s+, -.e3e&TLLM_PpPS6ST&Tz DESCRI PTI ON VI DEO ENCODI NG DECODI NG METHOD AND
APPARATUS 5 Technical Field The present invention relates to a video
encodi ng/ decodi ng nmet hod and appar atus whi ch encode/ decode a fade vi deo and

di ssolving video, in 10 particular, at high efficiency. Backg mw
Mot i on conpensation predictive inter-frame encoding is used a mmmmw
encodi ng nodes in a video encodi ng standard schene such as IT H%Q%,

H 263, 15 ISOIEC MPEG 2, or MPEG 4. As a predictive nodel in notidn

conpensation predictive inter-frame encoding, a nodel that exhibits the

hi ghest predictive efficiency whgn.ng change.,i ri.glt ness oc m Lu
time direction is used. In the cgs% %feaﬁfgdg @igeg &hich 20 ﬂmmmwumm“ ﬁ“ e
bri ght ness of pictures, there is no nethod known up to now whi ch rgk®es a
proper prediction against i i i ctures when, for
exanple, a normal picture %g@%%gﬁgﬁg&ﬁ%ﬁ?%#%@Qiﬁgég%f%QB|n order to

mai ntain picture quality in a ade video as well, therefore, a |large
nunber of5s bits are required. In order to solve this problem for exanple,
in Japanese Patent No. 3166716, "Fade Countermneasure Video 2 Encoder and
Encodi ng Met hod"”, a fade video partTeshdetettedeta change the all ocation of
the nunber of bits. Mre specifically, in the case of a fadeout video, a

| arge nunber of bit sl ecadseniat eoventibe Bekbbes pars oidéadeout that
changes in lumnance. In general, the |ast part of fadeout becones a
nonochr one pi cteiFdigH desrdlrameychedsing apradedus Forichi s reason, the

nunber of bits allocafed to this part is reduced. This makes it possible to
i nprove the ovéI9FHFWUre fﬁfgef i Y449 tHit bkeekeing| yideer ed®ing the

Change Qompens ST (BT S VGG, Enotr HE Appar at us, Vi deo Dooodi ng. -
Appar at us, Recordi ng Medi um on Wi c Vi deo, Encodi ng or Decodi ng Program
| s Recorded, and Recording Nbdiunlo%%%%Qﬁ9$%%§8%ﬂ Data of Video Is

Recorded", there is \propose ﬁgeﬁgg?gégg%gggfgﬁigg PBQQFLE¥%§8pi”9 with a

fade video by conpensating for are uré in accordance with two

paraneters, 20 én&dir%lwﬂm%§m%9%dm £ORLEL aBL change, amount.

I n Thonas W egand and Berand G rod, "Milti-franme notion-conpensat ed
prediction for aficted id astsai&st ®NEchdhaviciicagdenie-Rubpéshers2 @901, an
encodi ng schene
15 ISO/IEC MPEG-2, or MPEG-4. As a predictive model in
motion compensation predictive inter-frame encoding, a
model that exhibits the highest predictive efficiency
when no change in brightness occurs in the time
direction is used. 1In the case of a fade video which
20 changes in the brightness of pictures, there is no
method known up to now which makes a proper prediction
against a change in the brightness of pictures when,
for example, a normal picture fades in from a black
picture. In order to maintain picture quality in a
25 fade video as well, therefore, a large number of bits
are required.

In order to solve this problem, for example, in

Japanese Patent No. 3166716, "Fade Countermeasure Video



25 based on a plurality of frane buffers is proposed. In this schenme, an
attenpt has been nade to inprove the predictive efficiency by selectively
generating a 3 prediction picture froma plurality of reference franes
held in the frame buffers. According to the conventional techniques, in
order to encode a fade video or dissolving video while 5 maintaining high
picture quality, a large nunber of bits are required. Therefore, an

i mprovenent in encoding efficiency cannot be expected. D sclosure of
Invention It is an object of the present invention to 10 provide a video

oo bad! denodudg IRt Ah P ARRALOHA MO0 £, EDGPAE2 3 fleo w1t o1

changes in | umnance over ti1neE, de vi'deo or di ssofving video, in

parti cul ar, atfﬁﬂg%ﬁggiﬂa (u?ék¥ﬁg(Hfmbéékﬁé%i%%?H%%Hggﬁ%%% the present

15 invention, there is provi a video encoding I _ jecting an
input video signals.toMid apLonpeNSaly,oniPrath ctiye eACOPdENgHyr using a
reference picture signal representing at |east one reference picture and a

motion vector kaldaesn 4 hedfpHunkdedr signgd and {ie,20csefes enge picture
signal, conprising a step of selecting one conbination, for each bl ock of

the i npub vi deatargnalart reoinfadqdautalitat ofhaogds niat | Dnsieacde | nciwdi ng at
| east one reference picture nunber determ ned in advance for the reference
pi cture and a ermmredictihe lpamtanster ofa Sadgrwf ysrmenat | agnengeledins i on
picture signal in accordance with the reference picture nunber and
predictive par &ittarref ark e t@n b evnbinanerded. stipr ofhienerating
a predictive error signal representing an error between the input video

signal and t he 553t G frEife &f dghisis ahtPeakedptoftiche deriy the

predictive error signal, jnformation of 5 the notion vector, and index
i nformation i nd:ieéﬁiciger‘?g t@%l‘@f%’ﬁ oA Hat th. PR HYy e 0 Cecdht
aspect q% t he rovided a video.decgging met hod

r.e t ipvention,.there is
conprising a sggp 0 %ﬂ§k§|%EY§%€81é§(ﬁﬁ%§%§kY |ﬂf%§%§ﬁkﬁ%d $ive error
signal representjng ap,8id.0r,¢ A prediction picture signal with respect to
a video signal, notion vector information, and index information indicating

a combi nation of at 1,£asipMMNesd ehLFENCeND Ch o5 g4 NpDey; aod BuRIgIhELi ve
parameter, a 15 step of generating a prediction picture signal in

accordance W t ltHdigye efcmimnces thi o Wecnsmperidesl P esh i d VEppar anes er - of

t he conbi nation indicated by the decoded index information, and a step of
generating a réprdaxudieording e gatals byReaxss ndy hdneMepd ath e ieh 26h er r or
signal and the prediction picture signal. As described above, according to
the presént invdmsdomnaddieg are Prepdied Rroiramnlis \Refodidd erand
predictive schenes using conbinations of reference picture nunbers and
predi ctive par aRIE M M g8k hdth oHs Brceded Walta tgf ofigeedieti ve
parameters corres qggi g tq designated ref%rence gicture nunbers. This
makes it possi Bi%% egjgrrer T Pt FPEPPTRYi i OpedHng scheme of

properly coping with a fade video by compensating for a
reference picture in accordance with two parameters,

20 i.e., a luminance change amount and contrast change
amount.

In Thomas Wiegand and Berand Girod, "Multi-frame

motion-compensated prediction for video transmission",
Kluwer Academic Publishers 2001, an encoding scheme

25 based on a plurality of frame buffers is proposed. In
this scheme, an attempt has been made to improve the

predictive efficiency by selectively generating a



picture signal, on the basis of a predictive schenme with higher predictive
efficiency, with respect to such a video signal that a proper prediction

pi cture signal cannot be generated by a general predictive schenme for 5

Vi deo encoding, e.g., a fade video or dissolving video. In addition, the
video signal is a signal including a picture signal obtained for each frane
of a progressive signal, a picture signal gbtained for each frane obtained
by nerging two fields of an interlaced 10 signal, and a picture signal
obtained for each field of an interlaced signal. Wen the video signal is a

ndi cates & roReP cf’g%”r‘itr%’f?%t'%eg eo%ﬁéiéf bl T GhenTent T dtes

signal is a p|%§ cF §{9ﬂﬁi é? basis, the reference picture
si gnal nunber |n es are erence pIC ure S|gnal on a field basis. This

mekes it possi bl e t%&e G & %Wﬁ@e%oﬁéﬂtféhé’i‘ E’é&%ff-ﬂiguéég”% o?ﬁekhe
hi gher

basis of a predictive scheme"wth predictive e Iency, wt

respect 20 to suchpaddes £lanalidds! ddi ags Hothidgfvaaes skhyugture and a
field structure that a proper prediction picture signal cannot be generated

by a geneyal predirgid Meis¢heigh fof cimi e o eAToey N0a Eaflge @uhisde yfdeo or
di ssol ving video. 25 Furthernore, information of a reference picture nunber

or predictive partaeins tdeelfeds nrhesehdré ) omm t hepescodény shde to the
decodi ng side, but index 6 information indicting a conbination of a
reference pictwrecoditoere fhtc epredizinoe parexpeeteds sent, or a reference
pi cture nunber is separately sent. In this case, the encodlng efficiency
can be inproved by 5 sending |naéﬁclﬁﬁbrﬁapfoﬁnVﬁﬁtéaﬂlng a conbi nati on of
predictive paranmeters. Brief Description of Drawings FIG 1 |s a bl ock

di agr am showi ng t he %Prhhg%%eﬁ?J%?ta°@|HE% Eﬁ%%ﬂpﬁgl%ﬁﬁﬁFéPBs 8ccording to
the first 10 enbodi nent of, res I, nven ock di agram

| O
show ng *the et edar? i %n%)n%cr ot ReoniRg yrbrod  abf omppretbie
generator in quQf ]% aV|e nearrple f a table of 15
combi nati ons of " 1et r%ﬁﬁxf?? %:% ﬁcprg% |vel%ar%ﬂ%?%Pg which is
used in the firs r%&&%negt Flgifgdés £$O%%C§§n%0f99 ngl o EX | e of

a sequence for séf i'ng’ a pfedictive schene (a conbinati a reference
frame nunber a@kﬁkg@hfggdlgﬁlyf?@aégﬁpggéﬁ or each nacroblock and

det erm ni ng an encodi ng node in the first embodinment; FIG 5 is a block
di agram showi ng the Attangengnto a first aspect of the present
15 invention, there is provided a videp encoding method of
subjecting an input video signal to motion compensation
predictive encoding by using a reference picture signal
representing at least one reference picture and a
motion vector between the input video signal and the
20 reference picture signal, comprising a step of
selecting one combination, for each block of the input
video signal, from a plurality of combinations each
including at least one reference picture number
determined in advance for the reference picture and a
25 predictive parameter, a step o0f generating a prediction

picture signal in accordance with the reference picture

number and predictive parameter of the selected



of a video decodi ng apparatus according to the first enbodinent; 25 FIG 6
is a block diagram show ng the detail ed arrangenent of the franme

menory/ predi ction picture generator in FIG 5; FIG 7 is a view show ng
an exanple of a table of conbinations of predictive paraneters in a case
wherein the nunber of reference franes is one and a reference frame nunber
is sent as node information according to 54the second enbodi nent of the
present invention; FIG 8 is a view show ng an exanple of a table of

conbi nati ons of predictive paranmeters in a case wherein the nunber of
reference franes is.tw$.and a r@fere ce franme. nunber %g.sgnt as_node

i nf or mat i on accOFH MR ™o 3 - R Dh P BHbo tht? B 951 ¥e 2% 8l showi ng
an exanpl e of 1 e o o] f n i.ctu n and
predictive par %rrle(ﬁe)grls rlogr‘})rge%%s{ejﬂ eéf‘%ie(r)lg]f%g kﬁ%ﬁ%%eren g'#}%? e{%?%ﬁggféé%rre IS

one accor di ng Fé&gqtr{}ﬂ U4 Ao prbed IR of b, PLesent | INENLi ORep FLE 10

is a view show ng an exanp f'or only | um nance signa

according to thﬁlécmirr?bl{ etodi @M ot F G edidot Ss BgiVA BW SHEv-RG: 8gn exanpl e of

a syntax 20 for each ock when index information is to be encoded; FIG 12
is a view showitlg: anspes f¥éctxammied oindek encosieth bidn sineasavwhed ehe

prediction picture is to be generated by using one reference picture; FIG
13 is a view shoiliawred spaah fnat sxanpl e of an 25 encoded bit stream when a
prediction picture is to be

According to a second aspect of the present
invention, there is provided a video decoding method
comprising a step of decoding encoded data including a

10 predictive error signal representing an error in a
prediction picture signal with respect to a video
signal, motion vecteor information, and index
information indicating a combination of at least one
reference picture number and a predictive parameter, a

15 step of generating a prediction picture signal in
accordance with the reference picture number and
predictive parameter of the combination indicated by
the decoded index information, and a step of generating
a reproduction video signal by using the predictive

20 error signal and the prediction picture signal.

