1 DESCRI PTI1 ONVIDEO ENCODI NG/ DECODI NG METHOD AND APPARATUS 5
Technical 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 encoding 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 encéding nodes. As a predictive
nodel 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 tibeE axCsR I[npttmercesy of the fading inage
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 ction adequately according to a change of lumnosity of the image is
not known. Consequ@dtDBPR ENGSOEING /a DHCSHIIE ME T ANle ARRARATURInber of
encoded bits for the purpose of maintaining an inmage quality in a fading

i mge. 25 For exanple, Patent No. 3166716 di scloses a technique of coping
with the problem by detecting a fading inmage_area and changi ng an
aIIocati&ﬁ of the 2 nunber of encod@ﬁch%Eaghgﬁégé. Concretely, in the

The invention relates to a method of encoding /
decoding effectively a fading image and a dissoclve
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 hich predictive
efficiency when luminosity does not vary in a time
axis. In the case of the fading image that luminosity
of the image wvaries, 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 need 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
technique of coping with the problem by detecting a

fading image area and changing an allocation of the



case of the fade-out image, the | arge nunber of encoded bits are allocated
to an beginning part of the fade-out that brightness varies. The |ast part
of the fade-out 5 usually reduces allocation of the nunber of encoded bits
since it nornmally becones a nonochrone inmage resulting in making the
encodi ng easy. Wth such a way, a total inmage quality is inproved w thout

i hcreasing the total nunber of encoded bité. 10 On the other hand, Patent
No. 2938412 discloses an encoding systemthat deals with the above probl em
in a fading imge by conpensating for a reference imge according to two
paraneters of ammenntf oéntededdntes chengeoandcancasogbly, oinCeREr ast
change. 15 Thomas Wegand and Berand Grod, "Miulti-frame

mot i on- conpensataske predike | Badé-oruvi teaser ansel $3rga"nunkeuwef Anaddstic

Publ i shers 2001, provides an encoding system based on a plurality of frame
buffers. This &3 e3¢ mbhecatedi ipravebegpretigt Paetedfi thentadbyoad
generating a predictive inmge selectively froma pIuraIitg of reference
frames savediI¢Q?ﬁa9¥%ﬁ%¢n%ﬁﬁf%ﬁ%%e$bmeﬁ%?,l%ﬁ% By5E e@f ot hpafade—Not
3166716 Lsnpr oves a]g}_plérra(ﬁ qgual i W f hout increasing the total nunber of
25 encoded bit 2T CEE At MR F et byt iRt BERPRE aff aBFAgefnage
area, and chan iﬁe%an.allocﬁtion 0 er of encoded bits. For this

L th$ nunb
reason, there i S AGVRNt AT e Y RECBRT odli GPRER 8BS r LBRFSed wit hi n

the resulting 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, "™ulti-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



framewar k of an existing encodi ng system However, since the prediction
efficiency is not essentially inproved, a notable inprovenent of the
encodi ng 5 efficiency cannot be expected. On the other hand, the system of
Patent 2938412 has a merit that the predictive efficiency on a fading

i mge i nproves. However, the predictive efficiency to be enough for
so-called a dissolve image (referred to 10 &s a cross fade i mage) which an
i mge gradually varies froman inage to another image cannot be obtai ned.
The system of Thonas W egand and Berand G rod cannot sufficiently dea
with a fading i reyendrdyea thdits shley erigmbiag atich GRNNOsal THEOWR: & i eghst | ve
15 efficiency even if a plurality of reference franmes are prepared.
Accordi ng to th&pmepary tofasirdestrathedy aboveding heydtosmge rHuvvbere©f encoded
bits are required for the fading inmge and dissolve inmage to be encoded
wi th high 20 i meg@cqudiha prefiarte ars &f Prosiney thmtndhproseaneidlof  the
encodi ng efficiency cannot be expected. D sclosure of |Invention An object
of the present FAFERMESH % DS ISy ildwrpvenedo-ahddth mpoadins, a
video-decgding fhod, and an 25 apparatus therefor that nmake it possible

to encodein hi éf?ﬁfF%h&?QQQF(P§39%ﬁﬁﬁ¥ﬂ%mse | umi nance varies with
o Saen as 2 adi gl e A2 RS MG TP SPBSESEE NS 58u12
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
10 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
15 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
20 image quality. There is a problem that improvement of
the encoding efficiency cannot be expected.
Disclosure of Invention
An object of the present invention is to provide a
video-encoding method, a video-decoding method, and an
25 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



In a first aspect of the present invention, in the case of subjecting an
i nput video signal to a notion conpensated predictive encoding on a video
encoding 5 side by using at-least one reference inmage signal and a notion
vector between the input video signal and the reference inmage signal, if
t he nunber of reference inmages used for a notion conpensated predictive
encoding is single, there is used a first ﬁ#edictive 10 i mage signal
generation nmethod of generating a predictive inage signal according to a
reference image nunber and a predictive paraneter of a conbination
sel ected for. eaehdt debeeeneodedompgitation wmeunmput video signal, froma
plurality of conbinations of at 15 | east one reference inmage nunmber with
predictive paranetels aOfitlsé eashecthadd theher adem tnurbranitgfonefigy difce
i mages used for a notion conpensated predictive encodinngs plural, there
is used a seconfapee@ifctiipdcgtinggaal lgendr alider mdured Fem&dong a
predi ctive inage signal accordLn%,to a predictive paraneter conputed
every to--be- enEBHBENEEGRLENPEESAG TNt KECOMENG OFcE (HFE RRARL%DF t he
plurality_of reference inmages ng an. i nmage-tq-inmage distance of .the
bl urali(yS 25 oFLFef B¥eHEa Pnaged SoR pPR G R eHFor e G- B &0l Ay an
error of a predictive_l e signal _gener in.this it espect to
an i nput video RS Tr F?gggﬁeﬁﬁggﬁﬁna %e %5%%t %ldéo g%aﬁéﬁ ££&5ﬂhe
reference image signal, if the number of reference
images used for a motion compensated predictive
encoding 1s single, there is used a first predictive
10 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 plurality of combinations of at
15 least one reference image number with predictive
parameters.
On the other hand, when the number of reference
images used for a motion compensated predictive
encoding is plural, there is used a second predictive
20 signal generation method of generating a predictive
image signal according to a predictive parameter
computed every to-be-encoded region based on the
reference image numbers of the plurality of reference
images and an image-to-image distance of the plurality
25 of reference images.

A predictive error signal exXpressing an error of a

predictive image signal generated in this way with



index information indicating either of a set of the predictive error
signal and notion vector information and a set of a selected conbination
and the reference 5 inage nunbers of a plurality of reference inages is
encoded. I n another aspect of the present invention, when a predictive
type of a to-be-encoded region of an input _video signal is a first
predictive type to use a 10 reference i mage’ for a notion conpensat ed
predictive encoding, a first prediction signal generation method is used.
When a predictive type of a to-be-encoded region is a bidirectional

predi ctive typerasgethe tonumbahpaft rmeldeoendignainges geseddfteyd,a amt i on 15
conpensated predictive encoding is plural, a second predictive signal
generati on met haddeg usddrm@titme iotdierathard eidhexr Wideo sdr adi rnhesi de,
coded data including a predictive error signal representing an error of a
predictive i magereddgaali vai ehrnogs pdematio a2 (atiideo wEageed | 1rfstinst hosct or
information, and index information indicating either of a conbination of
the reference Pifigé FE¥EL anded gsitead combd nedrinFetadid 4k 1TV ence

i mage nunbers of a plurality of reference inmages are decoded. \Wen the
decoded i Adex i AFELRaTEREIS Odp e Sdmrd tiie RGNS AT At ve i nage
signal 1is generate%.ggcording to the reference i mage nunber and

predi ctive parafBf€CS6F the conbinati on. Wien the 6 decoded i ndex

i nformation represen%%té%%éﬁ%f”é%%é%t of the present invention, when a

predictive type of a to-be-encoded region of an input
video signal is a first predictive type to use a

10 reference image 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

15 compensated predictive encoding is plural, a second
predictive signal generation 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

20 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

25 represents the combination, a predictive image signal
is generated according to the reference image number

and predictive parameter of the combination. When the



i mge nunber of a plurality of reference inmages, a predictive inmage signal
is generated according to the reference inmage nunber and a predictive
paranmeter 5 conputed based on an i mage-to-imge di stance of the plurality
of reference inmages. A playback video signal is generated using the
predictive error signal and predictive imge signal generated in this way.
According to the present invention as thus "0 described, a first predictive
i mge generation nmethod of generating a predictive inage signal according
to a conbination of the reference i mage nunber and a predictive
paraneter, and degsedend ipded dhnifvematdge rggrersainten tirt hedaferganerating a
predi ctive image 15 signal using a predictive paraneter cal cul ated based on
a frane-to-framemdigst anpbeaf ofelaegtled adlitvalaft yedfer emafeeriermgre s, meges ar e
prepared, and either thereof is selected according to the nunber of
reference i magepregidta ver ddiagei v dnpde itshatengra hiesk d ofasyr i e thico it 0
conpensat ed predictive encoding. As a result, an appropriate predictive

i mage signal cARIEECHERAAREE BYIRPT Sdick B P esiiitdfisninar alretiigher
predictive efficiency for an jnput video signal fromwhich a predictive

i mage sighal cafRBPUSEDBaZ5S GFr 28t AP IFertey AP 18 Tinsd & Vé&yst em of

om0 TR V1 o0 SRedlg, 0L SRl ladng mas,cd. A dlsodlyen
is generated using the predictive error signal and
predictive image signal generated in this way.
According to the present invention as thus
10 described, 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
15 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 mction
20 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
25 appropriately generated by a predictive system of a
normal video encoding, for example, a fading image and

a dissolve image, too.



