬂebSFwaeéogHPeF@f@ﬁéﬁéédlﬁﬁge§tﬁéénﬁiﬁorﬁé‘case of
generating a predictive imge using a single reference imge. 25 FIG 13
i's a di agram sh8RfFAgeaniBRERpLRE bReaemPeRLPERE -encoded bit streamin the

case of generating a redi ctive imge using.two reference inages. 9 FIG

14 is a flowchart shgﬁﬁng%alﬁrBcgaﬁﬁgaposbﬁgﬁﬁg g S&é&ﬁcppﬁét me

according:-to a 5éﬁﬁe85 %gb be-encoded.region_rel ative . to an i ment of
B

) ) r “bgp= .Od
the present invention. LSECRBHEST H7EBSPr §PRg 2alP Pﬁeepﬁggﬁ ghade
in the embodiment.

FIG. 7 is a diagram showing a fourth position
relation between two reference images and a to-be-
encoded 1mage in the embodiment.

10 FIG. 8 is a flowchart showing an example of a
procedure of a selection of a predictive scheme every
macroblock (combination of a reference image number‘
with a predictive parameter) and an encoding mode’
determination.

.15 FIG. 9 is a block diagram showing configuration of
a video decoding apparatus relative to the embodiment.

FIG. 10 is a block diagram illustrating a detailed
configuration of a frame memory / predictive image
generator in FIG. 9.

20 PIG. 11 is a diagram showing an example of syntax
every block in the case of encoding index information.

FIG. 12 is a diagram showing an example of a
concrete encoded bit stream in the case of generating a
predictive image using a single reference image.

25 FIG. 13 is a diagram showing an example of a

concrete encoded bit stream in the case of generating a

predictive image using two reference images.




An enbodi ment of the present invention will now be described with
reference to drawings. [First enbodinent] (Wth reference to the encoding
side) 10 FIG 1 shows configuration of a video encoding apparatus rel ated
to the first enbodiment of the present invention. To the video encoding
apparatus is input a video signal 100 in its of a frane, for exanple,
in this exanple. This video signal 100 is I5 input to a subtracter 101 to
generate a predictive error signal by obtaining a difference with respect
to a predictive inmage signal 212. Either of the predictive error signa
and input video signdltG1084i 45 gelfdemsdagtt FhevHode as Sr@QgBF SsWic ch 102,
and 20 subjected to an orthagonal transformation, for exanple, discrete
cosi ne transfor FREDEF) BWPTRIARTOVENSGOREE 2CFRRSEaomEP PoX1ntheTotthogonal
transfornmer 103 genera%gsﬁorthogon t.ransf or ned o%gficient i nformati on,
e

|
for exanple, DCPScBBFP FgFHFoFﬁgFF&N9 8 Pite & ATy &REF or med

coefficient infornati%n.is guantized with a quantizer 104, and then
guanti zed orth868ﬁgp t FANSTOFAEd coefficient information 210 is 10 led to

AR R e b R R S R I

transforned coefficient Thformation npu oCa
this local decoder, hhe.guaRtik2e? of the present invention will now be

described with reference to drawings.
[First embodiment]
{(With reference to the encoding side)

10 FIG. 1 shows configuration of a video encoding
apparatus related‘to the first embodiment of the
present invention. To the video encoding apparatus is
input a video signal 100 in units of a frame, for
example, in this example. This video signal 100 is

15 o input to a subtracter 101 to generate a predictive
error signal by obtaining a difference with respect
to a predictive image signal 212. Either of the
predictive error signal and input video signal 100 is
selected with a mode selection switch 102, and

20 subjected to an orthogonal transformation, for example,
discrete cosine transform (DCT) with an orthogonal
transformer 103.. The orthogonal transformef 103
generates orthogonal transformed coefficient
information, for example, DCT coefficient information.

25 The orthogonal transformed coefficient information is
quantized with a quantizer 104, and then guantized

orthogonal transformed coefficient information 210 is



" notion conpensati o

5 orthogonal transforned coefficient information 210 is subjected to a
process to be inversive to that of the quantizer 104 and orthogonal
transfornmer 103 with a dequantizer 105 and an i nverse orthogonal
transforner 106, to reconstruct a signal simlar to the predictive 10
error signal. Thereafter, the reconstructegosignal is added to a

predi ctive image signal 212 input through "a switch 109 with an adder 107
to generate a | ocal decoded inage signal 211. The | ocal decoded inmge
signal 211 is input to a frane nmenory / predictive 15 image generator 108.
The frane nenor¥ed peedi ¥ervabilandengthertaroder08llsel ects one combi nation
froma plurality of conbina- tions of a reference franme nunber and a
predictive paranet eFUfRBETar Eher 8Panéd 268f eréhanenathd temede 26 % gnal

(1 ocal decoded i nage, si nal,211£ of .the__reference frame indicated by the
reference franeCRGRbEFLIERE tHECEBRELPBIZLEnBENATPEY 8 ?uﬁﬁgéﬁed to

tati f |, i di t [cti t i th
Cel bot od combi nAPEBACT Fur TReFLfn PHFL ‘BxaRQFE: 5"95eFErente | mage si gnal

of a framg unitis,genelaled By e aiding,an oLtsel (RLhe bingan,sum,

according'to the pre i've~ paraneter erea nenory /

predictive i”39§u9§8§§?%0£o19§g§89£§8‘%otﬂé iﬁ%&%%?%%étb”%ﬂ%g?k@ﬂ%heF°
g a tron vector to generate a predictive |Inage
si gnal ' quantizer 104 and orthogonal transformer 103 with a
| dequantizer 105 and an inverse orthogonal transformer
106, to reconstruct a signal similar to the predictive
10 error signal. Thereafter, the reconstructed signal is
added to a predictive image signal 212 input through
a switch 109 with an adder 107 to generate a local
decoded image signal 211. The local decoded image
_signal 211 is input to a frame memory / predictive
15 image generator 108.

The frame memory / predictive image generator 108
selects one combination from a plurality of combina-
tions of a reference frame number and a predictive
parameter that are prepared beforehand. The image

20 signal (local decoded image signal 211) of the
reference frame indicated by the reference frame number
of the selected combination is subjected to computation
for a linear sum according to a predictive parameter in
the selected combination. Further, in this example, a

25 reference image signal of a frame unit is generated by
adding an offset to the linear suﬁ according to

the predictive parameter. Thereafter, the frame




212. 5 1In this process, the franme nenory / predictive inmge generator 108
generates notion vector information 214 and index information 215

i ndi cating selected conbination of the reference frane nunber and
predictive parameter, and further sends information to 10 be necessary for
sel ection of an encoding node to the nDdelfeIector 212. The notion vector
information 214 and index information 215 are input to the variable

| engt h encoder 111. The frame nmenory / predictive image generator 108 will
be described in detail later. 15 A node selector 110 sel ects an encoding
node in units BfNEriFadr BEEEERBESedmaget Henpradiost iLP8 supiecivat LBA P from
the frame nenory / predictive image _generator 108, that i s, selects either
of an intrafranEeTEREBEENG™EAR &1ABRILONOCBRPERTACEAPEREFTEPRyESTRBeR r ane
20 encoding to outEut switch control signals Mand.S. I.n the intraframe

encodi ng node, SRFLERe¥CE69Tak8 IERSTAFE SWPLEAGTLIAIERGE By 9PRE switch

contr ol signaI? zland S, whereby the input video signal 100 is input to
t he orthogonal F4nsformer 103. In the 25 interfrane encodi ng node, the

swi tches 102 and 1121§L§Pi%n%&%%%dstot%er§5§% Q%M&H%'??%h%iié%% .0

signal s and S, so predié¢tive éerror signa

subtracter 102 Eﬁa%@ngn%%EEP§ ?b%hggﬁﬁéhté%aﬁﬁEﬁﬁﬂe%ec%8§1iﬁ%@r&g%ion

predi ctive i mage sign romth rane
214 and index information 215 indicating selected

combination of the reference frame number and
predictive parameter, and further sends information to
10 . . be necessary for selection of an encoding mode to the
mode selector 212. The motion vector information 214
-and index information 215 are input to the variable
length encoder 111. The frame memory / predictive
image generator 108 will be described in detail later.
15 A mode selector 110 selects an encoding mode in
| units of a macroblock based on the predictive
information P from the frame memory / predictive imqge
generator 108, that is, selects either of an intraframe
encoding and a motion compensated predictive interframe
20 encoding to output switch control signals M and S.
In the intraframe encoding mode, switches 102 and
‘112 are switched to A.éide by the switch control
signals M and S, whereby the input wvideo signal 100 is
input to the orthogonal transformer 103. In the
25 interframe encoding mode, the switches 102 and 112 are
switched to a B side by the switch contrel signals M

and S, so that the predictive error signal from the



menory / predictive image generator 108 is input to the adder 107. The
node information 213 is output fromthe 5 node selector 212 and input to
the variable length encoder 111. In the variable | ength encoder 111, the
ort hogonal transformed coefficient information 210, node information 213,
nmotion vector information 214 and 10 index %nf ormation 215 are subjected to
a variable Ilength encoding. Each variable-Tength code generated in this
way is multiplied and then filtered by the output buffer 115. Thus, the
encoded data 116 output fromthe output buffer 115 is sent to _the

transm ssion 15&EEMDF st b? ab‘ép%ii/s’%‘én@h%t0§%%0n¢%et’éﬁ%%§i>ﬁ@er

controller 113 itor ontr ol t he, encoder 11 concretely, for
exanpl e, a bufFﬂf’ndﬂl 0 %ﬁd%?ﬁﬁYﬁnkmﬁg%u$+%?af1% 2 ahBPR ohEF of B3R5
encodi ng paraneter squ ntlzatlon st L 0.the q?ﬁ % Eﬁ 104
for the purposé St°a %ﬁﬁf%ﬁ?%@ % %Bn pants (i 4 €nce

BRNEE b S B

detail ed configura T on of t rane nenory "/ pred

100 0 U8, 1 oy BBediol P gm0 emget el gt rom
control of the gpspar-coniroller 201.

In the variable length encoder 111, the orthogonal
transformed coefficient information 210, mode
information 213, motion vector information 214 and

10 index information 215 are subjected to a variable
length enceding. Each variable-length code‘generated
in this way is multiplied and then filtered by the
output buffer 115. Thus, the encoded data 116 output
‘from the output buffer 115 is sent to the transmission

15 system or a storage system not shown.

The encoding contrcller 113 monitors control of
the encoder 112, concretely, for example, a buffering
volume of the output buffer 115, and controls an

~ encoding parameter such as quantization step size of

20 the guantizer 104 for the purpose of making the
buffering volume constant.