As described above, according to the present
invention, there are prepared a plurality of different
predictive schemes using combinations of reference
picture numbers and predictive parameters or

25 combinations of a plurality of predictive parameters

corresponding to designated reference picture numbers.

This makes it possible to generate a proper prediction



generated by using two reference pictures; FIG 14 is a view show ng an
exanpl e of a table of 8 reference franme nunbers, reference field nunbers,
and predictive paraneters when infornmation to be encoded is a top field
according to the fourth enbodi ment of the present invention; and 5 FIG 15
is a view showi ng an exanple of a table of reference frame nunbers,
reference field nunbers, and predictive paganeters when information to be
encoded is a bottomfield according to the fourth enbodi nent of the present
i nvention. 10 Best Mode for Carrying Qut the Invention The enbodi nents of

t he present invention w ] g descr.i bed below.with r ence tﬁ t he several

views of the aé%ﬁﬁﬂﬁﬁil?iﬁ%ﬁ %% t?% %?l%n%gd?n%ﬁ? li lYﬁbBﬁ Eﬁcoding
S 0e) T i Showe, Ue Ll ANeRpnl of Scvl 0P, encodi by ARRALALUS,AGFARTI N

to the first e preésent |nven vide

input to the v PPy At is.
The vi deo signa %eﬁﬁg s 1 ﬁﬁ? to g %3%¥é§%¥g§§§§%8tﬁﬁﬂ gﬁ%??ggtéggggi

cal cul ates the difdSf enceydeiveesqt e, é('&@ﬁe%gn@kehﬁ)gtﬁ{}g 8cREREI gbi-on
picture signal 212 to generate a predictive error signal. A node selection

switch 102 sel egige®idhesdihg, peegi ctaveadd 16866 §tgﬂ@lss@ILv§H§ vigeo.
signal 100. An orthogonal transfornmer 103 subjects the selected signal to

an orthogonal transfonnmatiébhior, gtheavildsor etgnaosiiBea s9gheansform (DCT).
The orthogonal transfornmer 103 generates orthogonal transformation
coefficient inforobtdong 2. gi¢tﬁiﬁ'sb@malcbbhaihaﬁofnatéanh Themer bliogonal
transformation coefficient information is 5 quantized by a quantizer 104
and branched i ieeCgWespaytssignel guaneigherensbgnhbgohahinedngpor achon
coefficient |nfornat|on 210 branched into two paths is guided to a

vari abl e- | engt hfeRedePtained tpg %?ﬁ%%nauﬁﬂ?l§é?iﬁﬁ 8ft ABgdRARTrlaced
transformation 10 coefficient information

Erancg into h% ths
is sequential | yS5IRF Ct%ﬂdt% Bt otesSi Ayera e?g atgeth ?rlﬁaFﬁ dﬁiﬁt
105 and | nver Sebr PHEGPRAT= T SheRar nor P58 FACbe FERORSPRHRt b ﬂf‘?f'azer
picture signal on a frame basis, the reference picture
signal number indicates a reference picture signal on a
frame basis. When the video signal is a picture signal
15 on a field basis, the reference picture signai number
indicates a reference picture signal on a field basis.
This makes it possible to generate a proper
prediction picture signal, on the basis of a predictive
scheme with higher predictive efficiency, with respect
20 to such a video signal including both a frame structure
and a field structure that a proper prediction picture
signal cannot be generated by a general predictive
scheme for video encoding, e.g., a fade video or
dissolving video.
25 Furthermore, information of a reference picture
- number or predictive parameter itself is not send from

the encoding side to the decoding side, but index



15 predictive error signal. Thereafter, an adder 107 adds the reconstructed
predictive error signal to the prediction picture signal 212 input through
a switch 109 to generate a | ocal decoded video signal 211. The | oca
decoded video signal 211 is input to a frame 20 nenory/ prediction picture
generator 108. The frame nenory/prediction picture generator 108 sel ects
one of a plurality of conbinations of prepgred reference franme nunbers and
predi ctive paranmeters. The |inear sum of the video signal (local decoded
video 25 signal 211) of the reference frame indicated by the reference
frame nunber of, t selected conbinatjon is.calculated in accordance with
t he predictivejr{g?)gﬁ%%:élr(m ﬁ&é%é%%%i'%e$%%?%%§ omi R t?oﬁ??%ﬁ%n?ﬁe
resul tant signal. i f icti ar er.
3:%%50%??%& L@ 5;&%@9@@&8%%@8&89. £L ¥Enpar GITL

Wth this oper S case, er ence re signal 1S’ géenerated

on a frame basiS.eor OSSN Y iliSef | A0POBIPLYLPYCCLAL ] ONL A Fﬁﬁéeusi ng

generator 108 notion-conpensates tor the reference picture signa

a notion vectorcd4 gened adecddenPr &8F £&1 ONcPi EANIBe SiAPAbvEd 2oyl N this
process the frame nenory/prediction 10 picture generator 108 generates
motion vector iddodived i oided 4 washkhateon | et oating 218cnpdhsat bAgoa

sel ected conbination of a reference frame nunber and a predictive

par anet er, and mesudlisct iforpat aoateresessary for selection of an encoding
node to a node selector 15 110. The notion vector information 214 and i ndex
i nformati on 21S are input toBaiefrDPabteiptnghhoénbodwingsl. The frane
menory/ prediction picture generator 108 will be described in detail |ater.
The node sel ector 11081Gel bci8 anbépebdihginptieskowbngathacrsbrbeRMBASI S on
the basis of predictive information P fromthe frane nennrg/prediction

pi cture generat®r A089§0 SNCQRIREt IPRFIFAENS t HECPREL AT r BRetBACEHF A node or
the notiop conpensated predictive interfranme encodi ng node, and outputs
switch control %ékﬂﬁﬁg %*aB%eSfr?%e?Eel?ﬁ?? t?3fre encodi ng node, the

swi tches 102 and 112 e i L.che t i d .the. swtch ..11 contro
signals Mand S, andF?%é ?ﬁ%%tQv?éégks?gﬁp?g@oghgél%ﬁpﬁ etgepﬁélgéthogonal
transfornmer 10 integfra i - ] 102 and 112
e sui tohed {o THE B o te By e Sor Con ot T of (o Geal Pt F 8 Eed s, As a
consequence, the.peesistive ergoripignal fromthe subtracter 10l is input
to the orthogonal transfornmer 103, and the prediction picture signal 212
fromthe frame menoryteredi €si anvpewt shewgagernt exahPBei 5£i ApUbbLe bhe
adder 107. Mode information 213 is 10 output fromthe node selector 110 and
i nput taldhe vacomtbhlmat oyt ho Enceflereddd. £ Tame vaniable- bedgbheéhcbilee 111
subj ects the quantization orthogonal transformation coefficient information
210, node inforPa¥3BACRLY, Woitbniveesed 1B Theof kastosmbaedinant/ i ndex
information 215 to variabl e-1ength encodi ng.. The vari abl e-1 ength codes
generated by this opBf&ti dnidré AiPYi pRekEdshyvardurpi prrePLE12L Fhe

resultant data is then sgnothe b{.an outgu%.bﬁffer 115. Encoded data 116
out put from t he®2BIBUEPHutObuFFerc1iBYi @ ReATOht VE oSG EPandMi ssion system

or storage systg ﬁ%étf@gmg%'aA9 fggg?%ggfggntrghkgéﬁlls controls an
: Y, €

encoding unit 1 re specifica enc%%ing t?%?l%r 113 nonitors

the buffgs amouple@lctGe OUhpithe PULS Sfo25eddR. naRHEROLLOLigeNCodi Ng
paraneters such as the quantization step size o tﬁe quanti zer 104 to nmake
the buffer amustt&enshang. an dBcoding mode in the first embodiment;
FIG. 5 is a block diagram showing the arrangement
of a video decoding apparatus according to the first
embodiment;
25 FIG. 6 is a block diagram showing the detailed

arrangement of the frame memory/prediction picture

generator in FIG. 5;



{ About Franme Menory/Prediction Picture Generator 108) FIG 2 shows the
detail ed arrangenent of the frame nenory/prediction picture generator 108
in FIG 1. Referring to FIG 2, the |ocal decoded video signal 211 5 input
fromthe adder 107 in FIG 1 is stored in a frame nenory set 202 under the
control of a nenory controller 201. The frame nenory set 202 has a
plurality of (N) frame nenories FML to FMN7for tenporarily holding the
| ocal decoded video signal 211 as a reference frame. 10 In a predictive
paramnmeter controller 203 is prepared a plurality of conbinations of
reference frame nunb {@ d, predjctive paranmeters in ﬁdvagce S tahl e.

t

The predictive para oh r8|Yé?W26§8§éPgCF§,eéﬁmP & Basfs BP%FhS vi deo

signal 100, a i i on_pf . e nunber of a reference

frame and a pr§§|c ?@%@%gégn% é?£€§5§€$§£u§%ga égggﬁe¥%t% FﬁgepWéaFngon

pi cture signal e u ale info iQn 5.1 ndi i t he

sel ected conbiﬁ%%%&%. 2092§ﬁu%§F%?§%%§ ﬁ%?#g% égg Egt%§&284ggg%g%g?gs a

reference picturersd ddalndn 86CoLLENSS MbLB theoepubinat henoehithero |

reference frame nunber and the index information selected by the predictive

par anet ers cont reghd ese@®3d dtisoduthént f 6 anEh8ObreBepY Al HAEAE18R4 25 eval uates

the notion anmount and predictive error fromthis reference picture signal

and input video signBIG108, iand outputBowhagmahi erampttobfi af aakaki ef 2| 4

t hat 13 mnimzes the predictive error. A nulti-franme notion conpensat or

205 carries outcombinhtconpentapreniébiveaphrbhetkrasingaacastewkacein

pi cture signal selected by the nulti-franme notion evaluator 204 in

accordance w t htlse tembper | of yetebence feaweat ést heopaedi st kefiepeotare

signal 212. The_nenory controller 201 sets a reference frame nunber to a

| ocal decoded VIERIBE SPYRaRTfbF d8kh #7afedeahdlferBrbsonachcPEaRBIi FiCone of
menorjes FML 1 of the frame nenory set 202. For exanpl e,

the fra to F

t he resgg%tive ?W%n%%c%?g %%B%%ﬁ%?%ny nunbered fromthe frame nearest to
the input picture. The.sage.reference_franme n [ be _set . for different
frames. In this case?fgbrggiénélg?egiFpgggﬁg éﬁggﬁgnﬁég Sgrﬁngﬁg}g are 15

used. Aframe negrchpnihg: | ORUtoPl FLELSChSCSELEEhed LEpLERe fpame menories

FML to FMN and sent to the predictive parane contro (About

Tabl e of Conbi naté@nst Ofe RehLERBEE 5T 8ea NugBEr shapdi fr edbchigfeRar anet ers)
20 FIG 3 shows an exanple of the table of conbinations of reference frane

nunbers and pr egf cté¥erpacanetens, iwhbad hscprepagedol fheéhenprgdi ctive
parameter controller 203. "Index" corresponds to prediction pictures that
can be sk} ect edeffiloodEmeht 26 btbekprénenhi sncasejohhere are ei ght types of
prediction pictures. A reference frame nunber n is the nunber of a | ocal
decoded vi deo used aElg-réPeiéngeview4shpuipg andekamphiesofaselabndi cat es

t he nunber of a_l ocal decoded video, corresponding to n past frames. Wen
t he prediction B?Et%P%Ys}@HéPaQEQ pggnals according to the third

embodiment;
FIG. 11 is a view showing an example of a syntax
20 for each block when index information is to be encoded;
FIG. 12 is a view showing a specific example of an
encoded bit stream when a prediction picture is to be
generated by using one reference picture;
FIG. 13 is a view showing a specific example of an
25 encoded bit stream when a prediction picture is to be
generated by using two reference pictures;