nunber of tinmes of multiplication per a pixel to one tine, a hardware
scal e and an operation cost can be reduced in both of the encoding side
and the decoding 5 side. Further, information concerning a reference inage
nunber and a predictive paranmeter is not sent from the encoding side to

t he decodi ng side, but index information indicating conbination of a
reference 10 i mage nunber with a predictivé7paraneter, or index

i nformation indicating conbination of predictive paranmeters is sent in the
case of sending the reference inmage nunber separately. As a result, the
encodi ng efficiency Isamrdid tingpr,0vethcel 5 Briefpddesitiliepticonaf kaw ngs FI G
1 is a block diagram show ng configuration of a video encodi ng apparat us
relating to thenfinbstr odntiddiesentt ofulttheljresdantn perent ipdkelFIHG ¢hd s a

bl ock di agram showi ng detailed 20 configuration of a frame nmenory and a
predictive i mg&imgener egdviaret I5¢adebadicrem opRati®n sostdicegy d&m showi ng
an exanple of a conbination table according to a reference i mage nunber

and a predictivEepacsfeddr boghyed ithe ga feiste sl fhg deqodigdi agr am

showing a_first position relation between two reference i mages and a
to-be- encoded PA§e in the enbodinent. 8 FIG 5 is a di agram showi ng a

second position . . . .
P Further, information concerning a reference image

number and a predictive parameter is not sent from
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 example of a
combination table according to a reference image number
and a predictive 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.



rel ati onal between two reference images and a to-be- encoded inmage in the
enbodinent. FIG 6 is a diagramshowing a third position 5 between two

ref erence i nages and a to-be-encoded image in the enbodinent. FIG 7 is a
di agram showing a fourth position relation between two reference inmages
and a to-be- encoded image in the enbodinent. 10 FIG 8 is a flowchart
showi ng an exanple of a procedure of a sel®ction of a predictive schene
every macrobl ock (conbination of a reference inage nunber wth a
predictive paranmeter) and an encoding node determnation. 15 FIG 9 is a
bl ock di agram showi n@Icanfd dur at iddrigafan ahdvdery decdiditl apparatats rel ative
to the enbodinent. FIG 10 is a block diagramillustrating a detail ed
configuration ofedaftiamelrbeiwgeh pwediretfievencesdamaogenamat ¢r dorgd-G 9. 20
FIG 11 is a diagram show ng an exanple of syntax every block in the case
of encodi ng i ndercerfdr ragidenin Ehe ek®oddmendi.agram showi ng an exanpl e of
a concrete encoded bit streamin the case of generating a predictive inmge
using a single referéidée rdge2 28 aprem Fhowing d¢i ddviard showditnipran exanpl e
of a congrete encoded bit streamin the case of generating a predictive

i mage using t woPPENEFBNLHO FRGESCIGCFLRadrs a8 ch of [tomdeaen rHdpage

procedure to in the embodiment.

FIG. 7 is a diagram showing a fourth position
relation between two reference images and a to-be-
encoded image 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 FIG. 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.



change a predictive schene according to a kind of to- be-encoded region
relative to an enbodi nent of the present invention. 5 Best Mde for
Carrying Qut the Invention An enbodi nent of the present invention will now
be described with reference to drawings. [First enbodinment] (Wth
reference to the encoding side) 10 FIG 1 shows configuration of a video
encodi ng apparatus related to the first enbodi nent of the present
invention. To the video encoding apparatus is input a video signal 100 in
units of a frame, for exanple, in this exanple. This video signal 100 is
15 input to a subtradier. 1@1 itso gefenattara prrediicid e peidadurs gnal by
obtaining a difference with respect to a predictive imge signal 212.

Ei t her of the phediget iaverediortisiegmaheard siogputdividee s dnald 100 tics-
selected with a node selection switch 102, and 20 subjected to an

ort hogonal tran®eoergrden, regdcaxrglad lveditse ret enbosiiment afsftdren ( DCT)

wi th an orthogonal transforner 103. The orthogonal transfornmer 103
gener at es ort ho§&R&ICTEr ARYPHLHE® -coefficient information, for exanple, DCT

coefficiept information_ 25 Thg ort hogonal .transforned_coefficient
information is quantizBBShi ¥RAE §BAntRZEY1RE40UENERENERVERERLPZed

oo ROl e 110 T @ELLASEY SN BI A Ao e ) B EE ©

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

i0 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 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 transformer 103
generates orthogonal transformed coefficient
information, for example, DCT coefficient information.

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

orthogonal transformed coefficient information 210 is



Further, the quantized orthogonal transforned coefficient information 210
is input to a local decoder. In this |local decoder, the quantized 5

ort hogonal 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 inverse orthogonal
transfornmer 106, to reconstruct a signal $Pmilar to the predictive 10
error signal. Thereafter, the reconstructed signal is added to a
predictive imge signal 212 input through a switch 109 with an adder 107
to generate a | bedl todecudedabirgéengghakn2dblierThall.ocal decoded i mage
signal 211 is input to a frame nenory / predictive 15 i mage generator 108.
The frane nenory / pFeditberve theagwageneest orthogonsdl dotegisdivgrmeahbi nat i on
froma plurality of conbina- tions of a reference frame nunber and a
predictive parafeféicinat anéopmaparadzBef aschapdt Tioe a Argel20 signal

(l ocal decoded inage signal 211) of the  reference frame indicated by the
reference franedRGREBE- of 1t hElSelecpdd desRbRAat THT 28 (iHjZ66 ed to

computatign for 2pkingan pumsseording (e, 8 Beedi Ge patamely b the
of 2 Lrare, un | ol Beghel 8¢ by addin g o oat dg e hiawen sy,
predictive inag%ugﬁggE@EOﬁOﬁognaugk%ﬁgﬁo%gg 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 1s
added to a predictive image signal 212 input through
a switch 109 with an addexr 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, 1n this example, a

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

the predictive parameter. Thereafter, the frame



reference i mage signal to notion conpensation using a notion vector to
generate a predictive image signal 212. 5 In this process, the frane
menory / predictive inage generator 108 generates notion vector
information 214 and index information 215 indicating selected conbination
of the reference frame nunber and predictive paraneter, and further sends
information to 10 be necessary for selectibh of an encoding node to the
node sel ector 212. The notion vector information 214 and index information
215 are input to the variable Iength encoder 111. The frane nenory /
predictive inmagemgepeyapoedif8ivkel imbgedesarirhedri nodetsabl ectserrhel5 A
node sel ector 110 selects an encoding node in wunits of a macrobl ock based
on the predictiveferahoematnegr Piffnem themblame wempensatpoedustinge ai nage
generator 108, that is, selects either of an intrafrane encoding and a
nmoti on conpensatetiipneticctivetpntentrate 20rgeddditiyet dmagep i gowilt ch
control signals Mand S. In the intraframe encodi ng node, switches 102 and
112 are switchedl#e A side by the switch control signals Mand S, whereby
the input _video signal 10Q is input to the orthogonal transformer 103. In
the 25 interframe endBdithdSnbIecesie dhict dFeSClFEMRNY 11 PTHHE CtEWi% ched to

a B side by the,switch control signals M  and S, ,so tha% t he edi%tive
error signal froRfPRedtBoBaboratPlr JEBST AL SPnBRE 108 PRE tar RogGRERTLoN

transformer 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 image
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 side by the switch control
signals M and S, whereby the input video 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 control signals M

and S, so that the predictive error signal from the



103, and the predictive imge signal 212 fromthe frane nenory /
predi ctive 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,
notion vector information 214 and 10 i ndex4 nformation 215 are subjected to
a variable |ength encoding. Each variable-length code generated in this
way is nmultiplied and then filtered by the output buffer 115. Thus, the
encoded data llfaloutguter fT@ theiomitputo btifé esriidgosabentahofbhrer
transm ssion 15 system or a storage system not shown. The encodi ng
controll er 113 Ifbhi tand Tontpotdétivdheimngodeigdd®, 2tdnfraenete foame
exanple, a buffering volunme of the output buffer 115, and controls an
encodi ng par amgtestory ch RiEediaht Ve athade syepesiter of 08201 s henguantpzehe 104
for the purpose of making the buffering volune constant. (Wth reference
to the frame neaRASE /1f edi Tr¢ VROiPabri et aR 0f 13085 Frpud Ehewsthe
detail ed confiqﬁaftio of the franme. 25 nennryﬁé predictive_imge generator
e

108 in FIG 1. € GOt hel ¥ AT Heddel®i Magevarydatl e 249nohBut from

t he adder 107 in FW#E I #f stored in the frane nenory 13 set 202 under
control of the ThHD ?rc% toller 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 wvariable
length encoding. FEach 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 controller 113 monitors control of
the encoder 112, concretely, for example, a buffering
volume of the cutput buffer 115, and controls an

_ encoding parameter such as quantization step size of

20 the quantizer 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. 1In
FIG. 2, the local deccded image signal 211 input from

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



The frame nenory set 202 conprises a plurality of (N frame nenories FML
to FMN for tenporally storing the |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
paranmeter as a table beforehand. The predictive paranetric controller 203
selects a conbination of a reference framt3nunber of the 10 reference
frame used for generating a predictive imge signal 212 based on the input
video signal 100 and a predictive paraneter, and outputs index information
215 indi cati ngsthezsel ended comnftirodt iodntha plemvaly topnafrofiriaye 2ot on

eval uators 204 each 15 generates a reference imge signal according to the
conbi nati on of The rfeksarenepofvase th@fiZecoapd liseder plurerlnsty @t WHich is
selected with the predictive paraneter controller 203. The plurality of
frame notion efgRigt Beg0202 sevdiluire FMh Tawo iempoir addti ertcarii@ hee
predictive error fromthis reference inmage signal and the input inage

si gnal 100, andl8GepufscrREEfodmadet @rlgniaaf erlfatiSod ZXELaMenGe rfdleds a
predictiop error mninum plurality of franme notion conpensators 205
generate °the predi ctiffe B iV HEAREURF S SRR tzgga I eRFRerite

(g o1 Al selseied Ll leppluralihy, of AR RO el yatr, 204
(Wth referenceahg %9%%%%5%%&v%fp%ﬂ%ﬂ%#é?iagaé'P%ﬂié beforehand.
The predictive parametric controller 203 selects a
combination of a reference frame number of the
10 reference fréme used for generating 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 amcunt of motion and
20 a predictive errcor from this reference image signal and
the input image signal 100, and outputs motion vector
information 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.