{(With reference to the frame memory / predictive image
generator 108)

FIG. 2 shows detailed configuration of the frame

25 memory / predictive image generator 108 in FIG. 1. In
FIG. 2, the local_decoded image signal 211 input from

the adder 107 in FIG. 1 is stored in the frame memory




The frame nmenory set 202 conprises a plurality of (N franme nmenories FM
to FMN for tenporally storing the 1|ocal decoded inage signal 211 as a
reference frane. 5 The predictive paranmeter controller 203 prepares a
plurality of conbinations of a reference frane nunber and a predictive
parameter as a table beforehand. The predi¢tive parametric controller 203
selects a conbination of a reference frane nunber of the 10 reference
frame used for generating a predictive image signal 212 based on the input
video signal 100 and a predictive paraneter, and outputs _index information
215 i ndi cati ngS€he 28€| Bered E6RBIAAt Péntha PlElPAl CPN&Iofdgie 249ti on

eval uators 204 each _ 15 generates a reference i mage signal .according to the
combi nation of thE FEPBLeNERCFYaRBnalteFORRE 1FRfeR PLAFEAEY &F WHich is

selected with the predictive anet cantrqll er 203. The plurality of
rame. ot on eriE SETO36HSe Do kbe i i GRREGR SHdti GHOMT s
predictive error frgnh;%i ehegﬁgegceigggqeziﬁgngl and eth_e in@ytnknage
signal 100, and St put's ot on vVect or 9Pt 6rmafiof ffE'%ﬁPE makes ‘a
predi ction error mni pl | i f .fr ti C ﬁggg 5
generate gthe predicfﬁ%%SQH%gﬁgtg%%n§%¥f%?t§§ag§%?%§Fﬁgﬁ-?E%ﬁgééie ef%%%e
| mage signal sekeglad;wht Bl benphubahbhy O of FRFR ERLE0R G UEhie 204

every block to fnotion conpensation according to the notion vector.
and a predictive parameter as a table beforehand.
The predictive parametric controlier 203 selects a
combination of a reference frame number of the
10 reference fréme used for dgenerating a predictive image
signal 212 based on the input video signal 100 and a
predictive parameter, and outputs index information 215
indicating the selected combination.
A plurality of frame motion evaluators 204 each
- 15 generates a reference image signal according to the
combination of the reference frame number and index
information, which is selected with the predictive
parameter controller 203. The plurality of frame
motion evaluators 204 evaluates an amount of motion and
20 a predictive error from this reference image signal and
the input image signal 100, and outputs motion wvector
infbrmation 214 which makes a prediction error minimum.
A plurality of frame motion compensators 205 generate
the predictive image signal 212 by'subjecting the
25 reference image signal selected with the plurality of
frame motion evaluator 204 every block to motion

compensation according to the motion vector.



(Wth reference to generation of a predictive inmage) The foll ow ng
equations (1), (2) and (3) each show an exanple of a predictive equation
using a reference inage nunber and a predictive paraneter which are 5
prepared with the predictive paranmeter controller 203. An exanple as shown
in here shows predictive equations applie? to a case that a to-be-encoded
image as referred to as so-called P pictu é is subjected to a notion
conpensated prediction using a single reference 10 i mage (reference
picture) to generate a predictive image signal, and a case that a

t 0- be- encoded i hgEhasefpsparEeliot RS TEFIOA] loéd aBpFiastistd Vs iswsiedct ed to
a notion conpensated prediction using only one of two reference inmages to
generate a predl cti vgmenﬁ@élﬁwéﬁﬁl equla\d“rl\@ns dllp (@ a9 CIReash sho 7 -
)>> Ly + D2 (i) Cb =cli %& é C) %ng 1)-,128) +2- §%>> Lc +E2(i) +128)
20 (2) O = c||5n( ifa{ﬂP)lf REL( Rc EALCLLY: agfion )UL>‘-='>1 AEAGERSS)  (3)
Y indicates a predictive. imge S|gnal of .a 25 | um nance aI Cb and Cr

i ndi cate predi ct¢8%i RHFESTs Bﬁaﬁsp5ﬁdﬁﬁglggl ST rﬁh& s, and

) ofSBLL) PUREEPRL U5 R 05 g LBl 0.
‘An example as shown in here shows predictive equations
applied to a case that a to—be-encoded image as
referred to as so-called P picture is subjected to a
motion compensated prediction using a single reference

10 image (reference picture) to generate a predictive
image signal, and a case that a to-be-encoded image as
referred to as sc-called B picture is subjected to a

motion compensated prediction using only one of two

, reference images to dgenerate a predictive image signal.
15

Y = clip (D, (1) x Ry () + 277 )>> Ly + D, (i)
{1)
Cb = clip (B,(1) x (Rey () — 128 )+ 2% )>> L + E, (i) + 128)
20 (2)
Cr = clip (F (1), x (Rg, (1) — 128 )+ 277 )>> L. + F, (i) +128 ) -
(3)
Y indicates a predictive image signal of a
25 luminance signal, Cb and Cr indicate predictive image

signals of two color-difference signals, and RY({i),
RCb (i} and RCr (i) indicate luminance signal and pizxel

values of two color-difference signals of the reference



:

i mge signal of index i. DI1(i) and D2(i) indicate a predictive coefficient
of the lum nance signal of the index i, and an offset, respectively. El (i)
and E2(i) indicate a predictive coefficient of the color 5 difference
signal Cb of the index i and offsets respectively. FlI(i) and F2(i) _
indicate a predictive coefficient of the ﬁglor-difference signal Cr of the
index i, and an offset respectively. The index i indicates a value from
zero to (the maxi mum nunber of 10 reference inages -1) and is encoded every
t o- be-encoded bl ock (for exanple, every nmacroblock) and transmtted by
the vi deo decodiinggeppacgardscfPiedest iion Parldneterds DB1(L)) inpAdate B (i),
E2(i), FI (i), and F2(i) are val ues determ ned between the 15 video
encodi ng appar apusdand ivee caeéddicagnappar &hgs lwdpenasarid gngd sfeddeer mi ned
encoding units such as a frane, a field or a slice, and shared w th both
appar at uses by BBPRR§ énco®Edanl 8id SRty h 'eFP6GEd VEdta drd 1tr amshi®tldd from
the video encodi ng apparatus to .20 the decodi ng apparatus. The equations
(1), (2) and (3)111%1@&%%& PERFe CtagatPEnd Hraie i R SBI%E o avoid a

di vi si hoosi d 1 nat f, th digti ffici
mil U1 pl i e byt AP EFBPeReE PRAJeChl Ghal 25 FIRE g B BMGRIat i on,

panely, 24 Brelfecrive1dnd (GOTRULEDR AN ALITEIS Shlas Ry i s, 1t

is possible to av ncrease 0O conputati'on’co
' coefficient of the color-difference signal Cr of the

index i, and an offset respectively. The index 1
indicates a value from zero te (the maximum number of
10 reference images -1) and is encoded every to-be-encoded
block {(for example, every macroblock) and transmitted
by the video decoding apparatus.
Prediction parameters D1(i), D2(i), E1({(i), E2(i),
P1(i), and F2(i) are values determined between the
15 video encoding apparatus and the decoding apparatus
beforehand, or predetermined encoding units such as a
frame, a field or a slice, and shared with both
apparatuses by being encoded along with encoded data
and transmitted from the video encoding apparatus to
20 the decoding apparatus.
' The equations (1), (2) and (3) are predictive
equations making it possible to avoid a division
process by choosing denominator of the predictive
coefficient multiplied by the reference image signal
25 like two exponentiation, namely, 2, 4, 8, 16, ..., and
compute by an arithmetic shift. By this, it is

possible to avoid increase of a computation cost by the




16 division process. In other words, when >> in equations (1), (2) and
(3) assunmes a >> b, it is an operator subjecting an integer a to an
arithnmetic shift by b bits to the 5 right. Function clip( ) is a clipping
function which is set to O when the value within ( ) is smaller than O,
and to 255 when it is larger than 255, and,the integer of 255 is returned
from0O. LY is a shift anobunt of a |lum nancé signal, and LC 10 is a shift
anount of a color-difference signal. These shift anpbunts LY and LC use
val ues determned with a video encoding apparatus and a decodi ng appar at us
bef orehand. Al t EANASILPE Proe&F-are shared with both apparatuses by being
encoded along with a _table and 15 coded data in an encodi ng unit such_ as a
frame, afield or a &% &Ehshiards predeter MherFYHE PR deld -enGddiaiyt

hbod mont 8 cORD] AAEIERS S0PE B 130 15 P GRS ThagT AESE ahd A
predictive paragelgrer Wl e AR IR A e eI hle |
{he nuret of " B48H8108 AUROAE g€ LS g g S B RN 1o
there are four;kinds @b B QHG IR WIAGRS B '€SPANHEREA 1er than
0, and to 255 when it is larger than 255, and the
integer of 255 is returned from O.
LY is a shift amount of a luminance signal, and LC
10 is a shift amount of a color-difference signal. These
shift amounts LY and LC use values determined with a
video encoding apparatus and a decoding apparatus
beforehand. Alternatively, they are shared with both
apparatuses by being encoded along with a table and
15 coded data in an encoding unit such asra frame, a field
or a slice, which is predetermined in a video encoding
apparatus, and transmitted to the video decoding
apparatus.
In‘the present embodiment, a combination table of
20 a reference image number and a predictive parameter,
which is shown in FIG. 3 1s prepared in the predictive
parameter controller 203 in FIG. é. This table is used
when the number of reference image is 1. In FIG. 3,
the index i corresponds to the prediétive image which
25 can be selected every block. In this example, there
| are four kinds of predictive images in correspondence

with 0-3 of the index i. The reference image number




with 0-3 of the index i. The reference imge nunber 17 1is, in other words,
the nunber of a |l ocal decoded inmage used as a reference inmage. The table
shown in FIG 3 includes predictive paranmeters D1(i), D2(i), El (i),

E2(i), F1(i),and F2(i) that are assigned to a 5 |lum nance signal and two
color-difference signals in correspondencg,with equations (1), (2) and
(3). Flag is a flag indicating whether the predictive equation using the
predictive paraneters is applied to the reference i mage nunber designated
by the index i. 10 If Flag is "0", the notion conpensated prediction is
perforned usi ngt¥heiloehheteroned: i Fagenbibereotr af épenéedrragedninper
designated by the index i wthout using the predictive paraneter. |If Flag
is "1", the notP®Rdcedfpentatedcpreditersn Thei §2RéReshBy"Behdr §Lfnga

dicti [ di th ti 1), .(2 d (3 [ th
b1 cdi i ve  par SReLETrALERECT bEal PRBRBAGHLFnibLor PRA) ef ER4Ade i mage
nber desi t by t L nd I.. .1he F i.nf ti I
et ormined wi 114 bl teb 5b) entBlt o GbphraFue &n R HBE00} Rg%appar at us
bef h . A iyel Lt h d_w J . _bei
encoded & ong v Eha-b iRl Etghat  Balathgl st A0 R e R R 8 ap 0 S

apparatus, 25 A 13 Sheifenchh B, SaBhEIEhel TUPY (21 Aol {3 encodi ng
Flag is a flag indicating whether the predictive
equation using the predictive parameters is applied to
the reference image number designated by the index i.
10 - If Flag is "0", the motion compensated prediction
is performed using the locai decoded image of the
reference image number designated by the index i
without using the predictive parameter.
If Flag is "1", the motlon compensated prediction
15 is done by generating a predictive image according to
the equations (1), {(2) and (3); using the predictive
parameter and the local decoded image of the reference
image number designated by the index i. The Flag
. information uses values determined with a video
20 encoding apparatus and a decoding apparatus beforehand.
| - Alternatively, it is shared with both apparatuses by
'being encoded along with a table and coded data in an
encoding unit such as a fréme, a field or a slice,
which is predetermined in a video encoding apparatus,
25 and transmitted to the video decoding apparatus.
In these examples, when the index is i=0 with

- respect to the reference image number 105, a predictive




In these exanples, when the index is i=0 with respect to the reference

i mage nunber 105, a predictive 18 inmage is generated using the predictive
paraneter. In the case of i =0, the notion conpensated prediction is
performed wi thout using the predictive paraneter. As thus described, there
may be a plurality of predictive 5 schemes;with respect to the sane
reference image nunber. The foll ow ng equations (4), (5) and (6) show an
exanpl e of predictive equations for a reference inage nunber and a
predictive paraneter prepared with the 10 predictive paraneter controller
203 when a predﬂ-@@s@elsl H‘ﬁ@@réfcﬁﬁapsllggg@ﬁ@r BF§§J~E§FH§ PR6FEf&Fencé?