FIG. 14 is a view showing an example of a table of



generated by using the picture signals of a plurality 5 of reference franes
stored in the frane nenory set 202, a plurality of reference frane nunbers
are designated, and (the nunber of reference frames + 1) coefficients are
designated as predictive paraneters for each of a |um nance signal (Y) and
color difference signals (Cb 10 and C). In this case, as indicated by
equations (1) to (3), n assunes the nunbergof reference franes, n + 1
predictive parameters D (i = ..., n + 1) are prepared for the |um nance
signal Y; n + 1 predictive paraneters E (i =..., n+1), for the color

i froronce sl gl 420 ALD 5 o clbgp sl aemths bl m g+
E, Cor_; + E'"+1 = e
opergfion wil é)é@%ﬁﬁ%Y?mé%E%P%%ﬁggd&%%?llnf 7 e é?e%%eb?o é?@ggééls

Referring to FIG Eé% f{g%éf% c?P&Pﬁ&'thtﬁ§CP?H£€H'8&b¥§1£8&@”§EeEhe

represents an O I rst” nunera each predi ctive paraneter

represents a\M¥£ggé£@ e 0fibpreghgtive 15 coefficient). For index O,
t he nunber of reference frames Is given by n = 2, the reference frane

nunber i 1, and predicliye paraneiewssBofRidgand GxhfApleach af thbBee of

| um nance signal Y and color difference signals & 5 and Cb. Wat the
predi ctive parareterenes efdamadnlnasrén tbfsrease fhdidahesbehai anbBocal
decoded video signal corresponding to the reference frame nunber "1" is
mul tiplied by Ipeadadided porafi¢sersOwhén bhhermabids, tohkel enabdddcboded
video signal corresponding to 10 the reference franme nunmber 1 becones a
reference picturedetgeral fupidoaccangintiangetheofonntibxenbodimensf efence
frames as | ocal decoded video signals corresponding to the reference frane
nunbers 1 and Zt%?epﬁ%%ﬁntlhnﬁé%g%ﬁgnce with 15 predictive paraneters 2,
-1, and O for the | um nance si the ] ocal decoded vi dep signa
corresponding to the rétstle QRﬁﬁX% 94 Pt doiip ) BV eRPR he | oca

decoded vi deo signal Qrres ndln to.th refere ce fra nunber. .2 |s
subtracted fromthe E% Bglm ngfgﬁgltEEfP lnvﬁnﬁlggdg&lgo the

resultant si gnaées;f?%eas?e% r@P{?haEé@QrfoSQ' %' eﬂe' é&@&%@%gwy gm t he

| ocal decoded video signa frames to generate a reference picture

signal . For thetH@IQécghﬁgﬁygﬂged§hgmﬁ s C and Cb, since predictive 25
paraneters are 1, 0, and O, the |ocal ecoded vi deo signal corresponding to

the reference f[anpsﬂunmgbdimeﬁtysed as a reference picture signal wthout
any change. 16 This predictive schenme corresponding to index 1 is

especi ally ef f e¢hboetfbnecaddngspligeng vi deo. For index 2, in accordance
with predictive paranmeters 5/4 and 16, the | ocal decoded video signal 5
correspondi ng to theFiefelenbewsr she aurbagelens mfl gi yilided kpcsLtdnand

added with offset 16. For . , _
apparatus according to the first embodiment of the

present invention. A video signal 100 is input to the
video encoding apparatus, for example, on a frame

20 basis. The video signal 100 is input to a subtracter
101. The subtracter 101 calculates the difference
between the video signal 100 and a prediction picture
signal 212 to generate a predictive error signal. A
mode selection switch 102 selects either the p;edictive

25 error signal or the video signal 100. An orthogonal
transformer 103 subjects the seleéted signal to an

orthogonal transformation, e.g., a discrete cosine



the color difference signals & and Cb, since the predictive paraneter is
1, the color difference signals & and Cb becone reference picture signals
wi t hout any 10 change. This predictive schene is especially effective for a
fade-in video froma black frane. In this manner, reference picture signals
can be selected on the basis of a plurality of predictive schenmes with
different conbi nati ons of the nunbers of 1§ reference franes to be used and
predictive paranmeters. This nmakes it possible for this enbodinent to
properly cope with a fade video and di ssolving video that have suffered

deterioration inEPigdﬁéﬁcgﬂﬁgi}y fkgiéf%ﬁ4EE§%RPQHgﬁl é%gnggopgg predictive

schene. 20 (Ab&ﬂi r' Sel'ecting iction ene and Det erm ni ng

Encoding Mbde) (), SXATN & Al SSRLC! {1 SEAURICE oboset £C1LAD a Predictive

schene (a conbi a reference franme nunbers and a predictive

paraneter) for gacumorabl ook 25 N dol e iag aacoReei g Mol this

enbodi nrent w | | ribed next wth reference to FIG 4. First of all, a
maxi mum assunebl.a Nl St 5ats £Orma o 8 @bk £ Dt i 56 #Ra S164) 1 s LOOPL
(step S102) indicates a repetition for the selection of a predictive schene
in interfyame encodingdand yagiabt £zér reps eseatisrahenyal tetof twondex” in
FIG 3. Inthis 5 case, in order to obtain an optimal notion vector for
each predi cti vepsidhene, O @vah bt a ohov ab vehdyoha bathansfiexmgeach

conbi nation of a reference frame nunber and a predictive paranmeter) is
cal cul at ed fromadief huider bDifbimatbegoel atedanshédnbrtontyecpaths is
information 214 10 (the nunber of bits of a variable-|length code out put
fromthe vari abdeldethgih @révabrblida1lendehreespdptehte - with the notion

vector information 214) and a predic¢tive error absolﬁte val ue sum, and a
moti on vector that nfRfnPzRert HEARYAFBAIPBNCYEPAEOPA!s LIBRSEPEREEEOPst ep

oval at Ehj Séit%g# S LRt T EeTnRCTPR B0t hE“RUATdal i oA DAFuE"D PE-BE: to
val u: ! 28 | ust AT |

Value D for 1 ntiarrateBiRtanth bRt Rekacsh Brorast g b e BipEy  tnthet
eval uati on val ug, Diis GRIRRIeO-vi bl Bha DrLabepnS10tkanktothes ¢oapayi son

i ndicates that m er than t eval uation value D, node is
determ ned as iQt@ehane:26re9e00h#grsa@ngduihikekS185Shgnedntersadex
information | NDEX (Step S108). If the evaluation value Dis smaller, node
MODE i s det er mi geghagohalrafaaseoencoding tolBe(stepnStOArtebnihhbsacase,
the evaluation value Dis set as the estinmated val ue of the nunber of bits
with thelSane gquaetiizhivenestep sigeral(AbBherBefbdingasi ddjles AOVi ddds
decodi ng apparatus corresponding to the video encodi ng apparatus shown in
FIG 1 will be ﬁbgcrﬁbéasﬁéuﬁteglE¥e€l§héV§ ?ﬁéoérﬁaﬁgéﬁegp &het he vi deo

decodi ng apparatus according to this enbodinent. Encoded data 30 ent out
from the video EHEGHFﬁboﬁopgﬁﬁﬁFﬁtﬁ%ggggmg?ﬁ ?P@Pt;%aﬁaug nf Fwﬁgﬁgh a
transms sion S¥85egkogeﬁégé%geaSXSEST‘b%c%%gﬁo%ﬁ&éhysﬁgﬁgfdzll. The

local decoded video signal 211 is input to a frame
20 memory/prediction picture generator 108.

The frame memory/prediction picture generator 108
selects one of a plurality of combinations of prepared
reference frame numbers and predictive parameters. The
linear sum of the video signal (local decoded video

25 signal 211) of the reference frame indicated by the
reference frame number of the selected combination is

calculated in accordance with the predictive parameter



tn an input buffer 30l and denultiplexed by a denultiplexer 302 for each
frame on the basis of a syntax. The resultant data is input to a 15

vari abl e-1 engt h decoder 303. The vari abl e-1 ength decoder 303 decodes the
vari abl e-1 ength code of each syntax of the encoded data 300 to reproduce a
guanti zati on orthogonal transformation coefficient, node information 413,
notion vector information 414, 20 and index information 415. O the
reproduced i nformation, the quantization orthogonal transformtion
coefficient is dequantized by a dequantizer 304 and inversely

ort hogonal -tran g%£§%§%%c &rggﬂ§¥?§g§ g@m@_gﬂ@ng%g%ggé%gg?i%ﬁglthe

mode 25 i nf or mat’ ndi cates e intraframe encodi

reproduction videq plapal, (-5, oAl i d he, | yense.grLbogonal transtor er

305. This signa put 9 as a reproduction video signal 310

t hor ough an ad%g&é%%}eﬂf theiode d s reti on, 43 tdicaigs, the interfrane

encodi ng node, "a predictive error signal 5 is output fromthe inverse
orthogonal transfdi{c3Qcak a 1Kl SBd egdn ORa S¥ teh 30Brhisie LA HEE. ON.
The prediction picture signal 412 output froma frame nenory/prediction

pi cture gener atfibs¥idrs: lagdechd of tdiee piath ey fyee@icblosighatuby the adder
306. As a 10 consequence, the reproduction video signal 310 is output. The
reproducti on vigtacersdtgnal 1 3 0nsd sict-cedpassat ¢ef Bventiee prefarensegnal in
the frame nenory/ prediction picture generator 308. The nobde information
413, notion veqiorturdg ovignas by ok @ig, a anelt i arleke ¢ hebr hat generate akkei nput
to the frame menory/prediction picture generator 308. The node information
413 is al so i nREedCE N et et ett9RL st ch 309. In the intrafrane
encodi ng node, the node selection swich_309 is turned off. I n the 20
interframe encodi ng FddeN1% HRFSGFEENTRE fHARBIMBACTY{ RECHRETEPRME

menory/ predi ction picture generat 108 on_the encoding side in.FIG 1, the
frane néﬁbry/pf%&ﬁiﬁ?%nﬁ?ﬁ %F%rggg%r%?%?r% %si%%fh%%sggpk?ﬁré 23 of
prepared conbinatio r r f ; pctive
paraneters as d%%%b e,Qg%dsggl%@%%xo%%ngﬁ%Fggng%§i%ﬁ?%g%gghgyathe i ndex

| nformation 4|5551@@%é@eb+ﬁ%&ﬁhtf®§ bENgare sUMREet PBame RlmMbEeangi gnal
(reproduction video signal 210) of the reference frame indicated by the
reference frame,psirberieé pheasetees edngosbhaat i fforsatabiuhatedshny
accordance with the predictive paraneter of the selected 5 conbination, and
an of fset basedfon §&keptech cdfvenpanacdiey msdadtedatmotibesedsakbant
signal. Wth this operation, a reference picture signal is generated.
Subsequeni | y, the0genthatredtieheveaterpivfarwasignablisandt indesonpensated
for by using the notion vector 10 indicated by the notion vector

i nformati on 414infarrebjoyedbradfAglaPBEclPchi BAL prbLaréesp§RarngedeTr ( About
Frame Menory/ Prediction Picture GEnerztor 30?% FI G, g shows t he det?bbed
arrangenent of the-frhie FEABEyPRRRTYEPTEAGFLPTr BGEREFaPEPeE8E°niRFG 5