The follow ng equations (1), (2) and (3) each show an exanple of a

predi ctive equation using a reference inage nunber and a predictive
parameter which are 5 prepared with the predictive paraneter controller
203. An exanple as shown in here shows predictive equations applied to a
case that a to-be-encoded inmage as referred to as so-called P picture is
subjected to a notion conpensated predicti®n using a single reference 10

i mge (reference picture) to generate a predictive inage signal, and a
case that a to-be-encoded inmage as referred to as so-called B picture is
subjected to a (WathomeGempansatedgphediattionn ofsSiangremiytdre din

reference images to generate a predictive image signal. 15 Y = clip ((DL1(i)
X Ry(i) + 2LY-1)>> LThe B2Qilpwiht) e@Quatichisp (10EL(12) »ar({dRetB)( idacH 28)ow 2LC
-1 )>> Lc + E2 (i) +128) 20 (2) Cr =clip ((F (i), x (Rr (i) - 128) + 2Lc

1) >> Lc +F2(i)+228pxaf)leYoifndi pardsd caipeediqvibion msjecsiagrafagfenae?s

| um nance signal, Cb and Cr indicate predictive imge signals of two

col or-di f f er encémgiggnaugbegnarRyg predrehdve @ﬁéaméaﬁg Whidibe &% | uni nance
signal and pixel values of two color-difference signals of the reference
15 i mage Si gnal PEEPPARGEX WL thptfe) PERELIEEAYE PRFCESTE T CPeR gy 03 -

coefficient of the |um nance s'%nal.of t he o .
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 generate a predictive image signal.

15
Y = clip (D,() x R, (i) + 27" )>> L, + D, (1))
(1)
Cb = clip (B, (i) x (R, () — 128)+ 2% 7 )>> L + E, (i) +128)
20 (2)
Cr = clip ((F (1), x (Rg, (1) - 128 )+ 257" )>> 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 pixel

values of two coleor-difference signals of the reference



index i, and an offset, respectively. E1(i) and E2(i) indicate a
predictive coefficient of the color 5 difference signal Cb of the index i
and offsets respectively. F1(i) and F2(i) indicate a predictive
coefficient of the color-difference signal C of the index i, and an

of fset respectively. The index i indicates a value fromzero to (the
maxi mum nunber of 10 reference images -1) &Ad is encoded every

t o- be--encoded block (for exanple, every macrobl ock) and transmtted by
t he video decodi ng apparatus. Prediction paraneters Di1(i), D2(i), El (i),
E2(i), F1(i), andgk26ipnaneovraliuneexdet.er mingd kefaveen ithenkh cdtiee
encodi ng apparatus and the decodi ng apparatus beforehand, or predeterm ned
encodi ng units pueliasize el icdehitelod dahea lshiicencndisgrarlecdivtihie bot h
appar atuses by being encoded along with encoded data and transmtted from
t he vi deo encodiingexppar atds ano o fZBetthe réspeditig edppar &lus.) Hral éfuaEt)i ons
(1), (2) and (3) are predictive equations making it possible to avoid a

di vi si on proceduddygatkodspigddetdiviengost fgicied mrfediha iqpdoxvef fi ci ent
multiplied by the reference inmage signal 25 |ike two exponenti ati on,

namel y, 29 4, gdifgerence gdgnadofpud Brcadrdla® Hnetidt aHisats By this, it
is possible to avoid i ncrease t.ion cost the 16 division

f t b :
process. In ot h&FSRECELYelYen fi (ilﬁ %%gig#]zg(ﬁsz @dpde aj:)glé'h(?redlc ive

coefficient of the color-difference signal Cr of the
index i, and an offset respectively. The index i
indicates a value from zero fto (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(1), El(i), E2(i),
F1{(i), and F2(i) are values determined between the

15 videc encoding apparatus and the decocding 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
compuite by an arithmetic shift. By this, it is

possible to avoild increase of a computation cost by the



(3) assunes a >> Db, it is an operator subjecting an integer a to an
arithnetic 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 25S when it is larger than 255, and the integer of 25S is returned
fromO. LY is a shift amount of a [um nance S|gnal and LC 10 is a shift
anount of a color-difference signal. Thesel®shift anounts LY and LC use

val ues determned with a video encodi ng apparatus and a decodi ng appar at us
bef orehand. Alternatively, they are shared with both apparatuses by being
encoded al ong wdiikriaibablpecaredsl5 coded data in an encoding unit such as a
frame, a"field or a slice, which is predetermned in a video encoding
apparatus, and transmirt teetheto whels,i déordecodimgegupparas ugl) 1 n(2heampt esent
enbodi nent, a conbination table of 20 a reference inmage nunber and a
predictive pararf@esssuisisclz i3 showrt ils RINGor@datgr epdriattiing
predictive paraneter controller 203 in FIG 2. This table is used when
the nunber of réfd&egtde d meyen Srithnetiiagshg £t fhe b ddide it dittesponds to
t he predl tive ima WhICh 2S can be sel ected every. block. In this exanple,
t here f our TR o i$e R egds it TomRiSpbridEttie OWiH & 3 of

of a {‘SiéﬂaeIQ%g&eT uyﬁ%%st £ L gD, T T ST
FIG 3 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
i0 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 as a frame, a field
or a slice, which i1s 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 1is prepared in the predictive
parameter controller 203 in FIG. 2. This table is used
when the number of reference image is 1. 1In FIG. 3,
the index 1 corresponds to the predictive 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



i ncludes predictive parameters D1(i), D2(i), E (i), E2(i), FI(i),.and
F2(i) that are assigned to a 5 |lum nance signal and two color-difference
signals in correspondence with equations (1), (2) and (3). Flag is a flag
i ndi cati ng 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 predict¥on is performed using the
| ocal decoded image of the reference i mage nunber designated by the index
i without using the predictive paranmeter. If Flag is "1", the notion
conpensat ed preglsget ianothdri foddse bjeganabati BF a PoedilCUetedadtage
according to the equations (1), (2) and (3), using the predictive
paranet er and theedosal adeeddednicragmagk .t h@hreefrabdrcehowmnde Mlcher
designated by the index i. The Flag information uses val ues deternined
with a video 20ientuvdengpappacitvs padaacdecsdDid iappd2dtids Baf(drehand.
Alternatively, it is shared with both apparatuses by being encoded al ong
with a table anBZdédddedFddda i andnF2dacodihag gact asgdlengsl 4of mane, a field
or a slice, which is predeternmined in a video encodi ng apparatus, 25 and
transnitted to LRBIDRRES gegbailngleppirates or I fifigesacox &ieIngd S ifen t he
‘index is i=0 with respect to the reference i e nynber 10%, a predictive
18 image i s genSPEFEAPREIRRCENY e GRERIE Faraet d) FR (11 -cabe of i =0,
the motion Conpensat%Qa%r%%l%tE%%d %ndicating 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 local decoded image of the
reference image number designated by the index i
without using the predictive parameter.
If Flag is "1", the motion 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, 1t is shared with both apparatuses by
being encoded along with a table and coded data in an
encoding unit such as a frame, 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



performed wi thout using the predictive paraneter. As thus described, there
may be a plurality of predictive 5 schenmes with respect to the sane

ref erence i nmage nunber. The follow ng equations (4), (5) and (6) show an
exanpl e of predictive equations for a reference image nunber and a
predictive paranmeter prepared with the 10 gr edi ctive paraneter controller
203 when a predictive image signal is gen Bat ed using two reference
images. 15 P =clip ((W(i,])xR(i)+W(i,j)xR(j)+2L-1)>> L) L WWJ(ij) =21
(i, j) dip2 Un,i)x2L) U(i'j):"60 W (il j) Uo, i) ) (6) 2L-1 UO A=0
Since the rel at inagef ichgeaguatiedn usShg $h20 peetddbitiistke hartene tequat iTean (4)
can be transfornmed as follows: P =clip ((R(i) << L +Wi,j)x (R(j)- R(i))+
2L-1)>> L) (7)the ckisp2of(n, =i0)x t2e Woition) comPpend®ted prigdiatiop8)is2l-1 |,
Ui, j) = 0 This shows an exanple of a predictive equation for the case of
perform ng a bi geréermedaWiphetitcisgmdi ifhe predictive parameter. As

thus described, there may be a plurality of predictive
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 the

10 predictive parameter controller 203 when a predictive

image signal is generated using two reference images.

P =clip ((W0 (z',j)x R+ W, (i,j)x R(j)+ 2L"1)>> L)

(4)
15 Wo(i, ) =2 =W, ) (5)
. L
- chpZ[————U(”’ <2 J . UG, j)#0
WG, )= u(.1) (6)
2+ . UG, =0
Since the relation of the equation (5) is
20 established, the equation (4) can be transformed as
follows:
P =clip(R() << L+W (i, )x (R(j)— R())+ 257 )>> L)
(7)



the case of so-called B picture. Two indexes i and j 5 exist, and R(i) and
R(j) indicate the reference inmages corresponding to the indexes i and |
respectively. Consequently, it is assunmed that two information itens |
and | are sent as the index information. W(j, j) indicates a predictive
coefficient in the indexes i and 10 j. The function U used for conputation
of a predictive coefficient is a functionlPepresenting an inage-to- inmage
di stance, and U(i, j) represents a distance between the reference inmage
desi gnated by the index i d the ;éerg ce i mage desi gnated by the index
j. n 15 indicates a positio ?{f ﬁ](;’l gt bey\g@e;go currently. In the
present enbodi nent, U?'J?)Q & ﬁg tggyl he| nor @ t” 'mage has, position

i nformation of a snal gf val ue. “Consequertly, if the referenc@”inage

desi gnated 20 by the index i|is2bre future in tEg(@s)efp time than the
reference i mage designated by the index j, U (i, j) > 0. If the indexes

and j represent the saA® AR/CREE exiRAR 0T tERFedictive edddtidn fo0. |f

the reference image designated by the index i is nore past In ternms 25 of
ti me than the rehereage bfagerdesidnat ediyitket iondax gredidtidn in 0. Wien
Ui, j) is 0, the 20 predictive coefficient Wassunmes 2L-1. Concretely, a

tenporal positi adher ebakl of betwadicad B g-ilduercod&dio nagedes e aenicgded
currently and two reference imges is expressed as shown in FIGS. 4 to 7
5 exist, and R(i1) and R(j) indicate the reference images
corresponding to the indexes i and j respectively.
Consequently, it is assumed that two information items
i and j are sent as the index information. W {(j, Jj)
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, J) 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, if the reference image designated