WL ) =2l wa (i *CF?% ek 5ot por! (1 EBF) ok Sptb @FHS# brapibeiff is
U-hi) J (6) L1 si.nce t g on gf t@g guatlg gsaZO est ab |shed
The hauat i on (4PSaRepear rirbPbEnDathe Mol Paati 8Pib?) prlafideBR) 200 W

(i, J)x (R(j) 'tﬁgg)éesgklﬁgﬁ, k%erg7ﬁa}9becglB%hrgﬁgt&)éfzbrédygkléé
5 schemes with respect to the same reference image
| number.

The following equations (4), (5) and (6) show an
example of predictive equations for a reference image
number and a predictive parameter prepared with tﬁe

10 predictive parameter controller 203 when a predictive

image signal is generated using two reference images.

P = clip (7, G, ))x R@) + W, G, j)x R(j)+ 25 )>> L)

_ (4)
15 Wy (i, J) =2 -, j) | (5)
. L

- chpz(mj . UG =0

AE U(j,1) (6)
Pl , U@, j)=0

Since the relation of the equation (5) is
20 established, the equation (4) can be transformed as

follows:
P =dlip (RG) << L+W (i, ))x R(j) - RG))+ 25 )>> L)

(7}




Wi,J) | ULO (8 2L-1 Ui, J) _ O This shows an exanple of a predictive
equation for the case of performng a bidirectional prediction in the
case of so-called B picture. Two indexes i and j 5 exist, and R(i) and R(j)
indicate the reference imuges corresponding to the |ndexes i and j
respectively. Consequently, it is assuned that two information itens |
and | are sent as the index information. V&%j, i ndicates a predictive

coefficient in the indexes i and 10 j. The functlon U used for conputation
of a predictive coefficient{is i@ representlng an i mage-to- inage
di stance, and U(i, ) represeds éaéhgksnc Tgep) £loe reference inage

desi gnated by the indEg,ij)= nd tEe b@ﬁﬁ e:ke i mage’ eS|gnated t he index
j. n 15 indicates a positio imge to be encoded currently. In the

present enbodinent, it is assuﬁ%d that the nor ﬁhiﬁ—ﬂh&ge has position
information of a snaller val ue. Consequently, if the reference inmage

desi gnat ed 20 by t he Thigeshiowiss appregaply @i @ teradl Gfive requdiaon Hor

ref erence i nage designated by the index > 0. |f the indexes
and j representt bﬁec§§ﬁeOﬁepéﬁéﬁé@lnﬁn&gglﬁﬁrﬁ§¢#§néﬂ mnasiiaydion fp = 0. If

the reference inage de5|%gated bﬁ the index i is nore past |n terns 25 of
time than the r&h8rEAEE Phage GasiiGRabe®lbF e iTHPexdexgm L j3RdkJo. Wien
Ui, j) |§ 0, the

eXlSt and R{i} and R(j) indicate the reference images
corresponding to the indexes i and j respectively.
Consequently, it is assumed that two information items
1 and j are sent as the index information. W (j, 3)
indicates a predictive coefficient in the indexes i and

10 j. The function U used for computation of a predictive
coefficient is a function representing an image-to-
image distance, and U(i, ) represents a distance
between the reference image designated by the index i
and the reference image designafed by the index j. n

15 indicates a position of an image to.be encoded
currently.

In the present embodiment, it is assumed that the
more past image has position information of a smaller
value. Consequently, 1f the reference image designated

20 by the index i is more future in térms of time than the
B reference image designated by the index j, U (i, j} >
0. If the indexes 1 and j represent the same reference
image in terms of time, U(i, ) = 0. Efrthe reference
image designated by the index 1 is more past in terms
25 of time than the reference image designated by the

index j, U{i, Jj) < 0. When U(i, 3j) is 0, the




20 predictive coefficient Wassunmes 2L-1. Concretely, a tenporal position
rel ati on between a to-be-encoded inmage to be encoded currently and two
reference inages is expressed as shown in FIGS. 4 to 7 5 using the indexes
i and j. FIG 4 shows an exanple that the to-be-encoded image n is

i nterpol ated between the reference inage;g$signated by the index i and the
reference i mage designated by the index j. Tn, Ti and Tj] express positions
of the to-be- 10 encoded image, the reference inage designated by the

index i, and the reference inage designated by the _index j, respectively.
The val ue i ncr easediebiae dcPRElieEi ght . WC%%%Bﬁﬁ%n?Fy} the relation of Ti <
Tn < Tj is established. The_function U used for ion of 15 the

predictive coefflC|eﬁPn9¥?§eéﬁtaPnEﬂmBQrﬁinpoﬁﬁtlonT e }onaﬁatwgﬁn Fy =

l%e;erh’tﬁge;gf5$29€egnFﬁgﬁg ﬁ%@gﬁng?é%g ?n?ﬂge?n88§r?H8£§daﬁﬁg%$§?L$ence

i mge 20 designated by the_ index_j_both t.po on,ip_.terns of
tinme than the to° %8r%% déﬁagﬁagésnex reso?ﬁeag thﬁﬁ ﬁ% §k&§ 1 EO gd u(j,

) EIG 6 §98§§t390£98%x8§aﬂpgg her epngt hg EﬁéﬁéeﬁﬁeexbﬂBgé

de5|gnated by th ex i ere nce i mge designated by the

:Rggg L bfhh argphp anpagh- BQSéBbQ&e&n1ﬁ§§85n0£sthﬂ%ekﬁ@@a%@@ batheegncoded

the reference image designated by the index 1 and the
reference image designated by the index j.
Tn, Ti and TJj express positions of the to-be-

10 encoded image, the reference image designated by the
index i, and the reference image designated by the
index j, respectively. The value increases toward the
right. Consegquently, the relation of Ti < Tn < Tj is
established. The function U used for computation of

15 the predictive coefficient W is obtained by U{n, i) =
™ - Ti, and U{j, 1) = Tj - Ti, where U(n, i) > 0, and
U3, i} > 0.

FIG. 5 shows an example wherein the reference
image designated by the index 1 and the reference image

20 ~ designated by the index j both are in a past position
in terms of time than the to-be-encoded image n. In
other words, U(n, i) > 0, and U(j, i) 5 0.

FIG. 6 shows another example wherein the reference
image designated by the index 1 and the reference image

25 designated by the index j both are in a past position
in terms of time than the to-be-encoded image n. In

other words, U(n, i} > 0, and U(j, i) = 0.



other words, U(n, i) >0, and U(j, i) ?2 0. 21 FIG 7 shows an exanple
wherein the reference i mage designated by the index i and the reference
i mge designated by the index j both are in a future position in ternms of
time than the to-be-encoded image n. In 5 other words, U(n, i) < 0, and
Uj, 1) > 0. Lis ashift anmount in the qﬂyations (4) to (8). The shift
anopunt uses a val ue determ ned between the ™ video encodi ng apparatus and
t he decodi ng apparatus beforehand, or is transmtted fromthe video
encodi ng 10 apparatus to the decoding apparatus with being _encoded along
with encoded data i nFEGprédebevdi ardespepdenyhetnin shehraseaePFame, a
field or a slice, and shared wth both apparatuses, Further, the, function
of clip2 in theagriadesEyeyddnd s 18982t indRilohhf oF SASTFREGr HIASE an
integer with limting the nmaxi num val ue, and the nininug1value of.%he
wei ghti ng fact GtesHHak R PY bR ohpde4t 7 oRCtRi AGCaiBaf uhFrEF ePPRE 3  as a
value sinply) within % of .cli 2% )...that is, an image-19- inag
di stance. A pl ural§§5® f3%05$mﬁu£% ?oﬁh%xgﬂp%%seﬁﬁogg c%?%?%gnfhignfunction
clip2 arg shown hereinafter... A fiyst gonfigu iio. of ghe function clip2
is a clﬁbping‘? Tt i On” %hiuﬁ%ke%{-éhﬁ’mﬁ%% ?ﬁ 'val e 75 smaller than
(oM and (2M 1), whep 11 LSchargeinblial 1h2Whl) oqlleibnkeqay Rel sess than
-2M and not nore 25 h%% %2 ?? i $"Fetur ned. 'tﬁ such coﬂf?guration, if
The shift amount uses a value determined between the
video encoding apparatus and the decoding apparatus
beforehand, or is transmitted from the video encoding
10 apparatus to the decoding apparatus with being encoded
along with encoded data in a predetermined encoding
unit such as a frame, a field or a slice, and shared
with both apparatuses. Further, the function of clip2
in the equations (6) and (8) is a function for
15 returning an integer with limiting the maximum value
and the minimum value of the weighting factors obtained
by computation using a value (referred to as a value
simply) within ( ) of clip2{( ), that is, an image-to-
image distance. A plurality of configuration examples
20 concerning this function clip2 are shown hereinafter.
A first configuration of the function clipZ is a
clipping function that makes -2M when the value is
smaller than -ZM, and (ZM—l), when it is larger than
(2M-1). The integer not less than -2M and not more
25 than (2M-1) is returned. With such configuration, if

the pixel is 8 bits, 9 bits are necessary for

expression of the value of (R (j) -R (i)), and




the pixel is 8 bits, 9 bits are necessary for expression of the val ue of
(R(j) -R(i)), and 22 (M+10) bits are necessary for expression of the
predictive coefficient W Therefore, it is possible to conpute a
predictive image value with an operation precision of (Mr10) bits. M
assumes a non-negative 5 integer not less than L. A second configuration of
the function clip2 assunes a function having a rule that it is set at 2L-1
when the value is smaller than 2Mand at 2L-1 when the value is |arger than
(2M 1), and returning an 10 integer not |ess than -2M and not nore than
(2M1). Wth tNM§188an§§réﬁﬁoﬁecﬁﬁéﬁré'éP%t@%@§Qﬁ§%9ﬂ<ﬂ¥ ween two

reference images i s _exceptional, all inages be subjected ta.an average
prediction. A tRFRELEGAVEgGPEETSR16P Y He f&#@Fi & &? i §05ﬁ§ﬁi %& ng
function settln lue.is smaller t. %ylwhen t he

t
value is larger®P ﬁEHezﬁlpﬁﬁgl %gﬂﬁcﬁpﬁﬁergﬁ$ﬁﬁ|“£E§1%nhf§§gﬁ'ﬁé?lless t han
1 d t th [t t
con??gupgtlgﬁrgPrF%gsﬁﬁﬁcPloé cllgg%?gstﬁg%pfﬁ% %%Va S%H%Pﬁzagﬁbredlctlve
coefficiept VVd95§F§%E nRecene negativye, resulting in that the positional

relation of the reféerence image is limted nore. Consequently, even if two

I dentical reference W%%%%ndarc%nchf&ﬁfmoﬂ tof SHROSKIRIE &P change a
prediction

assumes a function having a rule that it is set at 2L-1
when the value 1s smaller than -ZM, and at 25171 when
the value is larger than (2M-1), and returning an

10 integer not less than ~2M and not more than (2M-1).
With this configuration, when a distance relation
.between two reference images is exceptional, all images
can be subjected to an average prediction.