15 Referring to F 6, .the repr.oduction.yide ignal 310 output fromthe
adder 306 in FlﬁfigiFg g?ﬁ?ﬁﬁbgﬂ %ﬂenggﬁe g%ﬁ%?y set 402 under the control

of a menory Control'%ﬁﬁﬁ&$ggjgg6kaﬁg% q%69%£1%%%3f9% Qg%oaia' @ebgty of (N

frame nenories FML tO tenporarily holding the reproduction video
signal 319 as a,refefgncenib@f®rasis on the basis of predictive

information P from the frame memory/prediction picture
generator 108, i.e., selects either the intraframe
encoding mode or the motion compensated predictive
interframe encoding mode, and outputs switch control
25 signals M and S.
In the intraframe encoding mode, the switches 102

and 112 are switched to the A side by the switch



A predictive paraneter controller 403 has in advance conbi nati ons of
reference franme nunbers and predictive paraneters as a table |ike the one
shown in 25 FIG 3. The predictive paraneter controller 403 selects a

conmbi nati on of the reference frame nunber of a reference frame and a
predictive paraneter, which are 21 used to generate the prediction

pi cture signal 412, on the basis of the index information 415 fromthe

vari abl e-1 ength decoder 303 in FIG 5. A plurality of nulti-franme notion
conpensators 404 generate a 5 reference picture signal in accordance with a
conbi nati on of a _reference fra nu r and ..ndex informtion, whch.is

sel ected by thé:o&ter& ctsll\ggla&asr gfneatnﬁonafr}%ﬁheer g : a%%gep%r?%?%i ﬂ)é

not i onconpensat.i_on £ C i t hi pi signal in
accordance w trﬁLst Eénp?rlrott ?ta%nr%\??c%?r(tl} é{}%alt Eﬁ%ﬁﬁ%ﬁ%ﬁ vec (L)léﬁe

i nformation 414 from.the vaidapigy lena h decader: 30X 1 10T Giq 5113 hereby

generating the prediction picture signal 412. [ Second Enbodi nent] 15 The
second enbodi nefl; 1fhdde PHexeH diendy AhaMdui e deserFPeds N@xd1 g h
reference to FIGS. 7 and 8. Since the overall arrangenents of a video
encodi ng sappar alriés And Ay deadigadidiappiatpisedict ive €bodi SeqtaBre

al nost the sane as those in the first 20 enbodi nent, only the differences
fromthe first ferdodimetuviddctrer dedicribethpun tdishenwochogotal t here i s
descri bed an exanpl e of the manner of expressing predictive paraneters
based on a schemamsffaapablld df aebitgmatprefdicpian adicyund 2bonet e2bice
frame nunbers in accordance with node information of a macrobl ock basis. A
ref erence frangifintere i 5raiss A HA P BYCE D et i re ¥ e Fake¥ 0k 08 22
each macrobl ock. This enbodinment therefore uses a table of predictive
paraneters as sHOWPRY PGSR adtPB 1hét eddP IRTMRatieml el dfis

conbi nati ons of reference franme nunber nd p ictive paraneters as in the
Frrot 5 hbod: HEEHECT Y e (5 DR T ot GO rEREE o e et B8 a
reference franme nunmher, -and. .qnl onbj nati on of predictive parameters is
desi gnat ed. Thevafralgtbglelé nlaer_r}%% 5 %(\gA%rnginfg'xarrpl e of a conbination of

predictive paranet erguhed: the aurbeseof A0oaef ef e0ce.hagEs theone. As
(the nunber of r

predi ctive paraneters, eference franes * 1) paraneters,

i.e., two paranpigis: {onemel 9ftiddend act einarehrmaes oh fsetfriaiéndesi gnat ed
for each of a | um nance signal ( and color difference signals (Cb and

Cr). 15 The t ableférmdl ion & showsodd xddmhet Dén a2 THNGEL dONVveEteredi cti ve
paranmeters when the nunber of reference frames is two. In this case, as
predi ctiMe par amefermss t{ehe2 nunberd ofndet etehcend t boms2 #5 1o par anet er s,
i.e., three paraneters (two weighting 20 factors and one offset), are

desi gnat ed fro @clalvieal¢ngimaerecdinnal T exdizblerlengtlerepdessignal s
(Cb and Cr). This table_ is prepared for the encoding side_and decoding side

each as in the 9$7E2edbJAY nEhtS IHHF 7 b EBrbdEF et F1R5°4R@ PKi#d enbodi ment
of Ve present LAYkl g0 1| berescribefot el encert 9,5 65 gnd
an output buffer 115. Encoded data 116 output from the
20 output buffer 115 is sent out to a transmission system
or storage system (not shown).
An encoding controller 113 controls an encoding
unit 112. More specifically, the encoding controller
113 monitors the buffer amount of the output buffer
25 115, and controls encoding parameters such as the

quantization step size of the quantizer 104 to make the

buffer amount constant.



23 and vi deo decodi ng apparatus in this enbodi nent are al nost the sane as
those in the first enbodinent, only the differences fromthe first and
second enbodi nents will be described below. 5 In the first and second
enbodi nents, a video is nmanaged on a frame basis. In this enbodi nent,
however, a video is nmanaged on a picture basis. If both a progressive
signal and an interlaced signal exist as ijpput picture signals, pictures
are not necessarily 10 encoded on a frame basis. In consideration of this,
a picture assunmes (a) a picture of one frame of a progressive signal, (b) a

i f f db i h ield i d
Dl ohar ® o o GRATE, JEISIS BN AL A0 LLel s, SeBn L Ther B0,
picture to be encodegiis & piGLure w2 { &ﬂmgﬁggﬁaﬁ@ gfk@h%a}r%d

b),
a reference picture used Tn notion conpensation prediction 1s also nanaged

as a fram regaigl sy alodhaldiss he eRcadad PLELU eos 20n Whigh 13 Lhe

reference picture, me structure or field structure. A reference
pi cture nunber dsrassighned tord his, pid Urdcall kebadsd viddopscghae 2o1be
encoded is a picture with a field structure like (c), a reference picture
used in nption GPENSAin otheSaddedi T oin i BI@l SO hEanagedea@sina i £téme
regardl ess of whether the encoded picture, which is the reference picture,
has a franme st muaidire st 2@ dusdenictiues ecotroP4of ed emencey ptohtirel hanber
is assigned to this picture. Equations (4), (5), and (6) are exanpl es of
predi ctive equatllons Thoe fedres enemopy ctelf €2 hanbhas sa apdupadifgt pfe (N)
paraneters, which are prepared in the 5 predictive parameter controller
203. These exanfiaee dreng¥ be cifyeteqid | 695 ForrgeattaYi hgldipgeBheti on
pi cture signal by nption conpensation prediction using one reference

pi cture signal.lQQﬁ¥’éﬁ%ﬁﬁ?ﬂ(V{?%?)ilgé%})%1%L@§1§ FSTRIEPER) FLR%E - Cb
=clip((El (i)x(R-b(i)-2128)+2L-1) L~ +EZ(i)+l28) (5) 15 Cr .
:c|ip(FE&f)x~R~,(i)-E%s?+E£§@1§tEY§FE%§?&i%§f Eé?%ﬁﬁi}SrYZPS &Spredi ction

: ) xR (1) 128, . . A !
S anal & of “tao ReTar i f o sueet P gnar Lo thrT BARBECHRELLANGBER NS,
20 the pixel V§me9£ Lhe ﬁPQ&Dé@E@ieSﬂJMQ?ﬁﬁeéQQstX‘H caloncdi hkepence

signals of a reference picture signa index 1, DI(1) and D2(i) are the

predictive coeffiwient and pfésettobet Perhvataanesnsirgnakrwpth i ndex i,
Ei (i) and E2(i) are the predictive coefficient and offset of 25 the col or

difference signebl&bty) tbni tdexbhsiandfFihe) vaddoF2(ibhaar @0bheapredictive
coefficient and of fset of the color difference signal G with index i.

| ndex i 1%di catesmainatilenf obntBe(théeparceaufiraunprbrnmberr eference pictures
- 1), and encoded for each block to 30 be encoded (e. for each

macr obl ock). Theefesenganframe and a predictive paramegéi that is used
to generate the prediction picture signal 212, and
outputs the index information 215 indicating the
selected combination.

20 A multi-frame motion evaluator 204 generates a
reference picture signal in accordance with the
combination of the reference frame number and the index
information selected by the predictive parameter
controller 203. The multi-frame motion evaluator 204

25 evaluates the motion amount and predictive error from
this reference picture signal and input video signal

100, and outputs the motion vector information 214 that



25 data is then transmtted to the video decodi ng apparatus. The predictive
paranmeters D1(i), D2(i), E1(i), E2 (i ) , FL (i ) , and F2 (i ) are
represented by values 5 determ ned in advance between the video encodi ng
apparatus and the video decodi ng apparatus or a unit of encoding such as a
frame, field, or slice, and are encoded together wth encoded data to be
transmtted fromthe video encodi ng apparatius to the video decoding 10
apparatus. Wth this operation, these paraneters are shared by the two
apparatuses. The equations (4), (5), and (6) are predictive equations
wherein powers of ,2,. i.e

2,.1.e., 2,4 .8..16,.. . are | ected he i nators
of predictive IEPdEEAA%IHEH PARANHCH ree]?%cf'%hczfp]}ug}t lreﬁs?%enalf@@g&g]
mul tiplied. The, predictiv |.ONs l.] e it f
di vi si on and beco%ﬁeglu &% ‘ﬁdyg géré}lﬁ%r%{ @fhﬁﬁggﬁ ﬁﬁg‘{gerr‘g%‘?ﬁ %%gsi ble to
avoid a large i e L cad ol atd o0 GOS8t e Qe @rdi ¥{ ShOD- s&DebPegapat i Ons
(4), (5), and f%??liﬁﬁg?pa Iﬁ'%jepresents é% oper at or f%? ar?th%nt?cal?y
shifting an intggena 0 fhend iHdidy dvdidstodheod upgti®Porhhe with |
represents a clipping function for setting the value in "()" to O when it
is snaller thanHy mnd setdddipt hes 2pervat atte th@55rabieatiéni siteanger than
255. In this case, assumng that Ly is the shift amunt of a | um nance
signal, and LCdigyridle =g ft anmount of a 26 color difference signal. As
these shift amounts Ly and LC, values determ ned in advance between the
vi deo encodi ng apparBtesnandryheontdebleecddi ngetppar acfisranecusedmeThe
vi deo encodi ng apparatus encodes the shift 5 anounts L¥ and LC, together
with a tabl e andidrRibded @latecal rdecepied el &dee nedoal t Lof enebdfhAglce. g., a

frame, field, or slice, and transmts the resultant _data to the videg
decodi ng appar &%, SN LS PR Thst T HBe 1D 2pParPht bResTFRMEnEPROF heSshilt t

anounts Ly and LC._10 In this_enbodi nent, tagl of gonbi nati ons &ﬁ
referenééypictdFé]ﬂﬁﬁﬂ% st R T 7RG BETURY paf ngﬁgrs f?ﬁeGFﬁ%g eShg in
FIGS. 9 d 10 in th .CLI I 203
1S 9 and 10,205, RO P L Pee D" FULGLLYE B RARE, EATEL gl £6,703 1 1

pictures that can be selgected:fof,gach, Bl okethPet hi ?ﬂ@%%ﬁmef ee;few%é of

predi ction pictures are present In cortrespondence wt to 3 of index i.

"Reference pictgranounbeberifayi Beobber ryprdssrehenfurbenesf arhoenk s
decoded video signal used as a 20 reference picture. "Flag" is a flag

i ndi cati ng whetdhege propt eRapedj Clii ¥eceghat posdlisthgeappretkettir¥eare
paranmeter is applied to a reference picture nunber indicated by index i. If
Flag is 19", notsed.conpEnsati naa25tpredecinpnti pipenter redsbyeosedg t he

| ocal decoded video signal corresponding to the reference picture nunber

i ndi cated by infesmithet Avareusengrany M1 to FMN and sent to the

predictive parameter controller 203.
(About Table of Combinations of Reference Frame Numbers
and Prediction Parameters)

20 FIG. 3 shows an example of the table of
combinations of reference frame numbers and predictive
parameters, which is prepared in the predictive
parameter controller 203. "Index" corresponds to
prediction pictures that can be selected for each

25 block. 1In this case, there are eight types of
prediction pictures. A reference frame number n is the

number of a local decoded video used as a reference



27 predictive paraneter. If Flag is "1", a prediction picture is generated
according to equations (4), (5, and (6) by using a | ocal decoded video and
predi ctive parameter corresponding to the reference picture nunber 5

i ndi cated by index i, thus perform ng notion conpensa tion prediction. This
information of Flag is al so encoded, together with a table and encoded
data, by using a value determ ned in advanae between the video encodi ng
apparatus and the video decodi ng apparatus or 10 in a predeterm ned unit of
encoding, e.g., a frame, field, or slice, in the video encodi ng appar at us.
The resul tant ta is transmftte o.the vid codi ratus. This

all ows the t\/\odrgrpaﬁnaer’ataunscggﬁ% oéhs %r%a?%]’e l|I){n(’lrh()(Fe£r1):?a ?oﬁg%%gs qg %n t hese
cases, a predigt] [ (= j redict ramet er
whon i ndex | = B P e T e AL N ot o
conpensati on predi Ctyof, i Shoehf O IBE: Wht hoUtuHsi B8gARAY predigtive parameter
when i = 1. As described above, a 20 plurality of predictive schenes nmay
exist for the spdferefed ahgending Ufiee Noidelire THEghabl eosheawplhpaFL & 9 has
predictive paraneters Dl q??) : %% (i)q$ El (i) ,gE2 () , E% (1) ,Egnd F2
(i) assiged tpa tafdrance stgnas ancréawicotios drémermemergSsstgnabs in
correspondence with equations (4), (5), and (6). FIG 10 shows an exanpl e
of a table in wighiprketigtoVerpheaamter Srane vssbgnedate dasyghahedance