20 by the index i is more future in terms of time than the
reference image designated by the index j, U (i, j} >
0. If the indexesgs i and J represent the same reference
image in terms of time, U(i, j} = 0. If the reference
image designated by the index i is more past in terms

25 of time than the reference image designated by the

index j, U(i, j)}) < 0. When U(i, j} is 0, the



5 using the indexes i and j.- FIG 4 shows an exanple that the

t o- be-encoded image n is interpol ated between the reference inage
designated by the index i and the reference i mage designated by the index
j. Tn, Ti and T} express positions of the to-be- 10 encoded image, the
reference image designated by the index i, and the reference inmage
designated by the index j, respectively. dfe val ue increases toward the
right. Consequently, the relation of Ti < Tn < Tj is established. The
function U used for conputation of 15 the predictive coefficient Wis

obt ai ned by U(nprijizti¥e codiffiandnt(ji, akkumed 21-1i., where U(n, i) > 0,
and U(j, i) > 0. FIG 5 shows an exanple wherein the reference inmage

desi gnated by the indexcreardviha rtehgoerde posEdgd or? G edediigmatedWwaernt e
index j both are in a past position in terns of tinme than the to-be-encoded
image n. In otherbeeedspdEd( Amaige ko0pbeardcdded cdurrently BNn@ teoshows
anot her exanple wherein the reference inmage designated by the index i and
the reference i mefercpsedaspgrst ¢ BRPERSseddes jS%Wﬁlhiélr§IiGr$ -a dpast 7
position in terns of time than the to-be-encoded image n. In other words,
Un, i) >50, and#sdpg, the sndgxes) iFpRd 7 -shék§ -afl EXEMS EDWFERER- he
reference inmage_designated by the jndex i and.the reference ]jnage
desi gnat ed by tﬁ@aitnﬁg‘ﬁ fopbeneRceded dMeGtuPe LodMHeERO 'a%etdeﬂ?&wﬁfenti me

than the to-be-%g%o%%%e%g% % QmaE% designated by the index 1 and the

reference image designated by the index j.
Tn, Ti and Tj 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. Consequently, the relation of Ti < Tmn < Tj is
established. The function U used for computation of

15 the predictive coefficient W is obtained by U(n, 1) =
Tn - Ti, and U{(j, i) = TjJ - Ti, where U(n, i) > 0, and
U{j, i) > O.

FIG. 5 shows an example wherein the reference
image designated by the index i 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) = 0.

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



5 other words, U (n, i) <0, and U (j, i) 2 0. Lis a shift amount in the
equations (4) to (8). The shift anpunt uses a val ue determ ned between the
vi deo encodi ng apparatus and the decodi ng apparatus beforehand, or is
transmtted fromthe video encoding 10 apparatus to the decodi ng apparatus
wi th being encoded along with encoded data in a predeterm ned encodi ng
unit such as a frane, a field or a slice, é4hd shared with both
apparatuses. Further, the function of clip2 in the equations (6) and (8)
is a function for 15 returning an integer with limting the maxi mnum val ue
and the m ni num val ugtef, Thehesisghin rgah@dicoheoliiai ek reyfcrenud ati on
using a value (referred to as a value sinply) within () of clip2( ), that
is, an inmage-toimhgagdedighaned. b&x pher dhdey df andnfrthgunratfiegenecanplags 20
concerning this function clip2 are shown hereinafter. A first
configuration ofleshgnhtrdt byntbki p2deg d bolthppineg ifuac fivgrreh e sidkes - 2M
when the value is smaller than -2M and (2M 1), when it is larger than
(2M1). The intégetehns Pds&imgafhanpvtiad @Gbenﬁp§0@§dtﬁﬁﬁg@2wil)Ims

ret ur ned. VVth such configuration, if the pixel is 8 bits, 9 bits are
necessary®for €%pPEs¥PERSf UilRe ﬁélﬁeoofaPﬁ @ﬁﬂf—ﬂ (A P- and 22 ( M+10)
bits are necessary for expre sigQn of t ctlv coeff)

Therefore, it is posdi Bieaté %ﬁ%ﬂﬁﬂﬂ? |§ﬂ?% Qﬁ &% an

operation prec&ﬁlonh t(¥§%% tbh%%s i ¥ i %e%er%ﬂn%%p%

YZen 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 clipZ
in the eguations (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 clip2 is a
clipping function that makes -2M when the value is
smaller than -2M, and (2M-1), 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 wvalue of (R (j) -R (i)), and



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 -2M and at 2L-1 when the value is larger than (2M 1), and
returning an 10 integer not less than -2M and not nore than (2M1). Wth
this configuration, when a distance relation between two reference inmages
is exceptional, all images can be subjectéd to an average prediction. A
third configuration of the function clip2 is a is clipping function
setting at 1 when the value is smaller than 1, and 2M when the value is

| arger than 2M(M+and &iftunetdeomneelsWariyigoan dxpegaridiotod a3k than | and
not nore than 2M The difference with respect to the first configuration
of the functionpelkidiztiivet kate f20 ctikertv &l .ue Tofe ey ,editcti sy paeiffliecitent W
does not becone negative, resulting in that the positional relation of
the reference i cegputs la pivesd abve. inGers egueN Wi thevsan dfenatgidrdent i cal
reference images are conbined, it is possible to change a prediction 25
based on the predicctisiencedf f(Mdildnt bitend &h apmamafe a pradinadadni ¥ each

ot her by inverting the ways designated by the indexes i and j as the

rel ati ons2of 23 lﬂ%@S.eIBn&ﬁdl@.ssAtf tth configuration of the function clip2

S Bl BRI N9 Tuncti,on setting.ar, 0 when the, valyecl s, sgRlLefpghan 0. and
assumes a function having a rule that it is set at 2L-1
when the value is smaller than -2M, and at 20171 when
the wvalue is larger than (ZM—l), 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 configuration of the function clip2? is a

15 clipping function setting at 1 when the wvalue is
smaller than 1, and 2M when the wvalue 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 clip2 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.
Conseguently, even if two identical reference images
are combined, it is possible to change a prediction

25 based on the predictive coefficient W and an average
prediction to each other by inverting the ways

designated by the indexes i and J as the relations of



5 2L, and a function returning an integer not less than 0O and not nore
than 2L. Wth such configuration, the value of the predictive coefficient
W becones al ways a non-negative value not nore than 2L, so that an
extrapol ation prediction is prohibited. Alternatively, 10 either of two
reference images is used for prediction in a bidirectional prediction,

too. Afifth configuration of the functio®Xxlip2 is a clipping function
setting at 2L-1 when the value is snaller than 1, and 2L-1 when the val ue
is larger than 15 2L, and a function returning an integer not |ess than I
and not nore thaygcRl-4.anpMtdh, such configuration, the value of the

predi ctive coefficient Wbecones always a non-negative val ue not nore than
2L-1, so that an extzapohethofopfegucitboni sfpthbi buhedioAl teipatiyehy, 20
it is used for an average prediction of two reference imges. Wen a '
di st ance bet weerlipwinef Bmercion negesing atunk mowen othendaivaeds for
exanpl e, when either of the reference inages or both thereof are reference
i mages 25 for t3mabeekgilvamd anehd he™ stleergehe t el pe ells cl avgercoledti cient W
assunes to be s at the value of 2L-1. The predictive coefficient Wcan
be bef or ehand cﬁ‘opu@%@ 2 AN RC IR NEDER YL 1% 30 sikhedsr aneF ahessatharl @, or
a slice. Therefore, even when a edictive image signal . is generated with
two reference i%e%?ttlh%r%omaﬂzon WhER PRIRICRRATBRr bR et BUE by

mul tiplication &glégm%f 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 2D-1 when the value is
smaller than 1, and 2L-1 when the wvalue 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 prohibited. 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



5time. P=clip (R(i) + (W(i, j)x (R(j) -- R(i))+ 2L-1)>> L) (9)

Equation (9)
equation (7),
L bits to the

t he operation for

i s anot her exanple nodifying the 10 equation (4). In the
subjecting R(i) to an arithnmetic shift by
| eft beforehand was needed. However, in the equation (10),

the arithnetic shit is omtted by bringing out it froma parenthesis.

result, it is effective that 15 an operati 8

As

a

anount can be decreased by the

anount of the arithmetic shift. Instead, the orientation of rounding when

the shifting is done varies upon a large and small relation of the val ues

of R(i) and (R jin ahhemekerieg thd isanelr esuld fasndie seqiadlidn d¥)ai s not

20 obtained. The follow ng equations (10) to (20) may be used

with the equati eldced) The@forEhi £ven avharetehgd-exdiinitiiare tionaayeret ik of
generating a predictive imge using a single reference inmage, that is,
met hod 25 of gener geinggadefd neltipried otd ferdnmeyepgafonditeg igngrutation
predictive image of a single reference inage of the index i and a

predi ctive i nag®eaf radxsilnglaa fs eramets

repl aci ng

a

il bl fgpdebor; afhdPrsver agi ng

them Since the 25 sanme process routine as that using a single reference

i mge can®be uséd™$ntil a hal fway step of the process,

advant age of making it possible to reduce an anount of hardware and an

anount of codes.