A third cenfiguration of the function clip2 is a

- 15 clipping function setting at 1 when the value is
emaller than 1, and 2 when the value is larger than
2M  and a function returning an integer not less than 1
and not more than 2M. The difference with respect to
the first. configuration of the function Clipz is that

20 the value of the predictive coefficient W does not
become negative, resulting in that the positional
relation of the reference image is limited more.
Consequently, even if two identical reference images
are combined, it is possible to change a prediction

25 _based on the predictive coefficlent W and an average
prediction to each other by inverting the ways

designated by the indexes i and j as the relations of




25 based on the predictive coefficient Wand an average prediction to each
other by inverting the ways designated by the indexes i and | as the
relations of 23 FIGS. 5 and 6. A fourth configuration of the function
clip2is a clipping function setting at 0 when the value is smaller than
0, and 2L when the value is larger than 5 , and a function returning an
integer not less than 0 and not nore than2L. Wth such configuration, the
val ue of the predictive coefficient Wbecones always a non-negative val ue
not nore than 2L, so that an extrapolation prediction is prohibited. _
Al ternatively, BiFE%ithendfétwo reference images is used for prediction in
a bidirectional prediction, too. Afifth configuration of the function
clip2 is a clippingfipertbnceetivnpebion o] WhentipetiarueliR? St | er
than 1, ‘and 2L-1 when thg val ue is |arger th(?aln 15 2Lk,F1 and. a function
returning an irft I F IS PP A 1SR P ol WRFR Hhan' 299 2t h such
configuration, th val,ue of the predictive coeffjcient Wbhecones always a
non- negative vaﬁlTPgun%lf 1#bgi”ré QhaEHK_EZ)LfJ%“%% nt%? ‘é?‘niu%xﬁajp%lf%?lf or ar}}edi ction
|'s prohilbyted. ﬁteéﬁét%ﬁwct%p%'ée%érrgﬁﬁeér?rjfﬁ‘e(j’é’f@% predigtd on of
two reference |_n‘ages. en a ‘di stance between two Teference inmages is
unknown or undefd e TS &xaml &L whep; 84 thers olod Pluration, the
value of the predictive coefficient W becomes always a
non-negative value not more than 2L, so that an
extrapolation prediction is prohibited. Alternatively,
10 either of two reference images is used for prediction
in a bidirectional prediction, too.
A fifth configuration of the function clip2 is a
clipping function setting at 2L~1 when the value is
smaller than 1, and 2D-1 when the value is larger than
15 2L, and a function returning an integer not less than 1
and not more than 2L-1. With such configuration, the
value of the predictive coefficient W becomes always a
- non-negative value not more than 2L-1, so that an
extrapolation prediction is prohibilted. Alternatively,
20 it is used for an average prediction of two reference
images.
When a distance between two reference images is
unknown or undefined, for example, when either of the
reference images or both thereof are reference images
25 for the background and the storage, the predictive

coefficient W assumes to be set at the value of 2L-1.

The predictive coefficient W can be beforehand computed




reference images or both thereof are reference i mages 25 for the background
and the storage, the predictive coefficient Wassunes to be set at the
value of 2L-1. The predictive coefficient Wcan be beforehand conputed 24
in an encoding unit such as a frame, a field, or a slice. Therefore, even
when a predictive image signal is generatgd with two reference inmages, the
conputation per pixel can be conpleted by multiplication of one 5 tine. P
=clip (R(1) + (W(i, j) x (R(j) - R(i))+ 2L-1)" L) (9) Equation (9) is
anot her exanpl e nDdlfylng the 10 equation (4). In the e %FIOH (7) t he
operation for éHbP@c?Pﬁ@dRPB)Upétaﬁuépl@ﬁn@tlé@ﬁ%ftak%i 0 t he

| eft beforehand was needed. Howeve he equatlon Q} the arit netlc

shit is onlttedS%9CSr|napﬁ§eéﬁFevteVPPo & Er ARG SHH A t s

effective that 15 an operat.ion unt n_be- decreased the a t, f
the arithmetic s$Ri PERE ﬁgFQaHltﬁh w@rF& AT &WaQ%ﬁhé} Qﬂ%gﬂﬁg#léh

shifting is done?%ggg%%} %Eh%e %%le%%%tegﬁBFﬁﬂe]gyl qneniﬁ?ecﬁﬁgues of

R(i) and (R)j € same‘resu Ion is not 20
obt ai ned.  The fﬁ%h_mnng equatlons (10) to (20) may be used replacing with
t he equatlons ( t6 (8). This is a nethod simlar to a nethod of
generat|ng a predictive

P =clip (R() + @ (i, )% (R(j) - R(1D) + 257 )>> L)
(2}
Fquation (9) is another example modifying the
10 equation (4). In the equation (7), the operation for
subjecting R{i) to an arithmetic shift by L bits to the
left beforehand was needed. However, in the eguation
{10), the arithmetic shit is omitted by bringing out it
from a parenthesis. As a result, it is effective that
15 an operation amount can be decreased by the amount of
the arithmetic shift. Instead, the orientation of
rounding when the shifting is done varies upon a large
and small relation of the walues of R(i} and (R)}J.
Therefore, the same result as the equation (4} is not
20 obtained.
The following equations (10) to (20) may be used
replacing with the equations (4) to (8). This is a
method similar to a method of generating a predictive
image using a single reference image, that is, a method
25 of generating a final predictive image by generating a
predictive image of a single reference image of the
ihdex i and a predictive image of a single reference

image of the index 7j and averaging them. Since the



i mage using a single reference image, that is, a nethod 25 of generating a
final predictive imge by generating a predictive imge of a single
reference inmage of the index i and a predictive inage of a single
reference imge of the index j and averaging them Since the 25 sane
process routine as that using a single refgrence inage can be used until a
hal fway step of the process, the nethod h an advantage of naking it
possible to reduce an anmount of hardware and an anount of codes. 5 PY(i)=
(WO(i)xRr(i)+2Lr-")>>L,. (10) Px(.1)= (WM(.1)x Rr(>+2L""-")>>L,, (11)
10 Pcb (i)= (Vb@amx pRobesF 128finke- ap>khht mﬁi&@(@Zﬁthé@ @EﬁfI@MK%U)x
(Rcb(J) 128 +2L-')>> Lc +128 (13) 15 Pc, S W (i) x (Rc, (i) -128 )+
2L-') >> Lc + 128z9¢14pn Pe, uEpi=uppifi th@ éW@J’) sm@) QiLIh)%PILOé:eﬁf% 20
(15) Y =clip (P7(|)+F%§ j)+1)>> 1 (16) =clip (Pch (I~+ PCh (> + 1) >>
1 (17) 25 O =&bepheb o@,p$pcﬁp|deﬁg;age(gg)mgglng it possible to

reduce an amount of hardware and an amount of codes.

5
P, ()= W, ()x R, (1) + 277 ) >> L, (10)
B, ()= W) x Ry () + 257 )>> I, (11)
10 | Poy ()= 7, (1) x (Re, () ~ 128)+ 277 ) >> L +128
(12)
Py ()= (1) % (Rey (/) =128 )+ 277 )>> Lo +128
(13)
15
P, ()=, () x (Rs, (1) = 128)+ 257 )>> L, +128
(14)
P ()= ,()) % (Re, ()~ 128)+ 257 J>> L +128
20 (15)
Y =clip(P,()+ P, (j)+1)>>1 (16)
Ch = clip (Pg, (i) + Py () +1)>> 1 (17)
25

Cr=cip(P, )+ P, (j)+1)>>1  (18)



{2L~1clip2(U(n,i)x2z+1 U(i,J)#0 WO(i,j)=\ U J,i) I 2z, Ui, j) =0 (19
{czi2[ UWnx 2z+1 | Ui, j) ~0 (i,A=U(l,i) J 2z UYi,J)=0 5 (20) (Wth
reference to a procedure for a selection of a predictive schenme and an
encodi ng node determ nation) An exanple of a concrete procedure of a
selection of a prediction schene (conbinﬂgéon of a reference 10 i mge
nunber with a predictive paraneter) and a encodi ng node deternination
every macroblock in the present enbodiment will be described referring to
FIG 8. The assumabl e naxi nu value IS iff %f ELM riable 15 min-D (step
S101). LOOP1 (step S102) shoywsZa "6/ pfocelss ERL~EF g n selection
of a predictive SChﬁﬂ&%Up:i erfra qg( ? Var i’a represents a

val ue of the index shd in FIG 3. The eval val ue D of each index
(conbi nation of a reference frame 20 nunber with a prqg(ptgvegparaneter) IS
conputed from the nunber of *encoded bits concerning nDtl vect or
information 214 (the nunber of encoded bits of the vari 4bPé- | engt h code
output fromthe variable I ength coding device 111 in correspondence with

t he noti on . Ll
- clz;UZ[U(”")?‘_z J , UG, j)#0
W, (i, /) = U(j,i)
2t - , U@, ))=0
5 (20}

(With reference to a procedure for a selection of a
predictive scheme and an encoding mode determination)
An example of a concrete procedure of a selection
of a prediction scheme (combination of a reference
10 image number with a predictive parameter) and an
encoding mode determination every macroblock in the
-present embodiment will be described referring to
FIG. 8.
The assumable maximum value is set to a variable
15 min D (step S101}. LOOPl (step S102} shows a
repetition process for use in selection of a predictive
scheme in interframe encoding. Variable i represents a
value of the index shown in FIG. 3. The evaluation
value D of each index {(combination of a reference frame
20 number with a predictive parameter) is computed from
the number of encoded bits concerning motion vector
information 214 (the number of encoded bits of the
variable-length code output from the variable length
coding device 111 in correspondence with the motion

- 25 vector information 214} and a prediction error absolute




25 vector information 214) and a prediction error absolute 27 value sum
so that the opti mum notion vector can be derived every predictive schene.
A notion vector which makes the evaluation value D a mnimmvalue is
selected (step S103). This evaluation value Dis 5 conpared with min -D
(step 5104). If the evaluation value D i§ mal ler than mn D, the

eval uation value D is assunmed mn D, andthe index i is substituted in
mni (step 5105). The evaluation value Din the case of intrafranme 10
encoding is conputed (step S106). This evaluation value Dis conpared with
min -D (step SY@#pRe Bium a$0, thads die @t dunpan serta rcamhs smal | er,
the node MODE js . determned to he gn interfranme encoding, and mnj is
substituted i nSEAd&ed AFEEYaPTSFHNBRe Gtharas ROWtiqn Yot aliah on

value Dis smaller, the nod is determined to be an intrafrane
encodi ng (step™ f@g)theTﬁé’agl\}ﬁggé’ﬂ RN o DHIEEE S ¥ tiTated  val ue

of the nunber qQf ,enco its t.he ne uanti,zation step. size. 20 (Wth
‘reference to t%eelgg%g |§gst%§’ﬁ)des§it&me' visIgm’E\loS CF§7 r:}'?—glCﬁbp"f’;f‘:f%';{'letjEDc](ﬁ‘respondi ng
to the i deo [ r at:us | L qF 1 wll, be scrihed. FIG 9
shows co%fi gurg:{alﬁlg%r%% %ﬁgﬁv%églcrﬁgggéﬁ n%gldaéfjp‘ar aﬂust}%eelea‘faﬁl Ctolchhe pr esent

enbodi ment . ~25 yGaded raka 309 199Nk HAW 150, eI A Bneedi Nk 1ue D

is assumed min D, and the index i is substituted in
min i ({(step S105).