28 signals. In general, the nunber of bits of a color difference signal is
not very | arge aoipbiie mimper hef noeberentebframes 4 Lunteah€écseghal . For
this reason, in order to reduce the amount of calculation required 5 to
generate a pred®ti®wspieite@ andPrhel ptikberraraBeterer AAEnFEERdFn2a

table, a table js prepared, in whjch predictive, paraneters,for.co
di £f or ence i gnUFSLRRRCS F 1 7R3 Al S ol PRI (S ROSBRACH: BUFREFSe (CP

t i dt ly |um ' s, .In thi I

Sauati ort4) | SRQeHrhs alBrodla PORtqta f B Cennd: Pungulat Tohe 1) are

di ot . . . ¥ ! hi
predtct1ve SOt o0S) [ 258858 IIERE! RuoBlL U8 LLYEPRCLBSLACLN § 2288)
Pcb(i~= (E, (i i)gd2 .y 2(k)x128 (8) 20
Pgrglt)-(I(:~('i(|)2(?%%%??%#%%%)é%%%m()e{flégﬂgg(injlllQS'(' )%Yzzlzzl Are PEPrSS py
~j~+ 1~ 1) (10302 en&bitmehbpce(BPehnbl ¥;+nPsbil~piedittive pirpmetdis) O
=clip~(Pc,~i ~+1'c,~j)+1) 1~ (12) The pieces of information of the
predictive parapet¢its=pPl(L),nD2(L), Ebgi theE20Ldr Blififerek2éi yigBaAllLy, and

LC and Flag are val ues determ ned in advance
15 Cb; and n + 1 predictive parameters Fi (i1 =,...,

n + 1), for the color difference signal Cr:

n
Y,=) DY +D,, (1)
i=1
Cb, =2 ECb_ +E,, (2)
i=1
n
Crt=ZEcrr—i+Fn+l (3)
i=1
20 This operation will be described in more detail

with reference to FIG. 3. Referring to FIG. 3, the
last numeral of each predictive parameter represents an
offset, and the first numeral of each predictive

parameter represents a weighting factor (predictive



bet ween the video encodi ng apparatus and the video decodi ng apparatus or
encoded, together with encoded 29 data, in a unit of encoding such as a
frame, field, or slice, and are transmitted fromthe video encoding
apparatus to the video decoding apparatus. This allows the two apparatuses
to share these pieces of informa 5 tion. If a picture to be decoded is a
pi cture having a frame structure, a referegme picture used for notion
conpensation prediction is also nanaged as a franme regardl ess of whether a
decoded picture as a reference 10 picture has a frane structure or field
structure. A reference picture nunber is.assjigned to this_pLcture,

Li kewi se, i & PiCtUrE T8 be prograntet 1o 8 pi CCUPe” b i RgT St Prerd
structure, a reference pict fo i 0 at] predi cti is
al so managed asgrgaﬁ%f%éél(%l‘?éergaﬁlergss %T nﬁhﬁéepﬁeerfgggﬁg%o%l‘égﬁ%i é?ﬁ%%gagga
reference pictufe 1as o-dd AR oL rYet Mt OfsTheL di ShhdchuEgy éaeﬁggfence

pi cture nunber I's assigned to thi's picture. (About Syntax of Ind
I'nformation) 201t GurdinSheunss 8dn £XalPhed 0ko BoB8YAE BXetBndeCaEEnANETr €N
index information is encoded in each block. First of all, node information
MODE is mesentad®rcieachwbdockhe | prédidei eenpacamebeagcardancan thaghe
node i nformation MODE whether or not index information ID 25 indicating

t he val ue of indexthianchsedexdiodovesathah &Dlocatlli datodgdt iedeal ue of
index j are encoded. Encoded information of notion vector information Wi
30 for the notisgcahpersaespmapiedi toi bheofefaderce andmaohimhevelldr
information MVj for the notion predictive conpensation of index j is added
as notion vectofsimibriptieod Pvrlecaeh pilder heteffeptoded IRdekhsr
information. (About Data Structure of Encoded Bit Streanm) FIG 12 shows a
speci fic exanpl¥%fs antefcoaed! biecetrdaii fer ea8Rahl 6ek RABARELBPelPct i on

i ct i t ed i f i ct . _The_ind 10
P formatt &n T D1 hg Cetvat el ratte RPBPRR: FoRCREHES antoERESHOE on vect or
i nformati on Wi iétﬁ?é é?&ﬁgff%§EhogPeaH?FERQn%%Ctor information Mi is
I

general |y two-dimenst onal “vect or 1 nformation. pendi ng on a notion

compensat i on nethod gy a;hbackvhie s ci5ehadi cabrdsbysmade ntacapeion. a

plurality of two-dinensional vectors may er be sent. FIG 13 shows a

speci fic exanpl @1 Q6o ani gRsodedobibspbhaanyf ep enaehrbkeeknwherranpr edi ction
picture is generated by using two reference pictures. Index 20 information

I Di and index inheberasi Dnahf) 2aseesakedlt ernnmadeokrabaesaivi@n MODE, and
notion vector information Wi and notion vector information MV are set
thereaft®sy. Thepnediohivecperamafermati onlWkndn@ fioti bhevéomdnangEor mati on
j are generally 25 two-dinensional vector information. Depending on a
mot i on conpensa$ignatel hofhfnlachlodrcpAgicifegobyigBae FRFEEARONEANI

plurality of two-dinensiagonal vectors may ,
to the reference frame number 1 is doubled, and the

local decoded video signal corresponding to the
reference frame number 2 is subtracted from the

20 resultant signal. Offset 0 is then added to the
resultant signal. That is, extrapolation prediction is
performed from the local decoded video signals of two
frames to generate a reference picture signal. For the
color difference signals Cr and Cb, since predictive

25 parameters are 1, 0, and 0, the local decoded video
signal corresponding to the reference frame number 1 is

used as a reference picture signal without any change.



31 be further sent. Note that the above structures of a syntax and bit
stream can be equally applied to all the enbodi nents. [Fourth Enbodi nent] 5
The fourth enbodi nent of the present invention will be described next with
reference to FIGS. 14 and 15. Since the overall arrangenents of a video
encodi ng apparatus and vi deo decodi ng apparatus in this enbodi nent are

al nost the sane as those in the first 10 arpodi nent, only differences from
the first, second, and third enbodinments will be described. In the third
enbodi ment, encoding on a frame basis and encoding on a field basis are

switched for each pictuye, .In the four odi ment,, encodi ng, on_a frane
basis and 15 eﬁ%‘olcﬁorpgreé’r%cétjf\feels erbeéns? séogrréengs)pvﬁq{‘ cjhe(% 1foorlrtlaa%)ﬁ %m%:? obl ock.

When encodi ng %rgggekglratalhn@ %aﬁesc el epgodi ir[%j[é)&fivifﬁnfle‘?ig@gi s are sw tched

for each macro sane reference p ure nu i ndi cates different

pictures, 20 even Wgdy nfhe 5?,“11913&&_&'6Pdaﬁcgﬁeﬂﬂiﬂgp%‘%?{‘@‘éwér a

macr obl ock i s encoded on the frane basis or the fie basis. For this

reason, with thetables s 4y FES. t1% anskdD eisesiéd h@edhsighal

enbodi ment, a proper prediction picture signal nay not be generated. 25 In
order tossol ve ddirseqpaidiemn td the srefdosh d@ntrahabh@soef Tonbi nations of
reference picture nunbers and predictive paraneters |ike those shown in

32 FIGS. 14 andnils: igrlel quif épar®eM iand qaced cvivie pbfseet £6. condrol ler 203 in
FIG 2. Assune that when a nmacroblock is to be encoded on the field basis,
the sane predi diiayecplaranmtt BfezanctdhatigortespondidgClho aidceetkeence
picture nunber (reference frane index nunber) used when the macrobl ock is
encoded on the HreechHiass Parangrlr B G/ 1gheheason dabferered ahanatse
macrobl ock is encoded gn a field basis and a picture to_be encoded is 10 a
top field. The YUppEtd i PRI rovkeBINCAR Frafd $hefek! 8oV tikicebr #2¥%pond
to the t field and bo;@$n1fielg {es%ectively. As shomnl#n thi %4v frame
i ndex and fiel FIHEE k B RS A SUThS S REEE whanSRPeC57 11K EhECEbpEi el d,
k =2 +1in the bottomfield. r [ nmber m and reference
field nunber n %?re are#%{%edi%u\ghd%??a&(\g/ﬂie%nﬁf%é}ésnﬂ?%ﬁ%he top field, n = 2m+

Lin the bottomfield, FLG A%:3bous:actabhesusedcubensiheaiscrabl gek is

encoded on a field basis, and a picture to encoded 2071s a bottomfield.

As in the tabl esshoved ol e Masi@eoﬂp@?bl@f'&ili@y\eéfrﬁﬁ@d@ét@@éh field
i ndex columm correspond to a top field and the bottomfield, respectively.

In the table i nsdidmedSyitls ader £ adext acombied tiomsexst ktiae entgbatedosuch
that when k = 2 + 1 25 in the top field, k = 2] in the bottomfield. This
15 reference frames to be used and predictive parameters.
This makes 1t possible for this embodiment to properly
cope with a fade video and dissolving video that have
suffered deterioration in picture quality due to the
absence of a proper predictive scheme.
20 (About Sequence for Selecting Prediction Scheme and
Determining Encoding Mode)

An example of a specific sequence for selecting a
predictive scheme (a combination of a reference frame
nunbers and a predictive parameter) for each macroblock

25 and determining an encoding mode in this embodiment

will be described next with reference to FIG. 4.

First of all, a maximum assumable value is set to



makes it possible to assign a small value as field index k to an in-phase
bottomfield. The relationship 33 between reference frame nunber m and
reference field number n is the sanme as that in the table in FIG 14. \Wen
t he macroblock is to be encoded on a field basis, a frame index and field

i ndex are encoded as 5 index information by using the tables shown in FIGS.
14 and 15. When the macroblock is to be encoded on a franme basis, only the
frame i ndex common to the tables in FIGS. 14 and 15 is index-encoded as
index infor mation. 10 In this enbodi nent, predictive paraneters are

assigned to a frame .and fi el i et e table for
frames and a ta\fﬁrglq‘bglre fnlherfﬂlg ﬁ%%/&geé]g%gg’r at]zt?(?/ﬁp_rg%g\?%dé%%?) one picture or
stice. Each emhofielledesctibed: abaycedasyexeqplil ety losthe video
encodi ng/ decodi'ng scheme using orthogonal transformation on a bl ock basis.