10

15

20

25

P =clip (RG) + 7 G, /)x R(j) - R())+ 257 )>> L)
(9)

Equation (9) 1s another example modifying the
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 equation
(10), the arithmétic shit is omitted by bringing out it
from a parenthesis. BAs a result, it is effective that
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 wvalues of R{(i} and (R})]j.
Therefore, the same result as the equaticon (4) is not
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
of generating a final predictive image by generating a
predictive image of a single reference image of the
index i and a predictive image of a single reference

image of the index 3j and averaging them. Since the

t he nmet hod has an



5 PY()= (WO(i)xR(i)+2LY1)>> L,, (10) Pr(J)= (W (j) x RY(J)+2LY~1)" L,
(11) 10 Pcb()=(Wo(i)x(Rcb(i)--128)+2L---1)>> Lc+128 (12) Pcbh(.J)= (WL(j)X
(Rcb(J)-128) +2L-1)>> Lc +128 (13) 15 PCr(r)= (MO(i)x (Rcr(/)128)+ 2Lc_1)>>
LC +128 (14) 20 25 1(f) = (WM (i)x (Rer (f) - 128 )+ 2Lc-')>> Lc +128 (15) Y
=clip (PY()+Py(j)+1)" 1 (16) Ch =clip (Pcb (i) + PCb (3) + 1) >> 1 (17)
O =clip (Per (z) + Per (J) + 1) >> 1 (188526 1L+1 cl i U(n, i) x 2z+1
_p2 WO (i, A2 Uij, i) 2z cl ip2 Un, i) x 2L+1 W((i, j}=U,i} 21
Ui, j) #0 Ui, j} =0 (19

same process routine as that using a single reference

image can be used until a halfway step of the process,
the method has an advantage of making 1t possible to

reduce an amount of hardware and an amount of codes.

5
P, ()= (Wo(z')ny(z')+2LY‘1)>> L, (10)
P ()= (xR, (N+25)>> L, (11
10 Pey ()= 07, () x (Rg, (1) ~ 128 )+ 277 ) >> L, +128
(12)
P, ()= ,(j) % (Rey () —128 )+ 2% )>> L, +128
(13)
15
Py ()= 7, (1) x (Rg, (1) =128)+ 2% )>> L. +128
(14)
P, ()= W, ()% (R, (/) =128 )+ 277 )>> L. +128
20 (15)
Y =clip (P, (0)+ P, (j)+1)>> 1 (16)
Cbh = clip (P, (i) + P, (j)+1)>> 1 (17)
25

Cr =clip (P, (i) + P, () +1)>> 1 (18)



, Ui, j}y #0, UWi,j}=05 (20) (Wth reference to a procedure for a
selection of a predictive schene and an encodi ng node determ nation) An
exanpl e of a concrete procedure of a selection of a prediction schene
(conbination of a reference 10 image nunber with a predictive paraneter)
and an encodi ng node determ nation every macroblock in the present
enbodi ment wi |1 be described referring to 21 G 8. The assunmabl e nmaxi num
value is set to a variable 15 mn-D (step S101). LOOPl1 (step 5102) shows a
repetition process for use in selectio g Lctive schene in

ﬁf a) Ral'u

interframe encodi ng. Vari abl 2Lﬂrep L&d dex shown in
FIG 3. The evaluatlﬁp vg D of € qgf gco i-n l a reference
frame 20 nunber wth"'a (f JdT t|ve para nput ed fron1 t he nunber
of encoded bits concerning gﬁ;vector |nfornat|onl?t4 sgh nunber of

encoded bits of the variabl gth code output from arabl e | ength

codi ng device 111 in correspondence with the notion 25 véteor information
214) and a prediction error absolute 27 value sum so that the optinmm

whi ch mekes the eval uati on yalyel B CEEChEmn val ug s ysebect od. (st ep
$103). This eval uati pp(¥afjue DPS[ U(j,i) a ’ )
2k , U@, j)=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). ILOOP1l (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



5 conpared wwth mn -D (step S104). If the evaluation value Dis snaller
than mn D, the evaluation value D is assuned mn D, and the index i is
substituted in mn i (step S105). The evaluation value Din the case of
intraframe 10 encoding is conputed (step S106). This evaluation value D
is conpared with mn -D (step S107). If, as a result of this conparison,
mn Dis smaller, the node MODE is determived to be an interfranme encoding,
and mni is substituted in index information |INDEX (step 15 S108). If the
eval uation value Dis smaller, the node MODE is determned to be an

intraframe encodiing: (sSiwep sSIIRt The eyalbahi 0ot veh ueeEassyaRShan
estimated value of the nunber of encoded bits at the sane quantization
step size. 20 (AWtiwvedferanceialidiel decachage si de)mdheoni deotdecwii clg
apparatus corresponding to the video encoding apparatus shown in FIG 1
w |l be descringtes FIIG vashoasieorifahue abi anmofiinte vatiee idecodi ng
apparatus related to the present enbodi nent. 25 Coded data 300 sent out
fromthe video Enerdied (pparsts) of Thks condlgatbenonathewh ia FIG 1 and
passed through a transm ssion systemor a storage 28 systemis saved in an
i nput buf¥ er 30CPTRRES THEC R JHELD deeeB0DL0f) t hel fnpl¢ BURiBRTLRER s

di vi ded based on . s ax_b derul tipl exer_ 302 for each frane, and_then
input to the véﬁfgﬁ¥g$ th IW;HE%%d%Qa 032 THe VAP gppeuation value D

is assumed min D, and the index i is substituted in
min 1 (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
5109). 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 wvideo
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



5 length decoder 303 decodes the variable-length code of each syntax of
the coded data 300 to reproduce quantized orthogonal transforned
coefficients, node information 413, notion vector information 414 and

i ndex information 415. 10 The quanti zed orthogonal transformed coefficient
of the reproduced information is dequantized with the dequantizer 304. The
dequanti zed coefficient is subjected to arf8 nverse-orthogonal
transformation with the inverse orthogonal transforner 305. Wen the node
15 information 413 indicates the intraframe encoding node, a playback

i mge signal i ssysttqmtisreavédein nyer sepot tbogosal 301 anséetr nerhd050daad
output as an ultimate playback inmge signal 310 via the adder 306. \Wen
the node i nfordesta 030 @ 13f i trick ciatpest tineffat el aire éncbdbdedgbalB8dnode, a
predictive error signal is output fromthe inverse orthogonal transforner
305, and furthesyrtamdey zelentlohpsekerh3888ips eachelrane, Tardpthghack
image signal 310 is output by adding the predictive error signal and the
predictive i magePRigris® e Gurpubler banatht decedaresfdnor fhe predpblpve

i mge generator_ 308 with the adder 306. The pl ayback inmage signal 310 is
stored i%h the ¥¢RAER REYGSY %9%d¢%??9%5|Fﬁ@evﬁéhépéﬁo?e%GQha§°§9 af

eference | magc, shanel s, The podes lgumLen 4hh Lbieneston
predictive Inage e@fégéoéréhogonaf transformed coefficients, mode
information 413, motion vector information 414 and
index information 415.

10 The quantized orthogonal transformed coefficient
of the repreduced 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 signal is ocutput from the inverse
orthogonal transformer 305, and output as an ultimate
playback image signal 310 wvia 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 playback image signal 310 is stored

in the frame memory / predictive image generator 308 as



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 intraframe encodi ng node. The frane nmenory / predictive

i mge generator 308 10 prepares for a table a plurality of conbinations of
the reference image nunber and predictive _paraneter that are prepared
simlarly to the franme nenory / predictive2 i mage generator 108 of the
encodi ng side as showmn in FIG 1, and selects one conbi nati on desi gnated
by the 15 index information 415 fromthe table. The imge signal (playback
i mge signal 31@) refferemceefieregyecesiigmege. desi gnated by the reference i mage
nunber of the selected conbination is subjected to a |inear sum according
to the predictive parliretwrdeofinierrsstiert el 20 monbdmatéorer Furt her, the

of fset according to the predictive paraneter is added to the reproduced

i mage signal 31¢fosdadicesfild ang dimeteshda farpd ny bl S iare gernatiattad.
Thereafter, the predictive inmage signal 412 is generated by subjecting the
gener at ed ref er éfGe LIRS EFECH Y al PR Rl Hh SR SRS QG| a nots on

vector indicated by the notion vector, i nformation_414. 30 yth reference
o P Borar v 0% d AR SRS Gh ey tsOBa T dd ¢ et ai | od

confLouLaLI o o e, TAIE IR | MISALELLYS) TR SP0E ) 4,308 10 FIG
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 tc 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.



the adder 306 in FIG 9 is stored in the frame nenory set 402 with control
by a nmenory controller 401. The frame nenory set 402 conprises a plurality
of (N frane nenories FML to FMN to save tenporally the playback 10 image
signal 310 as a reference inage. The predictive paraneter controller 403
prepares as a table conbination of a reference inage nunber with a
predictive paranmeter as shown in FIG 3 bePBrehand, and selects

conbi nati on of the reference i mage nunber 15 of the reference i mage used
for generation of the predictive imge signal 412 with the predictive

par anet er based (@A thhe eifedexdenfror fatmen méhl rfyr gmpirheli atarieabineedeengt h
decoders 303 in FIG 9. A plurality of frame notion conpensators 404
generates a ref geercat2® i3®&Je signal according to conbination of the
reference image nunber with the index information which is selected by
the predictive paranmdtlér. déhtateiwserde4Gd ledmndriativatian iofgehesi Hrame 412
is generated by subjecting the reference image signal to notion 25
conpensati on i NGRACEY df P eslicdi vac ddrdingeheratest i30P edti&- iShdi dat ed by
the notion vector infaormation 414 fromthe variable | ength decoder 303 in

FIG 9. 32 (WtEfef dlendds §eRRAWESSE Mgk SH9GImeti b s P Shows an
bl ock. has. mode. THAT GEREE oY MEPET T s e rbrebd e THOSEa EY |
information ID sieril:diﬁ)%t iw'l%ha c\()%lt"ﬁ':%l()tbﬁ} hae n{erzln%erxy ico‘f’l:n.Q:droJ.ler 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 generation 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 wvector infdrmation 414

from the wariable length decoder 303 in FIG. 9.



index information ID indicating a value of the index j are encoded
according to the node informati on MODE. After encoded index information,
notion vector information MVi for notion conpensated prediction of 10 the
index i and notion vector information MVi for notion conpensated
prediction of index i and index j is encoded as.notion vector information
of each block. (Wth reference to the dat® structure of an encoding bit
strean) 15 FIG 12 shows an exanple of a concrete encoding bit stream
every bl ock when generating a predictive inmage using a single reference

i mage. I ndex infwithnaéfenehbe ts dispasedrf Ohtiew ngrobaatnda)i nf or nati on
MODE and notion vector information MVi is disposed 20 thereafter. The
notion vector infornmBLGonliWVEhbws aauakbypiwoed sgnseanaheveenheoding
information. Further, a plurality of two-dinensional vectors nay be send
dependi ng upon ihdexpinbnarwvehpensani eachebhodkin Eheh block that mpge
designated by the node information. 25 FIG 13 shows an exanple of a
concrete encodi bgfopnatienedfPByer Jtbischetnenigederherhgraipdedictive

i mge using two reference inages. Index information 32 I D and index

i nf or matidn IE]1%F%rﬂﬁ§b6§e@DFoFPG%FﬁBlnﬁDEeVPﬁFSrﬁﬁtFBﬁ WPeEX &ndnAbt i on
vector informatio Mi _and tlogpvect formati on MV _are di sposed

thereafter. Thet ??ohn§85F6 PRf or'dat ﬁc tgnd VRA&US ﬁﬁtF R JBERsr )

information j aégeugﬁggdgdtggcgE nSIQHaLhe mode information MODE.