The evaluation value D in the case of intraframe

10 encoding is computed (step S106). This evaluation ~
value D is compared with min D (step S107). 1If, as a
result of this comparison, min D is smaller, the mode
MODE is determined to be an interframe encoding, and
min i is.substituted in index information INDEX {step

15 5108} . If the evaluation value D is smaller, the mode
MODE is determined to be an intraframe encoding (step
5102). The evaluation value D assumes an estimated
value of the number of encoded bits at the same
guantization step size.

20 (With reference to the decoding side)

The video decoding apparatus corresponding to the
video encoding apparatus shown in FIG. 1 will be
described. FIG. 9 shows configuration of the video
decoding apparatus related to the present embodiment.

25 Coded data 300 sent out from the video encoding
apparatus of the configuration shown in FIG. 1 and

passed through a transmission system or a storage



apparatus of the configuration shown in FIG 1 and passed through a

transm ssion systemor a storage 28 systemis saved in an input buffer 301

once. The coded data 300 of the input buffer 301 is divided based on

syntax by a demultiplexer 302 for each frame, and then input to the

variable I ength decoder 303. The variable % | ength decoder 303 decodes the

vari abl e-1 ength code of each syntax of the coded data 300 to reproduce

guanti zed orthogonal transformed coefficients, node information 413,

notion vector information 414 and index information 415. 10 The quanti zed

ort hogonal trafsEdeed Toefiediightan gMRHe Yebiodud®d $3FDr nethorrgded

dequantized with the dequantizer 304. The dequanti ed_&o fficient is

subj ected to aftativel®e-r tHy MRt RS Mt ofS it i ?‘ﬁeb? e

ort hogonal transfqrnmer 305., When the node 5 information 413 indi,cates the

intraframe encSAG e, g%"é&ﬁa‘%@%%g@%i%le?&o Pt f?rb% e

i nverse orthogonal_ transformer. 305 nd .out put as | tipmt | gyback

i mge signal 3 Riita tt%gts‘naed%arr]?g%é eerl @ﬁe(?e%deerﬁ?-%r mﬁ%%ﬁﬁlea

i ndicates the i r e ' : | Gt VE ' is

out put f§0n1thégﬁﬁﬁghﬁg%xﬁgﬁﬁggg%éﬁg?ggﬂgfgg%gégg%é%i%§H£§%€%H%%ﬂgq%%de

sel ection sw t%%%pesi}état}yrgpq:@:cér RhAyDaglo | FROLp b @@ 310 is output
[

by adding the predictive error signal and the predictive I nage signal 412
output from guantized orthogonal transformed coefficients, mode
information 413, motion vector information 414 and
index information 415.

10 _ The quantized orthogonal transformed coefficient
of the reproduced information is dequantized with the
dequantizer 304. The dequantized coefficient is
subjected to an inverse-orthogonal transformation with
the inverse orthogonal transformer 305. When the mode

15 information 413 indicates the intraframe encoding mode,’

| a playback image sigﬁal is output from the inverse
orthogonal transformer 305, and output as an ultimate
playback image signal 310 via the adder 306. When the
mode information 413 indicates the interframe encoding

20 mode, a predictive error signal is output from the
inverse orthogonal transformer 305, and further a mode
selection switch 308 is turned on.' The playback image
signal 310 is output by adding the predictive error
signal and the predictive image signal 412 output from

25 the frame memory / predictive image generator 308 with
the adder 306. The pléyback image signal 310 is stored

in the frame memory / predictive image generator 308 as



25 the frame nmenory / predictive imge generator 308 with the adder 306.
The pl ayback i nmage signal 310 is stored in the frame nenory / predictive
i mge generator 308 as 29 a reference inage signal. The node information
413, notion vector information 414 and index information 415 are input to
the frame nmenory / predictive i mage generaber 308. The 5 node information
413 is input to the node selection switch 309, which is turned on in the
case of the interfrane encoding node and turned off in the case of the
i ntraframe encodi ng node. The frane nenory / predictive inmage generator 308
10 prepares for 2a HFAFTELIMEAS 34 B conbi nati ons of the reference image

nunber and predictiv araneter that . are pared. simlarly to the frame
nenory / predictive eq}ﬁ:ad[@r%eﬂé} %?ai'fﬁ’ oﬁf’hé“%%%i %Cat_sc?%e as shown in
415 from the ¢ aBre o e Rhgd b T RB A haces e Se St o T he
reference i1 mage esd t h r P rqgﬁgﬁ t sehgcted
conbination is §ﬁ%ﬁ§g%§% %%ngxp%ﬁ§§%%%§ﬁ$ﬁ§%%8? I'ng 1o tegg%?égﬁiiive

par anet er 50f t hg Sel ¢t 20 iAMDY NAti ONy R therond e of fsete@ctai ding to

the predictive parameter is added to the reproduced i mage signal 310. As
a result, a referaRCs m%?gvmjgﬂﬁlis SudRnerA ety thhereald it e

predi ctive i mage signa
interframe encoding mode and turned off in the case of
the intraframe encoding mode.
The frame memory / predictive image generator 308
10 prepares for a table a plurality of combinations of the
reference image number and predictive parameter that
are prepared similarly to the frame memory / predictive
image generator 108 of the encoding side as shown in
FIG. 1, and selects one combination designated by the
15 index information 415 from the table. The image signal
(playback image signal 310) of the'reference‘image
designated by the reference image number of the
selected combination is subjected to a linear sum
- according to the predictive parameter of the selected
20 combination. Further, the offset according to the
predictive parameter is added to‘the reproduced image
signal 310. As a result, a reference image signal is
generated. Thereafter, the predictive image signal 412
is generated by subjecting the generated reference
25 © image signal to motion compensation using a motion

vector indicated by the motion vector information 414.




is generated by subjecting the generated reference 25 inage signal to
motion conpensation using a notion vector indicated by the notion vector
information 414. 30 (Wth reference to frame nmenory / predictive inmge
generator 308) FIG 10 shows detailed configuration of the frame nenory /
predictive imge. generator 308 in FIG 9.54n 5 FIG 10, t he reproduced

i mge signal 310 output fromthe adder 30§| n FIG 9 is stored in the frane
menory set 402 with control by a nmenory controller 401. The frame nenory
set 402 conprises a plurality of (N) franme nenories FML to FMN to save
tenporal Iy the pPiiagbackfdoenpugeo stywae BIOHE 4 Pepdiehe®s| HRGES The
predictive paraneter controller 403 prepares as a table conbination of a
reference i mgeserepetoni $%8) a predictive paraneter as shown in FIG 3

bef orehand, and sel ects conbjnatioqn of _.the ref N nb 15 of
the reference i mage E€d @Brsﬁ%ﬂérQ?FBﬁlSQ Fﬂ@fgégggg&%geg%iﬁgﬁe%gﬁﬁﬁaf 412

with the predictive paraneter, based on the ind i mat | 415 f h
vari abl e Iengtﬂnﬁ%%ﬁﬂe?spéﬁ 1?Elﬁ?63m§geAgg?%gﬁﬁéf;gégrH?rggg'n%fio%gn]t ©

co t 40 tes f i i i
conbi nat 1on of THe-roher bheeroFhentChanbarot Trotnd PhacstrhR Esb® 1 i cn
S seLected by the.predi shiveoPRraTebet sconbak! ok #A3. rrIhe REAGLG!I ve

i mge signal 412 7s generated
. set 402 with control by a memory controller 401. The

frame memory set 402 comprises a plurality of (N) frame
memories FM1 to FMN to save temporally the playback
10 image signal 310 as a reference image.
The predictive parameter controller 403 prepares
as a table combination of a reference image number with
a predictive parameter as shown in FIG. 3 beforehand,
and selects combination of the reference image number
15 = of the reference image used for geheration of the
.predictive image signal 412 with the predictive
parameter based on the index information 415 from the
variable length decoders 303 in FIG. 9. A plurality of
frame motion compensators 404 generates a reference
20 image signal according to combination of the reference
image number with the index information which is
selected by the predictive parameter controller 403.
' The predictive image signal 412 is generated by
subjecting the reference image signal to motion
25 compensation in units of a block according to a motion
vector indicated by the motion vector infbrmation 414

from the variable length decoder 303 in FIG. 9.




subj ecting the reference image signal to notion 25 conpensation in units of
a bl ock according to a notion vector indicated by the notion vector
information 414 fromthe variable I ength decoder 303 in FIG 9. 31 (Wth
reference to syntax of index information) an exanple of syntax when
encoding FIG 11 shows a index information in each block. Each block has
node information MODE. It is determ ned whether index 5 information |IDi
indicating a value of the index i and index information IDj indicating a
value of the index j are encoded according to the node information MODE
After encoded iR inFiETRRGDLO it oRe vkt BrdeX ntt 3 O™V for noti on
conpensated prediction of 10 the index i and tion vector infornmation M
for notion conpensaf€dtr ptedieIV oD SF RS © nﬁyPFﬂﬁwaGPsenEﬁggHgd as.

nmoti on vector information of each, bl ock. Wth reference the data
structure of an¥HEodiHPIH 1Lt rje%mﬁ)’agiﬂ% kﬁ#?’;‘?klz %\cgﬁvsebg%c%gléﬁﬁl %O(g a
concrete encodin bit, str very, bl ock when, gener.ating. . a. ictive

i mge using a si G Y g\ﬂ@efi na%%.lﬁ ncg‘eeae?%qf%er’qewn% #%%rl H%lgg di sposed

follow ng the Moge Ldordmtion + Mk and, rgl)téfgme&foa%niggggt&og?w i's

di sposed 20 thereatter. e notion vec ntor mat 1 on usu

tmp'd!nensiOnmiﬁﬁ%§(¥hf6gﬁgégﬁﬂﬁ¥b‘Fiﬂ&f&%tin@-Qlyéﬁﬁéthofhe index 7
t wo- di mensi onal  vectors nay be sen&

are encoded according to the mode information MODE.
After encecded index information, motion vector
informatidn MVi for motion compensated prediction of

10 the index i and motion vector information MVi for
motion compensated prediction of index i1 and index Jj is
encoded as motion vector information of each block.
(Wifh reference to the data structure of an encoding
bit stream)

15 ' FIG. 12 shows an example of a concrete encoding

| bit stream every block when generating a predictive
image using a single reference image. Index infor-
mation IDi is disposed following the mode information
MODE and motion vector information MVi is disposed

20 thereafter. The motion vector information MVi is
usually two—dimensional vector information. Further,
a plurality of two-dimensional vectors may be send
depending upon the motion compensation method in the
block that is designated by the mode information.