Even if, howevel,.anotHes 4rghsd ofelh o eehoi GYSogUes, aan¥eyglehble
transformation’is used, the technique of the present invention which has

been described i n-dhe. above 2We evdpde BNt 31588k beilseds. VBdeorgnendsng and
decodi ng processing according to the present invention may be inpl enented

as hardwa e (appasat up) ordsoftaasiet aish ngn acsohpal enot Sonevpebocessong nmay
be i nplemented by hardware, and the 25 ot her processing may be perfornmed by
sof tware. Accorehaciy predhet prvesechenayealni enaltheiencaalbe Provi dedha
program for causing a conmputer to execute 34 the above video encodi ng or
vi deo decodi ng brdex steaclgecombination of a reference frame number and
a predictive parameter) is calculated from the number
of bits associated with motion vector information 214
10 (the number of bits of a variable-length code output
from the variable-length encoder 111 in correspondence
with the motion vector information 214) and a
predictive error absolute value sum, and a motion
vector that minimizes the evaluation value D is
15 selected (step S103). The evaluation value D is
compared with min D (step S104). If the evaluation
value D i1s smaller than min D, the evaluation value D
is set to min D, and index i is assigned to min i
(step S105).
20 An evaluation value D for intraframe encoding is
then calculated (step S106). The evaluation value D is
compared with min D (step S5107). If this comparison
indicates that min D is smaller than the evaluation
value D, mode MODE is determined as interframe
25 encoding, and min i is assigned to index information

INDEX (step S$108). If the evaluation value D is

smaller, mode MODE is determined as intraframe encoding



medi um storing the program Industrial Applicability As has been descri bed
above, the video 5 encodi ng/ decodi ng net hod and apparatus according to the
present invention are suited to the inage processing field in which a video
whi ch changes in |um nance over tinme, such as a fade video or dissolving
video, in particular, is encoded and decoded. 35 CLAI MS 1. Avideo
encodi ng net hod of subjecting an input video signal to notion conpensation
predi ctive encoding by using a reference picture signal representing at 5

| east one reference picture and a notion vector between the input video

signal and the(Eﬁ%%{%gac picH%Lg:%k?%%S é!é@é%haéﬁééey?féesﬁlf ting

c
one conbi nati on, bl ock © he f%bu Vi deo sSi gha roma plfurality

of 10 combi nations Ladhd MUdiNG. A A dli venpalasleroandi al eagt one

reference picture nunbéer determned I n advance e reference picture; a

step of generating & ediLli oL PGl WESignal in accordance with the

reference picture nunber and 15 predictive paraneter of the selected
conbi nation; a ofpgenens iqiay predictive error signal representing an
error between the input video signal and the prediction picture signal; and
a step ofs encodi ng thevpdesi ¢dtoding roppst gtak, c@Pregbondbhiyotoothehe

notion vector, and index information indicating the sel ected conbination.
2. A video encodidep netdmil rarcapmhmti® shavm In Wher el rwihe Ppeedictive
parameter includes information of a weighting factor and of fset, and the
step of 25 genatedmigoathengniedi cEiiGon pighewe thgnarrimeenees af the
video decoding apparatus according to this embodiment.
Encoded data 300 sent out from the video encoding
10 apparatus show in FIG. 1 and sent through a transmis-
sion system or storage system is temporarily stored
in an input buffer 301 and demultiplexed by a
demultiplexer 302 for each frame on the basis of
a syntax. The resultant data is input to a
15 variable-length decoder 303. The variable—length
decoder 303 decodes the variable-length code of each
syntax of the encoded data 300 to reproduce a
quantization orthogonal transformation coefficient,
mode information 413, motion vector information 414,
20 and index information 415.
Of the reproduced information, the quantization
orthogonal transformation coefficient is dequantized by
a dequantizer 304 and inversely orthogonal-transformed
by an inverse orthogonal transformer 305. If the mode
25 information 413 indicates the intraframe encoding mode,

a reproduction video signal is output from the inverse

orthogonal transformer 305. This signal is then output



process of calculating a linear sumof a reference picture signal,
Jndicated by the reference picture 36 nunber included in the selected
conmbi nation, in accordance with the weighting factor, and then adding the
offset to the linear sum 3. A video encodi ng nethod of subjecting an input
5 video signal to notion conpensation predictive encoding by using a
reference picture and a notion vector between the input video signal and
the reference picture, conprising: a step of selecting one conbination, for
each 10 bl ock of the input video signal, froma plurality of comnbinations

of predictive paraneters prepared.in advance, t si.gnating at
| east one refefénée rﬁpc 9 recetlr[:luO g’rl({sgeqt d“ét/l(aj&}ﬁel Ijglait&g%]g&%%}aeérrgnce pi cture;
15 a step of g%ﬂ§gégi§5%za predi ction picture signal in accordance with a

reference picture corresponding to the designated reference picture nunber

and the predictive pagangl eiﬁéd@fiﬁg?n%%&f&ﬁe@'l@%f_‘i’d'i{‘@éjcé’é‘itlfi‘eSteD of

generating a predictive error sign representing an error between the

i nput video si gnfle Shild @St Sd M) o UWLe§lanthe @PfbR Si&RaDf

encodi ng the predictive error signal, information of the notion vector, the
desi gnat ed ref erenaecpiet k@ Nt eI nvansk | dreiedxo g H1 met 4109fF @bméndBCAL i Ng

the selected conbination. 4. A video encodi ng nethod according to claim 3,
wherein the predidtd \nodarsaiederiomcdwidesh | 1 9r hat twmed on. The
prediction picture signal 412 output from a frame
memory/prediction picture generator 308 is added to
the predictive error signal by the adder 306. As a
10 consequence, the reproduction video signal 310 is
output. The reproduction video signal 310 is stored as
a reference picture signal in the frame memory/
prediction picture generator 308.
The mode information 413, motion vector informa-
15 tion 414, and index information 415 are input to the
frame memory/prediction picture generator 308. The
mode information 413 is also input to the mode
selection switch 309. 1In the intraframe encoding mode,
the mode selection switch 309 is turned off. 1In the
20 interframe encoding mode, the switch is turned on.
Like the frame memory/prediction picture generator
108 on the encoding side in FIG. 1, the frame
memory/prediction picture generator 308 includes a
plurality of prepared combinations of reference frame
25 numbers and predictive parameters as a table, and
selects one combination indicated by the index

information 415 from the table. The linear sum of the



87 of a weighting factor and offset, and the step of generating the
prediction picture signal includes a process of calculating a Iinear sum of
“a reference picture signal corresponding to the designated 5 reference

pi cture nunber in accordance with the weighting factor, and then adding the
offset to the linear sum 5. A video encodi ng net hod according to claim?2
or 4, wherein the weighting factor has a paver of 2 as 10 a denom nator. 6.
A video encodi ng net hod according to any one of clains 1 to 4, wherein the
i nput video signal has a Iuninance si gnal and tmo col or difference signals,

and the predlctl ar.anet-er [ r f r.e I nance
ae oD re IpOCﬁPC,at x?ld %n%@l&% h%‘et hod

signal and the tmn co%ﬂn%}f% ence S|gnals o encod

according to cla aﬁﬁramﬂ? Sk e d iyt eyl dP&Féf&‘I'@é f§ xﬁ‘epﬁﬁﬁ]ﬂéf

si gnal input for e a progressitve signal or a pIC ur e signal

| nput for eaCh<§ffHH%‘%Efﬂé%%htBbﬁ%&ﬂ%%ﬂBﬁgléWQaié&ﬂ&@e@f1@“ab8$§&%§8§d

signal, and the reference picture signal 1s a picture signal on a frane

basis. 8. A vidgaenaadigedrethiomk §eedmh fer t O ctige id1 &t S wherein the
i nput video signal is a plcture 25 S|gnal i nput for each field of an

interlaced signadnbikidie, rederancer pset usLssd ghal the Bredtétieesi gnal on
a field basis. 38 9. A video encoding nethod according to claim1l1 or 3,
wherein the | nreranassr sigredded two stlgmatesuctandt ngiengl ct uWetlsi ghas | nput
for each frame of a progressive signal, a picture signal input for each 5
frame obt ai ned dpematigitng a woeferxdnizse aflaburat eidaebdisi geatratad. a picture
signal input for each field of an interlaced signal, the reference picture
signal is a pi ctubeeaignialyonthe foemer abed stoferere Phpuerei aeenalghal is

the picture signal input for each frame, and
motion-compensated for by using the motion wvector

10 indicated by the motion vector information 414, thereby
generating a prediction picture signal 412.

(About Frame Memory/Prediction Picture Generator 308)

FIG. 6 shows the detailed arrangement of the frame
memory/prediction picture generator 308 in FIG. 5.

15 Referring to FIG. 6, the reproduction video signal 310
output from the adder 306 in FIG. 5 is stored in the
frame memory set 402 under the control of a memory
controller 401. The frame memory set 402 has a
plurality of (N) frame memories FM1l to FMN for

20 temporarily holding the reproduction video signal 310
as a reference frame.

A predictive parameter controller 403 has in
advance combinations of reference frame numbers and
predictive parameters as a table like the one shown in

25 FIG. 3. The predictive parameter controller 403
selects a combination of the reference frame number of

a reference frame and a predictive parameter, which are



10 the reference picture signal is a picture signal on a field basis when
the input video signal is the picture signal input for each field. 10. A

vi deo decodi ng net hod conprising: a step of decodi ng encoded data including
a 15 predictive error signal representing an error in a prediction picture
signal with respect to a video signal, notion vector information, and index
information indicating a conbination of atil east one reference picture
nunber and a predictive paranmeter; 20 a step of generating a prediction
picture signal in accordance with the reference picture nunber and
predictive par ter. of omai,nhat i i ndi cat ed he. d i ndex

i nformati on; aﬁ'\lg;%ges Oepgeg}%q:gagcneg?da i groé;dlr%ogrgﬁﬁ%r%igegﬁégg%g%’ 25 by
using the predicti re 4 aj e Lot d P stprg,sigoal . 11, A
vi deo decodi ng O%Et%%d%g%%osra%ﬁeo (r:}ﬂ%{% m YB{&%% %er e]gn tﬁ% %@%di ctive
paramet er incl ydgs Jifornmmtdan fcdei 9dd ing fagtos and offsei;candethe

step of generating the prediction picture signal Includes a process of

cal culating a ljyiear- StHROMmA: 18 e Qnsen Sa th €4 W, Sdd@tatodicated by the
reference picture nunber included in the decoded index information in
accordance W t hrdframighdidighfacd ognd ncindescdrddhee i mdex &nformation, and
then adding the offset included in the index information to the |inear sum
10 12. A vi deo ctedodiaigi aretdidch conferanay: foamd epuaie deandi mgdexncoded dat a
including a predictive error signal representing an error in a prediction
pi cture signal Wwidrrasipget vholch viglete B ged , byothooyvediokivef or mati on,
and index 15 information indicating a conbination of a designated reference
pi cture nunber REIRRE REEREREL R el eran@ RO HRS geqki @it ng a
prediction picture signal in_accordance with the decoded_reference picture
nunber and t he FIRERI VP arAnet 2T F 12 Fe oMY nERi Dt oBeT#RFRat ed by t he

decoded .i nd i_nf tion; d, t f ti duct ] id
Signal B usi nPIRELDT et AT el Rr T OTOTONEF hift HES pPRUFCE | DR KO bt ure
signal . 13. A Vi'rgcffcad@ecé’% ”%ﬁ@%@‘&%’i&f?%gﬁ Mf&hﬁ%ﬂ&@w?? P’P&E%H?t he
predictive paraneter includes inforimation of  a weightrng factor and of f set,

and the step ofygenaratingdfe @sedhsti 963 pigt pE, Shgnghefogludes a 40
process of calc picture sighal, picture nunber, included in the 5 offset

included sum watdg:end i fearpsam efianreierensesigedicased, by the decoded
reference in accordance with the weighting factor index information, and

t hen addi ng the[3¢cdihe Emseximeior mation to the |linear 14. A video decoding
nmet hod according to claim 10 or 12, wherein the weighting factor has a
power ofl® as a denofhaastecondOetbodmgndeofdebedpngsarthodvantoodi ng to
claim 10 or 12, wherein the video signal is a picture signal obtained for
each frame of avbkbgressevershemanresdt wiphcrefersngnaroobi@bned 8¢ Bach
frame obtained by merging two fields of an interlaced signal, and the 15

g
reference pict WEFRINDRE PVl 2ht c3TTHRIFNFDEF of & YERePeRRECPilure signal

on a frame bas'&pparatus and video decoding apparatus in this

embodiment are almost the same as those in the first
20 embodiment, only the differences from the first
embodiment will be described.