After encoded index information, motion wvector
information MVi for motion compensated prediction of

10 the index i and motion vector information MVi for
motion compensated prediction of index i and index j is
encoded as motion vector information of each block.
(With 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



vector information. Further, a plurality of two-dinensional vectors may be
send dependi ng upon the notion conpensation nethod in the block that is
designated by the node information. 10 According to the present enbodi nent
as di scussed above, when a predictive inmage is generated using a single
reference image, the predictive image. is generated by a linear prediction
using a predictive coefficient and an of f3ét as the predi ctive paraneters.
15 This method permts generation of an appropriate predictive imge for a
field i mage corresponding to an inage obtained by conbining nonochrone
i mges. In a nmEDhodndf inedkeactinfgraiatplon dbd earbidiatiosred rfarmlawiplaural ity
of conbinations of a reference picture nunber 20 and a predictive
par anet er, whenmpder éniforaaplionaMODE, efhd efdriencedatmges nfidmmation
mul tiplication per pixel must be perfornmed a plurality of tinmes. This
i ncreases an aMydnBngf meshApit FeCter Hovevartion MVe mres shitsraassti ment ,
the necessary nultiplication may be one 25 tinme per pixel. On the other
hand, when a pr EBREEREE Sirmagdhies MOgdRar Feed By ipgardade onndVie fasyck fde
i mges, tpe 33 %é%dictive inage i S ner ated by obtaining wejghted nean of
the two ref er en®@ i RRgIECERS AGLLT %dﬁﬂ Ag 2 dor ldwd e sHfsas ksl are
obt ai ned fronlavdi %ange bet%pen t he, t reference i es.. This met hod
makes it 5 possiHC& o GERErRd Ot agblr%%ﬁrat@ sredieddiWe Sfmge
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 predictive 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 present
embodiment, the necessary multiplication may be one
25 time per pixel.
On the other hand, when a predictive image is

generated by means of two reference images, the



for a dissolve image in which two images are mxed. In this tine, if the
equation used in the present enbodinent is used, a necessary

mul tiplication nmay be one tine per pixel. 10 According to the present
enbodi ment as thus described, an appropriate predictive inmage can be
generated for a feed imge as well as a dissolve imge by one tinme of

mul ti plication per pixel. Since the nmultipPication can be conpl eted one
time per pixel, a 15 hardware scale and an operation cost can be decreased
in both of an encoding side and a decoding side. In the above description,

the nmethod of gemeddidtige dmpediict igemdrmael sy ehanged rar caridiiged o t he
nunber of reference i mages. However, the nethod of generating 20 a
predi ctive i mgeecmay die thlrarnged rafeumminice dinagesge wring ra wdichtfngl i ce
according to a difference of a prediction type as referred to as so-called
a picture typefectersiange anypd fswerihat] vrs tidraioesd ofrather disftmmmece
images in the case of, for exanple, a B 25 picture is used, the predictive
imge i s not geRetdesd the Ay Fefntemcd i gssransters MRfthadanaienrs o
conpensated prediction is carried out using nornmal 34 | ocal, decoded i nage.
A predictPve i nB§EGEE &0 HGTSTEEEd @he ARNLRP T2 e ttHR P It ickangiats a
predictive inmag enerating nethod according.to a difference of fhe
br odi ot i ve type I8 B WBISCAYS IR "BR o SiLried Shgtee M iRser | bed
In this time, if the equation 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 image 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 an 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 1s 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 slice according to a difference of a
prediction type as referred to as so-called a 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 normal



with reference to FIG 14. In this exanple, a nethod of generating a
predictive image is 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 determned, and it is divided into three slices, that 1is, an
slice in which a to-be-encoded slice is subjected to an intrafrane encoding
(intrafrane prediction), a P slice which B4 predicted using a 15 single
reference i nage (one way prediction), and a B slice which is predicted
using maxi mumtwo reference inmages (bidirectional prediction) (step S201).
| f the to-be-engeded sleicegleds itage.Slice as a result of determ nation of
step S201, the intraframe 20 encoding (intrafrane encoding) is done (step
S202). |If the to-beZeneedbdtsivecdnsya Risdiaeing pretidirey arsischene based
on conbi nati on of one reference image and a predictive paraneter as

descri bed abovemeshadoptfedhaistieny 3203 )edizi ive tiedeo-desreareduider redtiteel a B
slice, the nunber of reference inmages is checked (step S204), and the
predi ctive schemecegdimandged sacdddifdinegaso athdheenadi @6 ven ieerasmor ds, i f
the to-be-encoded slice is a B, slice, and the reference inmage is single,
normal mofion ¥&hpeRFattinre NS O F §ieRadwint dh It sSasCrilied he

t o- be-encoded sli.ce is a B slice, _and tQP reference 5 i mages are used, a
predi ctive scheMet ﬁqgﬁﬁﬁﬁﬂqu§q<§IG' 14. 1In this example, a method

of generating a predictive image is 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
is, 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 5201).

If the to-be-encoeded slice is an I slice as a

result of determination of step $201, the intraframe

20 encoding (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 S203).

25 If the to-be-encoded slice a B slice, the number
of reference images is checked (step S5204), and the

predictive scheme is changed according to the result.



an i mage-to-i mage di stance of the two reference inages is adopted (step
5206). [ Second enbodi nent] There will be expl ained a second enbodi nent of
the 10 present invention. The entire configuration of the video encoding
apparatus and the video decoding apparatus in the present enbodinent is
approximately simlar to that of the first enbodi nent. Accordingly, only
a difference with respect to the first enbdti nent 15 is described. The
present enbodi nent shows an exanple when the first enbodi nent is conbi ned
with other schene. The follow ng equation (21) is a predictive equation
of a bidirecti ochalojptediwdtrds, of f stheatdadeBen@Odpdcsliecussng BWO
reference images, and a first nethod of averaging the notion conpensative
predictive i mageliot, tawd refer caferenagesnagaply. sPngléR(NPrRé] ) mdyonl
(21) In the first nethod, change information (change 25 flag) for changing
bet ween a pr edi c¥ReN 2uET¢ apredbohiobyliei adepted éqberi 8R95(4) 186 tB¥,
equations (7) to (8), equation (9) or equations (10) to (20) and a 36
predi ctive equat?IESHOVPEDY BhiEquaEi BB (21iCar eanEnEVEcEEARBABCHI th t he
encoded ta in a predeterm ned encogin .unit such as a pictyre, a frane,
2 field ahd a SMYES 3FG PSnsn? (PECCIFORTS SFOEBCcRoBdrRoRgbafatas 5 to

a decoding appaﬁﬁ“iﬁhégL g;fggégdd¥g£gnggt8f 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 equation (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=R3GE)+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), equation (9) or equations (10) to (20) and a



apparatuses. 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 equation (21.) 10 are
changed as needed. According to the first method, a wei ghted nean

dependi ng on an imge-to-imge di stance and a sinple average of the
reference i mages can be adoptively changeaﬁ wher eby the inprovenent of a
predictive 15 efficient can be expected. Because the equation (21)

includes no multiplication, an conmputational anobunt is not increased. The
equations (22) pee@2d)ised ceguadtiionnShoRd) biyo an( 3uationm a Amet hack of
generating a predictive paraneter 20 for two reference imges using a
predi ctive pararstedeshend onige widhe tdrc enomrige idats ngl @& phwlgireaseinted
enbodi mrent shows an exanpl e which these nmethods are conbined with the
first enmbodi menencadinior enlitt Balche@fai Gistza), teo fr2me,skoviielsbeont a

met hod of 25 obtaining a predictive value by averaging the value of the
predi ctive equafildfFenhénct A& ansmaitdsce freiye Ve dag mgicedizn pPrEa=auBL(i ) X
RY(i)+2L"'-1)>> LY +D2(i),, (22) Pchb is) = (E1(i) x (Rcb (i) - 128 + 2L,7-1)
L 2 68 () 501 2 Qeshyinos AppCis 0 1ok CREHSS 18 PARR T) o> Lo

tR2(i)+128 apparatuses. In other words, a predictive equation
shown in either of the equations {(4) to (6), eguations
{7) and (8), equation (10) or equations (10) to (20)
and a predictive equation shown by the equation (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. At first, the
equations (22) to (27) show a second method of

25 obtaining a predictive value by averaging the value of
the predictive equation when the reference image is

single.