- 25 FIG. 13 shows an example of a concrete encoding
bit stream every block when generating a predictive

image using two reference images. Index information



dependi ng upon the notion conpensation nethod in the block that is

desi gnated by the node information. 25 FIG 13 shows an exanple of a
concrete encoding bit streamevery block when generating a predictive

i mge using two reference inmages. Index information 32 |ID and index
information Iy are disposed follow ng noge information MODE, and notion
vector information MW and notion vector information M are di sposed
thereafter. The notion vector information Mi and the 5 nDtion vect or

information j are usually two-dinensiognal __vector information. Further, a
plurality of mld?ﬁ@népéﬁa THECFBRSLhRy IBd 8&fd CdEpER gf iPHe

noti on conpensat i hod in the BEOCK that .i,s_ desi gnat.e the node

i nformation. 10™R& EOFB ﬁﬁmFElPHeMB ¢ e APYe ARG dPRe E CAS Tditd 8 *%%ove,

wh di d f h
o1 odi ot ve. | maght ¢ oBREA Ao deoy s HRER s S Ao Rt S R e ve
coefficient and gl gLbsgl as hlenBrednCliLe pataiRlahs oloml Sl

permits generation- o an appropriaté  predictiveimge a field’inmage

carrespongi ng tﬁo%&on‘QEQ%OQbHﬁTngaQXOBObe@bn%s%%QQ%h&%@Edﬂ%@ﬂ%ionbﬂ a
met hod of selecting sinply one conbination froma plurality of

conbi nations of ya-ket-ergreenBitgbyr e murbeer20apdudanriedi eid ve paraneter,
when there is a plurality of reference inmages, the multiplication per
pi xel nust two-dimensional vectors may be send depending upon the
motion compensation method in the block that is
designated by the mode information.
10 According to the present embodiment as discussed
‘above, when a predictive image is generated using a
single reference image, the prediétive image. is
generated by a linear prediction using a predictive
coefficient and an offset as the predictive parameters.
15 This method permits generation of an appropriate
predictive image for a field image corresponding to an
image obtained by combining monochrome images. In a
method of selecting simply one combination from a
plurality of combinations of a reference picture number
20 and a predictive parameter, when there is a plurality
of reference images, the multiplication per pixel must
be performed a plurality of times. This increases an
amount of computation. However, in the presént
embodiment, the necessary multiplication may be one
25 time per pixel.
On the other hand, when a predictive image 1is

generated by means of two reference images, the




be perforned a plurality of tinmes. This increases an anount of

conput ati on. However, in the present enbodi nent, the necessary

mul tiplication nay be one 25 time per pixel. On the other hand, when a
predictive image is generated by neans of two reference inages, the 33
predictive inage is generated by obt ai ni ng;yei ghted nean of the two
reference images, using a weighting factor and an offset that are obtained
froma distance between the two reference images. This nethod nakes it 5
possi ble to generate an appropriate predictive imge  for a dissolve i mage
in which two i nB§egigkdvei tegde s gereratad DY e iagust s aded in the
present enbodinent is used, a necessary nultiplication n%y,b .one tinme

per pixel. 10 AREBRIPAGTPE tHE pRESEFPENMITHITENL Vad chds i"Yed, an
appropriate predictive i e c b enerated. for. a feed ima s well as
a di ssol ve | maggaﬁ OEné‘“‘ﬁ?%@ 82%&?%[ it%aitcgﬁeoﬁbﬁ&ln&dxggonsiangﬁs&ﬁ ce

mul tiplication gan be_c |l eted_o tine per. pixel,.a_ 15 r Le scal e
and an operatioﬁegggﬁncgﬁ%b w8e5F§§§§§9%1ﬁﬂﬁ ¥ of §%u€hggﬁﬁﬁﬁp§%ﬁ%5aﬁg a

decodi ng §ide. éQSE@B%@b%%eggﬁﬁ%EggtE%na;#ﬂﬁgﬂﬁﬁgggFﬁ%¥ﬂ$g$ﬁﬁ§ifﬁégéa

predictive image I's changed~-according to the nu _ erence ‘i mages.
However, the metRod;of;genarat kReg20 ;3 RHSMC WL iiRAe ML heschanged in

units of imge or
In this time, if the eguation used in the present
embodiment is used, a necessary multiplication may be
one time per pixel.

10 According to the present embodiment as thus
described, an appropriate predictive lmage can be
generated for a feed image as well as a dissolve image
by one time of multiplication per pixel. Since the
multiplication can be completed one time per pixel, a

15 . hardware scale and aﬁ operation cost can be decreased
in both of an encoding side and a decoding side.

In the above description, the method of generating
a predictive image is changed according to the number
of reference images. However, the method of generating

20  a predictive image may be changed in units of image or
in units of sllice according to a difference of a
prediction type as referred to as so-called é picture
type or a slice type. When only either one of the
reference images in the case of, for example, a B

25 picture is used, the predictive image is not generated
using the predictive parameter, but the motion

compensated prediction is carried out using norxrmal



inunits of slice according to a difference of a prediction type as
referred to as so-called a picture type or a slice type. Wien only either
one of the reference inmages in the case of, for exanple, a B 25 picture is
used, the predictive inmage is not generated wusing the predictive
paranmeter, but the notion conpensated pregiction is carried out using
normal- 34 | ocal decoded inmage. A predicti é i mage generating procedure
using a nethod of changing a predictive inage generating nethod according
to a difference of the predictive type as 5 well as the nunber of reference
i mges is describedl @echdegf ém@gee to FIG 14. In this exanple, a method
of generating a predictive image is changed in units of _slice. A
predictive type (refér PEEHSTE VS jlg@ a8 sEnateling PRG- BRI B S i ce
which is a to-be-encoded region is determned, and it is divided into
three slices, tR&tROPsOTaRIANGINGe 8 PLFRITAT 1YY JMFE%e AERIed ML dgidod

Wi ch i & pr od; CPEHCEETRG £18 SRrgRa FErePdnaDa RS (e S Fhr € ot i on)
and a B glice wh h isfst[%reedi o %q: usi n fmrxi mim .t vo ersefiesreeceC iibrga es
(bidirectional p?e |€t|on) F% ep S2 1f%l% THhe 8- Sencoded 1 ce’ is an |
slice as a resylty;0f GaLeEUNAL @1 Of 15t eP 224 & NG Al AT AR thog
of generating a predictive image i1s changed in units of
slice.
A predictive type {(referred to a slice type) of a
10 to-be-encoded slice which is a to-be-encoded region is
determined, and it is divided into three slices, that
ig, an I slice in which a to-be-encoded slice is
subjected to an intraframe encoding (intraframe
prediction), a P slice which is predicted using a
15 . single reference image (one way prediction), and a B
slice which is predicted using maximum two reference
images (bidirectional prediction) (step S201).
If the to-be-encoded slice is an I slice as a
result of determination of step 5201, the intraframe
20 encodingr(intraframe encoding} is done {(step S202). If
the to-be-encoded slice is a P slice, a predictive
scheme based on combination of one reference image and
a predictive parameter as described above is adopted
{step 5203).
25 If the to-be-encoded slice a B slice, the number
" of reference images 1s checked (step $5204), and the

predictive scheme is changed according to the result.



20 encoding (intraframe encoding) is done (step S202). If the
to-be-encoded slice is a P slice, a predictive schene based on conbi nation
of one reference inmage and a predictive paraneter as descri bed above is
adopted (step S203). 25 If the to-be-encoded slice a B slice, the nunber
of reference images is checked (step 5204),- and the predictive schene is
changed according to the result. 35 1In other words, if the to-be-encoded
sliceis a B slice, and the reference image is single, normal notion
conpensative prediction is adopted (step 5205). I|f the, to-be-encoded slice
is a Bslice, ait QWeref@idhcelt thmges peencdted S5 btedi €t iv e schene
corresponding to . an i nage-to-inage di stance of the tro referegce i mages
i's adopted (st eptispde)anqd Sebdr EbRe FretdITheT oS W9t & b St hi et
second enbodi nent of the, 10 present invention. The enti onfiguration of
the video encdditRfupparat LRLP% T v Hed LS iﬁ%te%p §9§a us ?ﬁ %ﬁee
present enbodinent is approxinptely. simlay.tot f t][h %g
enmbodi ment . Accot d?%g?%/&%%%lg?ﬁc%iﬁ et re]%ncséi3\“/\5|:’$‘h %@p@“é? %f %ée <1L"T:rst :
enbodi ment 15 is descr] The presen Qdi e%‘%‘}‘?e Pl €, when -
the fi rs?’ enboplll ﬁ%ﬁ%giéspgégln%? n’edgv&?f% of hier s‘cg:%erre. e %g?l?%wi ng equation
(21) is a pred'&ﬁ'fﬁége—to~image distance of the two reference images
is adopted (step 5206).
[Second embodiment]
There will be explained a second embodiment of the
10 present invention. The entire configuration of the
 video encoding apparatus and the video decoding
apparatus in the present embodiment is approximately
similar to that of the first embodiment. Accordingly,
only a difference with respect to the first embodiment
15 is described. The present embodiment shows an example
when the first embodiment is combined with other
scheme.
The following equétion {21} is a predictive
equation of a bidirectional prediction of so-called B
20 picture using two reference images, and a first method
of averaging the motion compensative predictive image
of two reference images simply.
P=(R@E+R()+1)>>1 (21)
In the first method, change information {(change
25 flag) for changing between a predictive equation shown

" by either of equations (4) to (6), equations {7) to

(8), equatien (9) or equations (10} to (20) and a



equation of a bidirectional prediction of so-called B 20 picture using two
reference images, and a first nethod of averaging the notion conpensative
predictive image of two reference images sinply. P = (R(i) + R(j) + 1) >>
1 (21) In the first nethod, change information (change 25 flag) for
changi ng between a predictive equation shogg by either of equations (4) to
(6), equations (7) to (8), equation (9) or equations (10) to (20) and a 36
predi ctive equation shown by an equation (21) are encoded along with the
encoded data in a predeterm ned encoding unit such as a picture, a frane,
a field and a BFedéctard eman§ibnt 8BOVRoRYaan gavaéncndi(Ad)apgaratus 5 to
a decodi ng apparatus to be shared with both apparatuses. In other words, a
predi ctive equathefdedhdhAnpnwetihéheopnfRecdqdatrods 4pregetermidgdati ons
(7) and (8), equatiaqn (10£,or equations (10) to (2Q) and a predictive
equati on shown BYCPHeNEqHAL0AUER1RS 20PAFEUCRanged ta8enedddd e A @ ditng t o
the first nethod,.a weighted nean_,dependi ng on an i nage-to-i nage di Sstance
bnd a S mple. adbiage ROt REPERLFEAGeF Higds TeARChENAABIT Oy BRP S et ged.
wher eby the inmp redictive, 15 efficient ¢ pect ed.

Because the equé%ygn %%E?EngngPaaéé%HS EﬁlpﬁpﬁbggFB;W}%gn ggﬁéutational,

amount is not gﬂﬁéggﬁﬁges. In other words, a predictive equation
shown in either of the equations (4) to (6), equations
(7) and (8}, equation (10) or equations (10} to (20)
and a predictive equation shown by the eguation (21)
10 are changed as needed.
According to the first method, a weighted mean
depending on an image—to-image distance and a simple
- average of the reference images can be adoptively
‘changed, whereby the improvement of a predictive
15 efficient can be expected. Because the equation (21)
includes no multiplication, an computational amount is
not increased.
The equations (22) to (27) and equations (28) to
(33} show a method of generating a predictive parameter
20 for two reference images using a predictive parameter
when the reference image is single. The present
embodiment shows an example which these methods are
combined with the first embodiment. AL first, the
eguations (22} to (27} show a second method of
25 obtalning a predictive wvalue by averaging the wvalue of
the predictive equation when the reference image 1is

siﬁgle.




The equations (22) to (27) and equations (28) to (33) show a nethod of
generating a predictive paraneter 20 for two reference images using a
The present
enbodi ment shows an exanpl e which these methods are conbined with the

predictive paraneter when the reference inage is single.

first enbodinment. At first, the equations

nmet hod of 25 obtaining a predictive val ue 8§ aver agi ng the val ue of

predi ctive equation when the reference inage is single.