In this embodiment, there is described an example
of the manner of expressing predictive parameters based
on a scheme of capable of designating a plurality of

25 reference frame numbers in accordance with mode
information of a macroblock basis. A reference frame

number is discriminated by the mode information for



16. A video decodi ng nethod according to claim 10 or 12, wherein the video
signal is a picture signal input for each field of an interlaced signal

and the 20 reference picture signal nunber indicates the nunber of a
reference picture signal on a field basis. 17. A video decodi ng net hod
according to claim10 or 12, wherein the video signal is a signal including
a picture signal obtained for each frane ¢f2 a progressive 25 signal, a

pi cture signal obtained for each frane obtained by nerging two fields of an
interlaced signal, and a picture signal obtained for each field of an 41
| nterl aced signal., the Jglherance Al cl Ui, sl anal. nunhesedndi gat es, @

reference picture signal  on a frange basis en the video signal is the

picture signal o AR daslchy ANk ARt &l erance, et 1 eppignay dugber S

indicates a reference picture signal on a field basis _ e video signal
is the picture $ignale QN & fdseilrlijg bast 1 d & £ AMseos eNsedi 58 ﬁ@P@f@ﬁ%@ for

subj ecting an input video signal”to notion conpensation predictive 1
encodi ng by usifgge MeSene et Girtk@ atv @ Pt did ¥est 95 betveenrihet i nput
video signal and the reference picture, conprising: neans for selecting one
conbi natison, f anwatinddtock T™at his ) nwdeyi detoshgnbbn dcem @opl ural ity of
15 conbi nati ons each including a predictive paraneter and at | east one
ref erence pi ct urredintmntrera det Bxremes {raeavandee f oratdieonkyeaence picture;
means for generating a prediction picture signal in accordance with the
reference pict wranpimderomnalt 20r i bdi £¥¢ Viea prireiper @risf dehégretedt ed
conbi nati on; nmeans for generating a predictive error signal representing an
error between the inpu¢ v3k®d spghhf- andSEAEs prRdPERTBACPpPEL Bre signal ; and
means for encoding the predictive error signal, 25 i fornF%ion of the

o

nmoti on vector, IDRIIOT 1 oreE Fhnt T hRi REEFPGEEhe WefRctRa RURBEhatfon.

19. A VHQ§O encggfg eﬁ@Qa£§%ﬁ§sff§ gHg!eQAéngrggictive parameters,

(the number of reference frames + 1) parameters, i.e.,
two parameters (one welghting factor and one offset),
are designated for each of a luminance signal (Y) and
color difference signals (Cb and Cr).

15 The table in FIG. 8 shows an example of a
combination of predictive parameters when the number of
reference frames is two. In this case, as predictive
parameters, (the number of reference frames + 1)
parameters, i.e., three parameters (two weighting

20 factors and one offset), are designated fro each of a
luminance signal (Y) and colcr difference signals (Cb
and Cr). This table is prepared for the encoding side
and decoding side each as in the first embodiment.
[Third Embodiment]

25 The third embodiment of the present invention will
be described with reference to FIGS. 9 and 10. Since

the overall arrangements of a video encoding apparatus



42 input video signal to notion conpensation predictive encoding by using a
reference picture and a notion vector between the input video signal and
the reference picture, conprising: 5 neans for sel ecting one conbination,
for each block of the input video signal, froma plurality of conbi nat i ons
of predictive paranmeters prepared in advance; means for designating at

| east one reference 10 picture nunber set A at | east one reference

pi cture; neans for generating a prediction picture signal in accordance
with a reference picture corresponding to the designated reference picture
nunber and the dii |ve meters of the sel gﬁted co |nat' 15 neans

for generating r i % %Qﬁ %ﬁ%ﬁﬁﬁt?%pres %Fn%mg e'rb Bg?meen t he
| nput _vi deo si gajIgm}x%fpdcﬂQesa%gdagtﬂ?ng' o UL SEQP(%JF ?ﬁ% 88% f8£%r

encodi ng the pre Ive error signa ormation ron’ vec

designated 20 rglerenehe Pligldd e AYPERe ADMsE NG bé‘é@ﬁ&aéﬁ@BdhﬁghEét' ”9

the sel ected conblnatlon 20. A video decodlng appar atus conpri sing: neans

for decodi ng engpded,dajasdPohadimgi s predi ctive error signal representing
an error in a 25 prediction picture signal with respect to a video signal,

notion vector infornehi bRe apdstnded sstengatmbsdindheali agvadeenhinati on
of at |east one 43 reference picture nunber and a predictive paraneter;

means for genermdnaged ¢t edli Etaoa Ppasisre Inghalsi amacddndangcehwwthethe
reference picture nunber and predictive paraneter of the conbination
i ndi cated by 5 & heideeotednamaexdi ooz mptcbnreapdsis. If both a
progressive signal and an interlaced signal exist as
input picture signals, pictures are not necessarily
10 encoded on a frame basis. In consideration of this, a
picture assumes (a) a picture of one frame of a
progressive signal, (b) a picture of one frame
generated by merging two fields of an interlaced
signal, or (c) a picture of one field of an interlaced
15 signal.

If a picture to be encoded is a picture with a
frame structure like (a) or (b), a reference picture
used in motion compensation prediction is also managed
as a frame regardless of whether the encoded picture,

20 which is the reference picture, has a frame structure
or field structure. A reference picture number is
assigned to this picture. Likewise, 1if a picture to be
encoded is a picture with a field structure like (c),

a reference picture used in motion compensation
25 prediction is also managed as a field regardless of

whether the encoded picture, which is the reference

picture, has a frame structure or field structure. A



means for generating a reproduction video signal by using the predictive
error signal and the prediction picture signal. 21. A video decodi ng
apparatus conprising: 10 means for decodi ng encoded data including a
predictive error signal representing an error in a prediction picture
signal with respect to a video signal, notion vector information, and index
information indicating a conbination of aakesignated 15 reference picture
nunber and a predictive paranmeter; neans for generating a prediction
picture signal in accordance with the decoded reference picture nunber and
the predictive %qgg copbinat j on, L odi ed by, the d i ndex
i nformati on; aﬁ%ﬂé né%%ggi%ﬁﬁggnerat?%gig ?%%?%ﬁ%%t?%n¥5?5e89§?8g§r by
using the predictiv K Lgn angyth redi cti-@n.pi iegnal . . A
3.A{9.AU‘.AU‘.A&UL.2§ﬁf§g§%§$Ag%lfAé%LfAﬁEE.iﬁi.%ﬁ?L?%?ﬁ?%§$9§E&.9.AU9.A&.9
AL A P AUS. AU MO AR ML F6AL. £8LI9: S8LESREST p A AL A8 ASUbn 4! O A"
Y(.ARAL. AA" . A{L. AQUL. Ah& A& Ah™ . AL9. AAY : <Lu3h% bcWii

3} xsni d_Z] ca] calead £af vad cad catsedeq) cahcahcalreapeapeatgaj galgal cal cal cal ca
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The predictive parameters Dj (i), Dy (i), Eq (i),

Eos (1), F1(i), and Fp (i) are represented by values
determined in advance between the video encoding
apparatus and the video decoding apparatus or a unit of
encoding such as a frame, field, or slice, and are
encoded together with encoded data to be transmitted
from the video encoding apparatus to the video decoding
apparatus. With this operation, these parameters are
shared by the two apparatuses.

The equations (4), (5), and (6) are predictive
equations wherein powers of 2, i.e., 2, 4, 8, 16,...
are selected as the denominators of predictive
coefficients by which reference picture signals are
multiplied. The predictive equations can eliminate the
necessity of division and be calculated bylarithmetic
shifts. This makes it possible to avoid a large
increase in calculation cost due to division.

In equations (4), (5), and (6), ">>" of a >> b
represents an operator for arithmetically shifting an
integer a to the right by b bits. The function "clip"
represents a clipping function for setting the value in
"()" to 0 when it is smaller than 0, and setting the
value to 255 when it is larger than 255.

In this case, assuming that Ly is the shift amount

of a luminance signal, and Lg is the shift amount of a

1055
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color difference signal. As these shift amounts Ly and
Lo, values determined in advance between the video
encoding apparatus and the video decoding apparatus are
used. The video encoding apparatus encodes the shift

5 amounts Ly and Lg, together with a table and encoded
data, in a predetermined unit of encoding, e.g., a
frame, field, or slice, and transmits the resultant
data to the video decoding apparatus. This allows the
two apparatuses to share the shift amounts Ly and L¢.

10 In this embodiment, tables of combinations of
reference picture numbers and predictive parameters
like those shown in FIGS. 9 and 10 are prepared in
the predictive parameter controller 203 in FIG. 2.
Referring to FIGS. 9 and 10, index i corresponds to

15 prediction pictures that can be selected for each
block. In this case, four types of prediction pictures
are present in correspondence with 0 to 3 of index 1i.
"Reference picture number" is, in other words, the
number of a local decoded video signal used as a

20 reference picture.

"Flag" is a flag indicating whether or not a
predictive equation using a predictive parameter is
applied to a reference picture number indicated by
index i. 1If Flag is "O0", motion compensation

25 prediction is performed by using the local decoded
video signal corresponding to the reference picture

number indicated by index i without using any
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predictive parameter. If Flag is "1", a prediction
picture is generated according to equations (4), (5),
and (6) by using a local decoded video and predictive
parameter corresponding to the reference picture number
5 indicated by index i, thus performing motion compensa-
tion prediction. This information of Flag is also
encoded, together with a table and encoded data, by
using a value determined in advance between the video
encoding apparatus and the video decoding apparatus or

10 in a predetermined unit of encoding, e.g., a frame,
field, or slice, in the video encoding apparatus. The
resultant data is transmitted to the video decoding
apparatus. This allows the two apparatuses to share
the information of Flag.

15 In these cases, a prediction picture is generated
by using a predictive parameter when index i = 0 with
respect to a reference picture number 105, and motion
compensation prediction is performed without using any
predictive parameter when i = 1. As described above, a

20 plurality of predictive schemes may exist for the same
reference picture number.

The table shown in FIG. 9 has predictive
parameters Dq (i), Do (i), E1 (i), Ep(i), Fq1(i), and Fy (i)
assigned to a luminance signal and two color difference

25 signals in correspondence with equations (4), (5), and
(6). FIG. 10 shows an example of a table in which

predictive parameters are assigned to only luminance
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signals. In general, the number of bits of a color
difference signal is not very large compared with the
number of bits of a luminance signal. For this reason,
in order to reduce the amount of calculation required

5 to generate a prediction picture and the number of bits
transmitted in a table, a table is prepared, in which
predictive parameters for color difference signals are
omitted as shown in FIG. 10 and predictive parameters
are assigned to only luminance signals. In this case,

10 only equation (4) is used as a predictive equation.

Equations (7) to (12) are predictive equations in

a case wherein a plurality of (two in this case)

reference pictures are used.

15 P, ()= (D,()) x Ry (1) + 257" )>> L, + D, (i) (7)
P, ()= (B, (1) x (Rg, () — 128 )+ 257 )>> L + E, (i) + 128
(8)
20 Po, ()= (F,()x (Rg, (1) =128 )+ 257" ) >> L. + F,(i) +128
(9)
Y=clip((Py(i)+ Py(j)+1)>> 1) (10)
25 Cb = clip (P, () + Pe, (j)+1)>> 1) (1)
Cr =clip(P,, (1) + P, (j)+1)>> 1) (12)

The pieces of information of the predictive
parameters Dj (i), Dp (i), Eq{ (i), Eo (i), Fyp (i), Fp(i),
30 Ly, and L¢c and Flag are values determined in advance
between the video encoding apparatus and the video

decoding apparatus or encoded, together with encoded



010% & ()-Y . 10% & ()-{++++++|, Ct-~\= 105

109% & ()-!s! 109 M & ()-!n! 109%ZHZ& ()-1Lt109% & ()- 10" 10" 10"Y 3:

109 & ()-t-..// 04151} 9+=

10BB! L. "1098B& ()-!L."10% "& ()- 9% 10% & () - S! 9% 109 " & () - S& #10% & () - F
| & #1098 " & ()-F 516171: 12223a?= 10BB! ! &y#10%& () -

- 10% & ()-!x"109R'R' & ()-!d"10%c>c& ()- LBO% & ()- 10BB

10BB3446] 6m6n606r 6} 0aS40B L109G& ()- 10"" 10"" 10""!Y

@ 10%"& ()-9-m'10% & ()-Y 3

I0NE 0 e 0 SIS ALAI DN B e, 10 ()3
e oaea LRSS, O 5 SEMA (g O o Lithaliges 0.
10% & () -1 [ " 10%p & @ [t kIO SA dds By (Appadpars>? M7l s % PO T
the two apparatuses to share these pieces of informa-
5 tion.

If a picture to be decoded 1s a picture having a
frame structure, a reference picture used for motion
compensation prediction 1s also managed as a frame
regardless of whether a decoded picture as a reference

10 picture has a frame structure or field structure. A
reference picture number is assigned to this picture.
Likewise, if a picture to be programmed is a picture
having a field structure, a reference picture used for
motion compensation prediction is also managed as a

15 field regardless of whether a decoded picture as a
reference picture has a frame structure or field
structure. A reference picture number is assigned to
this picture.