(24) Y =clip ((PY (i) + PY (j) + 1) >> 1) (25) Cb =clip ((PCb (i)+ Pcb
(j)+1)>> 1) (26) C =clip ((Pc,(i)+Pcr(j)+1)>> 1) (27) 10 PY(i), PCr(i)
and PCr(i) are results in the mddle of a predictive value of |um nance
signal Y, color- difference signal Cb and col or-difference signal Cr
respectively. In the second nethod, change_information (change 15 fl ag)
for changing between a predictive equation3§homn by either of equations
(4) to (6), equations (7) to (8), equation (9) or equations (10) to (20)
and a predictive equatiQn shown by equations, (22) to (27) are encoded
along with the encodeByGgFapo(iangd%erZﬁ”ﬁle 2 ercddi(@y unit such as a
picture, a frame, a field and a slice, and transmtted froma video
encodi ng apparatus to a decodi ng apparatus to be shared #Z)h both
apparatuses. As thus descyibhed, a predictive equgt_i1 n shown_in either of
the equations (4) to gcﬁ)s(?jﬁgﬁa{ﬁ)dﬁ&&iq 7)128nkt+ 285 jéﬁ’ué«bi orE {G) +ok28
equations (10) to (20) and a predictive equation shown bé@%he equat i ons
(22) to (27) are changed as needed. 38 According to the ond net hod, a

oo based on a i nebe AGulEL o (Berld) Pull® Ferbrencs | hagedoi g can

be adoptively changed, 5 whereby the inprovenent of a pre&Lﬁtive ef ficient

can
Y =clip (P, )+ P, ()+1)>> 1) (25)
Cb = clip (P, (i) + Py, (j)+1)>> 1) (26)
Cr =clip (P, (1) + P, () +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), equations (7) to
(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 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 (6), equations
25 (7) and (8), equation (9) or equations (10} to (20) and
a predictive equation shown by the equations (22) to

(27) are changed as needed.



be expected. However, according to the predictive type shown in the
equations (22) to (27) al though the nultiplication nunber per pixel is
twice, there is the nerit that the degrees of freedom of the predictive 10
coefficient increases. Therefore, further inprovement of the predictive
efficiency can be expected. Equations (28% to (33) show as anot her

predi ctive equation an exanple of a linear~-predictive equation using two
ref erence i nages generated using two 15 predictive paraneters in the case
of a single reference image. Py(i, j) = (D(i)x R(i)+ DL( j)xXR( j)+ 2)>>
(Ly+1) +(D2(i)+D2(j Atbordihta Hhr8)sedeold metlgd,= Ebej(d;htad(m (i)
-128 )+ El (j) x (Reb (j) - 128 )+ 2Lc ) >> (Lc +1)+ V2 (')+ E2(j)+1)>>

1+128 (29) Pcr@epepping bhi px (Re@le)128)inkEge) Xi(sRardg Jark28) +2L.Q >> (Lc
+1) +(F2(i ) +F2(j ) +1)>> 1+128 25 Y = clip (Pr (i, j )) Cob =clip (Pcb (i, ]
)) (30) (31) (3Pregdctive dmage(Pesed on ) Yiz@ar prediction using two

reference images simple can be adoptively changed,

5 whereby the improvement of a predictive efficient can
be expected. However, according to the predictive type
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.

Py (i, /)= (D, ()% R, (1) + Dy(7) xR, (5) + 2 ) >> (L, +1)
+(D, () + D,(j)+1)>> 1

20 (28)
Py (i, 1) = (B.() x Ry (1) =128 )+ Ey(J) x Ry (J) — 128 )+ 25 ) >>
(Le + D)+ (E,() + B, (7)) +1)>> 1+128

(29)
Po, (1) = (B % (Re, (1) =128)+ Fi () (R, (J) - 128 )+ 2% ) >>
(Lo + D+ (F,() + Fy(j)+1)>> 1+128

30)
25 Y = clip (P, (., 7)) (31)
Cb = clip (P, (i, j)) (32)



In the third nethod, change information (change flag) for changi ng between
a predictive equation shown by either of equations (4) to (6), equations
(7) to 5 (8), equation (9) or equations (10) to (20) and a predictive
equati on shown by equations (28) to (33) are encoded along with the
encoded data in a predeterm ned encoding unit such as a picture, a frane,
afield and a slice, and transnitted from3® vi deo encodi ng apparatus 10
to a decodi ng apparatus to be shared with both apparatuses. As thus
described, a predictive equation, shown in either of the equations (4) to
(6), equations (7) abd «£8)Yip @E‘w;{t,ip (9) or equations (103¢o (20) and a
predi ctive equation shown by the equations (28) to 15 (33) are changed as
needed. Accordi ng to Irheltehithdi metiithod, whahded nBatnadependtngngsn an

i mage-to-i mage di stance and a predictive inmage based on a |linear

predi ction usindltagn foef ehemegs ngrdgdyvean dhermbiptiived ye @banged, sivdver eby
the 20 inprovenent of a predictive efficient can be expected. However,
according to th®Yrddinan o vpmtsivwn (9 the (Yguadurisiqes) (o {83),

al t hough t5he mul tiplication nunber per pixel is twice, there is the nerit
that the “degreddlof TSGR oo I RBHRIVR Cbf fiei 63) 254 rer eases.

Ther ef or e, furtheréi'. rovenent .of th O(ﬁpr dictive efficiency can be
expected. The abdvE™ & r?é?&atilsone% Thet RAUAT 807 pI %P bftaol 3B vidk

encoding / deco%nrl%dsééftaﬁ@n%s'ﬁ%horéhheo%onncaclded data in a predetermined

encoding unit such as a picture, a frame, a field and a
slice, and transmitted from a video encoding apparatus

10 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

15 (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 imades can be adoptively changed, whereby the

20 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

25 increases. Therefore, further improvement of the
predictive efficiency can be expected.

The above embodiment is explained as an example of



transformation in units of block. However, the nethod of the present

i nvention described in the above enbodinent can be adopted to a case with
the use of 5 another transformation techni que such as wavel et

transformati on. A process of video encodi ng and decodi ng concerning the
present invention nmay be realized as a hardware (apparatus), and nmay be
executed by a conputer 10 using software. AOpart of the process may be
realized wth a hardware, and the other thereof may be executed by

sof tware. Consequently, according to the present invention, there can be
provi ded a programiteomakeoal ing0nD Weio dXRC Wiss thenV EO ERFA JHbrd]l a
decodi ng process 15 or a storage nedium stored the program As discussed
above, accordi ngreastfoeratioentin umient iodn blaok .dedewsaedi NngHe deaodag can
performwith a high efficient and a little conmputational amount by doing
an appropri ate pifedhet poesfot adnwvieddd onmags ontidsel 201 [td redovoee varies in
terms of tine such as a fading inmage and a dissolve inmage in particular
41 CL Al MS gmbppizepitdeeremeodided trast Hed ofcasashjwedth fdiearise mgut vi deo
signal to_a notion conpensated predictive encoding using at |east one

ref er ence®i mage2BPGHST Axd0s Termsthion Fechel B RER @fe Walisitevi deo si gnal
and the reference i e si.gnal, the nethod conprising: a step of
generating a préﬁ?@F%@gHP%&%@'signal

A process of video encoding and decoding
concerning the 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. Consequently, according to the present
invention, there can be provided a program to make a
computer execute a video encoding or a decoding process
15 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 a video image whose
20 luminance varies in terms of time such as a fading

image and a dissolve image in particular.



according to a reference i mage nunber and a predictive paraneter of one
conbi nation selected froma plurality 10 of conbinations of at |east one
ref erence i mage nunber and a predictive paranmeter, which are prepared for
bef orehand, every to-be-encoded region of the input video signal, when a
single reference inmage is used in the notion conpensated predictive
encoding; is a step of generating a predi ctfve i mage signal according to
ref erence i mage nunbers of a plurality of reference images and predictive
paranmeters conputed based on an image-to-inmge di stance of the plurality
of reference inmges every to-be-encodell Re@gi mns when a 20 plurality of
reference images are used in the notion conpensated predictive encoding; a
step of generating alpre@ircéi vederrencsdingl metbpdeséntithjeaniayran of the
predictive image signal wth respect to the input video signal; and 25 a
step of encodi ngRR%e Preew ctigrakbriorashghadn compenseted peedbctive
information and index information indicating one of the selected

conbi nati on ancERFREYPI resbrenle |augk PuRbEREebEnEReiBRGRaPigyadfand

ref erenc i mages. 2, The vjdeo encodi ng nethod according to_claim]l,
wherei n the st ép B “HRMeFEE TG ?%EW%?%dgE?i%%Puﬁ YHege sigpal BypdnEhAs of
the plurality of #eference i mages._ | clggéqgegﬂggdégﬁpthe.to-be-encoded

region by a bi'di TECY T Ohat"pf 2df t¥ToN rising:

a step of generating a predictive image signal
according to a reference image number and a predictive
parameter of one combination selected from a plurality

10 of combinations of at least one reference image number
and a predictive parameter, which are prepared for
beforehand, every to-be-encoded region of the input
video signal, when a single reference image is used in
the motion compensated predictive encoding;

15 a step of generating a predictive image signal
according to reference image numbers of a plurality of
reference images and predictive parameters computed
based on an image-to-image distance of the plurality of
reference images every to-be-encoded region, when a

20 plurality of reference images are used in the motion
compensated predictive encoding;

a step of generating a predictive error signal
representing an error of the predictive image signal
with respect to the input video signal; and

25 a step of encoding the predictive error signal,
the motion vector information and index information

indicating one of the selected combination and the



3. The video encoding nethod according to claiml1l or 2, wherein the

predi ctive image signal generating 10 step includes generating the
predictive imge by weighting the plurality of reference i mages using a
wei ghting factor obtained fromthe i mage-to-inage distance. 4. The video
encodi ng nmethod according to 15 claim 3, wherein the predictive inmge
signal generating step includes generatiﬁﬁzthe predi ctive i mage by

wei ghting the plurality of reference imges using a weighting factor
including a paraneter to limt a maxi mumvalue and a m ni num val ue of the
i mage-t o-i mage refexéstantmagd. niliieevs ded €he odl ngabethodfagebedenget 0
claim1l or 2, wherein the predictive paraneter includes a weighting
factor and an offia@eswhi ch are obtained by the image-to-inmage distance,
and the step of generating 25 the predictive inmge signal includes
conputing a linear 3um fof Yhéea ebfedéneeipiihge sirghatlidesktgnated by the
reference i mage nunber according to the weighted factor 43 and then adding
the of fset ther@tdiMel/ THee S HR o RACOBPRGCFeter abtee dfhg Poediabive or
2, mherehy t he wei enom nator_of two exponentiation. 5