37

Pr(i) =

22) to (27) show a second

t he

Dl (i)xR (i)+2Lr-" + ' 22 P s(EL(i Rct (i)-128 +2dl1) >>
(D (i) xR (i)+2Lr )»@'5)——_%&)&( )((')-)Lciil%)l( (1) x( ngii))+128 (2)
=clip ((PyO+PP(J)+10>> 1) (25) Cb =clip ((Pcb (i)+ Pca (J)+1)" 1) (
=clip ((PC () + 'O (1) 0 >>1) (27) 10 PY(i), PCb(i) dA&IPCr(i) are

Lc+E20) +128 (23) 5 PG, X(Re

i 1Ter ence signal Cb Andtkoles COr Ubudie 198gnap O ) v ok

g oot LB

e Si
pett

13 3128

4) Y
26) O

col or -
n the

second net hod, change information (change 15 flag) for changi ng between a
predi ctive equation shown by either of equations (4) to(@§ﬂ, equations (7)

to 5 Po ()= (F (), x Re, (1) - 128 )+ 257 )>> L, + F, (i) +128
(24)
Y =clip (P, () + P, ()+1)>> 1) (25)
Chb = clip (P, (1) + Pey () +1)>> 1) (26)
Cr = clip (P, 0)+ Po, () +1)>> 1) (27)
10  PY(i), PCb(i) and PCr(i) are results in the middle

of a predictive value of luminance signal Y, color-

difference signal Cb and color-difference signal Cr

respectively.

In the second method, change information

{change

15 flag)} for changing between a predictive equation shown

by either of equations (4) to (6), equati
(8), equation (9) or equations (10} to (2

predictive equation shown by equations (2

O3

{7) to

0) and a

2) to {27} are

encoded along with the encoded data in a predetermined

20 encoding unit such as a picture, a frame,

a field and a

slice, and transmitted from a video encoding apparatus

to a decoding apparatus to be shared with both

apparatuses. As thus described, a predictive equation

shown in either of the equations: (4) to (
25 (7} and (8), equation (9) or equations (1
a predictive equation shown by the equati

(27) are changed as needed.

6)

0} to (20) a

ons

(22) to

equations

nd-



(8), equation (9) or equations (10) to (20) and a predictive equation
shown by equations (22) to (27) are encoded along with the encoded data in
a predeterm ned 20 encoding unit such as a picture, a franme, a field and a
slice, and transmtted froma video encodi ng apparatus to a decodi ng
apparatus to be shared with both apparatusgs. As thus described, a

predi ctive equation shown in either of the equations (4) to (6), equations
25 (7) and (8), equation (9) or equations (10) to (20) and a predictive
equati on shown by the equatlons (22) to (27) are changed as needed. 38
According to the secSfECRELREd toa ths FRENhataThche iR PRE e mean

i mage-t o-i mage glstagce and a Qredlctlve i mage_based on a_linear

predi ction usi ngEPRBSPEf BPeﬁE‘e PREGeL oSS éjd‘r?tt?él‘%?dc?ﬁ"tq Vely changed, 5
wher eby the inprovenent o ictive efflclent can expect ed.
owever . accor dPRESRETERE pRaBroPRoES o = slﬁa\m% ﬁ%%@’ BHEY 3P 1o
(27), al though h It| LcatiQn_n nber r S tw re is the
nerit that the Eéeg'%gg of #“ageaos'm thé 6?2? O\]/Oe lf(?lcyoeclﬁncq Btit

| nor easess Ther ghatepyl Uhherol BIELGITERIy 0T diiefl adjae. 4] elignoy can

be expect ed Equat i o Sw &s Fanot predi ctive equation an
exanple of a "B@aéx%é%@leet' VaoRayatd, 0%06&%’01191@}% r&f@r&%dﬁw%

generated using two 15 predictive paraneters In the case of si ngl e
reference shown in the equations (22) to (27), although the
| multiplication number per pixel is twice, there is the
merit that the degrees of freedom of the predictive
10 coefficient increases. Therefore, further improvement
of the predictive efficiency can be expected.
Equations (28) to (33) show as another predictive
equation an example of a linear predictive equation
using two reference images generated using two

15 predictive parameters in the case of a single reference

image.

By (1, )= (D,()x Ry (1) + Dy (J)XR () + 2% ) 5> (L, +1)
+(D,()+ D,(j)+1)>> 1

20 (28)
Poy G, )= By () % Rey () —128) + By () x (Rey (/) = 128 )+ 27 )>>
(Le + D)+ (E,(0) + EL(F) +1)>> 1+128
(29)
Pe, G 1) = (R0 % (Ro, () ~128)+ F () x (Re, ()~ 128)+ 2% ) 5>
(Lo +1 (F,(D) + F,(j)+1)>> 1+128 |

25 Y =clip (P, (i, j)) (31)
Chb = clip (P_Cb (i:j)) _ (32)



i mage. PP(i,j)= (DL(i)xRr(i)+DL(j)xRr(j)+2LY)>> (L' +1)

(Lc+1) +( E2(i ) +E2(] ) +1)>> 1+128 (29) Pc, (i,j)= (F1

+(D2(i)+D2W1) " 1
20 (28) Pcb (i,j)= E (i)x(Rca(i)-128)+E, (j)x(Rca(j)-128)+2L)>>

(i )x(Rer (i)-128)+F, (j)x(Recr(j)-128)+2LC)>> (Lc +1)+ (F2(i)+F2(j)+1)>>

1+128 (30) 25 Y =clip (Fli,/j)) (31) Cg=clip (1'cbli,j))

(32) 39 O

=clip (P'(i,j)) (33) In the third nethod, change information (change fl ag)
for changi ng between a predictive equation shown by either of equations

(4) to (6), equ
and a predicti
along wth the

ations_(7) h%réj(@yﬁquati on (9) or equations (10) to (20)
wA

ve equatiof quations (28) to (33)3dHre encoded
encoded data in a predeterm ned encoding unit such as a

picture, a frame, a fifell®eaddigd Netdwdarihangmsm i Fiom CRARED

encodi ng appara
appar atuses. As
the equations (
(10) to (20) an

5

10

15

20

25

tus .10 to decodi ng apparatus to be shared with hoth
AER)

d85cPBEFING Rddica o RIGTRIG O S IO 1P TN of
B 45 AR P B SR g

(8), equation (9) or ecquations (10) to (20) and a
predictive equation shown by equations (28) to (33) are
encoded along with the encoded data in a predetermined
encoding unit such as a picture, a frame, a field and a
slice, and transmitted from a video encoding apparatus
to a decoding apparatus to be shared with both
apparatuses. As thus described, a predictive equation
shown in either of the equations (4) to (6}, equations
(7) and (8), equation (9) or equations (10) to (20} and
a predictive equation shown by the equations (28} to
(33) are changed as needed.

According to the third method, a weighted mean
depending on an image-to-image distance and a
predictive image based on a linear prediction using two
reference images can be adoptively changed, whereby the
improvement of a predictive efficient can be expected.
However, according to the predictive type shown in the
equations (28) to (33), although the multiplication
number per pixel is twice, there is the merit that the
degrees of freedom of the predictive coefficient
increases. Therefore, further improvement of the
predictive efficiency can be expected.

The above embodiment is explained as an example of



15 (33) are changed as needed. According to the third nmethod, a wei ghted
nmean dependi ng on an inmage-to-image di stance and a predictive inmage based
on a linear prediction using two reference inages can be adoptively
changed, whereby the 20 inprovenent of a predictive efficient can be
expected. However, according to the predigbive type shown in the

equations (28) to (33), although the nmultiplication nunber per pixel is
twice, there is the nerit that the degrees of freedom of the predictive
coefficient 25 increases. Therefore, further inprovenment of the redictive
efficiency can BeVéRpectBEOITRE 4AbE¢ECEHBOdISYSHEN BsdRgl airtbgdIasaan exanpl e
of 40 a video encoding / decoding system using orthogonal transformation
in units of bl oEKANEEREVEFIOPhENNBIHEE Obf PEREXpr e HOWE VieyY eiEOHEEESEr i bed

in the above enhodj nent can, be adopted to a case with_ the_use of 5 another
transformation ggcﬁh?q8€e§88ﬁ ABVREEPEt ASFCIRSLREr Bt it8R. 2ROFFocess of

ra i e b Lo, > s
feali 760 as o RAVOGIETFapBll SPUSHOPRAG hey So6SeRetitda By MSCoMput er 10
Che" S horS {Rr e afoPALE OEahIRPRACTRS TRLLAS LENLERT acthiblcRelar dvar e, and

t he ot her thereof may be éxecu nsequen?ﬁ?, according to
the present inyven}kelynkbRELE can be provided a programto make a

A process of video encoding and decoding
concerningrthe present invention may be realized as a
hardware (apparatus)}, and may be executed by a computer

10 using software. A part of the process may be realized
with a hardware, and the other thereof may be executed
by software. Conseqgquently, according to the present
invention, there can be provided a program to make a

computer execute a video encoding or a decoding process

=
83

or a storage medium stored the program.

As discussed above, according to the current
invention, a video encoding / decoding can perform with
a high efficient and a little computational amount by
doing an appropriate prediction for é video image whose
20 luminance varies in terms of time such as a fading

image and a dissolve image in particular.



conput er execute a video encoding or a decoding process 15 or a storage
medi um stored the program As discugsed above, according to the current

i nvention, a video encoding / decoding can performwith a high efficient
and a little conputational amount by doing an appropriate prediction for a
vi deo i %Nﬁpose 20 lum nance varies in terns of tinme such as a fading

i mage and a di'ssolve image in particular. 41 CLAIMS: 1. A video encoding

method for perfOmtviged ditddihg GRIRBASELELPLRMALLVE RECOA NG USING at
| east one reference inmage signal and a notlon vector between the input

vi deo siggm@lensanddtpheediefidveneachbdbgs o Hplat 1REsIRbROrLRIMRIHSE NY: a
first step of generating a first predictive imge signal according to a
pr edi ct ilvagpasagesbrambrputotd chasedton ladtidmagahet anpuagei dbst angeiibet ween
a plurality of reference inmges every to-be-encoded bl ock, when the
pl ur al | @pdoftheerefeneecs natas srignalsethenmebleodrotdnprisdngensat ed
predictive encoding, a second step of generating a second predictive inmage
si gnal accor di AgftdSansStRRgeHrTpE Y dafirst siredietprar Bhigy signal

g ( g ; . . ;
referengﬁuéna es ghen t he jnagg-to-lnage distance is 0 or when the
i mage- t G-I HEGE i $PafcRT T UnkifoRRTarelifdeFPRREteS R399 o& 8p éRagener at i ng
a predi ¢t ve erraor Si I epresenting.an _error of each .of the first and
second rediéﬁ%welsﬁhggg %?%ﬂ%lgéhfﬁﬁr%%§ ¥c?ft5?%%ﬁ§q d A EGe&VSTYnal ;

P g€ * e .

~and a f%@Eé@%@o@éde@f&g{ﬁgﬂe}ﬁetBEe-giﬁféilftfrcgfrre%'eggglce images are

used in the motion compensated predictive encoding;

a second step.of generating a second predictive image
signal according to an average of pixel values of the plurality
of reference images when the image-to-image distance is 0 or
when the image-to-image distance is unknown or undefined;

a third step of generating a predictive error signal
representing an error of each of the first and second predictive
image signals with respect to the input video signal; and

a forth step of encoding the predictive error signal
and. the motion vector information.