(About Syntax of Index Information)

20 FIG. 11 shows an example of a syntax in a case
wherein index information is encoded in each block.
First of all, mode information MODE is present for each
block. It is determined in accordance with the mode
information MODE whether or not index information IDi

25 indicating the value of index i and index information
IDj indicating the value of index j are encoded.

Encoded information of motion vector information MVi
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information for each block after encoded index
5 information.
(About Data Structure of Encoded Bit Stream)

FIG. 12 shows a specific example of an encoded bit
stream for each block when a prediction picture is
generated by using one reference picture. The index

10 information IDi is set after mode information MODE, and
the motion vector information MVi is set thereafter.
The motion vector information MVi is generally
two-dimensional vector information. Depending on a
motion compensation method in a block which is

15 indicated by mode information, a plurality of
two-dimensional vectors may further be sent.

FIG. 13 shows a specific example of an encoded bit
stream for each block when a prediction picture is
generated by using two reference pictures. Index

20 information IDi and index information IDJj are set after
mode information MODE, and motion vector information
MVi and motion vector information MV] are set
thereafter. The motion vector information MVi and
motion vector information j are generally

25 two-dimensional vector information. Depending on a
motion compensation method in a block indicated by mode

information, a plurality of two-dimensional vectors may
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will be described next with reference to FIGS. 14 and
15. Since the overall arrangements of a video encoding
apparatus and video decoding apparatus in this
embodiment are almost the same as those in the first
10 embodiment, only differences from the first, second,
and third embodiments will be described. In the third
embodiment, encoding on a frame basis and encoding on a
field basis are switched for each picture. 1In the
fourth embodiment, encoding on a frame basis and
15 encoding on a field basis are switched for each
macroblock.

When encoding on a frame basis and encoding on a
field basis are switched for each macroblock, the same
reference picture number indicates different pictures,

20 even within the same picture, depending on whether a
macroblock is encoded on the frame basis or on the
field basis. For this reason, with the tables shown in
FIGS. 9 and 10 used in the third embodiment, a proper
prediction picture signal may not be generated.

25 In order to solve this problem, in this

embodiment, tables of combinations of reference picture

numbers and predictive parameters like those shown in
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macroblock is to be encoded on the field basis, the
same predictive parameter as that corresponding to a
5 reference picture number (reference frame index number)
used when the macroblock is encoded on the frame basis
is used.
FIG. 14 shows a table used when the macroblock is
encoded on a field basis and a picture to be encoded is

10 a top field. The upper and lower rows of each field
index column correspond to the top field and bottom
field, respectively. As shown in FIG. 14, frame index
j and field index k are related such that when k = 2]
in the top field, k = 2j + 1 in the bottom field.

15 Reference frame number m and reference field number n
are related such that when n = 2m in the top field, n =
2m + 1 in the bottom field.

FIG. 15 shows a table used when the macroblock is
encoded on a field basis, and a picture to be encoded

20 is a bottom field. As in the table shown in FIG. 14,
the upper and lower rows of each field index column
correspond to a top field and the bottom field,
respectively. 1In the table in FIG. 15, frame index j
and field index k are related such that when k = 2 + 1

25 in the top field, k = 2j in the bottom field. This
makes it possible to assign a small value as field

index k to an in-phase bottom field. The relationship
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number n is the same as that in the table in FIG. 14.

When the macroblock is to be encoded on a field

basis, a frame index and field index are encoded as

5 index information by using the tables shown in FIGS. 14
and 15. When the macroblock is to be encoded on a
frame basis, only the frame index common to the tables
in FIGS. 14 and 15 is index-encoded as index infor-
mation.

10 In this embodiment, predictive parameters are
assigned to a frame and field by using one table.
However, a table for frames and a table for fields may
be separately prepared for one picture or slice.

Each embodiment described above has exemplified

15 the video encoding/decoding scheme using orthogonal
transformation on a block basis. Even if, however,
another transformation technique such as wavelet
transformation is used, the technique of the present
invention which has been described in the above

20 embodiments can be used.

Video encoding and decoding processing according
to the present invention may be implemented as hardware
(apparatus) or software using a computer. Some
processing may be implemented by hardware, and the

25 other processing may be performed by software.
According to the present invention, there can be

provided a program for causing a computer to execute
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Industrial Applicability

As has been described above, the video
5 encoding/decoding method and apparatus according to the
present invention are suited to the image processing
field in which a video which changes in luminance over
time, such as a fade video or dissolving video, in

particular, is encoded and decoded.
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by using a reference picture signal representing at
5 least one reference picture and a motion vector between
the input video signal and the reference picture
signal, comprising:

a step of selecting one combination, for each
block of the input video signal, from a plurality of

10 combinations each including a predictive parameter and
at least one reference picture number determined in
advance for the reference picture;

a step of generating a prediction picture signal
in accordance with the reference picture number and

15 predictive parameter of the selected combination;

a step of generating a predictive error signal
representing an error between the input video signal
and the prediction picture signal; and

a step of encoding the predictive error signal,

20 information of the motion vector, and index information
indicating the selected combination.

2. A video encoding method according to claim 1,
wherein the predictive parameter includes information
of a weighting factor and offset, and the step of

25 generating the prediction picture signal includes a
process of calculating a linear sum of a reference

picture signal, indicated by the reference picture
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er iInc n-the séiécted combination, in
accordance with the weighting factor, and then adding
the offset to the linear sum.

3. A video encoding method of subjecting an input
video signal to motion compensation predictive encoding
by using a reference picture and a motion vector
between the input video signal and the reference
picture, comprising:

a step of selecting one combination, for each
block of the input video signal, from a plurality of
combinations of predictive parameters prepared in
advance;

a step of designating at least one reference
picture number set to at least one reference picture;

a step of generating a prediction picture signal
in accordance with a reference picture corresponding to
the designated reference picture number and the
predictive parameters of the selected combination;

a step of generating a predictive error signal
representing an error between the input video signal
and the prediction picture signal; and

a step of encoding the predictive error signal,
information of the motion vector, the designated
reference picture number, and index information
indicating the selected combination.

4. A video encoding method according to claim 3,

wherein the predictive parameter includes information
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of a weighting factor and offset, and the step of
generating the prediction picture signal includes a
process of calculating a linear sum of a reference
picture signal corresponding to the designated
5 reference picture number in accordance with the
weighting factor, and then adding the offset to the
linear sum.
5. A video encoding method according to claim 2
or 4, wherein the weighting factor has a power of 2 as
10 a denominator.
6. A video encoding method according to any one
of claims 1 to 4, wherein the input video signal has a
luminance signal and two color difference signals, and
the predictive parameter is prepared for each of the
15 luminance signal and the two color difference signals.
7. A video encoding method according to claim 1
or 3, wherein the input video signal is a picture
signal input for each frame of a progressive signal or
a picture signal input for each frame obtained by
20 merging two fields of an interlaced signal, and the
reference picture signal is a picture signal on a frame
basis.
8. A video encoding method according to claim 1
or 3, wherein the input video signal is a picture
25 signal input for each field of an interlaced signal,
and the reference picture signal is a picture signal on

a field basis.
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9. A video encoding method according to claim 1
or 3, wherein the input video signal is a signal
including a picture signal input for each frame of a
progressive signal, a picture signal input for each

5 frame obtained by merging two fields of an interlaced
signal, and a picture signal input for each field of an
interlaced signal, the reference picture signal is a
picture signal on a frame basis when the input video
signal is the picture signal input for each frame, and

10 the reference picture signal is a picture signal on a
field basis when the input video signal is the picture
signal input for each field.
10. A video decoding method comprising:
a step of decoding encoded data including a
15 predictive error signal representing an error in a
prediction picture signal with respect to a video
signal, motion vector information, and index
information indicating a combination of at least one
reference picture number and a predictive parameter;
20 a step of generating a prediction picture signal
in accordance with the reference picture number and
predictive parameter of the combination indicated by
the decoded index information; and

a step of generating a reproduction video signal

25 by using the predictive error signal and the prediction
picture signal.

11. A video decoding method according to claim 10,
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wherein the predictive parameter includes information
of a weighting factor and offset, and the step of
generating the prediction picture signal includes a
process of calculating a linear sum of a reference

5 picture signal indicated by the reference picture
number included in the decoded index information in
accordance with the weighting factor included in the
index information, and then adding the offset included
in the index information to the linear sum.

10 12. A video decoding method comprising:

a step of decoding encoded data including a
predictive error signal representing an error in a
prediction picture signal with respect to a video
signal, motion vector information, and index

15 information indicating a combination of a designated
reference picture number and a predictive parameter;

a step of generating a prediction picture signal
in accordance with the decoded reference picture number
and the predictive parameter of the combination

20 indicated by the decoded index information; and

a step of generating a reproduction video signal
by using the predictive error signal and the prediction
picture signal.

13. A video decoding method according to claim 12,
25 wherein the predictive parameter includes information
of a weighting factor and offset, and the step of

generating the prediction picture signal includes a
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picture signal, indicated by the decoded reference
picture number, in accordance with the weighting factor
included in the index information, and then adding the

5 offset included in the index information to the linear
sum.

14. A video decoding method according to claim 10
or 12, wherein the weighting factor has a power of 2 as
a denominator.

10 15. A video decoding method according to claim 10
or 12, wherein the video signal is a picture signal
obtained for each frame of a progressive signal or a
picture signal obtained for each frame obtained by
merging two fields of an interlaced signal, and the

15 reference picture number indicates the number of a
reference picture signal on a frame basis.

16. A video decoding method according to claim 10
or 12, wherein the video signal is a picture signal
input for each field of an interlaced signal, and the

20 reference picture signal number indicates the number of
a reference picture signal on a field basis.

17. A video decoding method according to claim 10
or 12, wherein the video signal is a signal including a
picture signal obtained for each frame of a progressive

25 signal, a picture signal obtained for each frame
obtained by merging two fields of an interlaced signal,

and a picture signal obtained for each field of an
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indicates a reference picture signal on a frame basis
when the video signal is the picture signal on a frame
basis, and the reference picture signal number
5 indicates a reference picture signal on a field basis
when the video signal is the picture signal on a field
basis.
18. A video encoding apparatus for subjecting an
input video signal to motion compensation predictive
10 encoding by using a reference picture and a motion
vector between the input video signal and the reference
picture, comprising:
means for selecting one combination, for each
block of the input video signal, from a plurality of
15 combinations each including a predictive parameter and
at least one reference picture number determined in
advance for the reference picture;v
means for generating a prediction picture signal
in accordance with the reference picture number and
20 predictive parameter of the selected combination;
means for generating a predictive error signal
representing an error between the input video signal
and the prediction picture signal; and
means for encoding the predictive error signal,
25 information of the motion vector, and index information
indicating the selected combination.

19. A video encoding apparatus for subjecting an
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input video signal to motion compensation predictive
encoding by using a reference picture and a motion
vector between the input video signal and the reference
picture, comprising:

5 means for selecting one combination, for each
block of the input video signal, from a plurality of
combinations of predictive parameters prepared in
advance;

means for designating at least one reference
10 picture number set to at least one reference picture;
means for generating a prediction picture signal
in accordance with a reference picture corresponding to
the designated reference picture number and the
predictive parameters of the selected combination;

15 means for generating a predictive error signal
representing an error between the input video signal
and the prediction picture signal; and

means for encoding the predictive error signal,
information of the motion vector, the designated

20 reference picture number, and index information
indicating the selected combination.

20. A video decoding apparatus comprising:
means for decoding encoded data including a
predictive error signal representing an error in a

25 prediction picture signal with respect to a video

signal, motion vector information, and index

information indicating a combination of at least one
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| means for generating a prediction picture signal
in accordance with the reference picture number and
predictive parameter of the combination indicated by
5 the decoded index information; and
means for generating a reproduction video signal
by using the predictive error signal and the prediction
picture signal.
21. A video decoding apparatus comprising:

10 means for decoding encoded data including a
predictive error signal representing an error in a
prediction picture signal with respect to a video
signal, motion vector information, and index
information indicating a combination of a designated

15 reference picture number and a predictive parameter;

means for generating a prediction picture signal
in accordance with the decoded reference picture number
and the predictive parameter of the combination
indicated by the decoded index information; and

20 means for generating a reproduction video signal
by using the predictive error signal and the prediction

picture signal.