7. The video eﬁBHagaééﬂg?%§§%§é®%$§?ﬁagtBh%|%.H{%llBY 91 HREFEFACEhe i nput
video signal cofpLises; fo1 b MY AEES A0 n 8 18050108 LLELERS, -
gnal s, an
bidirectional prediction.
3. The video encoding method according to claim 1
or 2, wherein the predictive image signal generating
10 step includes generating the predictive image by
weighting the plurality of reference images using a
weighting factor obtained from the image-to-image
distance.
4. The video encoding method according to
15 claim 3, wherein the predictive image signal generating
step includes generating the predictive image by
weighting the plurality of reference images using a
weighting factor including a parameter to limit a
maximum value and a minimum value of the image-to-image
20 distance.
5. The video encoding method according to claim 1
or 2, wherein the predictive parameter includes a
weighting factor and an offset which are obtained by
the image-to-image distance, and the step of generating
25 the predictive image signal includes computing a linear
sum for the a reference image signal designated by the

reference image number according to the weighted factor



the predictive paraneter is prepared every |um nance signal and every two
color-difference signals. 10 8. A video decodi ng nethod conprising: a step
of decodi ng encoded data including a predictive error signal representing
an error of the predictive inmage signal with respect to the video signal,
notion vector information and index inforn&%ion 15 indicating either of
conbi nation of a reference i mage nunber h a predictive paraneter and
reference i mage nunbers of a plurality of reference i mages; a step of
generating a predictive inmage signal according to the reference inmage
number and predieed Fden2@dddngnather odff sette themstmat i on, when the decoded

i ndex information indicates the conbination; a step of generating the
predi ctive i mage sigrfal Tecotidian ansadiand efediont e domydimunterclmide the
predictive paranmeter conputed based on a distance 25 between the plurality
of reference inBge<, WHEH e thiendiek dhirighediacde tviiach a stenassiie idec otfi ng
shows a reference i mage nunber, of the a plurality of reference 44 i nmage;
and a step of g&Ner &PRGSRPLAYHRCk vi deo signal using the predictive

e pr odi Bt 1 ve. par andher THiC FGES F TG ARG TRt o (<A iB aha |
the step of geperating the predi Ghive YIRES g 'RHide%s -
luminance signal and two color-difference signals, and
the predictive parameter is prepared every luminance
signal and every two color-difference signals.
10 8. A video decoding method comprising:

a step of decoding encoded data including a
pPredictive error signal representing an error of the
predictive image signal with respect to the wvideo
signal, motion wvector information and index information

15 indicating either of combination of a reference image
number with a predictive parameter and reference image
numbers of a plurality of reference images;

a step of generating a predictive image signal
according to the reference image number and predictive

20 parameter of the combination, when the deccded index
information indicates the combination:

a step of generating the predictive image signal
according to the reference image number and the
predictive parameter computed based on a distance

25 between the plurality of reference images, when the
index information which can leave decoding shows a

reference image number of the a plurality of reference



subjecting a reference i mage signal designated by the reference i mage
nunber to a |linear sumaccording to the 10 weighted factor included in the
i ndex information and then adding the offset included in the index
information thereto. 10. In a video encoding apparatus to subject an input
video signal to a notion conpensated predictive 15 encoding using at | east
one reference image signal and a notion vedtlor between the i nput vi deo
signal and the reference inage signal, the apparatus conprising: a table
to stores at |east one reference inmage nunber and a predictive paraneter;
20 first predictimegyesi gimal generating neans for generating a predictive

i mage signal according to the reference inmage nunber and predictive
paranet er of one cordistp ot sptretaEtidig omplayvacki vyded sbgbahahsimsg of
the reference i mage nunber and the predictive 25 paraneter every

t 0- be- encoded r ddioPrEdidid impdaas delgnaignal ; second predictive image
signal generating neans 45 for generating a predictive inage signal
according to a preditti @%a‘?ld%%@ fecUhP e e daercréied ehee i mage
nunbers of  the plurality of reference inpges and di stance between the
pluralityf re & 115 RF - He- Eh RRING &R obiCHidds 3 or

sel ecting the fi,[StRiedl Gl oe, ) TRAP .91 9Pl 9engl gtig fleans, phen one of
generating the predictive image signal includes
subjecting a reference image signal designated by the
reference image number to a linear sum according to the

10 weighted factor included in the index information and
then adding the offset included in the index
information thereto.

10. In a video encoding apparatus to subject an
input video signal to a motion compensated predictive

15 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:

a table to stores at least one reference image
number and a predictive parameter;

20 first predictive signal generating means for
generating a predictive image signal according to the
reference image number and predictive parameter of one
combination selected from a plurality of combinations
of the reference image number and the predictive

25 parameter every to-be-encoded region of the input video
signal;

second predictive image signal generating means



images is used in the notion conpensative prediction encoding, and

sel ecting the second predictive image 10 signal generating neans when a
plurality of reference inages are used; nmeans for generating a predictive
error signal representing an error of the predictive image signal wth
respect to the input video signal; and 15 neans for encoding the predictive
error signal, the notion vector informati®h, and index information

i ndicating either of the selected conbination and the reference inage
nunbers of the plurality of reference images. 20 11. The video encodi ng

apparatus accorfibnggénerstahs d0prebeceinet hragel eebhag aeadsdsaheebsat he
second predictive image signal generating neans when the to-be-encoded
regi on i s encodededdychibedpaeatibnal coppetdiedt basedndnarplferahicky iatge
reference inmages are used 25 in the notion conpensated prediction encodi ng.
12. The vi deo emewdéng apphhat nduzstordi nf refeckacm ifageslindwherein the
predictive image signal 46 generating neans generates the predictive imge
by wei ghting t®h&shhueal beyweenr sher phvsaliiyesfusedgrehee waagksed fact or
obtained fromthe image-to-image distance. 5 13. The vi deo encoding

appar at us® accor Y #EYt BOBParRAT29edkEF&PR/ t he predictive inage signa

ener ati ng neans gener ates _t he edictive._i eb
9 9 9 means for sgaectgng %hen%qrstypredictive image

signal generating means when one of the reference
images is used in the motion coﬁpensative prediction
encoding, and selecting the second predictive image

10 signal generating means when a plurality of reference
images are used;

means  for generating a predictive error signal
representing an error of the predictive image signal
with respect to the input video signal; and

15 means for encoding the predictive error signal,
the motion vector information, and index;information
indicating either of the selected combination and the
reference image numbers of the plurality of reference
images.

20 11. The video encoding apparatus according to
claim 10, wherein the selecting means selects the
second predictive image signal generating means when
the to-be-encoded region is encoded by a bidirectional
prediction and a plurality of reference images are used

25 in the motion compensated prediction encoding.

12. The video encoding apparatus according to

claim 10 or 11, wherein the predictive image signal



wei ghting the plurality of reference images with Ilimting a maxi num val ue
and a m ni nrum val ue of the 10 weighting factor obtained fromthe

i mage-to-image distance. 14. The video encodi ng apparatus according to
claim 13, wherein the predictive inage signal generating neans generates
an average of the plurality 15 of reference inages as the predictive inmage
when exceeds a maxi mum and a m ni mum of af%kighting factor obtained from
the i mage-to-image di stance. 15. The vi deo encodi ng apparatus according to
claim 10 or 11, wherein the predictive paraneter 20 includes information of
a wei ghting factgemearstiofd setgns ayhditeet g edhetpved i digee siggd 1gener ati ng
means includes neans for conputing a linear sumfor the reference inage
si gnal desi gnat esightting ridfenenoes littmgef meberemoe armbags twsime wied ght i ng
factor and then 25 adding the offset thereto. 16. The video encoding

appar at us accor #isighted dagtiar eidrairied wieere| the henaws o+ igadact or has a
47 denom nat or of two exponentiation. 17. The video encodi ng appar at us
according to clHiSha¥Fr 11, wherein the input video signal conprises a

| um nance5si gnal ancejldat m\}l'&]?l or-difference 5 signals, and the predictive
paramet er i s prepared - § YIHRD ANLSHYh APBRE 4D FFOFLHT 19 ence

signals. claim 12, wherein the predictive image signal
generating means generates the predictive image by
weighting the plurality of reference images with
limiting a maximum value and a minimum value of the
10 weighting factor obtained from the image-to-image
distance.

14. The wvideo encoding apparatus according to
claim 13, wherein the predictive image signal
generating means dgenerates an average of the plurality

15 of reference images as the predictive image when
exceeds a maximum and a minimum of a weighting factor
obtained from the image-to-image distance.

15. The video encoding apparatus according to
claim 10 or 11, wherein the predictive parameter

20 includes information of a weighting factor and offset,
and the predictive image signal generating means
includes means for computing a linear sum for the
reference image signal designated by the reference
image number according to the weighting factor and then

25 adding the offset thereto.

16. The video encoding apparatus according to

claim 10 or 11, wherein the weighting factor has a



18. A video decodi ng apparatus conprises: mneans for decodi ng encoded data
including a 10 predictive error signal representing an error of predictive
i mage signal with respect to a video signal, notion vector information
and index information indicating either of conbination of a reference
I mage nunber with a predictive paraneter and reference i mage 15 nunbers of
a plurality of reference imges; neans for46enerating the predictive inmage
signal according to the reference i nage nunber and predictive paraneter
of the conbination, when the decoded index information indicates the
conbi nati on; 20demam$nbbdorgefietadbi agpbhenpiedioni.ve i mage signal according
to the reference image nunber and a predictive paraneter conputed based on
an i mage-to- image diVst afibe videheepkadahiot ppphreéher encerdimgeso when the
decoded index information indicates the 25 reference image nunbers of the
plurality of reféféficéC PHadés; YBRYCARakbef dnryén¥iderngignpllayback vi deo
signal using 48 the predictive error signal and the predictive inmage
si gnal . comprises a luminance signal and two color-difference
5 signals, and the predictive parameter is prepared
every luminance signal and two color-difference
signals.
18. A video decoding apparatus comprises:
means for decoding encoded data including a
10 predictive error sighal representing an error of
predictive image signal with respect to a video signal,
motion vector information, and index information
indicating either of combination of a reference image
number with a predictive parameter and reference image
15 numbers of a plurality of reference images;
means for generating the prédictive image signal
according to the reference image number and predictive
parameter of the combination, when the decoded index
information indicates the combination;
20 means for generating the predictive image signal
according to the reference image number and a
predictive parameter computed based on an image-to-
image distance of the plurality of reference images,
when the decoded index information indicates the
25 reference image numbers of the plurality of reference

images; and

means for generating a playback video signal using



48

the predictive error signal and the predictive image

signal.