2. The video encoding method accerding to claim 1,
wherein the steps of generating the first and second steps
each include a step of encoding the to-be-encoded block by a
bidirectional prediction.

3. The video encoding method according to claim 1 or
2, wherein the first step includes a step of generating the
predictive image by weighting the plurality of reference

images using a weighting factor obtained from the image-to-

image distance.




and. the notion vector information. 2. The video encodi ng nmet hod accordi ng
to claiml1l, wherein the steps of generating the first and second steps
each include a step of encoding the t 04Be- encoded bl ock by a bidirectional

prediction. 3. ,6The, video, encodi ng nethod according to claim1 or 2,
wherein the fifst eeﬁ’ﬁ%é’l EHEQdén%t’@%t}Eﬁd gererainagtenelapnedict ive i mage
by wei ght i I ref e es _usin a wei ghting factor
obtalned %%ﬁf?%gglﬁa 8- gﬁrg?hﬁcéte 20f49e 33 Réncodi ng

met hod 1 tom 1 n.the,secon ncl udes a ste
of geneﬁgﬁgagh?%g 1 8 %:c |U§{?ﬁ%léguﬁﬁamglhﬁ€}% Yt R ﬁ%%HFFy%ﬁP%?éereﬁce

i mages m@mn@gtbOttha%%&&%.@ftM% Qﬁ?lc},'tXfOLefg eeﬂc?é‘cl%a ge when

a wei ghting factor obtained fromthe ifmge-t mage di st ance nore than

a maxi mwher d esdghbing af AT MEBt A nelin€ryh dege eﬂﬁé&ﬂ%%%@@d%ﬁ&‘i@é ng to
claim4, wherein the weighting factor has a denom nator of

exponenﬂﬁamm@ﬁsthﬁn dheawimeo cendedsnghartdairaiecer.di ng to cIa|n11 or 2,
wherein the IE£Ut vi deo signal conprises a |lum nance signal and two
col or-di fferente $hgnEidecapucedingmeditod wecpadanmgt eo chaiprepared every

| um nanc gnal and every two color-difference signals. 7. A video
encodlndﬁﬁﬁﬁ Pathbie 7ot9heitdifichra hast Rodenenipansat ed predi ctive encodi ng

using at . gash:90¢; LELer ence

6. The video encoding method according to claim 1 or 2,
wherein the input video signal comprises a luminance signal and
twé color-difference signals, and the predictive parameter is
prepared every luminance signal and every two color-difference
signals.

7. A video encoding apparatus for performing a motion
compensated predictive encoding using at least one reference
image signal and a motion vector between the input video signal
and the reference image signal, the apparatus comprising:

first generating means for generating a first predictive
:image signal according to a predictive parameter computed
based on an image-to-image distance between a plurality of
reference images every to-be-encoded block;

second generating means for generating a second
predictive image signal according to an average of pixel
values of the plurality of reference images when the image-to-
image distance is 0 or when the image-to-image distance is
unknown or undefined;

third generating means for generating a predictive
error signal representing an error of the predictive image

signal with respect to the input video signal; and




i mage signal and a notion vector between the input video signal and the
reference i mage signal, the apparatus conprising: first generating neans
for generating a first predictive inmage“ignal according to a predictive
par anmeter conp -hased on an_inmage-to-inage di stance between a plurality
of reference %hgggéggv@?§nfo?8£;8H888éﬂgbFngPrggh%EHV%e%éF%¥iﬁbg%%bns f or

generatig%dat§%cgggioﬂrQQEF5£V§H# . 81, gnal according to an average of

pi xel values of the plurality of reférence i mages when the image-to- inmage
distance is 0 9t whan $hed "BAEod 0k TBEEA L EhANGR DS a; HOKRQWD. Or; inlef | ned:
third generating neans for generating predictrve ~error 5|gn§1 .
representhageian ¢ oripftt Benprediflyi ¥eahBBGed HHaNade Wddh é&?@ﬁ&éiﬁ@ the

i nput video signal; and 43 encoding neans for encoding the predictive :
error sigrls eadht hieaintdeoneneotidngi nfeaim®at FoR. dhcotieiyi dre ansasiing
apparatus according to claim7, wherein the first generating nmeans and the
second §EWEdad Mg ockedis aehédirsctideadénpodidngtieans for encodi ng the

t o- be- encoded bl ock by a bidirectional prediction. 9. The video encoding
appar at us accotdi 7§t 31988 murcodigiterappardiud | astoydiey atPnglavany,

generates the predictive 1nmage by weighting the plurality of reference
i mges &%ﬂﬁfﬁg é&ﬁgﬁffﬁb ﬁgP%SFt&BEmWﬁﬁP%r%ﬁ$?ﬁ%t$%a§éetdﬁﬁﬁﬂﬁ?kﬂ%tance
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weighting factor obtained from the image-to-image distance.

10. The video encoding apparatus according to claim 7,
wherein the second generating means generates the predictive
image by weighting the plurality of reference images according
to the average of the plurality of reference image when a
weighting factor obtained from the image-to-image distance is
more than a maximum or less than a minimum.

11. The video encoding apparatus according to claim 10,
wherein the weighting factor has a denominator of two
exponentiations.

12. The video encoding apparatus according to any one of
claims 7 to 11, wherein the input video signal comprises a
luminance signal and two color-difference signals, and the
predictive parameter is prepared every luminance signal and two
color-difference signals.

13. A video decoding method comprising;

a step of decoding encoded data including a predictive
error signal representing an error of a predictive image
signal with respect to a video signal and motion vector

information;



i mge by weighting the plurality of reference i mages according
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obtai ned fromthe inage-to-i nage di stafife is

than a

col or - di fiflggenes-shggal §ise9hcL hﬁe??
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error signal representing an error of a pre

nmet hod

to the

reference i mage when a weighting factor
nore than a maxi mnum or

| ess

nininung 1%. Thg vi deo_encodi ng apparatus according to claim 10,
wherein the wef'gRtFRgT aBEBr HEL S ¥ hatord gt g imagsomdaniat i ons. 12,

The vi de I.Ag-appa s.according to any one of clainms 7 to 11,
wher ei n ?ﬁgegﬁgh? 5?d§o£§%gﬁ%.l?ﬁnﬁﬁ?éﬁﬁ?%f R HAHE L AIgFha" &Fd t wo

Ictive inage i gha
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égﬁigt'ygrgfr get rréﬁvg%gpared every

& decodi ng

respect refarvhceoisigealamndigunt 110N tHeC it i dnn RfRLsARed Afead-FigR Of
ing a first predictive inmge signal according to a predictive
ePNgodpged based on an inmmage-to-image di stance between a plurality

gener at
par anet

of reference

i mges every to-be-encoded bl ock, when the plurality of

reference i mgesSidie A arnaratiagnst sexcodnpersatedvpr énagei vegeatodi ng;
according to an

step of

aver age

[ -t 0 istance is 0 Qr en
I mage théfggg%ég 1 I%es wheh %hewgmage—to—image distance is 0 or when

the image-to-image distance is unknown or undefined:; and

a step of generating a playback video signal
using the first and second predictive image signals.

14. The video decoding method according to claim
13, wherein the step of generating the first predictive
image signal includes a step of generating the
predictive image by weighting the plurality of reference
images using a weighting factor obtained from the image-
to-image distance.

15. The video decoding method according to claim

14, wherein the step of generating the second predictive

image signal includes a step of generating the

predictive image by weighting the plurality of reference
images according to the average of the plurality of
reference image when the weighting factor obtained from
the image-to-image distance is more than a maximum or
less than a minimum.

16. The video decoding method according to claim
15, wherein the weighting factor has a denominator of

two exponentiations.

%enenséinaéf second predictive inage si gnal
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t he i mage-to-image distance i s unknown or undefined; and a step of
generating a playback video signal using the first and second predictive
i mge signals. 14. The vi deo decodi4®y met hod according to claim 13,

wherein the st enerafing .the first predictive image signal includes
a step of geneﬁgfﬁ%dgT$%9 4ﬁ9§%%ﬂﬁ\ﬁ?ﬂaﬁ§6é3b9°W@Fgﬁ?§hg the plurality of
reference inmm i ighting factor obtained fromthe inage-

t o-i mage dista%%géaigg %Mgige% %ék%)'qﬂ;%ﬁﬁﬂqﬁg qekar drRgudsnglai m 14,
wherein astepvaf cgeperal t nd ictive immage signal includes
a step o generaring t he ﬁéééﬂ(%%%y%g%%agéﬁ£gghﬁﬁﬂﬁ%ﬁ i Fh?rSPgFgFVFy of

r ef er encemagengegnat cei ¢gh nﬁeéﬁe@@et@-\/@r@ﬂfed)fsfd}%lpla Aldfd B veLgher ence

i mge when the weighting factor obtained from e i nage-to-imge dist ance
is nore tthdprmatazhmum or |ess than a minimum 16. The vi deo decodi ng

met hod according to claim 15, wherein the weighting factor has a
denomi nat or of f1¥%f Epomimiaiceans. 45 gkherAtingea #eesdi poeappasfb us
conprises: decodi ng neans for decoding encoded data including a predictive
error sighaPe repIRBLMIGRFHMEhor eiregdigtédiec bavemet prgeonpgnal Wit h
respect to a.video signal and notion vector information; first generating

means foregeneratihg e dE vy 15138 cisfance between a plurality of

reference images every to-be-encoded block;

second generating means for generating a second

- predictive image signal according to an average of pixel
values of the plurality of reference images when the image-to-
image distance is 0 or when the image-to-image distance is
unknown or undefined; and

playback means for generating a playback video signal
‘using the predictive error signal and the first and second
predictive image signals.

18. The video decoding apparatus according to claim 17,
wherein the first generating means generates the predictive
image by weighting the plurality of reference images using a
weighting factor obtained from the image-to-image distance.

- 19. The video decoding apparatus according to c¢laim 17,
wherein the second generating means generates the predictive
image by weighting the plurality of reference images according
to the average of the plurality of reference image when the
weighting factor obtained from the image-to-image distance is

more than a maximum or less than a minimum.



i mge signal according to a predictive paraneter conputed based on an

i mge-to-image di stance between a plurality of reference imges every

t o- be- encoded bl ock; second generating%feans for generating a second
predictive inagﬁ}stﬂnal.%%co ding to an average of pixel values of the
plurality of réference’THEYeE % FPRIRRJALS Geqogdaaditst aheémi s 0 or
when thejbmaggat0; L mpge dis ce | unknown or undefined; and pl ayback
means fo%géeﬂ§$gt8%%g a p‘?%%lg%kn%i%ecot%ﬁg}?a? A JETP IR oy &di &tive error
signal asgpbhentissioapnd second predictive inage signals. 18. The video
decodi ng apparatus according to claim 17, wherein the first generating
neans generates the predictive inage by weighting the plurality of
reference inmages using a weighting factor obtained fromthe inage-to-inmge
di stance. 19. The vi deo decodi ng apparatus according to claim 17, wherein
t he second generating neans generates the predictive inmage by weighting
the plurality of reference inages according to the average of the
plurality of reference image when the weighting factor obtained fromthe
i mage-to-image distance is nore than a maxinumor |ess than a mninum 46
20. The video decodi ng apparatus according to claim19, wherein the

wei ghting factor has a denom nator of two exponentiations.



